
f 
I NP- ~ q ~ q f 6  I NP--2901496 1 i 

DE82 901496 - 
t 

., 

CALI FO R N I A'S 
FOREST RESOURCES: 

PR'ELIMINARY ASSESSMENT 1 u 
.?'CALIFORNIA DEPARTMENT OF FORESTRY 

'I 979 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



bd CALI FO RN I A 
DEPARTMENT OF FORESTRY 

FOR EST RESOURCES 
ASSESSMENT 

AND ANALYSIS 

EDMUND G. BROWN JR. 
Governor 

State of California 

DAVID E. PESONEN 
Director 

Department of Forestry 

JULY 
1979 

HUEY D. JOHNSON 
Secretary for Resources 
The Resources Agency 

CALIFORNIA DEPARTMENT OF FORESTRY 
1418 Ninth Street 

Sacramento, CA 95814 f 

i 





PREFACE 

This Prel iminary Assessment was prepared I in  response t o  the Cal 

sources Assessment and Po l icy  Act o f  1977 (FRAPA). This Act was 

the information base upon which State resource administrators 

forn ia  Forest Re- 

passed t o  improve 

formulate fo res t  

pol icy. The Act provides for t h i s  repor t  and a fu l  I assessment by 1987 and a t  f i v e  

year in te rva ls  thereafter,  p r i o r  t o  the federal repor ts  required by the Forest and 

Rangeland Renewable Resources Planning Act o f  1974 (RPA) and the Soi l  and Water 

Resources Conservation Act o f  1977 (RCA). 

In  f u l f i  I I ing FRAPA's mandate, the Di rector  of the Department of Forestry i s  to :  

perform an analysis and assessment o f  the supply and demand fo r  fo res t  resources, 

cons 

both 

derat ions and other 

pub l i c  and pr iva te  

evaluate cur ren t  State programs re la ted  t o  forestry,  and discuss important pol i c y  

factors a f fec t i ng  management o f  the fo res t  resources on 

ands. The completed repor t  i s  t o  be submitted t o  the 

fo r  support of t h e i r  responsibi I i- 

whi le the Secretary i s  charged to 

Resources Secretary and t o  the Board o f  Forestry 

t ies .  The Board develops pol i c y  recommendations 

f o m u l  a te  programs agencies connec i f o rn ia ' s  resources. 

The Act defines fo  esources as (*t uses and val ues assocla with, a t ta in -  

able from, or c lose ied to, fo res t  , including f ish, range, recreation, t i m -  

ber, watershed, w i  1 ess, and w i l d l i f  Other values c losely  associated w i th  the 

forest  land are the soil, mineral, a4r and wood energy resources. 

This Prel  lminary Assessment, prepared during the past year by the Forest Resources 

Assessment Program u n i t  (FRAP), represents the f i r s t  major step i n  the development 



L d  
of t h i s  Statewide program. I t  i s  l e g i s l a t i v e l y  termed tlprel iminary" because o f  the 

r e a l i z a t i o n  t h a t  one year provided an opportuni ty on ly  t o  summarize and work w i th  

ex i s t i ng  data. The Act a lso mandates the Department t o  recommend a sui tab e inven- 

t o r y  and data processing system f o r  fu ture assessments. These r e c m e n d a t  ons w i  I I 

be presented t o  the Legis lature in  January 1981. 

This  Report contains an assessment o r  summary 

issues and options; background chapters which ana 

chapter which describes resource 

yze the status of the various re- 

sources, and a var ie ty  o f  o r i g ina l  maps and tables. I t  a lso contains a descr ip t ion 

o f  fo res t  modeling and remote sensing e f f o r t s  undertaken t o  date by FRAP. 

The mater ia l  which fo l lows i s  div ided in to  two sections: The Assessment or summary 

chapter o f  the report;  and the background and research mater i a l  chapters. 

iv 
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A HISTORY OF ACCOMPLISHMENTSs ACTIVITIES AND EVENTS OF, 
OR AFFECTINGs THE CALIFORNIA DEPARTMENT OF FORESTRY 

(1813 -1979) 

1813: Spanish government decree orders 
A l ta  Ca l i f o rn ia  re forestat ion 
measures. 

1834: State's f i r s t  corrunercial sawmill 

1847: James Marshall bu i lds  Sutter 's 
m i l l  a t  Coloma gold d i s  
s i te .  

State's f i r s t  fo res t  f i r e  control  
laws passed by Legislature. 

b u i l t  i n  Sonoma County. 

1850: 

1856: Samuel P. Taylor bu i lds West's 
f i r s t  paper m i l l  i n  Marin Coun- 
t y  

885: State Board of Forestry created 
(abolished 1893). 

893: F i r s t  federal fo res t  reserves 
created . 

1903: State's f i r s t  indus t r ia l  forester  
h i red  a t  Chico by Diamond Match 
co . 

1905: State Board o f  Forestry reconsti-  
tuted, Forest Protect ion Act 
passed; E.T. A I  ten appointed 
f i r s t  State Forester. 

1907: Twelve forest-reserve u n i t s  be- 
come nat ional  forests. . 

1909: Luther Burbank's birthday, March 
7, becomes State Arbor Day. 

1909: Redwood lumber industry begins 
re fo res ta t ion  proyrctrn; C a l i f o r n i a  
Forest Protect ive Association or- 
gan i zed. 

1911: Weeks Law s t a r t s  federal/State 
cooperation i n  fo res t  conserva- 
t ion. 

1914: Forestry school establ ished a t  
Un ivers i ty  of Cal i forn ia .  

1916: Ca l i f o rn ia  Redwood Association 
and Western Wood Products Asso- 
c i a t i o n  organized. 

1924: Clarke-McNary Act s t a r t s  federal- 
State-private cooperation i n  for- 
e s t - f i r e  prevention and contro l  
and i n r e f  orestat  ion . 

I ! ix 
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1926: USFS Ca l i f o rn ia  Forest Experiment 
S ta t ion  established w i th  E. 1 .  
Kotok, D i rec to r  - ("and Range" 
added 1931, changed t o  P a c i f i c  
Southwest in  1959) .. 
U. C. Extension Forester estab- 
lished--Woodbridge Metcalf. 

1927 : Department o f  Natura I Resoiirces 
formed w i th  D iv i s ion  of  Forestry 
establ ished w i th in  the  Depart- 
ment. f3oard of Forestry modif ied 
and au tho r i t y  diminished. 

1941: American Tree Farm System be- 
g ins. 

1943: Federal t imber-capital-gains tax  
law passed t o  encourage p r i v a t e  
fo res t r y  . 

1945 : Ca I i fo rn  i a  Forest 'Practice A c t  
and other resource l eg i s la t i on  
inc lud ing acqu is i t ion  o f  State 
forests, range improvement, etc. 
enacted. Forest I r istxt  Erad ica- 
t i o n  Law amended. 

1947: Cooperative Soil-Vegetation Sur- 
vey started. 

Sale of commercial timber species 
frotn State nursery t o  p r i v a t e  

p a r t i e s  authorized by statute, 
Chapter 778. 

Jackson State Forest (5 I ,225 
acres, Mendocino County) acquired 
by purchase, 1947-51 and 1968. 

1948 : CDF asstimes superv i s ion of "Farm 
Foresterst1 f r o m  USFS. 

1949: Range Improvement Standby Crews 
and addi t ional  technicians pro- 
vided (Chapter 779). 

1952: 'Keep C a l i f o r n i a  Green organized. 

1954: Federa I Wna I I Watersheds Act," 
PL-566, passed. 

1955: Timber Resource Review of U.S. 
Forest Serv i ce revea I s t i m b e r  
growth exceeds removal i n  na- 
t i o n ' s  fo res t  for the  f i r s t  
time. 

1958: F i r s t  interagency llWildland Re- 
search Plan for Ca l i fo rn ia t1  pub- 
I ished by State Board of Forest- 
r y  * 

1960: Congress passes M u l t i p l e  Use Act 
for  National Forests. 

1968: Redwood National Park establ ish- 
ed. 



1971 : Forest Prac t ice  Act declared un- 
cons t i t u t i ona l  (Septembbrs 16). 
Bayside Timber vs. County of San 
Mateo, i n  F i r s t  D i s r i c t  Appellate 
Court. 1977 : 

L J  

1972: Forester r e y i s t r d t i o n  and licens- 
ing  b i l  I passed (AB 469) . 

1973: Z'bery-Nejedly Forest Prac t ice  1978 : 
Act passed. 

1974: Forest and Rangeland Renewable 
Resources Planning A c t .  

1976: National Forest Management Act. 

Ztbery-Warren-Keene-Collier For- 
e s t  Taxation Reform Act of 1976 
was passed by Leg i s I ature. 

D i v i s ion of Forestry became De- 
parfment' of Forastry through 
State leg is la t ion.  

Forest Resources Assessment Po l i -  
cy  Act (FRAPA) was passed by the  
C a l i f o r n i a  Legis lature September 
1977 . 
Redwood National Park Expanded. 

Forest Improvement Act. 

W i  I d  land F i r e  Protect ion and Re- 
source Management ac t  of 1978 en- 
acted by Ca l i f o rn ia  Legislature. 
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INTRODUCTION 

We have reached an era o f  l i m i t s  fo r  Ca l i fo rn ia 's  forests. There are no new phys- 
i ca l  f ron t i e rs  fo r  the State, and no new reservo i rs  o f  fo res t  land t o  s a t i s f y  our 
needs . 

F i f t y  years from now the desires fo r  timber, forage, and recreat ion w i l l  be rough- 
l y  twice what they are today, according t o  the llmedium projection1! estimates con- 
ta ined in  the Forest Service 1980 Resources Planning Act Assessment (RPA). In  addi- 
t ion,  the  amount o f  w i  lderness preserved by s ta tu te  may be doubled during t h i s  time. 
The President, and Ca l i fo rn ia 's  Governor, have already asked Congress to  increase by 
two-and-one-half t imes the designated wilderness area which now e x i s t s  i n  the 
State . 

Can these expectations be met wi th our l im i ted  forested land base t h a t  i s  s t i l l  
shr i n k i ng? 

Since the days o f  co lon izat ion the forests have been a key fac to r  i n  the develop- 
ment o f  our State. During. the intervening years the forest  land has been converted 
t o  towns and c i t i es ;  second homes and sub-divisions; roads and freeways; reservoirs; 
canals and power1 ine corr idors; farms; ranches; and so on. For example, r i p a r i a n  
forests  i n  the Sacramento and San Joaquin Valleys now e x i s t  only as s t r ingers  of 
t h e i r  former area. Because of t h e i r  almost complete conversion to  agr icu l tu re  they 
have largely  been omitted from t h i s  Assessment. Yet they are very important f o r  
w i  I d  I i f e  and other values and perhaps should be addressed in depth i n  fu tu re  assess- 
men ts. 

Decisions a l loca t ing  fo res t  lands w i l l  determine the quant i t ies  of resources and 
t h e i r  pr ices fo r  both present and fu tu re  generations. For example, llreaI1l p r ices  o f  
standing timber are projected t o  more than t r i p l e  by 2030. One consequence o f  t h i s  
p r i c e  r i s e  i s  t h a t  the estimated cu t  i n  50 years w i l l  be a t  about i t s  current  level. 
More wood could be avai lab le then, i f  t imber management i s  in tens i f ied  now on our 
best timber growing lands. I f  t h i s  opt ion o f  high produc t iv i t y  were chosen we could 
reduce the scarc i ty  re f lec ted  in  high pr ices fo r  timber-based commodities t h a t  fu- 
t u r e  generations might otherwise experience. 

Where there i s  no llmarket,ll as i s  the case fo r  sport  f ish, w i l d l i f e  and wilder- 
ness, r i s i n g  demand may be evidenced by greater use o f  the resource. Such increased 
uses can be accommodated f o r  a whi le but eventual ly use-rates may overload the 
capacity of the fo res t  t o  produce. Special e f fo r t s  i n  the form of i n s t i t u t i o n a l  
changes may be necessary t o  deal w i th  these scarci t ies.  

2 



The r e a l i t y  of these l imi ta t ions,  and the need for comprehensive data upon which 
t o  formulate fo res t  po l i cy  decisions have been recognized by po l i cy  makers. In  1977 
the Legis la ture passed the Forest Resources Assessment and Po l icy  Act (FRAPA) which 
led t o  establishment of the Forest Resources Assessment Program (FRAP). 

This  in tegra t ive  chapter i s  an Assessment prepared in response t o  the Act. Suc- 
ceeding chapters and the appendices describe supporting data. 

I f  the  projected fu tu re  condi t ions seem unpleasant it i s  pa r t i cu la r l y  important 
t h a t  we consider al ternat ives.  These are general ly described in  the f i r s t  of the 
three sections i n t o  which t h i s  Assessment i s  divided: 

1 )  The llfrarneworkll - The pol icy  opt ions and constraints which a f f e c t  the supply and 

2) Synopses - t h e  status, trends, problems, and options are summarized fo r  
the  detai  led chapters on watersheds; f i s h  and w i  I d  I i fe ;  for- 
ested rangelands; recreation; timber; w i  Iderness; a i r ;  miner- 
als, foss i  I fuel  s, and geothermal energy; and wood energy. 
Conclusions fo r  each chapter are brought forward t o  the synop- 
sis. 

3 )  Major resource - When the framework was applied to indiv idual  resources, issues 
issues became evident. They recognize some o f  the inter-resource 

impl icat ions which involve resource po l i cy  questions. The 
issues presented are: 

demand of  various fo res t  land resources are described. 

*NO MORE LAND! 

Our farest land base i s  I i m i  ted: How do we best a l  locate it to produce w i  Ider- 
ness, recreation, timber, and other fo res t  outputs? 

*MORE WOOD, MORE GAME: COMPLEMENTARITY 

I t  i s  no t  always t r u e  t h a t  increased production of one output competes wi th anoth- 
er. How can we manage to  have more game and more wood? 

*SALMON 

This  resource, much of which depends on hab i ta t  i n  forested watersheds, i s  being 
depleted: Can we reverse t h i s  trend? 

*DATA L I M I TAT IONS 

The lack of s u f f i c i e n t  and compatible data hampers e f f o r t s  to make good po l i cy  de- 
c is ions:  How can t h i s  s i t ua t i on  be improved? 

*RESOURCE STANDARDS 

Pol i cy  act ions o f ten  lead to  the establ ishment of ltstandards,tt or ltprescriptfons.tl 
How are they developed? What t radeof fs  are made? What i n s t i t u t i o n a l  structures 
shou I d accompany them? 

3 



"CUMULATIVE IMPACTS ON WATERSHEDS 

The components o f  watersheds in te rac t  wi th  each other. 
a l  I man's a c t i v i t i e s  may be greater than the sum of ind 
watershed. Are there pol icy  dilemmas? 

*ENERGY 

W i  I I higher energy costs lead t o  new I i fe-s ty  
forests? 

"PRESCRIBED BURNING 

The sum o f  the impacts of 
v idual  a c t i v i t i e s  w i th in  a 

es? What w i l l  be the e f f e c t  on our 

F i r e  i s  a useful management too l  for reducing fuel  hazard build-ups and f o r  t i m -  
ber, w i l d l i f e ,  and range production. W i l l  escalat ing costs present the rea l i za t i on  
of pub1 i c  benefi ts? Can the conf l  i c t  wi th  desires fo r  improved a i r  qual i t y  be re- 
so I ved? 

*FOREST SERVICE HARVESTING POLICY 

Federal pol icy  determines "a1 IowabIeft timber harvesting rates by cons 
federal land: Would a broader approach be desirable? 

*PUBL I c POL I CY 

dering only 

Society's e f f o r t s  to  establ ish resource values and deai w i th  problems involve a 
complex mix of :  acquir ing current  and complete data, planning and management coor- 
d inat ion between the pub i c  and pr iva te  sectors, and improving laws and regulat ions 
administered by numerous resource agencies. Are a l  I these in teract ions e f f e c t i v e l y  
meeting society 's needs? 

THE ASSESSMENT FRAMEWORK 

I n  order t o  examine the consequences of the status and trends o f  fo res t  resources 
i n  Cal i fornia,  an analy t ica l  framework was applied t o  each resource. The framework 
i den t i f i ed  the options fo r  improving adverse resource s i tua t ions  and special con- 
s t r a i n t s  which l i m i t  society's potent ia l  actions. 

*THE OPTIONS 

There are four general options avai lab le fo r  reducing the impact of a perceived 
scarc i ty  (characterized by decreasing quant i t ies  o r  r i s i n g  pr ices) of fo res t  out- 
puts. They are: investment t o  increase suppl ies; modi f icat ion of demand; p ro tec t  
t he  resource; or change ins t i tu t ions .  

"Investment 

The mount  of output can be increased by investing capi ta l ,  land, and labor as ap- 
propriate. Investments i n  such things as campgrounds, t r a i  Is, fences, t r e e  plant- 



ing, o r  wilderness set-asides could increase the recreation, forage, timBer, o r  w i l -  
derness ttproductiontt o f  the forest. 

*Modif icat ion o f  Demand 

I t  i s  not  always necessary t o  produce more o f  a product o r  service in  response to  
a perceived scarcity. Substi tutes fo r  forest  products o r  outputs may be available, 
and t h e i r  use encouraged. For instance, chipboard has been developed t o  p a r t i a l l y  
replace plywood, and cross-county sk i i ng  may subs t i tu te  fo r  down-hill skiing. 

It i s  important i n  a democratic society t o  be cautious about attempts to inf luence 
demand, p a r t i c u l a r l y  by publ ic  bodies. 1.t i s  naive, however, t o  assume t h a t  our at- 
t i t u d e s  are not now influenced by our social and government i ns t i t u t i ons .  Cer ta in ly  
adver t i s ing  and educational e f f o r t s  t o  reduce w i l d f i r e  losses, prevent s o i l  erosion, 
encourage water conseyvation and otherwise pro tec t  forest  vat ues are accepted prac- 
ti ces. 

*Protection o f  t he  Resource 

Physical and economic means o f  protect ing valuable resources are possible. Pre- 
venting s o i l  losses and w i l d f i r e s  are physical protect ion a c t i v i t l e s .  Protect ion 
can a lso  be achieved through use-permits, quotas, o r  land use r e s t r i c t i o n s  designed 
t o  reduce adverse impacts o f  overuse. Exercise o f  t h i s  opt ion increases the rea 
p r i c e  and may help t o  preserve the q u a l i t y  o f  the resource. 

*Change I n s t i t u t i o n s  

Another means of increasing the output o f  a pa r t i cu la r  forest  product may be by 
changing the laws, pol ic ies,  agencies, etc., i n  other words the tt inst i tut ionsl l  which 
l i m i t  it. For example, publ ic  forest  recreat ion on pr ivate lands i s  t o  a consider- 
able extent l im i ted  by the competit ion se t  up by provis ion of publ ic  f a c i l i t i e s  a t  
less than cost. This, i n  ef fect ,  provides a subsidy t o  users o f  publ ic lands be- 
cause p r i va te  land owners cannot recover the costs of  providing f a c i  l i t l e s .  

When these sor ts  of options are not r e a d i l y  apparent, research i n t o  the problem 
may ident i  f y  fur ther  at ternatives. 

\ 

*THE CONSTRA I NTS 

tn add i t ion  t o  options aval l a b l e  to  pol i cy  makers several constraints compl icate 
the  process of resolv ing fo res t  po l icy  Issues: 

1 )  Forests are systems. 

2) 

3)  They involve uncertaint ies, shor t  and long term. 

The dynamics o f  forest  change involve long time-horizons. 

4)  Changing uses w i l l  a f f e c t  the a l l oca t i on  o f  benef i t s  and costs .a spec i f i c  
groups of people. 

5 )  Forest po l icy  may produce c o n f l i c t s  wi th other publ ic pol icies. 



*Forests Are Systems 

There are in teract ions w i th in  forests and w i th in  the larger system of which they 
are a part. For example, harvesting t rees may increase cer ta in  w i l d l i f e  populations 
and perhaps increase s o i l  erosion whi le providing sawtimber. Eroded s o i l  may s e t t l e  
i n  a reservo i r  outside o f  the fo res t  land area, c u r t a i l i n g  i t s  l i f e  o r  increasing 
the  expense o f  producing power o r  water. The sawtim,ber w i  I I move t o  m i  I Is and cre- 
a te  jobs and other support f o r  the economy. Increased w i l d l i f e  on the cu t  over 
lands may s a t i s f y  society 's recreat ional  and emotional desires. 

Because o f  these interactions, regulat ions may a f f e c t  forest  biology as well as 
the  larger socio-ecmomic system o f  which the forests are a part. 

One o f  the d i f f i c u l t i e s  o f  working w i th  systems i s  the problem of def in ing bounda- 
r ies .  No boundary w i l l  be e n t i r e l y  sat isfactory.  By l i m i t i n g  t h i s  Assessment t o  
the  forested lands o f  Cat i f o r n i a  and by a lso attempting t o  consider the range re- 
source, we introduce an a r t i f i c i a l  I ine between forested and nonforested range. The 

break i s  not  helpful  and may lead t o  erroneous conclusions unless a broader context 
i s  kept i n  mind. The theoret ica l  boundary d iv id ing  the standing timber resource 
from the people who u t i  I ize it const i tu tes a s imi la r  s o r t  o f  ana ly t i ca l  problem. An 
imbalance between timber a v a i l a b i l i t y  and m i l l  processing f a c i l i t i e s  has implica- 
t i o n s  f o r  the resource, f o r  timber val ues, and fo r  cmmun i t y  s tab i  I i ty .  Apprecia- 
t i n g  the hazards of looking too narrowly a t  fo res t  resources because of t h e i r  geo- 
graphical boundaries i s  a key consideration i n  the development of good fo res t  pol- 
icy. 

*Long Time Horizons 

Forest pol i cy  decision-making involves longer time-frames than we normal l y  consl- 
der. Trees may requi re a,human l i f e t i m e  o r  more to mature. Soil development usual- 
l y  requires thousands o f  years. 

"Uncertaint ies 

The factor  o f  uncertainty i s  interlocked k i t h  the long time-horizon. Changes in  
technology, ins t i tu t ions ,  and regulat ions are r i s k s  we must consider. Catastrophies 
such as f i r e ,  drought, o r  epidemics o f  diseases or  insects are important addi t ional  
r isks.  We lack the a b i l i t y  t o  predic t  such h igh ly  i n f l u e n t i a l  events so our po l i -  
ties must r e f l e c t  the existence o f  these uncertaint ies. 

One strategy f o r  deal ing w i th  uncertaint ies i s  t o  favor those opt ions which are 
least  r e s t r i c t i v e  on fu ture choices. Restocking a cutover fo res t  area, as the Cal i -  
f o rn ia  Forest Pract ices Act requires, i s  one example. 

*Who Benef i ts  From Changes 

The a l  locat ion of benef i ts  and costs o f  pub1 i c  pol icy  decisions should be ident i -  
f ied. The long time-horizon associated w i th  fo res t  pol icy  issues means t h a t  i n  many 
instances those who pay for, o r  receive the benef i ts  of, fo res t  pol i cy  choices w i  I I 
be fu tu re  generations whose in terests  are perhaps not  well  represented in  today's 
decis ion processes. Some choices may benef i t  the r i c h  a t  the expense of the poor, 
or urbanites a t  the expense o f  ru ra l  residents, or adversely a f f e c t  the r i g h t s  o f  



property owners. The pol i t i c a l  process, i n  our society, has responsibi I i t y  for en- 
suring t h a t  an equi table balance i s  achieved between who benef i ts  and who pays. 

*Conf l ic ts  With Other P o l i c i e s  
hi 

A f i n a l  consideration i n  the development of resource pol icy  i s  the presence o f  
other, perhaps conf l i c t ing ,  pub1 i c  pol icies. Balancing the opportuni t ies fo r  pub1 ic  
fo res t  inve.stment wi th  current  desires t o  reduce pub1 i c  expenditures i s  one o f  sev- 
e ra l  c o n f l i c t s  o f  t h i s  sort.  Another example i s  the c o n f l i c t  o f  pest ic ide uses with 
possible adverse environmental and heal th impacts. Forest resource pol icy  i s  simply 
a component o f  publ ic  pol icy. I t  can only be developed w i th  a view t o  the whole. 

SYNOPSES OF THE FOREST RESOURCES 

Following are b r i e f  synopses o f  chapters deal ing w i th  the resources found on 33 
m i l l i o n  acres c l a s s i f i e d  as forest  land. The watersheds, f i s h  and w i l d l i f e ,  range, 
recreation, timber, wilderness, a i r ,  minerals, and energy resources are explained in 
depth in  the parent chapters. 

WATERSHEDS 

A watershed, which i s  the region draining i n to  a r l ver ,  encompasses a l l  of the 
fo res t  resources i den t i f i ed  i n  FRAPA. Basic to  the watershed are s o i l  and water 
which are essent ia l  t o  the existence o f  a l l  other l i v i n g  resources. 

Seventy percent o f  the State's t o t a l  water run-off or lg inates on forested land. 
Many charac ter is t i cs  o f  the watershed inf luence the  qua l i t y  o f  t h i s  run-off, i t s  
t iming, and even i t s  t o t a l  amount. Watershed condi t ions may a lso a f f e c t  the fre- 
quency and sever i ty  o f  f loods downstream. 

Sol Is, depending on t h e i r  geologic character ist ics,  are susceptible t o  d i f f e r e n t  
forms o f  erosion including, surface, gu l ly ,  and mass movement. I n  general, youn- 
ger, less developed s o i l s  are more susceptible to  surface erosion, whi le older, more 
mature s o i l s  w i th  higher c lay content located on steep slopes are most susceptible 
t o  mass movement. A I  I erosive processes occur i n  nature, but  can be accelerated by 
human act ion on the land. 

The amount o f  such accelerated erosion frequent ly can be correlated w i th  the 
amount o f  s o i l  disturbance t h a t  occurs. For example, t r a c t o r  logging of ten produces 
more erosion than other timber harvesting methods, especia l ly  on steep slopes. Sfm- 
i l a r l y ,  roads with large cuts  and f i l l s  b u i l t  on these slopes may be major causes of 
erosion. Timber harvesting can degrade water qual i t y  by increasing water tempera- 
tu res  (due t o  removal o f  streamside vegetation o r  changes in  stream morphology), by 
adding debr is to  streams, o r  by increasing water run-off which may lead to  stream u 
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bank erosion. In addition, w i l d f i r e s  may increase erosion by denuding slopes of 
p ro tec t ive  cover. 

*Status Soil mapping i s  conducted on forested lands pr imar i l y  by the CDF 
Soil-Vegetation Survey and the Forest Service. Current ly the CDF sur- 
vey has pub1 ished maps for about n ine m i  I I ion acres of State and pr i -  
vate lands; the  Forest Service has mapped approximately 14.5 m i l l i o n  
acres of federal lands. 

Pub1 ished rates o f  s o i l  erosion range from approximately 0.6 to, 180 
tons per acre per year, bu t  vary so much t h a t  average ra tes  are near ly 
meaningless. The fo res t  lands i n  the North Coast Region have m e  of 
the  highest erosion ra tes  i n  the State due to t h e i r  geology, erodib le  
so i ls ,  high in tens i ty  r a i n f a l l ,  steep topography, and large amount o f  
land disturbance. 

Natural erosion i s  thought to account fo r  the bulk  of sedimentation 
on the North Coast, w i th  estimates ranging as high as 70 percent. 
Th is  i s  controversial  because it i s  d i f f i c u l t  to  determine what i s  
t r u l y  natural.  Soi I sc ien t i s t s  hypothesize t h a t  present ra tes  o f  era- 
sion (especia l ly  mass movement) are so great t h a t  they could not have 
been a constant process over geologic t i m e  or w e  would have I i t t l e  or 
no s o i l  today. Most o f  the pr iva te  forest  land on the North Coast has 
been logged and burned a t  some time since 1870. Certain areas of the 
Sier ra Nevada are also h igh ly  susceptible t o  erosion, especia l ly  those 
areas of so i l s  formed on decomposed gran i te  parent material.  

Several State and local agencies are responsible for con t ro l l i ng  
land use practices. Under the Zfberg-Nejedly Forest Pract ice Act o f  
1973 the  Board of Forestry has adopted, and CDF enforces a system o f  
Forest Pract ice Rules fo r  the regulat ion o f  t imber.  harvesting opera- 
t ions, including restocking, erosion control,  stream and lake pt-otec- 
t ion,  hazard reduction and associated road construct ion on nonfederal 
lands. The Department of Food and Agr icu l ture regulates pest ic ide 
use. The Department of Fish and Game i s  responsible for f i s h  .and 
w i l d l i f e ,  o f f e r i n g  comments and recommendations t o  agencies regulat ing 
a c t i v i t i e s  a f fec t i ng  habitats, and, i n  cer ta in  instances, regulat ing 
stream use and a l terat ion.  Counties may control  land-use subdivisions 
and roads through general plans and ordinances. Other management 
a c t i v i t i e s  on forested lands, such as s i l v i c u l t u r a l  operations other 
than logging, road cqnstruction not  associated w i th  timber harvesting, 
road maintenance, range and w i  Id1 i f e  hab i ta t  management, and 
recreat ion are general ly not  regulated. 

The Federal Water Po l l u t i on  Control Act (FWPCA) and the State Por- 
ter-Cologne Water Q u a l i t y  Controt Act authorize the State Water Re- 
sources Control Board and Regional Water Q u a l i t y  Boards to regulate 
water qua I i ty. The Reg iona I Boards set 'Itwaste discharge requ i rementsll 
and standards fo r  acceptable water qual i ty.  

Important measures t o  be t te r  protect  water qual i t y  from damage ar is-  
ing from s i l v i c u l t u r a l  a c t i v i t i e s  are cur ren t ly  being developed by the 
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responsible State agencies wi th Section 208 o f  the FWPCA. A process 
for continuous development and appl icat ion o f  Best Management Prac- 
t i c e s  (BMPs) t o  regulate land use a c t i v i t i e s  for control  of s i l v i c u l -  
t u r a l  nonpoint sources o f  water po l l u t i on  has been designed. This 
provides an on-going method o f  preventing watershed deter lorat ion.  
Continued support of t h i s  BMP process w i l l  be necessary t o  make it ef- 
f e c t  i ve. 

*Trends One trend w i th  h igh ly  s i g n i f i c a n t  watershed impacts has been the 
p id  development of fo res t  roads and re la ted human a c t i v i t y  t h a t  
taken place since 1940, p a r t i c u l a r l y  wi th  the advent of t r a c t o r  
ging. As a resul t ,  the area needing pos i t i ve  watershed protect ion 
increased rapidly.  

Other overal I watershed trends, because of the many var lab1 es 
volved, are d i f f i c u l t  to  assess. In  cer ta in  instances, condi t ions 

ra- 
has 
og- 
ha s 

in- 
are 

improving through natural  healing over time o r  through be t te r  land use 
practices. For example, evidence indicates t h a t  the Forest Prac t ice  
Rules are reducing current  man- induced erosion through timber harvest- 
ing regulat ion but a thorough evaluation has not  been completed, On 
the other hand, there appear t o  be cer ta in  watersheds which are being 
degraded, perhaps as a r e s u l t  of both past and present land-use prac- 
t ices.  In  some cases t h i s  degradation represents cumulative ef fects,  

*P rob I ems Today, a major  problem in  deal ing w i th  the management of forested 
watersheds i s  the lack of r e l i a b l e  data. For example, the use of cer- 
t a i n  pest ic ides and f e r t i l i z e r s  w i th in  the forest  can a f f e c t  the qual- 
i t y  of the  environment. Aer ia l  appl icat ion o f  these chemicals may 
c o n f l i c t  wi th  cer ta in  a i r  and water qua l i t y  standards. Pest ic ides 
have been used t o  el iminate undesirable p lan t  and animal species, and 
f e r t i l i z e r s  t o  increase product iv i ty .  Although they are appl ied on 
only  smal I acreages o f  forested land ( i n  1977 Ves t r i c ted "  pest ic ides 
were used on 40,250 acres), they are thought t o  be pers is tent  and dan- 
gerous i n  some cases. Bet ter  data are necessary for understanding the 
e f f e c t s  o f  these pract ices and f o r  the establishment of workable stan- 
dards (see STANDARDS i ssue) . 

There i s  a lack of information about many so i ls .  In  par t icu lar ,  
there are l im i ted  data on problem soils, r e l a t i v e  erosion hazards, 
react ions of s o i l s  t o  ce r ta in  land use practices, and the e f f e c t s - o f  
resu l tan t  eroston on water qual i t y ,  w i  Id1 i fe,  and fo res t  productiv- 

Not on ly  i s  it necessary t o  have more data to know the In teract ions 
of  a c t i v i t i e s  w i th in  watersheds, but  a lso there i s  a need for data on 
the  cumulative impacts of one or several a c t i v i t i e s ,  e i t he r  over t ime 
or space. The CUMULATIVE IMPACTS issue discusses t h i s  further. . 

There i s  a lso a need to i d e n t i f y  areas t h a t  have been severely im- 
pacted by past land use pract ices and determine possible measures- to  
correct problems i n  these areas. 

i ty. 
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Large, hot, uncontro I I ed f i r e s  can create watershed prob I ems by des- 
t roy ing  vast acreages o f  forest, a f fec t i ng  water quanti ty, qual i ty ,  
s o i l  character ist ics,  and erosion rates. 

'*Opt ions Data def ic ienc ies must be sa t i s f i ed  so t h a t  bet ter  pract ices can be 
devised t o  minimize watershed impacts. For example, when spec i f i c  
factors  a f fec t i ng  erosion are known, land use pract ices can be modi- 
f i e d  t o  minimize water qua l i t y  degradation. That pa r t  of the problem 
o f  decl in ing salmon populations due t o  s i  l t a t i o n  o f  spawning gravels 
i n  North Coast streams may be somewhat a l  leviated i f  'stream rehabi l  i- 
t a t i o n  programs can be combined w i th  improved land use pract ices t o  
prevent excessive erosion. 

Prescribed burning can minimize the e f fec ts  o f  w i l d f i r e s  by l i m i t i n g  
flammable material buildup, but  use o f  t h i s  technique may a lso cause 
i ncreased erosion . 

C r i t i c a l  forested watersheds where human induced problems e x i s t  
should be ident i  f led; and coordinated management programs developed to 
m i t i ga te  past, and control  fu ture problems. 

FISH AND WILDLIFE 

Habi ta t  i s  the key to  healthy, d iverse w i l d l i f e  population. The f i s h  and wild- 
l i f e  resources i n  Ca l i f o rn ia ' s  forests  are more varied than elsewhere i n  the United 
States because of the hab i ta t  d ivers i ty .  Ear ly to  mid-successional stages o f  fo res t  
vegetation intermingled w i th  nonforest types enhance various w i l d l i f e  populations 
including deer, mountain l ion, bear, quai l ,  voles, mice, and raptors. About 70 per- 
cent  o f  the w i l d l i f e  species which inhabi t  fo res t  lands favor these vegetational 
stages. The other 30 percent of our forest  w i l d l i f e  species tend t o  inhabi t  old- 
growth, and include such species as f isher, marten, spotted owl, p i  leated woodpeck- 
er, and goshawk. 

Certain species o f  f i s h  and w i  Id1 i f e  support ac t i v i t ies ,such as spor t  f i sh ing  and 
hunting and commercial f i sh ing  and trapping. Most t r o u t  f i sh ing  and p r a c t i c a l l y  
a l  I deer and bear hunting take place on forested land. Numerous species of game 
b i rds  and furbearing mammals are also harvested from the forest. Salmon supports a 
commercial and recreat ion industry. Over one-third of the salmon f ishery i s  depen- 
dent on forest  ecosystems fo r  spawning. Some species o f  f i s h  and w i  Id  I1 f e  are im- 
por tant  t o  the publ ic for such a c t i v i t i e s  as ngture study, photography, and observa- 
t ion . 
*Status Most species o f  fo res t  f i s h  and w i l d l i f e  e x i s t  a t  acceptable levels. 

However, ru ra l  subdivisions, urbanization, road construction, water 
developments, and the growth of browse which has matured beyond the 
stage preferred by most species and the gradual crowding out of browse 
by ywng stands of timber are factors which could lead to unacceptable 
w i l d l l f e  population levels. 



b, 
I n  some areas recent ly  logged land has provided stands o f  immature 

brush which const i tu tes sa t is fac to ry  hab i ta t  f o r  w i  Id1 i f e  prefer r ing 
early-successional stages o f  forest  vegetation. 

For w i l d l i f e  which need late-successional vegetation, substantial 
acreages of old-growth e x i s t  i n  wilderness, park areas, and other pub- 
I i c  ownersh i p. 

The status of the f i s h  and game harvest in-State fo r  1978 was: ap- 
proximately 34,000,000 t rout ;  31,000 deer; and 655 bear. The salmon 
resource produced a catch of 841,000 f ish;  the  steelhead catch ap- 
proached 122,000. 

The natural  production of salmon and steelhead has declined along 
the  North Coast where water development projects, timber harvesting, 
and road construction, have led to  debr is accumulations, s i l t a t i o n  o f  
spawning gravels, and unfavorable water levels and temperatures which 
have in ter fered w i th  t h e i r  l i f e  cycles. The populations present i n  
the  San Joaquin and Sacramento drainages are mainly l im i ted  by the 
dams which have blocked migrat ion and spawning. Increased f i sh ing  
pressure has a1 so a1 tered salmon and steel head populations. 

Numerous laws and regulat ions a f f e c t  f i s h  and w i  Id1 i f e  management. 
The State Fish and Game Commission i s  responsible f o r  establ ishing 
regulat ions f o r  the protect ion and harvest o f  various species. Migra- 
t o r y  w i l d l i f e  i s  t o  a large extent regulated by the federal govern- 
ment. The Forest Pract ice Act requires the Board o f  Forestry to  pro- 
t e c t  w i  Id1 i f e  hab i ta t  whi le regulat ing timber harvest ac t i v i t i es .  Re- 
gional Water Qual i t y  Control Boards protect  water qual i t y  throughout 
Cal i forn ia .  

None of the  species on the I i s t s  o f  endangered, ra re  or threatened 
p lants  and animals are l im i ted  in  t h e i r  populations by present ac t i v i -  
t i e s  upon Ca l i fo rn ia 's  forests. 

*Trends The deer populat ion i n  Ca l i f o rn ia  has decreased 60 percent since the 
m i d  1960's, due pr imar i l y  t o  the loss of su i tab le  habitat.  If current  
management pract ices continue, the  deer population I s  expected t o  re- 
main a t  i t s  present level. 

I 

Salmon and steelhead populations have declined approximately 65 per- 
cent since the tu rn  o f  the century. 

*Prob I ems The a b i l i t y  t o  maintain or increase w i l d l i f e  populations and a t  the 
same t ime produce more forage for I ivestock, more recreat ional  f ac i  I I- 
t ies,  and more timber i s  a major concern fo r  po l i cy  makers. 

Without hab i ta t  improvements o r  increases In hatchery stocking, sub- 
s tan t i a l  increases i n  salmon and steelhead populations are not  an t i c i -  

b, pated . 
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Reduction of old-growth timber w i  I I reduce the hab i ta t  and the popu- 
la t ions  of species dependent upon large trees or v i r g i n  forests. Sig- 
n i f i c a n t  population s h i f t s  of any species should serve as a warning o f  
potent ia l  problems. 

L 

There i s  overlap i n  the federal and State laws enacted to protect  
The two ju r i sd i c -  

Forests 
endangered, rare, o r  threatened p lants  and animals. 
t i o n s  have generated l i s t s  o f  animals t h a t  do not coincide. 
provide key hab i ta t  f o r  many of these species. 

*Opt ions Two of the issues of t h i s  chapter consider i n  de ta i l  how salmon and 
deer production might be s i g n i f i c a n t l y  increased. 

Resource Secretary Johnson's proposal t o  create a Renewable Resource 
Investment Fund o f f e r s  a spec i f i c  way o f  providing funds which can be 
used t o  restore and expand f ishery, w i l d l i f e ,  and recreat ional  re- 
sources. 

The retent ion o f  snags and some older t rees fo r  cav i ty  nesting w i l d -  
l i f e  fo r  future use could be encouraged. Financial incentives t o  p r i -  
vate land owners would be necessary for t h i s  w i l d 1  i f e  hab i ta t  i f  sign- 
i f icant  timber management costs resu It. 

FORESTED RANGELANDS 

Forested rangeland by our d e f i n i t i o n  i s  land which has a t  least  a 10 percent t ree  
cover, and has quant i t ies  of nat ive grasses, grass- l ike plants, forbs, shrubs, or 
introduced species su i tab le  as food fo r  w i l d  and domestic grazing and browsing ani- 
mals. In  addi t ion t o  l ivestock and deer many other herbivores and seed-eating b i rds  
depend upon the forested range ecosystem fo r  habitat.  

"Status Nine m i  I I  ion acres, or 25 percent, o f  Ca l i fo rn ia 's  36 m i  I I  ion acres 
o f  rangeland i s  forested range and subject t o  grazing by l ivestock. I 

O f  t h i s  area approximately 3.5 m i  I I  ion acres are on nat ional  forests 
and 5.5 m i  I I  ion acres on pr iva te  lands. 1 

Forested range produces 14 percent, o r  5.4 b i l l i o n  pounds, of the 
forage produced on natura I range and consumed annual ly  by I ivestock. 
About 3.6 b i  I I ion pounds o f  t h i s  come from the pr iva te  por t ion of the 
forested range. A substantial quant i ty of forage i s  produced on State 
and nat ional  parks, but  it i s  not l i k e l y  to  be used under ex i s t i ng  in- 
s t i t u t i o n s  and practices. Most of the forage produced on forested 
land comes from the less productive timber s i t e  categories. 

The Soi I Conservation Service i s  current ly  developing "Best Manage- 
ment Practices" designed t o  control  range erosion on pr iva te  land. 
The federal agencies managing forested rangelands seem to  be using 
good pract ices now as are many owners of  p r iva te  rangeland. u 
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*Trends Over the next several decades the demand for l ivestock w i  I I Increase 
as the population of Ca l i fo rn ia  grows, Our forested lands can gener- 
a l  l y  be expected t o  produce greater amounts of  forage without major 

adverse Impacts, s ince the present condi t ion o f  forested range i s  
probably ttstablett o r  improving SI ight ly .  I t  i s  known, however, t h a t  
there are areas In  poor condi t ion as a r e s u l t  of overgrazing w i th  
consequent erosion and loss of s o i l  product iv i ty,  p a r t i c u l a r l y  i n  the 
Coast Range. 

The use of prescribed burning on pr ivate lands has decl ined s tead i l y  
from a hlgh po ln t  o f  182,000 acres i n  the 1954 t o  13,000 acres i n  
1977. 

L d  

f 
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Pub1 IC pol l cy  towards the use o f  prescribed burning seems t o  be 
changing t o  u t i l i z e  f i r e  as a natural element o f  the ecosystem and t o  
recognize the pub1 IC benef i ts  It provides. 

*Prob I ems Data on range condl t ion are sparse, due p a r t l y  to  the f a c t  t h a t  on 
much of the forested rangeland, grazing pract ices are no t  regulated 
and overa l l  range condi t ion information i s  no t  gathered. 

. FRAP and federal RPA/RCA inventory boundaries do not coincide, which 
makes a coordinated assessment d i f f i c u l t .  FRAP's d e f i n i t i o n  o f  forest  
excl udes 75 percent o f  Ca I i forn fa's t o t a  I rangelands. 

No ob jec t ive  Statewide surveys have been made to  determine the sta- 
t us  of forested rangeland sol  I s  and product iv i ty.  

Competition between l ivestock and w i l d l i f e  i s  a problem, and i s  evi- 
denced by overgrazing which sometimes occurs i n  r i pa r ian  corr idors, i n  
meadows, and on land adjacent t o  ponds and lakes. 

*Options 

Prescribed burn ing to  increase forage production on forested r a n g e  
lands i s  an important range management tool .  The problem wi th  i t s  use 
l i e s  i n  the c o n f l i c t  of maintaining a i r  and water qua l i t y  requlre- 
ments. Another problem is t h a t  increasing costs and potent ia l  t i a b i l -  
I t y  are s i g n i f i c a n t  obstacles t o  the use of f i r e .  

Expansion of FRAPA t o  include a l l  the rangeland in  the State, would 
improve the qual I t y  of data provided t o  the RPA/RCA. 

Al ternat ives t o  prescribed burning include mechanical or chemical 
means t o  c lear  brush. Mechanical methods are very expensive and chem- 
i ca l  appl icat ions are now la rge ly  restrained by publ ic  pollcy. 

Research can improve our abi I I t y  to  understand and forecast meteoro- 
log ica l  condi t ions whlch predicate when prescribe burning can most ef- 
f ec t i ve l y  and/or safe ly  be used. Some of the benef i ts  and const ra in ts  
of t h i s  management too l  are discussed In the PRESCRIBED BURNING issue 
of t h i s  chapter, 



Addit ional forage could also be provided through investment i n  in- 
tensive management pract ices such as: prescribed burning, chaparral 
management or conversion t o  grass, water developments, fencing, f e r t i -  
I ization, and reseeding. 

I n s t i t u t i o n a l  changes t o  be t te r  u t i  I ize forage now produced but un- 
consumed could s i g n i f i c a n t l y  increase the present consumption. Some 
o f  t h i s  forage i s  on publ ic  park lands o r  on areas presently ungrazed. 
Substantial costs and/or changes i n  publ ic  a t t i t udes  might be required 
t o  make use of a l l  of t h i s  forage. Data are not  ava i lab le  to more 
than qual i t a t i v e l y  describe the feas ib i l  i t y  of increasing u t i  1 i za t i on  
of t h i s  forage. 

RECREATION 

Forest recreat ion includes a diverse mix of a c t i v i t i e s  t h a t  are pursued a t  e i t he r  
developed s i t e s  o r  some undeveloped areas located w i th in  the fo res t  boundaries, 
The FRAP anal ys i  s addresses both the fac i  I i t i e s  and the amount o f  use. 

With pressures increasing f o r  use of forest  lands, it i s  for tunate t h a t  cer ta in  
types o f  recreat ion may be compatible wi th  other uses o f  the forest. For example, 
most types o f  dispersed and some developed forest  recreat ion a c t i v i t i e s  can occur 
whi le w i  Id1  i fe ,  f ish, range, and watershed values are maintained. Although timber 
harvesting may preclude cer ta in  recreat ion a c t i v i t i e s  f o r  a time, it also opens op- 
po r tun i t i es  fo r  the pursu i t  of other types. Various species o f  w i l d l i f e  populate 
recent1 y harvested sites, o f f e r i n g  nature study and hunting opportun i t i es .  Add i- 
t iona l l y ,  cleared areas may f a c i l i t a t e  the pursu i t  o f  winter sports such as cross- 
country sk i  ing and snowmobi I ing. Probably the most important benef i t  t o  recreat ion 
i s  the access provided by road construction associated w i th  timber .operations. Some 
harvesting i s  designed speci f  i ca l  l y  t o  enhance recreat ion as i n  the case o f  v i s t a  
c lear ing  and hazard reduction. 

*Status Forest recreat ion (developed and dispersed) on publ i c  lands to ta led 
about 45 m i l l i o n  12-hour v i s i t o r  days i n  1977, the l a tes t  year fo r  
which complete data are avai lable. Campin'g accounted fo r  about ha l f  
o f  t h i s  use. S ix ty  percent occurred on the nat ional  forests  and use 
o f  State and national parks each accounted for about 20 percent. For- 
e s t  recreat ion const i tuted about 34 percent o f  the t o t a l  outdoor 
recreat ion on publ i c  land in  Cat i forn ia .  (Ex is t ing pr iva te  fo res t  
land recreat ion may be l oca l l y  s i g n i f i c a n t  but i s  not  so a t  the State- 
wide level. I t  has not been considered in t h i s  Assessment.) 

Developed recreat ion i s  dependent upon an assortment of fac i  I i t i e s  
such as p icn ic  and camp si tes,  boat ramps and downhil l sk i  s i tes.  
About 39 percent of the recreat ional  fac i  I i t i e s  and 76 percent o f  the 
t r a i  I m i  les  are located on forested land. 

The t o t a l  forest  land base in  Cat i f o r n i a  appears t o  be more than ad- 
equate to  accommodate increasi ng I eve 1 s' o f  fo res t  recreation. There 



may be a lack of opportuni ty a t  the local o r  regional level,  however, 
such s i tua t ions  were not i den t i f i ed  in  t h i s  analysis. u 

W 

*Trends 

*Prob I ems 

Par t i c i pa t i on  i n  forest  recreat ion increased about 3.3 percent per 
year ‘from 1970 t o  1975. A substant ia l  drop during 1975-1977 t o  about 
the 1970 level probably was re la ted  t o  the two-year drought. Prel imi-  
nary estlmates of the  1978 t o t a l s  suggest t h a t  the 1975 level has 
again been attained.\ I f  the  f u l l  1970-78 period i s  considered, the 
growth r a t e  would only be 1.6 percent per year. Forest Service RPA 
and Department o f  Parks and Recreation PARIS pro ject ions t o  the end of  
t he  century Suggest t h a t  forest  recreat ion w i l l  increase between 1.5 
and 2.8 percent per year. 

Adverse factors which might dampen growth ra tes  (no t  considered in  
the  PARIS project ions) include increased energy costs, overcrowding of 
recreat ion sites, and changing populat ion character is t ics .  Higher en- 
ergy costs may r e s t r i c t  the number of recreat ion i s t s  who former I y 
t raveled considerable distances t o  the forest. Increased entry and 
user fees could also ra i se  the cost  of fo res t  recreation. More 
crowded condi t ions could r e s u l t  in  a dec l ine i n  the qua l i t y  of 
recreat ion experiences fo r  some people. Final  ly, as the population 
ages, per capi ta  par* ic ipat ion i s  l i k e l y  to  decl ine. 

Subject t o  f i sca l  l imi ts ,  both the Forest Service and the State De- 
partment of Parks and Recreation plan t o  maintain current  leve ls  o f  
f a c i l i t y  construction. For the Forest Service, t h i s  amounts t o  an an- 
nual increase in  capacity of developed s i t e s  of about 0.3 percent. 
The Department o f  Parks and Recreation has been add ing campsites a t  an 
annual r a t e  of three percent since 1973, but  planned addi t ions indi-  
cate a r a t e  o f  two percent. The Park Service plans no increase in  
recreat ion fac i  I i t i e s  a t  the forested parks considered in  t h i s  assess- 
men t . 

If par t i c i pa t i on  in  developed recreat ion increases a t  the h i s t o r i c a l  
r a t e  it would appear t h a t  f a c i l i t y  addi t ions w i l l  be inadequate t o  
meet fu tu re  needs. 

A potent ia l  problem concerns-the impact o f  the energy c r i s i s  on for- 
e s t  recreation. Ris ing t ranspor tat ion and other energy costs may re- 
s t r i c t  t rad i t i ona l  fo res t  recreat ion use patterns and requi re a s h i f t  
toward providing more oppor tun i t ies c loser to  urban areas. On the 
other  hand, i f  recreationlsts,make fewer t r i p s  t o  forest  land, but in- 
crease t h e i r  length o f  stay per v i s i t ,  use o f  the more d i s tan t  areas 
may approach the pro j  ecti ons . 

vate ly  owned fo res t  land, p a r t i c u l a r l y  i n  the woodland and mon- 
tane forest, could contr ibute to  the fo res t  recreat ion base. The 
present subsidy t o  users of pub1 i c  f a c i l  i t i e s  I im i t s  the a b i l  i t y  of  
p r j va te  landowners t o  p ro f i t ab l y  develop recreat ional  opportunit ies. 
A t  present, ce r ta in  i n s t i t u t i o n a l  barr iers,  i n  pa r t i cu la r  laws 
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r e l a t i n g  t o  l i a b i l i t y  and vandalism, hinder the development o f  p r i va te  
lands f o r  recreat ional  use. 

The Assessment of forest  recreat ion revealed several data l im i ta -  
t ions.  A t  present there dre minimal data about recreat ional  opportun- 
i t i e s  on or  use of  p r i va te l y  owned fo res t  land. The publ ic  agencies 
t h a t  gather recreat ion information use d i f f e r e n t  accounting periods, 
u n i t s  of  measure and inventory methods. I n  some cases analysis must 
r e s t  on data gathered over a decade'ago. 

"Options The projected demand f o r  f o res t  recreat ion may not be red l  i red  due 
t o  energy, demographic and other factors. I f  trends are established 
subsequent t o  t h i s  assessment ind ica t ing  t h a t  the pro ject ions are 
being real ized, and society wishes t o  accommodate t h i s  increased par- 
t i c i pa t i on ,  several opt ions are avai lable:  

Techniques fo r  accommodating increases i n  developed fo res t  rec- 
rea t ion  include expanding the  quant i ty  o f  f a c i l i t i e s  or using 
e x i s t i n g  f a c i l i t i e s  more e f f i c i e n t l y .  New f a c i l i t i e s  or addi t ions 
t o  ex i s t i ng  ones could be b u i l t .  

I n s t i t u t i o n a l  changes, such as a more even d i s t r i b u t i o n  through- 
ou t  the week of  the publ ic 's  le isure time, would f a c i l i t a t e  a bet- 
t e r  use o f  present f a c i l i t i e s .  Further, e f f o r t s  by agencies t o  
inform the pub1 i c  o f  vacant s i t e s  might a lso encourage more e f f i -  
c i e n t  use. 

Increased mounts o f  dispersed fo res t  recreat ion could be accom- 
modated in  cer ta in  undeveloped areas wi th  the construct ion o f  ad- 
d i t i o n a l  roads and t r a i l s  and the upgrading of some ex is t i ng  
ones. 

The purchase o f  p r iva te  land fo r  pub1 i c  use, p r imar i l y  through 
the  federal Land and Water Conservation Fund, has added t o  the 
fo res t  recreat ion land base. However, acqu is i t ion  o f  land per se 
does no t  necessarily increase fo res t  recreat ion opportuni t ies.  
Minimal *ldeveIopmentll o f  fo res t  land, such as the construct ion o f  
parking f a c i l  i t i e s  and t r a i l s ,  i s  important t o  rea l  i z ing  the po- 
t e n t i a l  f o r  accommodating recreation. In  some cases it may be de- 
s i r a b l e  t o  purchase land t o  preclude development and thereby pre- 
serve opt ions f o r  fu tu re  recreat ion expansion. 

Options fo r  encouraging the 
t u n i t i e s  on pr iva te  fo res t  
i ssue . 

TIMBER 

The timber industry in-State current  
1.23 b i  I I ion cubic fee t  of lumber and 

deve I opmen t o f  recreat  
and are discussed i n  

onal oppor- 
the ENERGY 

y produces approximately 75 percent o f  the 
plywood .. . used annually i n  Ca l i fo rn ia .  I t  i s  
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a l so  an important source of jobs, p a r t i c u l a r l y  i n  the North Coast. The 16.3 m i l l i o n  
acres of llcOmmerciaItl t imber land which support t h i s  economy are located almost en- 
t i r e l y  i n  the coastal and montane forest  areas. 

*Status 

*Trends 

An estimated 49.7 b i  I I ion cubic feet  o f  wood in  sound trees are con- 
ta ined in  the commercial timber stands. 

Approximately h a l f  the land area involved, and 38 percent o f  the 

Net annual growth on commercial fordst  land i s  802 m i l l i o n  cubic 
Yal f  of t h i s  growth occurs on publ ic  and ha l f  on pr iva te  owner- 

volume, i s  p r i va te l y  owned. 

feet. 
ships. The land's potent ia l  i s  double the current  growth. 

Timber harvesting i s  regulated on pr iva te  and State lands under 
ru les  developed by the State Board o f  Forestry through the author i ty  
of the Z'berg-Nejedly Forest Pract ice Act o f  1973. The major i ty  o f  
federal forest  'land i s  regulated by the NEPA, NFMA, and BLM Organic 
Act. The State a c t  contains spec i f i c  stocking requirements for har- 
vested stands. 

The State Forest Taxation Reform Act (1976) exempted a l l  standing 
timber from ad valorem taxes. Instead, timber from a l l  ownerships i s  
subject  t o  a y ie ld  tax a t  the time o f  harvest. This ac t  a lso provided 
r e s t r i c t i v e  zoning of timber producing land i n  Timberland Preserve 
Zones (TPZs). The 5.7 m i  I I ion acres of p r iva te  land in  TPZs may be 
used fo r  production o f  forest  products and compatible uses. I n  turn, 
the  taxes levied w i th in  TPZs are t o  be based on the value o f  the land 
f o r  growing timber. This law was designed t o  el iminate dis incent ives 
t o  investments i n  timberland which resul ted from escalat ing land val- 
ues. 

Over the next 20 years Ca l i fo rn ia  timber harvest i s  expected t o  de- 
c l  ine about s i x  percent. The decl ine w i l l  be concentrated in  the cu t  
from fo res t  industry lands, i n  the North Coast. However, by 2030 p r i -  
vate young-growth forests w i l l  have reached a merchantable s ize  and 
Statewide harvest should once again equal or exceed present levels. 

Tota I consumption of I umber and plywood i s  expected t o  increase un- 
til 2010 and remain a t  t ha t  level through 2030. Consequently, there 
i s  expected t o  be an increase in  wood products imported in to  Cal i for- 
nia. By the year 2030 in-State production may comprise only 54 per- 
cent of consumption and timber pr ices may more than t r i p l e .  This 
"real"  p r i ce  increase (over and above in f l a t i on )  could be in  par t  re- 
sponsible. for  the expected decrease i n  per capi ta consumption. Impor- 
t a n t  t o  these estimates are the changes in  the level and type of res i -  
dent ia l  construction t h a t  are expected t o  occur as the composition of 
Ca l i f o rn ia ' s  population and r a t e  of family formation change. 



I t  i s  estimated t h a t  the 2030 levels  o f  consumption and imports o f  
paper and a l l i e d  products w i l l  be approximately four times the 1976 
level  due t o  increases in population and per capi ta  consumption. 

*Prob I ems Project ions indicate tha t  fu ture standing timber pr ices w i  I I s ign i f -  
i can t l y  increase a t  a r a t e  above in f l a t i on .  

Timber growth i s  cur ren t ly  ha l f  i t s  potent ia l .  

On pr iva te  timber lands low produc t iv i t y  o f ten  i s  the r e s u l t  o f  past 
repeated llseIectivelt logging. Trees l e f t  f o l  lowing the harvest were 
o f  undesirable form or  species o r  the logging sometimes damaged them 
and thus reduced growth. Current ly there are about 1.8 m i  I I ion acres 
o f  p r iva te  land in such low-growth stands. 

Although the same problem occurs on nat ional  fo res t  lands, low- 
growth stands here are mostly uncut old-growth on approximately 2.7 
m i  I I ion acres. 

Many acres t h a t  once grew softwoods now are unstocked because o f  un- 
successful o r  no regeneration e f f o r t s  f o l  lowing f i r e ,  logging or inef- 
f e c t i v e  conversion. Others have stands o f  less productive hardwoods. 
About 2.9 m i  I I ion acres o f  productive timberland are i n  t h i s  category; 
approximately 70 percent i s  private. 

There presently i s  only a l im i ted  market f o r  hardwoods. 

*Opt  i ons The major opportuni ty f o r  improving timber growth i n  Cal i f o r n i a  
e x i s t s  i n  older timber stands where low-growth i s  occurr ing e i the r  due 
t o  the advanced age of the stand and/or poor stand condition. I t  i s  
estimated t h a t  harvesting pub1 i c  old-growth and re fo res t ing  would in- 
crease Statewide growth by 43 percent. 

Converting low-growth "sei ectiveV1 stands t o  young growth on pr iva te  
land would increase growth 27 percent. The high and medium s i t e s  
would show the greatest  economic re tu rn  and y i e l d  most o f  the in- 
creased growth. 

Replacing hardwoods and p lant ing understocked areas would increase 
cur ren t  Statewide growth by 20 percent. L imi t ing  investment t o  high 
and medium s i t e s  would produce 80 percent o f  the potent ia l  increase 
whi le  minimizing environmental impacts by d is tu rb ing  h a l f  the area. 
(For the e f fec ts  upon w i l d l i f e  see the MORE WOOD, M3RE GAME issue.) 

Many fo res t  land owners do not  possess or have ready access t o  for- 
es t  management expert ise o r  t o  the cap i ta l  needed f o r  timber manage- 
ment investment. Investment by nonindustr i a  1 pr iva te  fo res t  land own- 
e rs  i s  low because o f  the long time frame and high r i s k s  involved. 
However, re fo res ta t ion  and hardwood conversion e f f o r t s  may be encour- 
aged by the development o f  government incent ives programs such as the 
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Ca l i f o rn ia  Forest Improvement Program and s imi la r  federal programs, 
which o f f e r  loans, grants, and technical assistance. 

Though harvesting pract ices have improved and the present Forest 
Pract ice Rules require the land t o  be stocked with comnercial species, 
the ru les  may not  adequately address other aspects o f  stand qua l i t y  
such as proper d i s t r i bu t i on  of  stocking over an area, seed producing 
capab i l i t y  o f  reserved trees, and other qua l i t y  character is t ics  of  re- 
s idual  stands. The actual e f fec ts  of  the ru les  on timber product iv i ty  
and qua l i t y  need fur ther  review. 

Use of  genet ica l ly  improved p lant ing stock where a r t i f i c i a l  regener- 
a t i on  i s  undertaken could substant ia l ly  increase timber growth. 

Improved timber u t i l i z a t i o n  i n  harvesting and processing can in- 
crease the output from a given volume of  logs. 

Trends i n  fo res t  products consumption could be mod 
paper conservation and recyc l ing e f fo r ts .  

f ied by wood and 

Research could. be undertaken to: 

Develop information on the costs and growth response t o  s i l v i -  
c u l t u r a l  treatments by s i t e  and fo res t  type t o  be t te r  evaluate 
treatment opportunit ies. 

Find economically feasible and environmentally acceptable meth- 
ods of brush control  fo r  use in  reforestat ion.  

Determine operational pest control  techniques t o  reduce timber 
I osses . 

Develop u t i l i z a t i o n  techniques and markets for  hardwoods. 

The level o f  timber harvests from Ca l i f o rn ia  national forests has a 
s i g n i f i c a n t  e f f e c t  on timber prices. FRAP studies showed tha t  a 
64 percent increase In federal c u t  over the next 50 years would cause 
rea l  pr ices t o  be only 190 percent o f  current levels ra ther  than 
300 percent. The FOREST SERVICE HARVESTING POLICY issue of t h i s  
chapter considers t h i s  so r t  of option i n  more deta i l .  

WILDERNESS 

The s ta tu to ry  d e f i n i t i o n s  of w i  lderness used by the State. and federal regulatory 
agencies are s imi lar .  They requ i re  a minimum land area of 5,000 acres without roads 
or permanent improvements and w i t h  outstanding oppor tun i t ies for sol i tude or p r i m i -  
t i v e  types of recreation, and which may contain features of sc ien t i f i c ,  educational, 
scenic, h i s to r i ca l ,  ecological  or geological value. Wilderness preserves animal 
hab i ta t  for species requ i r ing  r e l a t i v e l y  undisturbed conditions. H i s t o r i c  and cul- 
t u r a l  features and research baselines can be preserved; and wilderness provides a 
gene pool o f  r e l i c  f l o r a  and fauna species. W 



"Status In Ca l i fo rn ia  the c lass i f i ed  wilderness area t o t a l s  2,811,500 acres, 
o f  which 57 percent i s  forest  land. Four government agencies present- 
l y  manage t h i s  wilderness: the Forest Service - 2.1 m i l l i o n  acres; 
National Park Service - 604,000 acres; State o f  Ca l i f o rn ia  - 98,000 
acres; and the U.S. Fish and W i l d l i f e  Service - 8,600 acres. 

*Trends 

One e f f e c t  resu l t i ng  from the Forest Service's most recent Roadless 
Area Review and Evaluation (RARE II) proposals i s  the potent ia l  impact 
on national fo res t  timber harvests Statewide. About 240,000 acres o f  
tlproductivelt fo res t  land are wi th in  the federa l ly  proposed RARE II 
wilderness areas. The potent ia l  saw timber y ie ld  from t h i s  area i s  
about two percent of the annual y i e l d  from national forests. The Cal- 
i forn ia  Resources Agency's proposal would reduce the y ie ld  by approxi- 
mately four percent. 

Forest Service estimates show t h a t  about 25 percent of ex i s t i ng  na- 
t i ona l  forest  wilderness i n  Ca l i f o rn ia  could be classed as Ilproduc- 
t ive" timber I and. 

A great  d i spa r i t y  ex i s t s  i n  the use ra tes  of Ca l i f o rn ia  wilderness 
areas. Generally those areas t h a t  have an a lp ine  sett ing,  lakes and 
streams, and are near population centers receive more use than those 
w i  lderness areas t h a t  are remote, dry, hot, and extensively covered 
w i t h  brushy vegetation . 

National fo res t  wilderness use over the past n ine years has in- 
creased an average o f  s i x  percent annually. Pro ject ions ind icate t h i s  
use w i l  I continue t o  increase but a t  a decl in ing rate, p a r t i c u l a r l y  as 
t rave l  t o  wilderness areas becomes more expensive. 

*Prob I ems How can the wilderness resource be best preserved f o r  t h i s  and fu- 
t u r e  generations? 

How much addi t ional  land can be added t o  the Wilderness System with- 
ou t  the adverse impacts on other resource management po ten t ia ls  and 
outputs exceeding the addi t ional  wilderness benef i ts? 

Can the pub1 i c  be bet ter  informed about what I1w i  IdernessIt means? 

Among federal and State agencies a un i f ied  system of counting w i l -  
derness v i s i t o r s  does not,now ex is t .  Knowledge of actual use patterns 
and trends which would provide background data for good regulat ions 
and management decisions i s  also lacking. 

To date no comprehensive inventory and assessment has been made of 
wilderness resources and re la ted management a c t i v i t i e s  other than ac- 
reage and v i s i t o r  use f igures from national fo res t  wilderness i n  Cal i- 
forn ia. 
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*Opt ions 

L/ 
The question o f  w i  lderness a l  locat ion has no s c i e n t i f i c  answer. I t 

w i l l  be decided In  the p o l i t i c a l  arena wi th  the market and non-market 
t radeof fs  debated by the various in te res t  groups. 

A compl e te resources inventory of ex i s t  i ng and potent ia I w 1 I der ness 
areas, i n  conjunction wi th  use-data and project ions, would i den t i f y  
t he  resource t radeof fs  o f  w i  lderness decisions. 

Current federal administrat ion proposals t o  Congress would increase 
the  t o t a l  w i  lderness area to about e igh t  m i  I I ion acres; and the poten- 
t i a l  wilderness could be over 18 m i l l i o n  acres o r  18 percent of the 
State's land i f  most of Ca l i fo rn ia 's  roadless areas, much of which i s  
no t  forested, were c lass i f i ed  as w i  Iderness. The federal administra- 
t i on ' s  RARE I I  recommendations t o  Congress (as of September 1979) in- 
cluded 3,022,371 gross acres f o r  w i  lderness c lass i  f icat ion, 2,453,728 
acres of roadless area to non-wilderness and 2,793,917 acres for fur- 
ther  study. Less than one percent i s  p r iva te  land and about four m i  l- 
l i o n  of t h i s  6.3 m i l l i o n  acres are forested. As an a l te rna t i ve  the 
Ca l i f o rn ia  Resources Agency recommended 1,450,000 acres fo r  wilderness 
c lass i f i ca t ion ,  1,682,937 acres fo r  non-wilderness, and 3,084,067 
acres for fu tu re  study. About four percent of the State's proposed 
RARE I I  wilderness area i s  p r iva te  land. 

Results from FRAP's prel iminary land use model indicate about two 
m i l l i o n  acres of federal land can be added t o  wilderness without sig- 
n i f i c a n t l y  a f fec t i ng  output increases o f  timber, forage, or a l l  types 
of  recreation. As measured in  Wilderness A t t r i bu te  Points, which at- 
tempt to  q u a l i f y  values such as so l i tude and scenic beauty, the w i l -  
derness would be increased 78 percent by t h i s  area addition. (Which 
acres are selected is, o f  course, c r i t i c a l . )  

The addi t ion of four m i l l i o n  acres would increase wilderness values 
from 78 percent t o  90 percent. The cost i n  terms o f  potent ia l  timber 
p roduc t iv i t y  would be about 243 m i l l i o n  cubic fee t  per year or 27 per- 
cent o f  current  Statewide production. While data were unavailable for 
fu r ther  analysis, more intensive timber management could I i ke l y  pro- 
duce greater (po ten t ia l )  t imber outputs a t  high costs. Recreation 
growth and forage production would not be s i g n i f i c a n t l y  res t r i c ted  by 
the  wilderness addi t ion according to the land use model. 

Res t r i c t ions  i n  growth of motor-based recreat ion and forage produc- 
t i o n  from wilderness addi t ions were not  detected by the land use mod- 
el.  Since the model considered quant i ty  but not  qual i ty,  i t s  resu l t s  
should not be accepted without appropriate cautions. 

AIR RESOURCE. 

Forest vegetation plays an important pa r t  i n  recyc l ing our a i r  resource. 
pact of a i r  pol l u t i o n  on the forests has received increased a t ten t ion  i n  Ca 
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*Opt ions 

940's when it was recognized t h a t  vegetation was being damaged and k i l l e d  
utan t s  . 

The most extensive t ree  damage due to a i r  po l l u t i on  on forest  land 
has occurred in  southern Cal i f o r n i a  where thousands of acres of pines 
have been ser iously damaged or k i  I led, p r  imar i l y  due t o  ozone e f fec ts  
on trees i n  the mountains adjacent t o  the Los Angeles A i r  Basin. Cur- 
r e n t  data indicate t h a t  a i r  po l l u t i on  i s  a potent ia l  th rea t  t o  pines 
o f  the southern Sier ra Nevada and perhaps t o  pines o f  the central  
Sierra. No s i g n i f i c a n t  problem i s  apparent i n  the northern pa r t  of 
the  State. 

Ozone i s  an oxidant derived mostly from automotive emissions in ter -  
act ing w i th  sunl ight  and i s  an element o f  pol luted a i r  which i n  suf- 
f i c i e n t  quant i ty  and over an extended dosage time can damage or  k i  I I 
vegetation, p a r t i c u l a r l y  pines a t  the elevat ions where inversion lay- 
e rs  l i e  against the ter ra in .  

Trends i n  a i r  qua l i t y  have been d i f f i c u l t  to predict,  because con- 
t r o l  measurement techniques, monitoring equipment, and emission stan- 
dards have been chang i ng frequent I y . 

Two major types o f  a i r  po l l u t i on  are a f fec t i ng  fo res t  lands 
in-State, ozone and pa r t i cu la te  matter. In addition, the use o f  pes- 
t i c i d e s  may contr ibute t o  a i r  pol lut ion.  

Pa r t i cu la te  matter i n  smoke i s  o f  special concern, since it can be 
transported over great  distances. Not only i s  it a heal th hazard but 
i t s  reduction involves massive costs i n  control  o f  w i ld f i res .  

Prescribed burning o f  ground fuels, which contr ibutes par t i cu la te  
matter t o  the a i r ,  can reduce the sever i ty of uncontrol led f i res .  I t  
i s  used t o  improve range forage, w i l d l i f e  habitat,  and t o  remove t i m -  
ber harvest slash to  a id  in t ree  plant ing and hazard reduction. 

The actual amount o f  ozone and the cumulative dosage time t h a t  
cause serious vegetation damage are not  ye t  thoroughly ident i  f ied fo r  
a l  I species. 

Information on t ree  damage due t o  a i r  po l l u t i on  i n  Ca l i f o rn ia  be- 
comes progressively less r e l i a b l e  from south to north, w i th  the least  
amount o f  accurate data avai lab le from the northernmost, highest t i m -  
ber producing, section of the State. 

State and federal agencies are responsibi le for se t t i ng  a i r  pol lu- 
t i o n  standards. Decisions of the EPA and Ca l i f o rn ia  A i r  Resources 
Board have a s i g n i f i c a n t  socio-economic impact on fo res t  lands. 
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Stronger regulat ions might be one method o f  reducing adverse impacts 
on veyetat ion. 

Increasing federal and State regulat ion of pest ic ide use and pre- 
scr ibed burning w i  I I have varying impacts on a i r  qual i t y  and fo res t  
land management options. Smoke management through prescribed burning 
can improve a i r  qua l i t y  (compared t o  the e f fec ts  of uncontrolled f i r e )  
i n terms of t ime and space. 

Such resource management needs as prescribed burning o f  ground fue ls  
have benef ic ia l  as well as adverse impacts, and t h e i r  use requi res 
fur ther  research. It i s  necessary t o  i den t i f y  and understand the re- 
source tradeoffs which evolve as the a i r  i s  made cleaner through regu- 
I ation. 

Research should be undertaken t o  determine cumulative a i r  pol I u t lon  
dosage times before vegetation Is damaged in  order to forewarn land 
managers o f  fu tu re  problem areas. 

A more intensive a i r  monitoring program on the central  and northern 
Ca l i f o rn ia  fo res t  lands would provide data on present a i r  qua l i t y  and 
trends. 

A r e l a t i v e l y  inexpensive ozone monitoring program which would deter- 
mine ozone levels  along the Sier ra Nevada pine b e l t  would produce a 
basel ine from which trends could be traced. Also it would a l e r t  for- 
e s t  land managers to  potent ia l  ozone damage areas. 

MINERALS. F O A I L  FUELS, AND GEOTHERMAL ENERGY 

Minerals, foss i  I fuels, and geothermal energy are resources which are presently 
being extracted from the forest  environment. They are especial l y  important i n  t h i s  
age o f  technical advancement, energy l imi ta t ions,  and environmental awareness. 

*Status Ca l i f o rn ia  ranks t h i r d  i n  the nat ion in  mineral production. About 
60 percent o f  the State's production of asbestos, 45 percent of the 
cement, 15 percent o f  the stone, and almost a l l  o f  the tungsten and 
dolomite are from sources on forest  land. Although the mineral and 
o i l  indust r ies i n  Ca l l f o rn ia  generate m u l t i - b i l l i o n  do l l a r  businesses, 
and although the forest  lands cover over one-third o f  the State, on ly  
about 0.02 percent of the forests  are cur ren t ly  being disturbed by 
mineral and energy extractions. 

Where fu tu re  mining disturbances o f  fo res t  lands are antfcipated, 
t he  1975 State Surface Mining and Reclamation Act provides fo r  State 
and local government regulat ion through a permit-approval process 
based on sa t is fac to ry  reclamation and resource conservation plans. 



Federal regulat ions requi re t h a t  mining plans fo r  publ ic  lands be 
approved. State a i r  and water qua l i t y  boards are responsible fo r  the 
enforcement o f  laws governing indus t r ia l  a i r  and water discharges from 
these operations. 

No s i g n i f i c a n t  present o r  potent ia l  mineral, f o s s i l  fuel, or geo- 
thermal energy sources d i r e c t l y  impact prime range and timber land or 
impact ra re  and endangered w i  Id  I i f e  habitat.  

Present laws and regulat ions appear adequate t o  ensure most resource 
protect ion and surface reclamation enhancement. Restoration to  an 
o r i g i n a l  s ta te o f  past mining disturbance areas i s  no t  required by 
law; however, the acreages are not  large and nature has reclaimed 
many. 

*Trends Demand f o r  fuel  and non-fuel minerals i s  increasing. Advances i n  
mining technology as we1 I as high market value o f  these minerals w i l  I 
enable the industry t o  mine deposits heretofore considered uneconomic. 
Although f u l l  mineral potent ia l  of fo res t  lands i s  no t  known, the 
ex i s t i ng  information indicates there w i  I I be increased mineral act iv-  
i t y  on these lands. 

The State D iv is ion  of Mines and Geology estimates t h a t  from 1965 t o  
2020 the  output of metals i s  expected t o  double and production of non- 
metal I i c  minerals i s  ant ic ipated t o  t r i p l e .  These higher output 
leve ls  w i l l  probably cause surface land disturbances t o  increase about 
180 percent, t o  about 24,000 acres o r  0.07 percent of the forest  land 
scattered throughout the State. 

*Prob I ems A lack o f  data makes it d i f f i c u l t  to pred ic t  the extent o f  mineral 
and energy ex t rac t ive  potent ia l  and impacts o f  such ext ract ions on 
fo res t  lands i n  fu tu re  years. 

The State has only basic geologic data on what resources under l ie 
unreserved and reserved fo res t  I and . Land management p l  ann i ng cou I d 
be improved w i th  bet ter  data on minerals and fuels, the ext ract ion of 
which has the potent ia l  f o r  s i g n i f i c a n t  temporary disturbance. 

Impacts since 1890 on forest  lands from mineral and fuel  ext ract ions 
include local ized a i r  po l l u t i on  from processing p lants  and open p i t  
mining; deleter ious e f f l u e n t  discharges i n t o  water courses, part icu- 
l a r l y  from inoperative mines; and a considerable amount o f  surface 
disturbance from past gold mining. 

*Opt ions As m i  nera I , fossi  I f ue I and geotherma I energy consumption pressures 
increase, the  t rade-of fs  between the resources w i  I I need fur ther  re- 
search and study i n  order t o  an t ic ipa te  problems which may emerge in  
the  future. Present and immediately foreseeable mineral and energy 
deve I opmen t s  pose no ser ious prob I ems for other fo res t  resources. 
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WOOD ENERGY 

Although wood has always been used for fuel, today pe t ro lem and natural gas pro- 
v ide most o f  the energy consumed in  Cal l forn ia .  Continued use of these fossi I fue ls  
as well as other energy a l te rna t ives  such as nuclear power, coal and l i q u i f i e d  nat- 
u ra l  gas present Cat i f o r n i a  w i th  complex social, economic and environmental prob- 
lems. 

Wood used as fuel  for energy production i s  renewable and domestically produced. 
I t  can be burned d i r e c t l y  t o  generate heat, steam and e l e c t r i c i t y  using technologies 
tha't are c m e r i c a l  l y  avai lable, re1 iab le and safe. Wood can also be converted i n to  
other sol id, I iqu id  and gaseous fuels. 

"Status Residues from the  processing of logs i n t o  wood products i s  the pr i -  
mary source of fuel f o r  wood energy production today. This source i s  
p r inc ipa l  l y  u t i  I ized by the fo res t  products industry. 

Wood residues from urban areas and agr icu l tu ra l  lands, non-commer- 
c ia1 fo res t  lands, chaparral and other brush covered lands as well  as 
cu r ren t l y  unut i  I ized m i  I I residues and material from logging or forest  
management operations represent addi t ional  sources o f  wood avai lab le 
for energy product i on. 

' F i f ty -e igh t  forest  products m i  I I s  i n  Cat i f o r n i a  are cur ren t ly  burn- 
ing 2.6 m i  I I ion tons o f  wood waste annual l y  i n  bo i l e rs  t o  produce heat 
and steam f o r  indus t r ia l  processes and for generating e l e c t r i c i t y .  
( J o i n t  production o f  heat and e l e c t r i c i t y  i s  termed llcogeneration.ll) 
The current  e l e c t r i c a l  capacity i s  124 megawatts, o r  enough power to 
m e e t  the needs of a c i t y  w i th  a population o f  74,000. The remaining 
0.7 m i l l i o n  tons of wood waste are presently being disposed of by in- 
c inera t ion  or bur ia l  i n  landf i  I Is. 

*Trends Supporting Cat i f o rn ia ' s  growing energy needs has required increased 
dependence upon imports o f  o i l ,  natural  gas and e l e c t r i c i t y .  The 
sharp increase i n  the p r i ce  of energy fo l lowing the Arab o i l  embargo 
i n  1973 has caused a decrease in  the growth r a t e  of demand for energy. 
Real p r ices  (adjusted for i n f l a t i o n )  are expected to continue to r i s e  
r a p l d l y  i n  the future. 

P r imar i l y  because ( 1 )  projected timber c u t  does no t  increase, (2) 
smaller logs wIII be harvested In the future, and (33) the u t i l i z a t i o n  
of  wood a t  r n l l l s  w i l l  increase, m i l l  residues avai lab le for energy are 
estimated to decrease s f f g h t l y  from 1978 to  1985, level  o f f  between 
1985 and 2000, bu t  w i l l  increase somewhat by 2030. 

Malnly due to advanced fo res t  management pract ices and improved har- 
vest ing equipment expected to  ex is t  I n  the future, annual mounts of 
fo res t  residues potent ia l  l y  ava i lab le  for energy are projected to 
stead i I y increase from 1985 t o  2030. 
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Total annual wood resides from a l l  categories are projected t o  in- 
crease from 31 m i  I I ion dry tons i n  1978 t o  almost 33 m i l  I ion by 2030. 
Amounts potent ia l  l y  ava i lab le  for energy are estimated t o  increase 
from 4 m i l l i o n  t o  10 m i l l i o n  tons over t h i s  period. Burning the po- 
t e n t i a l  residues i n  wood-f i red cogeneration plants would y i e l d  about 
500 megawatts o f  capacity by 1985, 900 by 2000, and 1200 by 2030. 

E l e c t r i c  u t i l i t i e s  and the State government are proposing t o  use 
wood energy, mainly i n  j o i n t  pro jects  wi th  the fo res t  products 
industry. Three hundred t h i r t y  megawatts o f  capacity are expected t o  
be avai lab le by 1985. By 2000 a t o t a l  o f  490 i s  projected. 

*ProbI ems To rea l i ze  increased energy production; it w i l l  become necessary to  
u t i l i z e  forest  i n  addi t ion t o  m i l l  residues. But there i s  no guaran- 
tee t h a t  these w i  I I be avai table fo r  energy. Once cot lected they w i  I I 
l og i ca l l y  go t o  the highest valued use. Competing uses f o r  wood resi-  
dues include pulp chips, particleboard, chemicals, charcoal, decora- 
t i v e  bark and mulch. 

Harvesting and cot lec t ion  equipment designed speci f  i ca l  l y  for uti I i- 
zing wood energy has no t  been f u l l y  developed. Thus present del ivered 
wood fuel  costs are high; and there i s  uncertainty about operation and 
labor costs. 

Firms considering long-term investments i n  wood energy fac i  I i t i e s  
have found it d i f f i c u l t  t o  negotiate long-term fuel  supply arrange- 
men t s  . 

Wood-fired power plants fueled w i th  forest  residues are cur ren t ly  
marginal ly cost  e f f e c t i v e  when compared t o  o i l -  o r  coal - f i red power 
p lants  i n  terms of today's prices. 

The optimum s ize  wood-fired p lan t  ranges from 30-50 megawatts due to  
local ized supply, whi l e  o i  I o r  coal - f i red p lants  proposed by u t i  I i t i e s  
t yp i ca l  l y  range from 800-1000 megawatts. Since planning, s i t i ng ,  and 
l icensing costs do not vary appreciably wi th size, t h i s  may discourage 
the  construct ion of smaller wood-fired plants. 

Manufacturers of I umber and other products are pr imar i I y concerned 
w i th  t h e i r  own spec i f i c  processes and products. While some e l e c t r i -  
c i t y  i s  generated as a byproduct they would prefer no t  t o  be c lass i -  
f ied  and regulated as u t i  I i t i es .  

Because small cogeneration f a c i l i t i e s  are r e l a t i v e l y  d i f f i c u l t  t o  
plan and operate and there i s  only l im i ted  experience w i th  coordina- 
t i n g  a widely dispersed power generating grid, the uti I i t i e s  perceive 
cogenerated power as an unre l iab le source. 

Governmental programs and agency mot ivat ions re la ted  to wood-f i red  
cogeneration sometimes conf l  ict. For example, the Energy Commission 
seeks to  encourage new sources of power which may be discouraged by 
ex i s t i ng  ra te  structures se t  by the Publ ic U t i l i t i e s  Commission and 
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the A i r  Resources Board reviews a i r  qua l i t y  e f fec ts  without par t i cu la r  
concern for energy supply. 

*Opt ions Examine various methods t o  guarantee long-term suppl ies of wood fo r  
energy production. This may be i n  the form o f  p r ice  supports o r  a 
wood marketing f a c i l  i t y  act ing as a brokerage. 

Continue research and demonstration of harvesting, co l lect ion,  and 
energy conversion equipment. 

Re-evaluate the e l e c t r i c i t y  r a t e  s t ructure by considering fur ther  
changes i n  purchase prices, standby charges and wheeling t a r i f f s .  Ca- 
pac i ty  c r e d i t s  could also be examined. 

To reduce the r i s k  o f  investment, the State could enact f inanc ia l  
incent ives such as investment tax cred ts, low cost loans or a r i s k  
underwrit ing program. 

Catalog and coordinate State and loca 
f o r  the development o f  wood energy fac i  

regulat ions which must be met 
i t i es .  

State a i r  qual l t y  regulat ions could be reviewed to consider the de- 
s i r a b i  l i t y  o f  promoting wood-f i red  cogeneration or otherwise recogni- 
z ing inherent t radeof fs  re la ted t o  t h e i r  regulat ions. 

RESOURCE ISS IE - 
A phi losphy of "non- intervention,f1 of l e t t i n g  th ings happen without any par t i cu la r  

comprehensive planning, characterized Cat i f o rn ia ' s  ear ly  approach t o  forest  land-use 
a l  location. The fo res t  resource was so p l e n t i f u l  t h a t  almost anyone could enjoy 
whatever benef i ts  they sought without having very s i g n i f i c a n t  impacts upon t h e i r  
neighbors. However, as the  State and nat ion grew, the cumulative e f fec ts  o f  forest  
use became more pronounced. Concern grew for ,the well-being of our forest  lands. 
E f f o r t s  to  pro tec t  timber and watershed values from destruct ion by f l r e  were i ns t i -  
t u t i ona l  ized. W i  lderness areas and parks were establ ished, llmul tiple-usest1 recog- 
nized, endangered species ident i f ied,  foresters  I icensed, and tax incentives enact- 
ed. As pa r t i cu la r  problems appeared, the tllaissez fa i re l l  approach gave way to  spe- 
c i f i c  act ions aimed a t  resolv ing them one-by-one In a social process characterized 
as llmudd I ing through.ll 

The drawback of t h i s  tsmuddl ing throughf1 process i s  t h a t  by the time a problem i s  
s u f f i c i e n t l y  apparent to  command at tent ion,  the best oppor tun i t ies to  mi t iga te  i t s  
adverse e f fec ts  may have been missed. Result ing costs to  society may be very high. 
For example, we have already witnessed about a 60 percent drop i n  deer and salmon 
~ o ~ u l a t i o n s :  our llcommerciaI1l timber land base has declined in the past few decades; 
we'may no ionger be able t o  save the Ca l i f o rn ia  condor from ext inc t ion  due t o  the 
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impacts o f  l lc ivi I izat ion.l l  The complexity of in teract ions of our social and ecolog- 
i ca l  systems a lso increase the r i s k s  associated w i th  resolv ing problems using the 
one-at-a- t i me approach . 

An a l te rna t i ve  t o  t h i s  llmuddl ing through1@ approach i s  t o  i den t i f y  i n  advance key 
issues which seem l i k e l y  t o  emerge in  the future, an t ic ipa te  the resu l t i ng  problems, 
and design measures t o  fo res ta l l  or  mi t iga te  t h e i r  emergence. The remainder o f  t h i s  
assessment attempts t o  i n i t i a t e  such a process. Ten issue statements are presentea, 
which i den t i f y  potent ia l  problems and pose a l te rna t i ve  solut ions. 

More issues could have been treated, or d i f f e ren t  ones selected. The in ten t  o f  
t h i s  assessment i s  not t o  be all-encompassing, but t o  i n i t i a t e  the process of iden- 
t i f y i n g  and c l a r i f y i n g  the basic questions -- a process which i s  the essential f i r s t  
step i n  bu i ld ing  a more comprehensive approach t o  resource po l i cy  making. 

This  chapter provides only very b r i e f  descr ipt ions o f  the  opt ions avai lab le  f o r  
deal ing w i th  these issues. Readers are reminded of  the complexity associated with 
any po l icy  options, pa r t i cu la r l y  as out l ined e a r l i e r  under THE CONSTRAINTS and they 
are encouraged t o  consul t  the deta i led resource chapters. 

ISSUE: NO MORE LAND! 

Ca l i f o rn ia ' s  land base i s  l im i ted  and competit ion among various land uses i s  esca- 
la t ing.  One of the assumptions of  most of t h i s  Assessment i s  t h a t  the fo res t  lands 
o f  today w i l l  s t i l l  be avai lab le i n  2030 t o  meet these needs. Yet the past 50 years 
have brought substant ia l  changes i n  land-use patterns a f fec t i ng  Ca l i f o rn ia ' s  fo res t  
lands, as w i l l  t he  next 50. 

The key issue concerning Ca l i fo rn ia 's  fo res t  land is: How should those lands be 
llaI located,1t and land-use s h i f t s  made wi th  regard for  the t o t a l  i n te rac t i ve  system 
of  which the fo res t  i s  but one part, i n  order to produce the  mix of outputs which 
soc iety  desires? 

The economi c, soci a I ,  and pol it i ca I processes constant I y produce I and use a I I oca- 
t i o n  decisions. Today's so lut ions cannot be permanent because of the changing na- 
t u r e  of society and of  technology. 

"Status 

0 Forests i n  Ca I i f o r n i a  grow on more than 33 m i  I I ion acres of land. About ha I f  
a re  llproductivell t imber lands. Current land use a l  locations which may l i m i t  the 
production of  some fo res t  outputs while emphasizing others are: 

5.7 m i l l i o n  acres of p r i va te  land i n  Timberland Preserve Zones (TPZs) de- 
signated by the counties. Uses incompatible wi th timber production are ex- 
c I uded. 

1.6 m i l l i o n  acres of f o res t  land designated by Congress and the State as 
wilderness. Timber harvesting and vehic le  based recreat ion are excluded on 
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t h i s  acreage. The best estimate i s  t h a t  40 percent of t h i s  area would be 
c l a s s i f i e d  as ttproductivetl t imber land were it not  i n  w i  Iderness. ki, 
898,000 acres of ftproductivetl national forest  land in  the Itspecial compo- 

nenttl category (which includes vehicular t ravel  zones and hab i ta t  of endan- 
gered w i  I d l i f e ) .  Timber production i s  a secondary use and special manage- 
ment plans are required, 

About 54,000 acres, mostly ttproductivett timber lands, In  ttspeclal 
treatmenV areas w i th in  the Coastal Zone, on which scenic values are of 
primary concern. Logging i s  somewhat res t r i c ted  but not  excluded. 

Corr idors along designated W i  Id and Scenic Rivers may be set  aside to pro- 
t e c t  scenic and recreat ional  resources. Timber production may o r  may no t  be 
a use deemed compatible wi th  these values i n  any pa r t i cu la r  s i tuat ion.  

Over 1.5 m i l l i o n  acres of forest  land, 60 percent o f  which i s  ttproductivell 
t imber land, are in  federal, State, regional, county, and local parks, 

Near1 y two m i  I I ion add l t i o n a l  acres of forest  land have been endorsed for 
wilderness by federal admlnlstrators. The Resources Agency has proposed 
t h a t  over 500,000 acres be added to t h i s  two m i l  I ion acres. Approximately 
40 percent of t h i s  area i s  ttproductivett t imber land. 

0 Values of forested lands fo r  timber management purposes have h i s t o r i c a l l y  been 
lower, throughout much o f  the world, than fo r  almost a1 I other uses. In the 
presence o f  short-run pressures fo r  higher valued goods, timber values are a t  a 
serious disadvantagesin land markets because of the long period o f  t ime neces- 
sary for production of timber. 

*Trends 

0 Desires for  goods and services from our forest  lands are projected to double 
i n  the next ha l f  century, according t o  the WA's ttrnediuntt project ions. These 
desires w i  I I r e s u l t  i n .  increasing pressures for land a1 locat ion t o  dominant uses 
i n  the future. 

*Prob 1 ems 

0 I t  i s  l i k e l y  t h a t  fu tu re  sca rc i t i es  w i l l  be even greater than estimated in  the 
remainder o f  t h i s  Assessment because of fu tu re  decreases i n  the fo res t  land 
base. These sca rc i t i es  can be expressed in  terms of higher prfces, lower quan- 
t i t e s ,  reduced qua l i t y  or any combination of these factors. 

e Subdividing land may make timber harvesting or the use of management pract  
such as prescribed burning impractical . 

C r i t i c a l  winter habi ta ts  and migrat ion cor r idors  o f  larger game mammals 
deer and bear may be depleted by land development. W 

ces 
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0 The Forest Taxation Reform Act o f  1976, which establ ished TPZs, may s i g n i f i -  
cant ly  reduce the loss of fo res t  land t o  developments. However, two m i l  I ion 
acres o f  p r iva te  tkommercialtt fo res t  land are not  i n  TPZs. Requests for Immedi- 
a te  rezoning o f  lands t h a t  are in  l P Z s  suggests t h a t  fur ther  regulat ion may be 
needed before the problem of timberland conversion i s  resolved. 

ci 

0 Other s h i f t s  may r e t a i n  lands i n  general forest  ecosystems but tend t o  re- 
s t r i c t  cer ta in  uses. For example, I f w i  Idernesstt areas protect  scenic, p r i m i t i v e  
recreation, and r e t a i n  natural watershed resources whi le excluding developed 
recreat ion and timber harvesting. 

Land s h i f t s  or withdrawals made in  response t o  concerns about the inadequacy 
o f  the amounts of some fo res t  outputs are, generally, contemplated on an area- 
by-area basis and the e f fec t  o f  such act ions i n  the aggregate i s  no t  ident i f ied.  
(RARE I I  i s  a s i g n i f i c a n t  exception.) 

0 Some o f  the consequences o f  such withdrawals are t h a t  forest  products become 
increasingly cos t l y  and greater investments are needed to intensi  f y  production 
on the resu l t i ng  m a i l e r  land base. Ca l i fo rn ia  i s  forced +o import greater 
quant i t ies  o f  fo res t  and range products from other s ta tes and nations. This i s  
cos t l y  and could cause s i g n i f i c a n t  adverse e f fec ts  on the State's balance of 
payments. However, such imports a lso r e s u l t  i n  the export o f  any adverse envi- 
ronmenta I impacts. 

0 For cer ta in  forest  resources, s t a b i l  i t y  o f  land use designation i s  essential.  
For example, wilderness cannot be eas i l y  restored once impaired. The large in- 
vestments needed t o  p lan t  and grow a crop o f  timber would be i r ra t i ona l  and 
counter productive i f  devotion o f  the land t o  timber product iv i ty,  u n t i l  the 
t rees mature, were not  assured. Thus, the need fo r  s t a b i l i t y  i n  forest  land use 
designation s u f f i c i e n t  t o  achieve w i  lderness o r  timber production goals may con- 
f l i c t  wi th  the f l e x i b i l i t y  needed t o  meet s h i f t i n g  patterns o f  demand. We do 
not  yet  know how t o  address t h i s  problem; y e t  the c o n f l i c t  w i l l  become more ser- 
ious as demands increase. 

*Options 

0 One approach fo r  resolv ing land use a l loca t ion  issues i s  t o  simply respond . t o  
pressing concerns as they arise. Selection o f  t h i s  opt ion would imply t h a t  the 
problems described above are not  especia l ly  c r i t i c a l  or do not j u s t i f y  e f f o r t s  
t o  resolve them. 

0 A second a l te rna t i ve  might be for the State t o  i n s t i t u t e  comprehensive land 
use planning f o r  forested lands. Attempts i n  Congress t o  establ ish federal land 
use contro ls  have been unsuccessful. The values j u s t i f y i n g  coastal zone plan- 
ning may have been substant ia l ly  greater to most Cal i forn ians than would be the 
case for most forest  land. Further, the coastal area i s  minimal when compared 
t o  our forested area. The s ta te  o f  l i m b o  whi le  plans are being developed and 
the loss o f  property r i g h t s  inherent i n  comprehensive land use planning do not 
suggest t h i s  would be a popular approach. 

0 A t h i r d  opt ion would be to  establ ish a continuing process of evaluating land 
use a l locat ions which does not  now exist .  Such a process could provide t imely  
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i d e n t i f i c a t i o n  of conf l  i c t s  o f  land use programs. I t  might eventual l y  lead to 
Statewide guides t o  regional and local decisions. The task i s  one of def in ing 
"land uses," analyzing appropriate c r i t e r i a ,  determining the in teract ions of 
land uses, est imating c r i t i c a l  deficiencies, iden t i f y ing  a l te rna t ives  for e l  i m i -  
nat ing them, and describing the consequences. As a l te rna t ives  are selected and 
implemented, perceptions and problems change and the need f o r  a new assessment 
emerges. The cyc le must then be repeated. 

Economic modeling i s  one too l  avai lab le to pol icy  makers for simulat ing the 
a1 locat ion of resources to  i I l us t ra te  the po ten t ia l '  fu tu re  impacts o f  such deci- 
sions. Mathematical models can consider voluminous, complex in teract ion proc- 
esses and provide po l i cy  planners wi th  an array o f  tradeoffs. 

Once t radeof fs  o f  t h i s  s o r t  have been ident i f ied,  and incorporated w i th  rele- 
vant non-quanti f iable considerations, decis ion makers have a more adequate basis 
upon which t o  determine how t o  proceed. Ult imately, broad po l i cy  questions are 
resolved through the pol i t i c a l  process. 

LJ 

ISSUE: MORE WOOD. MORE GAME CWIPLEMENTARITY 

The forests which produce commercial wood a lso provide w i  Id1  i f e  hab i ta t  f o r  
species of major s ign i f icance t o  man, including deer, quai l ,  rabbits, bear, and the 
1 ike. These species are largely  sustained by ear ly  successional stages of fo res t  
vege t a  t i on . 

"Status 

0 Large areas t h a t  once grew con i fe rs  now support e i t he r  dense brush o r  slower 
growing, less u t i  I izable hardwood species which produce I i t t l e  ood o r  w i  Id1 i f e  
habi tat .  Within t h i s  Issue these areas are termed "brush and hardwoods." 

0 Much of the commercial fo res t  has been 'vseIectiveIyft  logged several times and 
some of it now has residual  stands consis t ing mostly of damaged or diseased 
trees. (81SeIective11 logging does no t  always r e s u l t  i n  these conditions, but 
one-eighth o f  our commercial timber land n o w  has t h i s  status.) A f te r  any ex is t -  
ing brush matures these stands produce I i t t l e  

0 Old-growth stands cons t i tu te  a f i n a l  category of fo res t  lands where current  
harvest leve ls  of game species are low. Net growth r a t e s ' o f  t imber are some- 
t imes even negative. These stands are needed, however, for ce r ta in  nongame 
w i l d l i f e  and p l a n t  species. 

0 The maintenance and enhancement of w i l d l i f e  communities are o f ten  re la ted to 
the conservation of special and unique habi ta ts  such as snags, seeps, springs, 
t a l u s  slopes, rimrocks, etc. These features are cur ren t ly  protected by ex i s t i ng  
laws and regulat ions. Sustained timber harvest leve ls  general ly are no t  reduced 
where these habi ta ts  are retained. The maintenance of key habi ta ts  f o r  deer in- 
c l  ud ing fawning areas, migrat ion corr idors, winter ranges, and meadows, some of 
which are no t  so le ly  w i th in  forests. 

imber o r  w i  Id  I ife. 

W 
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e While w i l d l i f e  and t rees occur on the least  productive fo res t  lands, both are 
usual ly sustained a t  highest dens i t ies  and growth ra tes  on the most productive 
so i ls .  Production o f  harvestable surpluses o f  game species i s  especial l y  t i e d  
t o  mid-successional vegetation on good fo res t  mi Is. 

*Trends 

a I n  the past, deer populations increased s i g n i f i c a n t l y  as a r e s u l t  o f  hab i ta ts  
r e s u l t i n g  from intensive logging and other disturbances, and reached peak leve ls  
from 1930 through the ear ly  1960's. Since the mid-1960's they have declined by 
approximately 60 percent. I f  key hab i ta t  requirements are no t  fu r ther  decreased 
by land-use sh i f t s ,  and i f  cur ren t  timber management pract ices are continued, 
deer population leve ls  w i l l  l i k e l y  remain r e l a t i v e l y  stable. This projected 
trend assumes t h a t  hab i ta t  improvements due t o  timber harvests w i l l  be o f f s e t  by 
continued de ter io ra t ion  (aging) of ex i s t i ng  mature browse species and the crowd- 
ing out o f  browse by young stands o f  timber. 

The demands fo r  timber and game are increasing, yet  timber production i s  ex- 
pected t o  drop s l i g h t l y  i n  Cal i forn ia ,  as well  as i n  Oregon and Washington, 
which are our p r inc ipa l  sources o f  imports. 

*Prob I ems 

a Cal i f o r n i a f s  16 m i  I I  ion acres o f  llcomnerc a l l t  timber land are producing wood 
a t  less than 50 percent o f  %apacity,l1 Game animal production i s  a lso far below 
the potent ia l  y ie ld .  (Hunter success fo r  deer i n  Ca l i f o rn ia  i s  now about 10 
percent; ha l f  as high as it was in  the 1950's. Hunting has a lso declined about 
20-30 percent. 1 

a Conversion o f  old-growth to  ear ly  successional stages benef i ts  game species 
whi le  resu l t i ng  in  a decrease in  hab i ta t  f o r  other species o f  w i l d l i f e  which may 
f a l l  i n t o  the ra re  and endangered categories. However, not a l l  o f  the old- 
growth w i  I I be harvested. Substantial areas o f  parks, w i  Iderness, and special 
categories o f  fo res t  land w i l l  r e t a i n  some old-growth forests. 

Timber growing i s  a long term process involv ing a ser ies o f  changes in habi- 
ta t ,  some favorable and some unfavorable t o  w i  Id1 i fe .  A complex problem of co- 
ord inat ion over substant ia l  areas o f  land thus ar ises i f  both timber and wild- 
l i f e  are t o  be produced in  r e l a t i v e l y  stable annual yields. 

e For many fo res t  owners there i s  cur ren t ly  l i t t l e  economic incent ive t o  invest 
i n  erosion control,  watershed protection, or  f i s h  and w i l d l i f e  habi tat .  As a 
r e s u l t  we may f a i  I t o  r e a l i z e  the f u l l  benef t s  o f  the complementarity of wood 
and w i l d l i f e  production. 

*Opt ions 

a Harvesting old-growth stands i n  the nat ional  forests, f o l  lowed by reforesta- 
t i o n  could increase Statewide fo res t  growth by approximately 43 percent. I f  
these stands were harvested and restocked both wood and successiona I w i  Id1 i f e  
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resources would increase. Actual levels o f  timber and w i l d l i f e  production on 
these s i t e s  w i I I depend on the management prescr ipt ions app I led a f t e r  harvest. 
This option i s  a component o f  the fo l lowing two scenarios: LJ 

Timber and game can be j o i n t l y  produced i n  greater amounts on about 
12 m i  I I  ion acres of forested lands. One scenario would address intensive 
t i m b e r  management e f fo r t s  which would minimize the growth of brush and other 
browse species favorable t o  game. Even without consideration of  w i  Id1 i f e  
hab i ta t  needs beyond the current statutes, t h i s  program would probably in- 
crease game populations 5 t o  10 percent through disturbance o f  mature vege- 
ta t ion.  A t  the same time, current timber growth over the State could be 
nearly doubled by harvesting the o ld  growth, t rea t ing  the %electivet1 stands 
and the "brush and hardwoodstt as t h i s  scenario suggests. Reforestat ion of 
llbrush and hardwoodf1 lands on a l l  ownerships could increase timber produc- 
t i o n  over current leve ls  by 20 percent. ( I n  fact, treatment of only the 
more productive s i t e s  would y i e l d  80 percent o f  t h i s  potent ia l  increase i n  
growth while only a f fec t i ng  ha l f  of the area.) Removing slow growing resid- 
uals from %electivef1 stands and p lant ing cr seeding, could produce another 
25 percent increase in  the State's present timber production. 

An a l te rna t i ve  scenario a lso  includes Itbrush and hardwood,ll llresidual ,11 

and old-growth conversion treatments. But the prescr ipt ions t o  accomplish 
these conversions would be modified t o  bet ter  sa t i s f y  w i l d l i f e  needs. Main- 
t a i n i n g  30 percent of the t reated area i n  grass-shrub or shrub-pole succes- 
s ional  stages would provide optimum game forage and cover (provided tha t  
other key habi ta t  needs e x i s t  and continue t o  be maintained.) Such t rea t -  
ments could increase deer populations Statewide by 50 t o  100 percent. Corn- 
plementary timber production could be expected to  increase by 70 percent 
over tha t  expected from current practices. 

0 Neither of these scenarios i s  necessari l y  recornended by FRAP. Both would re- 
qu i re  pub1 i c  and pr iva te  investments. Intensive land management for any par t ic -  
u l a r  resource or set  of outputs a lso involves cer ta in  b io log ica l  and ins t i t u -  
t i o n a l  factors  and foregone opportunit ies. 

0 A I  lowing m r e  pr iva te  landowner control  over the management of game species on 

0 More en1 lghtened pub1 i c  a t t i t udes  about harvesting ant ler less deer could lead 
t o  a harvest program which would j u s t i f y  p r iva te  investments i n  deer habitat.  

8 Improved management on p r i va te  lands might be ef fected by providing technical 
assistance and incent ive programs s imi la r  t o  those proposed by the Ca l i fo rn ia  
Forest Improvement Program (CFIP) or by regulat ions favor ing increased t i m b e r  
growth rates. (Some w i l d l i f e  incentives are included i n  the CFlP proposals.) 

0 An i n s t i t u t i o n a l  change in  determining harvest ra tes for nat ional  forests 
would be needed t o  produce these benef i ts  on pub1 i c  lands. 

these lands would make habl ta t  management more prof  i table.  

LJ 



ISSUE SALMON 

King and S i lver  salmon support an important commercial and sport  f ishery i n  Cal i -  
fornia. H i s t o r i c a l l y  they spawned in  the coo and clear waters of coastal and mon- 
tane forest  streams w i th in  the Sacramento, San Joaquin and North Coastal drainages. 
A s i g n i f i c a n t  decl ine i n  a l  I of  these populations has occurred since the tu rn  o f  the 
century. 

*Status 

0 Annual salmon runs i n  the Klamath-Trinity, San Joaquin and Sacramento River 
systems are estimated t o  be respectively, 150,000; 15,000; and 263,000. 

0 A t  present, the  annual Statewide salmon management and research program o f  the 
Department o f  Fish and Game involves an expenditure o f  about $2.9 m i l  I ion com- 
pr ised of 65 percent State and 35 percent federal monies. The program includes 
research, hab i ta t  restorat ion, erosion control,  salmon production, and d is t r ibu-  
t ion.  Hatchery operations account fo r  more than a t h i r d  of the t o t a l  expendi- 
ture. In  addition, the  federal Fish and W i l d l i f e  Service spends about $650,000 
annually for salmon management and research, p r i n c i p a l l y  i n  the Sacramento 
dra i nage. 

*Trends 

0 The salmon populations o f  the Sacramento and San Joaquin drainages have de- 
c l ined  by about 65 percent since the tu rn  o f  the century. In the North Coast, 
t he  f a l l  salmon run i n  the Klamath River has dropped an estimated -63 percent 
since the mid-twenties. Salmon runs i n  other coastal streams are estimated t o  
have suffered simi tar  decl ines. While 1 le r a t e  o f  dec l  ine has slowed in  recent 
years, it i s  not cer ta in  whether a cont nuation o f  the present management pro- 
grams w i  I I h a l t  the downward trend. 

*Ptobl ems 

0 The fol lowing problems are connected'with the salmon population i t s e l f .  

Habi ta t  loss or  deter iorat ion i s  the most s i g n i f i c a n t  factor  i n  the d e  
c l i n e  of salmon popufations. This  loss i s  a r e s u l t  of the in te rac t ion  be- 
tween land use ac t i v l t i es ,  water impoundments and diversions, and natural  
events such as erosion and high In tens i ty  rainstorms. 

Dams reduce the f lushing o f  f i ne  sediments from, and the movement of new 
gravels to, downstream waterways. Another e f f e c t  of dams i s  a reduction in  
the  downstream quant i ty o f  water fo r  migration and f i s h  habitat.  F ina l ly ,  
dams inundate upstream spawning grounds and prevent .or impede migration. 

The construction o f  dams and the subsequent diversion o f  water are be- 
l ieved t o  be largely responsible for the drop in  populations of the Sacra- 
mento .and San Joaquin basins. There are fewer water projects in  the North 
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Coast, nonetheless, t h e i r  presence has added t o  the loss o f  habitat. This 
i s  especial ly t r u e  i n  the T r i n i t y  River Pro jec t  where flows have been re- 
duced t o  10 percent of t h e i r  h i s to r i ca l  levels. 

b 

When high in tens i ty  rainstorms occur i n  areas where soi I s  are susceptible 
t o  erosion, a cer ta in  amount o f  natural sedimentation resul ts.  Storms, 
which contr ibute t o  the s i l t a t i o n  of spawning gravels, are o f  most s i g n i f i -  
cance in  the watersheds of  the North Coast. 

Habi tats have been impaired when timber harvesting, road bui lding, or 
other  I and use a c t  i v I t i es resu I ted in  the remova I o f  streams i de vegetation 
(which reduced food and raised water temperatures), s i l t a t i o n  o f  spawning 
gravels, and/or creat ion o f  log jam barriers. Some of these problems con- 
ti nue. 

0 Another problem i s  establ ishing trends, a task complicated by the fo l lowlng 
factors. 

Forest Pract ice Rules and other environmenta I regulat ions intended t o  re- 
duce water qua l i t y  degradation (among other things) have been in  e f f e c t  less 
than a decade. I t  i s  believed t h a t  the implementation o f  these practices 
has reduced the degree o f  sol I loss and water qua l i t y  impairment. A more 
d e f i n i t i v e  evaluation o f  the State's fo res t  practices w i l l  be avai lab le when 
the  Board of Forestry's s o i l  erosion studies are completed. 

Determination of f i s h  trends requi res tha t  data be col lected over a period 
o f  years; a t  present, such data are weakest for  the North Coast. 

Population levels f luctuate as a consequence o f  natural events, such as 
the  1964 f lood and the  1976-77 drought, but  t o  what extent the magnitude of  
the  normal f luctuat ions has been Influenced by man i s  d i f f i c u l t  t o  deter- 
mine. 

"Options 

Options t h a t  could enhance salmon populations include: 
0 Salmon populations can recover rap id ly  i f  favorable condit ions are restored. 

Research t o  iden t i f y  the r e l a t i v e  s igni f icance of the variables tha t  have 
led t o  the decl ine i n  numbers of salmon, including studies to resolve the 
question of the extent to  which t i m b e r  harvests are adversely impacting sal- 
mon populations. 

Undertaking habi ta t  restorat ion programs such as c lear ing away debris and 
ba r r fe rs  t o  spawning areas, providing f i s h  ladders, and reconstructing rif- 
f les. 

Taking steps to  h a l t  the degradation of water resu l t i ng  from past land-use 
practices. For example, i n  the case of poorly constructed roads, erosion 
control  measures (such as the construction o f  water bars or other means of 
drainage) and grass seeding could be applied. 
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Taking fur ther  steps t o  secure minimum flows fo r  f ish, where water pro- 
j e c t s  have reduced streamf lows. Water i n  adequate amounts, especia I l y  a t  
spec i f ied times o f  the  year, i s  essential f o r  maintaining salmon habitat.  

- The State Water Resources Control Board i s  beginning t o  adopteregutations 
which would establ ish flow requirements fo r  streams having unappropriated 
water. These regulat ions would serve t o  guide the  a l loca t ion  o f  fu ture 
water appropriat ions and maintain minimum flows. 

Treating stream degradation which resu l ts  from current land use practices. 
Improvements in  the present regu I atory approach cou Id ( 1 br i ng about more 
e f f e c t i v e  implementation of established guidel ines and regulat ions (funding 
t o  support adequate enforcement i s  one technique), and (2) enhance 
coordination and cooperation between a1 I agencies involved in  the protect ion 
o f  water qual i ty .  

Upgrading ,exist ing hatcheries, or  constructing new fac i  I i t ies ,  which could 
enhance salmon populations by increasing the quant i ty of f inger l ings  (3") 
and year l ings (711) added each year t o  streams and r ivers.  This option could 
serve as a mi t iga t ion  measure i n  areas where dams e x i s t  or habi ta t  damage 
has occurred from logging despite use of  the most current or accepted 'IBest 
Management Pract  i cesOt1 

Reducing the l i m i t s  and seasons set for the sport  and conmercial take of 
sa Imon. Whi l e  the e f fec ts  o f  the combined comercia I and sport  harvest on 
t he  State's populations have yet t o  be determined, many f isher ies '  experts 
bel ieve t h a t  a decrease i n  the proport ion harvested would al low salmon 
poplulat ions to a t  least  p a r t i a l l y  recuperate. 

0 A program proposed by the Brown administrat ion incorporates many of these op- 
t ions. I t includes $50 m i  I1 ion for salmon enhancement over a 10-year period. 
The goal i s  t o  double the number o f  salmon t h a t  presently enter Ca l i fo rn ia  
streams ( ra i s ing  it t o  about 800,000). This would restore the population t o  
two-thirds of i t s  h i s t o r i c  levels. Par t  o f  the monies would be spent on habi ta t  
rehab i l i t a t i on  and the remainder on salmon production. Negotiations with fed- 
e ra l  agencies t o  secure stream releases for res tor ing  habi ta t  below federal wa- 
t e r  projects would be undertaken. Under t h i s  program the State would seek Con- 
gressional appropriat ions t o  support cer ta in  aspects of the program. I t  i s  es- 
t mated tha t  the program wou I d  re turn $30 t o  $40 m i  I I ion annual I y t o  Ca I ifor- 
n a's economy ($23 t o  $32 m i  I I ion t o  the comercia1 fishery, and $7 t o  $8 m i  I- 
I on t o  the sport  f ishery),  and create 3,000 new jobs. 

ISSUE: DATA LIMITATIONS 

The focus of FRAPA i s  t o  assess and evaluate a1 I of the resources der] ved from 
Ca l i fo rn ia 's  fo res t  lands.. Data are essential for t h i s  task. Important data prob- 
lems encountered during preparation of  t h i s  assessment are described i n  t h i s  issue. 
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"Status 

e A basic f ind ing  i n  t h i s  assessment i s  tha t  the necessary data have of ten prov- 
en t o  be nonexistent, incomplete or incompati ble. These def ic iencies e x i s t  be- 
cause t o  date a l  l inventories o f  any forest  resource have been designed to sat- 
i s f y  s ingular needs fo r  l im i ted  areas of Cal i forn ia 's  forests. In  terms of bas- 
i c  design c r i t e r i a  or data col lected, these ex is t ing  inventories or surveys are 
no t  e n t i r e l y  compatible for any one resource, OT between several resources. Many 
o f  the resu l ts -  in  t h i s  Report r e f l e c t  informed professional judgments based upon 
those data which could be assembled. 

Modern technology is. capable o f  e f f i c i e n t l y  supporting an inventory fo r  the 
e n t i r e  State accurate t o  even small land units. 

"Trends 

0 Speci f ic  l e g i s l a t i v e  d i rec t ion  t o  coordinate and integrate data needs was 
lacking p r i o r  to  recent statutes such as the WA, RCA and FRAPA. Subsequent ad- 

min i s t r a t i v e  encouragement fo r  such coordination and in tegrat ion i s  indicated by 
the support of FRAP. 

@ Creation of the EnvironmentaI.Data Center in  the State O f f i c e  o f  Planning and 
Research w i  i I ass is t  users i n  f ind ing  natural resource information from various 
State en t i t ies .  The National Oceanic and Atmospheric Administrat ion and 
Environmental Data Service are planning t o  provide simi l a r  information about the 
federal agencies. These e f f o r t s  ind icate a trend t o  coordinate new 
data-gathering and management e f fo r t s .  

*Prob I ems 

0 There i s  no consensus between the various resour ag en ies  about what consti-  
t u tes  a forest, how it should be c l a s s i f i e d  or where )he fo res t  lands of Cal i- 
fo rn ia  are located. 

0 Assessing the recreat ion resource was I imited by the existence of incompatible 
measurements of use and fact  I i t i e s .  For example, agencies measure use In a va- 
r i e t y  of terms such as- v i s i t o r  days, v i s i t s ,  and camper days. In  addition, 
there i s  a lack o f  data on pr iva te  lands. 

e Many o f  the  fo res t  resource data f o r  Cat i f o rn ia  were obtained from the Forest 
Service Regional O f f i c e  and the two western research stat ions. Their data are 
cot lected for  various nat ional  fo res t  land management needs and to  f u l  f t  I I the 
d i c ta tes  of ce r ta in  federal laws. This resource Information i s  no t  always col- 
lected and recorded In a uniform manner between nat ional  forests  and research 
stat ions. Consequently, these data o f ten  are not  compatible and do not  f u l l y  
s a t i s f y  the State's needs. 

Research s ta t i on  timber data have only been obtained from non-federal fo res t  
land, though t h e i r  statutory au thor i ty  has been expanded recent ly  t o  include 
other resources. However no new inventory work has been done ye t  i n  Cat I fornla,  
and sane present t imber data are outdated (obtained between 1964 and 1972). u 



0 The research s ta t ion  timber inventory provldes area estimates o f  various for- 
es t  condi t ions but the actual locat ion of forests  wi th  those condi t ions cannot 
be determined . 

e Only minimal resource data e x i s t  on m i  I I ions o f  acres o f  fo res t  land t h a t  pro- 
duce low volumes of the major coniferous t r e e  species. 

0 Data on timber age-class d i s t r i bu t i ons  are not avai lab le fo r  a l  I of the fo res t  
lands o f  Cal i forn ia .  These data are essential for pro ject ing harvest opportuni- 
t i e s  and for  der iv ing other age-related a t t r i bu tes  o f  the fo res t  such as wild- 
I i f e  habitat.  

0 Data on timber stand condit ions are not s u f f i c i e n t  t o  thoroughly analyze the 
oppor tun i t ies t o  increase timber growth i n  Cal i forn ia .  

0 Data are lacking on the potent ia l  to provide various fo res t  outputs, such as 
recreat ion and water, under spec i f i c  forms of land use. 

0 Forest land ownership and owner object ives are c r i t i c a l  factors  a f fec t i ng  lev- 
e l  s of outputs fo r  the various forest  resources. Yet I i t t l e  i s  known about the 
numbers o f  p r iva te  owners, the s ize o f  the parcels and where they are located, 
e t c  . 

0 Knowing use-rates f o r  recreat ion is ts ,  l ivestock, and w i l d l i f e  which move 
throughout the forest, i s  important. The ra tes  w i l  I vary as s i t e  conditions, 
f a c i l i t i e s  and other factors change. Research i s  needed t o  val idate, improve or 
establ ish new ,rates as changes occur. 

0 Sign i f i can t  s o i l  loss from erosion w i l l  lower s i t e  p roduc t iv i t y  and water 
qual i t y .  Exactly how much erosion and water qual i t y  degradation are acceptable 
i s  not  known. Indiv iduals fami l ia r  wi th  pa r t i cu la r  watersheds can iden t i f y  
areas where problems may be o f  ma jor  concern; however, no Statewide l i s t  o f  such 
areas o r  o f  the sever i ty  o f  our erosion problems i s  avai lable. Rehabi I i t a t i o n  
needs thus cannot be determined. 

0 Mapping o f  indiv idual  s o i l s  and r a t i n g  t h e i r  react ion t o  various land use 
pract ices are far  from complete fo r  Cat i f o rn ia ' s  fo res t  lands. This information 
i s  important i n  order t o  assess the forest 's  productive capabil i t y  and the cumu- 
l a t i v e  e f fec ts  o f  a c t i v i t i e s  over time and area. 

Data l im i ta t i ons  such as these assume major s ign i f icance in  the development of 
programs such as the Cal i f o r n i a  Forest Improvement Program, the management of 
ex i s t i ng  programs such as the Service Forestry Program, o r  the formulation o f  
a l t e rna t i ve  pol icy  posit ions. 

*options 

0 An i n s t i t u t i o n a l  adjustment by the Forest Service t o  standardize inventory 
systems w i th in  the National Forest System, and between the National Forest Sys- 
tem and the research s tat ions would substantial l y  improve ana ly t i ca l  capabi I i- 
t ies .  
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0 An integrated cooperative approach by various federal and State agencies could 
be i n i t i a t e d  rather  than the perpetuation o f  the present fragmented approach to  
inventory of the  forest  resources by the various federal and State agencies, 
F ive federal resource agencies have been par t i c ipa t ing  i n  a national e f f o r t  f o r  
several years t o  develop compatible c l a s s i f i c a t i o n  and inventory procedures. 
Progress toward reso lu t ion  of the i n s t i t u t i o n a l  problems has been slow. 

b, 

0 A multi-resource inventory system based upon forest  types could be 
lished. Such a system might measure actual and potent ia l  quant i t ies  and 
t i e s  o f  fo res t  resources f o r  homogeneous fo res t  types and age classes. 
f i c a t i o n  of these types, and the u t i  I iza t ion  o f  satel I i t e  technology, may pro- 

' v ide  a means of monitoring change and hence provide the a b i l i t y  t o  quickly, 
r e l i a b l y  and e f f i c i e n t l y  update inventories, P o l i t i c a l  and other boundaries 
could be superimposed as needed to  disaggregate the resource data. 

ISSUE: RESOURCE STANDARDS 

estab- 
qual i- 
dent i -  

Land use in teract ions w i th in  the fo res t  environment involve t radeof fs  between 
various outputs. In some instances, the  qua l i t y  o f  cer ta in  resources may be 
enhanced by management. The same act ions may impair other resources. 

Over t ime governmental steps t o  protect  indiv idual  forest  resources have made use 
of  various standards. Ex is t ing standards fo r  a i r  qual i t y ,  water qual i t y ,  pest ic ide 
use, re forestat ion,  wilderness at t r ibutes,  s i l v i c u l t u r a l  performance, and even scen- 
ic  v i s tas  are usual ly derived independently from each other and as a r e s u l t  con- 
f l i c t s  sometimes arise. 

"Status 

State water qua l i t y  standards were established in  1967 on a regional basis, 
then revised in.1973 and 1974. In  some cases, these were supplemented by amend- 
ments t o  the Federal Water P o l l u t i o n  Control A c t .  

0 The 1963 Clean A i r  Act and i t s  amendme required the development of a i r  
hese can in f  I uence forest  manage- quai i t y  standards to  pro tec t  pubi ic  heal th 

ment a c t i v i t i e s ,  such as prescribed burning. 

0 The Z'berg-Nejed l y  Forest Prac t ice  Act has se t  minimum re fores ta t ion  stan- 
Recent amendments requi re the Board o f  Forestry t o  establ ish more speci- 

0 The Ca l i f o rn ia  Wild and Scenic River Act requires agencies t o  protect  
t textraordinary scenic, recreat ional ,  f i shery  or w i l d l i f e  vaIues.I? The Board o f  
Forestry i s  now developing v isual  standards t o  def ine Itextraordinary scenic 
va I ues." 

To pro tec t  publ ic  health from a chemical contaminant ( T O )  present i n  two 
herbicides ( S i  lvex and 2,4,5-T) the  North Coast Regional Water Q u a l i t y  Control 
Board has in  several cases prevented ae r ia l  herbicide applications. Subsequent- 

dards. 
f i c  guide1 ines f o r  administer lng timber harvesting practices. 
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l y  EPA suspended use o f  these chem 
a l  purposes. 

*Trends 

ca ls  on forested land but not fo r  agr icu tu r -  

The Legis lature and regulatory agencies have establ ished standards as a way t o  
p ro tec t  indiv idual  resources, e.g., a i r  and water. But, as indicated, standards 
are subject t o  change pa r t i cu la r l y  as socio-economic pressures come t o  bear. 
For examp le, the federa I government ra  ised the maximum acceptable level of ozone 
i n  a i r  as a consequence of the recent fuel  c r i s i s .  

Q Congress, in  amendments t o  the Federal Water Pol I ut ion Control Ac t ,  departed 
from f u l l  re l iance on spec i f i c  numeric standards. I t  established a mechanism t o  
develop a system o f  "Best Management Practicesf1 (BMPs) . These are designed t o  
regulate land use a c t i v i t i e s  t o  control  sediment o r  other po l lu tan t  discharges 
t h a t  might contaminate water. 

*Prob I ems 

0 Standards fo r  ind iv idual  fo res t  resources are s t i  I I  being de reloped and ap- 
p l i e d  wi thout a complete evaluation o f  t h e i r  e f fec t  on other forest  uses. There 
i s  no systematic way t o  compare standards or t o  weigh t h e i r  in teract ion i n  ad- 
vance. As a resul t ,  f l e x i b i l i t y  t o  accomnodate the various potent ia l  resource 
uses i s  lost. For example: 

Str ingent appl icat ion o f  a i r  qua l i t y  standards can prevent cont ro l led 
burning o f  accumulated fue ls  thus increasing the threat  o f  w i  I d f  ires. 

Very low sediment discharge standards in  water can severely l i m i t  ci- ef-  
f ec t i ve l y  p roh ib i t  timber harvesting which may be needed t o  keep the land 
productive fo r  timber growing. 

Standards are sometimes so i n f l e x i b l e  tha t  they w i l l  not accomnodate s i te-  
spec i f i c  condit ions and may d i c ta te  the use of  poor management pract ices or 
prompt circumvention o f  the regulat ion. 

0 Col lec t ing  data t o  define llacceptabIell levels of  pol lutants, habi ta t  require- 
ments, and resource in teract ions may take many years. Inter im or approximate 
standards may have t o  be established in  such cases. 

e One opt ion i s  t o  continue the current  approach i n  which standards are se t  r e l -  
a t i v e l y  independently o f  each other as needs occur. 

Q Another opt ion i s  t o  review ex i s t i ng  standards and where conf l  i c t s  arise, at- 
tempt to provide greater f l e x i b i l i t y  i n  the way l im i ta t i ons  are applied. This 
might be accompl ished through cooperative e f f o r t s  between various agencies and 
boards. A i r  qua l i t y  requirements, for example, can be applied i n  ways t h a t  are 
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consistent wi th  the need to  burn. Scenic standards can be developed t h a t  w i l l ,  
i n  general, a l low f o r  timber harvesting. 

Where s t r i c t  standards are appropriate and where f l e x i b i l  i t y  i s  not  possible, 
publ ic  funding may be used t o  f i nd  and develop a l te rna t i ve  technologies to  those 
made uneconomic. For example, hand control  techniques f o r  brush control  could 
be subsidized as an a l te rna t i ve  to  aer ia l  appl icat ions o f  herbicides. 

e Where e f f e c t i v e  implementation o f  a standard i s  p a r t i c u l a r l y  d i f f i c u l t ,  ttBest 
Management Practicestt can \be  emphasized. For example, as an a l te rna t i ve  t o  
s t r i c t l y  enforced water qual i t y  guide1 ines, s i  l v i c u l t u r a l  pract ices which sig- 
n i f i c a n t l y  reduce stream sedimentation can be required. 

Research could be started to iden t i f y  areas where fu tu re  standards o r  changes 
i n  ex i s t i ng  ones w i l l  be needed. Better understanding of t radeof fs  and other 
resource problems dependent on standards a lso would be fac i  I i ta ted  by addi t ional  
research . 

ISSUE: CUMUUTIVE IMPACTS ON WATERSHEDS 

The components of a watershed make up a dynamic and in te rac t ive  ecological system, 
tending toward a steady state. A pa r t i cu la r  land or water pract ice may se t  i n t o  
motion a chain of events i n  t h i s  system, the  f i n a l  Impact o f  which may be well  down- 
stream and not mater ia l i ze  for years a f t e r  the event Occurred. Watershed components 
( h i  I I/slope form, vegetat ive cover, channel geometry and streamf low rate)  w i  I I be 
modif ied t o  varying degrees. 

When several land use pract ices occur i n  a r e l a t i v e l y  shor t  t ime interval ,  the 
complexity o f  t h i s  chain o f  events i s  magnified. The l ike l ihood ex i s t s  t h a t  the 
cumulative e f f e c t  may be more serious than an analysis of the indiv idual  events 
would suggest. Unanticipated leve ls  of degradation to  the watershed may resul t .  
I t  i s  perhaps no t  meaningful t o  evaluate the consequences of any one pract ice i n  
i so la t i on  from others. 

E f fo r t s  must be undertaken to  analyze the e f fec ts  of an accumulation o f  practices, 
and to i d e n t i f y  the r e l a t i v e  cont r ibu t ion  and the costs associated w i th  each. I f  
acceptable leve ls  of degradation (whlch might be expressed In terms of maximum al- 
lowable ra tes  of s o i l  loss and concentrations of suspended sediment) could be estab- 
lished, and the contr ibut ions t o  the degradation by the various pract ices were 
known, then we could p red ic t  wi th  more ce r ta in t y  the number and mix of a c t i v i t i e s  
t h a t  a watershed might to lerate.  

"Status and Trends 

0 Because pro ject ions C a l i  f o r  increasing levels of outputs of the  various for-  
e s t  resources, f o res t  lands are l i k e l y  t o  be subjected t o  more intensive'manage- 
ment practices. Within each watershed, a greater percent of land ' i s  l i k e l y  to  
be af fected over a shorter period of time. This t rend towards more widespread e-, 



and more frequent land treatments w i l l  i n tens i fy  the l i k l i hood  and magnitude of 
cumulative impacts. 

*Prob I ems 

9 Assessing cumulative impacts i s  formidable task because s ign i f i can t  technical 
problems are unresolved, and data are unavailable. A l l  of the questions t h a t  
must be asked to make such an assessment have not  ye t  been ident i f ied.  In some 
cases, the questions have surfaced, but  the analy t ica l  techniques fo r  addressing 
them have not. In other cases where the questions and the analy t ica l  techniques 
do exist ,  data have not  been co l lected o r  are no t  compatible. Some of the sor ts  
o f  questions t h a t  must be answered are: 

What e f fec ts  do various land-use pract ices and water a l te ra t ions  have on 
water and s o i l  quant i ty and qua l i t y?  Effects separated in  t ime and distance 
from the or ig ina l  impact must be ascertained. 

Can quant i ta t ive re la t ionships between these e f fec ts  and natural proper- 
t i e s  o f  a watershed be established, so t h a t  the consequence o f  spec i f i c  
pract  i ces can be pred i cted? 

What are "backgroundtt ra tes o f  erosion, and sed imentation, and the natural  
concentrations of  other pol lutants? Water pro jects  and a mu l t i p l  i c i t y  of  
land use a c t i v i t i e s  make determination o f  these numbers very d i f f i c u l t .  

0 The present i n s t i t u t i o n a l  framework fo r  protect ing watershed values i s  not  
conducive t o  assessing cumulative impacts. Water sheds are i n t e r a c t  i ve, 
ecological units. But the protecion of a watershed i s  fragmented, o f ten  due to 
the presence of mu l t i p le  ownerships and p o l i t i c a l  boundaries t h a t  r a r e l y  co- 
inc ide with watershed boundaries. This phenomenon i s  i l l u s t r a t e d  by the fac t  
t h a t  more than 45 d i s t i n c t  classes of governmental agencies, including federal, 
State, regional, and local, are authorized t o  do something i n  the way of  erosion 
and/or sedimentation control.  Much remains t o  be done t o  provide a 
comprehensive and f u l l y  coordinated structure of  i n s t i t u t i o n s  capable o f  deal ing 
wi th  cumulative impact problems, once the problem of  iden t i f y ing  and assessing 
such impacts has been solved. 

9 Beyond the problems o f  assesment and adequate i n s t i t u t i o n s  for  control  l i e s  an 
even more d i f f i c u l t  issue. When action t o  reduce cumulative impacts i s  t o  be 
taken, how should the  costs (and benef i ts)  be d is t r ibu ted  among the numerous 
land owners who are involved? 

*Opt ions 

Continue as we are, l e t t i n g  c r i t i c a l  problems emerge and be dea l t  wi th by 
ex i s t i n g i n s t  i t u t  i on s . 

0 Mount a comprehensive watershed 
cumulative impacts, The process m 
t h i s  area. 

analysis t o  i den t i f y  p red ic t i ve  measures o f  
ght  begin by evaluating ex i s t i ng  f indings i n  



0 Establ ish or modify i n s t i t u t i o n s  t o  f a c i l i t a t e  coordination among mul t ip le  
ownerships for assessing cumulative impacts. For example, a cooperative land 
management organization could coordinate the data gathering and assessment ef- 
f o r t s  between agencies responsible for  pr ivate land, and those tha t  manage fed- 
e ra l  lands. 

u 

ISSUE: ENERGY 

I t i s  high I y probable t h a t  the current energy shortage, character i zed by esca I a- 
t i n g  pr ices and the  country's dependence on foreign imports of  o i  I, w i l l  continue. 
Trad i t i ona  I I i f e s t y l e  patterns, which have developed t o  a large degree as a conse- 
quence o f  r e l a t i v e l y  cheap energy, w i  I I be changed by these increased energy costs. 
Less energy-intensive a l ternat ives w i l l  be subst i tuted where possible and the devel- 
opment of cost-ef f ec t  i ve energy sources t o  supp lement the dw ind I ing supp I y of foss i I 
fue ls  w i l l  become increasingly important. These events are l i k e l y  t o  s i g n i f i c a n t l y  
a f f e c t  the use of our forest  resources fo r  recreation, for the production of  struc- 
t u r a l  materials, and as a source of energy. 

"Status 

0 A 1976 study by the National Academy o f  Sciences suggests fo r  res ident ia l  and 
I i gh t  commercia I construction, s t ruc tu ra l  wood products are c lear I y super lor on 
the  basis o f  energy requirements t o  nonwood products such as those made from 
aluminum, clay, petroleum and i ron ore. The study analyzed the energy require- 
ments (ex t rac t ion  or harvesting, transportat ion, and processing) o f  subst i tu te  
mater ia ls  for three construct ion end-uses: i n t e r i o r  and ex ter io r  walls, and 
roofing. b r i ck  
veneer wai I s  required seven t o  e igh t  times the energy of wood construction and 
those incorporating aluminum about twice t h a t  of wood. The durabi I i t y ,  ease o f  
maintenance, and insulat ion charac ter is t i cs  of the a l te rna t i ve  mater ia ls were 
no t  considered in  the study, but wood has adequate or desirable charac ter is t i cs  
i n  many o f  these respects. 

The di f ferences fo r  ex te r io r  s id ing were the most s ign i f i can t :  

0 A fo res t  i s  a solar energy factory  u t i l i z i n g  three t o  four percent of incom- 
ing radiat ion, automatical ly s to r ing  fuel,  and operating forever w i th  pract lca l -  
l y  no cap i ta l  cost. H is to r i ca l l y ,  wood has served as an important energy 
source. In  recent times, more e f f i c i e n t  forms of energy have taken precedence 
over wood. However, as the costs of these sources, especia l ly  o i l ,  continue to 
r ise.  potent ia l  a l ternat ives,  including wood, are l i k e l y  t o  become more cost 
e f fec t i ve .  

0 Most fo res t  recreat  

"Trends 

on occurs i n  areas d i s tan t  from major population centers. 

0 It appears t h a t  r i s i n g  fees, more intensive use of local fo res t  areas, and a 
dec l  ine In  the r e l a t i v e  importance of cer ta in  a c t i v i t i e s  w i  I I characterize for- 
e s t  recreat ion use as a consequence o f  the "energy crisis.f* L4 



0 As cost -ef fect ive technologies f o r  uses o f  wood for energy are developed, fu- 
t u r e  production can probably be expected t o  increase. The degree to which t h i s  
energy source can be tapped i s  a lso dependent upon a continuous supply of res i -  
dues ( i n  the form o f  m i  I I or logging wastes) and/or other wood sources having no 
higher u t i  I i t y  and on the avai lab i  I i t y  of technologies for col lec t ing  and 
u t i l i z i n g  it i s  a cost  e f f e c t i v e  manner. 

0 Another consequence o f  r i s i n g  energy costs i s  I i ke l y  t o  be a preference f o r  
energy e f f i c i e n t  mater ia ls fo r  construction. This w i  I I mean greater re1 iance on 
those mater i a  I s t h a t  can be extracted or harvested, transported, and processed 
w i th  the least  consumption o f  energy. Durabi I i t y ,  insulat ion, and maintenance 
requirement charac ter is t i cs  are a lso re levant  t o  the overal I energy e f f i c i ency  
o f  materia I s. 

*Prob I ems 

0 As current  sources of foss i l  energy become increasingly scare, the pressure t o  
develop al ternat ives,  including the expansion o f  ex i s t i ng  nonfossi I sources 
(such as hydroel e c t r  ic) , w i  I I mount. Each o f  the presently iden t i  f ied a l  terna- 
t i v e s  i s  beset wi th  some combination of: environmental concerns, l im i ted  geo- 
graphic a v a i l a b i l i t y  (e.g., geothermal energy), f luc tua t ing  supply (e.g., hydro- 
e lec t r i c ) ,  and uncertainty of economical l y  competit ive techno ogles (e.g., 
sol a t )  . 

0 The ava i lab i l  i t y  of wood and re la ted forest  biomass i s  the most important de- 
terminant of  the degree to  which t h i s  resource can be subst i tuted for more ener- 
gy intensive s t ruc tu ra l  materials, or u t i l i z e d  as an energy source. The long 
production period required for most wood species means t h a t  immediate act ions 
must be taken i f  fu tu re  production leve ls  are to be increased. 

0 For most Cali fornians, a t r i p  t o  publ ic  forest  land e n t a i l s  t rave l  over sig- 
n i f i c a n t  distances and consumption of considerable amounts o f  fuel.  As a r e s u l t  
o f  the energy shortage people probably w i  I I begin to  subs t i tu te  recreat ional  op- 
po r tun i t i es  closer t o  home. Local, regional, and State parks, and federal rec- 
rea t ion  s i t e s  located adjacent t o  urban centers i n  the woodland and coastal for- 
ests  w i  I I receive heavier use. This phenomenon w i l  I br ing addi t ional  pressures 
t o  bear on both developed and undeveloped local park s i t e s  a t  a time when cut- 
backs due t o  Proposi t ion 13 have cur ta i led  the development, operation, and main- 
tenance o f  such areas. 

*Options 

0 Techniques which would encourage pr iva te  investment i n  the construct ion of new 
wood energy fac i  I i t i e s  t h a t  incorporate presently known technologies include the 
provis ion o f  d i r e c t  and ind i rec t  subsidies such as: low i n te res t  loans, cost  
sharing programs, regulatory re1 ie f ,  tax  incentives, and favorable r a t e  struc- 
tures. 

0 The potent ia l  f o r  developing wood combustion and conversion technologies 
(characterized by increased ef f ic iency,  and/or a reduct ion i n  environmental 

44 



impacts) and other wood sources might be enhanced through 
programs to produce energy from unuti I ized wood sources m u 

research. Development 
ght be undertaken. 

0 This Assessment considers the resources presently or potential ly available 
from a fixed forest land base. One option for expanding the supply of wood or 
other biomass for energy production would increase the forest land base by con- 
verting nonforest land to forest plantations. 

0 Where there are private forest lands close to urban centers, one method for 
augmenting the supply bf recreational facilities or areas offering dispersed 
recreational opportunities would be to provide incentives for their development. 
These could be in the form of preferential tax laws or technical assistance 
provided by recreational agencies. 

0 Changes in certain institutions could provide additional inducements. At pre- 
sent, vandalism and laws dealing with landowner liability for injury and fire do 
not favor the development of private land for recreation. 

0 In certain areas of the State substantial forest land in .public or quasi- 
public ownerships is in close proximity to metropolitan areas. For those lands 
already open to the pub1 ic, further development to accommodate greater recrea- 
tion might result from institutional changes and/or investments. For example, 
joint planning and development on adjacent local public lands under different 
ownerships could result in recreational opportunities that could not be realized 
on the individual parcels alone. Studies could be undertaken to determine the 
degree of compatibility between recreational use and water quality on public 
uti I Ity lands presently closed to entry. 

The use of less energy-intensive mechanisms of travel would enable more people 
to undertake those forest recreation activities avai table only at considerable 
distances. One option would be the development of mass transit systems to serve 
heavi ly used areas. This approach has been implemented in southern Cal ifornia 
where the Sierra Club provides summer weekend bus transportation to heavily used 
Sierra trai I heads. 

0 The availability of wood for energy or construction purposes can be increased 
by carrying out certain si lvicultural and harvesting practices. These options 
for expanding the supply of timber are discussed in the FOREST SERVICE HARVEST- 
ING POLICY and MORE WOOD, MORE GAME issues. 

0 

bd 

ISSUE: PRESCRIBED BURNING 

Prescribed burning is a management practice which provides several benefits in- 
cl uding range improvement, wi Id I i fe habitat improvement, and vegetative conversion. 
In addition, the use of prescribed burning to eliminate natural fuel buildups as . 
well as those from such things as timber slash can lessen the potential for large 
uncontrolled wildfires, and the attendant problems of serious soil erosion and air 
pollution. 

I 
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F i res  have long influenced Cal i f o r n i a f s  vegetation. The impact has 
without natural f i r e s  the m i l l i o n s  o f  acres of mixed coni fer  and the G 
groves would not e x i s t  as we know them today. 

*Status 

been major: 
an t  Sequo ia  

0 Burning has d i f f e r e n t  impacts on timber production, w i  Id1  i fe,  recreation, and 
water qual i ty.  

Techniques and appl Icat ions o f  prescribed burning are s t i  I I under development. 
They are not  f u l l y  understood or  accepted by many technicians and by much of  the 
pub1 ic. 

e 

e The current  i n s t i t u t i o n a l  or regulatory environment involves agencies which 
are each pr imar i l y  responsible for  only one aspect o f  the prescribed burning 
conf l  ict,  the burning or  the a i r .  

*Trends 

0 Prescribed burning i s  being used less on pr iva te  lands including nonforest 
lands. The opposite trend has been reported by the Bureau of Land Management, 
the National Park Service, and the Forest Service. These agencies have carr ied 
out  prescribed burns on an increasing number o f  acres, and plan t o  continue t h i s  
trend . 

0 Acceptance o f  prescribed burn 
creas i ng . ng by the pub1 i c  as we1 I as professionals i s  in- 

*Prob I ems 

0 A fac to r  which might decrease the use o f  prescribed burning i s  a conf l  i c t  wi th  
a i r  po l l u t i on  control  requirements. The 1963 Clean A i r  Act and i t s  amendments 
propose State enforcement of a i r  qual i t y  standards varying from no human-caused 
v i s i b i l i t y  impairment i n  Class I areas such as parks and wilderness t o  less 
s t r ingent  standards around metropol i t an  areas. lnabi I i t y  t o  p red ic t  precisely 
where smoke w i l l  d r i f t ,  how much w i l l  be created, o r  how long it might, l a s t  
creates problems between the use o f  f i r e  fo r  resource management and s t r  i c t  a i r  
pol l u t i o n  standards. 

Prescribed f i r e s  have some of the disadvantages o f  w i l d l i f es .  Erosion, for 
example, may be a problem fol lowing these f i r e s  i f  severe storms occur and/or 
i n s u f f i c i e n t  precautions are taken to prevent sol I loss. 

0 His to r i ca l  viewpoints of professional foresters and a t t i  tudes and s t ructures 
of  f i r e  protect ion organizations have of ten served to put severe const ra in ts  on 
prescribed burning. 

0 Pr iva te  land owners are dissuaded from using prescribed burning by the r i s k  
t h a t  a f i r e  w i l l  escape and they w i l l  be held l iable,  p a r t i c u l a r l y  f o r  damage to  
other property owners. 
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0 E f f i c i e n t  prescribed burning usual ly covers hundreds o f  acres. When the land 
i s  broken up i n t o  subdivisions o r  other developments it tends t o  make prescribed 
burning less e f f i c i e n t  o r  Impossible. Small blocks of publ ic  land inside p r i -  
vate ownerships can create s imi la r  problems. 

0 prescribed burning may reduce fue ls  which could instead be used f o r  energy 

I 

prod uc t I on . 
*Opt I ons 

0 Resource t radeof fs  must be weighed when deal ing w i th  problems connected w i th  
prescribed burning. For example, i n  sp i te  of the smoke produced, prescribed 
burning i s  cur ren t ly  being used t o  el iminate whitewood competit ion i n  Sequoia 
National Park i n  order to  re tu rn  redwood groves t o  a status s imi la r  t o  t h a t  
which existed before the a r r i v a l  o f  set t lers .  

0 An approach for addressing .the problem of having one agency administer burning 
and another a i r ,  might be t o  establ ish an i n s t i t u t i o n  having j o i n t  responsibi l -  
i t y  or otherwise ensure coordination o f  respons ib i l i t i es .  For example, the  
State Water Resources Control Board i s  cur ren t ly  cooperating w i th  the State 
Board of Forestry, Forest Service, Bureau o f  Land Management, and others to  de- 
velop "Best Management Practicestt t o  maintain water qual i t y  under Section 208 of 
the  Water Po l l u t i on  Control Act. A comparable approach could reduce potent ia l  
c o n f l i c t s  between a i r  q u a l i t y  requirements and fo res t  management needs, 

0 Research may improve our a b i l i t y  t o  minimize smoke po l l u t i on  and to bet te r  
p red ic t  meteorological conditions, so t h a t  the t radeof fs  between a i r  qual i t y  and 
resouce management are reduced. Further research on the problems t h a t  a f i r e  
may i n i t i a t e  i n  a watershed, such as so i l  erosion, could be undertaken. 

0 The c o n f l i c t  between a i r  qua l i t y  and fo res t  management might be resolved by 
using other vegetative contro l  techniques. It I s  possible t o  use hand crews o r  
machinery f o r  vegetative clearing, but  the magnitude o f  the area needing t reat -  
ment and high costs involved discourage wfde adoption of these techniques. 

Chemicals such as 2,4,5-T have been utilized but they may a lso Involve envi- 
ronmental and pol  l u t i o n  r isks.  Their use i s  becoming increasingly res t r i c ted ,  
suspended, or banned , 

0 The publ ic  benef i ts  of prescribed burning include fuel reduction and w i l d l i f e  
hab i ta t  improvement, For p r iva te  landowners the  costs and r i s k s  are l i k e l y  to  
be greater than the benefits. Thus, compensation t o  landowners and/or exemption 
from c i v i  I I iab i  I i t y  might be j u s t i  f led. 

ISSOE: FOREST SEdVICE HAdVESTlNQ POLICY 

Growing more timber i s  a way of keeping pr ices from r i s i n g  so fas't and encouraging 
the  use of t h i s  renewable resource. Increasing growth now and In the decades imme- 

I 
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d ia te l y  ahead responds d i r e c t l y  to  the concern t h a t  fu tu re  generations have an ade- 
quate timber supply. But what about enlarged wood suppl ies for the current  genera- 
t i on?  The s ing le most important potent ia l  source of such supplies i s  the reserve of 
old-growth timber on the national forests. The supply cur ren t ly  avai lab le from t h i s  
source i s  determined by the "non-decl in ing even flow" pol icy of the Forest Service, 
and the way i n  which t h a t  agency applies the pol icy. 

Most o f  the discussion o f  Forest Service harvesting po l i cy  has focused on the ap- 
propriateness o f  the non-decl in ing y i e l d  const ra in t  and on the I im i t s  of a l  lowable 
departures from it. Another ( largely overlooked) aspect o f  the present process o f  
harvest schedul ing has t o  do w i th  whether lleven-fIowll should be based on national 
fo res t  lands alone or on some more comprehensive concept o f  the regional timber re- 
source base. The present issue examines the question in  terms o f  two options: one 
basing "even-f low" on national forest  lands alone and the other basing "even-f low8t 
on pub1 i c  and TPZ lands i n  a given forest  subregion, The i l l u s t r a t i v e  case used i s  
the  Northern I n t e r i o r  Region (Lassen, Modoc, Siskiyou, Shasta, and T r i n i t y  Coun- 
t i es ) .  The case suggests consequences charac ter is t i c  o f  other regions i n  the State 
where there i s  a substantial mixture o f  publ ic  and pr iva te  ownerships of timber- 
I and, 

*Status 

(B The Forest Service develops management plans t o  produce non-decl i n  ing even- 
flow timber harvests i n  accordance wi th  i t s  in te rpre ta t ion  of the National For- 
es t  Management Act o f  1976. This i s  a form of sustained y i e l d  planning whereby 
timber harvests cannot decl ine a t  any decade in  the future. (Decades cons t i tu te  
the period of analysis.) The c u t  may vary from year to  year but the planned 
average level f o r  a decade may not decline. Once it i s  determined, the average 
level i s  termed an annual f tal lowable cuttt o r  t tpotent ia l  yield.It 

e The a l  lowable cu t  i s  influenced by the area and timber charac ter is t i cs  o f  the 
planning u n i t  employed. Forest Service pol icy  I im i ts  planning u n i t s  t o  national 
fo res t  land on the grounds it has no assurance t h a t  adjacent p r iva te  lands w i l l  
continue t o  grow timber. 

(B In Cal i fornia,  law now provides fo r  the c l a s s i f i c a t i o n  o f  Timberland Preserve 
Zones and requires the restocking o f  these (and other non-federal) lands when 
they are harvested. Thus, there i s  some assurance in  t h i s  State t h a t  timber 
w i  I I be produced on these pr ivate ands. 

*Prob 1 ems 

(B The current  method o f  ca lcu la t ion  o f  Forest Service al lowable c u t  considers 
on ly  national forest  land. Since a major ob ject ive o f  an even-flow po l i cy  i s  t o  
enhance the s t a b i l i t y  o f  communities dependent on the timber resource, t h i s  
method may be i l l o g i c a l  whenever p r iva te  timber resources are a s i g n i f i c a n t  ele- 
ment i n  regional resource dependency. Not only would s tab i  I i t y  be improved by 
considereding a l  I timber resources, regard less o f  ownership, t h a t  cont r ibute to 
the dependency re la t ion,  but  under many circumstances the al lowable cu t  calcula- 
ted f o r  p r iva te  and pub1 IC land together would be greater than the sum o f  even- 
flow cuts  calculated f o r  the two classes o f  ownership separately. 



k, 
0 Under present pol icy, i f  the cu t  from pr iva te  land should decrease, t o t a l  ti* 

ber production i n  the region would f a l l ,  r esu l t i ng  i n  a drop i n  employment and 
various other adverse economic consequences. The national fo res t  cu t  would not  
be raised t o  compensate for the decrease in pr ivate harvest. By including pr i -  
vate land in  the planning u n i t s  the increased allowable cu t  would mi t iga te  these 
adverse ef fects,  without v io la t i ng  the const ra in t  o f  sustained y i e l d  fo r  the en- 
t i r e  area. 

0 Another serious consequence o f  present harvest' pol icy  i s  t h a t  cu t t i ng  of sub- 
s tan t i a l  areas o f  federal old-growth timber w i l l  be deferred f o r  one to several 
decades. During t h i s  interim, growth on these areas w i l l  be much below s i t e  po- 
t e n t i a l .  Increasing national fo res t  old-growth harvests i n  the decades immedi- 
a te l y  ahead would accelerate annual growth on such lands. 

*Opt ions 

cb One opt ion would be t o  continue the present form o f  sustained yield.  The har- 
vest f o r  the region as a whole under t h i s  approach i s  shown on Figure A-1 and i s  
about 240 m i  I I ion cubic fee t  per year a t  present-. I t  w i  I I probably decrease to 
about 220 m i l  I ion over the next three to  four decades. This decl ine w i l  I occur 
i n  the non-Forest Service holdings pr imar i l y  because o f  the def ic iency of cer- 
t a i n  age classes o f  trees. The nat ional  forests  have an annual allowable cu t  i n  
t h i s  region o f  approximately 156 m i l l i o n  cubic feet. (That is, by pro ject ing 
gFowth and considering present standing timber lnventories the Forst  Service has 
determined t h a t  t h i s  much timber i s  avai lab le for annual harvests from the na- 
t l ona l  forests i n  perpetuity.) 

As an al ternat ive,  the Forest Service might change i t s  po l i cy  t o  determine the 
regionwide sustainable y i e l d  considering both p r iva te  and pub1 i c  timber reserves 
and assume t h a t  publ ic  and pr iva te  cu t t i ng  would be coordinated. Using t h i s  ap- 
proach, FfUP has estimated the maximum annual sustainable y ie ld  for the Northern 
I n t e r i o r  to  be 284 m i l l i o n  cubic fee t  from publ ic  and pr iva te  land. For any 
g iven per iod the source of the timber harvested would depend upon the age-cl ass 
s t ruc tu re  on the d i f f e ren t  ownerships. The spl it of the harvest between timber 
ownership categories i s  shown in  Figure A-2. As the f igure  indicates the ap- 
proach would r e s u l t  i n  an immediate increase of 57 percent (about 64 m i l l  ion cu- 
b i c  feet)  dur ing the next 20 years i n  national forest  harvest because they con- 
t a i n  most of the  old-growth timber. 

0 

Old-growth w i l l  not  be el iminated by exercise of t h i s  option. There are con- 
s iderable areas of wilderness and special categories of land (e.g,, special com- 
ponent, marginal component) which w i l l  r e ta in  very o ld  trees. 

Over time, as the  avai lab le publ ic  old-growth i s  harvested and pr iva te  inven- 
t o r i e s  increase, the  major i t y  of the cu t  would s h i f t  to  pr iva te  land. 

The timber supply for fu tu re  generations would be adequately protected because 
i f ,  during the f i r s t  decade pr iva te  cuts  were no t  adequately contro l  led, the 
publ ic  cu t  could be revised before old-growth reserves were ser iously impaired. u 
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FlQWIE A-1 

FIGURE A-1 Projected Harvest in the Northern Interior Region 
with Coordination of Pubk and Private Harvest Schedufing, and. 
with Uncoordinated T i i r  Harvest ScheduGng (spfit into Forest 
enrice and Other Harvest). 
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ISSUE: PUBLtC POLICY 

Ins t i tu t ions ,  represented most prominently by laws and regulatofy agencies, are 
one o f  society 's mechanisms created t o  cope wi th  competing pressures fo r  products 
from f i n  i t e  resources . 

As we examine i n s t i t u t i o n s  concerned w i th  fo res t  lands, ce r ta in  questions suggest 
themselves as appropriate for a r r i v i n g  a t  pol icy  decisions. These rhe to r i ca l  
questions are presented as the  sor ts  of items the Board of Forestry may wish t o  
address as it develops recommendations from t h i s  Report. The remainder of t h i s  
issue presents fur ther  information about problems, trends, options, etc., re la ted  t o  
our pub1 i c  ins t i tu t ions .  Such Information should provide ins igh t  i n t o  these 
questions: 

1 )  Are ex is t ing  State laws and regulat ions re la ted t o  forest  resources consistent 
w i th  one another, as they a f f e c t  the management and conservation of our for- 
ests? 

2) Do federal statutes and regulat ions suggest the need for rev is ions i n  State 
laws t o  el iminate conf l i c ts ,  f i l l  voids, o r  otherwise enhance wise use o f  our 
forests? 

3)  I s  bet ter  information needed for the development and implementation o f  sound 
fo res t  pol icy? 

4 1 Are pub I i c budget processes compat i b I e w i  t h  I ong-range resource investments? 

5 )  Should e f f o r t s  be undertaken to  increase the coordination of p r iva te  and pub- 
I ic, and State and federal resource planning and management? 

*Status 

0 The th rus t  of Ca l i fo rn ia 's  fo res t  po l i cy  i s  bas ica l l y  aimed toward stewardship 
o f  the State's fo res t  resource base. 

0 Information and understanding of wildland resources systems lags behind the 
need for more deta i led pol i c i e s  to  implement t h i s  thrust .  FRAP was created in  
response to  t h i s  s i t ua t i on  as an i n s t i t u t i o n  which would attempt t o  be t te r  de- 
f i n e  opt ions on forestry-related issues and to  g ive po l i cy  makers the  best 
ava i lab le  Information for choosing between options. 

0 The resources provided by Ca l i fo rn ia 's  forests  come from a va r ie t y  of inter-  
mingled ownerships, each having d i f f e r e n t  management ob ject ives and practices. 
There i s  l i t t l e  incent ive for coordination of land use decisions between owner- 
ships. 

0 Federal s ta tutes to  m e  extent preempt State law. Examples are the Clean A i r  
Act and Federal Water Po l l u t i on  Control Act. Both o f  these g ive the Environmen- 
t a l  Protect ion Agency f i n a l  approval author i ty  over State programs i n  a i r  and 
water qual I t y  as they a f f e c t  forest  lands. Other federal s ta tutes may actual l y  



preclude e f f e c t i v e  coordination of federal and pr iva te  managements; f o r  example, 
see the issue on FOREST SERVICE HARVESTING POLICY. LJ 

*Trends 

0 Most ear ly  State l eg i s la t i on  and po l i c i es  re la ted  to forest ry  focused on pro- 
tec t i on  or preservation o f  the various resources. With the exception of park 
development, State programs f o r  investment i n  forest  resources have only ser- 
ious ly  evolved in  the past decade. 

- 
0 Research i n  forestry-related matters has never been a high p r i o r i t y  and, i n  
. fact, has declined about 25 percent since the l a te  1960's. This decl ine i n  re- 

search i s  counter t o  trends i n  population, economic growth, expenditures i n  
other areas of research, and increasing pressure on the State's fo res t  re- 
sources. 

0 An encouraging trend has been the establishment since 1975 o f  RPA, &A, and 
FRAP. Taken together these inst i - tu t ions provide fo r  the f i r s t  t ime an informa- 
t i ona l  and analy t ica l  base for developing improved forest  po l i cy  coordination 
between responsible federal and State agencies. 

*Prob I ems 

e A f requent ly heard complaint i s  t h a t  the State's regulatory system on pr iva te  
fo res t  land discourages pr iva te  Investment. FRAP has not  ye t  examined t h i s  
question but there i s  the potent ia l  for overlapping au thor i ty  and permit-power 
a f fec t i ng  pr iva te  forest  resources. The present system may be more cumbersome 
than i s  necessary, or it may requl re meeting cer ta in  resource standards t h a t  
have been developed without appropriate reference to t h e i r  e f fec ts  on investment 
incent ives f o r  timber growing. 

Various fand uses conf l  i c t  wi th  each other. lndependent agencies are o f ten  
created to  deal w i th  a sing l e  use o r  problem. They are usual l y  no t  charged t o  
consider t radeof fs  inherent to  t h e i r  decisions. The resu l t i ng  c o n f l i c t s  may 
sever ly a f f e c t  resource management programs. 

Because of the cost, long t ime delays fo r  investment returns, and lack of a 
c lear  stewardship responsib i l i ty ,  the pos i t i ve  act ions needed t o  s tab i l  ize soil 
and restore f i sher ies  are not  I i ke l y  t o  be undertaken by pr iva te  enterprise. I f  
these investments occur, the scarce fo res t  land base would be be t te r  u t i l i zed .  
Perhaps on I y the  State has the f inancia I resources, and long-range perspective 
necessary to  undertake these kinds o f  programs. 

0 Due to  d e f i c i e n t  coordination of author iz ing l eg i s la t i on  and other factors, 
assessments of natural  resources are no t  being done in  ways t h a t  permit f u l l  
analyses of the  in teract ions of resource supplies and demands among federal, 
State, and pr iva te  lands. The federal FCA and RPA cover d i f f e r e n t  lands than 
FRAP i s  authorized, to consider. 

0 Annual budget p r i o r l t i e s  are bas ica l l y  dlrected a t  shortrun f inanc ia l  con- 
cerns. An example of t h i s  a t  the federal level i s  the funding of re fo res ta t ion  kd 
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on nat ional  fo res t  non-stocked lands by annual appropriations. State programs 
t o  rehabi I i t a t e  p r iva te  forest  resources are also usual l y  too I imited in  fund- 
ing, long-term commitment, and comprehensive scope. 

0 Forest resources and problems are not  confined by ownership and other bounda- 
r ies.  Forest resource planning and programs on federal, State, and pr iva te  
lands are no t  integrated. Management e f f i c i ency  could be improved by coordina- 
t ion.  For example: 

Summer range for deer i s  largely pub l i c l y  owned whi le  much of the winter 
range i s  on pr iva te  lands. Uncoordinated deer management programs produce 
lower y ie lds  o f  animals than coordinated ones. 

Publ ic  and pr iva te  timber lands can supplement each other in  providing raw 
mater ia l  for timber dependent economies. But there are few i n s t i t u t i o n s  and 
very I i t t l e  planning t o  take advantage o f  these potent ia ls.  

0 Because forest  resource decisions of ten involve c o n f l i c t i n g  values, fo res t  
' p o l i c y  choices can be controversial .  The r o l e  o f  the publ ic  i n  inf luencing 
these decisions i s  consequently important. Greater e f f o r t s  have been made to  
involve the publ ic  but three basic i n s t i t u t i o n a l  questions ar ise:  1 )  h o w  best 
procedural ly t o  provide the opportuni ty f o r  publ ic  input and obtain a high level 
of par t ic ipat ion;  2) how t o  evaluate the resu l t s  o f  such inputs; and 3 )  how 
do these e f f o r t s  r e l a t e  t o  our t r a d i t i o n a l  local, State, federal pol i t i c a l  sys- 
tems? 

*Opt ions 

0 Forest po l i cy  makers must understand the long-run nature o f  publ ic  investment 
i n  the State 's fo res t  resources. A s,rong statement o f  the need to invest i n  
renewable resources i s  contained in  the admin i s t r a t i o n l s  ltProspectus fo r  the 
Future: Renewable Resources Investment Fund.tt The premise i s  t h a t  investments 
i n  reforestat ion,  salmon rehabi I i ta t ion ,  and soi I stabi  I iza t ion  programs are an 
appropr l a te  funct ion of government. These investments are a means t o  increase 
the produc t iv i t y  o f  Ca l i f o rn ia ' s  renewable resources. 

0 An adequately funded, well  d i rected program of research could provide badly 
needed understanding o f  l i m i t s  t o  the use o f  forest  resources, and in  the long 
run be the most cost  e f f e c t i v e  instrument f o r  improving fo res t  condi t ions i n  
Cal i forn ia .  

0 Forms o f  encouragement for p r iva te  investment t o  improve forest  p roduc t iv i t y  
t h a t  could be considered include addi t ional  f inanc ia l  incentives, Increased pub- 
l i c  information and education, p i l o t  pro jects  showing compatible use potentials, 
reduced regulatory s t ructures where possible, and cooperative fo res t ry  pro- 
grams. 

0 To fac i  I i t a t e  assessment coordination, State and federal resources agencies 
might assume the leadershl p through an interagency cooperative agreement which 
would address areas of mutual in te res t  and respons ib i l i t y  for resource inven- 
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tor ies.  Cooperative e f f o r t s  should address the basic problems of type and scope 
o f  information needed, de f in i t ions ,  c l a s s i f i c a t i o n  systems, un i t s  of measures, 
minimum s t a t i s t i c a l  standards, conversion factors, storage and re t r i eva l  sys- 
tems, etc. 

6;, 

0 I f  FRAPA were mended t o  assess resources on a l  I Cal i forn ia  w i  Id lands, deci- 
s ion makers could benef i t  by the  much greater compat ib i l i t y  between State and 
federal assessments. Another advantage would be t h a t  cooperative inventory work 
would be much more feaslble. 

55 



56 



CHAPTER ONE 

INTRODUCTION TO THE FOREST 
RESOURCES ASSESSMENT PROGRAM 

INTRODUCTION 58 

FOREST RESOURCES ASSESSMENT PROGRAM UNIT 
FORMATION AND STAFFING 60 

METHODOLOGY 

RESOURCEDATABASE 

60 

64 



the  federal Forest and Rangeland Renew- 
able Resources Planning Act o f  1974 
(RPA) and the Soi l  and Water Resources 
Conservation Act o f  1977 (RCA). The Re- 
p o r t  w i l l  a lso serve as a foundation for 
developing a forest  resources inventory 
and analysis system as fur ther  mandated 
by FRAPA. 

bi 

INTRODUCTION 

Ca I i forn la 's  fo res t  lands cover almost 
33 m i  I1 ion acres o f  the State's 100 m i  I - 
l i o n  acre area. They provide a wide 
va r ie t y  o f  cont r ibut ions t o  the State 
ranging from timber fo r  homes t o  wi lder-  
ness preserves for recreation; from hab- 
i t a t  f o r  w i l d l i f e  t o  natural a i r - re -  
source regeneration; from sources o f  
minerals fo r  modern technology t o  
sources of streams and r ivers,  and many 
more. The extent of t h i s  forested area 
i s  indicated on Figure 1-1, which was 
prepared from data obtained by the 
"Classi f i ca t ion  and Assessment wi th  
Landsat o f  V i s ib le  Ecological Groupings" 
(CALVEG) pro jec t  o f  the Forest Service. 
This  map has been used throughout the 
Forest Resources Assessment Program 
Assessment as a base upon which other 
per t inent  data has been over layed. 

As the population of  the State grows 
the  desire fo r  forest  land contr i butions 
expands. Data needs are a lso conse- 
quently increasing. Planners i n  a1 I 
d i s c i p l  ines must have access t o  data 
which are as accurate and complete as 
possible, and as current  as can be ob- 
ta ined through the use of t r a d i t i o n a l  
and modern technological research 'tools. 
V i t a l  def ic ienc ies i n  ex is t ing  informa- 
t i o n  should be ident i  f led and methods 
devised for f i  I I ing them. 

The Report i s  not  intended as a f i n a l  
e f f o r t .  In addi t ion to  i t s  value for 
the Board o f  Forestry, f o r  Resourcces 
Secretary, and the Legis lature in  devel- 
oping po l i cy  and management programs for 
the  Ca l i f o rn ia  forest  lands it w i l l  pro- 
v ide an evaluation of a l t e rna t i ve  pro- 
gram levels for the repor ts  mandated by 

Studies done by many e n t i t i e s  and in- 
d iv iduals  reveal t h a t  serious resource 
u t i l i z a t i o n  c o n f l i c t s  are mu l t i p l y ing  
pressures on a l l  fo res t  lands. The ex- 
istence o f  s t r ippable mineral deposits 
and energy sources, f o r  example, creates 
a land use c o n f l i c t  wi th  both short- and 
long-term imp1 ications. In some areas, 
t h e  needs o f  the State's populat ion for  
water may become as important as those 
f o r  timber, and decisions regarding such 
opt ions must be made by resource plan- 
ners. 

Many o f  the c r i t i c a l  problems associ- 
ated w i th  fo res t  land outputs and ser- 
v ices are local or regional i n  nature, 
y e t  impact the t o t a l  economy o f  the 
State and the nation. 

Programs and pol i c i e s  a t  federal, 
State, and local levels of ten have great  
impact on the present and fu tu re  avai I- 
abi I i t y  of, and use o f  the forest, even 
though they are designed and implemented 
as the r e s u l t  o f  non-forest pressures. 
I t  was t o  examine these complex factors  
t h a t  the Forest Resources Assessment 
Progran (FRAP) was created. A copy o f  
t he  enabling leg is la t ion,  the  Forest 
Resources Assessment and Pol i cy  Act o f  
1977 (FRAPA), including the amendments, 
i s  i n  Appendix Item 1. 

Th i s pre I i m  i nary Forest Resources As- 
sessment provides a compi l a t i o n  o f  nu- 
merous sources of i n  formation about the 
forested lands of Ca l i f o rn ia  and a t -  
tempts t o  integrate them i n t o  a cohesive 
document. A comprehensive l i s t  of pub- 
l ished resource mater ia l  and other 
source notat ions i s  included in  the Bib- 
l iography section of the  Appendix. Many 
people are very surprised by the tremen- 
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dous data voids associated w i th  forest  
resources which are so important and 
v is ib le ,  ye t  the voids ex is t .  The Leg- 
i s l a t u r e  has mandated t h i s  program t o  
i d e n t i f y  them, assess t h e i r  s i g n i f i -  
cance, and invest igate the means and 
feasi b i  I i t y  o f  f i I I ing them. Consider- 
able care has been exercised in  prepar- 
ing the material i n  t h i s  Report and in  
s o l i c i t i n g  the cooperation o f  many ex- 
per ts  fo r  cont r ibut ions and review. The 
authors bel leve the resu l t s  are reason- 
able and represent the most comprehen- 
s ive  p ic tu re  to  date o f  our fo res t  
resources. 

The most immediate needs are t o  l i s t  
data deficiencies, se t  p r i o r i t i e s ,  and 
analyze the degree and means of col  lec- 
t ion,  storing, and processing these da- 
ta. Such e f f o r t s  w i l l  be undertaken 
fol lowing completion o f  t h i s  Report. 
A I t e rna t  i ves w i I I be deve I oped for ad - 
min i s t ra t i ve  and leg i s la t i ve  review over 
the next 12 t o  18 months. As t h i s  Re- 
p o r t  should c l e a r l y  indicate, much work 
w i l  I be required i n  t h i s  area. 

FOREST RESOURCES ASSESSMENT 
PROGRAM UNIT FORMATION 
AND STAFFING 

The Forest Resources Assessment Pro- 
gram u n i t  was formed subsequent t o  March 
1978 when the program manager was as- 
signed. Staf f  was added as the oppor- 
t u n i t y  was created. In addi t ion to the 
forest ry  d i s c i p l i n e  the s t a f f  was devel- 
oped t o  include the f i e l d s  of s o i l  
science; remote sensing; economics; 
operations research; w i  Id  I i f e  and f i sh-  
e r i es  biology; and technical w r i t i ng  and 
repor t  preparation (see Figure 1-21. 

Contracts w i th  supplemental i n d i v i -  
duals and e n t i t i e s  were entered i n to  
when it became necessary t o  provide data 
and services which d id  not e x i s t  with4n 
the  State structure, i n  order to  com- 
p le te  cer ta in  segments of the report. 

bj 

METHODOLOGY 

This  prel iminary Ca l i f o rn ia  Forest Re- 
sources Assessment inc I udes the contr  i - 
butions o f  many indiv iduals,  organiza- 
t ions, groups and agencies which the 
FRAP s t a f f  contacted for information and 
assistance. Over ha l f  o f  the informa- 
t i o n  presented here has been developed 
through accumulation o f  scattered i n fo r -  
mation and s ta t i s t i cs ,  d i r e c t  conversa- 
t i o n s  w i th  knowledgeable sources i n  var- 
ious d isc ip l ines,  and s t a f f  review of 
p r i o r  studies. This a c t i v i t y  has i n  
some cases produced a discrepancy i n  
s t a t i s t i c s  which should be recognized as 
an inherent problem i n  t h i s  assessment. 
The development o f  s t a t i s t i c a l l y  v a l i d  
es t  imates o f  the fo res t  resources o f  
Ca l i f o rn ia  i s  one of the fu ture goals of 
FRAP . 

The program adopted by the FRAP u n i t  
was the r e s u l t  o f  an ear ly  recogni t ion 
o f  t ime const ra in ts  and the u n i t  s t a f f  
size. The methodology used in  t h i s  
Assessment was adopted i n  response t o  
the  mandate se t  f o r t h  i n  the Forest 
Resources Assessment and Po l  i cy  Act 
( FRAPA 1 wh i ch states: 

In prepar i ng the Assessment, the  
Director,  under po l i cy  guidance o f  
the  b a r d ,  sha l l  s o l i c i t  the cooper- 
a t i on  o f  and information co l lected 
by, pub1 i c  and pr iva te  organiza- 
t ions, federal fo res t  resource agen- 
cies, s ta te  agencies concerned w i th  
forest  resources, county planning 
and taxat ion agencies, and state- 
supported fo res t  resource research 
agenc i es 

A I federal .and State agencies having 
a major in te res t  i n  and knowledge of 
fo res t  land resource data were contacted 
i n  May 1978 w i th  a questionnaire which 
asked f o r  i temizat ion o f  t h e i r  past an 
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FIGURE 1-2 

on-going studies. An example o f  t h i s  
form i s  included as Appendix Item 1 1 .  
County planning groups and State sup- 
ported research agencies were contacted 
on a more l im i ted  basis. Information on 
pub l ic  forests  owned and/or managed by 
local government en t i t ies ,  f o r  example, 
was requested o f  a l l  counties i n  Octo- 
ber, 1978 (see Appendix Item V f o r  an 
example o f  the questionnaire). 

I n  June 1978 a publ ic  meeting was held 
which served as an information session 
on the FRAP program. The purpose of the 
Assessment was discussed w i th  interested 
ind iv iduals  and representatives o f  var- 
ious groups. Publ ic  pa r t i c i pa t i on  was 
inv i ted  and many helpfu l  suggestions 
were made. In  some cases approaches and 
d i rec t ions  suggested by par t i c ipants  a t  
t he  meeting had already been incorporat- 
ed in the FRAP work-plan; i n  others, the 
comments provided a f resh viewpoint 
which was used to  prepare t h i s  prel imin- 
ary  Assessment, and which w i  I I be u t i -  
l i zed  i n  work planned for  the period 
subsequent t o  Ju ly  1, 1979. 

h., 

The Act suggested t h a t  cer ta in  advi-  
sory committees might be formed t o  as- 
s i s t  the Di rector  and the Board i n  pre- 
paring the  Assessment and i t s  revisions. 
On several occasions, the Board and I t s  
Chairman were apprised of  the status of 
the  Assessment and spec i f i c d i r e c t  i on 
was requested by Staf f .  An advisory 
group of experts on range management was 
formed by representatives from seven 
State and federal organizations. In  ad- 
d i t ion ,  a special advlsory group on t i m -  
ber product i v i t y  potent i a I was created, 
cons is t ing of nine members from pr iva te  
enterpr ise and f i v e  from governmental 
and educational ins t i tu t ions .  

Many resource agencies appointed a 
I ialson person or persons t o  work w i th  
the  FRAP uni t .  These people o f ten  re -  
ferred FRAP s t a f f  t o  other technical ex- 
per ts  wi th in  t h e i r  respect ive ’ f ie lds.  

The program was presented t o  a number 
of  groups and t h e i r  input was solicited. 
These organ i za t i ons i nc I uded , among 
others: 
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Ca l i f o rn ia  Cattlemen's Association 
Ca l i fo rn ia  Forest Protect ive Assocl- 

Ca l i fo rn ia  Soi l  Survey Committee 
Forest Improvement Committee 
National State and Pr iva te  Forestry 

Resource Interagency Group 
Society o f  American Foresters 
Range Improvement Advisory Com- 

State Forestry Committee 

a t i on  

Advisory Committee 

m i  t t e e  

Evaluating data from d i f f e r e n t  sources 
on d i f f e r e n t  resources inev i tab ly  pre- 
sents a problem of data grouping. For 
t h i s  Report FRAP elected t o  use a system 
of regional county groupings fo r  which a 
cons i derabl e amount o f  forest  resources 
data were already complled. This basic 
reg i ona I breakdown i s  no t  necessar i I y 
the  best from many perspectives: owner- 
ship, geomorphic, hydrographic, and a i r  
resource regions, etc., do not coincide 
w i th  these boundaries. There i s  no op- 
t imal  breakdown and the one used does 
have the advantages o f  t y ing  the r e -  
source base t o  aggregated pol i t i c a l  
uni ts.  This regional breakdown coin- 
cides wi th the Forest Survey ( o f f i c i a l l y  
known as the Renewable Resource Evalua- 
t i o n  Research Unit, Pac i f i c  Northwest 
Forest and Range Experiment Station, 
Forest Service, in Portland, Oregon) 
base which cur ren t ly  provides the major- 
i t y  o f  timber data concerning our fo r -  
ested lands. This regional i za t ion  i s  
i I lus t ra ted on Figure 1-3. Further 
analysis o f  resource in teract ions and 
the process o f  designing an inventory 
system may reveal a superior system f o r  
data grouping . 

FRAP assessment needs f e l  I especial l y  
heavi ly  on external sources for some 
fo res t  resources. For example, a timber 
demand study was prepared through con- 
t r a c t  w i th  Dr. Wi l l iam McKil lop o f  the  
Univers i ty  o f  Cat i forn ia .  This study 
i nc l  uded segments on the economic i m p o r -  
tance of the timber resource i n  Cal i f o r -  
nia, consumption of fo res t  products, 
supply potent ia ls  and demand schedules 

f o r  lumber, plywood, and stumpage. This 
mater ia l  has been Incorporated i n t o  the 
chapter on timber. 

Almost a l l  o f  the timber resource data 
were derived from various repor ts  of the 
Forest Survey, especia l ly  from the d r a f t  
of  the  Cat i forn ia  Timber Survey com- 
p leted i n  1979 by Charles Bolsinger of 
the  Paci f fc Northwest Forest and Range 
Experiment Station. Mr, Bolsinger help- 
ed w r  i t e  the Timber Resource Chapter. 

Wi l l iam Cannon, a t tmult iregional spe- 
c i a l  i s t t t  w i th  the Forest Service i n  
Po r t  I and, Oregon, wrote Chapters F i  f- 
teen, lmportan t Forest Resources Leg i s- 
lation,tf and Sixteen, I ts ta te and Cooper- 
a t i v e  State/Federal Forestry Programs,tt 
and the Appendix Item X I  I on State and 
federal fo res t  resources laws, regula- 
t ions,  and programs. 

The fo res t  land map used throughout 
t h i s  Report was based on the t lClassif i-  
cat ion and Assessment w i th  Landsat of 

Ecological Groupingsft (CALVEG) 
e f f o r t  which was completed i n  

V i  s i  b l e  
mapp i ng 
1978. 

Sate I i t e  imagery i s  being computer 
ana I yzed through a cooperative program 
wi th  the National Aeronautics and Space 
Administrat ion (NASA) t o  obtain informa- 
t i o n  i n  a d i g i t a l  format on the ground 
cover o f  the State. This program i s  an 
evaluation o f  the appl icabi  I i t y  o f  sat- 
e l l i t e  technology as an element of a 
mult istage, mult iresource inventory sys- 
tem of  the State's forested land. Six- 
teen broad land cover classes (i.e., 
coni fer ,  hardwood, brush, etc.) are be- 
ing ident i f ied .  Acreage summations of 
each class have been compiled by coun- 
t i e s . '  Products are avai lab le both as 
d i g i t a l  data and i n  a photographic for- 
mat registered to  the U.S. Geological 
Survey 1:250,000 scale map series. De- 
t a l  I s  on the CALVEG and NASA/FW p r o j -  
ects  are i n  the chapter on Remote Sens- 
ing. 
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Another method chosen to  improve un- 
derstanding o f  the in teract ions o f  the 
various fo res t  resources i s  the develop- 
ment of a l inear  programming model. 
Th is  model i s  used in  the Report t o  
ident i  f y  some of the resource use trade- 
o f f s  i m p l i c i t  i n  potent ia l  po l i cy  deci- 
sions. 

PESOURCEDATABASE 

Data about resources are gathered and 
kept i n  many forms by a var ie ty  o f  o r -  
ganizations. The extent o f  such data 
and t h e i r  a v a i l a b i l i t y  and useab i l i t y  
a lso  vary great ly.  Many Federal and 
State agencies gather resource data, and 
it i s  general l y  avai lab le  t o  anyone who 
might wish to  use it. I t s  useabi l i ty ,  
however, i s  very low since there I s  no 
coordinated approach t o  gathering l i k e  
data. Most agencies have t h e i r  own data 
de f in i t ions ,  and u n i l a t e r a l l y  determine 
what data elements t o  co l lect .  

Many pr iva te  ind iv iduals  and companies 
a l so  own wildlands. Some, mainly the  
commercial companies w i th  large hold- 
ings, have considerable resources data. 
Smal I landowners usual l y  do not have any 
formal data about t h e i r  properties. Da- 
t a  on pr ivate landholdings are general ly 
no t  made avai lab le t o  others. 

Data about landholdings o f  federal and 
State agencies are i n  a var ie ty  o f  loca- 
t ions, i n  many d i f f e r e n t  forms. Some 
agencies have data i n  d i g i t a l  form 
r e a d i l y  accessible i n  a computer. 
Others have data i n  aer ia l  photo, map, 
or paper form which may no t  be read i l y  
accessible. 

Those charged w i th  long-range planning 
on a Statewide basis need access t o  d a h  
from t h i s  complex matr ix  of ownerships, 
geographic locations and forms of s to r -  
age. Because o f  the complications, the  

on ly  present p o s s i b i l i t y  i s  a dupl icate 
data gathering e f fo r t .  b 

State government could provide a valu- 
able coordinating r o l e  by furn ish ing the  
means t o  permit u t i l i z a t i o n  of resources 
data already gathered. Government agen- 
c i e s  could be encouraged t o  use common 
standards and data def in i t ions.  The 
Ca l i f o rn ia  Environmental Data Center 
(EM=) indexes and provides a catalog of 
data held by State agencies. Perhaps 
the  EDC could a lso catalog t h a t  data 
held by federal agencies. An attempt 
should be made t o  convince large land 
ho I d i ng compan ies t o  prov i de the i r data 
t o  the State under the assurance o f  con- 
f i d e n t i a l i t y  w i th  respect to t h e i r  com- 
pet i tors .  In other words, p r iva te  sec- 
t o r  data would on1 y be avai lab le  t o  the 
pub l ic  i n  aggregated form. 

I n  summary, obtaining resources data 
for Statewide, long term planning i s  a 
t ime consuming and cos t l y  process the  
way it must be done current ly.  Since 
t h i s  data w i l l  continue t o  be necessry 
i n  the fu ture there i s  much opportuni ty 
through a coordinated approach led by 
State government, t o  c u t  costs fo r  ob- 
ta in ing  the data and make it more widely 
useable. 
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THE SETTING 

The Cascade Range i s  of recent volcan- 
i c  o r i g i n  wi th  numerous volcanic peaks 
and lava flows of var iab le age and de- 
gree o f  erosion. Slopes are moderate to 
steep on the main mountain areas w i th  
very steep slopes ex i s t i ng  on some of 
the  volcanic peaks and canyon wal Is. 
Elevations vary from 1,000 t o  14,000 
feet. 

TOPOGRAPHY 

Ca l i f o rn ia  i s  a State w i th  a great d i -  
v e r s i t y  of land forms and a complex geo- 
log ic  history.  The exposed formations 
range from the ancient prexambrian t o  
contemporary Cenozoic periods (Lant is  
1973). The forested area I ies almost 
completely w i th in  s i x  of the I I  basic 
I and form provinces used by the Ca I i for- 
n i a  D iv is ion  of Mines and Geology. 
Character is t ic  rock types and geologic 
s t ructures o f  these land form d iv is ions  
are  shown in  Table 2-1 and i l l u s t r a t e d  
on Figure 2-1, T a l  i f o r n i a  Land form 
Prov i nces .I1 

The Sierra Nevada Range occupies about 
one - f i f t h  of the t o t a l  land area of Cal- 
i f o r n i a  and i s  the largest forested land 
form o f  the State. I t var ies from 40 t o  
80 m i  les  i n  width and extends some 400 
m i  les  i n  a northwest-southeast d i rec-  
t ion.  I t s  s t ructure i s  t h a t  o f  a block, 
ra ised sharply a t  the f a u l t l i n e  on i t s  
east side, and eroded to  moderate and 
low r e l i e f  on the western slope. The 
block i s  dissected by a dozen major r i v -  
ers, many occupying deep canyons or va l -  
leys, and there i s  widespread evidence 
o f  g lac ia t ion.  As indicated in  Table 
2-1, the main pa r t  of the block i s  an 
exposed gran i te  bathol i th.  Slopes range 
from moderate on some ridgetops and 
g l a c i a l  moraines, t o  steep and very 
steep on canyon walls, mountain s ide 
slopes, and upper glaciated slopes. 
Elevations range between 1,500 fee t  a t  
the  f r o n t  of the western slope to  14,000 
f e e t  a t  the peaks on the eastern 
marg i n . 

The Modoc Plateau i s  a lso of volcanic 
o r i g i n  and represents ‘an extension i n to  
northeastern Ca I i forn l a  o f  the  Cot umbia 
Lava Plateau. I t has an undulat ing sur- 
face w i th  an average e levat ion of about 
4,500 fee t  on top of which a number of 
h i l l y  and mountainous areas are super- 
imposed (Durrenberger 1967). 

The Klamath Mountain- Province i s  an 
o ld  land mass consist ing of modif ied 
sedimentary and igneous rock which has 
been up1 i f ted ,  folded, faulted, and 
eroded a number of times. Elevations 
reach 8,000 t o  9,000 feet, slopes are 
moderate to very steep, and grav i ta t ion-  
a l  movement such as col luvium and land- 
s l i d e  i s  common. The Klamath and the 
T r i n i t y ,  the pr inc ipa l  r ivers ,  have cu t  
deep, tw is t i ng  gorges through the moun- 
t a  ins. 

The Cal i f o r n i a  Coast Ranges are lower 
and younger than the Klamath mountains. 
Moderate t o  steep slopes are common and 
lands1 ides occur frequently. These 
ranges represent a ser ies o f  f a u l t  block 
mountains, some t i l t e d ,  o thers folded or 
arched and some near ly f l a t  due t o  ero- 
sion (Durrenberger 1967) . Their numer- 
ous, o f ten  i n d i s t i n c t  ridges, r i s e  from 
2,000 t o  7,000 f e e t  and are separated 
by the va l leys o f  the Eel, Mad, Russian 
and Sal inas Rivers as we1 I as by those 
o f  smaller streams. These ranges are 
markedly l inear  and extend nearsly 600 
mi les along the Ca l i f o rn ia  coast (Frame- 
work Study 1971, Appendix I l l .  

The only major east-west t rending 
mountain system i n  the forested area of 
Ca l i f o rn ia  i s  included in  the Transverse 
Ranges, a complex se t  o f  f o l d - f a u l t  
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TABLE 2-1 
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LAND FORMS AND GEOLOGIC STRUCTWES OF THE FORESTED LANDS OF CALIFORNIA 

LAND FORM DIVISION 

Modoc Plateau 

Cascade Range 

S 1 er ra Nevada 

Klamath Mountains 

Coast Ranges 

Transverse Ranges 

MAJOR LITHIC TYPE 

Volcanic 

Vol can I C  

Granltlc-metamorphlc 

Granltlc-metamorphlc- 
sedlmentary 

Sed lmentary 

Sedlmentary (western), 

Gran I tlc-metamorph IC 
(eastern) 

GENERAL STRUCTURE 

Lava flows as f a u l t  
blocks 

Igneous tab1 eland 
capped by volcanoes 

T i l t ed  f a u l t  block 

Folds-faults 

Fol ds-fau I t s  

Fol ds-fau I t s  
(western) 
Faul t  blocks 
(eastern 1 

Note: 

Taken from Callfornla: Land of Conttast by tantls, 1973. 

Refer to  Figure 2-1 for locatlons of these provinces. 

mountains and va l leys  i n  southern Ca l i -  
fornia. These contain a va r ie t y  o f  rock 
types and are characterized by a wide 
va r ia t i on  i n  elevat ion wi th  some peaks 
exceeding 11,000 feet. 

CLIMATE 

Much o f  Cal i forn ia t  s forest  land I ies 
I n  areas wi th  only two d i s t i n c t  seasons 
instead of  the usual four. 
a l t e rna te  w i th  r e l a t i v e l y  dry, warm sum- 
mer s. 

Although the change i n  l a t i t u d e  Is 
great, l a t i t u d e  does no t  exer t  as much 
inf luence on cl imate i n  C a l i f o r n i a  as 
elsewhere. Topography i s  o f  greater im- 
portance, causing isotherms t o  fo l low LJ 

topographic contours and move in  a 
north-south direct ion,  ra ther  than the 
usual east-west direct ion.  Because of 
the  abrupt changes i n  topography, t he  
range i n  temperature, wind v e l o c i t i e s  
and amount o f  p rec ip i t a t i on  can vary 
great ly,  o f ten  w i th in  a few miles. The 
Sierra Nevada and Cascade Ranges ef fec- 
t i v e l y  block the movement of continental 
and a r c t i c  a i r  masses from the east 
(Ca I I forn i a  Yearbook 1975) . 

The Paci f i c  Ocean and the movement of 
the  P a c i f i c  high pressure areas a lso  
a f f e c t  the climate. The Ocean's f n f l u -  
ence makes summer and winter tempera- 
tu res  along the cogst and nearby foot- 
h i l l s  more equable. The P a c i f i c  hlghs 
stat ioned of fshore move southward In  the. 
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winter; cold Canadian a i r  and winter 
storms can then enter northern Cal i f o r -  

In the summer, the highs move 
northward, de f lec t ing  the cool a i r  mass- 
es from Canada to  the north o f  Cat i f o r -  
nia. 

b, nia. 

Winter storms from the west br ing pre- 
c i p i t a t i o n  which f a l l s  as r a i n  a t  lower 
elevat ions and i s  deposited as snow i n  
the mountains. The mean annual p rec ip i -  
t a t l o n  is' shown on Figure 2-2. The 
amount o f  p rec ip i t a t i on  increases from 
south t o  north and i s  heaviest on the 
west s ide o f  the mountains up to  about 
the 6,000 f o o t  elevation. When the 
snowpack melts i n  the spring, the rurr- 
o f f  i s  heaviest i n  streams on the west 
s ide of the mountains. In the southern- 
most portion, heavy ra ins  i n  ear ly  f a l l  
are the r e s u l t  o f  cyclonic storms occur- 
r i n g  t o  the southeast. 

Figure 2-3 shows the various c l  imatic 
zones w i th in  Cal i forn ia .  Most of Ca l i -  
fo rn ia 's  inhabi tants l i v e  i n  the zones 
c l a s s i f i e d  as Mediterranean where win- 
t e r s  are mi ld  and wet and summers are 
warm and dry (Framework Study 1971). 

The Cal i fo rn ia  coast has a marine or 
Med i terranean type c I imate w i th  warm 
winters, cool summers, I i t t l e  d a i l y  and/ 
o r  seasonal temperature range, and a 
high r e l a t i v e  humidity. Inland, as the 
marine i n f  I uence lessens, the  c l  imate 
becomes more Continental wi th  warmer 
summers, colder winters, greater var ia-  
t i o n  i n  d a i l y  and seasorial temperatures, 
and lower humidity. The change from 
Mediterranean to  Continental cl imates 
i s determ 1 ned by the topography, w i t h  
the  Sierra Nevada and Cascade Ranges 
having pr imar i l y  a Continental climate. 

Topography a lso  contro ls  the amounts 
and d i s t r i b u t i o n  of winter prec ip i ta-  
t ion .  In large port ions of the windward 
slopes of the Cascade-Sierra Nevada and 
northern Cnast Ranges mean annual pre- 
c i p i t a t i o n  I s  50 inches or more. Mean 
annual prec ip i ta t ion,  as shown on Figure 
2-2, ranges from 129 inches i n  the Coast 

W 

'f 

Ranges ' to  less than f i v e  Inches i n  the 
southern Great Basin Ranges. Most of 
the  p rec ip i t a t i on  f a l l s  during the win- 
t e r  season which i s  f i v e  months (Novem- 
ber t o  March) i n  the southern pa r t  and 
seven months (October to  Apr i l )  i n  the 
northern pa r t  of Ca l i fo rn ia 's  fo res t  
area . 

Snow in  moderate amounts fa1 I s  i n  the 
Sier ra t o  elevat ions as low as 2,000 
feet, but  dqes no t  remain long below 
4,000 feet. In the central  Sierra, the  
zone o f  heavy snowfall i s  a t  7,000 t o  
8,000 fee t  elevation. Snowfall a t  Tama- 
rack In  Alpine County i s  about 450 inch- 
es annually, which, according t o  the 
1975 ed it ion o f  the Ca I i forn i a  Yearbook, 
i s  one of the heaviest snow fa1 I s  i n  the 
Un i t ed  States. 

Thunderstorms occur i n  summer i n  the 
i n te r  lor mountains. Where prec ip i ta t ion  
i s  very I ight, I ightning can s t a r t  de- 
s t r u c t i v e  fo res t  f i res .  Thunderstorms 
on the coast are weaker and infrequent 
and can occur i n  any month. Although 
f looding can occur a t  any t ime of the 
year, the  worst f loods usual l y  occur i n  
winter as a r e s u l t  o f  prolonged r a i n  
storms accompan led by high temperatures 
which mel t  the snowpack. Erosion and 
mudslides are prevelent fo l lowing w i l d  
f l res.  Occasionally, pers is ten t  dry  
weather or drought occurs during the 
w i n te r  season . 

Temperatures i n  the forested areas 
vary from 120" i n  the  Sier ra Nevada 
f o o t h i l l s  t o  -45OF i n  the High Sierra'. 
Along the coast, the var ia t ion  i n  tem- 
perature from day t o  n igh t  and from win- 
t e r  to summer i s  very small. Da i l y  and 
seasona I ranges i n  temperature increase 
w i th  distance from the  coast. 

Winds from the northwest prevai l  along 
the  coast, due largely  t o  the presence 
of  semipermanent of fshore P a c i f i c  highs. 
E l  sewhere, surface winds are  i n f  I uenced 
by local  topography, mountain barr iers, 
atmospheric ppessure gradients, and 
proximity to  the Ocean. Warm Santa Ana 
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winds o f f  the desert have contr ibuted t o  
the w i  Id  f i r e  damage on the South 
Coast . 
VEGETATION 

Ca l i fo rn ia 's  d i ve rs i f i ed  geography and 
c l  imate create a number o f  unique vege- 
t a t i o n  zones. The forest  Vegetation re-  
source here i s  among the most varied in  
the wor I d . 

The vegetation has been c lass i f i ed  in- 
t o  many d i f f e r e n t  systems. A.W. Kuchler 
( 1  977) has mapped natural vegetation of 
Ca l i fo rn ia  which i s  e i ther  actual o r  po- 
t e n t i a l  depending on whether the natural 
vegetation has been modified by human 
a c t i v i t i e s .  

The Forest Service has c lass i  f led Cal- 
i f o rn ia ' s  actual vegetation using a sys- 
tem based on visual  in te rpre ta t ion  o f  
s a t e l l i t e  imagery (CALVEG 1978). This 
system i s  the source of the fo res t  land 
base map used throughout t h i s  Report 
(Figure 1-11. 

The Forest Survey has inventoried 
most fo res t  lands outside national for- 
ests  and compi led data for  national for- 
ests i n  Cal i forn ia .  These data were 
used i n  t h i s  Assessment. 

Forest land, as defined by the Forest 
Survey, i s  land with a t  least  a 10 per- 
cent t ree  canopy cover a t  maturi ty, in- 
c luding land formerly having such t ree  
cover tha t  could be na tura l l y  or a r t i f i -  
c i a l  l y  reforested and not  developed for 
non-forest purposes. The fo res t  land o f  
Ca l i f o rn ia  i s  approximately 33 m i l l i o n  
acres or about 33 percent o f  the State. 
(The Forest Survey includes an addit ion- 
a l  7.5 m i l l i o n  acres of chaparral which 
are not included i n  t h i s  Assessment.) 

The Forest Survey has c lass i f  led for- 
ested lands i n t o  single-species fo res t  
types based on a p l u r a l i t y  o f  current 
t r e e  stocking. For example, a mixed- 
con i fe r  stand t h a t  contains 40 percent 
Doug 1 as- f i r , Psuedotsuga menz ies i i , 35 

percent ponderosa pine, Pinus ponderosa, 
and 25 percent white fir, -- Abies con- 
-, color  would be c lass i f i ed  as Douglas- 
fir type because t h i s  species has the 
major i t y  o f  stocking. 

L? 

The cortunon I y termed llmi xed con i fer1' 
forest, the most widespread type, i s  
charac ter is t i c  o f  the  i n t e r i o r  Klamath 
mountains and the North Coast Range, the 
west slopes of the Cascade Range and the  
uppermiddle west slopes o f  the Sier ra 
Nevada from 4,000 t o  7,000 feet. Pon- 
derosa and sugar pines, Pinus lamber- 
-, t iana normally dominate the  south and . 
west facing slopes, whi le the  Douglas- 

fir and white fir dominate the nor th  and 
east slopes, w i th  incense cedar, L i b -  
cedrus decurrens, as a secondary compo- 
nent on a l l  slopes. Hardwood associates 
i n  the North Coast include big- leaf  ma- 
ple, Acer macrophyllum, madrone, Arbutus 
rnenziesii and red alder, Alnus rubra. 
Understory shrubs include manzan Ita, 
Arctostaphylos SJ. and ceanothus, Ceano- 
thus SJ. - 

Cali fo rn ia 's  second largest fo res t  
type i s  oak woodland. This type occu- 
pies f o o t h i l l s  border ng the Central 
Valley, much of the Central Coast 
Ranges and por t ions of southern Ca l i f o r -  
nia. Oak, guercus sp.; and other broad- 
I eaf t rees  such as buckeye, Aescul us 
Cal i forn ia ;  along w i th  digger pine, Pin- - us sabiniana; are the predominant 
plants, and the ground cover i s  mostly 
grassland having good forage value, w i th  
some shrubs. 

The next largest fo res t  type i s  a r e l -  
a t i v e l y  pure one dominated by ponderosa, 
Jeffrey, Pinus j e f f r e y i ,  or sugar pines. 
I t  occuDies a d r i e r  hab i ta t  than the 
mixed con i fe r  type and usua I I y appears 
more open. Pine forests  occur i n  the 
Sier ra Nevada between elevat ions of 
1,000 and 8,000 f e e t  and are widespread 
on the east slopes o f  the Cascades, on 
the Modoc Plateau and on the Transverse 
and Pen insular Ranges. g: 
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Doug I as-f i r dominates a I arge fo res t  
I t  i s  

located mostly inland from the coastal 
redwood zone, and extends t o  6,000 fee t  
above sea level. I t  of ten occurs i n  
pure stands, bu t  i s  sometimes mixed w i th  
t r u e  fir, Abies 9.; and western hem- 
lock, Tsuqa heterophyl l a  and various 
hardwoods, such as tanoak, Lithocarpus 

e-, b e l t  i n  northwestern Cal i forn ia .  

densif lorus, mandrone and red alder. 
Usually the  density i s  so great t h a t  
1 i t t l e ' g r a z i n g  i s  possible. 

- 

The coast redwood, Sequoia semper- 
virens, extends 'along a coastal s t r i p  
from B i g  Sur t o  Oregon and as a type 
does not grow more than about 45 m i  les 
in land or much above an elevat ion of 
3,000 feet. Douglas-fir, Western hem- 
lock, S i tka spruce, and grand fir, Abies 
grandis  are usual ly  important asso- 
ciates. Pure stands of redwoods are 
c losely  conflned t o  the  a l l u v i a l  f l a t s  
i n  coastal valleys. Redwood sor re l l ,  
Oxal is oregana, and swordfern, Polyst i -  - cum munitum, are t yp i ca l  understory 
herbs. There i s  widespread in te res t  i n  
t h i s  unique species, not  only In  the .  
area of redwood type by standard de f ln l -  
t lon ,  but  a lso  I n  the  t o t a l  area i n  
which the species occurs, regardless of  
type. The area of fo res t  land i n  Cal i -  
forn ia '  having a t  least  one coastal red- 
wood t r e e  per acre, or one stump i n  
recent ly  logged areas, i s  1.6 m i l l i o n  
acres (Bolsinger, d ra f t ,  1979). 

The p inyod jun iper  forest  i s  most com- 
mon in  northeastern Cat i f o r n i a  and on 
the  western slopes o f  the southern Great 
Basin Ranges. It consists o f  scattered 
stands o f  bushy j un i pers, pr imar i I y Jun- 
iperus occidental is, and low growing 
pinyon pine, Pinus monophylla. The in- 
terven ing ground cover inc I udes severa I 
shrubs, such as basin sagebrush, Arte- 
misia t r i den ta ta  and bit terbrush, E- 
- shia t r i den ta ta  and a var ie ty  o f  grass- 
es . 

The preceding forest  types as inven- 
t o r i e d  by the Forest Survey are not com- 
p l e t e l y  synonymous wi th  the CALVEG 
c l a s s i f i c a t i o n  system mentioned ear l ie r .  
The CALVEG fo res t  land base map used in  
t h i s  Assessment includes desert forest  
type t rees such as Joshua tree, Yucca 
brev i fo l ia ,  palm, Washingtonis f i l i f e r a ,  
paloverde, Ceridium f loridum, and i ron- 
wood, Olneya tesota - species no t  inven- 
t o r l e d  by the Forest Survey. See Tables 
3-2 and- 3-3 i n  Chapter 'Three for a 
breakdown _ .  . of forest  types by ownership. 

F i r  forest, mainly white fir and red 
f ir, Abies maqnif Ica, occur above the  

I mixed coni fer  fo res t  from 5,500 t o  9,000 
fee t -e leva t ion  In  the  Cascades and Sier- 
r a  Nevada. Jef f rey pine, western white 
pine, Pinus monticola, lodgepole pine, 
Pinus contorta, and hemlock are of ten 
intermixed, along w i th  a ground cover of 
manzan i t a  and ceanothus. 

Lodgepole pine, occurs above the  fir 
forest, general ly above 7,000 fee t  ele- 
vatlon. It grows In  open or closed 
even-aged stands or adjacent t o  mead- 

&J ows. 
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INTRODUCTf ON 

The fo res t  area may be separated i n t o  
many d i f f e r e n t  sor ts  o f  categories. For 
purposes o f  mathematical model ing and 
f o r  much of the discussion i n  the re -  
mainder o f  t h i s  Report a d i f f e r e n t  and 
somewhat f i ne r  breakdown i s  needed than 
the fo res t  type descr ip t ion found in  
Chapter Two, "The Forest Area: A General 
Descr i p t  i on .I1 Table 3-1 shows the 
breakdown o f  fo res t  land area and the 
categories used by FRAP. The f o l  lowing 
discussion summarizes the en t r ies  pre- 
sented. Aggregates o f  counties shown on 
Figure 1-3 def ine the regions o r  
!IResource Areas," used in  the table. 

Total  ing by region the areas shown 
Table 3-1 produces the fol low 
tabulat ion ( i n  thousands o f  acres): 

North Coast (NC) 4,463 
Northern I n t e r i o r  (NI  1 9,290 
Sacramento ( SM) 6,598 
San Joaquin (SJ )  7,275 
Southern Ca l i fo rn ia  (SC) 3,144 
Central Coast (CC) 1,788 

32,558 

on 
"9 

Survey def in i t ion. )  The remaining p r i -  
vate fo res t  lands are termed: 
Pr ivate" (OP) . "Other Lj 

!IPubI i c  Reservedt1 (PR) i d e n t i f i e s  the 
category of lands set  aside by statute, 
ordinance, o r  admin is t ra t ive order for 
parks and other spec i f i c  uses, bu t  does 
no t  include wilderness. Timber u t i l i z a -  
t i o n  i s  minimal o r  res t r i c ted .  "Re- 
served and Wildt t  (RW) lands are those 
which could be wilderness because they 
are general ly unroaded o r  otherwise of 
such llunspo i led" character . Th i s cate- 
gory includes a1 I forested lands cur-  
r e n t l y  i n  wilderness as well  as those 
now being o r  recent ly  considered for 
such c l a s s i f i c a t i o n  (RARE 1 1 ) .  The 
category i s  included t o  suggest w i  I - 
derness adoption but t o  provide a capa- 
b i t  i t y  for modeling the e f f e c t s  o f  
changing the area o f  wilderness. !!Pub- 
I i c  Unreservedt1 (PU) inc I udes other 
lands administered by various government 
agencies. The f i n a l  category, Wn- 
known1!, (XX) ,  includes land of  the North 
Coast and the land outside national fo r -  
ests  i n  the Southern Ca l i f o rn ia  region-- 
these wou I d be most I y 'lother pr ivate" 
but probably a lso  include some publ ic  
I ands. 

Tota l ing the areas i n  Table 3-1 by 
these ownersh i p categories produces the 
fo l lowing tabulat ion ( i n  thousands of 
acres) : 

REG I ON OWNERSH I P 

FI  - PU - PR - RW - 

Ownership as shown i n  Table-3-1 in -  
c I udes two pr iva te  categor tes. "Forest 
Industryt9 (FI )  as used by FRAP includes 
compan Ies which manage t h e i r  lands wi th  
an object ive of producing timber or wood 
products. (See the Glossary for the 
d i s t i n c t i o n  between t h i s  and the Forest 

NC 1180 1599 588 132 318 646 
N I  1551 2081 4175 141 1342 
SM 1067 2313 2638 4 576 
SJ 236 1929 2461 179 2470 
sc 39 23 4 801 2277 

1156 276 2 354 cc ------ 
4034 9117 10161 462 5861 2923 (I. 



ESTIMATED FOREST LAND AREAS IN THOUSANDS OF ACRES BY REGION, OWNER AND SITE 

ITE CLASS = TIMBER SITE + FORAGE SITE + RECREATION SITE 

REGIONS 11 SITES 

NCINorth Coast Countles 
NloNorthern I n t e r i o r  Cornt les 
SMPSacramento Counties 
SJ-San Joaquln Counties 
SBSouthern Ca l i f .  Comt les  
CCLCentra 1 Coast Count I es 
OWNERS 

OP=Other Pr  l va te  
W ub I I c Unreserved 
PR=P ub I 1 c Reserved 
M e s e r v e d  6 W I  I d  
XX=Un kllonn 

TIMBER FORAGE RECREATION 

1-3 > I ~ O  f t3/ac/yr E = Best  1/3 o f  land E = Best  1/3 o f  land 
4 = 85-119 f t3 /ac /y r  f o r  forage f o r  recreat  Ion 
5 = 50-84 f t3 /ac /y r  
6 = 20-49 f t3 /ac /y r  0 = Other forage lands 0 - Other recreat ion 

lrndc 

SITES 

60E 6001 7EE 7 E 0  7 0 E  700 

0 .  0 .  0. 0. 
0. 0. E. 0. 

I .  I .  49. 99. 2.. 6 .  14. 26. I.  2. 6 .  13. 0.  I .  5. 10. 0. 0. C. 0. 
0 .  I .  9. IS. I .  1. 11. 23. 4. 7. 23. 46. 3. 6. 27. 55. 291. 513. 274. 549. 

0 . 0 . O . . e . o . o . c . o . o . o . o * o . o . o . o . o . o . o . o . o .  
0 .  0 .  0 .  0. 0. 0 .  0.  0.  0. 0. a. 0. 6.12. 7.14. 0 .  0 .  0 .  0 .  
0. 0. 0. 0. 0 .  0 .  0 .  a. 0 .  0. 0 .  0. I .  2. 0. 0. 0 . 1 4 .  c. 6. 
0.  0 .  0. 0 .  0 .  0 .  0 .  0. 0.  0. 0 .  0 .  0 .  I .  0 .  I .  0 .  I .  0 .  1. 

THIS IS A REDUCTION STAT OF A COMPUTER READOUT SHEET. 



. SITE - 
Within each region and ownership cate- 

gory the forest  area i s  fur ther categor- 
ized i n t o  various llsitesll based on the 
land's potent ia l  fo r  producing timber,. 
forage and recreation. The produc t iv i t y  
(t lsitetl) o f  these lands i s  indicated by 
a number and two le t ters .  The number 
indicates the timber s i t e  class. Forage 
p roduc t i v i t y  i s  shown by the f i r s t  l e t -  
ter and the recreat ion potent ia l  by the 
second . 

The potent ia l  o f  these lands t o  pro- 
duce timber i s  evaluated i n  terms o f  
cubic-foot-site-classes. The most pro- 
duct ive lands (Si tes 1-31 are capable o f  
growing on the average, more than 120 
cubic fee t  per acre per year. Lands 
capable o f  growing on the average less 
than 20 cubic fee t  per acre per year are 
considered t o  be i n  the lowest produc- 
t i v i t y  class. (The break points for  the 
other categories are shown a t  the top o f  
Table 3-1.) Most o f  the S i t e  1 lands 
are  in  the North Coast region. The 
t o t a l  acreage in  each timber s i t e  class 
by region i s  ( in  thousands o f  acres): 

?EG I ON 

NC 
N I  
SM 
SJ 
sc 
cc 

'Note: 

- 
I -3 

1915 
636 
957 
41 I 

1% 

!I 15 

- 
- 

TIMBER SITE - 
4 

7% 
03 1 
774 
381 

20 

002 

- 
- 

5 6 7 

903 
3005 
1428 
1624 

2 

6%2 

- 
- 

32 
1214 
56 9 
4 76 
191 
202 

2684 

- 

817 
3,404 
2870 
43 83 
2 953 
1368 

15795 

- 

Blank spaces i n  t h i s  l i s t  indi- I  
:ate areas o f  less than 1,000 acres) I 

The productive potent ia l  o f  forest  
land for  forage and recreat ion has not 
been inventoried. However, FRAP has 

developed a c l a s s i f i c a t i o n  system f o r  
these resources which div ides the acre- 
age i n  each region i n t o  the best one- 
t h i r d  and the other two-thirds i n  terms 
o f  the land's potent ia l  f o r  producing 
forage .and recreation. This c lass i  f ica- 
t l o n  includes breakdowns by ownership 
and timber s i t e  class. 

Lf 

The Range Productiv i t y  Adv i sory Group 
estimated the forage producing po ten t i a l  
of the State's forested rangelands. The 
best t h i r d  and the remaining two-thirds 
o f  each region are shown as flE1l and tlO1l 
respect ively on Table 3-1. The propor- 
t i o n  o f  these forage categories among 
the varlous ownerships may be s l g n l f i -  
can t l y  d i f f e r e n t  depending on the pro- 
duct ive potent ia l  o f  the land. I n  gen- 
eral ,  t he  best forage lands co r re la te  
w i th  the poorer timber lands. 

Recreatlon produc t iv i t y  i s  a lso  broken 
i n t o  regional best t h i r d  and other two- 
t h i r d s  categories, a lso  shown as tlEtt and 
trOtl respective I y. These categor ies are  
t i e d  t o  the Parks and Recreation Inven- 
t o r y  System (PARIS) geopieces t o  corre- 
l a t e  fac i  I i t i e s  and recreat ion use t o  
the best and poorest areas. (See Chap- 
t e r  Nine, llForest Lands as a Recreation 
Resource.t1) An ownership breakdown i s  
i m p l i c i t  i n  the boundaries o f  various 
geopieces but i n  general it has not been 
possible t o  d i f f e r e n t i a t e  recreat ion po- 
t e n t i a l  by ownership. The tab le  assumes 
homogeneity o f  recreat ion capabi I i t y  by 
ownership category, timber s i t e  and for- 
age s i te .  Thus the area included in  the 
poorest two-th l r d s  recreat ion category 
i s  twice the best t h i r d  acreage f o r  each 
category shown. A tabu la t lon  by regions 
here would simply show one-third and 
two-thirds o f  the regional forest  area 
i n  each category. 

The data presented In -Table 3-1 are in 
large measure based on Forest Survey 
estimates. Adjustments, however, have 
been made where it has been considered 
reasonable and desirable fo r  purposes o f  
analysis and modeling. The s t a t i s t i c a l  
v a l i d i t y  t h a t  can be al-tached t o  m e  o f  

crpi 



these estimates i s  low. If, however, 
t he  categories prove useful t o  pol i cy  k, analysts, accuracy can be improved over 
a period o f  time. The en t r i es  are best 
estlmates which do not  preclsdly match 
other pub1 ished figures. 

TENURE AND AOMINISTRATIOP4 

What happens t o  Ca I i forn la 's f o res t  
land obviously depends upon the objec- 
t i v e s  o f  the owners. While a few man- 
agement and po l i cy  goals may predominate 
i n  each of the broad ownership catego- 
r i e s  previously described, considerable 
d i v e r s i t y  a lso  exists. This section 
attempts t o  i d e n t i f y  some o f  the d i f f e r -  
ences and t o  indicate the importance o f  
ownership patterns, 

PUBLIC 

The 10.2 m i l l i o n  acres o f  Publ ic Unre- 
served forested lands are' control  led by 
a number o f  agencies besides the Forest 
Service, as the fo l lowing tabu la t ion  in- 
d icates ( In thousands o f  acres): 

TIMBER SITE CLASS TOTAL 

Forest 
Serv Ice 

Bureau o f  
Land Mgmt, 

Indian 
Other 

Federa I 
State 
County and 
Mun i c i pa I 

1 - 6  

6774 

23 9 
114 

40 
79 

27 

Pub1 i c  Reserved 

7 

I949 

unk 
unk 

unk 
unk 

unk 

8767 

239 
1 I4  

40 
79 

27 

i o  16 I 

(and ttReserved and 
Wildtt) lands are under the Ju r i sd l c t i on  
o f  many o f  these same agencies (data 
shown in  thousands o f  acres): W 

Forest 
Serv i ce  

Park 
Serv i ce  

State Park! 
County and 
Mun i c  i pa I 

TllJEBER SITE CLASS TOTAL 

1-6 

214 I 

74 7 
125 

23 

7 

2724 

60 7 

482 1 

1354 
125 

23 

6323 

Constraints upon the use o f  pub1 i c l y -  
owned forest  lands i n  Ca l i f o rn ia  are the 
consequences of legal and adminlstrat lve 
mandates. These laws and regulat ions 
d i c t a f e  management object ives f o r  the  
land-tenured agencies. A t  the federal 
level,  nat ional  parks, monirments, sea- 
shores and memorials, a re  a l l  under the 
j u r i s d l c t i o n  o f  the Park Service, and 
have been established t o  meet recreat ion 
and preservation objectives, 

Mult iple-Use Federal Lands 

The major i t y  o f  federal forest  land in  
the  State Is under the j u r i s d i c t i o n  o f  
the Forest Service and I s  managed to  
meet mult iple-use objectives. Recent 
I eg i s I a t  ion d i r e c t s  the Bureau o f  Land 
Management, which cont ro ls  the next l a r -  
gest acreage o f  federal land, to manage 
It f o r  mult iple-use also. 

W i I derness 

The National Wilderness Preservation 
System, the W i  I d  and Scenic Rivers Sys- 
tem, and the National Tra i  1 s System In- 
corporate some o f  the forested acreage 
contro l  led by the Departments o f  Agr I - 
c u l t u r e  and In te r i o r .  Those program- 
mandates may a l so  constrain the uses t o  
which such land may be put, A t  present 
2.1 m i l l i o n  acres o f  national forest  
land in  Cal i fornia,  about 41 percent of 
which i s  forested land, have been for- 
mal l y  designated as w i  Iderness. 

4 79 
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Research Natura I Area 

Federal land management agencies u t i  - 
l i z e  llResearch Natural Area" as an ad- 
m in i s t ra t i ve l y  designated land c lass i  f i  - 
cation. The uses o f  these lands are 
very rest r ic ted,  however the fo res t  
acreage involved i s  not  s ign i f i can t .  

Other Federal Agencies 

Federal agencies whose predominant 
respons ib i l i t y  i s  other than land man- 
agement but which control  forested lands 
i n  Cal i f o r n i a  include the Department of 
Defense (DOD) and the Bureau o f  Indian 
A f f a i r s  (BIA). Lands of these agencies 
are managed for forest  resources i f  they 
e x i s t  i n  s u f f i c i e n t  sized blocks and the 
management i s  compatible w i th  t h e i r  
other objectives. The DOD cont ro ls  
about 3.7 m i l l i o n  acres i n  Cal i forn ia .  
The area of fo res t  land adminstered by 
t h i s  federal agency i s  unknown, however, 
it i s  estimated t o  be several hundred 
thousand acres. The DOD encourages non- 
m i  I i t a r y  use o f  i t s  forested lands when 
such use does not  c o n f l i c t  wi th  the pr i -  
mary m i l i t a r y  objective. Compatible 
a c t i v i t i e s  include w i  Id I i f e  management 
programs and the leasing of lands su i t -  
able f o r  grazing. About 100,000 acres 
o f  the  DOD's holdings are administered 
by the  Army Corps o f  Engineers for use 
i n  the development o f  dams, reservo i rs  
and channels. Lands adjacent t o  the 
s i t e s  are commonly used f o r  recreation. 
The Corps i s  a t  present buying more land 
around i t s  pro jects  than it has i n  the 
past t o  serve as a buf fer  zone and f o r  
recreat ional  purposes. 

Bureau of Indian A f f a i r s  

Productive fo res t  land under the ju-  
r i s d i c t i o n  o f  the Bureau o f  Indian A f -  
f a i r s  t o t a l s  some 114,000 acres wi th  
about 105,000 acres under sane form o f  
t imber management. Excluded from any 
timber operation i s  a 160-acre reserve 
o f  such forest  land on the Hoopa Indian 
Reservation. 

State gb.; 
State agencies con t ro l l i ng  fo res t  land 

include the State Lands Commission and 
the  Departments o f  Forestry, Parks and 
Recreation, and Transportation. A I -  
though the  State Lands Commission has no 
land management author i ty,  the  sa le o f  
t imber from i t s  lands was authorized by 
the Legis lature i n  1%9. About 35,000 
acres of the Commission's 600,000 acre 
t o t a l  are under study ' for  timber manage- 
men t . 

The State Park System incorporates 
about a m i l l i o n  acres of land, the great  
ma jor i t y  o f  whch i s  managed for recre- 
at ion. A t  present, the  Department of 
Parks and Recreation manages two State 
w i  lderness areas which include some fo r -  
ested acreage. According to  a Depart- 
ment o f  Transportation pol i cy  f i r s t  
establ ished by i t s  commission i n  1917, 
fo res t  land under i t s  j u r i s d i c t i o n  i s  
reserved from timber harvesting. A I  I 
lands under the j u r i s d i c t i o n  o f  the De- 
partments o f  Forestry, Fish and Game, 
and Parks and Recreation have been 
reviewed f o r  t h e i r  potent ia l  as State 
wilderness consistent wi th  the 1974 Act  
and recommendations have been made t o  
the  Legislature. Some 3,500 acres, o r  
f i v e  percent of the t o t a l  acreage in  +he 
State fo res t  system o f  the  Ca I i forn i a  
Department o f  Forestry, i s  not  fo res t  
land. A I  I but about 900 acres ( re-  
served) o f  the 68,664 acres o f  fo res t  
land i s  managed pr imar i l y  t o  provide 
timber and recreation, and t o  provide 
f o r  research and demonstration in  modern 
fo res t  management practices. 

PUBLIC/PRIVATE 

W i l d  and Scenic Rivers 

The 1968 federal Wild and Scenic 
Rivers Act as amended through Publ ic  Law 
94-486 (1976) provides t h a t  ce r ta in  
selected' r i v e r s  o f  the  Nation which 
possess outstand i ng rkmarka b I e resources 
and other values be maintained in  a f ree 
f lowing condi t ion and t h a t  the r i v e r s  dpi 
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and t h e i r  immediate environmen pro- 
tected. The a c t  c l a s s i f i e s  the r i v e r s  

k) as vlWildvl which are inaccessible except 
by t r a i l ,  f ree o f  impoundments, pr imi -  
t i ve ,  and unpol luted; I1Scenictt which are 
f ree of impoundment and largely pr imi -  
t i v e  but  accessible in places by roads; 
and ItRecreationalvv which are read i l y  ac- 
cessible f o r  road and may have some 
development and impoundment. The fed- 
e ra l  ac t  designates the middle fo rk  of 
the  Feather River as a W i  Id  and Scenic 
River and port ions of the American and 
Tuolumne Rivers are l i s t e d  as potent ia l  
addi t ions t o  the system. The Secretary 
o f  the I n t e r i o r  and/or Secretary o f  Ag- 
r i c u l t u r e  (depending upon amount o f  Na- 
t i o n a l  Forest Lands involved) w i l l  de- 
velop management plans and recommenda- 
t i o n s  fo r  inclusion of r i v e r s  designated 
as potent ia l  o r  not  designated i n  the 
Act. Boundaries included i n  any r i v e r  
system can include an average o f  no more 
than 320 acres per m i l e  on both sides of 
the  r i v e r  and no more than 100 acres per 
m i l e  o f  p r iva te  land may be acquired. 
The Secretary of In te r  l o r  may accept 
r i v e r s  designated by a State Legis lature 
i n t o  the system. 

The 1972 Cat i f o r n i a  W I  I d  and Scenic 
Rivers Act designates port ions of the  
Klamath, Scott, Salmon, T r i n i t y ,  New 
River, Smith, Eel, Van Duzen, American, 
and other r i v e r s  which may be recom- 
mended t o  the Legis lature by the Secre- 
t a r y  for Resources. The S t a h  leg is la -  
t i o n  a lso permits c l a s s i f i c a t i o n  as 
w i  Id, scenic, or  recreat ional  . 

The Secretary determines the aforemen- 
t ioned class, prepares management plans 
(now delegated to the Department of Fish 
and Game) for submission to  the Legisla- 
t u r e  i n  a hearing system format i n  coop- 
e ra t ion  w i  t h  the  counties. Resources 
such as lumbering and grazlng w i l l  not  
be unreasonably I imited where such uses 
do not  c o n f l i c t  wi th  publ ic  use and en- 

The Department of Fish and Game and 
the United States Forest Service have 

joyment of the r ivers .  I 

\ 

W 

entered i n to  a Memorandum of Understand- 
ing t o  cooperate i n  the preparation o f  
management plans fo r  w i l d  and scenic 
r i vers .  The Department o f  Fish and Game 
prepared and the Secretary has submitted 
Waterway Management Plans ( i n  1977) t o  
the Legis lature covering the Salmon 
River, the Van Duzen, and the North Fork 
and the lower American River. 

However, many object ions were voiced 
a t  the l eg i s la t i ve  hearing on the Van 
Duzen plan so t h a t  it and the Salmon 
River plan have been withdrawn, t o  be 
revised, adding I I new c r i t e r i a  for pub- 
l i c  input and other planning considera- 
t ions.  

Ca I i forn i a  Coastal Zone 

The Ca l i f o rn ia  Coastal Zone extends 
from the Oregon to  the Mexican borders, 
i s  from one-half t o  ten mi les wide, and 
includes'about 1.3 m i l l i o n  acres of pub- 
I ic  and pr iva te  land. The Cat i f o r n i a  
Coastal Zone Conservation Commission to- 
gether wi th  s i x  Regional Commissions 
deve I oped the V a  I i forn l a  Coasta I P I  anf1 
which was submitted to Governor Brown on 
December I, 1975. The plan was designed 
to  achieve the long term protect ion and 
the  produc t iv i t y  o f  a l  I coastal re -  
sources. The plan seeks to  protect  con- 
servat ion and harvesting of natural  re -  
sources including maintenance o f  t he  
long term produc t iv i t y  o f  coastal farm- 
lands, grazing lands, and timber lands 
for t h e i r  long term economic value. I t 
a l so  would p ro tec t  Ocean f i sh ing  (com- 
mercial and sport) coastal estuaries, 
wet1 ands, and watersheds. 

Regular Forest Prac t ice  Act and Ru I e 
provis ions govern timber harvesting ex- 
cept i n  Coastal Zone llSpecial Treatment 
Areas" estab I i shed by the Comm I ss i on. 
These Special Treatment Areas, t o t a l l i n g  
54,636 acres, were i den t i f i ed  'for t h e i r  
ecological  f r a g i l i t y ,  recreat ional  uses, 
or scenic values. The Coastal Commis- 
s ion and board of Forestry developed 
special fo res t  pract ice ru les  fo r  timber 
harvesting t o  g ive maximum protect ion to 



these areas. These special rules, now 
i n  ef fect ,  are administered by the De- 
partment o f  Forestry. 

PR I VATE 

Two-thirds of ttForest Industry'stt four 
m i l l i o n  acres o f  forest  land are located 
i n  the North Coast and North I n t e r i o r  
regions. The 9.1 m i l l i o n  acres owned by 
"Other P r  ivatett owners const i t u t e  28 
percent o f  Ca l i fo rn ia 's  forested lands. 
The number o f  such owners i s  unknown and 
t h e i r  object ives vary from preservation 
t o  speculation and from intensive man- 
agement t o  nonuse. Studies of forest -  
land ownership i n  various subregions o f  
t he  State--usua I I y counties--have been 
conducted from time t o  time. Very lit- 
t l e  i s  r e a l l y  known about these lands. 
FRAP has i n i t i a t e d  a study t o  compile 
s t a t i s t i c s  on parcel s izes and other 
county tax  assessment var iables which 
can be examined fo r  cor re la t ion  w i th  
ownership objectives. This study has 
n o t  produced data for ana I ys i  s yet. 

I n  1976, the  concept o f  ItTimberland 
Preserve Zonestt (TPZ's) was created to  
provide special tax treatment to  fo res t  
landowners. Lands designated a t  the lo- 
ca l  level as TPZ's are res t r i c ted  to  the 
growing and harvest i ng o f  timber and 
other compatible uses. They are taxed 
as timber producing lands. The t o t a l  
acreage zoned i n  t h i s  manner Is 5.7 m i l -  
l ion acres. 

Tables 3-2 and 3-3 show the major for- 
e s t  type groups by ownership. The mix- 
ed coni fer  fo res t  i s  spread among sever- 
a l  categories depending on the p l u r a l i t y  
species. Unreserved publ ic  land and g l l  
pr i va te  land i n  the timber s i t e  catego- 
r i e s  I through 6 have h i s t o r i c a l l y  been 
termed ttComnercialtt fo res t  and are the 
source of a l l  timber production i n  Cal i -  
fornia.  (This area const i tu tes 16.3 
m i  I I ion acres.) 

CHANGES IN FOREST AREA di 
The estimate of  t o t a l  fo res t  area de- 

creased from 34 m i  l l ion acres i n  1953 t o  
32.6 m i l l i o n  acres i n  1975. The compar- 
ison i n  Table 3-4 gives a f a i r  p ic tu re  
of the changes in fo res t  land c l a s s i f i -  
cation. 

Estimated comnerc i a  I fo res t  area i n  
Cal i f o r n i a  has decreased about one m i  I- 
I ion acres, Documented refinement in  
s i t e  c lass i f i ca t i on  accounted for 80 
percent of the net dif ference, In  na- 
t iona  I forests, c loser inspection of 
fo res t  lands and 20 years of experience 
provided a basis for reducing the  area 
c l a s s i f i e d  as comnercial forest. On 
lands outside nat ional  ' f o r e s t s  an im- 
proved method of estimating fo res t  pro- 
d u c t i v i t y  was used i n  determining cow 
mercial fo res t  area (MacLean and Bot- 
singer, 1973). Physical conversions for 
reservoirs, roads, res ident ia l  areas, 
agr icu l ture,  and other nonforest uses, 
and wilderness and park expansion 
amount t o  an estimated 202 and 175 thou- 
sand acres respectively. National for-  
e s t  land deferred t o  wilderness study 
and unexplained di f ferences were respon- 
s i b l e  f o r  the remaining change i n  c&- 
mercial fo res t  area (Bolsinger, d r a f t  
1979) . 

, 

The unproductive fo res t  decl ined about 
681 thousand acres pr imari  l y  because o f  
the  c lear ing o f  oak for range develop- 
men t . 

PRIME RANGELAND AND PRIME 
TIMBERLAND 

The W i  I I iamson Act, was adopted p r  i- 
mar i I y as a means of keeping prime agr I- 
cu l tu ra l  land i n  production by the  u t i -  
. I i za t i on  o f  t ax  incentives t o  the  land- 
owners. It presents ce r ta in  c r i t e r i a  u 
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I TABLE 3-2 
I 

1 

FOREST TYPE 

TABLE 3-2 

RESERVED UNRESERVED 

AREA OF PRODUCTIVE FOREST LAND BY MAJOR FOREST-TYPE 
AM) OWNERSHIP IN CALIFORNIA, 1975 

(THOUSANDS OF ACRES1 

I COtMEFCIAL FOREST LAND I 

Redwood 
Douglas-fir 
Ponderosa and Jeffrey plnes(1 
True f i r s  
Lodgepo I e p I ne 
Incense cedar 
Hardwoods 
Nonstocked 
Unclasslfled 

121 
256 
MI 
555 
146 
(2 1 
51 

15 

41 
1,632 
3,172 

189 
(2 1 
648 
35 1 
30 

2,604 

I I 

TOTAL I 1,645 I 8,667 

I I 

FOREST 
INDUSTRY 

308 
499 
368 
524 
10 

199 
588 
111 
180 

2,688 

Source: Forest Survey 

(1) Includes sugar, knobcone, coulter, and monterey plnes. 

(21 Combined w i t h  ponderosa and Jeffrey plnes. 

OTHER 
PR I VATE 

301 
699 
819 
623 
62 

424 
1,603 

2% 
117 

ALL 
CATEGOR I ES 

' 771 
2,987 
4,860 
4,306 

407 
623 

2 , 890 
758 
340 

I 
48944 I 178944 

. 
f o r  q u a l i t y  ag r i cu l tu ra l ,  forest, and/or 
range prime land. Forested lands are a 
c-ategory'of open space lands t o  which 
the Act a lso  applies. As o f  October 31, 
1976, 47 of  the 58 counties, and 19 
C a l l f o r n i a  c i t i e s  were p a r t i c i p a t i n g  i n  
the  Williamson Act. 

The word ttprimet9 i s  o f ten used as re- 
lated t o  s o i l s  o r  the land's productive 
capabi l i ty ,  and as it i s  used by the  
Williamson Act and other federal and 
s ta te  documents i s  not  un iversa l l y  
agreed t o  by land managers. Perhaps 

t h i s  i s  because **primett has been d i f f i -  
c u l t  t o  def ine or a t  least  i s  a word on 
which it i s  hard t o  get agreement as t o  
de f i n i t i on .  (A discussion of the W i I -  
I lamson Act i s  included i n  Chapter 
Fifteen, "Important Forest Resources 
Leg i s I a t  ion. tl) What m i  ght be cons i dered 
prime t o  one person could be considered 
i n f e r i o r  by another. The idea of sub- 
s t i t u t i n g  the term "high yield" or lvmost 
product I vet! has been suggested 
i s  a policymaker's word, n o t  a sq len t i f -  
i c  term. The publ ic  po l i cy  meaning of 
"primett can eas i l y  be changed (Bohrer 
1978). 

'IPr 
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TABLE 3-3 

TABLE 3-3 

AREA OF UNPRODlCTIVE FOREST BY FOREST TYPE AND 
OWNERSHIP IN CALIFORNIA, 1975 

(THOUSANDS OF ACRES) 

. FOREST TYPE 

tedwood 
h u g  I as-f I r 
'onderosa p I ne 
rrue f i r s  
.odgep le  plne 
bmnerc la I hardwoods 
I nyon-Jun I per 

lak roodland 

TOTAL 

PUBLIC 
RESERVED 

19 
295 
357 
274 

7 
56 
84 

1,092 

iource: Forest  Survey 

PUBLIC 
UNRESERVED 

227 
1,382 
1 , 148 

179 
613 
350 
164 

ALL 
PR I VATE 

5 
29 

637 
96 

188 
699 

2,290 
5,531 

4 , 063 9,475 

ALL 
OWNER- 
SHIPS 

5 
275 

2,314 
1,601 

641 
1,319 
2,696' 
5,779 

14,630 

Senate Bill 193, which was introduced 
in 1977 but did not pass, set forth as a 
definition of rrprimell the criteria of 
the amount of acreage necessary to sup- 
port one animal unit per year. This was 
set at 17 acres when the land is managed 
at potential. Table 3-5 contains an 
illustration of proposed criteria for 
prime range I and . 
PR IME RANGELAND 

In general, the definition of highly 
productive rangeland will vary consider- 
ably between different users. 

Three different descriptions of prime 
rangeland are now in use or are being 
considered for use in California. Gen- 

eral ly "prime rangeland" refers to the 
most productive range I and . Because of 
its soil, climate, topography, vegeta- 
tion, water, and related attributes, it 
is better than other rangeland in its 
abi I ity to produce forage for grazing 
animals without degredation of related 
values and environmental quality. 

About 17 million acres of the most 
highly productive rangelands in the 
State fall into this category according 
to data developed by Darwin Briggs in 
1975 for the Soil Conservation Service. 
A conservative estimate would be that 
nearly half of the prime rangeland, or 
seven mi I I ion acres, is forested . (See 
Figure 3-1, llPrlme Range and Timber 
Lands.tl) . 



TABLE 3-4 

TABLE 3-4 

CHANGES IN THE FOREST AREA 
1953-1975 

COMMERICAL FOREST - TIMBER SITE 1-6 

CAUSE OF CHANGE 

Conversion - reservoirs, 
roads, powerlines, residen- 
tlal, grazing, etc. 

Ref lnement In slte classtf 1- 
catlon 

Park and wilderness expansion 

Deferred areas 

Unexplained dlfferences 

Net change 

Grazing clearings 

Reservofrs, roads and al l  
other sources, including 
refinement in slte 
classification and 
unexplalned differences 

Net change 

AREA CHANGE 1953-1975 
(THOUSAND ACRES) 

- 202 

- 812 

- 175 

- 268 

+- 439 

- 1,018 

UNPRODUCTIVE FOREST 
TIMBER SITE 7 

-. 681 

- 102 

- 793 

- 

Source: Based on Bolsinger, draft, 1979. 

PERCENT OF 
I953 

COMMERCIAL 
FOREST 

AREA 

- 1.2 
- 4.7 
- 1.0 
- 1.5 

+= 

- 5.9 

PERCENT OF 1953 
UNpaODtJCT I V F  
FOREST AREA 

- 4.4 

- .7 - 
- 5.1 

1 
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TABLE 3-6 

. 

TABLE 3-5 

CRITERIA 

Sol1 Depth 

c S o l l  Texture . . 

Sol I Permeabl I l t y  

Soll-water Holdlng 
Ca pac I tv 

S I ope 

CI imate 

Precipitation 

Product I v I ty 

PROPOSED CRITERIA FOR PRIME RANGELAND 

USDA DEFINITION* 
(ARE IN DRAFT FORM) 

Less than 502 

Annual air-dry yield 
of the potential plant 
comnunlty In an aver- 
age year at least 750/ 
I bs/A 

Water supply of suit- 
able quallty or water 
that can be economl- 
cally developed wlthln 
two mlles. 

Polsonous plant or 
plants wlth a toxic 
imbalance of minerals 
are not present In 
amounts or under con- 
ditions that severely 
restrict grating. 

SCS STATE DEFINITION** SENATE BILL 193 (1977) 
(ARE IN DRAFT FORM) (NOT PASSED IN 1978) 

20" or more 

Fine, sandy l o a m  to 
clay clay. 

12" or more 

Flne, sandy l o a m  to 

Rapld to slow Rapld to slow 

At least 2.5" At least 2.5" 

304 or less 

80 or w e  frost free 80 for more frost free 
days per year 

12" or more 

Less than 30% 

days per year 

IO" or more 

17 acres to support 
one animal unit per 
year . 

5.5 - 8.5 I 

6.0 

*AgrIcuIture, U. S o  Department of, PRIME RANGELANDS, draft versfon, !hptmbet, 1978, P o  7. 
Agriculture, U. S. Department of, STATEMENT OF PRIME FARMLAND, RANGE, AND FOREST LAND, 
Secretary's Memorandum No. 1827, Supplement June, 1976. 

**Briggs, Darwyn, Prime Agricultural Land and Rangelands, unpubllshed data, 1975. . .  
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Descript ions i n  current  use are l i s t e d  
on Table 3-5, which includes the c r i -  
t e r  la  suggested by the U.S. Department 
o f  Agriculture, the  Sol I Conservation 
Service, and the l eg i s la t i ve  language 
f o r  Senate Bi  I I 193. 

In  preparing the high y ie ld  range land 
por t ion  o f  Figure 3-1, the So i l  Conser- 
vat ion Service (SCS) u t i l i z e d  one o f  the' 
three current  (bu t  not  necessari ly stan- 
dardized) de f i n i t i ons  of prime to de l in -  
eate such range land Statewide. 

PRIME TIMBEFUND 

Figure 3-1, "Prime Timber and Range 
Lands," and Table 3-6," Prime Timber 
Growing Soi Is,11 were derived from Forest 
Service knowledge o f  timber growth as 
referenced in  the SCS's unpublished 
Soils, Vegetation and Land Use Maps o f  
Cat i fo rn ia .  I n i t i a l  l y ,  1976 SCS sub- 
region 1:1,267,000 scale soi l  maps were 
u t i l i z e d  in  conjunction wi th  Forest Ser- 
v ice  determinatlons of s o i l  associations 
general ly capable o f  producing a t  least  
85 cubic feet/acre/year o f  wood incre- 
ment. Figure 3-1 i s  a composite o f  such 
s o i l  associations from the SCS subregion 
maps, plus some addi t ional  information 
from the So i I -Vegetation Survey. 

The 9.2 m i  I I ion acres of prime timber- 
producing land shown in  Table 3-6 repre- 
sents only 25 percent o f  a l l  fo res t  land 
but 56 percent of avai lab le commercial 
fo res t  land in  Cal i forn ia .  Avai lable 
commercial forest  land i s  defined as 
t h a t  which w i l l  produce a t  least  20 
cubic fee t  o f  indus t r ia l  wood per acre 
per year and i s  no t  l e g i s l a t i v e l y  pre- 
served from cutt ing. Over half o f  t h i s  
prime timber growing acreage i s  w i th in  
the  North Coast sub-region wi th  i t s  good 
t r e e  growing so i  Is and high p rec ip i t a t -  
ion rates. 



TABLE 3-6 
I 

TABLE 3-6 

RIME TIMBER GROWING SOILS 
ACRES AND EROSION POTENTIAL 

mos ION 
HAZARD 

s of 
SB-REGION 

ACRES 

SOIL 
ASSOC IATION 

SYWBOL 
SOIL 

SERIES 
EROS ION 
ACTlVln 

ACRES 
(000) 

SB-REGION $ 
OF CALIFORNIA 

NORTH COAST 
m 

0 s .  

HJ 

RK 

XT 

3 4 E G  I ON 
Ferndalo 
Russ 
T t m r  

Wdrldge 
Stet #beck 
Emptre 

Hugo 
Josephlne 
Maymen 

Rohnervt I le 
Knee I and 

T l m r  
Forndalo 

347EGION 
cohasset- 
Alken 

Holland- 
shaver- 
Chawanakee 

Mar I posa- 
Joseph1 ne- 
S t t  

B 4 E G I O N  
See Above 

n n  

MY SUB4EGI 
See Abovo 

n n  

n n  

SuB4EG ION 
See Abova 

None to 
S I  lght 

Moderate 

Hlgh 

Moderate 

S I  Ight 

3 

6 

89 

1 

1 
1 

None 

Moderate 

Moderate 

Moderate 

SI tght 

Moderate 

Moderate 

Moderate 

128 

2% 

4,503 

60 

40 

4.827 

47 

- 

707 

424 - 
1,178 

636 

214 
850 

12 

61 

25 
90 

30 

- - 

- - 

8 

9,185 

- 

Moderate 

Hlgh 

Moderato 

CA 

m 

MJ 

r(.eAslN 
xn.4- 

MJ 

SAN FRANCIS0 
0s 

HJ 

RK 

NORTH LA"T, 

CA 

Hlgh 

Moderate 

Moderate 

Moderate 

l5 

25 

12 

62 

26 

Moderate 

Hlgh 

Moderst. 

Moderate 

Moderate 

m e r a t e  

Moderate 

Moderate 

Moderate 

Moderate 

. 100 

100 
SOUTH LU(0NTAN SUB-REGION 

MJ See Above 

Calltornla Total 

From: Oata wpplled Charles Goudey, USFS Regton V, for Found rood growth of at least 85 
cublc feet per acre per year e from nlnventorylng Cal Ifornta's W l  tdtand Resourcesn 
by L. T. &Ireham, Csllfornla Deparlumnt of Forestry, 1973 - T a b t o  1-2. 
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INTRODUCTION 

A watershed i s  commonly defined as the 
region draining i n t o  a r i ver .  I t  encom- 
passes t o  varying degrees a l  I o f  the 
other fo res t  resources i den t i f i ed  i n  
FRAPA. The underlying geology forms the 
framework on which the watershed deve- 
ops i t s  character ist ics,  including s o i l  
and drainage patterns. Soi l  forms the 
basi s o f  the watershed f o r  vegetative 
growth with the dynamic force wi th in  the 
watershed being the water i t s e l f .  These 
two components, s o i l  and water, and 
t h e i r  in teract ions a f f e c t  the nature o f  
the e n t i r e  watershed. For example, i n  
dry environments, t rees w i l  I o f ten  be 
found growing on north facing slopes and 
brush on south facing slopes due t o  the 
greater amount of water avai lab le on 
nor th  slopes. The r i c h  a l l u v i a l  s o i l  i n  
drainage bottoms supporting the t a l l e s t  
t rees  i n  the wor ld  i s  created by f lowing 
water moving and deposit ing s o i l  pa r t i -  
cles. The other s ide t o  t h i s  coin i s  
t h a t  i n  the forested watersheds the most 
common water po l l u tan t  i s  sediment. 

This chapter discusses the basic char- 
a c t e r i s t i c s  and inventory aspects o f  
these two components and a lso examines 
the  resu l t s  of the in teract ion between 
the  two, such as so i l  erosion and the 
degradation o f  water qual i ty .  Laws and 
regulat ions governing the control  of wa- 
t e r  qua l i t y  are outl ined. 

THE SOIL COMPONENT 

S o i l  i s  the aggregate o f  weathered 
minerals and decaying organic matter 
covering the ear th  i n  a t h i n  layer. 
Man's very existence depends on good 

so i l ,  whi le the maintenance o f  s o i l  
q u a l i t y  (and quant i ty)  depends t o  a 
large degree on man. 
sures, and our shrinking per capi ta  land 
base, make knowledge of the  characteris- 
t i c s  and l im i ta t i ons  o f  our s o i l s  manda- 
t o r y  for a l l  uses o f  the land. Soil 
must be considered a nonrenewable re- 
source because o f  the great  t ime span 
t h a t  i s  required fo r  i t s  formation. 

Population pres- b 

SOIL SURVEY STATUS 

For the past t h i r t y  years, State and 
federal agencies have been conducting 
s o i l  surveys on the forested lands of 
Cal i forn ia .  The Forest Service (FS), 
t he  Soil  Conservation Service (SCS), and 
the  CDF have been the three lead agen- 
cies. The areas for which so i  I surveys 
have been completed are shown on Figure 
4-1. 

The Ca I i forn i a  Department of Forestry 
Soil-Vegetation Survey 

When the  So i I -Vegetat ion Survey was 
begun in  1947, there was no ac t ive  pro- 
gram for mapping soi  I s  and vegetation on 
the  fo res t  and range areas of the State. 
A t  t h a t  time, most soi  I mapping was d i -  
rected toward ident i f y ing  lands su i tab le 
f o r  intensive agr icul ture.  

In  t h a t  year the Board o f  Forestry 
recommended t h a t  the State Legis la ture 
appropriate money f o r  the (then) D iv i -  
s ion o f  Forestry to  survey the forest, 
range, and watershed lands i n  coopera- 
t i o n  w i th  the (then) Ca l i f o rn ia  Forest 
and Range Experiment Station, now ca l led  
the  Pac i f i c  Southwest Forest and Range 
Experiment Stat ion (PSW). Legis la t ion 
was passed which authorized the D iv is ion  
of  Forestry t o  pa r t i c i pa te  i n  a coopera- 
t i v e  survey of s o i l s  and other re- 
sources. 

The Soil-Vegetation Survey as it has 
been and i s  now conducted i s  concerned 
w i th  w i l d  lands i n  p r iva te  or State own- 
ership. t i s  a deta i led mapping of the  
d i f f e r e n t  kinds o f  s o i l s  and the  exist-  

L E #  
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ing vegetation cover. It includes in- 
formation on s i t e  qua l i t y  for timber, 
s u i t a b i l i t y  for range, s o i l  e r o d i b i l i t y  
character ist ics,  etc. The level o f  the  
data corresponds t o  Order 2 wi th in  the  
guidel ines of the National Cooperative 
So i l  Survey (NCSS). These c r i t e r i a  are 
shown on Table 4-1 ~Vhnvnary of Soil 
Resource Inventory Maps have 
been pub1 ished covering approximately 
8.99 m i l l i o n  acres of surveyed lands i n  
Ca l i f o rn ia  (Malain 1979). 

The State's Soil-Vegetation Survey was 
begun p r i o r  t o  the establ ishment of the 
nat ional  standards designated by the 
NCSS. NCSS standards have not been ap- 
p l i e d  since, because o f  the lack of a 
cooperative agreement, the need for 
acreage counts, and the need for de ta i l -  
ed descr ipt ions of map units. 

The l a t t e r  two have been considered 
excessively cost ly  by OF. As a resul t ,  
many of the s o i l  ser ies used by CDF on 
forested land are not  recognized by the' 
NCSS (Hartman 1978). 

The National Cooperative Soi I Survey 

Congress and the USOA have appointed 
.the Soil Conservation Service as the 
lead agency for the National Cooperative 
Soil Survey, This Survey i s  p r imar i l y  
concerned w i th  obtain ing a national soi I 
c l a s s i f i c a t i o n  and inventory of soi ls.  
This survey i s  being developed by means 
of a cooperative program involv ing fed- 
e ra l  and s tate agencies. 

The SCS has a memorandum o f  under- 
standing w i th  the Forest Service and 
Bureau of Land Management, under which 
each agency has responsibi I i t y  f o r  map- 
ping a l l  lands included w i th in  t h e i r  
j u r i sd i c t i on .  The SCS has "the responsi- 
b i  I i t y  of providing s o i l  surveys on a1 I 
nonfederal lands and i s  responsible for 
so i  I c l a s s i f i c a t i o n  and qual i t y  cont ro l  
on a l  I lands. The SCS has mapped ap- 
proximately 27 m i l l i o n  acres of agr icul-  
tu ra l ,  forest, and range lands i n  Cat i- 

fornia. Much of t h i s  mapping has been 
i n  cooperation w i th  the Univers i ty  of 
Ca l i f o rn ia  Agr icu l tu ra l  Experiment Sta- 
t i o n  and i s  general l y  a t  an Order 2 
level  . SCS s0.i I surveys can be used for 
a var ie ty  of purposes such as urban land 
planning, t imber harvesting use, farm 
and ranch conservation planning. Vege- 
t a t i o n  i s  described as a p a r t  of the  
mapping u n i t  although it i s  not  shown on 
the  published map sheets. 

The Forest Service i s  responsible for 
conducting s o i l  surveys on approximately 
23.5 m i l l i o n  acres of land i n  Ca l i fo r -  
nia. Thus f a r  approximately 14.5 m i l -  
l i o n  acres have been mapped; 3.4 m i l l i o n  
a t  the Order 2 level and 11.4 m i l l i o n  a t  
t h e  Order 3 level. (Note: Due to  some 
overlap ,caused by resurveying, t he  f i g -  
ures g'iven do not  represent the  t o t a l  
acreage mapped. 1 

The remaining nine m i l l i o n  acres of 
unsurveyed land w i l l  be mapped a t  the  
Order 3 level . This p ro jec t  i s  sched- 
uled for completion by 1980. Once the 
bas i c I nventor i es are comp I eted , fu ture  
so i  I surveys w i  I I be conducted on spec- 
i f i c  s i t e s  t o  provide data for timber 
compartment planning purposes, range and 
fo res t  improvement projects, and recrea- 
t i o n a l  developments. It i s  expected 
t h a t  these surveys w i l l  a l l  be a t  the  
Order 2 level. Soi l  monitoring programs 
w i I I a lso be increased to  determine the  
e f f e c t s  o f  management pract ices on the  
so i I resource. 

The NCSS data i s  cont inual ly  updated 
and improved through conferences a t  na- 
t iona l ,  regional and State levels. A 
National Soil Survey Conference i s  held 
every other year. Regional conferences 
are held during a l te rna te  years. The - 
Ca l i f o rn ia  So i l  Survey Committee (CSSC) 
meets quar ter ly  t o  discuss rules, regu- 
lat ions, and standards per t inent  t o  
c lass i f y ing  soils. The CSSC consis ts  of 
members from the  Forest Service, Bureau 
of Land Management, Soi I Conservation 
Service, Soil-Vegetation 'Survey, the 
univers i t ies,  local  agencies, and others 
interested i n  so i  I c lass t f i ca t ion .  
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TABLE 4-1 

~ 

How 
mNouCn0 

O f f i c e  90 
percent 
FIeld IO 
percent 

hi' 
INVENTORY 

UNIT 
R&F?Eo 

State or Reglon 

Mlnlmum a p  dellnea- 
tlon 10,OOO acres 
or w e  

F TABLE 4-1 

Offlce lo 
percent 
Fleld 30 
percent 

O f f l c e  50 
percent 
FIeld 50 
percent 

Offlce 30 
percent , 

Fleld 70 
percent 

SCOPE AN0 
CURRENT w 
EFFORTS 

Multl-forests or Sol1 laps and dato for 
portlons of forest. brood plennlng of nultl. 
MIntmum mp dellnea- forest areas or lands 
tlon 640 to I0,ODo rlth Ilmlted land use 
acres altunatlves. 

Natlonal Forest Sol1 maps and dato for 
forest level and sane 

Hlntaum rap dellnea- compartment ptannlng. 
tlon 40 to 640 acres Capabllltles and Ilmlta 

tlons Identlfled for . 
allocation of uses and 
s m  aanagauant systems 

Sot1 aps and data for 
canpartment plannlng an1 
some projekt deslgn. 

tatlonr for altematlve 
systems of management 
are ldentlf led. 

Portlok of *est 

Mtniaum mp dellnea- 
tlon 5 to 40 acres Capabllltles and Ilnl- 

ORDER 
f 

, 

SolI-Vegetatlon 

Sol1 Conserva- 
tlon Servlce 

Reconnalssan& 

USFS National 
Forest Sot 1 
Survey 

Oftlce 20 
percent 
FIeld 80 
percent 

S W  OF SOIL RESOWS INVENTORY ORDERS 

Profed meas 
0.5 to 5 acres 

DATA 
souRcE 

ORDER 
1 

Selected aroas 
(15 to 25 sq. nt) 

or 2. ProJedlon by 
landscape and p-h"to 
Interpretation. 

Representatlve t o l l  
dellneattons are 
sampled. Projectton 
by photo interpreta- 
tlon and observatton. 

mapped Crt order 1 

0etaIl.d 

Sotls Identlflod In 
reprosentatlve 
del Ineattons. Pro- 
Jectlons by observa- 
tlons and photo 
Interpretat Ion. 

SolIs Identlfld In 
.a& dellneatton. 
ProJectlons by clcse 
observatlons and 
photo Interpretatton. 

Solls 1dentIfl.d tn 
oach del Ineatton. 
Boundarles plcrtted 
from fletd 
observa*lons. 

I 

Sol1 raps and dat8 for 
w r y  broad ptannlng 

Predlctlng asJor land 

Sol1 amps and data for 
lndlvldwl proJect 
destgn. 

Sources Watushed Resource Management Handbook, Forest SBrvIce, USDA. kglm V, 1978. 

FOREST SOILS t he  State, there i s  a wide va r ia t i on  i n  
s o i l  types. Certain s o i l s  w i  I I form on 

Soi l  Formation and C lass i f i ca t i on  C r i -  more than one-parent material, A t  the 
t e r  i a present time, there are more than 870 

ind iv idual  s o i l  ser ies and 2,500 s o i l  
So i l s  are c l a s s i f i e d  on the basis o f  phases wh i ch  have been recogn ized and 

t h e i r  natural  chemical and physical pro- mapped w i th in  Cal i fornia.  Phases o f  
p e r t  i es. These i nc I ude such  character- soi I ser ies are an important considera- 
i s t i c s  as texture, 'pH, depth, stoniness, t l o n  since they are  normally based on 
color, sot I temperature, horizon devel- slope, stoniness, e r o d i b i l i t y ,  and other 
opment w i th in  the  so i l ,  and parent ma- f ac to rs  s i g n i f i c a n t  t o  man's use of man- 
t e r i a i  , agement o f  the so i l ,  a l l  of which are  

important factors  In  erosion. Many more ' 
ser ies  and phases w l  I I probawy be iden- 

so i  I are: parent material, c l  Imate, t i f t e d  as detai led mapping of the wi~ld- 
b io log i ca l  organisms ( inc lud ing vegeta- lands progresses since there are many 
t lon) ,  time, and topography. forested areas o f  t he  State which have 

The factors  a f fec t i ng  the formation of 

Due t o  
r e a t  va r ia t i on  i n  these factors wi thfn never been mapped. u 
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Forest So i l  Relat ionships 

There are approximately 168 d i f f e r e n t  
s o i l  ser ies which have been mapped on 
the  fo res t  lands of Cal i f o r n i a  alone. 
The ten most common or ftfamousft so i  I s  i n  
each Forest Pract ice D i s t r i c t  are l i s t e d  
i n  Table 4-2 (Zinke 1979). The Soil- 
Vegetation Survey legend numbers are 
I i s ted because so i  I ser ies names may 
change, but  the numbers w i l l  consistent- 
l y  describe the same so i l .  The f i r s t  
d i g i t  o f  these numbers provides informa- 
t i o n  about the o r i g i n  o f  the so i l ;  the  
second gives information about the vege- 
ta t ion;  the  f i n a l  d i g i t ( s )  provides an 
i den t i f i ca t i on  for the series. These 
s o i l s  can be grouped in to  classes o f  
p r o f i l e  development and by broad geolog- 
i c  group o r  parent material as displayed 
i n  Table 4-3. The approximate percent- 
age o f  Ca l i fo rn ia  fo res t  s o i l s  i n  each 
prof  i l e  development group i s  shown on 
Table 4-3. 

The var ie ty  o f  environmenta I cond i- 
t i o n s  which e x i s t  i n  Ca l i fo rn ia  on for- 
ested lands make important the under- 
standing t h a t  there i s  a predictable se- 
quence o f  s o i l  p r o f i l e  development fo r  
each parent material.  The degree o f  de- 
velopment can be recognized by obvious 
f i e l d  character is t ics  such as color,  
c lay  content, o r  stoniness and can be 
re la ted  t o  s o i l  propert ies a f fec t i ng  
fo res t  management such as product iv i ty ,  
s o i l  erosion potent ia l ,  o r  road bui ld ing 
capabi I i t i es .  The propert ies o f  the 
s o i l s  i n  the immature s o i l  p r o f i l e  de- 
velopment group are very s imi la r  t o  the 
parent material.  As s o i l s  develop, the 
surface s t ructure becomes stronger (more 
pronounced v isua l l y ) ,  the  subsurface 
s t ruc tu re  becomes weaker, and the per- 
centage o f  gravel o r  stoniness de- 
creases. The subsurface c lay content o f  
a soi l  increases wi th  age, which de- 
creases permeabil i ty and i n f i l t r a t i o n  
rates, and increases water holding ca- 
pacity. The higher c lay content of more 
mature s o i l s  o f  a l l  parent mater ia ls  
w i l l ,  for example, l i m i t  road gradients 

f o r  unsurfaced roads due t o  decreased 
t r a c t i o n  when the roads are wet (Zinke 
and CoIweII 1965). Lj 

Knowledge about the locat ions and 
charac ter is t i cs  o f  s o i l  ser ies i s  impor -  
t a n t  f o r  the formulation of e f f e c t i v e  
fo res t  management decisions. (Sol I 
erosion i s .  addressed in  the section on 

So i I /Water I n te rac t  i ons . 11) 

Forest.Soil Produc t iv i t y  

The so i l ,  the  climate, and ce r ta in  
b i o t i c  factors  a f f e c t  the produc t iv i t y  
o f  fo res t  lands. The main s o i l  factors  
which inf luence commercial t imber (coni- 
f e r )  growth i n  Ca l i f o rn ia  are: I )  depth 
and texture; 2)  permeabil ity; 3) chem- 
i c a l  character ist ics;  and 4 )  drainage or 
runof f  charac ter is t i cs  (S to r ie  and Wies- 
I ander 1948) . In the Coast Ranges, the  
best timber s i t e s  are on deep loam to  
c lay  loam s o i l s  a t  e levat ions o f  100 to  
3,000 feet, l y ing  inland from the  ef- 
f ec ts  o f  the ocean, and w i th  a t  least  40 
inches annual r a i n f a l l .  The best red- 
wood s i t e s  are on the deep loamy a l l u v i -  
a l  s o i l s  along large r ivers .  The best 
Douglas fir s i t e s  are on deep Hugo and 
Melbourne s o i l s  on lower canyon slopes 
w i th  north aspects. In the S ie r ra  Neva- 
da and Cascade ranges the best s i t e s  are 
on deep loam t o  c lay loam s o i l s  w i th  a t  
leas t  40 inches annual r a i n f a l l ,  depend- 
ing on lat i tude. In the mid-elevation 
zone o f  the timber belt, the vegetation 
o f  the best s i t e s  i s  a mixed commercial 
con i fe r  type of ponderosa and sugar 
pine, and white and Douglas fir (Col- 
well, 1979). 

The s o i l s  wi th moderate p r o f i l e  devel- 
opment are overa l l  the most prbductive 
timber so l  I s  (Colwel I ,  1979). However, 
there are cer ta in  s o i l s  i n  the  other 
p r o f i l e  development groups which are 
capable o f  producing S i t e  I timber. Ob- 
viously, factors  other than s o i l  alone, 
such as seed d is t r ibu t ion ,  climate, and 
slope, w i  I I inf luence timber product iv i -  

dd t Y  
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TABLE 4-2 

W 

TABLE 4-2 
THE TEN wFAMOUSw FOREST SOILS, IN ORDER OF AREA, 
OF EACH FOREST PRACTICE ACT DISTRICT IN CALIFORNIA 

SERIES NAME 

NORTHERN 0 I STR I CT 

Cohasset 
Sheet Iron 
A I ken 
Joseph Ine 
McCarthy 
Boomer 
Mariposa-Marpa 
Sltes 
Chalx4hawanakee 
Neuns 

COASTAL DISTRICT 

Hugo 
Joseph I ne 
Larabee 
Masterson 
Mendocl no 
Or Ick 
S I tes 
Atwel I 
Empire 
Sheet iron 

~~ 

SOUTHERN DISTRICT 

Shaver 
Hol land 
Muslck 
Mar I posa-Marpa 
ChaIx-Chawanakee 
Boomer 
SItes 
Corbett 
Englebrl ght 
Ahwahnee 

~ .. 

SOIL-VEGETATION 
SURVEY LEGEND 

717 
820 
71 1 
815 
7124 
71 I8 
827-81 1 
816 and 816111 
7 158-7 129 
728 

81 2 
815 
914 
82 1 
915 
813 
816 and 816m 
823 
920 
820 

7127 
716 
71 17 
827-8 1 1 
71 58-7 I29 
71 18 
816 and 8th 
7121 
71 53 
749 

AREA( 

223 
144 
77 
69 
67 
61 
51 
50 
47 
29 

_ _ ~ ~ ~  

1,498 
354 
129 
121 
63 
52 
45 
34 
34 
21 

('' Areas are In thousands of acres mapped. 
Reprlnted frm Qtllfornia Forest Soll~,~ Dlvfsion of A g r l -  
cultural Sclences, University of Callfornla, Aprll 1979. 

I :97. ' 
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THE WATER COMPONENT 

STATEWIDE (1972) SUPPLY AND USE OF WA- 
TER 

An overview of Statewide hydrologic 
condi t ions from prec ip i t a t i on  to  even- 
t u a l  consumption i s  provided i n  Figure 
4-2. The source of information for t h i s  
char t  was WR B u l l e t i n  160-74, *!The 
Cat i f o r n i a  Water Plan-Outlook In  1974." 

I n  Cat i forn ia ,  the  average annual pre- 
c i p i t a t i o n  i n  the form of r a i n  or snow 
amounts t o  about 200 m i l l i o n  acre fee t  
of water (an acre-foot of water equals 
approximately 326,000 gallons). 126 m i l -  
l i o n  acre fee t  are unavailable for human 
use as a consequence of evaporation from 
vegetation, ground, and water surfaces, 
and through t ransp i ra t ion  which occurs 
i n  a l  I vegetatlon including agr icu l tu ra l  
crops. Pa r t  of the remaining prec ip i ta-  
t i o n  percolates i n t o  ground water aqui- 
f e r s  and recharges ground water reser- 
voirs. The remainder runs of f  to  oceans 
or i n t e r i o r  lakes. 

Three sources other than prec ip i ta t ion  
a f f e c t  the  supply of water. The f i r s t  
i s  groundwater w i  thdrawa I, representing 
an overdraf t  i n  excess of annual replen- 
Ishment. The second two contr ibut ions 
are from out-of-state sources: inf low 
from Oregon, and imports from the Color- 
ado River. 

A I  I totaled, there are approximately 
58.6 m i l l i o n  acre fee t  of water t h a t  
could be developed for po ten t ia l  use. 
32.6 m i l l i o n  acre fee t  of t h i s  potent ia l  
a re  cur ren t ly  regulated by various fed- 
eral, State and local water pro jects  
t o  meet the  lldemandsfl for water. When 
one considers decreases and/or increases 
i n  t h i s  amount due t o  factors  such as 
loss during t ransport  or increase caused 
by reuse, the t o t a l  volume of regulated 
water used consumpt ive I y amounts to ap- 
proximately 37.4 m i l l i o n  acre feet. 
Th is  i s  cat led the V o t a l  appl ied water 
demand .I1 

The consumptive uses t o  which water i s  
pu t  inc I ude mun ic  i pa I, domestic, indus- 
t r i a l ,  ag r i cu l tu ra l ,  power p lan t  cool- 
ing, recreation, and f i s h  and w i l d l i f e  
management. Agr icu l ture i s  the predani- 
nant use accounting for about 85 percent 
of  the applied water. 

There i s  no quant i f i ca t ion  i n  Figure 
4-2 o f  the t o t a l  amounts o f  water which 
meet instream, predominantly nonconsunp- 
t i v e  uses such as the  maintenance o f  
f i s h  and w i l d l i f e  hab i ta t  and water 
qual i t y ,  and the  generation of hydro- 
power. There are numerous agreements 
between water developers and other par- 
t i e s  (o f ten  the Depariment of Fish and 
Game) t h a t  speci fy condi t ions requ i r ing  
maintenance of down stream f I ows . O f  ten  
such requirements are made a p a r t  of  
water r i g h t s  and other agreements. 

PROJECTED CONSUMPTION AND TECHNIQUES 
FOR INCREASING SUPPLY 

According to  1974 pro ject ions of the  
Department of Water Resources (DWR) con- 
sumption of water i n  1990 w i l l  have in- 
creased by 10 t o  24 percent above the  
1972 level. E3y 2020, it w i l l  be 15 t o  
49 percent higher than the  1972 level. 
The amount of the increase w i  I I depend 
on the in teract ion of several varia- 
b I es. 

Reduction of evapotranspiration by the 
removal or conversion of vegetation, 
weather modification, and the capture of 
presently unregulated streamflow are 
three techniques for increasing the 
quant i ty  of water avai lab le for consunp- 
t i v e  use which are  l i k e l y  to  occur i n  
forested watersheds of the  State. Other 
techniques are: importat ion of water, 
reclamation of waste water, desal iniza- 
t ion,  and adoption or expansion of con- 
servationsmeasures so t h a t  demand begins 
t o  decrease. 

Water y i e l d  from forested areas in- 
creases as evaporation, t ranspirat ion,  
and intercept ion losses are reduced 

I 
i 
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FIGURE 4-2. 

SOURCE, DISTRIBUTION, SUPPLY AND USE OF WATER 1972 
(millions of A m  Feet) 

Ev8potranspiration from 
f o y t  rangeland, unirrimtcd 
agricultural. nmiw ve~etation 

and other Imds 
118.0 

Awiarlturally &iw 
wapotrmspiration on 

irriwted lands 

___----I_____------___. 

127.8 

I Rurmff I 67.1 

I 72.2 I 

Outflow to Nevada 

Saliniry npulsion 

Wild and sank 

Rwlated water [rt”-Ji 

Loa1 surtrs water 
dsvllopnau 

9.3 

lmpons by loal 
water 8Qepencisr 

2.4 

Ground water 
safe yield 

5.1 

State water project 
1 .2 

Other Marl water 
dsv.lOpnrmU 

5.1 

h t r a l  valley 
proiset 

7.3 

Ground water 
overdraft 

2.2 

1972 rupplv noncunrumptiw 

of water I 
ACRE FOOT - The amount of water necewrv 
to cover 1 YIT to a depth of 1 foot. This equals 
&out 326m @llonS. 

SOURCE:* WVR BULLETIN (80741 

through the removal of vegetation. Max- 
imum possible increases from fores t  cut- 
t i n g  are obtained by some form o f  clear- 
c u t t i n g  (Anderson 1976). As re f lec ted  
i n  Table 4-4, snow accumulation In- 
creases up t o  34 percent a f t e r  c lear  
c u t t i n g  have been reported a t  the  Cen- 
t r a l  S ier ra Snow Lab in  Cal i forn ia .  The 
t iming of the  run-off i s  a lso i n f l u -  
enced. Snow accumul ates i n  forest  open- 
ings and, depending upon the or ien ta t ion  
and size of the cut, snow mel t  i s  accel- 
erated o r  delayed, causing increased or 
decreased peak flows. Control led burn- 
ing may a lso be used to c lear  vegetation 
t o  increase water yield. 

Clear ing coniferous forests, especial- 
l y  i n  the snow bel t ,  can have r e l a t i v e l y  
long-term e f fec ts  on y ie lds  of snow and 

1 un5 

. Canveyanca 1-1 
R b u t a  of 

water 
9.1 

Applied 
water 
37.4 

I I 

water. Where regrowth i s  slow or covers 
only p a r t  o f  the area, increases i n  wa- 
t e r  y i e l d  can l a s t  20 years or more. 
Timber harvesting designed t o  increase 
water y ie lds  o f f e r s  a comparatively ec- 
onomical means f o r  producing a t  least  a 
small pa r t  of the volume of water needed 
t o  sa t i s f y  the projected conswnpt ion 
(Anderson 1976) . 

Weather modif icat ion consists of seed- 
i n g ’  clouds t o  increase prec ip i ta t ion.  
I n  recent years such pro jects  have been 
undertaken i n  Cal i f o r n i a  by the  Depart- 
ment of In ter ior ,  t he  8ureau of Reclama- 
t i o n  and DWR. Unfortunately, the pro- 
cesses for evaluating the e f f e c t s  of 
cloud seeding have been d i f f i c u l t  to de- 
velop and are not  widely accepted. Be- 
cause changes i n  p rec ip i t a t i on  caused by L J  



TABLE 4-4 

TABLE 4-4 

INCREASE I N  MAXIMUM SNOW ACCUMULATION (WATER CONTENT1 
AFTER CUTTING IN WESTERN OONIFER FOREST 

LOCATION AND 
FOREST COVER 

Central Sierra Snow 
Laboratory, Cal i forn ia  
(NE) 

Red fir 

TREATMENT 

C learcut 
East-west str ip, 1 tree- 

Block cutting, 1 tree- 

Se I ect  I ve c u t t  I ng; crown 

height wide 

he Ight wide 

cover reduced from 
905 to 50% 
eo% to 351 

Commerclal selection cut 
Wall-and-step forest  

MAXIMUM INCREASE IN 
SNOW A 0  

Inches 

11 

12 

15 

2 
9 
7 

19 

MULAT I ON 

Percent 

23 

26 

34 

5 .  
19 
14 
25 

Source: H. W. Anderson; M. D. Hoover; K. G. Relnhart; "Forests and Water: 
Ef fects  of Forest Management on Floods, Sedimentation and Water Supply,* 
USDA General Technical Report, PSW 18/1976 

seeding f a l l  w i th in  the range o f  natural 
varia-kion, they are d i f f i c u l t  t o  Ident i -  
fy. Weather modi f icat ion involves un- 
c e r t a i n t i e s  regarding impacts beyond 
t a r g e t  areas, p a r t i c u l a r l y  as they re- 
l a t e  t o  claims o f  decreased potent ia l  
prec ip i ta t ion,  o r  costs due to increased 
water i n  the form of f loods or snow. 

Potent ia l  water pro jects  which would 
capture presently unregu 1 ated water are 
af fected by a l l  or some of these consid- 
e r a t  ions: 

Releases to meet Del ta  outf low re- 
quirements, p r i o r  downstream water 
r igh ts ,  and navigation flow requlre- 
ments. 

Streamflow releases for f i s h  pres- 
ervat ion o r  enhancement. 

gd 

Reservoir space t o  be reserved f o r  
flood control.  

Ma i ntenance of reservo i r storage 
levels  for recreation. 

Releases for generation of h y d r e  
e l e c t r i c  power. 

Maintenance of f ree f lowing 
streams as required i n  the Cal i for- 
n i a  Wild and Scenic Rivers Act. 

QUANTITY OF WATER FROM FOREST LANDS 

The proport ion of the State's annual 
run-of f or i g  i nat  i ng in  forested water- 
sheds underscores the importance of 
these areas to  the State 's t o t a l  water 
supp I y . The average annua I un impa i red 
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surface run-off f o r  each o f  Ca l i fo rn ia 's  
12 hydrologic basins i s  shown on Figure 
4-3. These ttbasinslt have been defined 
by agencies concerned with water quanti- 
t y  and qual i ty.  The f igures presented 
span a 53-year period (1894-95 t o  1946- 
47) wi th s l i g h t  modif icat ions where nec- 
essary t o  represent events such as the 
construction o f  dams. Differences i n  
the  mean annual run-off between hydro- 
l og i c  basins r e f l e c t  the great geogra- 
phic var iabi  I i t y  o f  p rec ip i t a t i on  in  the 
State. Most o f  the State's run-off oc- 
curs i n  the north coastal basin, t he  
area which has the  highest average pre- 
c i p i t a t i o n  rates i n  the State. Flgure 
2-2 i l l u s t r a t e s  Statewide p rec ip i t a t i on  
rates. 

The forest  land cont r ibu t ion  t o  the 
State's t o t a l  annual surface run-off i s  
shown on Figure 4-4. As presented on 
t h i s  map, forest  land or some 21 m i l l  on 
acres, accounts f o r  about 70 percent o f  
t h e  State's average annual run-off, car 
50 m i l l i o n  acre feet. The remaining I1 
m i l l i o n  acres o f  f o res t  land genera l y  
border these areas and also produce s u b  
s tant  l a  I run-of f . The t o t a  I percentage 
i s  unknown but it i s  s i g n i f i c a n t l y  above 
70 percent o f  the t o t a l  run-off. 

The a v a i l a b i l i t y  o f  s u f f i c i e n t  water 
o f  good qua I i t y  i s  o f  central  importance 
t o  the well-being o f  t h i s  State. State 
law mandates t h a t  the water resource be 
adequately protected t o  ensure i t s  pres- 
e rva t ion  f o r  benef ic ia l  uses and the en- 
joyment o f  present and fu ture genere  
t i o n s  o f  Cali fornians. The re la t ionsh ip  
o f  forests  t o  water quant i ty i s  clear. 
Water qual i ty,  especial ly as it i s  af- 
fected by land use practices i n  the for- 
est, i s  a second important watershed 
concern. 

SOIL/WATER INTERACTIONS 

PARAMETERS OF WATER QUAL I TY 

Many o f  the physical, chemical, and 
b io log i ca l  q u a l i t i e s  of water can be 

evaluated. The parameters o f  water 
qual i t y  cur ren t ly  monitored are tu rb id i -  
ty, suspended sed iment, pH, d i sso I ved 
oxygen, temperature and t o t a l  dissolved 
s o l i d s  such as ni t rogen and potassiun. 
Other parameters may include cot i form 
bacteria, phosphorous, n i t ra tes,  c e r t a i n  
heavy metals and chlor ides (Board of 
Forestry 1929) , 

di 

Impairments t o  water q u a l i t y  a re  o f  
t w o  types, po in t  and' nonpoint pol lu- 
tants. In  general, p o i n t  po l l u tan ts  
o r i g i n a t e  from an i d e n t i f i a b l e  location, 
such as an e f f l u e n t  discharge pipe, 
Nonpoint pol lu tants  o r i g ina te  from d i f -  
fuse sources; i d e n t i f y i n g  the o r i g l n  o f  
these pol lu tants  i s  a d i f f i c u l t  task. 

Although both types of p o l l u t i o n  are  
found i n  forested areas, the nonpoint 
type i s  o f  far  greater signif icance. 
Table 4-5 indicates ( i n  m i l l i o n s  of 
pounds per year) the p o l l u t a n t  loads 
from po in t  and nonpoint sources i n  the 
western por t ion o f  the North Coastal 
Basin (NC on Figure 4-31, a preduninant- 
l y  forested area. Annual nonpoint loads 
are  roughly 5 t o  1500 times the po in t  
loads o f  comparable pol lutants. 

On forested watersheds, nonpoint pol- 
l u t i o n  i s  a consequence of  both natural 
processes and o f  human a c t i v i t i e s .  The 
d i s t i n c t l o n  between man-caused and natu- 
r a l  nonpoint p o l l u t i o n  i s  o f ten d i f f i -  
c u l t  t o  make because most nonpoint pol- 
l utants (sed irnent, nut r ients) ,  usual l y  
associated with ce r ta in  a c t i v i t i e s  un- 
dertaken by man, a re  also na tu ra l l y  oc- 
c u r r  ing const i tuents o f  water. Water 
qual i t y  changes caused by human a c t i v i -  
t i e s  are l i k e l y  t o  augment o r  exaggerate 
changes caused by natural  l y  occurring 
events. 

Po in t  pol l u t i o n  i n  forested watersheds 
i s  almost invar iably caused by human 
a c t i v i t i e s .  The po l l u tan ts  may cons is t  
of substances general l y  foreign t o  the 
stream channel (sewage, t o x i c  metals) or 
they may be sediment. However, i n  con- 
t r a s t  to nonpoint po l lu t ion,  it i s  eas- crd 
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TABLE 4-6 

TABLE 4-5 

ESTIMATED POLLUTANT LOADS FOR NORTH COAST BASIN (IB) 
( I N  MILLIONS OF POUNDS PER YEAR1 

~ ~~~ ~~ 

Suspended sol ids 

Tota I n 1 trogen 

Total phosphorus 

NONPOINT WASTE LOADS 
FROM LAND RUNOFF 

24,342.0 

68.1 

5. I 

MUNICIPAL POINT 
WASTE LOADS 

17.2 

2.8 

I .o 

Source: Water Quality Control Plan Report, North Coastal 
Basin ( IB) ,  Part II, State Water Resources Control Board, 
April, 1975 

i e r  t o  idenTify the o r i g i n  o f  po in t  pol- 
l ut ion  and to measure the discharge. 

SOIL EROSION 

The passage of t ime and the act ion of 
weathering and grav i ta t iona l  forces on 
geologic mater ia ls creates the  drainage 
patterns and hydrologic charac ter is t i cs  
of  a watershed. The resistance of d i f -  
fe ren t  kinds of rocks to  weathering and 
the  nature of the  forces act ing upon 
them determine the r e l a t i v e  ra tes  o f  
s o i l  formation and s o i l  erosion i n  an 
undisturbed watershed. 

Once a soi I has developed, I t s  inher- 
en t  propert ies such as structure, tex- 
ture, organic matter content, depth, and 
chemical composition a f f e c t  i t s  erodi- 
b l l i t y  by determining such propert ies as 
permeabil ity, i n f i l t r a t i o n ,  and water. 
holding capacity. These propert ies In- 
f luence the  amount and kind of erosion 
which can occur through in te rac t ion  w i th  
spec i f i c  external factors  such as steep- W 

ness and length o f  slope; in tens i ty ,  
duration, and type o f  prec ip i ta t ion;  
amount and 'kind of surface vegetative or 
l i t t e r  cover; and treatment o f  the land. 
The in teract ion of the  land use prac- 
t i c e s  and the external factors  can lead - 
t o  accelerated erosion. 

Table 4-6 (Colwell 1979) shows one set  
of re la t ionships between so i  I prof  1 l e  
development, parent mater ia l  and re la-  
t i v e  erosion hazard rat ings.  These are 
average ra t i ngs  based on the suscepti- 
b i l i t y  t o  various types o f  erosion and 
any one soil wi th in  a group or level  
could vary considerably. As stated ear- 
l i e r  s o i l  p r o f i l e  development and parent 
mater ia l  can be correlated w i th  the soi l  
proper t ies inf luencing the basic erodi- 
b i l i t y  of any pa r t i cu la r  so i l .  When 
deal ing w i th  spec i f i c  land use a c t i v i -  
t i e s  each s i t e  must be i nd i v idua l l y  
evaluated as t o  spec i f i c  impacts of the 
a c t i v i t y  on the soil resource. (Erosion 
hazard ra t ings  are discussed in  IIErosion 
Control of S i l v i c u l t u r a l  Act iv i t ies.")  



TABLE 4-6 

Table 4-6 shows three kinds o f  erosion 
and demonstrates t h a t  s o i l s  can erode 
d i f f e ren t l y .  Surface erosion re fe rs  t o  
ltsheettl erosion caused by the movement 
of water i n  sheets or as laminar flow 
over the surface o f  the soi I . Shal low 
channe I s ca I I ed llr i I I sl1 may be formed . 

display some of the highest surface e r e  
s ion rates. However, a t  high elevat ions 
most shal low s o i l s  from any parent ma- 
t e r i a l  are h igh ly  erodib le  (Colwell 
1979). In the North Coast Region s o i l s  
t h a t  have formed on fractured Franciscan 
rocks, on steep slopes wi th  high amounts 
of r a i n f a l l  are very susceptible t o  a l l  
forms o f  erosion. Surface erosion i s  perhaps the most 

insidious form of erosion in, t h a t  the 
top layers o f  s o i l  contain the bulk o f  
s o i l  nutr ients.  Thus a l i t t l e  s o i l  loss 
may r e s u l t  i n  I arge amounts o f  nu t r i en t  
loss. 

Other forms of erosion which remove 
more o f  the subsoi I include gul l y ing  and 
mass movement. In gul l y  erosion water 
i s  concentrated i n to  deep channels, most 
o f ten  due t o  topographic ef fects,  a l -  
though there i s  inf luence by so i l  char- Immature s o i l s  formed on an acid ig- 

neous o r  g r a n i t i c  parent material are 
most suscept i b I e to sur face eros ion and 

acter i s t  
b i  I i t y .  

cs  such as surface permea- 

TABLE 4-6 
EROSION HAU\RD RATINGS BY DEGREE OF DEVELOPMENT AM) PARENT MATERIAL 

SOIL PA NT MATERIAL GROUPS 
SED I MENTARY KIND OF 

EROS I ON 

Surf ace 

DEGREE OF SOIL ACID 
IGNEWS 

Hlgh 

Moderate 

Moderate 

BAS I C  
IGNEOUS 

Hlgh 

Moderate 

Moderate 

Soft  

H Igh 

Moderate 

Hlgh 

Hlgh 

LOW 

Moderate 

Hlgh 

METAPIWH I C  

Low-moderate 

Low-Moderate 

Low-Moderate 

Hard 

LOW 

LOW 

Moderate 

DEVELOPMENT 

Immature 
Moderately 

Strong I y 
deve I oped 

deve I oped 

Deep Gul ly I mmature 
Moderately 

Strongly 
deve I oped 

deve I oped 

LOW 

LOW 

Moderate 

LOW 

Moderate 

Moderate 

LOW 

Moderate 

Moderate 

Moderate 

Moderate 

Hlgh 

LOW 

Moderate 

Hlgh 

Lands I lde 
(Mass 
movement) 

I mmature 
Moderate I y 

Strong I y 
deve I oped 

deve I oped 

LOW 

Moderate 

Hlgh 

Hoderate 

Moderate 

Hlgh 

LOW 

Moderate 

Moderate 

ource: 
i v ls ion  of Agrlcul tural  Sclences, Unlversity of  California, Aprll, 1979 

Wilmer Colwell, Jr. "Forest Soils of  Call fornlan In: % a I l f o r n l a  Forest Soils 



I n  general, immature soi I s  on uncon- 
sol idated sedimentary rocks are most 
susceptible t o  g u l l y  erosion. This i s  
especial l y  t r u e  of unsurfaced logging 
and t r a c t o r  roads, and skid t r i a l s  on 
t h i s  material.  Moderately and strongly 
developed s o i l s  on igneous rocks which 
have been weathered deeply in to  the par- 
en t  material may gul l y  badly when sur- 
face s o i l  layers are removed (Colwell 
1979). 

I n  the case o f  mass movement, s o i l  ag- 
gregates w i  I I move downslope as a large 
u n i t  carry ing vegetation along, e i t he r  
slowly as i n  creep, or rapidly,  as i n  
lands1 ides or mudflows. This normal l y  
occurs a f t e r  periods of intense r a i n f a l l  
when s o i l s  become saturated. Moderately 
and strongly developed soi ls,  w i th  
th icker  c lay o r  c lay  loam p r o f i l e s  are 
much more susceptible to mass movement, 
especial ly on steep slopes, than are 
weakly developed or immature soils. 

($1 l y  and mass movement erosion usual- 
l y  remove larger volumes of soi l  than 
surface erosion, bu t  much o f  t h i s  s o i l  
w i  I I be less f e r t i  l e  subsoi I o r  parent 
mater ia l  (Rice 1979). When discussing 
s o i l  erosion impacts on s i t e  qua l i t y  
t h i s  d i s t i n c t i o n  i s  important. When 
d i scuss i ng water qua I i t y  impacts the 
d i s t i n c t i o n  i s  not as necessary. 

Stream bank erosion i s  a form of sedi- 
menta t ion d i r e c t  I y a f fec t  i ng water qua I - 
i t y .  So i l  material i s  removed from the 
banks and enters the stream channel. 
This o f ten  occurs due t o  higher-than- 
normal flows of water i n  the channel. 

So i 1 erosion i s  a degrad ing process on 
fo res t  lands not  only because of the im- 
pact  of sediment on water qual i t y ,  bu t  
a l so  because of the  loss of s i t e  qua l i t y  

, which a f fec ts  fo res t  product iv i ty.  Cur- 
r e n t l y  there i s  l i t t l e  information 
ava i lab le  on the actual magnitude of 
t h l s  l a t t e r  e f fect .  

NATURAL EROSION AND WATER QUALITY EF- 

LJ FECTS 

Certain natural events may accelerate 
so l  I erosion processes on a forested wa- 
tershed w i th  subsequent e f fec ts  on water 
qual i ty .  These disturbances may lead t o  
dramatic but usually short- l ived in- 
creases i n  stream sedimentation. F i r e  
and other events which lead t o  the de- 
s t ruc t ion  o f  the vegetative cover can 
i n f  I uence the dynamics of the watershed 
i n  a manner tha t  i s  eventual ly detrimen- 
t a l  to water qual i ty.  The energy of the 
water f lowing through the watershed i s  
equal ized throughout the watershed, and 
a f f e c t s  the geometry o f  the stream chan- 
nels. A c t i v i t i e s  which a f f e c t  t ime of 
de l ivery  o r  amount o f  water del ivered t o  
the channel w i l l  a f f e c t  the morphology 
o f  the  channel, causing readjustments, 
including erosion (degradation) and dep- 
o s i t i o n  (aggradation). 

Storms w i th  unusual l y  high in tens i ty  
r a i n f a l l ,  exceeding the i n f i l t r a t i o n  ca- 
pac i ty  o f  the so i l ,  can t r i gge r  s o i l  
erosion events. Almost 60 m i l  I ion tons 
o f  sediment were swept past Scotia, near 
the  mouth of the Eel River, i n  j u s t  one 
day fo l lowing heavy ra ins  i n  December 
1964 (State Water Resources Control 
Board 1975). A rainstorm of t h i s  magni- 
tude i s  expected once i n  a hundred 
years. These natural events are espe- 
c i a l  l y  c r i t i c a l  i n  f r a g i l e  watersheds 
t h a t  are already susceptible t o  soil 
erosion . 

Water qua I i t y  w i t h  i n  und i stur  bed for- 
e s t  areas w i l l  vary depending upon the 
in te rac t ion  of physical parameters. 
Sed iment and tu rb id  i t y  are t o  be expect- 
ed i n  times o f  extremely high strean- 
flow. In the North Coast area, most of 
t h e  suspended sediment load passes the  
gauging s tat ions during only a few days 
of highest flows. The concentration of 
t o t a l  dissolved so l ids  i n  streams from 
undisturbed fo res t  areas w i l l  vary 
throughout the year, normal,ly reaching a 
maximum during periods of low flow, and 
a minimum during periods of high storm 
run-off (Ca l i fo rn la  D iv is ion  of Forestry 
1972). The dissolved oxygen content i s  
o f ten  highest i n  the winter when temper- 
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TABLE 4-7 

atures are lower. The concentration may 
be lower and more e r r a t i c  i n  the summer 
as a r e s u l t  o f  lower oxygen s o l u b i l i t y  
i n  warm water and greater b io log ica l  
a c t i v i t y  (State Water Resources Control 
Board 1975). 

The present annual sediment y ie ld  at- 
t r i bu ted  t o  land use pract ices and to  
natural  causes ( inc lud ing catastrophic 
events) has been determined for Ca I i for- 
n i a  River Basins (USDA River Basin Plan- 
ning Sta f f  1972). The North Coastal 
portion, i nc I ud i ng areas hav i ng the 
highest estimated sediment production i n  
the  U.S. (Ca l i fo rn ia  D iv is ion  of Forest- 

i t y ,  Smith, Eel, Mad and Russian Rivers, 
those r i v e r s  draining the Mendocino 
area, and Clear Lake. The t o t a l  area of 
these watersheds i s  about 19,750 square 
miles, much o f  which i s  forested (Table 
4-71. 

According t o  the USDA 1972 River Basin 
Study natural  erosion accounts for the 
major i t y  o f  sediment yielded on an an- 
nual basis i n  the CaI i f o r n i a  watersheds 
of  the North Coast. Some 71 percent of 
the  t o t a l  annual sediment yield, or 
about 32 t o  43 m i l l i o n  tons, can be at- 
t r i bu ted  t o  natural causes (See Table 
4-71. The greatest  natural  (and man- 

sediment y ie lds  occur In  the Eel 
Mad River basins. According t o  
978) and Dodge (19761, the 1972 

r y  19721, incorporates drainages from caused 1 
the  Russian River north t o  the Oregon and the 
border. Included are the Klamath, Trin- Coats ( 

TABLE 4-7 

PRESENT ANNUAL SEDIMENT YIELD OF THE NORTH COASTAL RIVER BASINS 
(MILLION OF TONS PER YEAR) 

SED IMENT Y I ELD 

I 
AREA IN SQUARE 

BASIN I MILES 

I Northern 

Klamath 
Tr 1 n I t y  
Smlth* 

10,795 

4,834 I Eel and Mad 
R 1 vers 

Southern 

Russlan River 
Mendoc I no coasta I 
Clear Lake 

4,109 

19,738 XI_ 

D IRECTLY INFLUENCED 
BY MAN 

4.3 - 5.9 

5.5 - 7.6 

3.0 4.0 

12.8 - 17.5 

NATURAL -F 
19.9 - 27.2 25.4 - 34.7 I 

Includes 88 square mi les In Oregon. 
Acre feet converted t o  tons ( I  acre foot = 1775 to 2420 tons) 
Source: USOA Rlver Basln Staff, 1972 
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USDA study f a i l e d  t o  take i n to  account 
the  ro t  e o f  upstream hydro I og i c changes 
i n  i n i t i a t i n g  downstream lands1 ides and 
bank erosion and f o r  t h i s  reason the 
repor t  probably underestimates the human 
impacts. 

Coats (1978) c i t e d  C. Wahrhaftig's 
testimony on the erosion problems i n  
Redwood Creek and stated : "Contrasting 
the recent r a t e  o f  erosion i n  disturbed 
watersheds w i th  the h i s t o r i c  or natural 
ra tes  suggests tha t ,  the present r a t e  i s  
a t  least  2 t o  20 t imes the natural rate. 
The difference, i f  we discount the pos- 
s i b l e  r o l e  of c l ima t i c  and geologic 
f luctuat ions,  may be a t t r i bu ted  t o  human 
ac t iv i t y . "  

Several other studies have addressed 
erosion ra tes  and stream Sedimentation, 
especia l ly  on the  North Coast. Coats 
( 1978) and Dodge (1976) c i t e  many ad- 
d i t i o n a l  references. It i s  apparent 
t h a t  there i s  disagreement among the 
var ious stud ies  regard i ng natura I ra tes  
of  s o i l  erosion and stream sedimenta- 
t ion.  U n t i l  these rates are more defin- 
i t i v e l y  established, it w i l l  be d i f f i -  
c u l t  t o  determine the amount of s o i l  
erosion, and water qual i t y  e f fec ts  
caused by human a c t  i v i t i es. 

Fire, e i t he r  natural  or man-caused, 
can have extremely adverse e f f e c t s  on 
water qua l i t y  by completely destroying 
the  p lan t  cover, I i t t e r ,  humus and the  
s t ruc tu re  i n  the  upper few inches o f  
so i I, thereby reducing i n f  i I t r a t  ion and 
so I I water storage capac it I es. Depend- 
ing upon the in tens i ty  and t iming of the 
subsequent ra in fa l l s ,  the topography, 
the  inherent e r o d i b i l i t y  o f  the  so i l ,  
and the sever i ty  of the burn, the ex- 
posed so l  I surfaces are subject t o  vary- 
ing degrees of increased erosion. Peak 
f lows may a lso be increased. Abnormally 
large peak flows, bulked w i th  debr is  
f rom f i r e  damaged lands, can lead t o  in- 
creased surface and streambank erosion. 
F i r e  can set  the stage for dry r a v e l l i n g  
( the  movement downslope of debr is by 
g rav i ty )  which can lead to sedimentation 

of streams during the dry season. This 
i s  especial ly t r u e  on coarse textured 
s o i l s  on steep slopes (Dodge 1976). 

The formation o f  a hydrophobic (water 
repel lent )  layer w i th in  the s o i l  i s  an' 
e f fec t  o f  f i r e  t h a t  leads to  decreased 
i n f i l t r a t i o n  and increased overland 
flow. It may a lso i nd i rec t l y  a f f e c t  
erosion ra tes  by retard ing vegetation 
recovery. A hydrophobic layer can l i m i t  
water i n f i l t r a t i o n  t o  the top 2 t o  5 
centimeters of so i  I (Rice 1972) . The 
sever i ty  of the condi t ion i s  pos i t i ve l y  
correlated wi th  burning temperatures 
(Rice 1972). Water repel lency i s  more 
severe i n  coarse textured s o i l s  than i n  
f i n e  textured s o i l s  (Rice 1972) and i s  a 
widespread phenomenon in  burned areas of 
southern Ca l i f o rn ia  (Krarnmes 1965) and 
may be a potent ia l  erosion problem on 
fo res t  lands (Rice 1972). 

F i r e  can a lso inf luence the chemical 
q u a l i t y  of water. The nu t r ien ts  i n  the 
l i t t e r  and vegetation are converted by 
high in tens i ty  f i r e s  to  soluble forms 
contained i n  the ash. With preclpi ta-  
t i o n  and overland flow the potent ia l  ex- 
i s t s  for stream contamination by the 
read i l y  soluble nutr ients.  In southern 
Cal i forn ia ,  f o r  example, ash and leached 
mater ia ls from chaparral f i r e s  have ren- 
dered water u n f i t  for dr ink ing purposes 
(Ca l i fo rn ia  D iv is ion  o f  Forestry 1972). 

Control led burning used f o r  slash dis- 
posal or fo r  the removal of brush bui Id- 
up can minimize the e f f e c t s  of uncon- 
t r o l  led f i r e s  especial I y i n  areas where 
f i r e  has been suppressed for many years. 
I t i s  o f ten  possible t o  contro l  the  
amount of I i t t e r  consumed, the  heat of 
burn, the  amount of s o i l  s t ruc ture  
change, and thus the resu l t i ng  erosion. 

The erosional e f fec ts  o f  f i r e  are of- 
ten shor t l  ived and water qual i t y  impacts 
dec l ine rap id ly  (Rice 1972). Recovery 
tends t o  be more rap id i n  we1 I watered 
areas and less rap id i n  high e levat ion 
o r  other areas characterized by slow 
growth. A study conducted on the Oregon 
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Coast Range found t h a t  a 100 percent 
c learcut  and burned watershed, which had 
a f ive- fo ld  increase i n  sedimentation, 
was revegetating a t  a r a t e  t h a t  could be 
expected to  re tu rn  sediment y i e l d  t o  
about normal i n  the f i f t h  or s i x t h  year 
fo l lowing the f i r e .  The same study 
found t h a t  understory vegetation on two 
logged and burned areas i n  Oregon had 
returned to near normal i n  one to four. 
years (Rice 1972). These are not  natu- 
r a l  si tuations, but  they demonstrate re 
coverab i l i t y  fo l lowing f i re .  

LAND USE PRACTICES AND EFFECTS UPON 
WATER QUALITY 

Land uses which r e s u l t  i n  degraded wa- 
t e r  qua l i t y  have several important char- 
a c t e r i s t i c s  i n  common. Each removes or 
modif ies the vegetation, exposes mineral 
so i I ,  and a I t e r s  drainage patterns. 
Many I and uses strong l y  motivated by ec- 
onomic expediency (Ca l i fo rn ia  Region 
Framework Study Committee 1971). The 
major land uses carr ied out i n  forested 
watersheds which can lower water qua l i t y  
are: s i l v i c u l t u r a l  operations, includ- 
ing the construction, use and mainte- 
nance of required roads; grazing and 
range management practices; mining; off- 

forms o f  
deve I op- 

road vehic le use; and other 
recreation, and subdivision 
men t . 
S i  l v i cu l  t u ra l  Operations E f  fec S 

The great  major i ty  o f  s i  l v i c u l  t u ra l  
a c t i v i t i e s ,  such as timber harvesting 
(and general road construction/mainte- 
nance), s i t e  preparation and reforesta- 
t ion,  and maintenance of the subsequent 
stand of trees, can becune nonpoint 
sources of pol lut ion.  S i l v i c u l t u r a l  
po in t  sources include m i l l  storage and 
processing . a c t i v i t i e s ,  and sand and 
gravel operations (EPA 1977a). 

The most important e f fec ts  generated 
by s i l v i c u l t u r a l  a c t i v i t i e s  include in- 
creased water temperatures due t o  t r e e  
removal (Anderson 19761, and po l l u t i on  

from sediment,. debris, and chemicals, 
including those i n  the form of nu t r i en ts  
and pesticides. So i I nu t r i en ts  norma I I y 
absorbed by vegetation can enter streams 
i f  the  vegetation has been removed. 
"Research to  date indicates t h a t  c lear-  
cu t t i ng  does no t  increase volumes of 
dissolved so l i ds  enough to  lower water 
qual i t y  below dr ink ing water standards. 
However, n i t rogen discharge may fre- 
quent I y , though temporar i I y, exceed the  
concentrations necessary to  increase the 
growth of algae'! (Anderson 1976). De- 
composition of logging debr is  w i th in  
stream channels, especia l ly  i n  ccmbina- 
t i o n  w i th  warm water temperatures, may 
reduce the stream oxygen and r e s u l t  i n  
the  release of substances a f fec t i ng  
water tas te  or odor. The o r i g i n  of the  
po l lu tan ts  i s  general ly re la ted  to  more 
than one of the a c t i v i t i e s  of the  t o t a l  
s i l v i c u l t u r a l  operation. Considering 
a l l  the potent ia l  pol lutants,  an in- 
crease in  sediment i s  the  most common 
occurrence (EPA, March 1977a). 

Timber Harvesting 

Most of the 1 i t e ra tu re  on fo res t  land 
uses and water q u a l i t y  deals w i th  the 
timber harvesting components of s i l v i -  
c u l t u r e  and the road access systems t h a t  
a re  developed in  support of these act iv-  
i t i e s .  !'The a c t i v i t i e s  associated w i th  
timber harvesting cons t i tu te  the most 
important human impact on forested wa- 
tersheds" (Rice 1972). Timber harvest- 
ing includes the logging operation ( f e l -  
l ing t rees and moving them to a landing) 
and removal of the logs from the water- 
shed. 

Removal of the vegetation exposes bare 
s o i l  to  raindrop impact which can cause 
puddling of the s o i l  surface, decreased 
surface i n f  i I t r a t i o n  rates, and increas- 
ed overland flow of water. If the upper 
layers of the so i  I prof  I l e  are removed 
s o i l  horizons more susceptible to  e r e  
sion may be exposed. -On vegetated h i  I I- 
sides slope s t a b i l  i ly i s  enhanced by the  
binding e f f e c t  of t r e e  roo ts  and humus 
i n  the s o i l  and the  confinuous removal 
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of so'i l  water by t ranspirat ion.  Ex- 
posed, saturated slopes, lacking a net- 
work o f  roots, a re  more prone t o  soil 
creep, landsl ides and other forms o f  
mass wasting. Rice (1972) c i t e s  several 
studies which repo r t  an increase in  both 
the number and acreage o f  landsl ides 
about f i v e  years a f t e r  logging opera- 
t i o n s  cease, a time in terva l  s u f f i c i e n t  
f o r  r o o t  decay t o  occur. 

The operation of yarding and skidding 
equipnent may compact the s o i l  surface 
and reduce inf i 1 t r a t l o n  rates. Increas- 
ed surface flow with the potent ia l  for 
s o i l  erosion can resul t .  Cut and f i l  I 
slopes t h a t  r e s u l t  from t h  

nce necessary 
oad, or landing Increases prc- 

por t ionate l  y (Hauge 1979). Both Ander- 
son (1976) and Rice (1972) conclude t h a t  
t r a c t o r  yarding has t h e  potent ia l  f o r  
d is tu rb ing  the most area. There i s  nor- 
mal l y  a large amount" of excavation 
c rea t ing  ground disturbance and canpac- 
t ion,  and skid t r a i l  patterns tend t o  
concentrate water runoff. Tractor yard- 
ing i s  followed by cable systems i n  
which some p a r t  or a l l  o f  each log i s  
dragged on the ground surface (ground 
lead). Cable systems i n  which the logs 
are l i f t e d  e n t i r e l y  o f f  the ground dis- 
t u r b  less area than the other two (high 
lead). 

A study by Wa I I i s  and Anderson (Board 
o f  Forestry 1979) t h a t  measured sediment 
discharge, independent of the e f f e c t s  o f  
road bui ld ing and increased stream flow, 
found t h a t  lrgoodl: logging operations In 
Cal i f o r n l a  showed no detectable in- 
creases i n  the discharge o f  sediment. 
ltPoortl logging on simi l a r  watersheds, 
however, showed sediment leve ls  to be 
very dependent on the area treated: 
sediment increases o f  about 19 percent 
f o r  each percent of the watershed area 
logged. This . i s  a c lear  ind icat ion t h a t  
t he  techniques used by the equipment 
operators or the care they exercise can 
inf luence amounts o f  erosion. w 

According t o  Rice ( 19721, ' the most im- 
por tan t  determinant o f  disturbance and 
erosion leading t o  impacts on water 
q u a l i t y  i s  the d i f fe rence i n  equipnent 
operator performance. Regulation o f  
c e r t a i n  a c t i v i t i e s  carr ied ou t  i n  for- 
ested areas i s  an attempt t o  p ro tec t  the 
pub l ic ' s  i n te res t  i n  water q u a l i t y  by 
l i m i t i n g  the operator's discret ion. 
Bet te r  education and t r a i n i n g  o f  equip- 
ment operators i n  causes and controls of 
erosion would most l i k e l y  also improve 
ground condit ions and water qual i ty.  

"Of those studies separating erosion 
tn t o  i t s  vat- ious causes , severa I have 
reported t h a t  any changes i n  sedimenta- 
t i o n  r e s u l t i n g  from logging alone were 
n o t  signif icant1: (Rice 1972). HOwever, 
s ince the potent ia l  stream sedimentation 
may no t  be rea l ized u n t i l  years a f t e r  
t he  logging operation, the cont r ibu t ion  
made by logging t o  t h a t  sedimentation i s  
I i k e l y  to  be underestimated o r  even dis- 
in i ssed . 

I n  timber harvest operations, once the 
fell'ed t rees reach a landing, a network 
of roads is necessary for t ransport ing 
the  mater.iai t o  a manufacturing fac i  I i- 
ty.  Some o f  these roads are permanent, 
some are temporary. In most cases, 
these roads are so-cal led low-volume 
roads, b u i l t  p r imar i l y  f o r  land access 
where r e l a t i v e l y  low cost designs are 
economically mandated (Board of  Forestry 
1979). While t h i s  discussion focuses on 
roads u t i  I ized f o r  timber harvest opera- 
tions, the potent ia l  impacts are equally 
t r u e  f o r  any other road i n  the forested 
area, including county, State, and fed- 
e r a l  roads, and those bui I t  on pr h a t e  
I and. 

Road construction can lead t o  acceler- 
ated surface eroslon and can i n i t i a t e  
mass movement events. Erosion increases 
exponential ly as road density, (miles o f  
road per square m i  l e  o f  area) increases 
(Ca l i f o rn ia  D iv i s ion  of Forestry 1972). 
Surface erosion r e s u l t s  from s o i l  cun- 
paction and the a l t e r a t i o n  of natural  
drainage patterns: the surface flow can 
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be rerouted and channeled, br inging 
about a sizeable increase i n  the water's 
ve loc i t y  and erosive power. Subsurface 
water, intercepted a t  roadcuts, augments 
the  volume o f  surface water. Cut-and- 
f i l l  slopes can t r i gge r  mass movement 
events, pa r t i cu la r l y  when the surfaces 
are  sloped a t  an angle greater than the 
angle of repose (60-70 percent). Cuts 
remove the toes of slopes and create 
steep surfaces whi le f i l l s  load uncon- 
sol idated material onto already ex is t ing  
s I opes. 

I n  road construction, the  steeper the  
t e r r a i n  traversed, and the larger the 
cuts  and f i I IS, the  greater i s  the  p- 
t e n t i a l  for erosion and sedimentation 
(Div is ion of Forestry 1972). The extent 
t o  which e f f e c t i v e  erosion control  meth- 
ods are integrated i n t o  the design and 
construct ion of a road, and the degree 
t o  which they are maintained, w i l l  in- 
f luence the amount of erosion which 
occurs. 

The construct ion and use o f  roads con- 
s t i t u t e  the primary source o f  sediment 
from forested watersheds (Div is ion of 
Forestry 1972; Anderson 1976; Dodge 
1976; Hauge 1977; Rice 1972; Department 
o f  Water Resources 1964; Board of For- 
es t ry  1979). As much as 90 percent of 
the  sediment produced by erosion on t i m -  
ber sales comes from roads (Anderson 
1976). In a study of suspended sediment 
i n  68 northern Ca l i f o rn ia  watersheds, it 
was found t h a t  d i r t  logging roads in- 
creased sediment by 34 percent for each 
m i  l e  of road per square m i  I e o f  water- 
shed. Some types of harvest methods may 
use four m i  les  of road per square m i  l e  
of  operation (Board of Forestry 1979). 
Roads in steep watersheds show twice as 
much increase i n  sedimentation as roads 
b u i l t  on moderately sloping watersheds 
(Anderson 1976) . 
Reforestat ion 

Reforestat ion ac t  i v  i t ies,  inc I ud i ng 
s i t e  preparation and the  establishment 
of  new trees, can have both pos i t i ve  and 

negative e f fec ts  on water qual i ty .  Re- 
vegetating a cleared s i t e  i s  one of the  
most e f f e c t i v e  means of protect ing it 
from s o i l  erosion. Reforestat ion act iv-  
i t i e s  t h a t  may lead to  deterioratewater 
q u a l i t y  include the use of chemicals, 
t he  burning of slash, and the removal of 
brush. 

Intensive fo res t  management may in- 
clude the use o f  various types of chemi- 
ca l s  such as f e r t i  I izers, herbicides, 
i nsect i c ides, f ung i c ides, and rodent i- 
cides. Excepting f e r t i l i z e r s ,  these 
chemicals are c o l l e c t i v e l y  re fer red to 
as pesticides. F e r t i l i z e r s  are not  cur- 
r e n t l y  used i n  any s i g n i f i c a n t  amount on 
Cal i f o rn ia ' s  fo res t  land. lnsec t ic ide  
use Is only a smal I p a r t  o f  the  pest i -  
c ide  use on fo res t  lands both i n  terms 
of  amount appl ied and acreage covered, 
according to  1977 data gathered by the  
U.S. Department of Food and Agriculture. 
Herbicides are the pest ic ide most used, 
w i t h  ae r ia l  appl icat ions being the most 
common method o f  treatment. These are 
a l l  potent ia l  nonpoint sources of poilu- 
t i o n  to surface and ground water. 

I n  the past, repor ts  o f  general i n ju ry  
t o  f i s h  and w i l d l i f e  have been confined 
t o  appl icat ions of insecticides, p r inc i -  
pal l y  chlor inated hydrocarbons, i n  large 
pro jects  (EPA 1977b). Although there i s  
no reported knowledge of any instance o f  
aquatic ecosystem damage d i r e c t l y  at- 
t r i b u t a b l e  to  the use o f  presently reg- 
is tered herbicides, there are many rec- 
ords o f  detectable concentrations o f  
chemicals l e f t  i n  the environment a f t e r  
appl ications. 

A t  present there i s  inadequate evi- 
dence for a conclusion t h a t  harmful 
e f f e c t s  ( inc lud ing t o x i c  contamination 
of  streamflows) do not occur from s i l v i -  
c u l t u r a l  use of these pesticides. A 
s i g n i f i c a n t  decl ine i n  the aer ia l  appl i -  
ca t ion  of r e s t r i c t e d  pest ic ides (mostly 
herbicides) occurred i n  several for- 
ested count i es of northern Ca I i forn  i a 
dur ing I978 (Board of Forestry 1979). 
Addit ional  information on pest ic ide use 
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i n  Ca l i fo rn ia  i s  presently being devel- 
oped as pa r t  o f  CDFls water qua l i t y  
study. 

In ear ly  1979 the Environmental Pro- 
tec t i on  Agency suspended use o f  the her- 
b ic ides 2,4,5-T and Si lvex (which con- 
t a i n s  2,4,5-T) due t o  the po ten t i a l l y  
hazardous impact on human health. The 
suspension w i l  I remain i n  e f f e c t  u n t i l  a 
f u l l  review of the herbic ide's impacts 
and benef i ts  i s  completed. The current  
controversy over 2,4,5-T underscores the 
need fo r  addi t ional  information on the 
immediate and long term consequences of 
a l  I pest ic ide use on forested water- 
sheds. 

Sawmills, Sand and Gravel Operations 

Po in t  sources of pol l u t i on  sometimes 
are  re la ted  to the processing and stor- 
age o f  harvested timber a t  sawmills. 
Potent ia l  po l lu tan ts  from log decks in- 
clude sediment which derives from dis- 
turbed surface areas, and log debr is i n  
varying states of decomposition. These 
mater ia ls  may be washed in to  streams 
dur Ing a r a i n f a l  I . The decomposi t i o n  
products o f  the logging debr is can k i  I I 
f ish.  A t  smaller m i l l  operations t h a t  
lack drying fac i  I i t i e s  moist, f resh ly  
c u t  lumber may be treated w i th  a fungi- 
c ide  which may contaminate the streams 
due t o  r a i n f a l  I, spi I Is, or m i l  I cleanup 
operations. These fungicides from lum- 
ber decks const i tu ted the second highest 
cause o f  f i s h  morta I I t y  a t t r i bu ted  t o  
pest ic ides dur ing the in te rva l  1961-1976 
(We1 lman 1979) . 

Seepage from the  few sawmill ponds 
s t i l l  i n  use today may lead to contami- 
nat ion of stream channels by varlous or- 
ganic compounds which occur due t o  the 
slow leaching and decay of logs I n  
water. 

In  general, sawmi I I s i t e s  where stor- 
age and processing a c t i v i t i e s  are under- 
taken are no t  located i n  forested areas 
due to  the need f o r  access to  transpor- 
ta t ion.  In cases where the m i l l  s i t e  i s  

t/ 

upstream from forested land there ex i s t s  
the p o s s i b i l i t y  f o r  s i g n i f i c a n t  local 
e f f e c t s  on water qua l i t y  w i th in  the for- 
est. 

Sand and gravel operations are also 
considered t o  be s i  l v i c u l  t u ra l  point- 
sources o f  pol l u t i on  according t o  the 
EPA. These operations increase turbid- 
i t y  and sedimentation as stream channels 
a re  d i r e c t l y  disturbed or rock pa r t i c l es  
from crushing and washing a c t i v i t i e s  
enter streams. Addit ional water qua l i t y  
problems can occur as the nature of the 
stream channel i s  changed when mater ia ls 
are removed o r  relocated. Former sur- 
face flows may sdbsequen$ly flow below 
the  surface i f  the  ground i s  permeable, 
leading t o  development of an intermit-  
t e n t  stream. As water quant i ty changes, 
so may water qual i ty .  The major i ty  of 
rock and gravel operations are located 
i n  nonforested areas. 

EROS I ON CONTROL . OF S I LV I CULTURAL 
ACTIVITIES 

The Zlberg-Nejed l y  Forest Pract ice Act 
o f  1973 and subsequent amendments desig- 
nate the CDF as the regulatory agency 
for logging on non-federal fo res t  lands 
w i th in  the State. The Board of Forestry 
i s  responsible for adoption of the regu- 
lat ions. The Board div ided the  State 
i n t o  three Forest Pract ice D i s t r i c t s  and 
r u l e s  have been adopted for each Dis-  
t r i c t .  The r u l e s  address s i l v i c u l t u r a l  
operatiOns including restocking, log- 
ging, erosion control,  stream and lake 
protection, and hazard reduction. The 
r u l e s  a lso emphaslze the  philosophy t h a t  
careful  preharvest planning i s  the best 
way t o  evaluate and m i t i ga te  possible 
adverse env i ronmenta I impacts of timber 
harvesting . 

The m i t i ga t i ng  measures for soil ero- 
s ion control  Involve Erosion Hazard Rat-. 
ing (EHR) Systems and Stream Protect ion 
Zones. The Em's are designed to  evalu- 
a t e  the suscep t ib i l i t y  o f  a soil i n  a 
given locat ion to  a l l  forms of erosion. 
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TABLE 4-8 

The minimum size area evaluated i s  I O  
acres. Each Forest Pract ice D i s t r i c t  
has a d i f f e r e n t  technique fo r  est imating 
t h i s  ra t ing.  Table 4-8 shows the fac- 
t o r s  used i n  each d i s t r i c t  f o r  estima- 
t ion.  

I n  the Coast FPD, where many of the  
s o i l s  have been mapped, the  r a t i n g  i s  
spec i f i c  t o  soi l  ser ies and slope. 
Where the s o i l s  have no t  been mapped, 
and the ser ies i s  unknown, it i s  neces- 
sary to  r e l y  upon s o i l  depth or s i t e  
index, s o i l  texture, and geology. The 
so i  I information i s  combined w i th  a C I  i- 
matic Stress Factor based on mean annual 
p rec ip i t a t i on  fo generate a rat ing.  i n  
the  Northern D i s t r i c t  the r a t i n g  i s  de- 
r i ved  by mu l t i p l i ca t i on  o f  a Soil Factor 
based on so i  I texture and soi I depth or 

s i t e  class, and a Slope Factor. This 
provides an Estimated Erosion Potential.  
The Southern D i s t r i c t  does not  have a 
mu I ti pl  i c a t  i ve  rat ing;  one must deter- 
mine which set  of factors  i s  most r e p r e  
sentat ive of the s i te,  and then use the 
designated r a t i n g  of high, medium, or 
low hazard for t h a t  set  of factors. 

EHR's are used t o  inf luence various 
logging practices. For example, Em's 
and slope determine the distance between 
waterbars, and extreme or high ra t ings  
l i m i t  the s ize o f  clear-cuts. 

Whether the  ra t i ngs  ac tua l l y  r e f l e c t  
the  amount of erosion which might or 
does occur i s  questionable. OF 'S  Soil 
Erosion Study (Hauge 1979) has not  found 
a cor re la t ion  between the EHR's of the  

TABLE 4-8 

COAST DISTRICT EROSION 
HAURO RATING 

Mu I t 1 p I y : 

I )  Cllmatlc Stress Factors 
based on mean annual 
preclpl t a t  ion 

BY 

2) Standard Inherent Eroslon 
Hazard based on speclflc 
sol1 serles and slope 

BY 

3) Relative inherent Erosion 
Hazard based on slope, 
geology, sol1 texure, and 
sol1 depth or s i t e  Index , 

NORTHERN D I STR I CT 
ESTIMATED EROSION 

POTENT I AL 

Multiply: 

I)  Soil Factor based 
on sol1 texture, 
soil  depth or s i te  
c I ass 

BY 

2) Slope Factor 

Source: California Forest Practice Rules, 1978. 

SOUTHERN D I SlR I CT 
POTENT I AL EROSION 
HAZARD RATING 

Cons i der: 

I )  Parent rock 

2) Soil texture 

3) Precipftation iype 

4 )  Vegetative cover 
af ter  logging 
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Coast D i s t r i c t  and measured erosion. 
b/ They fee l  t h a t  the reasons fo r  t h i s  

might include: 

Problem or unstable s o i l s  may rep- 
resent an area less than 10 acres i n  
s ize and thus w i  I I not be rated, but 
can cause substantial erosion. 

Erosion Ratings may be miscalcu- 
I ated . 

W 

The factors  used t o  compute the 
ra t i ngs  may be unsat is factor i  l y  
weighted. For example, i n  the Coast 
D i s t r i c t ,  slope may be more impor -  
t a n t  than Mean Annual Precipi ta-  
t ion. 

A I  I important factors may not  be 
included, such as amount o f  com- 
pacted ground, type of  yarding, can- 
opy remaining, etc. 

More o f  the r u l e s  should af- 
fected by the Erosion Hazard Rat- 
ings. For example, amount o f  a1 low- 
able excavation could be l imi ted by 
the  rat ing.  

These fast  three reasons are  p a r t  o f  a 
larger problem. The Erosion Hazard Rat- 
ing i s  calculated when a timber harvest 
plan I s  ' f i led, p r i o r  t o  commencement of 
logging operations. During operations 
the only major e f f e c t  the r a t i n g  has on 
logging in  any D i s t r i c t  i s  t o  l i m i t  the 
s i ze  of clear-cuts and i n  the Northern 
and Southern d i s t r i c t  t o  l i m i t  the width 
o f  Stream Pro tec t ion  Zones. There are 
other considerations but they are mainly 
i n  the Coast D i s t r i c t ,  and then only on 
those s i t e s  wi th  an extreme hazard ra t -  
ing. Once logging has been completed 
the  same previously calculated r a t i n g  i s  
used t o  determine spacing between water- 
bars based on slope. The same spacing 
appl ies regardless o f  the amount of veg- 
e t a t i v e  cover remaining, amount I o f  
ground cover on skid t r a i l s ,  amount of 
compaction, amount of excavation, number 
o f  skid t r a i l s ,  area of  exposed subsoil, 
or changes i n  drainage patterns. An 

evaluation of on-site condit ions and 
estimation o f  erosion potent ia l  consid- 
e r i ng  these or other factors fo l lowing 
logging operations would probably im- 
prove erosion control  and provide a 
higher co r re la t i on  between rat ings and 
measured mounts o f  erosion. I n i t i a l  l y  
calculated EHRfs could be used t o  con- 
t r o l  o r  I i m i t  ce r ta in  of  the above fac- 
t o r s  where deemed necessary. 

Another problem wi th  the r a t i n g  sys- 
tems i s  t h a t  d i f f e r e n t  s o i l s  are suscep- 
t i b l e  t o  d i f f e r e n t  types o f  erosion, and 
w i l l  not  react  the same under given con- 
di t ions.  A r a t i n g  system which evalu- 
ates sol  I properties, specif IC prac- 
t ices,  and tendencies towards a part icu- 
l a r  kind o f  erosion would probably pro- 
v ide  bet ter  erosion control. 

Stream Protect ion Zones (SPZ's) were 
designed to l i m i t  timber harvest a c t i v l -  
t i e s  wi th in  the area immediately adja- 
cent (usual ly w i th in  100 feet )  of a lake 
or stream. There are l i m i t a t i o n s  on 
stream crossings, debris i n  streams, 
vegetation removal, equipment operation, 
landing locations, etc. There i s  some 
evidence t h a t  SPZfs are e f f e c t i v e  i n  
preventing logging debrls from entering 
streams, maintaining s o i l  s t a b i l i t y ,  and 
preventing sediment movement only when 
the  SPZ has not  been s i g n i f i c a n t l y  dis- 
turbed (Hauge 1979). The width o f  a SPZ 
can a f f e c t  i t s  a b i l i t y  t o  prevent or 

I i m i t  water q u a l i t y  degradation. PZfs 
alone are not able t o  prevent adverse 
impacts due t o  the cumulative e f f e c t s  o f  
harvesting many areas wi th in  one water- 
shed over a period o f  t ime or a t  the 
same time, but  i f  they are  used i n  con- 
j unc t i on  wi th  e f f e c t i v e  erosion contro l  
measures, SPZls can be i n f l u e n t i a l  i n  
p ro tec t ing  stream water qual I ty .  

Other Land Use Pract ices 

Grazing 

Grating by w i  Id1 i f e  and I ivestock may 
lead t o  increased stream sedimentation 
espec i a  I I y where overgrazing occurs. 



Overland flows of water increase as the 
so i I i s  compacted and exposed. In co- 
ni ferous areas, the e f f e c t s  on water 
qua l i t y  of grazing may be l imi ted t o  
fo res t  openings and meadows. As a 
resul t ,  reduced i n f  i l t r a t i o n  capaci t ies 
are less I ike ly  t o  occur i n  a widespread 
continuous manner (Anderson 1976) . 
Where conversion o f  woodland t o  grass- 
land for I ivestock has occurred, water 
qua I i t y  prob 1 ems are usua I I y detectab I e 
(State Water Resources Control Board 
1975). While about nine m i l l i o n  acres 
o f  forested rangeland are found in  Cal i- 
fornia, the  s igni f icance of water qual i-  

expressed as annual r a i n f a l  I (Central 
Val ley Regional 
Board (CVRWWB) 1978) . Thus, pract ica l -  
l y  a l l  mine-related water qua l i t y  prob- 
lems are seasonal. In addition, varia- 
t i o n s  i n  streamf low,  water composition, 
t o x i c i t y  of constituents, and b i o t i c  
suscep t ib i l i t y  a l l  cont r ibute t o  the ef- 
f e c t  o f  mine discharges upon water qual- 
i ty.  

Water Qual i t y  Control 6.i 

As i d e n t i f i e d  by the  CVRWQCB (19781, 
there are about 30 inoperat ive mines lo- 
cated in  fo res t  areas t h a t  are contr ib-  
u t i ng  varying amounts o f  po l l u t i on  t o  
receiv ing streams. The study ind icates 
t h a t  o f  the 30, e igh t  have been desig- 
nated as "high problem areas," three as 
"moderate problem areas," and 14 as ftIow 
problem areas." Po l l u t i on  from two of 
the  mines i s  l im i ted  t o  sediment and the 
remaining three have not ye t  been rank- 
ed. 

t y  problems from the overgrazi 
land i s  unknown. 

Recreat i'on 

The most serious water qua 

ig of t h i s  

i t y  prob- 
lems re la ted t o  the pursu i t  of fo res t  
recreat ion appear t o  involve the use o f  
motorized vehicles. Off-road vehicles 
have caused damage by crushing vegeta- 
t ion,  cu t t i ng  r u t s  and t r a i l s ,  and 
s t a r t i n g  f i r e s  wi th sparks or heat from 
exhaust systems. Motorized t r a f f i c  has 
destroyed many erosion contro l  mecha- 
nisms such as water breaks and drains on 
logging roads and t rac to r  t r a i  Is. The 
consequence of  a l l  these impacts i s  t h a t  
s o i l  erosion can be i n i t i a t e d  or accel- 
erated, leading to  increased stream sed- 
imentation. Contamination by hunan sew- 
age i s  another recreation-related water 
q u a l i t y  problem in  some forested areas. 

Mining 

Act ive and abandoned or  inoperative 
mines on forested watersheds may consti-  
t u t e  po in t  and nonpoint sources of pol- 
lut ion.  D i rec t  drainage from a d i t s  i s  a 
p o i n t  source whereas percolat ion of sur- 
face o r  ground water through mine t a i  I- 
ings and runof f  from exposed surfaces 
are  nonpoint sources. The pol lu tants  
include acids, heavy metals (copper, 
lead, iron, zinc, mercury, arsenic, 
etc.) and sediment. Generally, the pol- 
l u tan t  load generated a t  a mining s i t e  
i s  proport ional t o  the avai lab le water 

While ac t ive  mines pose a potent ia l  
problem to water qual i ty,  they are regu- 
lated by the Regional Water Qual i t y  Con- 
t r o l  Boards and are subject to the adop- 
t i o n  o f  waste discharge requirements. 

CUMULATIVE IMPACTS 

A watershed i s  the sun of many par ts  
and processesi and any a c t i v i t y  in  one 
area i s  l i k e l y  to  create e f fec ts  else- 
where. 

Many d i f f e r e n t  types of a c t i v i t i e s  can 
a f f e c t  a s ing le forested watershed. 
Each a c t i v i t y  may ind iv idua l l y  inf luence 
water qual i ty,  but  what i s  the e f f e c t  of 
several a c t i v i t i e s  together? There are 
very few data on cumulative impacts or 
e f f e c t s  o f  mu l t i p le  a c t i v i t i e s  w i th in  
watersheds. For example, a s ing le  
c I ear-cut timber harvest i ng operat ion 
may be I imited t o  80 acres, but  several 
such operations may occur i n  one water- 
shed. What i s  the e f f e c t  on water qual- 
i t y  due to, say, 800 acres of clear-cut 
on non-contiguous propert ies? Vacation 
homes may be b u i l t  i n  a small por t ion  of 
a watershed. As the  area i s  developed Lid 



i 
and roads and more homes are bui It, what 
i s  the cumulative e f f e c t  on water qual- 
i t y ?  Currently, there i s  a lack o f  in- 
formation to s a t i s f a c t o r i l y  answer these 
questions. Hopefully, the development 
o f  IIBest Management Practices" (as dis- 
cussed in  the next section) f o r  water 
qual i t y  regulat ion and improvement w i  I I 
help lead t o  a so lut ion of these ques- 
ti ons. 

qual i ty .  The object ives are of two 
types: (a) numeric l im i ta t ions  on cer- 
t a i n  water qua l i t y  parameters t h a t  are 
no t  t o  be exceeded; and (b) nar ra t i ve  
l i m i t s  which p r o h i b i t  the pa r t i cu la r  
po l l u tan t  e n t i r e l y  o r  i n  concentrations 
t h a t  "cause nuisance o r  adversely a f f e c t  
benef ic ia l  uses." Most o f  the  objec- 
t i v e s  (o r  standards) which serve as cr i -  
t e r i a  for water qua l i t y  v io la t i ons  are 
nar ra t i ve  rather  than numeric. 

REGULATION OF WATER QUALITY 

State and federal agencies are in- 
volved wi th  the protect ion of water 
qual i t y  i n  forested areas o f  Ca I i forn ia .  
Water qual i t y  can be protected from non- 
po in t  pol l u t i o n  through the enforcement 
o f  regulat ions on ( 1 )  water qua l i t y  ob- 
j e c t i v e s  and standards, and (2) land 
management a c t i v i t i e s .  The State Water 
Resources Control Board (SWRCB) and the 
nine regional water qua l i t y  control  
boards are responsible f o r  the protec- 
t i o n  o f  benef ic ia l  uses of water i n  Cal- 
i f o r n i a  and are authorized t o  use the 
f i r s t  approach. The j u r i s d i c t i o n s  o f  
the  regional boards coincide general ly 
w i th  the hydrologic basins (Figure 4-31. 

I n  response t o  the mandates o f  the  
State 's Water Qua l i t y  Control Act 
(Porter-Co I ogne 1969) and the Federa I 
Water Pol l u t i o n  Control Act of 1972 as 
amended (FWFCA PL 92-5001, the  regional 
boards have prepared and adopted Water 
Q u a l i t y  Control Basin Plans which have 
then been adopted by the  State Board. 
The SWRCB i s  the designated lead agency 
w i th in  Cal i f o r n i a  for the implementation 
of Section 208 of the  FWPCA, which di-  
r e c t s  s ta tes t o  i d e n t i f y  and develop 
Best Management Pract ices (BMp's) to 
contro l  non-point sources of pol lut ion. 

The plans by each o f  the regional 
boards wi th  j u r i s d i c t i o n  over s i g n i f i -  
cant forested acreage (Central Valley, 
Lahontan, North Coast and Cen 
contain, i n  pa r t  a l i s t  of object ives 
for maintaining ground and surface water 
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The effect iveness o f  the var ious non- 
federa I regu I atory mechan isms f o r  dea I -  
ing w i th  nonpoint po l lu t ion  due t o  s i l -  
v i cu l tu ra l  a c t i v i t i e s  has been addressed 
by the Board o f  Forestry 208 study 
(1979). Most o f  the fo l lowing discus- 
s ion i s  based upon a d r a f t  copy o f  t h i s  
study. 

Water qua l i t y  standards may be of l i m -  
i t e d  effect iveness when appl led t o  non- 
po in t  po l l u t i on  problems . In the case 
o f  numeric standards some o f  the reasons 
f o r  t h i s  include: 

A standard i s  a f ixed number and 
as such cannot account for the peri- 
od ic  and short-term naturally-occur- 
r i n g  var ia t ion  i n  a po l lu tan t ' s  con- 
cen t r a t  i on. 

Even though the requirements f o r  
such uses are not  we1 I known, cer- 
t a  i n water qua I I t y  standards have 
been se t  to  protect  speci f ied uses 
o f  the water resource. 

Many water q u a l i t y  standards are  
based on ex is t ing  condi t ions or on 
laboratory condi t ions which may not  
accurately r e f l e c t  f i e l d  condi- 
t ions.  

With regard t o  pol lu tants  t h a t  are 
the na tura l l y  occurring const i tuents 
o f  water, such as sediment, a stan- 
dard has been set w i th  l i t t l e  in for -  
mation on the cont r ibu t ion  due t o  
natural  events. (Background levels 
are seldom well-known.) 
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Proof o f  compliance w i th  a nar ra t i ve  
standard i s  based upon a f ind ing t h a t  a 
nuisance exists. Not only i s  t h i s  a 
subject ive decision, but the nuisance 
concept necessitates t h a t  legal proceed- 
ings be undertaken f o r  each supposed 
v io la t ion.  E f fec t i ve  implementation i s  
therefore l i k e l y  t o  be cost ly  and time 
consuming . 

Table 4-9 i s  a l i s t  o f  the regional 
t u r b i d i t y  standards. As can be seen, 
they vary throughout the State. They 
are of ten d i f f i c u l t  t o  apply because o f  
t he  lack o f  knowledge on natural 
I eve Is. 

Reg iona I boards have the author i ty  t o  
s e t  waste discharge requirements. These 
are proh ib i t ions  on the discharge i n t o  
water o f  wastes such as eff luent,  slash, 
or other substances assoc i ated w i t h  hu- 
man habi ta t ion or act iv ies.  In the 
North Coastal Basin, waste discharge re- 
quirements have been placed on some t i m -  
ber harvest a c t i v i t i e s  and on ce r ta in  
s i l v i c u l t u r a l  operations involv ing the 
use o f  pesticides. I f  it i s  found t h a t  
v io1 a t  ions o f  the waste d i scharge re 
quirements, or of the water q u a l i t y  ob- 
ject ives,  a re  occurring or are threat- 
ened, due t o  the discharge or threatened 
discharge o f  waste, the actions t h a t  can 
be taken by the State Board include ad- 
m i n i s t r a t i v e  procedures such as the is- 
suance o f  a clean-up and abatement or- 
der, or a cease-and-desist order, and 
r e f e r r a l  t o  the Attorney General f o r  in- 
j u n c t i v e  r e l i e f  or c i v i l  penalty action. 
V io la t ions  o f  ce r ta in  procedural aspects 
are misdeameanors. 

The State Department of Health Serv- 
ices i s  authorized t o  establ i sh  quanti- 
t a t i v e  water standards t o  meet i t s  re- 
sponsibi I i t y  f o r  the maintenance o f  safe 
domestic supplies o f  water statewide as 
i s  spel led out i n  the Health and Safety 
Code. This agency i s  pr imar i ly  con- 
cerned w i th  the q u a l i t y  of the supply a t  
municipal fac i  I i t ies .  

REGULAT ION OF LAND MANAGEMENT ACT I V I - 
TIES 6. 

Three other State agencies have statu- 
t o r y  au tho r i t y  for the protect ion o f  wa- 
t e r  q u a l i t y  i n  nonfederal forested areas 
through the adoption and enforcement of 
regulat ions on land a c t i v i t i e s  t h a t  may 
degrade water qua I i t y  : the  Deparhnent 
o f  Forestry and i t s  Board, t he  Depart- 
ment o f  Food and Agriculture, and the 
Department o f  Fish and Game. 

As mentioned ea r l i e r ,  the Z'berg- 
Nejedly Forest Prac t ice  Act (19731, es- 
tab1 i shed the au thor i ty  and regul atory 
power f o r  the Board of Forestry and CDF 
t o  establ ish and enforce r u l e s  dealing 
w i th  timber harvesting and other s i1  i v i -  
c u l t u r a l  practices. Previously dis- 
cussed were the r u l e s  dealing wi th  ero- 
sion control.  The regulat ions are de- 
signed t o  prevent possible s i g n i f i c a n t  
adverse environmental impacts due t o  
t imber harvest i ng . 

CDF i s  a lso  responsible f o r  l icensing 
timber operators and approving Timber 
Harvest Plans (THP). THPfs must be pre- 
pared by Reg i stered Profess iona I For- 
esters ( l icensed by the b a r d  of  For- 
est ry)  and such plans must be found i n  
conformance wi th  the forest  p rac t ice  
r u l  es by the Department's Director. 
These timber harvesting plans are a lso  
reviewed by the State Departments o f  
Fish and Game, Parks and Recreation and 
the  Regional Water Qual i t y  Control 
Boards. In addi t ion to the regulatory 
author it i es author i zed by the  Forest 
Prac t ice  Act, the Board and Department 
o f  Forestry can in ' i t i a te  cr iminal  pro- 
ceedings f o r  v io la t i ons  o f  t he  fo res t  
p rac t ice  rules, and r e f e r  v io la t i ons  t o  
the  State Attorney General. 

S i l v i c u l t u r a l  a c t i v i t i e s  involv ing the 
use o f  pest ic ides may be regulated by 
t h e  Department o f  Food and Agriculture. 
State and p r i va te  land owners must ob- 
t a i n  permits f o r  the possession and use 
o f  r e s t r i c t e d  pest ic ides (herbicides 
and/or insecticides). I f  a v i o l a t i o n  i s  b 
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i TABLE 4-0 

TABLE 4-9 

REGIONAL TURBIDIM STANDARDS 

REG I ON 

North Coast 

Central Coast 

Central Val ley 

Lahontan 

Colorado Rlver Basin 

Santa Ana 

San Diego 

STANDARD (SEE BELOW) 

A 

B 

B 

C 

B 

B .  

B 

A - Turbldlty shall not be lncreased more than 20 
percent above naturally occurring background levels 

8 - ( I )  Where natural turbidity Is between 0 and !HJ 
Jackson Turbldity Units (JTU), increases shall not 
exceed 10 JTU 

(2) Where natural turbidity Is between 50 and 100 
JTU, increases shall not exceed 10 JN 

(3) Where natural turbldlty Is greater than 100 
JTU, increases shall nut exceed IO percent 

C - Waters shall be free of changes In turbidity that 
cause nuisance or adversely affect beneficial 
uses. Increases In turbldlty shall not exceed 
natural levels by more than 10 percent 

Source: State Water Resources Control Board, 1978. 



detected during the appt i ca t ion  of a 
pesticide, and depending on the nature 
of t h a t  v io la t ion,  the Department can 
h a l t  the operation and revoke the permit 
for the possession and use o f  the chemi- 
cal, o r  i n i t i a t e  cr iminal  proceedings 
through the d i s t r i c t  attorney o r  r e f e r  
the  matter to the Attorney General. 

The Department o f  Fish and Game i s  
responsible for managing the f i s h  and 
w i  I d  1 i f e  resources of the State and, as 
such, i s  also involved i n  the protect ion 
of the waters t h a t  support these re- 
sources. Any nonfederal p ro jec t  which 
would a l t e r  the bank o r  bed o f  any 
stream o r  lake must be approved by the  
DFG. Department of Fish and Game forms 
are attached t o  timber harvest plans 
where cmp l  iance i s  necessary wi th  Fish 
and Game regulat ions on timber harvest- 
ing ac t i v i t i es .  The Fish and Game Code 
p roh ib i t s  a c t i v i t i e s  causing water con- 
tamination (such as hydraul ic mining) or 
degradation of stream condi t ions (such 
as log jams o r  debr is accumulations) 
which prevent the migration of fish. 

A v i o l a t i o n  of any section of the Fish 
and Game Code or the ru les  and regula- 
t i o n s  adopted pursuant t o  the Code i s  a 
misdemeanor. In addition, the DFG can 
recover damages in  a c i v i l  act ion 
against any person o r  local agency which 
unlawful ly o r  negl igent ly destroys any 
f i s h  o r  w i  Id1 i fe .  These enforcement 
au tho r i t i es  are subject to a few excep- 
t i o n s  but none of  the exceptions are ap- 
p l  icable t o  forested areas. 

FEDERAL LAND MANAGEMENT I N  FORESTED 
AREAS 

Federal agencies which are responsible 
for the exclusive management of a l  I ac- 
t i v i t i e s  occurring on land under t h e i r  
j u r i s d i c t i o n  must a lso meet State stan- 
dards f o r  water qual i t y  and must cooper- 
a te  i n  State programs t o  plan regulat ion 
of  land use pract ices on a l  I lands f o r  
resource protection. 

Under contract  to  the State Water Re- 
sources Control Board, the Forest Ser- 
v i ce  and the Bureau of Land Management, 
which together manage 37 percent of Cal- 
i f o r n i a ' s  land, have compiled a l i s t  of 
a l  I of t h e i r  land management pract ices 
a f fec t i ng  water qual i t y ,  for use i n  the 
State's 208 water qua l i t y  cont ro l  pro- 
gram. 

EVALUATION OF CURRENT REGULATORY AP- 
PROACH 

S i  nce w i  t h i n  a forested watershed, 
nonpoint po l l u t i on  of a stream may be 
natural,  man-caused, or both, establ ish- 
ing I i a b i l  i t y  i s  o f ten  impossible. Wa- 
t e r  qua l i t y  sampling data are not  neces- 
s a r i l y  conclusive evidence f o r  showing 
sources o f  po l lu t ion,  making control  
d i f f i c u l t .  The regulat ion of land man- 
agement a c t i v i t i e s  represents a more 
feas ib le  approach t o  control .  The d r a f t  
repor t  o f  the Board of Forestry's 208 
Study concludes, w i th  reference t o  s i  I- 
v i cu l tu ra l  a c t i v i t i e s ,  t h a t  "the focus 
must be on the control  of the s i l v i c u l -  
t u r a l  a c t i v i t y  ra ther  than on the e f f l u -  
en t  produced. I t  i s  be t te r  t o  prevent 
problems than t r e a t  them a f t e r  they oc- 
cur. The 'Best Management Practices' 
approach t o  control  I ing the s i  I v icu l  tur -  
a l  nonpoint sources o f  po l l u t i on  re- 
f lec ts  t h i s  recognition. ("Best Manage- 
ment Pract ices are discussed i n  t h i s  
chapter, i n  the section on llDevelopment 
of Best Management Practices.") 

Problems wi th  the ex i s t i ng  ins t i tu -  
t i ona l  setup fo r  the control  o f  nonpoint 
pol l u t i on  due t o  s i l v i c u l t u r a l  ac t i v i -  
t i e s  are addressed i n  a State Water Re- 
sources Control Board Study (John Muir 
Ins t i tu te ,  Inc. 1979). According t o  the 
study, V a l  i forn i a  has a fragmented' ap- 
proach which a l  lows the Department o f  
Forestry, Regional Water Qua l i t y  Control 
Boards, Department of Food and Agricul- 
ture, and the Department o f  Fish and 
Game regulatory au thor i ty  over s i l v i -  
cu l tu ra l  ac t i v i t i es .  Compounding t h i s  
fragmented approach are the unregulated 
s i l v i c u l t u r a l  a c t i v i t i e s  such as road 
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construct ion outside of timber:. harvest- 
ing plan areas, post-harvest slash dis- 
posal, and a c t i v i t i e s  involv ing s i t e  
p r e par a t i on . It b/ 

DEVELOPMENT OF BEST MANAGEMENT PRAC- 
T ICES 

Section 208 o f  the 1972 Federal Water 
Po l l u t i on  Control Act, as amended, re- 
qui res t h a t  non-point sources of pol lu- 
t ion,  including those associated w i th  
s i l v i c u l t u r a l  and re la ted runoff,  be 
i den t i f i ed  and t h a t  procedures and meth- 
uds, cal  led West  Management Practices1* 
(BMPts), be set f o r t h  t o  control  pol lu- 
t i o n  sources. The State Water Resources 
Control Board, as the lead State agency 
i n  Section 208 planning, has contracted 
w i th  several agencies for the develop- 
ment of planning processes and best man- 
agement practices. The agencies i n  Cal- 
i f o r n i a  t h a t  regulate a c t i v i t i e s  t h a t  
occur or may occur on forested land, 
and the a c t i v i t i e s  for which Wts are 
being developed, a re  as follows: 

Ca l i f o rn ia  Department and Board of 
Forestry: s i l v i c u l t u r a l  a c t i v i t i e s  
on s ta te  and pr iva te  land. A d r a f t  
of  the 208 study was issued In  May 
1979, and a f i n a l  repor t  i s  expected 
i n  the  near future. 

Forest Service: grazing, recre- 
a t  ion, vegetative man i put a t  ion, t im- 
ber harvesting, road and bu i ld ing  
s i t e  construction, mining, and other 
a c t i v i t i e s  on national fo res t  land. 
A d r a f t  repor t  was released i n  Feb- 
ruary 1979 and the f i n a l  repor t  was 
submitted i n  May 1979. 

Bureau of Land Management: graz- 
ing and recreat ion on BLM adminis- 
tered land. A prel iminary report,  
issued i n  February 1979, addresses 
a l l  a c t i v i t i e s  managed by the  BLM 
t h a t  are re la ted  to water qua l i t y  
and includes a methodology for the 
development o f  W's. The d r a f t  re- 
p o r t  was issued i n  May 1979 and con- 
t a i n s  BMPts for t h e i r  land manage- u 

ment a c t i v i t i e s  i n  grazing and rec- 
reation. 

The State Department of Trans- 
p o r t a t i o n  has also prepared a 208 
repor t  iden t i f y ing  BMPls for road 
construct ion and maintenance. 

CONCLUSIONS 

Soi l  erosion i s  the cause o f  se iment 
i n  water. There are three basic types 
of  erosion, sheet, gu l ly ,  and mass move- 

,menta In addi t ion stream bank erosion 
may occur i n  changing water channels. 
Sediment concentration can vary widely 
through the course of time and geograph- 
i ca l l y .  Sediment may be a po in t  or non- 
po in t  source o f  po l lu t ion.  Non-point 
pol l u t i o n  i s  more common i n  the forested 
environment. 

There i s  a need for fur ther  data on 
s o i l s  such as location, react ions t o  
various land use practices, productiv- 
i t y ,  natural erosion and formation 
rates, and so forth. Addit ional in for -  
mation about the e f fec ts  o f  sediment on 
benef ic ia l  uses o f  water must be deter- 
mined, i.e., a t  what po int  does sediment 
become harmful or a nuisance fo r  various 
uses? 

It i s  c lear t h a t  water qua l i t y  degra- 
dat ion i s  the consequence o f  both na- 
t u r a l  events and human ac t i v i t i es .  The 
presence or absence o f  man-caused water 
qual i t y  problems i s  determined by the  
in te rac t ion  between the a c t i v i t y  and the 
fndiv ldual  s i t e  conditions. Land use 
pract ices t h a t  can a f f e c t  water qual i t y  
a l  I tend to remove or change the vegeta- 
t i v e  cover, expose bare so i l ,  and modify 
drainage patterns. Such pract ices on 
fo res t  lands include s i l v i c u l t u r a l  ac- 
t i v i t i e s ,  grazing, mining, and o f f  road 
vehic le  use, among others. Natural 
events such as f i r e s  or f loods may a lso 
cause erosion. The e f f e c t s  on water 
qual i t y  a re  no t  the only form of envi- 
ronmental degradation occurring due t o  
so i l  erosion. In addition, fo res t  s i t e  
p roduc t iv i t y  i s  being impacted. How 
much however, i s  unknown today. 



Sed iment i s  the pr imary pol I u tan t  from 
s i  1 i v i c u l t u r a l  ac t i v i t i es ,  the most 
studied a c t i v i t i e s  being timber harvest- 
ing and road bui lding. The more dis- 
turbed an area i s  ( i.e., the more ground 
disturbance) the more prone t o  erosion 
it is. Steeper slopes create condi t ions 
f o r  more disturbance because more cut- 
and-fi I I i s  necessary f o r  road bui Iding, 
cont r ibut ing t o  the erosion potent ia l .  
It i s  thought t h a t  the bulk o f  sediment 
from s i l v i c u l t u r a l  a c t i v i t i e s  i s  due to 
road bui lding. However, operator per- 
formake appears t o  make a major d i f f e r -  
ence in  terms o f  water qual i t y  impacts 
due t o  s o i l  erosion. Tractor yarding 
has the potent ia l  f o r  causing more dis- 
turbance than other yarding methods. 

Other s i l v i c u l t u r a l  a c t i v i t i e s  such as 
reforestat ion involve the use o f  pesti-  
cides; the  overal I e f fec ts  on water or 
land qua l i t y  remain to  be determined. 

The Forest Pract ice Act (1973) i n s t i -  
tu ted cer ta in  timber harvest controls, 
including e f f o r t s  t o  regulate o r  control  
erosi  on . These cons i sted of var ious 
systems t o  assess the susceptibi I i t y  o f  
an area to erosion, erosion control  mea- 
sures, stream protect  ion zones, etc. 
Further studies are needed t o  evaluate 
the effect iveness o f  these measures. 

Within any one watershed, water qua I i- 
t y  may be impacted by a s ing le a c t i v i t y  
o r  by several . Whether the e f fec ts  due 
t o  several a c t i v i t i e s  are simply addi- 
t i v e  or in te rac t  i n  fur ther  ways to  
cause other impacts represent data voids 
a t  t h i s  time. 

Water qua l i t y  i s  cur ren t ly  regulated 
by the  Federal Water Po l l u t i on  Control 
Act and the State’s Porter-Cologne Act 
which attempt t o  control  both po in t  and 
nonpoint pol lut ion.  The State Water Re- 
sources Control Board i s  working w i th  
various State and federal agencies t o  
establ ish Best Management Practices 
(BMP’s). Regional Water Qua l i t y  Boards 
have established waste discharge re- 

quirements and standards,” the l a t t e r  
which are d i f f i c u l t  t o  apply i n  the case 
o f  sediment. Certain State agencies 
have control  over various land use prac- 
t i c e s  t h a t  can impact water qual i t y  and 
fu tu re  emphasis i s  l i k e l y  to  be on con- 
t r o l  I ing these pract ices through the use 
o f  BMP’S. 
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INTRODUCTION 

The fo res t  ecosystem i s  subjected t o  
numerous natural and man-caused stresses 
which favor the development of some or- 
ganisms and suppress development o f  oth- 
ers. I n  general, undisturbed fo res t  
lands are not considered sources o f  a i r  
p o l l u t i o n  and i n  fac t  some cleansing o f  
t he  a i r  by recyc l ing can be a t t r i bu ted  
t o  fo res t  vegetation . 

A i r  i s  a renewable resource and d i -  
r e c t l y  a f fec ts  and i s  af fected by for- 
e s t  land, however, it, as a fo res t  land 
resource, was not spec i f ied i n  the 1977 
Forest Resources Assessment and Po l icy  
Act nor was a i r  considered i n  the feder- 
a l  Resources Planning Act (RPA). How- 
ever, a i r  pol lu tan ts  represent an addi- 
t i o n a l  man-made stress i n  the environ- 
ment; therefore, t o  place the r o l e  o f  
a i r  po l l u t i on  i n  perspective, any study 
of long-term chronic a i r  po l l u tan t  ef- 
f e c t  must be accompanied by evaluations 
o f  impact from other s t ress factors. 

Studies on Statewide a i r  pol l u t i o n  
prob 1 ems conducted by the Un i vers i t y  o f  
C a l i f o r n i a  a t  Riverside i n  1977 reveal 
t h a t  in tens i ty  of  stress produced by any 
of these factors  var ies widely over a 
per iod o f  time. Since p lan t  response i s  
a f fected by in te rac t ion  o f  the stress 
factors, evaluation of the a i r  po l lu tan t  
involvement i n  ecosystem changes becomes 
a very complex study ( a  chronology o f  
C a l l f o r n i a  a i r  po l l u t i on  events re la ted 
t o  forested land i s  found in  the Appen- 
dix,  Item 1 1 1 . )  

FOREST LAND AIR QUALITY 

Because o f  Ca l i fo rn ia 's  a i r  c i rcu la -  
t i o n  patterns, no area i s  considered 

smog free. I t  i s  d i f f i c u l t  t o  determine 
the  distance photochemical oxidants and 
re la ted  hydrocarbons and oxides of n i -  
trogen t ravel .  Under ideal condi t ions 
they can be car r ied  i n  excess o f  100 
m i  les. Those sections of the State im- 
mediately downwind o f  large metropol i tan 
areas are more severely impacted by 
transported pol l u t i on  than the more se- 
cluded r u r a l  sections (see Figure 5-1 
llOxidant Nonattainment Areas and A i r  
Transport Routes11) . 

Meteorology and topography are factors  
r e  I ated t o  the t ranspor t  phenomenon . 
Inversions formed in  the Central Val ley 
touch the western slopes of the Sier ra 
Nevada a t  e levat ions averaging from 
3,000 t o  4,000 feet. As a r e s u l t  o f  
transport, oxidants are o f ten  co l lected 
i n  high concentrations along t h i s  band 
where the mountains and the inversion 
layer intersect.  S i rn i  l a r l y ,  the  sur- 
rounding mountains, and the occurrence 
o f  strong inversions, a re  responsible 
f o r  the p o l l u t i o n  accumulation t h a t  i s  
so damaging i n  the South Coast A i r  Basin 
(SCAB), according t o  the UC Riverside 
Statewide A i r  Pol l u t i o n  Research Center 
( A R C )  studies. 

A t  present, two components o f  a i r  are 
o f  pa r t i cu la r  in te res t  r e l a t i v e  t o  Cal i- 
forn ia  fo res t  lands--particulate matter 
and ozone. Nonattainment areas fo r  both 
pol lu tan ts  are shown on Figures 5-1 and 
5-2. Major interbasin a i r  transporta- 
t i o n  routes are shown on Figure 5-1, and 
a i r  monitoring s ta t i on  locat ions i n  o r  
near fo res t  lands are indicated on Fig- 
ure 5-3. 

(llAttainmentll means t h a t  the area de- 
p ic ted  has be t te r  a i r  q u a l i t y  than the  
na t  i ona I standard for t h a t  p a r t  i cu I a r  
a i r  po l l u tan t  over a standard time per i -  
od. Conversely, tlnonattainmentll ind i -  
cates the surrounding a i r  q u a l i t y  i s  
worse than the minimum standard set.) 

Pa r t i cu la te  matter i n  smoke i s  a v is-  
ual problem and a heal th concern. I t  i s  
a by-product o f  fo res t  land management 

b 
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created through the  burning o f  logging 
slash or from vegetative type conversion 
burning. This i s  o f ten  associated w i th  
t h e  conversion of brush f i e l d s  or hard- 
wood stands t o  con i f e r  t ree  product i on. 
P a r t  i cu I ates are a I so a by-product o f  
w i Id f  ires. 

L i t t l e  i s  known about the impacts of 
fo res t  generated par t i cu la te  matter but 
a growing s tore o f  oxidant information 
exists.  Most 'studies have been conduct- 
ed i n  the  southern ha l f  o f  the State 
where s ign i f i can t  oxidant damage t o  veg- 
e ta t ion  was f i r s t  detected and where the 
greatest  ainounts of ozone are generated 
by exhaust emissions in teract ing wi th  
sun I ight. 

SOUTHERN CALIFORNIA 

Most smog in  the South Coast A i r  Basin 
Is generated i n  the Los Angeles urban 
area. In  the  summer, a combination o f  
weather patterns and topography work to- 
gether t o  t ransport  the  po l lu tan t  mass 
t o  coni fer  fo res t  locations as fa r  as 80 
mi les away from the  source. Pol lu tants  
forming over the  urban Los Angeles met- 
ropo l i tan  area i n  r e l a t i v e l y  cool marine 
a i r  are of ten trapped under a pers is tent  
inversion layer of warm a i r  i n  the  upper 
atmosphere from which they cannot es- 
cape. On-shore ocean breezes transport  
t h e  pol lu ted a i r  mass eastward where it 
tfstacks up" against the lower levels of 
t h e  San Gabriel and San Bernardino Moun- 
tains. During the  morning, the inver- 
sion layer remains i n tac t  and pol lu tants  
accumulate, but  remain general ly below 
4,500 fee t  elevat ion (USFS 1978). 

Photochemical oxidants arr ive. i n  re la -  
t i v e l y  undi luted quant i t ies  .sfar from 
t h e i r  sources because sunl ight  acts con- 
t inuously  on raw automobile exhaust gas- 
es as they move t o  produce more ozone 
and peroxyacetyl n i t r a t e  (PAN), the end 
products of the photochemi ca I react  1 on.' 

By midday, surface heating of a i r  in 
contact  w i th  mountain slopes tends t o  
break down the  inversion layer. When 

t h i s  happens, the heated slopes ac t  as a 
chimney t o  vent po l lu tants  up t o  the fo- 
rested r idge crests. The smog laden a i r  
invades the  mountains aided by the  con- 
t i nu ing  on-shore breezes. Addi t ional ly,  
p a r t  o f  the flow of po l lu tan ts  up the  
slopes o f  the San Gabriel Mountains may 
be - injected back i n t o  the s tab le inver- 
s ion layer i n  a hor izontal  d i rec t ion  
away from the  slope. As a resul t ,  the  
inversion i t s e l f  may .serve as a reser- 
v o i r  f o r  oxidants (USFS 1978). 

b 

Pine i s  the species most suscept ib le 
t o  oxidant damage. Ponderosa and Jef- 
f rey pine acreage in southern Ca l i f o rn ia  
amounts t o  about 3hree percent of the  
t o t a l  coni fer  acreage Statewide. From a 
timber loss standpoint the southern Cal- 
i f o r n i a  pine loss i s  not  s ign i f i can t ,  
but  from a recreational, visual, and wa- 
tershed standpoint for southern Ca l i f o r -  
nians it i s  s ign i f icant .  

San Bernardino National Forest 

The most severe oxidant damage t o  con- 
i f e r  forests occurs i n  the San Bernar- 
dino Mountains. The San Bernardino Na- 
t i o n a l  Forest (SBNF) has been exposed t o  
an increasing annual dosage o f  photo- 
chemical oxidants dur ing the preceding 
three or four decades as indus t r ia l  and 
urban development i n  the  South Coast A i r  
Basin expanded a t  a phenomenal rate. 
Tree abnormalities, o r i g lna l  l y  thought 
t o  be diseases, bu t  l a te r  i den t j f i ed  as 
oxidant a i r  po l l u tan t  injury, were caus- 
h g  concern i n  the ear ly  1950's. S i m i -  
l a r l y ,  the  i n ju ry  on ponderosa pines was 
I ater  thought to be assoc i a ted w i t h  hy- 
drogen f l uo r ide  and perhaps other a i r  
po l lu tan ts  released by spec i f i c  indus- 
t r i e s  which were r e l a t i v e l y  new t o  the 
SCAB. Research during the 1950's large- 
l y  d ispel led t h i s  theory and implicated 
the oxidant a i r  po l lu tan ts  which are the 
respons ib i l l t y  o f  a broad sector of 
man's a c t i v i t i e s ,  as ou t l ined  I n  the  
1977 study conducted by the AFRC on the 
mixed coni fer  ecosystem. di 
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The San Bernardlno National Forest, 

located a t  the east end o f  the  South 
Coast A i r  Basin, and forming the pr inc i -  
pal northern and eastern bar r ie r  t o  the 
movement of pol luted a i r  out  o f  the ba- 
sin, i s  subject to  an ebb and f low of  
pol luted a i r  from the SCAB due t o  the 
a l ternate diurnal  ltpumpingfl o f  high des- 
e r t  and marine a i r  through the Basin. 
Typical ly,  during the recognized Itsmog 
season,11 the APRC studies show t h a t  the 
a i r  f low during the e a r l y  morning i s  
from the east toward the coastal region; 
and as the day warms, the  flow i s  essen- 
t i a l l y  reversed t o  de l i ver  marine a i r  
laden with oxidant pol lu tants  t o  the 
SBNF . 

Evaluation o f  the d i r e c t  e f fec ts  o f  
oxidant po l lu tants  i n  the SBNF has fo r  
t he  most p a r t  been confined t o  the domi- 
nant t ree  species althoughi it i s  known 
t h a t  a wide var ie ty  o f  species of green 
p lants  are adversely affected. These 
t r e e  species are c r i t i c a l  elements i n  an 
ecosystem, providing food and shel ter  
f o r  a l l  other organisms in  the  system. 
Chronic i n ju ry  t o  the green vegetation, 
may over a period of time, s i g n i f i c a n t l y  
change the source o f  energy, protection, 
and general habi ta t  o f  numerous consumer 
organisms. We must understand the 
changes in  p lan t  comuni t ies  su f fe r ing  
from a i r  po l lu tan t  i n ju ry  i f  we are t o  
p red ic t  the  fa te  of  an ecosystem impact- 
ed by a growing and changing indus t r ia l  
and urban complex. 

Loss of ponderosa and Jef f rey pine 
trees.has increased dramatical ly as pol- 
l u tan t  levels have r i sen  and the  fre- 
quency and length of po l lu tan t  at tacks 
have in tens i f ied.  Po l lu tan t  e f fec ts  on 
in te r re la ted  subsystems o f  the SBNF eco- 
system have been studied i n  18 p lo t s  es- 
tab l ished i n  selected regions o f  the fo- 
rest. The p lo t s  were selected t o  repre- 
sent s i t e s  of varying pol l u tan t  dosages 
whi le  re ta in ing  as much uni formi ty  o f  
p lan t  species and environment as possl- 
ble. Data from the  p lo t s  w i l l  be used 
I n  a group of I inked models t o  descr i be 
po l l u tan t  impact on ecologic subsystems. 

h*, 

The models should be useful i n  a n t i c i -  
pat ing or predic t ing responses i n  other 
areas under s imi la r  conditions. 

Secondary impacts of t ree  mor ta l i t y  
due t o  a i r  po l lu t ion  are pr imar i l y  re- 
lated t o  the: 

Potent ia l  f o r  increased insect and 
disease ac t i v i t y ,  

Greater dead-fuel-mass generated; 
and thereby 

Increased potent ia l  o f  more inten- 
s ive wildland f i res .  

In  1962, the area o f  mixed coni fer  
f o res t  damaged by photochemical oxidant 
a i r  po l lu t ion  i n  the San Bernardino 
Mountains of  Southern Ca l i fo rn ia  was es- 
timated t o  be 25,000 acres. Ponderosa 
pine was the most severely in jured spe- 
cies; associated species d i d  not then 
show s imi la r  damage symptoms. 

In  1969, ae r ia l  photography was used 
t o  estimate damage t o  ponderosa and Jef- 
f rey pines (see Figure 5-41. O f  160,950 
acres surveyed: 

46,230 acres had heavy smog damage 

53,920 acres had moderate smog dam- 
age 

60,800 acres had I i gh t  or no damage 

Since 1972, twelve sc ien t i s t s  repre- 
senting several research d i sc ip l i nes  
(systems ecology, soi ls,  p lan t  n u t r i -  
t ion,  fo res t  ecology, fo res t  pathology, 
w i l d l i f e  ecology, a i r  pol l u t l o n  technol- 
ogy, and meteorology) have col  laborated 
i n  integrated studies t o  determine the 
chronic e f fec ts  of photochemical oxidant 
a i r  poI lu tants .on a western mixed conl- 
fer  fo res t  ecosystem. An enormous 
amount o f  data have been col lected which 
describe the present and past natural  
cond 1 t Ions of twe I ve subsystems wh i ch 
comprise the coni fer  fo res t  ecosystems. 
of the  San Bernardino Mountains (APRC 
1977) . 



I FIGURE 5-4 

AIR POLLUTION 
DAMAG E DISTRIBUTION 

.SAN BERNARDINO NATIONAL FOREST 
(WITHIN THE LOS ANGELES BASIN) 

EXTENT OF ECONOMIC DAMAGE 

CAUSED BY OXIDANT AIR POLLUTION 

ON FOREST TREES 

I Angeles National Forest 

damage to the conifer forests of 
the Aige I es- Nat iona I Forest is be I ieved 
to be less severe than in the San Ber- 
nardino although it is still a serious 
problem in some areas. Much less re- 
search work has been d irected toward 
quantifying damage on this forest than 
on the San Bernardino National Forest. 
Nevertheless, the results of a 1970 aer- 
ial reconnaisance survey indicated that 
260,689 pines were affected by oxidant 
a,ir pollutants on 40,000 acres. Of the 

affected trees, 20.1 percent were sev- 
erely damaged and about 79.9 percent 
were moderately damaged (USFS 1978). 

C I eve I and Nat iona I Forest 

Ozone injury symptoms have been detec- 
ted on the Cleveland National Forest, 
but the extent of damage has not been 
thorough I y assessed. CIld 
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Los Padres National Forest 

In  recent years, the  Los Padres Na- 
t i ona l  Forest has been subjected t o  a i r  
pol l u t i o n  from two separate sources. 
One i s  the steady and increasing en- 
croachment o f  smog from the Los Angeles 
Basin as overa l l  a i r  po l l u t i on  levels 
from t h a t  source increase. A second and 
more recent development has been the in- 
vasion o f  smog from the Bakersfield-San 
Joaquin Val ley Region on the northeast- 
ern perimeter o f  the forest. An exten- 
s ive damage survey has no t  ye t  been made 
(USFS 1978). 

Because o f  i t s  location north o f  the 
Southern Ca l i f o rn ia  a i r  basin, the Mon- 
terey D i s t r i c t  of the Los Padres i s  
probably the only area w i th in  the South- 
ern Ca l i f o rn ia  National Forests which i s  
r e l a t i v e l y  f ree of the th rea t  o f  smog 
in jury ,  according t o  the Timber Manage- 
ment Plan data. 

SOUTHERN SIERRA NEVADA 

Ozone in ju ry  symptoms on pines i n  the  
Sier ra Nevada Mountains of centra l  Ca l i -  
f o rn ia  were f i r s t  reported i n  1971. Due 
t o  the heavy ozone damage i n  southern 
Cal i forn ia ,  the  Forest Service became 
concerned about the  current status and 
po ten t ia l  t h rea t  of ozone in ju ry  i n  the  
forests  t h a t  border the San Joaquin Val- 
ley a i r  basin (Pronos 1978). In  1974, 
t h e  Forest Service Insect and Disease 
Management S ta f f  began t o  describe and 
assess the  a i r  po l l u t i on  s i t ua t i on  i n  
t h e  southern Sier ra Nevada. Evaluation 
e f f o r t s  have included ozone in ju ry  
ground surveys, ozone in ju ry  t rend p lo t s  
and ozone dose monitoring. I n  It i a  I 
roadside surveys i n  1974 i d e n t i f i e d  
s i t e s  where ozone symptoms were present, 
bu t  d id  no t  r a t e  the level of In ju ry  nor 
record the  presence of other insect or 
disease pests (Pronos 1978). 

I n  1975, there was no season-long 
ozone dosage information avai lab le for a 
forested s i t e  i n  the Southern Sier ra Ne- 
vada. In  1976, the  Forest Service es- 

W 

tabl ished an ozone monitoring s ta t ion  a t  
Whitaker's Forest (e levat ion 5400 feet) 
some 50 m i  les due east of, and downwind 
from, Fresno. The 1976 data from t h a t  
s ta t ion 's  monitoring e f f o r t  confirmed 
the  presence of  ozone in  s u f f i c i e n t  sea- 
sonal dosage t o  account fo r  the symptoms 
observed on ponderosa and Jef f rey pines 
i n  the  general area. The seasonal dose 
was approximately one- f i f th  t o  one-quar- 
t e r  of the dosage recorded i n  the  high- 
e s t  ozone areas o f  the San Bernardino 
Mountains. The highest maximum hourly 
average fo r  1976 was 14 parts per hun- 
dred m i l l i o n  (pphm). The federal stan- 
dard o f  e igh t  pphm in  1976 was exceeded 
on more than ha l f  the days f r o m  mid-July 
through September (Smith 1977). The 
Federal Standard for ozone was revised 
upward by the EPA i n  February 1979, f r o m  
e igh t  t o  I2 pphm, which could s i g n i f i -  
can t ly  reduce the  number of days when 
t h i s  new standard i s  exceeded. The Cal- 
i f o r n i a  standard for oxidant ( i n  t h i s  
case ozone) i s  I O  pphm. 

Ozone monitoring of the San Joaquin 
A i r  Basin by the Ca l i f o rn ia  A i r  Re- 
sources Board i n  1976 showed t h a t  the  
highest ozone concentrations were occur- 
r i n g  downwind from the urban centers and 
t h e  highest seasonal dosages were found 
30 t o  60 m i  les downwind in  the f o o t h i l l s  
and mountains o f  the Sier ra Nevada 
(Smith 1977). 

I n  1977 an ozone In ju ry  survey was 
conducted on the  Sier ra and Sequoia Na- 
t i o n a l  Forests. The survey was desig- 
nated t o  i d e n t i f y  s i t e s  where ozone 
symptoms were present or absent on pon- 
derosa and Jef f rey pines, and t o  deter- 
mine the  actual extent o f  oxidant in-  
jury .  Only these two pine species were 
included because they are the  coni fers  
I n  Ca l i f o rn ia  which most read i l y  ind i -  
cate ozone in jury.  The resu l t s  showed 
t h a t  on 68 percent of the p lo t s  a t  least  
one t r e e  ou t  of 10 had ozone i n j u r y  
symptoms. The worst i n ju ry  found was 
considered t o  be a t  a %oderateft level  
and accounted for less than s i x  percent 
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of the plots. The most ser iously af- 
fected p lo t s  were a l l  located between 
4000 and 7000 fee t  on' the Sierra Ne- 
vada's western slopes adjacent t o  the 
San Joaquin Valley, or along major r i v e r  
drainages (Pronos 1978). 

Two trend' plots, located approximately 
50 mi les east of Fresno, were v i s i t ed  
and rated f o r  i n ju ry  each year since 
1974. According to  Pronos nei ther p l o t  
showed any consistent increase or  de- 
crease i n  smog in ju ry  ra t ings  between 
1974 and 1978. 

Mon i t o r  i ng s t a t  ions were a I so estab- 
I ished a t  Park Ridge Lookout (elevat ion 
7500 feet),  two miles north of Whit- 
aker's Forest, and a t  Mountain Home 
State Forest (e levat ion 5900 feet), 
t h i r t y - f  ive m i  les south o f  Whitaker's 
Station. The locations of these moni- 
t o r i n g  s tat ions are indicated on Figure 
5-3. 

During 1977, the Forest Service Insect 
and Disease Management S ta f f  monitored 
ambient ozone levels a t  Whitaker's For- 
est, Park Ridge Lookout, and Mountain 
Home State Forest. Ozone doses and ex- 
posure times i n  excess of the federal 
standard of 12 par ts  per hundred m i  I I ion 
( pphm) were greatest a t  Wh i taker 's  For- 
est. Comparison of  August ozone read- 
ings between 1976 and 1977 a t  Whitaker's 
shows an Increase greater than two pphm 
In the average da1 l y  maximum ozone lev- 
e l .  Ozone data col lected from Shaver 
Lake south t o  Mountain Home suggest t h a t  
day-to-day f luctuat ions and overa l l  
t rends i n  ozone levels are s imi la r  
throughout t h i s  area and are not j u s t  
pecul iar  t o  Whitaker's Forest (Pronos 
1978) . 

Although smog symptoms are found on 
ponderosa and Jef f rey pines through-out 
most of the Sier ra and Sequoia National 
Forests, the exact level of damage being 
done t o  these t rees i s  unknown. 

I t  was concluded that: 

Ozone symptoms are common and 
wide-spread in  much o f  the southern 
Sierra, but  ozone i s  not  causing 
moderate o r  worse i n ju ry  on a for-  
est-w i de bas is. 

Although few in  number, l o c a l i t i e s  
w i th  moderately in jured pines do ex- 
i st. 

The worst i n ju ry  found was located 
on f ron t  range mountains adjacent t o  
the  San Joaquin Val ley o r  along ma- 
j o r  r i v e r  drainages. 

Ozone-sensitive t rees w i l l  proba- 
b l y  su f fe r  continued in ju ry  as past 
seasonal ozone doses recur. 

The level of i n ju ry  has not  con- 
s i s t e n t l y  increased or  decreased 
since 1974. 

Ozone concentrations s u f f i c i e n t  t o  
cause in ju ry  t o  pines can be measur- 
ed from Shaver Lake south t o  Moun- 
t a i n  Home State Forest (Pronos 
1978). 

Given the  present levels o f  ozone and 
o f  ozone in ju ry  t o  pines a t  widely scat- 
tered si tes,  and the  possi b i  I i t y  t h a t  
ozone doses may increase, the present 
condi t ion i n  these two National Forests 
appears t o  be one of great po ten t ia l  
ra ther  than actual damage (Pronos 1978). 
Experience i n  Southern Ca l i f o rn ia  sug- 
gests t h a t  t rees now classed as "sensi- 
t l ve l l  i n  the Sequoia and Sierra National 
Forests w i  I I continue t o  show a v i s i b l e  
decrease in  v igor  i f  annual doses remain 
about the  same ( M i l l e r  1979). Suf f i -  
c i e n t  information has been co l lected to  
show t h a t  there are large areas of these 
forests where ozone in ju ry  i s  absent or 
so low as t o  be inconsequential (Smith 
1977). Forest Service monitoring and 
trend p l o t  evaluat ion i n  the southern 
Sierras are cur ren t ly  ac t i ve  and contin- 
uing programs (USFS January 1979). 
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NORTHERN CALIFORNIA FOREST LANDS 

No regular  oxidant damage surveys have 
taken place on forest  lands i n  the more 
northern par ts  o f  the State and on the 
east side o f  the  Sier ra Nevada range. 
The Forest Service plans ' to make spot 
checks on National Forest land through- 
ou t  the central  and northern Sierras t o  
def ine the geographical d i s t r i b u t i o n  o f  
ozone in ju ry  symptoms w i th in  National 
Forest lands. From Figure 5-1 it could 
be assumed t h a t  some damage t o  pines may 
r e s u l t  from Central Val ley oxidant 
t ranspor t  easter ly  i n t o  the mountains. 

A March 1979 ARB publ icat ion reported 
t h a t  ozone which formed i n  the Sacramen- 
t o  area during the June-October 1978 
survey period was carr ied by the pre- 
v a i l i n g  northeast wind f low i n  an e l l i p -  
t i c a l  pat tern about 55 mi les long and 35 
mi les wide. Typical-day ozone transport  
d id  not reach the Tahoe Basin from the 
greater Sacramento area. 

Excessive automobile t r a f f i c  such as 
occurs i n  the Lake Tahoe area may r e s u l t .  
i n  decreased v i s i b i l i t y  and in the pro- 
duction of ozone. Ozone damage on pines 
has been observed downwind from Lake Ta- 
hoe toward Luther Pass. Heavy part icu- 
late-laden wood smoke may a lso occur i n  
areas w i th  large numbers o f  recreat ion 
camp f i r e s  (USFS January 19, 1979). 

The Ca l i f o rn ia  Energy Commission i s  
encouraging an increase in the  produc- 
t i o n  of  e l e c t r i c i t y  from geothermal pow- 
ered plants. These kinds of p lants  may 
produce moderate t o  high amounts of  sul- 
f u r  i n  the  form of hydrogen sur f  ide 
(HzS) . This po l lu tan t  could cause 
fo res t  damage depending on the  amount o f  
H2S released, the closeness o f  the  
forest, t he  topography, and the meteoro- 
log icat  conditions, according t o  the  
Forest Service. 

There are plans for bu i ld ing  foss i l -  
fue l  powered e l e c t r i c i t y  generating 
p lants  i n  the  Central Valley of Ca l l fo r -  
nia. These coal and o i l  burning plants 

could produce large quant i t ies  of su l fu r  
d ioxide (SO2> which, i f  released, 
would be d is t r ibu ted  in  patterns s imi la r  
t o  the  ozone d i s t r i bu t i on  from the  cen- 
t r a  I va I ley southeastward i n t o  the  for- 
est. In  high enough quant i t ies,  SO2 
would cause damage t o  the forest  vegeta- 
t ion.  An "acid ra in"  s i t ua t i on  might 
a l so  r e s u l t  from these f a c i l i t i e s  unless 
adequate measures were taken t o  prevent 
such emissions. 

I n  those mining a c t i v i t i e s  i n  which 
the  i n i t i a l  processJng of the ore i s  ac- 
complished on forest  land, there i s  the 
po ten t ia l  fo r  release o f  heavy metals 
and su l fu r  compounds i n t o  the atmos- 
phere. Both groups of  these compounds 
damage a wide var ie ty  o f  plants, includ- 
i ng  trees. One example of  t h i s  i s  oc- 
cur r ing  a t  a tungsten mine on the  east . 
side of  the Sier ra Nevada (USFS 1979). 

FOREST MANAGEMENT, RESULTING 
AIR IMPACTS AND CONTROLS 

Forest land knagement a c t i v i t i e s  
which w i l l  generate a i r  po l lu tants  can 
be placed i n  four categories: 

Cul tura l  treatment by prescribed 
burning t o  remove or reduce undesir- 
ab le species or control  species den- 
s i t y ;  t o  prepare tand fo r  reforesta- 
t ion.  

Chemical spraying o f  pest ic ides 
and herbicides t o  control  insects, 
diseases, and undesirable vegeta- 
t ion.  

Resource protect ion by broadcast 

Logging a c t i v i t i e s  such as road 
bui  Iding, unpaved road use, and log 
skidding which cause dust (part lcu- 
I ate) emissions. 

burning t o  reduce fue l  loads. 
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TABLE 6-1 

PRESCR I BED BURN I NG 

Smoke from burning woody fuels, brush 
and ground I i t t e r  i s  the primary a i r  
po l l u tan t  generated by timber management 
pract ices and type conversion. Current- 
l y  nearly a l l  such material burned i s  i n  
t h e  form of p i l ed  slash or brush resu l t -  
ing from t ree  removal o r  re forestat ion 
pro jects  though some range management 
burning contr ibutes t o  a i r  contaminants 
(USFS 1978). 

A i r  po l lu tants  released through burn- 
ing forest  vegetation are substant ia l ly  
d i f f e r e n t  i n  character from those gener- 
ated by indus t r ia l  or automotive 
sources. This can be a t t r i bu ted  to  the 
r e l a t i v e l y  low temperatures attained, 
and the nature o f  the material burned. 
According t o  the Ca l i fo rn ia  A i r  Re- 
sources Board (ARB) po l lu tan ts  resu l t i ng  
from the burning o f  fo res t  fue ls  are 
harmful when produced in  quant i ty  o r  
added to  an already pol luted atmosphere 
(see Table 5-11. 

Par t i cu la te  matter produced by fo res t  
fue l  combustion (smoke and ash) i s  prob- 
ably the most . .  object ionable feature of 

prescribed f i r e ,  especia l ly  i n  the crea- 
t i o n  o f  small par t i cu la tes  which are 
i den t i f i ed  as a heal th hazard. Smoke 
lessens v i s i b i l i t y ,  and i s  considered 
es the t i ca l l y  and phys ica l ly  displeasing 
by many people. However, emissions from 
the burning of natural  fue ls  a re  unique 
i n  many respects when cunpared to  f ixed 
continuous indus t r ia l  sources o r  automo- 
t i v e  sources. The Forest Service, 1978 
Tlmber Management Plan points ou t  these 
unique propert ies which include: 

Composition--chiefly part iculates,  
carbon dioxide, water vapor. 

bj 

Timing--seasonal and annual. 

Duration--usually less than 24 
hours . 

Nonpoint sources ( i n  comparison to  
most indus t r ia l  sources). 

Can be managed t o  minimize impact 
on a i r  qual i ty .  

Though chaparral i s  not  a fo res t  vege- 
t a t i v e  type, it i s  c lose ly  associated 
w i th  and can be intermixed w i th  trees. 
Chaparral management can have an impact 

TABLE 5 -1  

THE APPROXIMATE RANGE OF FOREST FUEL AND GASOLIN AIR EMISSIONS 
WEN OM TON OF EACH N E L  IS  BURNED 

Carbon dioxide (C02)  Ibs/ton of fuel 

1) Source: EPA, October 197 
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on adjacent forest land, particularly on 
air quality. 

Vegetation management by prescribed 
burning in the chaparral types offers an 
opportunity for improvement of air qual- 
ity. Wildfire in this type of vegeta- 
tion is inevitable, particularly in 
Southern California. Wildfires in the 
chaparral type are frequently catastro- 
phic in terms of air quality deteriora- 
tion, loss of watershed values, and 
off-site damages resulting from flooding 
and associated debris movement. Timber- 
land burned-acreage has increased in the 
last decade. Whether this trend will 
continue is unknown, but such wildland 
fires add significantly to air pollution 
during the summer season. Substantial 
reductions in these adverse effects, in- 
cluding air quality degradation, can be 
achieved through prescribed burning. 
Prescribed burning programs can result 
in managed air qual ity effects and sub- 
stantial reductions in other resource 
losses. The inevitability of fire in 
the chaparral type makes the continua- 
tion of prescribed burning an important 
consideration in the development of air 
quality management policies. 

PEST I C IDES 

The portion of pesticide spray that is 
moved away from the target area by wind 
or other meteoro.logica1 factors is known 
as lldrift.*l Part of this drift may come 
to rest outside the target area, and 
part Is dispersed into the atmosphere. 
Drift can be minimized by spraying under 
controlled climatic conditions with min- 
imal wind and high humidity and by 
ground rather than aer ia I app I icat ions. 
Pesticide formulations are also used to 
reduce drift of aerial sprays. These 
are classified as ( I )  invert emulslons, 
(2) spray thickeners, (3) particulatlng 
agents, and (4) foaming agents. These 
reduce drift by Increasing droplet size, 
by increasing viscosity of the spray so- 
lution, or by producing a larger parti- 
cle or globule that contains the pesti- 
cide (Tr;a>, Apri I 1978). 

hs, 

According to the ARB (Lockett Feb- 
ruary 5, 1979) current research indi- 
cates that in sane areas of the State, 
certain pesticide appl ications may con- 
tribute significantly to total reactive 
organic emissions, such as hydrocarbons, 
depending on the types and amounts of 
carrying agents used. Research in this 
area is just beginning; therefore, the 
effect on forest I and vegetation has not 
yet been determined (see Chapter Seven, 
"The Forested Range I andt1) . 
LOGG I NG 
Preliminary search did not produce da- 

ta on the amounts of dust particulate 
matter introduced into the air within 
logging areas and from vehicles travel- 
ling unpaved logging roads. Generally, 
unpaved roads are watere-d or are treated 
with dust abatement materials during 
logging operations. If not treated, 
logging or recreation or other traffic 
can produce clouds of dust which will 
settle out at varying distances from the 
roadway, coating nearby vegetation and 
allowing wind dispersion of particu- 
I ates. 

CURRENT INTERGOVERNMENTAL INVOLVEMENT 

In 1967 the Cali-fornia Air Resources 
Board was created by Senate Bi I 1  490 
(Mulfwd-Carrel I )  in response to a grow- 
Ing awareness of air quality problems. 
The ARB and the closely related Air Re- 
source Control Districts (ARC01 interact 
with many governmental agencies in the 
field of air quality improvement and 
control (see Appendix Item 1 1 ) .  

Within the forested areas of the 
State, 'the ARB and the ARCD's (general ly 
formed on county lines) coordinate with 
the CDF and the Forest Service, partic- 
ularly with regard to the management of 
fire, which in turn relates to control- 
led and uncontrolled fire with its at- 
tendant suspended particulate matter and 
visibility problems. 

ARB and ARCD local agriculture burning 
rules regulate agriculture, range, land 



improvement, and fo res t  management burn- 
ing. The ARB and f i r e  management o r  
cont ro l  agencies cooperate i n  admin'is- 
t e r  i ng the State agr i cu I tu ra  I burning 
program and the ARCDts issue permits fo r  
agr i cu I tu ra  I burn i ng based on ARB des i g- 
nat ion of  "burn days" (ARB October 
1978). ARCDts may issue burn permits on 
ARB "no burn" days i f  an economic hard- 
sh ip exists. 

State and local ru les  pertaining t o  
par t i cu la te  matter and v i s i b l e  emissions 
are expl i c i t  fo r  urban areas. Vat ious 
exceptions are provided fo r  under State 
law, e.g., f i r e s  set  by publ ic  o f f i c e r s  
f o r  f i r e  hazard abatement, t o  save I i f e  
o r  valuable property, and fo r  cer ta in  
disease and pest prevention when no 
other reasonable a l ternat ives are ava i l -  
able (Section 41801, Publ ic  Health and 
Safety Code). 

The most s ign i f i can t  re la t ionship be- 
tween the State of  Ca l i fo rn ia  and the 
federal government, i n  the area of State 
Implementation Plan development and 
t h a t  P lants  implementation, ex is ts  be- 
tween the ARB and the Environmental Pro- 
tec t i on  Agency (EPA) (ARB, October 
1978). 

I n  October 1977, the regional d i rec- 
t o r s  o f  the Bureau of Land Management, 
Forest Service, and National Park Serv- 
i ce  having respons ib i l i t y  in  Cal i forn ia ,  
issued a po l icy  statement i n  which were 
se t  f o r t h  a i r  qua l i t y  goals to: 

Minimize the impacts of  t h e i r  re- 
spective land management a c t i v i t i e s  
on a i r  qual i ty.  

Manage lands i n  a manner consist- 
en t  wi th State and federal a i r  qual- 
i t y  laws and regulations. 

Prevent o f f - s i t e  a i r  po l lu t ion  
from adversely inf luencing use o f  
federal lands. 

Act ive ly  seek cooperation of fed- 
eral ,  State, county and local agen- 
cies. 

Weigh the benef i ts  of certain. land 
management a c t i v i t i e s  against possi- 
b l e  a i r  qua l i t y  deter iorat ion.  LJ 

Continue studies on a i r  po l l u t i on  
damage t o  fo res t  and range re- 
sources. 

The pol icy  statement was included i n  a 
l e t t e r  to the A i r  Resources Board ind i -  
ca t ing  t h a t  the statement would serve as 
a basis fo r  decision making regarding 
any a c t i v i t i e s  which would a f f e c t  a i r  
q u a l i t y  on lands administered by the  
agencies. The ARB, along wi th  these 
agencies, f inds  t h a t  much of the  land 
under federal agency j u r i s d i c t i o n  de- 
serves special protect ion t o  insure the 
attainment or maintenance o f  superior 
a i r  qual i ty .  

The 1977 Clean A i r  A c t  amendments es- 
tabl ished as a nat ional  goal "the pre- 
vention of  any future, and the remedying 
o f  any exist ing,  impairment of v i s i b i l -  
i t y  i n  mandatory Class I federal areas 
where such impairment resu l t s  from man- 
made a i r  pol Iution.ll These Class I areas 
include a l l  internat ional  parks, wi lder- 
ness areas, and national memorial parks 
over 5,000 acres, as well  as a l l  na- 
t i ona l  parks over 6,000 acres. A I  I of 
these areas i n  existence on August 7, 
1977 (Figure 5 - 5 )  have been so c lass i -  
f ied. Two pol lutants,  pa r t i cu la te  mat- 
t e r  and su l fu r  dioxide, according t o  the 
Act, sha l l  not  be allowed t o  increase 
over baseline concentrations by spec i f i c  
amounts (which are d i f f e r e n t  f o r  Class 
I, II, o r  I l l )  as measured in  micrograms 
per cubic meter. Concentration l i m i t s  
f o r  cer ta in  other pol lutants, e.g., car- 
bon monoxide, photochemical oxidants, 
lead, and ni t rogen oxides must be se t  
and regulat ions for t h e i r  control  are t o  
be promulgated w i th in  two years a f t e r  
the enactment o f  the Clean A i r  Act 
Amendments. 

Res t r i c t ions  could be expected upon 
management pract ices which create v i s i -  
b i l i t y  impairment, i n  Class I areas, in- 
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cluding prescribed and slash burning 
(Lockett May 17, 1979). 

In  Cal i forn ia ,  the  A i r  Resources Board 
i s  developing a program termed the A i r  
Conservation Program (ACP) which w i l l  
implement as well as supplement the 
Clean A i r  A c t  Amendment mandates. The 
goal o f  the A i r  Conservation Plan i s  to 
maintain superior levels of  a i r  qual i t y  
In '  areas t h a t  already experience rela- 
t i v e l y  clean a i r  (W, Apr i l  1978). 

I f  the current proposal i s  implemen- 
ted, areas of the State would be classi-  
f i e d  i n  one of four categories (Class A, 
B, C, 01, rang ing from areas where very 
l i t t l e  deter iorat ion o f  a l r  qua l i t y  
would be permitted (Class A) t o  areas 
where moderate to  substantial deteriora- 
t i o n  would be allowed (Classes B and 0). 
Class C (agr icu l tu ra l  and s i l v i c u l t u r a l  
areas) I s  intended to serve as an iden- 
t i f i c a t i o n  o f  areas where vegetation 
(such as timber resources) w i  I I be pro- 
tected t o  prevent unacceptable economic 
losses (Lockett, February 5 and May 17, 
1979). 

Class A areas would be equivalent to  
Federal Class 1 areas; very l i t t l e  i f  
any a i r  qua l i t y  deter iorat ion would be 
a l  lowed except by unavoidable circum- 
stances, such as w i l d f i r e  (see Figure 
5-5. A t  t h i s  point, the ACP i s  a pro- 
posal only. Several years w l  I I be re- 
quired t o  c lass i f y  a l l  areas and develop 
regulat ions t o  protect  clean a i r  areas. 

Class I or  A designations f o r  parks 
and wildernesses w i l l  not  automatical ly 
ensure t h e i r  pure a i r  status because 
meteorological t ransport  of pol luted a i r  
from lower class1 f i ca t ion  areas w i  I I 
continue to  invade these areas, part icu- 
l a r l y  i n  the southern pa r t  of the State. 
Also, when comparing Figures 5-2 and 
5-5, inference should not be made t h a t  
t h e  wilderness and park lands i n  5-5 are 
is lands of  pure a i r  i n  a sea of unac- 
ceptable a i r  qual i ty .  The nonattainment 
planning process a lso  appl ies t o  the 

Class I areas which do not  meet current  
a i r qua I i t y  standards. 

The Forest Service and the Park Serv- 
i ce  are preparing wr i t t en  a i r  qua l i t y  
goals which consider ongoing management 
programs i n  t h e i r  respective w i I derness 
areas. The EPA w i  I I use these goals 
during the development o f  methodologies 
t o  provide ob jec t ive  measurements o f  
v i s i b i  I i t y .  Unti  I these technical meth- 
odologies are perfected, v i s i b i  I i t y  re- 
lated control regulat ions w i l l  ce r ta in l y  
be subject to  challenge. Several stud- 
ies  have been i n i t i a t e d  to  generate the 
basic data t h a t  must precede announce- 
ment o f  regulat ions. The hope i s  t h a t  
cooperation and accurate data w i l l  re- 
s u l t  i n  regulat ions t h a t  protect  the a i r  
whi le accommodating fo res t  users (Day, 
August 1978) . 

CS 

S t a t i s t i c s  on prescribed burning as a 
range improvement measure do not d i f f e r -  
en t  i a te  between a forest- brush range 
vegetative type and a grass-brush eco- 
system. Much range improvement work 
occurs i n  the in ter face areas between 
the two ecosystems. This top i c  i s  dis- 
cussed i n  greater depth i n  Chapter 
Seven . 

The CDF received a high of 117 appl i- 
cat ions fo r  control  led burning permits 
i n  1974 and a low of 63 appl icat ions 
during 1977. There i s  an increase i n  
the number o f  smaller burns conducted 
during the winter and spring seasons 
throughout Cal i forn ia .  

The Forest Service has recent ly  estab- 
I ished an A i r  Resources Management Sys- 
tem. These guidel ines requi re managing 
a l l  burning operations t o  prevent o r  
minimize the  penetrat ion o f  smoke i n t o  
populated areas. Under the A i r  Resource 
Management System, heavi ly populated or 
high use areas susceptible t o  excessive 
accumulations of  emissions i n t o  the a i r  
as a r e s u l t  o f  concentration sources, 
and c l ima t i c  and topographic res t ra in t s  
on vent i I a t  i on, have been designated as 
Smoke Sensi t ive Areas (SSA). The SSA's LVJ 
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include the a i r  space t o  a c e i l i n g  o f  
b/ 3,500 fee t  above the  ground surface 

(TMP, Apr i l  1978). 

Only l im i ted  burning i s  permitted when 
smoke w i l l  disperse i n  a i r  t h a t  i s  mov- 
ing toward an SSA. No burn ing w i  I I be 
permitted i f  the  smoke w i l l  reach the 
sens i t i ve  area a t  elevations below the 
area's speci f ied c e i l i n g  when the  f i r e  
i s  less than 30 mi les away. Limited 
burning i s  permitted i f  the smoke w i l l  
be dispersed through a deep layer ex- 
tending above the  SSA ce i l ing .  

Only under special condit ions w i l l  un- 
l im i ted  burning be permitted. This may 
occur when smoke w i l l  be blown d i r e c t l y  
away from SSA's or, i f  toward, only when 
t h e  nearest such area Is no closer than 
100 mi les downwind, o r  i f  the smoke r i s -  
es i n t o  the  base o f  a p rec ip i t a t i ng  
c I oud system. 

The Forest Service's Pesticide-Use Co- 
o rd ina t ing  Committee (PUCC) reviews a l  1 
proposed pest ic ide appl icat ions w i th in  
National Forests. The PUCC works i n  
conjunction wi th  the Environmental Pro- 
tec t i on  Agency, the  State Departments of  
Food and Agriculture, Fish and Game, and 
t h e  County Agr icu l tu ra l  Commissioners t o  
ensure t h a t  a l l  regulat ions and require- 
ments are met. I n  accordance with the 
National Environmental Po l i cy  Act o f  
1969, Forest Service Regional po l i cy  re- 
qu i res a l  I proposed pest ic ide uses t o  be 
accompanied by an Environmental Analysis 

, Report (EAR) (USFS, January 19, 1979). 

I n  1978, an EPA-sponsored group con- 
s i s t i n g  mostly of researchers from the  
Berkeley and Riverside campuses of the  
Univers i ty  of Cal i forn ia ,  t he  P a c i f i c  
Southwest Forest and Range Experiment 
Station, and the Statewide A i r  Po l lu t ion  
Research Center was established. This 
group's i n i t i a l  goal i s  t o  establish'co- 
o rd i  nat ion between study projects o f  
f o res t  succession i n  oxidant-damaged 
stands and the fo res t  managers carry ing 
o u t  the fo res t  management processes. 

b, 

CONCLUSIONS 

Research and f i e l d  survey information 
on the adverse impacts on forests of  a i r  
po l l u t i on  i s  a r e l a t i v e l y  new science. 
What information i s  avai lab le has been 
generated p r inc ipa l l y  i n  the  southern 
p a r t  o f  Ca l i fo rn ia  where the oxidant de- 
c l i n e  and mor ta l i t y  among cer ta in  pine 
t rees  was f i r s t  recognized. 

Future oxidant and pest ic ide damage t o  
fo res t  land i s  dependent on the adequacy 
of contro ls  exercised by federa I, State, 
and local agencies. 

A i r  pol l u t i on  impacts, pa r t i cu la r l y  
from smoke par t i cu la te  matter o r ig ina t -  
ing on fo res t  lands, are a matter o f  
regulat ion and there must be trade-offs 
between economics anc 
r i t y .  

Wildland fue l  bu 
brush, and ,rangeland 
mass uncontrol lab le  f 

environmental pu- 

ldup on forest, 
leads t o  per iodic 
res, which produce 

vast quant i t ies  of objectionable a i r  
pol lutants.  The d r i f t  o f  t h i s  mater ia l  
i s  a lso uncontrol lable and would eas i l y  
v i o l a t e  the  p r i s t i n e  a i r  qua l i t y  i n  
Class I areas scattered about the State. 
Smoke management by prescribed burning 
would lessen t h i s  uncontrol led adverse 
i mpact . 

Current a i r  standards and regu I a t  ions 
are so t i g h t  and contro l led burn costs 
so high t h a t  an acceptable so lut ion t o  
t h e  problem Statewide i s  un l i ke ly  unless 
r e a l i s t i c  goals are formulated and com- 
promise regulations, standards, and pro- 
cedures established t o  which a l l  par t ies  
(ARB, EPA, CDF, USFS, NPS, etc.) in- 
volved can agree. Much research needs 
t o  be done t o  t r u l y  ascertain the  t r u e  
p i c tu re  of a i r  po l lu t ion  and i t s  e f f e c t  
on fo res t  land management. 
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INTRODUCTION 
Conservationis Aldo Leopold pointed 

ou t  t h a t  there an e th i ca l  aspect t o  
the preservation of f i s h  and .wiJdIIfe. 
A ttlantl ethic," i n  Leopold's. words, "a f -  
f i rms t h e i r  r i g h t  (p lants  and anlmals) 
t o  continued existence, and, a t  least  i n  

, spots, t h e i r  continued existence i n  a 
statel l  (teopold 1947). 

F W A  includes a provis ion to evaluate. 
opportuni t ies t o  Improve w i  I d  I i f e  and 
w i l d l i f e  hab i ta t  management on the for -  
e s t  lands o f  the State; and t o  assess 
and analyze the present status of the 
f i s h  and w i  Id  I i f e  resources o f  forested 
lands. I 

~ 

As Ca l i f o rn ia ' s  human populafion in-  
creases, the opportuni t ies for  using and 
enjoying f i s h  and w i l d l i f e  are changing. 
More and more people want t o  fish, hunt, - 
and enjoy w i  Id1 i f e  i n  the outdoors. The 
cur ren t  pace o f  human communit)i growth 
and development i n  Ca l i f o rn ia  l is  such 
t h a t  only a commitment t o  a Illand ethict f  
w i l l  enable f i s h  and w i l d l i f e  resources 
t o  remain as an important a t t r i b u t e  of 
t h i s  State. Thls becomes more bpparent 
as demands fo r  wood and energy Increase 
and the management o f  forest  lands i s  
in tens i f ied.  The opportunity s y i l  I ex- 
i s ts ,  however, t o  conserve, and leven t o  
enhance, the f i s h  and w i l d l i f e  resources 
on the forested lands o f  Ca l i fo rn ia .  

OVERVIEW I 

THE VALUE OF FISH AND WILDL'IFE RE- 
SOURCES ~ 

-- I 

The f i s h  and w i  Id  I i fe  reSOdrCeS of 
C a l i f o r n i a  have d i r e c t  and ' ind i rec t  
economic values as well as aesthetic and 

W 

natural va ues. The d i r e c t  economic 
values der ve from f i s h  and w i l d l i f e  
support o f  commercial industries. For 
example, i n  1977 the fur  trapping indus- 
t r y  netted $895,600; and in  1975 the 
commercia I salmon industry netted 6.9 
m i l l i o n  dol lars.  Both o f  these indus- 
t r i e s  r e l y  t o  some degree upon forest  
I and ha b i t a t  . 

I n d i r e c t  economic values accrue t o  
business and r u r a l  communities as a re -  
s u l t  of over s i x  m i l l i o n  people p a r t i c i -  
pat lng annually i n  hunting and f i sh ing  
a c t i v i t i e s ,  together wi th  other w i  Id-  
l i f e - re la ted  recreational pursuits, sup- 
p o r t  major t o u r i s t  and recreat ional  in-  
dus t r  ies throughout the State. Through 
a special excise tax on sport ing arms, 
ammunition, and f i sh ing  tackle, hunters 
and fishermen support most o f  the 
State's f i s h  and w i  Id1 i f e  management 
programs . 

More and more peop4e are choosing t o  
s i g htsee , b i r d  wa t c  h , and photograph 
w l  Id1 i f e  i n  natural surroundings. These 
aesthet ic pursui ts are increasing so 
r a p i d l y  t h a t  c o n f l i c t s  e x i s t  between the 
consumptive users (hunters and f i she r -  
men) and nonconsumptive users ( b i r d -  
watchers, photographers, etc.). 

The s c i e n t i f i c  value o f  f i s h  and w l  Id- 
l i f e  resources a lso  necessitates t h e i r  
protection. The natural d i v e r s i t y  o f  
wi ldland plants and animals provides 
a reposi tory f o r  yet-to-bediscovered 
" s c l e n t i f  i c  breakthroughs.'I It i s  im-  
possible t o  p red ic t  what species o f  
f ish, w i l d l i f e ,  o r  p lan t  l i f e ,  perhaps 
presently obscure, w i  I I provide some 
c lue  t o  human health and survival...in 
the t r a d i t i o n  o f  the discovery o f  mold 
as a source of p e n i c i l l i n ;  the use of  , 

t he  Klamath beet le for control  o f  the 
Klamath weed; o r  the use o f  the na t ive  
plant, meadow foam, (Llmnanthes) as a 
possible a l t e rna t i ve  f o r  sperm whale 
o i l .  

Ecological systems should be m i n t a i n -  
ed as close t o  natural d i v e r s i t i e s  and 
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TABLE 6-1 

balances as possible because we do not 6-3 l i s t s  those mammals which are con- 
t r u l y  understand them well enough t o  do sidered f fsens i t ive speciesff by the For- 
away with these natural components. e s t  Service. About 30 percent o f  the 

fo res t  w i l d l i f e ,  many o f  which are 
PRESENT SUPPl Y OF FISH - l i s t e d  in  the previous tables, inhab i t  

old-growth forest. Successional stages 
LIFE RESOURCES .ON FORESTED of vegetation are hab i ta t  f o r  the re -  

WlLp 

LANDS 
MAMMALS 

maining 70 percent of the fo res t  wi ld-  
l i f e .  Such species as deer, mice, rab- 
b i t s  and quai l  prefer t h i s  type o f  habi- 
t a t .  

A t  least  209 species of mammals res ide 
i n  Cal i forn ia ;  many of them associated Big 
w i th  forested lands. The exceptions are I ands 
marine mammals, and species endemic t o  bear, 
the Sacramento-San Joaqu i n  Va I I ey and and w 
the  Cal i forn i a  desert. Some of the mam- 
mals found i n  Ca l i fo rn ia 's  forested 
lands are considered endangered, rare, 
o r  threatened under guidel ines establ is -  
ed both by the State and federal govern- 

.merits, (see Table 6-11 o r  are species of 
special concern according to  the c r i t e r -  
i a  establ ished by the State Department 
of Fish and Game (see Table 6-21. Table 

game animals inhabi t ing forested 
i n  Ca l i f o rn ia  include deer, black 
elk, bighorn sheep, mountain l ion, 

- - I d  pig. Deer and black bear have 
received considerable a t ten t ion  over the 
years because o f  t h e i r  v i s i b i  I i t y  and 
importance to  the State's hunting pro- 
gram. Other species such as t u l e  e l k  
and bighorn sheep have become more v i s i -  
b l e  because o f  the e f f o r t s  o f  t h e  De- 
partment of Fish and Game t o  t ransfer  
and relocate these mammals t o  establ ish 
new populations. 

TABLE 6-1 

ENDANGERED, RARE AND THREATENED SPECIES ON FORESTED LANDS OF CALIFORNIA 

1. SPECIES CLASSIFIED AS ENDANGERED 

A. 
8. 
C. 
0. 
E. 
F. 
Go 

H. 

California condor (also federal classification) 
American peregrine falcon (also federal classification) 
Southern bald eagle (also federal classification) 
Blurti-nosed leopard lizard (also federal classification) 
San Francisco garter snake (also federal classification) 
Shortnose sucker 
Lost River sucker 
Unarmored threesplne sMckleback (also federal classification) 



TABLE 8-2 

W 

W 

2. SPECIES CLASStFIED AS RARE (STATE CLASSIFICATION ONLY) 

c lass l f i ca t ion)  

A. 
Bo 
c. 
D o  

E o  
F. 
Go 
H o  
I. 
Jo 
K o  

Lo 
Mo 

Cal i forn ia  Blghorn. 
Pen i nsu I a r  B i g horn 
San Joaquln k l t  fox (endangered under federa 
Wo I ver 1 ne 
A I  ameda s t r  I ped racer 
Southern rubber boa 
SIsklyou Mt. salamander , 

Limestone salamander 
Shasta sa I amander 
Kern Canyon slender salamander 
Tehachapi slender sa I amander 
M o c  sucker 
Rough sculpin 

3. SPECIES CLASSIFIED AS THREATENED (FEDERAL CLASSIFICATION ONLY) 

A. Lahontan cutthroat. t rou t  
8. Paiute cutthroat t rou t  
C. L l t t l e  Kern golden t r o u t  

TABLE 6-2 

SPECIES OF SPECIAL CONCERN 

1. SPECIES OF SPECIAL CONCERN (AS NOTED BY 
CALIFORNIA DEPARTMENT OF FISH AND GAME 
ON FORESTED LANDS OF CALIFORNIA) 

A. MAMMALS 

1. Flsher 
2. Marten 
3. Slerra red fox 
4. Whlte-eared pocket muse 
5. Yellow-eared pocket mouse 
60 Red-backed t ree  vote 
7. Northern f l y l ng  squl r re l  
8. Mountain beaver 
9. Mt. Plnos lodgepole chipmunk 

10 FIRST PRIORITY 

a. Barrow's goldeneye 
b. Harlequin duck 
C. Swalnson's hawk 
d. MerlIn 
e. Great gray owl 
f. WIl4ow f lycatcher 
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TABLE 6-8 

2. SECOND PRIORITY 

a. 
b o  

C. 
d o  

e. 
f. 
9. 
h a  

Cooper's hawk 
Osprey 
Spotted owl 
Long-eared owl 
Short-eared owl 
Purple martin 
Yellow warbler 
Ye I I ow-breasted chat 

3. THIRD PRIORITY 

a. Goshawk 
b. Sharp-shinned hawk 
C. Golden eagle 
d. Pralrle falcon 
e. Ruffed grouse 
f. Black swlft 
g. Black-capped chlckadee 
h. Marbled murrelet 

TABLE 6-3 

SENSITIVE SPECIES CLASSIFIED BY U.S. FOREST SERVICE 
ON FORESTED LAWS OF CALIFORNIA 

A. M L S  

1. Tule Elk 
2. Nelson blghorn sheep 
3. Mt. Plnos chipmunk* 

B o  BIRDS 

1. Prairie faicon* 
2. Osprey* 
3. spotted owl' 
4. Golden eagle* 
5. Goshawk" 
6. Nt. Plnos blue grouse 

C. AMPHIBIANS 

1. Red-legged frog 

Do FISHES 

1. Dol ly Varden trout 
2. Redband trout *Also lncluded on State's llst 
3. South Fork Kern golden trout of specles of speclai concern. 
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L, 
Deer 

Four o f  the s i x  subspecies o f  deer 
found in  Cal i fornia,  the Columbian 
black-tai led, the Cat i f o r n i a  mule deer, 
the Rocky Mountain mule deer, and the 
lnyo mule deer, are associated w i th  fo r -  
ested lands. The other two, the burro 
and southern mule deer, are not asso- 
c ia ted  wi th  forest  lands. Favorable 
hab i ta t  f o r  deer occurs on 56 m i l l i o n  
acres o r  56 percent o f  the State. Deer 
hab i ta t  must include vegetation su i tab le 
f o r  hiding, feeding, fawn rearing, and 
thermal protection. Figure 7-2 i n  the 
chapter on forested rangelands i I lus- 
t r a t e s  the d i s t r i b u t i o n  o f  deer herds i n  
the State. 

The deer herds, o f  which there are ap- 
proximately 109 recognized Statewide, 
peaked in  s ize beyond the long-term car- 
r y  i ng capac i t y  of  t h e i r  ranges dur i ng 
the 1950's and the ea r l y  p a r t  of the 
1960's because o f  favorable hab i ta t  con- 
d i t i o n s  as a r e s u l t  of prescribed burns, 
conversion o f  land f o r  grazing, and t i m -  
ber harvesting. Since the mid l%O's, 
many o f  the deer herds i n  Ca l i f o rn ia  
have declined 60 percent. This popula- 
t i o n  reduction can be a t t r i bu ted  t o  the 
loss o f  hab i ta t  due t o  such things as 
second home subdivisions, water impound- 
ments and road construction; e f f e c t i v e  
f i r e  suppression a c t i v i t i e s  wi th in  the 
forested areas which has halted large 
scale creat ion o f  su i tab le  successional 
habitats. The h i s t o r i c  overpopulation 
o f  deer i t s e l f  have a lso  contr ibuted t o  
the decllne. Many o f  these a c t i v i t i e s  
have taken place on the winter ranges, 
making these hab i ta ts  a l i m i t i n g  factor  
insofar as the fu ture p o s s i b i l i t y  o f  in-  
creasing deer numbers. When a deer pop- 
u l a t i o n  exceeds the long-term carry ing 
capacity of i t s  range, severe damage t o  
e x i s t i n g  preferred forage occurs. There 
can be l i t t l e  doubt t h a t  deer themselves 
have been responsible f o r  a major share 
o f  the deplet ion of t h e i r  own hab i ta t  
and i n  consequence t h e i r  .subsequent de- 
c l i n e  i n  numbers (Longhurst et.al. 
1976). 

Approximately 31,000 deer were repor t -  
ed harvested i n  Ca l i f o rn ia  i n  1978. 
About 33 percent o f  the deer harvest 
takes place i n  the northern counties o f  
Humboldt, Del Norte, T r in i t y ,  Shasta, 
Modoc, Lassen, and Siski.you. Most o f  
the remaining harvest i s  from the Sierra 
Nevada and Coast Range mountains. The 
present deer population i s  estimated a t  
500,000 animals (see Chapter Seven, 
"The Forested Range I ands," f o r  fur ther  
discussion o f  forage outputs on deer 
range). 

The Statewide deer population has r e -  
mained s t a t i c  since 1975. Some areas 
have shown a s l i g h t  increase i n  deer 
numbers since then. This increase may 
be a t t r i bu ted  t o  range recovery and bet- 
t e r  fawn survival  during the mi ld  win- 
t e r s  o f  1976 and 1977. The recovery o f  
Cat i f o r n i a ' s  deer herds i s  a major pro- 
gram and p r i o r i t y  o f  the Department o f  
Fish and Game (CDFG 1976). The plans 
w i l l  be developed cooperatively w i th  
publ ic  and p r i va te  land managers. The 
Department of Fish and Game i s  presently 
developing indiv idual  .herd management 
plans f o r  the deer herds i n  Ca l i fo rn ia .  
T h i r t y  o f  these plans are expected t o  be 
completed by 1979 and the remainder by 
1981. 

Bear 

The black bear i s  the only species of 
bear extant i n  Cal i fornia,  even though 
there  are brown, black, cinnamon, and 
blond co lor  phases wi th in  the species. 
The g r i z z l y  bear, once na t ive  t o  C a l i -  
fornia, was ex t i rpa ted  from the State by 
1922. 

Black bears are creatures of the fo r -  
e s t  and adjoining woodlands; they r e -  
qu i re  timber stands and berry producing 
brushf ie lds i n  t h e i r  habitat.  Because 
the  exact status o f  the black bear popu- 
l a t i o n  i n  Ca l i f o rn ia  i s  unknown, the De- 
partment of Fish and Game i n  1978 i n i t i -  
ated a three-year study t o  determine 
that. I t appears t h a t  the Statewide 
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bear population i s  f a i r l y  stable, since 
numerous national parks, State refuges, 
and w i  lderness areas provide e i ther  to- 
t a l  protect ion or l imi ted human access 
i n t o  bear habitat.  An estimate o f  the 
bear population i s  no t  avai lable, how- 
ever, i n  1978, 655 bears were reported 
harvested from fo res t  lands. The re -  
ported harvest cou I d underestimate ac- 
tua l  legal harvest by 20 t o  30 percent. 

Sheep and E l  k 

Bighorn sheep have been protected i n  
Ca l i f o rn ia  f o r  over 100 years. Three 
subspecies associated with forested 
lands are the Cal i fornia,  Peninsular, 
and Nelson bighorn. The Ca l i f o rn ia  b ig-  
horn, w i th  an estimated population o f  
275 animals, ranges along the c res t  of 
the  Sier ra Nevada in  the v i c i n i t y  of Mt. 
Baxter and Mt. Williamson i n  lnyo 
County. The Peninsular bighorn sheep 
occupy a range w i th in  the Santa Rosa 
Mountains i n  Riverside County and the 
Anza-Borrego Desert State Park i n  San 
Diego and Imperial Counties. The popu- 
l a t i o n  i s  considered stable a t  approxi- 
mately 1,100 animals. Both subspecies 
are I is ted as ra re  on the State's I i s t  
of  ra re  and endangered animals, shown on 
Table 6-1. The Nelson bighorn i s  asso- 
c ia ted w i th  the forested lands i n  the 
San Gabriel, San Bernardino, and White 
mountains. The State population i s  ap- 
proximately 2,600 animals. Human en- 
croachment, ccnnpeti t i o n  for forage w i th  
fe ra l  burros and horses, vegetation 
changes, and diseases are considered to 
be l i m i t i n g  current populations. 

Three subspecies o f  e l k  are associated 
w i th  fo res t  hab i ta t  i n  Cal i forn ia .  Two 
subspecies, the Roosevelt and t u l e  elk, 
a re  native; the Rocky Mountain e l k  were 
introduced. Tule e l k  are being re locat -  
ed f r o m  the Owens Va I ley herd t o  sui t a -  
b l e  hab i ta t  in-State to  establ ish new 
herds and comply w i th  the Leg is la t i ve  
d i r e c t i v e  which states t h a t  the minimum 
populat ion o f  t u l e  e l k  w i  I I be a t  least  
2,000 animals. The present estimated 
number of t u l e  e l k  i s  800 animals. The 

Roosevelt e l k  population on the North 
Coast o f  Ca l i fo rn ia  i s  remaining s tab le 
a t  2000 animals. Introduced populations 
o f  Rocky Montain e l k  are located in 
Shasta, Kern, and Monterey Counties. 
The Statewide population i s  estimated a t  
1,200 animals. No e l k  were harvested i n  
1978. (Figure 7-1 i n  Chapter Seven, 
"The Forested Range I ands,ll i I I ust rates 
the  Statewide d i s t r i b u t i o n  o f  e l k  and 
sheep.) The amount ,o f  su i tab le  grass- 
land habi ta t  and in t raspec i f i c  competi- 
t i o n  are the major factors constrajning 
e l k  populations. 

Other Mamma I s  

Department o f  Fish and Game personnel 
bel ieve t h a t  mountain l i ons  have in-  
creased in  numbers since abo l i t i on  of 
the  State's t rapping program and bounty 
system i n  1963. Estimates place the 
population a t  approximately 2,400 cats. 
They are found throughout the State ex- 
cept i n  the Sacramento and San Joaquin 
Valleys. The main food item for these 
animals i s  deer, thus making t h i s  spe- 
c ies  h igh ly  dependent on the fo res t  
ecosystems which produce those animals. 
Current law p roh ib i t s  the sport  harvest 
of  mountain l ions. Legis la t ion has re -  
cent1 y been introduced to have a I imited 
harvest on the cats. L imi t ing  factors  
on 1 ions may include the deer prey base 
and the spat ia l  requirements o f  l ions  
t hemse I ves . 

W i  I d  domestic and introduced European 
p igs are widely scattered throughout the 
oak wood I and -oak grass I and commun it i es 
i n  Cal i forn ia .  L i t t l e  data are ava i l -  
able on the wi ld  p ig  populations i n  
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Ca I i forn ia  and I i tt l e  i s  known regard ing 
the extent o f  t h e i r  range and population 
densit ies. Pigs are a S ign i f i can t  b ig  
game species, w i th  an estimated annual 
harvest ranking second only t o  deer. 
They can a lso cause severe depredation 
problems fo r  agr icu l tu re  and forestry. 

Furbearing mammals are a group o f  an i -  
mals charac ter is t i c  of the forested 
lands o f  Cal i forn ia .  Species such as 
the  pine marten, f isher,  and wolverine 
are p a r t i c u l a r l y  adapted t o  the o l d -  
growth coniferous forests. Ca l i fo rn ia  
l eg i s la t i on  has c l a s s i f i e d  the fol lowing 
as furbearing mammals: 

pine marten red fox 
f i sher raccoon 
wolverine beaver 
mink badger 
r i ver o t t e r  mus k r  a t 

led ca t  gray fox r ing-ta 

Those mammals which are fu 
ed are the: 

l y  protect-  

p ine marten 
f i sher 
wolverine 
r i ver o t t e r  
red fox 
r i ng - ta i  led ca t  

The wolverine has been c lass i f i ed  by 
the  Ca l i f o rn ia  Fish and Game Commission 
as rare. I t s  range extends from Del 
Norte and T r i n i t y  Counties eastward 
through Siskiyou and Shasta Counties and 
southward ~ through the Sier ra Nevada 
Mountains t o  Tulare County. Because of 
i t s  secretiveness the wolverine i s  only 
r a r e l y  seen. Since 1950, 87 s lght ings 
have been recorded; 27 of which have 
been reported since 1970. Avai lable in-  
formation suggests, however, t h a t  the- 
numbers of wolverine are increasing in  
Cal i forn ia ,  according t o  DFG (see Figure 
6-11. 

Several other animals found in  Ca l i -  
forn ia 's  forests  important t o  the fu r  
industry are the coyote, bobcat, s t r iped 
skunk, weasel, and oppossum. W 

Very l i t t l e  i s  known about the biology 
and d i s t r i b u t i o n  of furbearing mamals 
on forested lands, p a r t i c u l a r l y  on the 
pr iva te  forested lands. Much more em- 
phasis, however, i s  being placed on the 
study o f  these anima Is. 

Information i s  lacking on many other 
mammal species w i th in  forest  ecosystems 
because they are not  economically o r  
aesthet ical  I y important. Numerous spe- 
c ies  of voles, deer mice, squirrels,  
chipmunks, bats, moles, and shrews, 
etc., on which pofl lat ion leve ls  and 
densi ty information i s  not avai lab le o r  
i s  widely scattered as unpublished re -  
ports, are associated wi th  forested 
lands. Information i s  a lso lacking on 
the  in teract ions o f  these animal species 
a t  the ecosystem level . 
BIRDS 

Approximately 530 species o f  b i rds  
have been observed in  Cal i fo rn ia .  The 
Forest Service w i  Id  I i f e  hab i ta t  re la -  
t ionsh ip  study fo r  the Western slope of 
the  Sier ra Nevada alone I i s t s  209 spe- 
c i e s  associated w i th  forest  lands. When 
addi t ional  hab i ta t  re la t ionships are de- 
veloped for the remaining regions o f  the 
State, a more complete l i s t  o f  the b i rds  
on forested land w i l l  be available. 

B i rds  associated w i th  forest  lands can 
be grouped i n t o  the broad categories 
o f :  

' water fow I 
rap t o r s  
upland game 
a l l  other b i rds  

Water fow I 

Many species o f  waterfowl including 
ducks, geese and swans are  associated 
w i th  waters which are surrounded t o  some 
degree by forested lands. 

Waterfowl species, such as the wood 
duck, merganser, and goldeneye, depend 
on cav i t i es  i n  t rees adjacent t o  lakes 
o r  streams in  the r i par ian forest  envi - 
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Raptors b 

b i rds  i s  shown'on Figure 6-1. LJ 

ronment fo r  nesting s i tes.  Many other 
species u t i l i z e  lakes and reservo i rs  
surrounded by forest  land as a place t o  
rest .  The water developments and im-  
poundments i n  northeastern Ca l i fo rn ia  
a re  p a r t i c u l a r l y  important f o r  nesting 
waterfowl. The Forest Service i n  con- 
junc t ion  w i th  the Department of Fish and 
Game have deve I oped an extensi ve program 
t o  improve wetland hab i ta t  i n  north- 
eastern Cal i fo rn ia .  Much o f  the Canada 
Goose nesting which takes place w i th in  
Ca l i f o rn ia  occurs w i th in  the jun iper  
fo res t  area which f i t s  t h i s  descript ion. 
Duck production on forested wetlands i s  
mainly constrained by unregulated c a t t l e  
graz i ng of nest i ng cover vegetation 
(Salwasser 1979). Very l i t t l e  i s  known 
regarding population trends f o r  water- 
fowl on forested lands. Most o f  the 
data regarding waterfowl populations 
have been co l  lected on b i rds  during m i -  
g ra t ion  i n t o  the Sacramento and San 
Joaquin Valleys. 

Raptors, the  term applied to  those 
b i rds  wi th  r a p t o r i a l  o r  grasping fee t  
such as hawks, owls, vultures, and ea- 
gles, include the Ca l l f o rn ia  condor, the 
American peregrine falcon, and the bald 
eag le. Recent stud ies ind icate t h a t  
many raptor  species populations have de- 
c l ined  i n  recent years i n  Ca l i fo rn ia  
(Ma I I e t t e  and Sch I o r f  f 1978) . 

The endangered Ca I i forn  ia. condor once 
ranged over much of western North Amer- 
ica from B r i t i s h  Columbia to lower Ca l i -  
fornia.  I t s  numbers are now reduced t o  
30 b i rds  confined largely  t o  the Coast 
Range, S ier ra Nevada, and Transverse 
Range mountains bordering the San Joa- 
quin Valley. Condors do not  breed u n t i l  
they are f i v e  or s i x  years old; females 
lay but  one egg every two years and in-  
cubation and brooding requi re a period 
o f  s i x  months, The popu la t ion- is  dwind- 
I ing because o f  decreaslng numbers of 
young, human disturbance and hab i ta t  
losses. The present hab i ta t  for these 

The endangered Amer ican peregrine fa I - 
con breeds in-State along the coast and 
i n  mountainous northern Cal i forn ia .  In 
the 1940's the breeding b i rd  population 
i n  Ca l i fo rn ia  was 100 p a i r .  In 1970, 
t h i s  population was estimated t o  be only 
f i v e  pair, of which two pa i r  produced 
four young. In 1978 the DFG repor ts  
t h a t  23 nesting t e r r i t o r i e s  were docu- 
mented; from the 16 nests which were 
mon I tored 22 young f I edged. Nesting 
f a i l u r e  due t o  food chain contamination 
by pers is ten t  pesticides, i l l e g a l  tak ing 
by falconers, human disturbance, and 
occasional shooting are contr ibut ing t o  
i t s  decline. 

Nesting hab i ta t  f o r  the bald eagle i s  
l im i ted  to  the Sier ra Nevada, Cascade, 
and Klamath mountains. A s i g n i f i c a n t  
i n f l u x  of northern b i rds  occurs. i n  win- 
t e r  months. Wintering bald eagles occur 
Statewide, pa r t f cu la r l y  along the coast 
and in  i n t e r i o r  Cal i f o r n i a  adjacent t o  
lakes, reservoirs, and wetlands. Large 
winter roosts consist ing of a couple of 
hundred eagles i s  not  uncommon on Klam- 
a th  Lake In  Siskiyou County. The de- 
c l  ine i s  caused by shooting, removal of 
nest trees, human encroachment i n t o  
nest ing and feeding areas, power I ine 
electrocution, environmental po l lu t ion,  
and contamination o f  the food chain by 
pers is ten t  pesticides. Approximately 42 
nest ing t e r r i t o r i e s  were occupied i n  
Ca l i f o rn ia  in'1978, wi th  18 young f ledg- 
ed. 

Many other species o f  raptors, such as 
the  Swa inson's hawk, mer I in, Cooper's 
hawk, osprey, goshawk, sharp-shinned 
hawk, golden eagle, great  grey, owl, 
flammulated owl, spotted owl, and saw- 
whet owl are associated w i th  the fo res t  
ecosystem. The goshawk, great  grey owl, 
and spotted owl depend on mature, o ld -  
growth forests  for habitats. While spe- 
c i e s  such as the mert i n  and Cooper's 
hawk need the r i pa r ian  fo res t  ecosys- 
tems. Very l i t t l e  information i s  ava i l -  
able concerning t h e i r  present status o r  
d is t r ibu t ion .  



Upland Game 

Upland game birds, aside from t h e i r  
aesthet ic value, provide recreat ional  
hunting fo r  approximately 767,000 
sportsmen in  Cal i forn ia .  Blue grouse, 
mountain and Ca l i fo rn ia  quai l ,  and 
band-tai led pigeon are pa r t i cu la r l y  
adapted t o  the fo res t  ecosystem. There 
have been numerous studies and data 
gathered associated w i th  these species, 
ma in  I y because of t h e i r  popu I ar  i t y  as 
game birds. W i  I d  turkeys, a lso asso- 
c ia ted wi th  fo res t  lands, are commonly 
found in  the oakgrassland vegetative 
commun i ty. A I  though w i  Id turkeys are 
no t  nat ive t o  Cat i forn ia ,  recent i n t ro -  
ductions have established a population 
throughout most su i tab le turkey hab i ta t  
w i th in  the State. 

B I  ue grouse need t a  I I fir t rees fo r  
winter roost, and m i d  seral brushlands 
o f  berry producing shrubs and forbs fo r  
summer habitat.  Mountain quai I prefer 
successional stages o f  forest  vegetation 
t h a t  fo l low logging or  a f i re .  On the 
other hand, band-tai led pigeons requi re 
hardwood forests wi th  mast producing 
oaks and berry producing madrones. 

Whi l e  turkey populations are s t i  I1 ex- 
panding, quai l  populations tend t o  f l uc -  
tuate yearly depending upon the weather 
condi t ions o r  the successional stage o f  
the forest. The migratory band-tai led 
pigeons tend t o  f luctuate depending upon 
t h e i r  breeding success i n  Oregon and 
Washington and the a v a i l a b i l i t y  o f  t h e i r  
food supply. 

A l l  Other B i rds 

L F J  
This group includes such common spe- 

c ies  as blackbirds, sparrows, jays, 
finches, warblers, f lycatchers, thrush- 
es, crows, or io les,  swif ts,  humming- 
birds, and woodpeckers. The habi ta ts  
f o r  these species range from r i par ian 
cor r idors  t o  chaparral woodlands, a lp ine  
meadows t o  the canopy o f  v i r g i n  red 
fir. 

The population leve-Is o f  most o f  these 
species w i l l  probably never be known and 
it w i  I1 be some t ime before the hab i ta t  
re la t ionships and d i s t r i bu t i ons  are f u l -  
l y  understood f o r  many of these fo res t  
species. A I i s t  o f  the studies pre- 
sent ly  being conducted i s  included in  
t h i s  chapter. 

F I SHES 

The f ishery resources on forested land 
i n  Ca l i fo rn ia  can be categorized i n t o  
four broad areas: coldwater, anadro- 
mous, warmwater, and nongame fishes. 
The major i ty  o f  the popular game f ishes 
such as the s t r iped bass, black bass, 
cat f ish,  shad, brook t rout ,  and brown 
t r o u t  are not  na t ive  t o  Cal i forn ia ,  but  
were introduced during the l a s t  100 
years. Salmon supports an important 
spor t  and commercia I f i shery  whi l e  t r o u t  
a re  an important sport  f ishery. 

Coldwater Fishes 

The coldwater f ishery i s  a c o l l e c t i v e  
name applied t o  f i s h  belonging t o  the 
fami ly Salmonidae. There are four 
groups i n  the Salmonidae family: the  
t routs,  chars, salmons, and whitef ish. 
A l l  these species t y p i c a l l y  inhabi t  the 
colder streams, lakes and reservo i rs  
w i th in  the forested land o f  Cal i forn ia .  
In  f a c t  approximately 65 percent of the 
avai table coldwater f ishery hab i ta t  I ies 
w i th  

In  
t r o u  
most 

n the national forests. 

the inland waters o f  Cat i fo rn ia ,  
are by f a r  the most widespread and 

numerous o f  the Salmonidaes. 
!jev- LJ 
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W 
era1 species of t rout ,  salmon, and mun- 
t a i n  whi te f ish make up the inland f i s h  
group. Genera I I y, they require water 
temperatures less than 70" F and dis-  
solved oxygen of  f i v e  parts per m i  I I ion 
o r  more. They occur na tura l l y  in  many 
waters and have been planted i n  almost 
a l l  other su i tab le  places. It i s  the 
current po l i cy  of DFG not t o  p lan t  
catchable f i s h  i n  salmon and steelhead 
hab i ta t  i n  order t o  prevent hybridiza- 
t i o n  of  the natural populations. 

Trout are thought t o  be undergoing a 
rap id  evolut ion i n  Cal i forn ia .  H i s t o r i -  
c a l l y  they formed many local  races o r  
subspecies i n  waters t h a t  have been iso- 
lated long enough fo r  t h i s  t o  happen. 
Years o f  indiscr iminate p lant ing have 
resul ted i n  a crossbreeding which has 
led t o  the endangerment o f  several na- 
t i v e  subspecies such as the Lahonton and 
Paiute Cutthroat. Hatchery stocks , 
which now supplement much of the State's 
f i sh ing  program, are now of somewhat un- 
cer ta in  ancestry. In  Ca l i fo rn ia  there 
are four species o f  t rue  t r o u t  (brown, 
cut throat,  golden, and rainbow) and four 
species o f  the s imi la r  and c losely  re -  
lated chars (Do l ly  Varden, b u l l  t rout ,  
brook trout,  and lake t rou t ) .  The only 
species na t ive  t o  Ca l i f o rn ia  are the 
cutthroat,  golden, rainbow, Do l l y  Var- 
den, and bul I t rout .  

The Lahontan and Paiute t r o u t  popula- 
t i o n s  have been r e s t r i c t e d  t o  isolated 
locat ions i n  the Sier ra Nevada (see Fig- 
ure 6-11. Both subspecies have been 
c I ass i f l e d  as threatened by the federa I 
government. Species considered t o  be 
sens i t i ve  and i n  need of fur ther  study 
are  the Do l l y  Varden, South Fork Kern 
golden t rout ,  L i t t l e  Kern golden trout,  
and the redband t rout .  

Hatchery f i s h  have been used to .  aug- 
ment qatural t r o u t  production fo r  many 
years. Stocking streams and lakes wi th  
put-and-take f i sh i ng , supported by 
p lan ts  of catchable sized t rout ,  has 
been a major program of the DFG since 
Wor Id War I I i n  order t o  supplement rec- W 

reat ional  f ishing. Annual hatchery pro- 
duction i s  about 12,300,000 catchables. 
The trend i s  towards producing a larger 
sized catchable ra ther  than increasing 
t o t a l  numbers. Because most of the 
t r o u t  f i sh ing  in  Ca l i fo rn ia  i s  associat- 
ed w i th  forest  lands, it i s  important 
t h a t  water qua I i t y  and watershed manage- 
ment be an integral  p a r t  o f  the fo res t  
f i shery  management plan. 

Anadromous Fishes 

Some species o f  f i s h  migrate t o  the 
ocean to  mature bu must re turn t o  t h e i r  
f resh water o r i g i n s  t o  spawn. Many of 
these spawn ing grounds are in  forest land 
streams and r ivers ,  many of which are 
hundreds o f  mi les upstream i n  the i n te r -  
i o r  mountains. Among these species, 
known as anadromous f ish, are salmon 
which are not  land-locked, the migratory 
rainbow t r o u t  known as steelhead, and 
other sea-run species o f  t r o u t  (Figure 
6-2 I I lust ra tes the hab i ta t  of these 
species) . 

King (Chinook) salmon and s i l v e r  (Co- 
ho) salmon are the only salmons which 
enter Ca I i forn ia r i v e r s  i n  s i g n i f i c a n t  
numbers t o  spawn in  streams and r i v e r s  
w i th in  the fo res t  area. The coastal 
r i v e r s  contain v i r t u a l l y  a l l  o f  the s i l -  
ver salmon hab i ta t  and st i g h t l y  less 
than ha l f  o f  the king salmon hab i ta t  i n  
the  State. Since the tu rn  o f  the cen- 
t u r y  salmon and Steelhead populations 
have declined approximately 65 percent. 
Salmon, which support a commercial and 
recreat ional  industry, produced a catch 
o f  841,000 f i s h  i n  1978; the  steelhead 
catch approached 122,000. 

The Kl'amath River system, largest o f  
t he  coastal Ca l i fo rn ia  r ivers ,  present ly 
supports approximately 66 percent of the 
k ing salmon and 15 percent of the s i l v e r  
salmon t h a t  spawn in  Cat i f o rn ia ' s  coast- 
a l  r ivers .  The 3,600-square-mi l e  Eel 
Rlver system i s  second among Cal i for- 
n ia 's  coastal streams as measured by 
average annual runoff .  Most of the 



FIGURE 6-2 

drainage for the Klamath River and por- 
t i o n s  o f  the Eel River i s  w i th in  the 
nat ional  forest. Estimated annual 
spawning populations i n  the Klamath Riv- 
e r  system in  1965 were 168,000 king 
salmon and 15,400 s i l v e r  salmon (Cal i -  
forn ia  Fish and Game 1965). Tag and re-  
covery estimates o f  king salmon were 
made in  1976 and 1977. Estimates were 
260,000 and 203,000 salmon in  1976 and 
1977 respectively, enter ing the mouth 
and p r i o r  t o  operation of r i v e r  f isher-  
ies  (Taylor 1978). These f igures are 
no t  representative o f  the actual number 
t h a t  reach the spawning grounds. 

The numbers o f  salmon passing Benbow 
Dam Fishway on the Eel River i n  Humboldt 
County have declined dramat ical ly since 
counting was begun. Average counts dur- 
ing the f i r s t  I O  years of operation 
(1938-1947) were 11,869 k ing salmon and 
14,327 s i l v e r  salmon. During the I O  
years from 1966 t o  1975 average annual 
counts were 4,714 king salmon and 1,846 
s i l v e r  salmon. The most recent of these 



counts indicate t h a t  k ing salmon runs 
&i are r e l a t i v e l y  s tab le but s i l v e r  salmon 

runs are continuing to  decline. In  1975 
only  509 s i l v e r  salmon were counted go- 
ing upstream past the dam. 

The best h i s t o r i c a l  data on salmon 
populations on the Eel River are annual 
f i s h  counts conducted from 1938 through 
1964 a t  the Sweasey Dam Fish Ladder i n  
Humboldt County. The counts which range 
up t o  3,139 k ing salmon and 3,580 s i l v e r  
salmon per year indicated-. t h a t  a f t e r  
1951 both king and s i l v e r  salmon popula- 
t i o n s  above Sweasey Dam declined drama- 
t i c a l l y .  King salmon counts increased 
i n  the ear ly  1960's. Data have not  been 
co l lected during the 1970's. 

I n  areas where recent monitoring has 
been accompl ished to  assess current  sta- 
tus  and trends, f igures show t h a t  popu- 
la t ions  have declined since the 1960's. 
The decl ines can be a t t r i bu ted  t o  major 
water developments, deplet ion o f  water 
suppl ies, d ivers ion o f  water f o r  ag r i -  
cul ture,  sedimentation as a r e s u l t  of 
logging and road but Iding, f i sh ing  mor- 
t a l i t y ,  stream blockage, and lack o f  
spawning gravels. Man's a c t i v i t i e s  on 
the North Coast have been the major rea- 
son for the decl ine of the Coastal salm- 
on population. 

The Sacramento-San Joaquin Valley r i v -  
e r  systems support the remainder o f  the 
salmon and steelhead f i shery  i n  the 
State. Most Central Val ley salmon spawn 
i n  the Sacramento system, which i s  made 
up o f  the lower Sacramento, Feather, Yu- 
ba, American Rivers and numerous smaller 
t r ibu tar ies .  King salmon are the only 
salmon of any importance in  t h i s  system. 
Four d i f f e r e n t  runs or races of k lng 
salmon spawn i n  the Sacramento each 
year: the  spring, f a l l ,  l a t e  f a l l  and 
winter runs. Because dams block most of 
these r i v e r  systems a t  r e l a t i v e l y  low 
elevations, the  e f f e c t s  of changes I n  
the  forestlands on salmonid populations 
would be much less than i n  the major 
coastal streams. u 

Estimates of the spring spawning salm- 
on runs have f luctuated since 1970, when 
the f i r s t  counts became available, f r o m  
a high o f  70,000 i n  1971 t o  a low of 
25,000 i n  1974 (Hallock 1978). Late 
f a l l  runs have f luctuated grea t ly  s ince 
counts were f i r s t  started i n  1971. Num- 
bers o f  spawning f i s h  counted i n  the 
l a te  fa1 I have ranged from a high of 
32,000 i n  1972 t o  a low o f  6,000 i n  
1974. Simi lar ly,  data gathering for the 
winter runs of spawning salmon began in  
1970; spawning counts range from 53,000 
salmon in  1971 t o  19,000 salmon in  1974. 
I n the Sacramen t o  R i ver system prob I ems 
a f f e c t  i ng sa I mon popu I a t i  ons have been 
i d e n t i f i e d  as the loss o f  spawning grav- 
e l s  through sedimentation, the lack of 
grave I supp I y, heavy meta I contam i na- 
t ion,  and stream flow manipulation, 
and/or f I uctuation. Construction of 
dams which block access t o  spawning 
grounds has a lso adversely af fected sa l -  
mon populations i n  the Sacramento River. 
Other factors  control  or I i m i t  natural  
salmon populations, most no t icab ly  
predation and loss of young between the 
t ime eggs are deposited and the t ime 
young enter the ocean, and the numbers 
removed from the ocean e i ther  as catch 
or hooking mor ta l i t y  (Hallock 1978). 

Warmwater F i  shes 

Warmwater game fish, a I though no t  usu- 
a l l y  considered species wi th a close re -  
la t ionship t o  forested lands, are qu i te  
c m o n  a t  lower elevat ions i n  many of 
the  ponds, lakes and reservo i rs  on fo r -  
e s t  lands. O f  the 19 species now pre- 
sent 18 were introduced, mostly during 
the  l a te  1800's. Examples of warmwater 
f ishes include: largemouth and small- 
mouth bass, bluegi I I, crappie, sunfish, 
and c a t f  i sh. Most of these populations 
are  s t a t i c  w i th  var ia t ions a r i s ing  from 
water and nu t r i en t  supply f luctuat ions.  

Nongame f i shes  

There are a large number of nongame 
f i s h  species found in close associat ion 
w i th  fo res t  lands. They run the gamut 
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f r o m  the  secret ive sculpin t o  the large, 
piccivorous squawfish. Other nongame 
f ishes are the suckers, shiners, hitch, 
chubs, sticklebacks, and minnows. Suck- 
e rs  and minnows comprise the largest 
group of nongame f i s h  i n  Cal i f o rn ia ' s  
inland waters. Approximately 65 species 
of  f i s h  are c lass i f i ed  as nongame in  
Ca I i forn ia. 

Suckers inhabi t  almost every kind o f  
fresh water hab i ta t  i n  Cal i forn ia .  Be- 
cause o f  hab i ta t  changes and the compe- 
t i t i o n  from introduced species, many o f  
the  nat ive nongame f ishes have become 
very rare, and one, the t h i c k t a i l e d  
chub, i s  probably ext inct .  The short- 
nose and Lost River suckers, two species 
associated wi th  forested lands, have 
been declared endangered by the C a l i f o r -  
n ia  Department o f  Fish and Game. The 
unarmored threespine st ickleback has 
been c l a s s i f i e d  as endangered by the 
State and federal government, whi l e  the 
Modoc sucker and rough sculpin are on 
the State's ra re  I i s t  (See Figure 6-1). 

Habi ta t  protect ion i s  the most impor- 
t a n t  factor in  protect ion and preserva- 
t i o n  o f  the various nongame f ishes with- 
i n  the forest  ecosystem. Because o f  the 
c I ose assoc i a t i on between game and non - 
game f i s h  i n  most waters, e f f o r t s  t o  
p ro tec t  and enhance game f i s h  hab i ta t  
w i  I I, i n  most cases, benef i t  nongame 
f ish.  

AMPHIBIANS AND REPTILES 

Amph i bians and rep t  i I es on forested 
lands are as varied and widely d i s t r i b -  
uted as the mammalian and avian fauna. 
Thkse groups include such animals as the 
salamanders, frogs, toads, l izards, and 
snakes. The previously discussed Forest 
Service repor t  on hab i ta t  re la t ionships 
f o r  amphibians and r e p t i l e s  on the west- 
ern slope o f  the Sier ra Nevada ' l i s t s  53 
species inhabi t ing forested lands. Data 
on the population levels and hab i ta t  re -  
quirements fo r  many of these species are 
incomplete or lacking. Once the habi ta t  

re la t ionships are completed f o r  the 
other forested areas of Ca I i forn ia, a 
be t te r  understand ing o f  the status of 
amphibians and r e p t i l e s  w i l l  be avai la-  
ble. The present trend and status i s  
a lso  unknown. Two species on fo res t  
lands, the San Francisco garter snake 
and the blunt-nosed leopard l i za rd  are 
c lass i  f ied as endangered by the State 
and federal governments. Species asso- 
c ia ted with forested lands which are 
considered ra re  by the State are the 
Alameda st r iped racer, southern rubber 
boa, and the Siskiyou Mountain, Lime- 
stone, Shasta, Kern Canyon slender, and 
Tehachapi slender salamanders. Their 
habi ta ts  are i I lust ra ted on Figure 6-1 . 
Most of the ra re  salamander species are 
located i n  small isolated populations 
associated w i th  wet seeps o r  limestone 
deposits. 

Li 

ENDANGERED, THREATENED, RARE, 
AND SPECIES OF SPECIAL CONCERN 

FISH AND WILDLIFE 

In  1970, the State Legis lature expres- 
sed i t s  concern over Ca l i fo rn ia 's  disap- 
pearing w i l d l i f e  and authorized the Fish 
and Game Commission t o  establ ish a l i s t  
o f  what animals i n  Cal i f o r n i a  are con- 
sidered ra re  o r  endangered. As a re-  
s u l t  o f  the Ca l i f o rn ia  Endangered Spe- 
c ies  Act o f  1970, the Fish and Game Com- 
mission has declared 49  animals endan- 
gered o r  rare. 

The State has c l a s s i f i e d  e igh t  species 
as endangered and 13 species as ra re  
t h a t  are found on forested lands as i l- 
lust rated by Figure 6-1 and l i s t e d  i n  
Table 6-1. 

There are numerous endangered or  ra re  
species o f  fauna associated w i th  the 
r i pa r ian  hab i ta t  along the Colorado Riv- 
er. However these species are not wi th-  
i n  the forested areas considered under 
the  FRAP project .  Lf 
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Congress enacted the Endangered Spe- 
6, c ies  Act o f  1973 which provides federal 

j ur  i sd i c t  i on over endangered and threat -  
ened w i l d l i f e  and p lants  and makes it a 
federal offense to take plants o r  w i l d -  
I i f e  so c lass i f ied .  The Vhreatenedtt 
designation i s  comparable t o  the State's 
Itrarelq c lass i f i ca t ion .  The federal and 
State I i s t s  contain some o f  the same 
species but the l i s t s  do not coincide. : 

The federal government has l i s t e d  36 
species as endangered i n  Cal i forn ia ,  of 
which seven are associated w i th  forested 
lands. Seven species o f  f i s h  and w i ld -  
l i f e  are l i s t e d  as threatened, o f  which 
three f i s h  species are found w i th in  the 
fo res t  ecosystem (see Tab1 e 6-1 1. 

The status -of the various endangered 
and ra re  w i  Id1 i f e  i s  discussed in  a sec- 
t i o n  o f  t h i s  chapter about the present 
t rends of the f i s h  and w i  Id  I i f e  resource 
on forested lands. In  addi t ion t o  the 
endangered, threatened or ra re  species, 
t h e  Department o f  Fish and Game has not- 
ed severa I Itspec ies of spec i a  I concern .It 

This  proposed l i s t  of species has no 
special legal status, bu t  some may be 
cand idates f o r  I i s t  i ng as endangered, 
r a r e  or threatened species (see Table 
6-21 . The Forest Service uses the term 
"sensit ivef1 as a s imi la r  c l a s s i f i c a t i o n  
(see Table 6-31. These are species 
about which very l i t t l e  may be known 
regarding t h e i r  d i s t r i b u t i o n  -and popu 
t i o n  levels withim the forested tands 
Cat i fo rn ia .  

Many of the species l i s t e d  i n  Tab 
6-1, 6-2, and 6-3 are  associated w 
o ld -  growth forests. In  f a c t  about 

a- 
of 

es 
t h  
30 

percent of the fo res t  species tend t o  
inhab i t  t h i s  fo res t  type. Reductions of 
t h i s  habi$at may thus be of considerable 
concern. Most species of f o r e s t  wi ld-  
I i f e  e x i s t  a t  acceptable levels; how- 
ever, s i g n i f i c a n t  population s h i f t s  of 
any species should serve as a warning of 
poten ti a I prob I ems. 

k, 

PLANTS 

Congress, i n  passing the federal En- 
dangered Species Act o f  1973, enacted 
l eg i s la t i on  to protect  endangered 
plants. However, it was not  u n t i l  De- 
cember 1974, when the Smithsonian I n s t i -  
t u t i on ' s  repor t  on threatened and endan- 
gered plants was published, t h a t  a l i s t  
o f  the nat ion's candidate p lan t  species 
was avai table. 

In  t h a t  same month the Cal i f o r n i a  Na- 
t i v e  P lan t  Society issued Special Pub l i -  
cat ion No. 1, "Rare and Endangered Vas- 
cu lar  P lants  o f  Cal i fornia." While the 
I i s t s  provided a basis f o r  the d i rec to r  
of  the U.S. Fish and W i l d l i f e  Service t o  
adopt an o f f i c i a l  I i s t i ng  o f  endangered 
and threatened p lants  t o  comply w i th  the 
federal act, there was no comparable 
au thor i ty  f o r  the State to do I ikewise. 

r 
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Lack o f  such State au thor i ty  prompted 
the Ca l i fo rn ia  Na t i t e  P l a n t  Society t o  
seek State leg is la t ion  t o  extend t o  
p lants  a program s imi la r  t o  t h a t  fo r  en- 
dangered an ima I s (Rae Ju I y-August 
1978) . 

On September 30, 1977 Governor Brown 
signed SB 308, the Natlve P lan t  Protec- 
t i o n  Act, and on January I, 1978 Cal i- 
forn ia 's  endangered p lan t  program became 
a r e a l i t y .  This l eg i s la t i on  declares 
t h a t  it i s  the po l i cy  o f  the State t o  
preserve, protect, and enhance endan- 
gered and rare nat ive plants. 

The Department o f  Sish and Game i s  
directed t o  inventory the na 
species, and submit a biennial  
the Legis lature on i t s  f indings includ- 
ing the measures being -faken to preserve 
and enhance those plants declared endan- 
gered or  ra re  by the Cal i f o r n i a  F ish and 
Game Commission. The a c t  a lso provides 
f o r  issuance o f  permits fo r  taking any 
r a r e  or endangered nat ive plants and no- 
t i f i c a t i o n  of landowners of the locat ion 
of these plants (Rae 1978). 

The program w i  I I i n i t i a l l y  evaluate 
the 704 species, subspecies and var ie-  
t i e s  contained i n  the Ca l i fo rn ia  Native 
P lan t  Society's 1974 pub1 ica t ion  and 
other data col lected by un ive rs i t i es  and 
p lan t  ecologists. 

The endangered p lan t  program i s  i n  i t s  
f i r s t  phase o f  data col lect ion, taxonom- 
i c  reviews, d ra f t i ng  o f  d i s t r i b u t i o n  
maps, and compiling l i s t s  o f  candidate 
species. Within the next two years a 
comprehensive account of the State's 
na t ive  plants w i l l  be available. The 
Ca l i fo rn ia  Fish and Game Commission has 
c l a s s i f i e d  29 p lan t  species as ra re  or 
endangered. The only such p lan t  pres- 
e n t l y  known w i th in  the defined forested 
areas o f  Cal i f o r n i a  i s  the Lake County 
dwarf f l a x  (Hesperolinum didymocarpon). 
Th is  ra re  p lan t  i s  found on the rocky 
h i l l  slopes o f  serpentine so i l  i n  asso- 
c i a t i o n  wi th  grassy areas and scattered 
digger pines i n  Lake County. 

Addit ional information ava i lab le  on 
the  status o f  na t ive  p lants  on forested 
lands i s  an inventory l i s t  compiled by 
the  Forest Service i n  Ca l i f o rn ia  Region 
5. Approximately 300 p lants  are l i s t e d  
as sensi t ive species w i th in  the nat ional  
f o res t  boundary. A I i s t i n g  of the  sen- 
s i t i v e  p lan t  species on nat ional  fo res t  
lands i s  included i n  the Appendix (see 
Appendix Item I V ) .  

c 

PRESENT AND PROJECTED USES OF 
FISH AND WlLDLiFE RESOURCES 

RECREATIONAL USES 

Hunting and f i sh ing  are the main rec- 
reat ional  appropr iat ive uses o f  w i  I d  I i f e  
resources i n  Cal i forn ia .  

Fishing 

Fishing i s  the most popular recre- 
a t iona l  consunptive use o f  w i l d t i f e  i n  
the State. In  1977 Ca l i f o rn ia  led the 
nat ion w i th  the sale o f  2,166,649 spor t  
f i sh ing  I icenses. 

Trout are the primary ta rge t  f o r  45 
percent o f  the Cal i f o r n i a  anglers. For 
the  past 10 years the annual catch of 
t r o u t  has been f a i r l y  s tab le a t  approxi- 
mately 37 m i l l i o n  f i s h  wi th  an average 
annual catch of 39 f i s h  per fisherman 
(see Figure 6-31. 

I t  i s  no t  possible to  d is t ingu ish  the 
amount of f i sh ing  on forested land; how- 
ever, a vast ma jor i t y  o f  the coldwater 
f i sh ing  for t r o u t  ' in Ca l i f o rn ia  takes 
place w i th in  such land. In 1977 1.4 
m i  I I ion t r o u t  stamps were sold. 

I t  i s  in terest ing to  note t h a t  since 
1936 the annual catch of t r o u t  has more 
than t r i p l e d  from 12 m i  I I ion to 37 ' m i l -  
l ion; however, the  average number of 
f i s h  per fisherman per year. has decl ined 
from 80 t o  39 f ish. During t h i s  period 
the  number of t r o u t  fishermen has i n -  
creased seven fo I d (La I 1 97 9) . g, 



FIGURE 6-3 

I 

improved highway and transportat ion fa-  
c i l  i t i es ,  and addi t ional  f i sh ing  access 
areas. 

However, recent energy const ra in ts  may 

Angler use, as out l ined i n  the Com- 
rehensive Framework Study for the Ca I I - 

:ornia Region (Fish and W i  Id1 i fe ,  Appen- 
tend t o  a l t e r  these Project ionss A t  d i x  X I  IJ)  i s  expected to s t a b i l l z e  a t  
present the predicted t r o u t  angler days about 18-20 m i  I I ion t r o u t  angler-days 
per year are c lose ly  fo l  lowing actual per year a f t e r  2000 due t o  decreased 
survey data. Most studies conducted i n  f i sh ing  space per ang ler, and increased 
the  ea r l y  1970's projected a consumption c m p e t i  t i o n  w i th  other forms of recrea- 
r a t e  of 25 t o  27 m i l l i o n  t r o u t  angler 
days per year by 2020 (see Table 6-41. 
It i s  h igh ly  t i ke ty  t h a t  the streams and The a b i l i t y  t o  provide for increased 
r i v e r s  w i l l  not support such an increase angl ing w i l l  be d i f f i c u l t  without accel- 
i n  angl ing pressure. e ra t ion  o f  f i s h  management programs. 

- 

u 
I 
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TABLE 6-4 

Water development pro jects  and timber 
harvest programs w i l l  continue to  have 
an impact on stream hab i ta t  even though 
present Forest Pract ice Rules are a f -  
fording bet ter  protect ion t o  stream 
habitat.  The greatest potent ia l  for 
meeting t r o u t  angl ing needs appears t o  
be i n  reservo i r  angling. Intensive lake 
and reservo i r  management u t i  I i z ing  
catchable-sized t r o u t  could provide a 
greater share of the consumption. 

The catchable t r o u t  program provides 
approximate I y one-th i r d  o f  the t r o u t  f o r  
Ca I i forn i a  ang lers. The vast ma jor i t y  
of these f i s h  are released w i th in  lakes, 
streams and r i v e r s  on forested lands. 
The production of catchable t r o u t  has 
remained f a i r l y  s tab le a t  approximately 
12,300,000 f ish. . .  

TABLE 6-4 

Several management too l s  are avai lab le 
t o  increase f i sh ing  opportunit ies. The 
Comprehensive Framework Study included 
an accelerated f i s h  hatchery production 
program, construct ion o f  spawning chan- 
ne ls  and rear ing ponds, r e h a b i l i t a t i o n  
of  stream spawning areas, improvement i n  
stream flows, chemical control  o f  non- 
game f i s h  species, in t roduct ion of fo r -  
age species, development of access and 
maintaining f l e x i b i  I i.ty i n  harvest regu- 
lat ions, and bag l imi ts .  

There have been e f f o r t s  i n  the past to  
discontinue stocking f i s h  w i th in  the na- 
t i o n a l  park system, The ra t i ona le  has 
been t h a t  t h i s  would help reduce f i sh ing  
pressure and human disturbance and thus 
re tu rn  the mountain lakes to  a p r i m i t i v e  
ecosystem. I f  t h i s  canes about, addi- 

CONSUMPTION AND PROJECTED CONSUMPTION FOR 
TROUT ANGLING IN CALIFORNIA 

(ANGLER DAYS PER YEAR IN MILLIONS) 

(1  1 

(2 

Cmprehensfve Framework Study 

Water Quality Plannlng Project 

1974 State Angling Survey 

1976 State Angllng Survey 

F l  shery Demand Stud les 

(3 1 

(4 1 

(5 

1970 - 
10.0 

12.5 

1980 

13.7 

13.2 

1)10 

1990 

14.9 

16.0 

2000 

19.7 

16.2 

25.0 

2020 

27.3 

( 1 )  

(2) 
(3) Telzman R., Department of Flsh & Game, 1973. 
(4) Lal, K., Department of Fish ii Game, 1979. 
(5) 

Comprehensive Framework Study, Callfornla Reglon, Appendix XIII, Flsh.6 Wlldlife, 

Department of Fish 6 Game, Present and Future tluman Demand for Flsh 6 Wildlife, 1972. 
1971. 

Tharratt, R. C., Department of Fish 6 Game, Flsh Demand Study, 1971. 
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FIGURE 6-4 

t i ona l  pressure w i  1 I be placed on other 
ex i s t  i ng f i shery resources outside o f  

h) the  National Parks. 

other huntable species such as rabbits, 
Ca l i fo rn ia  quai l  and, t o  a l im i ted  de- 
gree,. waterfowl. 

The present demand for nongame f ishes 
i s  r e l a t i v e l y  low. There i s  a minimal 
amount o f  recreat ional  , s c i e n t i f i c  or 
commercial use o f  these resources, and 
I ikewise a great  void o f  information 
about the 1 i fe  h i  s to r i es  o f  many nongame 

. fishes. Future demands fo r  these re -  
sources are also expected t o  be low. 

Hunt! ng 

Hunting i s  a popular and Important 
recreat ional  a c t i v i t y  on forested lands 
i n  Cal i forn ia .  P r a c t i c a l l y  a l l  of the 
hunting for  deer, bear, t r e e  squi r re l ,  
blue and ru f fed  grouse, mountain quai l ,  
w i  I d  turkey, and band-tai led pigeon 
'takes place w i th in  the forest. The fo r -  
e s t  ecosystem a lso provides hab i ta t  f o r  

Approximately 557,000 hunters bought 
hunting licenses i n  Ca l i fo rn ia  i n  1977, 
a 27 percent decrease from the record 
high o f  764,000 licensed hunters i n  
1970. During the same seven-year per i -  
od, approximately 325,000 l icensed hunt- 
e rs  a lso bought tags t o  hunt deer i n  
Cal i fornia. The decrease in  the number 
o f  I icensed hunters i s  d i r e c t l y  corre- 
lated t o  the number o f  ind iv iduals  buy- 
ing deer tags as Figure 6-4 i l l us t ra tes .  
The s ign i f icance i s  t h a t  i f  there were 
more deer, there would be more hunters, 
and therefore more recreat ional  opportu- 
n i t y .  The sale of deer tags would un- 
doubtedly improve i f  there were more 
deer to  harvest and hunter success was 
higher. The numbers of deer (populat ion 
s ize) and the a v a i l a b i l i t y  o f  deer t o  



TABLE 6-5 

the  hunter (weather, t ime o f  season, 
length o f  season) f a i r l y  well determine 
hunter success. A t  present only 10 per- 
cent of those who hunt deer are success- 
fu l .  Rather than encouraging addi t ional  
deer hunters, the State Department o f  
Fish and Game indicates t h a t  recent 
thoughts are to maintain a population o f  
approximately 300,000 hunters, and 
s t r i v e  t o  increase indiv idual  hunter 
success t o  20 percent. 

The Comprehensive Framework Study 
(1971) and the Water Q u a l i t y  Planning 
Report (1972) projected an increase in  
hunter days through the year 2020. The 
projected increase in  hunter days from 
1970 t o  1980 was 16 percent as Table 
6-5 shows. 

A t  the present time, looking a t  1977 
hunter survey data co l lected by the De- 
partment o f  Fish and Game, it i s  obvious 
t h a t  the projected increases w i l l  f a l l  
shor t  o f  1980 predict ions. Statewide 
hunter use data f o r  1977 was approxi- 
mate I y 8,357,000 use-days. This c m -  
pares wi th a predic t ion of 11.3 t o  12.2 
m i  I I ion use days o r  a 26 t o  32 percent 
decrease (See Table 6-51 . 

The decrease in  hunter use-days i s  a 
r e f l e c t i o n  o f  society 's changing a t t i -  
tudes toward hunting. The 1970's have 
been a decade o f  increased environmental 
awareness and a move towards preserva- 
t i o n  as opposed to conservation. The 
consumptive use o f  the State's w i  I d  I i f e  
resources was discouraged, p a r t i c u l a r l y  

TABLE 6-5 

CONSLMPTION AND PROJECTED CONSLMPTION 
FOR HUNTING IN CALIFORNIA 
(HUNTER DAYS IN MILLIONS) 

1 
2 

1. 1970 Hunter  Survey 

2. 1977 Hunter  Survey 
3. Comprehensive Framework Study, 

3 

4. Water Q u a l i t y  P lann ing  P ro jec t ,  
4 

1980 P r o j e c t i o n  

1980 P r o j e c t i o n  

STATEW I DE 

9.7 
8.4 

11.3 

12.2 

HUNTER DAY! 
BIG GAME 

3.5 
2.9 

4.2 

3. 5 

UPLAND GAME 

5.0 
4.0 

5.8 

6.6 

' C a l i f o r n i a  Department of F i s h  and Game, R e p o r t  o f  t h e  1970 Game Take Hunter  
Survey 

2 C a I i f o r n i a  Department o f  F i s h  and Game, R e p o r t  o f  t h e  1977 Game Take Hunter 
Survey 

3Comprshensive Framework Study, Cai i f o r n i a  Region, I n  Appendix X I  I I, F i s h  and 
W i i d l i f e ,  1971 

4 C a I i f o r n i a  Department of F i s h  and Game, Water Q u a l i t y  P lann ing  P ro jec t ,  1972 



wi th  a large segment o f  the preserva- 
t i o n i s t  population located i n  the large 
urban centers of the State. These 
groups have had leg i s la t i on  introduced 
t o  put game species on the State's pro- 
tected I i s t .  

There has a lso been a decrease in  the 
hunting a c t i v i t y  for b i g  game species 
w i th in  the forested lands o f  Ca l i f o rn ia  
due t o  changes i n  the hunter-success 
pattern. It i s  probably a conservative 
estimate t h a t  85 percent o f  a l l  the b ig  
game hunting takes place on forested 
lands. The 1977 hunter survey recorded 
2.9 m i l l i o n  hunter days i n  the pursu i t  
of  b ig  game. The projected hunter days 
f o r  b ig  game i n  1980 were 3.5 t o  4.2 
mi l l ion ,  again a decrease o f  19 to  31 
percent from the ant ic ipated hunter days 
per year (see Table 6-5). In te res t  i n  
hunting i s  s u f f i c i e n t  t o  harvest sub- 
s tan t i a  I I y more deer i f  Ca I i forn i a  de- 
s i r e s  t o  produce them. 

Meeting the projected demand for b ig  
game hunting w i l l  be d i f f i c u l t .  Har- 
vest ing surplus an t le r less  deer and im- 
proving deer hab i ta t  t o  produce more 
deer are two means by which the consump- 
t i v e  level can be increased. However, 
pub l i c  acceptance of doe hunting, pre- 
scribed burning, use of herbicides, and 
other means of improving hab i ta t  are 
necessary i f s ign i f i can t increases i n 
deer numbers are to be achieved. Other 
means t o  Increase hunting opportunity on 
both publ ic  and pr iva te  lands include 
adjustment of deer seasons t o  permit  
hunting i n  areas normally closed due t o  
high f i r e  hazards, and opening game r e f -  
uges establ ished by the Legislature. 
Although more pub1 i c  access may be need- 
ed i n  some areas, the Comprehensive 
Framework Study indicates t h a t  road less 
areas should be retained i n  order to  
maintain a high q u a l i t y  hunting experi- 
ence. Addi t ional  b ig  game hunting could 
be provided by providing incent ive pro- 
grams fo r  p r iva te  land owners who make 
Their land avai lab le for hunting. 

Unless some o f  these a c t i v i t i e s  are 
W 

accompl ished on an accelerated .schedule, 
demand w i l l  equal supply and remain 
f a i r l y  constant a t  three to four m i l l i o n  
hunter-days per year for b i g  game 
through the year 2000. 

The amount of upland game hunting w i l l  
depend largely on h o w  p r iva te  landowners 
manage t h e i r  land. The establishment of 
incent ive programs such as cost sharing, 
technical  assistance, education, taxa- 
t i o n  benefi ts, etc., could lead t o  the 
avai lab i  I i t y  o f  addi t ional  hunting on 
p r i va te  lands. 

Pub1 i c  enjoyment of w i  Id1 i fe ,  i s  no t  
I imited to  hunting. For every day ex- 
pended by hunters i n  pursu i t  o f  game, 
one and one-half days are spent on such 
d i ve rs i f i ed  recreational a c t i v i t i e s  such 
as b i r d  watching, w i  Id I i f e  photography, 
and nature studies. Anadromous f i s h  
spawning areas and f i s h  hatcheries a lso  
support an unknown amount o f  s im i l a r  
use. W i l d l i f e  plays an important r o l e  
i n  the t o t a l  b i o t i c  community and con- 
tr i butes t o  the p I easure and we I I -be i ng 
of many people.' 

COMMERC I AL USES 

Trapping 

The current  r o l e  of trapping i n  Ca l i -  
fo rn ia  i s  i n  doubt because of the con- 
t roversy surrounding the taking of f u r -  
bearing or nongame animals for t h e i r  
fur. By law, fur-bearing mammals are 
muskrat, beavers, raccoon, gray fox, red 
fox, cross fox, s i l v e r  fox, k i t  fox, 
mink, martin, f isher,  wolverine, badger, 
r i ng - ta i l ed  cat, and r i v e r  o t te r .  H o w -  
ever, the  on ly  fur-bearers f o r  which 
there i s  an open trapping season are 
beaver, muskrat, mink, badger, raccoon 
and gray fox. The wolverine and r i ng -  
t a  i led c a t  have been declared f u l  ly pro- 
tected mammals by the Legislature. 

+ 

H i s t o r i c a l l y  a number of mammals have 
been taken for fur, including the coy- 
ote, bobcat, s t r iped  skunk, weasel, and 
oppossum. A season was establ ished on 
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the bobcat i n  1974 because i t s  p e l t  vat - 
ue skyrocketed in  response t o  fashion 
demands fo r  spotted c a t  fur .  Coyote, 
fox and raccoon are popular fo r  the same 
reason . 

Legis la t ion enacted i n  1974 required 
t h a t  every person who traps fur-bearing 
or nongame mammals fo r  prof  it purchase a 
t rapping I icense. The Cat i f o r n i a  De- 
partment of F ish and Game i s  responsible 
f o r  administering and monitoring the 
t rapping program i n  Cal i forn ia .  

In  the 1976-77 f u r  trapping season 
1,692 trapping licenses were sold. This 
i s  an increase of 82 percent from the 
931 licenses sold in  1975-76. The num- 
ber of pe l t s  reported sold was approxi- 
mately 82,300 and represented a value o f  
6895,603. The forested counties o f  
Shasta, Siskiyou, Modoc, and Lassen ac- 
count f o r  approximately 20 to 25 percent 
of  the fu r  pe l t s  harvested i n  Cal i fo r -  
nia. 

Habi ta t  losses, through the loss o f  
r i pa r ian  and old-growth forests may re -  
s u l t  i n  a general decl ine o f  many fu r -  
bearers. However, the Comprehensive 
Framework Study repor ts  t h a t  I i tt I e 
change in  economic condi t ions i s  a n t i c i -  
pated, and the importance o f  fu r  t rap-  
ping i s  expected to  remain r e l a t i v e l y  
constant t o  2020 unless it i s  lega l l y  
r e s t r i c t e d  . 

The Department o f  Fish and Game fee ls  
t h a t  a very una1 I por t ion o f  the fu r -  
bearing population i s  cur ren t ly  being 
harvested . However, data on popu I a t  ion 
leve ls  needed t o  maintain furbearer num- 
bers are no t  avai lable. Trapping data 
are no t  spec i f i c  to  forested lands. 

Commercia I Fisher ies 

The predominant commercia I f ishery de- 
pendent upon forested land and re la ted 
fo res t  hab i ta t  i s  the salmon industry. 
There are two important species o f  cm- 
mercial salmon i n  Cat i fo rn ia :  king 
salmon and s i l v e r  salmon. In 1975 

salmon ranked 13th i n  t o t a l  pounds o f  
f i s h  landed in  Ca l i fo rn ia  ports. In  
d o l l a r  value salmon ranked second behind 
the major species of ye1 lowfin, skipjack 
and, albacore tuna, w i th  the t o t a l  value 
i n  1975 placed a t  $6,972,000. Approxi- 
mately 62 percent of the commercial 
salmon catch i s  harvested commercially 
along the North Coast, as measured by 
landings a t  Fo r t  Bragg and Eureka. Val- 
ue wise, salmon are the s ing le  most im-  
por tant  species of f4sh landed a t  e i ther  
port.  

The present r a t e  o f  consumption of 
salmon i n  the sport  and commercial f i sh -  
e r i e s  i s  expected t o  continue through 
2020. Although the wean catch i s  ap- 
parent ly holding i t s  own, it appears 
t h a t  i n  Order t o  take the same quant i ty  
o f  salmon it now takes about four times 
the e f f o r t  (Hallock 1978). In  sp i te  of 
decreased natural spawning runs i n  Cat i- 
forn ia  a r t i f i c i a l l y  ra ised f i s h  i n  
hatcheries and suppl ies  from Oregon and 
Washington have kept the commercia I 
f i sh ing  f a i r l y  stable. The a b i l i t y  t o  
ma i n t a  i n  present consumption I eve I b o r  
t o  increase production w i  I I necessitate 
new hatchery management and release 
techniques, stream hab i ta t  restorat ion,  
revised water q u a l i t y  standards and more 
ef-f i c i e n t  f i sh ing  laws and regulat ions 
t o  insure protect ion o f  the f ishery '  re -  
source. 

Increases i n  the production o f  hatch- 
ery  raised salmon might have a great in-  
put  upon the f ishery without a great ex- 
pansion of present f a c i l i t i e s .  Measures 
such as: ( 1 )  e l iminat ion o f  the Sacra- 
mento River Chinook Disease-Virus and 
other diseases, (2) release of a l l  f i s h  
a t  90 per pound or larger t o  ensure bet- 
t e r  survival,  and (3) el iminat ion of 
down stream migration losses by t ruck ing 
more f i s h  to  the Delta. 

The Brown Administrat ion has recent ly  
proposed a program cal led the Renewable 
Resources Investment Fund t o  increase 
Ca l i f o rn ia ' s  salmon population. On a 
Statewide basis, the IO-year goal of the lj 
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salmon restorat ion proposal i s  to  add 
four hundred thousand adu l t  salmon t o  
the annual runs, thus doubling the pres- 
en t  Statewide to ta l .  The cost t o  the 
State i s  expected t o  be 70 m i l l i o n  dol -  
lars. 

I n  conjunction wi th  the State's pro- 
gram a new State-federal cooperative 
program t o  restore the salmon and steel  - 
head f i sher ies  o f  the Klamath and T r i n i -  
t y  Rivers has been endorsed by the Re- 
sources Agency, Department of In te r  lor ,  
and Department of Agriculture. 

$ROTECTION AND ENHANCEMENT OF 
FISH AND WILDLIFE RESOURCES ON 
FORESTED LANDS 

Most pub l i c ly  owned fo res t  lands, par- 
t i c u l a r l y  those w i th in  the nat ional  for- 
ests, are managed, under the concept o f  
mu t t i p le  use. Timber, watersheds, I ive- 
stock, recreation, and w i l d l i f e  suppos- 
ed ly  receive equal management emphasis. 
I n  a few key places the production of 
deer and other fo res t  w i  Id1 i f e  has re -  
ceived p r i o r i t y  over t h a t  of sawlogs and 
pul pwood according t o  Dasman in  h i s  book 
" I f  Deer Are to SurviveOt1 

The pr inc ipa l  concern of fo res t  man- 
agement, however, has been to  grow 
trees. If the w i l d l i f e  manager, the 
sportsman, and general pub1 i c  wish t o  
deve I op a broader and more cooperative 
a t t i  tude among foresters, they w i  I I have 
t o  support w i l d l i f e  populations a t  lev- 
e l s  t h a t  can be carr ied wi thout serious 
c o n f l i c t  w i th  s i l v i cu l tu re .  Conversely, 
foresters  charged w i th  the responsib i l -  
i t y  of managing the pub l ic  lands must 
del  iberate ly  seek t o  create greater pub- 
I i c  benef i ts on the lands t h a t  they ad-" 
min is ter  (Dasman 1971). 

WILDLIFE HABITAT REQUIREMENTS 

On 
fo rn  
w i  Id  
ods. 

much of the forested lands o f  Cal i- 
a, oppor tun i t ies e x i s t  to  improve 
i f e  hab i ta t  through cu l tu ra l  meth- 

Species d i v e r s i t y  can be improved by 
increasing what i s  known as the ttedgetl 
--edges occur where d i f f e r e n t  p lan t  c m -  
munit ies cane together. The species 
r ichness of any given edge i s  af fected 
by the interspersion o f  p lan t  cmmuni- 
t i e s  t h a t  consist  of a var ie ty  of suc- 
cessional stages. Edges may be natural  
i n  o r i g i n  as from f i r e ,  f lood or wind or 
they may be o f  human o r i g i n  such as 
those which occur during logging opera- 
tions; brush conversion projects, pre- 
scr i bed burn ing , herb i c ide treatments, 
o r  timber stand improvement projects. 
Habi tats which vary i n  s t ruc tu ra l  and 
vegetative character is t ics  support a 
larger var ie ty  o f  animal species than do 
monotypes. 

There are several components of the 
fo res t  ecosystems which are p a r t i c u l a r l y  
important fo r  species d ivers i ty .  They 
are  the r i pa r ian  zones, oak and hardwood 
interspersions, snags and cavity-con- 
ta in lng  trees, and meadows. 

Riparian zones, those aceas associated 
w i th  water, are the s ing le most i m p o r -  
t a n t  w i  Id I i f e  habi ta ts  on forested 
lands. These areas are extremely v a r i -  
able and may include the hab i ta t  associ- 
ated w i th  streams, ponds, seeps, r i vers ,  
lakes, springs, bogs, and wet meadows. 
Because r i pa r ian  hab i ta t  i s  associated 
w i th  water, it provides one o f  the three 
basic requirements necessary t o  sustain 
an animal population: water, food, and 
she I t e r  . O f  t e n t  i mes the r i par ian zones 
a l so  supply the  necessary hab i ta t  f o r  
shel ter  and food. But they are ,also 
areas where w i l d l i f e  resources are of ten 
i n  potent ia l  c o n f l i c t  wi th  logging, 
grazing, and recreation. Riparian zones 
are usual ly qu i te  sensi t ive to  manage- 
ment or human a c t i v i t i e s  and need t o  be 
very caut iously and ca re fu l l y  managed. 
The Department of Fish and Game and the 
Forest Service present I y are inventory- 
ing most o f  the r i pa r ian  resources i n  
the State. Their repor t  w i  I I be avai I-  
able i n  1980 or 1981. The Forest Prac- 
t i c e  Rules contain protect ive measures 
f o r  r i pa r ian  hab i ta t  on pr iva te  commer- 
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cia1 timber lands. The effect iveness o f  
these ru les  i s  presently being evaluated 
by the Department o f  Forestry. 

Oaks dispersed w i th in  the forested 
lands provide a d i ve rs i t y  o f  hab i ta t  i m -  
portant t o  w i l d l i f e .  There i s  a greater 
va r ie t y  o f  w i  Id1 i f e  species i n  oak-coni- 
f e r  habi ta ts  than in  coniferous monocul- 
tures since a mixture o f  hardwood spe- 
c ies and coni fe rs  creates a hor izonta I 
and ve r t i ca l  edge af fect .  Several wi ld-  
I i f e  species are dependent on hardwoods 
f o r  food and cover. Oak mast (acorns, 
twigs, and leaves) i s  an important food 
item fo r  deer, wi ld  pigs, t r e e  squi r -  
re ls ,  scrub jays, acorn WOOdpeCkerS, 
band-tal led pigeons, w i  Id  turkeys, and 
many other species o f  w i l d l i f e .  

With increased e f f o r t s  toward using 
wood as an a l ternate energy source, oaks 
and other hardwoods w i l l  be i n  greater 
demand. Proper management o f  these re -  
sources i s  needed t o  insure adequate 
food and hab i ta t  f o r  w i l d l i f e .  Pa r t i c -  
u l a r  a t ten t ion  needs t o  be directed to-  
wards the o ld  and mature oaks which pro- 
duce the heaviest acorn crops and the 
best nesting and den cav i t ies.  

Dead or  de ter io ra t ing  t rees accommo- 
date approximately 49 species o f  b i rds  
i n  Cal i forn ia  which use them as nesting 
s i t e s  by excavating nesting holes, in-  
habi t ing cav i t i es  resu l t i ng  from decay, 
or using holes created by other species. 
Such trees, common I y ca I I ed snags, have 
o f ten  been considered undesirable by 
fo res t  managers because: ( I )  they are a 
major source f o r  l ightn ing s t r i kes  and 
sparks fo r  spreading f I r e  during w i  Id- 
f i res;  (2) they occupy space t h a t  could 
otherwise be u t i l i z e d  by l i v e  trees; (3) 
they may harbor insect pests; (4 )  they 
are  a safety hazard during logging oper- 
a t i on  especia l ly  i f  located close t o  a 
road; and (5) they are not  aes the t ica l l y  
pleasing. In the past, snags were el im- 
inated from the fo res t  during a timber 
harvest. As a resul t ,  i n  some areas few 
nest ing s i t e s  were l e f t  f o r  cav i ty -  
nest ing b i rds  and mammals such as t r e e  

squirrels,  woodpeckers, swallows, wrens, 
nuthatches, owls, and chickadees. 

Forest managers now are more aware o f  
the  importance o f  snags t o  cav i ty-nest -  
ing b i rds  and mammals. In 1977, the  
Forest Seiv i ce  estab I i shed a na t  i ona I 
po l i cy  covering snags which requires a l l  
forests  under t h e i r  j u r i s d i c t i o n  t o  de- 
velop guide1 ines t o  provide hab i ta t  
needed t o  maintain v,iable, se l fsusta in-  
ing populations o f  cavi ty-nest ing and I 

snag-dependent w i  Id I i f e  species. The 
State fo res t  pract ice r u l e s  fo r  p r iva te  
timberlands were revised in 1976 t o  pro- 
v ide f o r  snag re ten t ion  f o r  w i l d l i f e .  
However, there i s  s t i  I I the need to  per- 
i o d i c a l l y  review snag p o l i c i e s  on p r i -  
va te ly  managed timber lands. Some hard 
snags (merchantable, dead trees) should 
be retained fo r  the fu tu re  o f  cav i t y  
nest ing animals. A snag 25 or 50 f e e t  
tal I which does no t  present a f i r e  o r  
safety  problem should not automat ical ly 
be removed. 

L 

Meadows, o f ten  associated w i th  r i p a r i -  
an zones, are very important w i l d l i f e  
habi tat .  In the past meadows have been 
used as recreat ional  si tes, l ivestock 
gathering pastures, t imber hauling roads 
and many other uses t h a t  have tended to  
degrade these natural  ecosystems. The 
edge between the meadow and fo res t  pro- 
vides a d i v e r s i t y  o f  hab i ta t  a t t rac t i ons  
t o  many species o f  w i l d l i f e .  Raptors 
hunt f o r  mice and voles, deer graze, and 
swa I I ows and f I ycatchers gather insects 
w i th in  the meadow ecosystem. 

Timber harvesting can have a dramatic 
impact on w i l d l i f e  habitat.  I f  well  
planned and executed, s i l v i c u l t u r a l  
pract ices can a lso serve w i l d l i f e  needs. 
Forest management pract  i ces can be used 
t o  produce or insure d i v e r s i t y  and sta- 
b i l i t y  o f  both p lan t  and animal communi- 
t ies ,  o r  t o  provide be t te r  hab i ta t  f o r  
selected animals. Pract ices such as 
those I is ted below of fe r  the most prac- 
t i c a b l e  broadscale approach t o  a l te ra -  
t i o n  of -  the fo res t  hab i ta t  t h a t  i s  
ava i lab le  t o  w i l d l i f e  managers t o  Q 
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W 
achieve a d i v e r s i t y  of w i l d l i f e  species 
(Arvola 1978): 

Choose a cu t t i ng  system t h a t  fa- 
vors va r ie t y  o f  habitat.  Group- 
select ion-cutt ing,  small c learcuts 
o f  about 80 acres t h a t  are well 
spaced, and f a i r l y  heavy single-tree 
harvesting r e s u l t  i n  d i v e r s i t y  o f  
w i  Id1 i f e  habitat.  

Retain streamside cover and pro- 
t e c t  meadows. 

Harvest t rees i n  ways t h a t  cre- 
a te  the most edge ef fect .  

Reserve some patches of brush 
w i th in  or adjoining the forest  fo r  
edge e f f e c t  and hab i ta t  d ivers i ty .  

Save sane I ive  t rees which have 
hol low trunks and I imbs for such an- 
imals as raccoon, opposum, squi r re l ,  
chipmunk, woodduck, owl , sparrow 
hawk, woodpecker, insect-eating, and 
song b i rds  o f  various kinds. 

Keep sane hardwoods, especia l ly  
oaks, as a source o f  food fo r  many 
b i rds  and mammals. 

Keep snags t h a t  are no t  hazardous 
f o r  f i r e  and safety reasons, o r  any 
snag t h a t  contains nesting b i rds  o f  
valuable species, e.g., eagle, os- 
prey * 

Protect  and develop water sources 
f o r  w i  Id1 i fe .  

cd 

Conduct prescr i bed burns t o  pro- 
duce hab i ta t  d ivers i ty .  See Chapter 
Seven for addi t ional  information on 
prescr i bed burn i ng on fo res t  I ands . 

FISHERY HABITAT REQUIREMENTS 

Stream hab i ta t  w i th in  the fo res t  eco- 
system consists of clear, cool water. 
Gravel size, ve loc i t y  of the water, and 
q u a l i t y  o f  water w i th in  the r i v e r  or 
stream are a lso important i n  maintaining 
a f ishery. 

A major impact on the f ishery hab i ta t  
w i th in  the forested areas o f  Ca l i f o rn ia  
i s  logging and logging-related road 
bui Iding. This i s  pa r t i cu la r l y  t r u e  
along the North Coast where the loss o f  
spawn ing hab i ta t  has contr ibuted t o  a 60 
percent decl ine i n  the salmon popula- 
t ion.  

Damage due t o  logging fa1 I s  i n t o  two 
main types: physical destruct ion o f  
por t ions of the stream i t s e l f ,  and sedi- 
mentation o f  the gravels resu l t i ng  from 
accelerated erosion. The major causes 
o f  damage t o  f i s h  and f i s h  hab i ta t  from 
roads are: 

Roads located too close t o  streams 
and crossing streams without ade- 
quate structures fo r  f i s h  passage. 

S i l t a t i o n  from unstabl ized slopes 
and road damage. 

Lands1 ips t r iggered by poor ly lo- 
cated, constructed, o r  maintained 
roads . 

Removal or disturbance of too  much 
t r e e  and other vegetative cover 
along streams, causing higher water 
temperatures, bank erosion, and 
diminished food supply 

Habi ta t  restorat ion programs have the 
potent ia I f o r  immed l a t e  benef i ts  t o  
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freshwater streams and r ivers .  Rehabil- 
i t a t i o n  measures such as stream c lear-  
ance (removing logs and debris), gravel 
replacement o r  rehab i l i ta t ion ,  and sedi- 
ment cont ro l  could increase salmon and 
steelhead populations. Many water qual- 
i t y  factors  a lso a f f e c t  f ishery habitat.. 
Toxic metals and sedimentation pol l u te  
r i v e r s  and streams. 

The removal of stream s ide shade can 
r a i s e  water temperatures t o  le tha l  lev- 
e l s  f o r  f ish; t h i s  removes port ions o f  
the  stream from production and creates 
thermal bar r ie rs  fo r  passage o f  res ident  
and migrating f ish. Forest Pract ice 
Rules cur ren t ly  provide fo r  the leaving 
o f  a t  least  one-half o f  the shade 
producing canopy along streams. 

Aside from maintaining the qua l i t y  of 
water i n  a par t i cu la r  r i ver ,  the quan- 
t i t y  o f  water avai lab le during the spawn 
migrations i s  important. As i s  o f ten 
the case, water releases are minimal 
during fa1 I migrations which leaves 
spawning r i f f l e s  exposed. Addi t ional ly,  
ftdumpingtl large volumes o f  water f o r  
f lood control  during the winter has f re -  
quently resul ted i n  washing away f i s h  
eggs deposited in  the gravel. 

The Forest Pract ice Rules a lso provide 
for stream side protect ion zones 
(SPZ's). For example i n  the North Coast 
D i s r i c t  the ru les  provide fo r  a t  least  a 
50 foo t  buf fer  zone on streams where 
f i s h  are absent and a 100 foo t  buf fer  in  
streams where f i s h  are present. There 
i s  s t i l l  the need t o  per iod ica l l y  review 
the  ru les  regarding SPZfs t o  ensure tha t  
minimum distances are adequate t o  pro- 
t e c t  stream hqbitat,  p a r t i c u l a r l y  on 
timber soi l  which have a high o r  severe 
erosion hazard rat ing.  

Ant i  -pol t ut ion  regulat ions have been 
established by the various Regional Wa- 
t e r  Q u a l i t y  Boards o f  the Ca l i fo rn ia  
Sta e Water Resources Control Board. In  
add t ion,  the Fish and Game Code Section 
160 and 1602 contains regulat ions deal- 

ing wi th  water po l lu t ion,  and w i th  
streambed and streamf low mod i f  icat ions. 
The overa l l  effect iveness of the State 
i n  control  I ing point-source water pol - 
l u t i o n  depends largely  on the stringency 
o f  i n s t i t u t i o n a l  standards and the co- 
operation of fo res t  users. The C a l i f o r -  
n ia  Forest Pract ice Act provides for 
formulation and enforcement of fo res t  
p rac t ice  ru les  on pr iva te  timber lands 
and pub1 i c  non-federal timber lands. As 
a resul t ,  timber harvest operations on 
pr iva te  lands have improved. More e f -  
f ec t i ve  ru les  and bet ter  enforcement 
measures, however, are s t i l l  needed on 
privately-owned and pub1 i c  fo res t  lands 
t o  improve water qual i t y  and stream hab- 
i t a t .  Section 208 of Publ ic  Law 92500 
(1972) w i l l  eventual ly r e s u l t  i n  proce- 
dures fo r  control  of non-point sources 
of  po l l u t i on  f o r  forests  i n  Ca l i f o rn ia  
watersheds. The study w i  I I evaluate the 
r u l e s  i n  r e l a t i o n  to  shade canopy, 
stream protect ion zones, and s i l t a t i o n  
due t o  road construct ion (see Chapter 
Four, !!The Watersheds,It f o r  fur ther  
discussion o f  Section 208). 

FISH AND WILDLIFE PLANNJNG 

CALIFORNIA FISH AND WILDLIFE PLAN 

The Department o f  Fish and Game i s  i n  
the  process o f  rewr i t i ng  the 1%5 Ca I i- 
forn ia  Fish and W i l d l i f e  Plan. The plan 
consists o f  three volumes and i s  sched- 
uled f o r  d i s t r i b u t i o n  on Ju ly  1, 1980. 

Volume 1 contains the primary DFG 
planning document which sets f o r t h  p r i -  
mary objectives, major programs and 
au tho r i t i es  and phi losophies o f  the De- 
partment. The Fish and W i l d l i f e  Plan, 
i n  addi t ion t o  guiding DFG programs dur- 
ing the next ten years, w i l  I a lso com- 
municate to other pub1 i c  agencies and to 
the pr iva te  sector DFGfs concerns f o r  
the resource as the State's population 
increases and i t s  lands are developed. 
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Volume I I  includes species plans fo r  

w i l d l i f e ,  inland f isher ies,  anadromous 
f isher ies,  and marine resources. The 
object ives and programs o f  DFG f o r  in-  
d iv idual  species or species groups are 
presented t o  the year 1990. No e f f o r t  
i s  d i rected towards long range planning 
t o  the years 2000 o r  2020. 

Approximately 300 plans w i l  I be devel- 
oped which w i l l  describe what DFG in -  
tends t o  do regarding indiv idual  species 
such as deer, red fox, and condor; and 
f o r  groups of species such as ducks, 
geese, and flycatchers. The s t ra teg ic  
programs described f o r  species/groups 
are  designed t o  guide DFG for the next 
10 years. 

The treatment of nongame species w i  I I 
be more ref ined in  the 1980 plan than in  
the 1965 version. In the l a t t e r  plan, 
f i v e  nongame plans were prepared cov- 
e r ing  raptors, land associated nongame 
birds, miscellaneous mammals, furbearers 
and re la ted species, and water associ- 
ated nongame birds. In  the 1980 e f f o r t ,  
approximately 53 plans w i  I I be presented 
f o r  nongame animals. 

The level o f  d e t a i l  o f  the plans pre- 
sented w i  I I vary considerably. Species 
a c t i v e l y  sought by man, f o r  any number 
of  reasons, have been more thoroughly 
studied i n  the past. U n t i l  recently, 
there has been l i t t l e  in te res t  i n  non- 
game species other than from the  academ- 
i c  community. 

Information needed for proper manage- 
ment of nongame animals i s  general l y  
lacking. Many of the  object ives and 
programs are, therefore, designed t o  im-  
prove the level of knowledge so t h a t  ad- 
equate management programs can be devel- 
oped. The species plans w i l l  include 
much of the f o l  lowing information: 

Population and land and water use 

Impacts of  projected popu I a t  i on 
and land and water use changes on 
w i l d l i f e  resources. 

changes. 

W 

Exi s t ing  and projected human use 
o f  species/groups. 

Areas of special b io log ica l  i m p o r -  
tance. 

Volume 1 1 1  o f  the plan w i l l  describe 
the f i s h  and w i l d l i f e  resources w i th in  a 
county . The repor t  w i l l  ident i fy ,  
through use o f  indiv idual  county maps, 
t he  t e r r e s t r i a l  and aquatic habi ta ts  
which are of importance t o  f i s h  and 
w i  Id I i fe. Special a t ten t ion  w i  I I be 
given to  areas o f  special b io log ica l  im- 
por tance. 

The completion of the Fish and Wi ld -  
l i f e  Plan by the Department of Fish and 
Game should g rea t ly  ass i s t  i n  fu tu re  
management o f  important w i  Id1 i f e  r e -  
sources of the forested lands o f  Ca l i -  
fo rn  ia. 

FOREST SERVICE HABITAT RELATIONSHIPS 

The federal D r a f t  Assessment o f  the 
Forest and Range Land S i tua t ion  i n  the 
United States has been completed and in-  
cludes Ca l i fo rn ia 's  input i n t o  the na- 
t i o n a l  assessment of f i s h  and w i l d l i f e  
resources. The computer pr in tou t  from 
t h i s  program i d e n t i f i e s  14 fo res t  range 
type ecosystems fo r  Cal i forn ia .  Such 
information as species adaptabi I i t y ,  
special ized hab i ta t  needs, importance o f  
t imber s ize and the importance of range 
condi t ion are delineated f o r  each spe- 
cies. The information i s  useful on a 
nat ional  or Statewide level; however, 
for the land manager, more spec i f i c  and 
de ta i  led information i s  necessary. 

The Forest Service's recent e f f o r t s  to  
c l a s s i f y  vegetative communities and de- 
velop w i  l d l i f e  hab i ta t  re la t ionships i s  
a step towards providing a data base fo r  
the  management of f i s h  and w i  I d  I i f e  re -  
sources on a local level. Thus far, 
w i  Id1 i f e  hab i ta t  re la t ionships have been 
compl led for forested lands on the west 
slope of the Sierra. The material is, 
as of Ju ly  1979, I n  d r a f t  form wait ing 
f i n a l  pr in t ing.  
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The goal i s  t o  complete habi ta t  re la -  
t ionships fo r  the Great Basin, North 
Coast and Southern Ca l i fo rn ia  Regions. 
When completed, w i  Id1 i f e  hab i ta t  re la -  
t ionships and a w i  Id1 i f e  matr ix w i  I I be 
avai lab le for  approximately 90 percent 
o f  the forested lands i n  Cal i forn ia .  
Much of  the e f f o r t  being put f o r t h  by 
the  Forest Service can be extended to  
pr iva te  lands; however, the remaining 
ten percent ( f o res t  lands on the North 
and Central Coast) w i l l  need t o  be 
completed by an independent survey. 

RESEARCH PROGRAMS 

PRESENT RESEARCH PROGRAMS 

N'umerous organizations and agencies 
are conducting f i s h  and w i l d l i f e  re -  
search on the forest  lands o f  Cal i f o r -  
nia. Table 6-6 out1 ines known research 
pro jects  by the Department o f  Fish and 
Game, Forest Service and the Pac i f i c  
Southwest Range and Exper imenta I sta- 
t ion.  Not avai lab le a t  the time of t h i s  
publ icat ion are data from the col leges 
and un ive rs i t i es  which c o l l e c t i v e l y  pro- 
duce much o f  the research on fo res t  
I ands. 

FUTURE RESEARCH NEEDS 

W i  Id1 i f e  

Continued studies t o  determine the 
value t o  the forest  ecosystem are needed 
o f  the l i f e  cycles o f  various mammals 
and b i rds  and of t h e i r  r o l e  i n  the fo r -  
e s t  environment. Animal damage and i t s  
e f f e c t  on forests i s  a lso discussed in  
Chapter Ten, "The Timber Resource.tt 

Especial I y needed are studies to:  

Learn h o w  intensive management can 
be applied t o  w i l d l i f e  so as t o  
achieve harmony wi th  other forest  
needs; determine how t o  increase the 
population and qua l i t y  of various 
animal species while, a t  the same 

time, enabling the construct ion of 
roads, the harvesting o f  timber, and 
use o f  the land by recreat ionists.  Lr 

Determine the ideal condi t ions fo r  
the hab i ta t  o f  various species of 
w i l d l i f e  throughout t h e i r  annual 
l i f e  cycles i n  d i f f e r e n t  par ts  of 

the  State; g ive special a t ten t ion  t o  
migratory w i l d l i f e ;  determine the 
ecological r o l e  of the w i l d l i f e  on 
the var i ous w i  1 d I and env i ronments; 
and def ine hab i ta t  requirements, es- 
pec ia  I 1 y fo r  endangered and poten- 
t i a l l y  endangered species of b i rds  
and animals. 

Learn h o w  the hab i ta t  requirements 
f o r  various species .of w i  Id I i f e  may 
c o n f l i c t  w i th  other desirable uses 
o f  the forest. 

ldent i  f y  potent ia l  conf I i c ts  f o r  
fo res t  forage between w i  Id  animals 
and domestic l ivestock. 

I den t i f y  the e f fec ts  o f  b i r d  popu- 
la t ions  on con t ro l l i ng  insects which 
damage valuable timber species. 

Appraise the damages created to  
fo res t  vegetation by various species 
o f  w i l d l i f e  and determine how t o  
control  the extent of these damages 
a t  an acceptable level.  

Continue t o .  rev ise hab i ta t  re la -  
t ionships t o  determine the e f fec ts  
o f  timber harvesting on various spe- 
c ies  o f  w i  Id1 i f e  during successive 
stages o f  the t imber's I i f e  cycles; 
study especia l ly  the e f fec ts  on food 
and cover required by d i f f e r e n t  spe- 
c ies  o f  w i l d l i f e .  

Determine the e f fec ts  o f  fo res t  
taxat ion and the economics of fo res t  
use on the maintenance of w i l d l i f e  
hab i ta t  . 
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I TABLE 6-6 

TABLE 6-6 

PRESENT R 

1 
2 

3 
4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

, 17 

18 

19 

20 

- 

SUBJECT 

Flsh 6 Wi ld l l f e  Plan 
R I par Ian Study 

Black Bear Study 
No Klngs Deer Study 

Grindstone Habltat 

W i l d l l f e  Habitat Project 

Brown Trout Spawn 1 ng 
Relatlonships 

Preferences 

Oak Survfval 6 Growth 

Blghorn Sheep, Habltat 

Yosemite 6 Black Toads 

Study 

6 Behavior 

Flshes D is t r lbu t ion  

Bald Eagle Habitat 

Spotted Owl Vocailzatlon 

Modoc Sucker Spawning 

Parameters 

Study 

Study 

Modoc Wetland Study 

Condor Ac t l v l t y  Study 

Southern Rubber Boa 
Dls t r lbu t ion  6 Habitat 

Revlew o f  Essentlai 
Habitat for  Sea Otter, 
San Joaquin K l t  Fox, 
Peregrine Falcon 6 
Leopard L I zard 

Black Bear Habltat 6 
Dls t r lbu t ion  

Pine Martln Radlo-telem- 
e t r y  Habltat Study 

W C H  PROGRAFlS ON FOREST LANDS 

AGENCY 

Cal i forn la  Fish 6 Game 
Cal l forn la  Fish 6 Game, 
U. S. Forest Servlce 
Cal l forn la  Fish 6 Game 
Ca l i fo rn ia  Flsh 6 Game, 
U. S. Forest Servlce 
Cal i forn ia  Fish 6 Game, 
U. S. Forest Servlce 
U. S. Forest Servlce, 
Pac l f l c  Southwest 
U. S. Forest Servlce, 
lnyo NF 6 San Bernar- 
dino NF 
U. S. Forest Servlce, 
Angeles NF 
U. S. Forest Servlce, 
lnyo NF 
U. S. Forest Servlce, 
lnyo NF 
U. S. Forest Servlce, 
Humboldt State 
U. S. Forest Servlce, 
Shasta-Tr 1 n I t y  NF 6 CFG 
U. S. Forest Servlce, 
San Bernardino NF 6 PSW 
Cal i fo rn ia  Flsh 6 Game, 
U. S. Forest Servlce 6 
Modoc NF 
U. S. Forest Servlce, 
Modoc NF, PSW 6 UC 

U. S. Forest Service, 
Los Padres NF 6 Santa 

U. S. Forest Servlce, 
Los Padres 6 San Ber- 

nardino NF 
U. S. Forest Servlce, 
Los Padres NF 

Berke I ey 

Barbara Co. 

U. S. Forest Service, 
Tahoe NF 
U.'S. Forest Servlce, 
Tahoe NF & Sacramento 

State 

DATE OF COMPLETION 
(WHEN KNOWN) 

July 1980 
1980 
1981 
1981 
I982 

1981 

I979 

Iecember 1979 

January 1980 

ieptember I979 
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TABLE 6-6 (continued) , 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

SUBJECT 

Riparian Snag Study 

Snag Habitat Relationships 

Slump Pond Study 

B I unt-nosed Leopard L I zard 
Dis t r ibut ion 6, Habitat 

Oa k 4 a  s t  Study 

Deer Management Plans 

Avifauna of  Grazed d, 
Ungrazed Habitats in 
Footh 1 I I W o o d  I ands of  
the Sierra Nevada Mts. 

Avian Community Responses 
t o  Logg 1 ngRe I ated 
Habitat a l te ra t ion  In 
the Mixed Conlfer Zone 
o f  the Sierra Nevada 

Long-term F i re  Suppression 
on Vegetation Dynamics 
i n  the Range of  the 
Cat i f o rn ia  Condor 

Past L Present Distr ibu- 
t i o n  of  the Brown-Headed 
Cowbird In the Sierra 
Nevada Mts. 

Cowbird Occurrence, Local 
Movements d, Potential 
Impact on Breeding 
Success of Song Birds In 
Sierra Nevada Mts. 

Feas ib i l i t y  of  Individual 
Recogn I t ion of Spotted 
owls 

Methods of  Sampling Avian 
Riparian Communities 

Avian Community Composi- 
t i o n  of  Mixed Conifers 
d, Red F i r  Forests Before 
L After Logging In  the 
Sierra Nevada Mts. 

Great Gray Owl, Statewide 
Survey 

Swainson's Hawk, Statewide 
Survey 

AGENCY 

U. S. Forest Service, 
Six Rivers NF 
U. S. Forest Service, 
PSW L San Bernardino NF 
U. S. Forest Service, 
S ix  Rivers NF 
U. S. 'Forest Service, 
Los Padres NF 
Department of  Fish 6 

Department of  Fish L 

PSW 

Game 

Game 

PSW 

PSW L UC Santa Barbara 

PSW L U: Santa Barbara 

PSW L UC Santa Barbara 

PSW L Occidental 
Col lege 

PSW L Cal i forn ia  State 
University, Fresno 

PSW 

Department of  Fish L 
Game 

Board of  Land Manage- 
ment, Department of  
Fish L Game 

DATE OF COMPLETION 
(WHEN KNOWN) 

I979 

4 Implemented in 1979 
B Implemented in  1980 
June 1979 

4ugust 1980 

March 1979 

January 1979 

January 1980 

June 1980 

September 1979 

Study i n  Planning 
Stages, Expected to  
l as t  a t  least 10 yrs. 

k t o b e r  1979 

September I979 
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bi Fisheries 
The charac ter is t i cs  and q u a l i t y  o f  

aquatic I i f e  in  Cat i f o r n i a l s  inland 
streams depends t o  a large extent upon 
the qual i t y  o f  the t e r r e s t r i a l  environ- 
ment through which the streams flow. 
Through wise management o f  the inland 
f isher ies,  there i s  considerable oppor- 
tun i t y  f o r  i ncreas i ng the recrea t  i ona I 
opportuni t ies fo r  a l l  types o f  f i she r ies  
and f i shermen, f o r  increasing economic 
gains, and f o r  creat ing new f i she r ies  or 
improving ex i s t i ng  fo res t  f isher ies.  

Needed research shou I d : 

I d e n t i f y  methods and study the ec- 
onomics o f  providing a va r ie t y  o f  
f i s h i n g  experiences t o  meet the de- 
mands and needs o f  sports fishermen 
and c m e r c  i a  I f i shermen . 

Relate the location, range, and 
f l uc tua t i on  o f  water temperatures 
and volumes t o  the management o f  in-  
land f isher ies;  learn h o w  t o  manip- 
u l a t e  the forest  environment so as 
t o  provide water qual i t y  and f low 
which i s  favorable t o  the stream en- 
v i ronmen t . 

Determine how much shade canopy 
from t rees  and other vegetation i s  
needed t o  maintain f i she r ies  i n  
streams located in d i f fe rent  parts 
o f  the State; study how t h i s  shade 
can best be achieved through the es- 
tab1 ishment and maintenance o f  par- 
t i c u l a r  r i p a r i a n  vegetative types. 

Determine the drain on f i s h  popu- 
l a t i ons  from sports f ishing, commer- 
c i a l  f ishing, and ocean predators. 

Determine h o w  t o  control  the det- 
r imental e f f e c t s  on spawning grounds 
caused by road construction, log- 
ging, mining, recreation, and other 
land uses i n  the forest. 

I d e n t i f y  the charac ter is t i cs  o f  
pr  ime stream env i ronments requ i red 6/ 

f o r  f i s h  hab i ta t  and determine the 
e f fec ts  o f  various land-management 
pract ices on them; develop land man- 
agement pract ices which w i  I I obtain 
optimum p roduc t i v i t y  from the inland 
f l she r ies  while sustaining desirable a 

aquatic ecosystems. 

Determine the e f f e c t s  of, various a 

types o f  timber harvesting on 
stream environments; evaluate char- 
a c t e r i s t i c s  o f  stream side hab i ta t  
needed t o  p ro tec t  streams under d i f -  
ferent  condit ions o f  vegetative cov- 
et-, slope, s o i l  type, and climate. 

Determine the spec i f i c  require- 
ments o f  threatened and endangered 
species o f  f i s h  and learn how t o  
provide these requirements whi le, a t  
the same time, meeting other needs 
o f  the stream env i ronmen t. 

CONCLUSION AND POLICY FOCUS 

The f i s h  and w i l d l i f e  resources i n  
Ca l i f o rn ia ' s  forests are more varied 
than elsewhere i n  the United States. 
Ear ly  t o  mid-successional stages o f  f o r -  
e s t  vegetation enhance popu I a t  ions of 
deer, mountain l ion, bear, quai l ,  voles, 
mice, and raptors. In f a c t  about 70 
percent o f  the w i  Id  I i fe  species which 
i nhab i t  forest  lands favor these vegeta- 
t i o n a l  stages. The remaining 30 percent 
o f  our farest  w i l d l i f e  species tend t o  
i nhab i t  old-growth or l a t e  successional 
stands. Typical species are f isher, 
marten, spotted owl, yellow-rumped warb- 
ler ,  p i leated woodpecker, -and goshawk. 
Reductions of old-growth hab i ta t  may. 
thus be of considerable concern. Sub- 
s t a n t i a l  acreages o f  t h l s  hab i ta t  e x i s t  
i n  wilderness and park acres and much of 
t h e  remainder i s  a lso  in  publ ic owner- 
ship. Most species o f  forest  w i l d l i f e  
e x i s t  a t  acceptable levels; however, 
s ign i f i can t  population s h i f t s  o f  any 
species should serve as a warning o f  
potent I a I prob 1 ems. 

173 . 



The 60 percent decrease in  the deer 
population since the mid-l%O's can be 
a t t r i bu ted  to the loss of su i tab le habi- 
t a t .  These losses have resul ted from 
the growth o f  ru ra l  sub-divisions, u r -  
banization, road construction, water de- 
velopments, maturing browse (which i s  
unsuitable fo r  deer), and the gradual 
crowding ou t  of browse by young stands 
o f  timber. Immature brush which of ten 
r e s u l t s  from logging has the opposite 
e f f ec-f . W i thout extens i ve hab i t a t  res- 
t o ra t i on  programs deer populations are 
expected t o  remain stable through the 
1980's. 

Certain species o f  f i s h  and w i l d l i f e  
generate greater in te res t  than others 
because they support such a c t i v i t i e s  as 
spor t  f i sh ing  and hunting and commercial 
f i sh ing  and trapping. Most t r o u t  f i sh-  
ing and p r a c t i c a l l y  a l l  deer and bear 
hunting takes place on forested land. 
Approximately 37,000,000 t rout ,  31,000 
deer, and 655 bear were harvested i n  
1978. Salmon, which supports a commer- 
c i a l  and recreat ion industry, produced a 
catch o f  841,000 f i s h  i n  1978; the 
steel  head catch approached 122,000. 
Over ha l f  o f  these f i s h  are dependent on 
fo res t  ecosystems fo r  spawn i ng . 

coincide. Forests provide key hab i ta t  
f o r  many o f  these species. b 

The f i s h  and w i  t d l  i f e  issues confront- 
ing society concerning management on 
fo res t  lands i s  the des i re  t o  produce 
more f i s h  (see tlSalmontt issue) and more 
w i l d l i f e  (mainly deer) and a t  the same 
t ime harvest more timber (see ttMore Tim- 
ber, More Game - Complementaritytt 
issue). The amount o f  t imber harvested 
could double whi le providing only a 5 t o  
10 percent increase i n  deer populations. 
However, w i th  a 70 percent increase i n  
timber production and encouraging 
success i ona I stages of brush conduc i ve 
to  deer, one could expect a 50 t o  100 
percent increase i n  deer population. 

With present n t s  and under 
present management substantia I increases 
i n  salmon populations are not  expected; 
however, the Resources Agency has pro- 
posed investments o f  50 t o  70 m i l l i o n  
d o l l a r s  over a 10 year period t o  in-  
crease the number o f  salmon presently 
'entering Ca I i forn ia streams and r ivers .  
Funds would be used t o  improve spawn ng 
hab i ta t  and t o  increase hatchery fac i  i- 
t ies .  

Since the turn o f  the century salmon 
and steelhead populations have declined 
approximately 65 percent. Along the 
North Coast water development projects, 
t imber harvesting, road construction, 
debr is  accumulations, s i l t a t i o n  o f  
spawning gravels, and unfavorable water 
leve ls  and temperatures have contr ibuted 
t o  the reduction o f  the natural produc- 
t i o n  o f  salmon and steelhead. The num- 
bers o f  salmon and steelhead are not ex- 
petted t o  increase un I ess substantia I 
measures are taken t o  improve spawning 
hab i ta t  and increase hatchery produc- 
t ion.  

There are federal and State laws t o  
p ro tec t  endangered, r a r e  o r  threatened 
p lants  and an ima I s, however, there i s  
overlap and the two j u r i s d i c t i o n s  have 
generated I i s t s  o f  animals t h a t  do not di 

- 
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INTRODUCTION 

por t ions o f  the  State u n t i l  the herds 
and f locks were depleted dras t ica l  l y  i n  
the  droughts o f  the  1860's (Burcham 
1957). By 1876 numbers had r e b u i l t  t o  
where there were 6,000,000 head o f  sheep 
i n  Cal i f o r n i a  and equal l y  large numbers 
o f  c a t t l e  and horses. Meadows and 
grasslands could not  support t h i s  number 
o f  animals and severe overgrazing again 
occurred . 

6: 

Before the a r r i v a l  of the white man in  
Cat i f o r n i a  nat ive ungulates such as an- 
telope, elk, and deer grazed on grass- 
lands which were dominated by perennial 
bunch grasses. 

I n  1769 the f i r s t  Spanish settlements 
i n  the State were established in  the v i -  
c i n i t y  of San Diego. According t o  the 
tfSurvey o f  Ca I i forn l a  Deer Herds, The i r 
Ranges and Management Problems,t1 a game 
b u l l e t i n  published by the Ca l i f o rn ia  De- 
partment of Fish and Game in  1952, the  
Spanish s e t t l e r s  were few i n  number and 
r e s t r i c t e d  In  the  area they occupied. 
Nevertheless, they dramat ical ly impacted 
the  ter ra in ,  p a r t i c u l a r l y  as a r e s u l t  o f  
t h e i r  introduct ion of domestic ca t t le ,  
sheep, horses, and goats. 

Along w i th  the European I ivestock came 
European annuals; grasses, and forbs 
which general ly replaced the o r i g i n a l  
perenn l a  I s throughout the footh i  I Is of 
t h e  Central Val ley and coastal plains. 
Today, as a resul t ,  most o f  Ca l i fo rn ia 's  
rangeland i s  dominated by introduced 
Mediterranean annual p lants  such as wi ld  
,oats, soft chess, red brome, various 
fescues, bur c lover and f i iarees.  

Domestic herds were large and roamed 
over thousands o f  acres o f  rangeland. 
It i s  estimated t h a t  i n  1825 there were 
one m i l l i o n  head of sheep as well as ex- 
tensive herds of c a t t l e  and horses, 

By 1830 the  Los Angeles Basin and the 
coastal areas were showing signs of 
overgrazing. The f i r s t  widespread over- 
stocking occurred during the ear ly  
1850's and was qu i te  general i n  many 

Today much o f  the o r ig ina l  range area, 
especia l ly  i n  the Central Val ley and i n  
southern Ca I i forn ia, has been a1 tered by 
urbanization and farming; Grazing ac- 
t i v i t y  s t i l l  continues on much o f  the 
forested land o f  Ca l i f o rn ia  and I s  in- 
tens i  f ied on the grassland and wood land 
ecotones a t  lower elevations. 

THE NATURAL RANGELANDS OF 
CALIFORNIA 

OESCRIPTION OF THE RANGELAND RESOURCES 

I n  June 1979 the Board o f  Forestry's 
Range Improvement Advisory Committee 
proposed the f o l  I owing def i n it ion of 
rangeland: rangeland i s  land on which 
the  ex i s t i ng  vegetation, whether growing 
natural  I y o r  through management, . i s  
su i tab le  for grazing or browsing use. 
Range I and inc I udes any natura I grass- 
lands, savannas, shrublands, deserts, 
wood I ands, and wet I ands wh i ch support a 
vegetative cover o f  nat ive grasses, 
grass- l ike plants, forbs, shrubs, or 
natural ized species. Rangeland i s  land 
t h a t  i s  dominated by vegetation other 
than trees. Many woodlands including 
pinyon, j un i per, chaparra I , and oak 
woodlands are included i n  rangelands, 
because the I r response t o  range manage- 
ment p r inc ip les  and a c t i v i t i e s  are simi- 
l a r  t o  those of other shrubby ecosys- 
tems. 

Also included are those lands t h a t  
have been seeded t o  non-native forage 
bu t  are managed as na t ive  ranges. The 
key elements i n  the d e f i n i t i o n  o f  range, b 
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therefore, a re  ( 1 )  forage fo r  grazing or 
browsing animals i s  produced by na t ive  
plants, and (2) i f  the forage i s  pro- 
duced by introduced species, the plants 4 

are managed as i f  they were nat ive spe- 
cies. Thus, the lands commonly desig- 
nated as improved pastures, cropland 
pastures, i r r i g a t e d  pastures, and grazed 
cropland are excluded from the forest  
land and rangeland base used i n  t h i s  As- 
sessment because they are dominated by 
non-native species and are rou t i ne l y  
cul t ivated, seeded, f e r t i  I ized, o r  ir- 
r igated . Range I ands are those I ands 
which produce forage f o r  I ivestock or 
w i  Id  I i fe .  

I n  Cal i fornia,  rangeland i s  land on 
which forage i s  produced w i th in  the com- 
mercial timber zones, t h e  deserts and 
the grass steppes. Species composition 
and production are the r e s u l t  o f  natural 
phenomena fncl ud ing so l  I, c l  Imate, topo- 
graphy, f i r e ,  floods, insects, and use 
by grazing animals. Management i s  ac- 
complished mainly through the regulat ion 
o f  grazing and browsing l ivestock and 
na t ive  ungu I ates. 

Rangelands i n  the State supply about 
61 percent o f  the t o t a l  feed required 
f o r  meat animals produced annually on 
Ca I 1 forn l a  farms and ranches. Approxi- 
mately 36 m i  I I ion acres, or 36 percent, 
o f  the land area o f  Ca l i f o rn ia  i s  clas- 
s i  f ied as rangel and (Reed 19741, 

Most o f  the open range and low-lying 
port ions of the oak-grass woodland are 
used f o r  the production o f  green feed i n  
the  winter and spring. Along the coast 
and in  southern Cat i f o r n i a  much o f  the 
rangeland covered w i t h  annual grasses i s  
grazed year-long wi th  some addi t ional  
feed coming from i r r i g a t e d  pastures and 
crop residue. A t  higher elevations and 
along the northern coast where fa1 I 
r a i n s  s t a r t  ea r l l e r ,  range provides some 
winter feed, but  green feed i s  produced 
p r i n c i p a l l y  during the spring and ea r l y  
summer months. Grazing a t  higher eleva- 
t ions, p a r t i c u l a r l y  on the national for- 
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es t  lands, occurs usually between the 
months o f  June and October. 

I t i s  a lso  in terest ing t o  note t h a t  i n  
a s-fa'te where 47 percent (47 m i l  l i o n  
acres) o f  the land area i s  pub1 i c  land, 
only one-third o f  the rangeland (13 m i l -  
l i o n  acres) i s  i n  federal ownership 
whi le two-thirds (23 m i l l i o n  acres) i s  
p r i v a t e l y  owned (see Table 7-1, IfCali- 
f o rn ia  Rangeland Ownershipff). Pr iva te  
rangeland i s  even more important when 
product iv i ty,  as measured by animal u n i t  
months (AUMts) rather than acreage, i s  
considered. (An AUM i s  usually defined 
as the amount o f  forage necessary t o  
sustain a cow o r  steer, o r  f i v e  sheep 
f o r  one month, o r  1,000 pounds o f  for- 
age.) Then it becomes apparent t h a t  94 
percent of the l ivestock production on 
rangeland comes from pr i va te  land whi l e  
the  remaining s i x  percent comes from 
grazlng on federal lands (see Table 7-2, 
WaI i forn ia  Rangeland Production.1f This 
r a t i o  does no t  hold . t r u e  f o r  a1 I areas 
w i th in  Ca l i f o rn ia  since ranch operations 
on the eastern side of the Sierra Nevada 
and Cascade Mountains obtain from one- 
fou r th  t o  one-third o f  t h e i r  feed sup- 
p l i e s  from federal lands (Clawson 1978). 
I n  Cal i f o r n i a  the pr ice ranchers pay per 
AUM I s  extremely variable. In  1979 the 
p r i c e  of an AUM on Forest Service lands 
was $2.03. This was a 24 percent 
increase from the 1978 f igure. On the 
Spencevil'le W i l d l i f e  Area, east o f  Beale 
A i r  Force Base and managed by the 
Department o f  Fish and Game, bids 
received on several a1 lotments ranged 
from $16.25 t o  $20.00 per AUM. 

Much o f  the area c l a s s i f i e d  as range- 
land i s  not  suited f o r  more intensive 
ag r i cu l tu ra l  use because o f  rocky condi- 
t ions, steep slopes, poor so i l ,  low 
r a i n f a l  I, temperature extremes, etc. 
This does no t  diminish i t s  importance. 
Grazing o r  browsing by herbivores i s  the 
most pract ica l  and feas ib le  means o f  
converting range vegetation i n t o  food 
and f i b e r  useful t o  man. In  addi t ion t o  
food, forage, and f iber ,  rangelands pro- 
v ide other resources and serv ices neces- 

i 
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TABLE 7-1 I 

USFS 

TABLE 7-1 

REG ION 
ELM AND A S A  

OTHER PERCENT 
PUBLIC TOTAL OF TOTAL 

CALIFORNIA RANGELAND OWNERSHIP ( I N  THOUSANDS OF ACRES) 

AREA 

North Coast 
North Central 
North East 
Central Coast 
Sacramento Valley 
San Joaqu i n Va I I ey 
Eastern Sierra 
Western S 1 erra 
Southern California 

PR I VATE 

2,733 
1,130 
1 , 247 
4,866 
2,439 

223 
1,650 
2,930 

23,211 

5,993 

160 
1,279 
1,699 

106 
194 
343 
553 
401 
269 - 

8 
160 

1,337 
299 

33 
839 

1,834 
102 

3,087 

2,90 1 
2,569 
4,283 
5,271 
2,666 
7,229 
2,610 
2,153 
6,286 

8.1 
7.1 

11.9 
14.6 
7.4 

20.1 
7.3 
6.0 

17.5 

5,004 I 7,753 I 35,966 I 100.0 

I I 

Source: "The Contribution of Rangeland to the Economy of CaIiforniaDn 
University of Cal lfornia, June 1974. 

sary f o r  man's well-being. These in- 
clude supplying w i l d l i f e  habitat,  ac- 
ceptable water qual i t y ,  recreation, 
natura I beauty, a bsor p t  i on and breakdown 
o f  pol lutants, degradation of organic 
wastes, cyc l ing  o f  nutr ients,  and main- 
t a in ing  a benef ic ia l  balance o f  gases i n  
the atmosphere (USDA September 1978). 

L I VESTOCK 

Sales o f  l ivestock products i n  Cal i -  
fo rn ia  accounted f o r  10.6 percent o f  the 
t o t a l  farm income i n  1977. In t h a t  
year, cash receipts  from the sa le of 
c a t t l e  and calves alone was $987 m i l -  
l ion. 

Typical ly,  beef production tends t o  
fo l low a 10- t o  14-year cyc le  i n  re- 
sponse to  market prices, and i s  so long 
because it can take up t o  four years 
from the t ime a cow/caIf producer de- 
cides t o  increase h i s  breeding herd un- 

ti I the ext ra meat a r r i ves  a t  the mar- 
ket. The 1976-77 drought coupled w i th  
the  l iqu ida t ion  phase of the  l a s t  beef 
production cyc le  has resul ted i n  the 
cur ren t  decl ines i n  the numbers of cat- 

' t l e  marketed. 

On January 1, 1978 there were an es t i -  
mated 4.4 m i l l i o n  head o f  c a t t l e  i n  CaI- 
i f o rn ia .  The t o t a l  number of c a t t l e  i n  
the  State, however, i s  no t  ind ica t ive  of 
c a t t l e  use on rangeland. A more accu- 
r a t e  cor re la t ion  would be the estimated 
beef c a t t l e  and the number of stocker 
c a t t l e  on rangeland. On t h a t  same date 
i n  1978 there were an estimated 966,000 
beef c a t t l e  and approximately one m i l -  
l ion stockers on rangeland. An estimat- 
ed 69 percent o f  the  forage f o r  stocker 
c a t t l e  i s  produced on rangeland (Reed 
1974) . 

Approximately 29 percent of the  beef 
c a t t l e  and 50 percent of the stocker 



1 TABLE 7-2 

North Coast 
North Central 
North East 
Centra1 Coast 
Sacramento Valley 
San Joaquln Val ley 
Eastern Sterra 
Western Slerra 
Southern Callfornla 

U 

1,163 7 
406 69 
528 121 

3,654 39 
1,380 12 
5,409 60 

129 42 
1,359 31 
1,072 27 

13,100 408 

TABLE 7-2 

CALIFORNIA RANGELAND PRODUCTION IN ANIMAL UNIT MONTHS (AW) 
( IN THOUSANDS OF AUMS) 

BLM AM) 
OTHER 

AREA I PRIVATE I USFS I PUBLIC 
I I I 

1 
15 

120 
58 
2 

99 
46 
8 

96 

445 

TOTAL 

1,171 
490 
769 

3,751 
1 , 394 
3, 568 

21 7 
1 , 398 
1,195 

13,953 

REG I ON 
A S A  
PERCENT 
OF TOTAL 

8.4 
3.5 
5.5 

26.9 
10.0 
25.6 

1.5 
10.0 
8.6 

100.0 

I Source: WThe Contribution of Rangeland to  the Economy of Callfornla,w University 
of Cal Ifornla, June 1974. 
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c a t t l e  i n  Ca i i f o rn ia  are raised in  coun- 
t i e s  adjacent t o  the u in  Valley. 
Other counties which a s i g n i f i -  
cant number o f  beef or stocker c a t t l e  
are Humboldt; Siskiyou, Lassen, Modoc, 
Tehama, Monterey, San Luis Obispo, and 
Santa Barbara (Ca I I forn ia  Livestock Sta- 
t i s t i c s  1977). 

Sheep production Is  a lso  an important 
f ac to r  In  the State's I ivestock industry 
In  January 1978 It was estimated there 
were 915,000 sheep i n  Cal i forn ia ;  a re- 
duction o f  23 percent from the  1,185,000 
inventoried In  1970. Sheep production 
I s  highest i n  the San Joaquin Valley 
where 40 percent o f  the t o t a l  number i s  
produced. The Sacramento,Valley i s  sec- 
ond w i th  29 percent. Humboldt, Mendo- 
cino, Sonoma and Kern Counties combined 
provide 46 percent o f  the range forage 
f o r  sheep (Reed 1974). tJ 

W I LDL I FE 

P r i o r  t o  the advent o f  Europeans i n  
Cat I forn ia ,  the predominate species o f  
b i g  game w i l d l i f e  u t i l i z i n g  the range 
resources were pronghorn antelope, blg- 
horn sheep, deer, and elk. Today antel- 
ope are f a i r l y  w e l l  r e s t r i c t e d  t o  north- 
eastern Ca l i f o rn ia  and the e l k  popula- 
t i o n s  are  contained i n  small herds i n  
the  Owens Valley, Hwnboldt and Del Norte 
Counties, Cache Creek In  YoIo, Colusa, 
and Lake Counties and other smaller pop- 
u la t i ons  presently being reestablished 
throughout the State by the Department 
o f  Fish and Game. The combined antel- 
ope-elk population i n  Cat i f o r n i a  approx- 
imates 8,000 to 9,000 animals. Figure 
7-1 shows the present. d i s t r i b u t i o n  of 
antelope, bighorn sheep, and e l k  i n  the 
State . 

I 
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Further discussions i n  t h i s  Assessment 

of  range use by w i l d l i f e  w i l l  be l imi ted 
t o  deer, keeping i n  mind t h a t  numerous 
other species o f  herbivorous animals are 
sustained on seeds and grasses. These 
include mice, voles, gophers, rabbits, 
ground squirrels,  finches, quai I ,  spar- 
rows, and meadowlarks, many o f  which are 
important l i nks  i n  the food chains o f  
other an ima I s. 

Deer are the most v i s i b l e  w i l d l i f e  us- 
e rs  o f  forage on the rangelands o f  Cat i- 
fornia. According t o  information devel- 
oped by Longhurst i n  1952 approximately 
56 m i  I I ion acres, o r  56 percent of the 
State, are occupied by deer as shown on 
Figure 7-2. Deer occupy most of the 
forested wood I and and chaparra I range 
ecosystems w i  t h  i n the State. 

The present growth trend o f  the deer 
herds i n  Ca l i f o rn ia  i s  downward. Popu- 
la t ions  i n  1978 were estimated a t  
500,000 animals, a decrease o f  60 per- 
cent from those o f  the ear ly  1960's. 

The primary factors  which have contr i -  
buted most t o  t h i s  apparent decline, 
which started about 1960, are thought t o  
be a diminishing food supply and the 
loss o f  habitat.  Changes I n  the pat- 
terns of burning, logging, and grazing 
plus a s h i f t  from the grazing of sheep 
t o  c a t t l e  on rangelands have a l l  con- 
tr i buted to a lower ing of the production 
of  deer food p lan ts  (Longhurst 1976) . 

Deer t h r i v e  best on rangelands where 
ear I y success I ona I stages of vegetat i on 
predominate. Young brush with a mixture 
of  grasses and forbs appears t o  be the 
ideal deer habitat.  Mature brush and 
climax fo res t  w i th  l i t t l e  understory and 
few openings normally support few deer. 

Various inf luences have the potent ia l  
i n  Cal i forn ia .  t o  a f f e c t  large areas o f  
deer range i n  terms of successional 
trends i n  vegetation (Longhurst 1976): 

Changes i n  the numbers and sizes 
o f  f i r e s  on forest  lands, 

Changes i n  the amount of fo res t  
being I ogged # 

Changes I n  l ivestock grazing on 
pub l ic  and p r i va te  fo res t  range- 
I ands, 

Changes i n  weather patterns, 
Changes i n  long-term carry ing ca- 

pac i ty  for deer on fo res t  range- 
lands resu l t i ng  from chronic over- 
stocking by deer themselves. 

WE FORESTED RANGELANDS 
OF CALIFORNIA 

DEFINITION 

The forested rangelands of Ca l i f o rn ia  
'are defined, for the purpose of t h i s  Re- 
port, as areas which contain a t  least  a 
10 percent t ree  canopy and have grass, 
f shs -and  shrubs sui tab le  for I ivestock 
and w i l d l i f e  grazing. Table 7-3 l i s t s  
some of the more common range forage 
p lan ts  on fo res t  ranges of Cai i forn ia .  
There are approximately n ine  m i l l i o n  
acres of forested range I and i n  Ca I I for- 
nia. Ownership of the forested range- 
land Is mostly i n  the hands of the Fo- 
r e s t  Service and pr iva te  land owners. 
Since the BLM does no t  manage a s ign i f -  
icant  amount of fo res t  land in  Ca l i fo r -  
n ia  ( less than one percent) # forage out- 
puts were not  tabulated f o r  BLM lands. 

1- ~ 
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TABLE 7-3 

TABLE 7-3 

ColulMON FORAGE PLANTS OF CALIFORNIA FOREST RANGES WITH 
COMPARAT I VE GRAZ I NG VALUES* 

- 
GRASSES 

G Rerennlal branegrssses 
G Perennlat fescues 

G Soft chess 
G Wlld oats 
G W t  fd-rye 
F Rfpgut bane 
F Red bane 
F Foxta i l  fescue 

F-P Downy chess 
F-P Wlld barley 

P Nftgrass 

FORBS 

G Bur-clover 
G Ftlaree 
G Clovers 
G Cow parsntp 

F-G Mu les-ears 
F Yarrow 

F-P Lupines t 
F-P Vetches 

P Tarweed 
P Turkey mulleln 

BROWSE (SHRUBS) 

G Deer brush 
G B l t t e r  brush 
G Wlnterfat 
G SetvIce berry 
G Mountafn mhogany 
G Aspen 

F-G Oaks 
F-G W l  I IOW 

F Chamfse 
F Flreweed 

F-P Sagebrush 
P Manzanfta 
P Rabbf tbrush 
P Cherrles (Prunus sp.) 

G - Good, F - Fafr, P - Poor 
t Many specles are polsonous 
* As amp1 led by MarvIn Dodge fn T. F. Arvota's book Wal  l f o r n l a  Forestry 

Handbook" 1978 

NATIONAL FOREST RANGELANDS arate Forest Service nonforested range- 
land from forested rangeland. A con- 

There are approximately 13.6 m i  I l i o n  servat ive 'est imate i s  t h a t  there are 3 
acres of National Forest land w i th in  the t o  3.5 m i  I I ion acres of forested range- 
scope of the Forest Resources Assessment land in  the National Forests i n  Ca l i fo r -  
Program. Th i s acreage represents ap- nia. . The condi t ion of forested range- 
proximately 70 percent of the  20 m i l l i o n  lands on Forest Service lands i s  gener- 
acres administered by the Forest Service a1 l y  good. The trend i s  stable o r  im- 
i n  Cal i forn ia .  The remaining 30 percent proving SI Ight ly .  Over-grazing t h a t  
o f  the Forest Service's ownership I s  does occur i s  usual ly associated w i th  
land t h a t  does not  fa1 I w i th in  the FRAPA meadows and r i pa r ian  habitat.  
d e f i n i t i o n  of 10 percent t r e e  canopy. 
This  includes barren lands, bodies of The grazing use on a l l  National Forest 
water, and grassy areas over an acre i n  lands w i th in  the State i n  Fiscal  Year 
size. O f  the 20 m i l l i o n  acres adminis- 1978 was 486,069 AUMIs. This represents 
tered by the Forest Service only 25 per- approximately three percent o f  the to ta  I 
cen?, or  f i v e  m i  I I ion acres, i s  c lassi-  grazing capacity o f  the State. It i s  
f i e d  as rangeland. A t  t h i s  po in t  i n  estimated t h a t  340,000 AUMfs were from 
t ime it i s  impossible t o  accurately sep- the forested rangelands w i th in  the Na- hi 
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t i o n a l  Forest. The remaining 146,069 
Am's are avai lab le on Forest Service 
lands t h a t  are not included in  the FRAPA 
d e f i n i t i o n  o f  forested lands, such as 
mountain meadows and sagebrush ecosys- 
tems. Eight o f  the 17 forests  provide 
338,175 AUMls, o r  70 percent o f  the to- 
t a l  486,069 AUM's on National Forest 
I ands Statewide. 

Animal Un i t  Months In Order o f  For- 
age Production on National Forests i n  
Cal i fornia. 

A M 1  s 
Forest I (FY 1978) 

Modoc 
Seq uo i a 
Los Padres 
Sierra 
La ssen 
K I amath 
I nyo 
PI umas 

Tota I 

99,836 
5 1,734 
35,308 
33,674 

3 1,287 

25,216 

338,175 

32,016 

29, 104 

Although the counties o f  Modoc, Lassen 
and Plumas produce near ly ten percent 
(85,400 head) o f  the State's beef c a t t l e  
production (966,000 head), the AM's 
necessary t o  produce these c a t t l e  are 
dependent upon the Forest Service lands. 
Nearly 33 percent o f  the Statewide For- 
es t  Service AM's are consumed in  these 
na t  i ona I forests  : 

PRIVATE FOREST RANGELANDS 

There are approximately 13.7 m i l l i o n  
acres of  p r i va te l y  owned forested land 
i n  Ca l i fo rn ia  o f  which about f i v e  m i l -  
l ion acres are forested rangeland. The 
most productive forest  range i s  the non- 
commercial oak woodland-grasslands a t  
lower elevations. In general the most 
productive forage areas are on s i t e s  
t h a t  are not  heavi ly stocked w i th  trees. 
The f o o t h i l l  regions o f  the Central Val- 
ley and the coastal plains, which are 
predominately i n  p r iva te  ownership, pro- 

duce a s i g n i f i c a n t  amount of the range 
forage in  Cal i forn ia .  The most noteable 
problem areas for s o i l  erosion on for- 
ested rangeland i s  along the central  and 
south coast, but the overa l l  trend of 
p r i va te  rangelands i s  stable. Data on 
t h e  d i s t r i b u t i o n  and amount of l ivestock 
use on the p r i va te l y  owned rangeland 
w i th in  the forested areas of Cat i f o r n i a  
is incomplete. 

Li 

FOREST RANGE OUTPUTS 

Outputs from the range environment are 
numerous and varied. H is to r i ca l l y ,  cat- 
t l e  and sheep have been the two pr inc l -  
p l e  marketable outputs o f  the range eco- 
systems i n  Ca l i f o rn ia  and remain the  
pr inc ipa l  cont r ibut ion t o  tax  generating 
incomes. W i l d l i f e  has always been an 
important resource o f  rangelands, par t i -  
c u l a r l y  fo r  such recreat ional  a c t i v i t i e s  
as hunting and f ishing. Rangelands have 
been important fo r  the conservation of 
ra re  and endangered species and the non- 
consumptive uses o f  w i l d l i f e  such as 
b i r d  watching, nature study and w i l d l i f e  
photography. See Chapter Six, "Fish and 
W i l d l i f e  Resources,fl for fur ther  discus- 
sion o f  wild1 i f e  on forested lands. 

Consideration i s  being given t o  inten- 
s i f y  the use o f  forested rangelands as 
a l te rna te  sources of energy. In  the fu- 
ture,  some wood products and new energy 
sources may come from much of the land 
now c 1 ass i f ied as forested range1 and . 
This i s  discussed i n  Chapter Eleven, 
llWood Energy." 

L 1 VESTOCK 

The 1 ivestock industry const l tu tes the 
most important sector i n  the  Cat i f o r n i a  
ag r i cu l tu ra l  economy according t o  data 
from the State Department o f  Food and 
Agriculture. The industry i s  cunposed 
of ca t t le ,  and c a l f  production, m i l k  and 
da i r y  products, eggs and poultry, 
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and lambs, and, pork products. For the 
purpose of t h i s  Report, the term " l ive-  bi stock on forested range lands" re fe rs  t o  
cow-ca I f ( breeders) stocker c a t t  I e, and 
sheep. The forested rangelands do not  
cont r ibute s i g n i f i c a n t l y  t o  the dairy, 
pou l t ry  o r  pork industry. In  1977, cat- 
t l e  and c a l f  production ranked second in  
value among farm products. This was the  
f i r s t  time t h a t  c a t t l e  production s l ip -  
ped from f i r s t  place t o  the number two 
spot, w i th  m i  I k and da i ry  products tak- 
ing the lead. This i s  the same period 
t h a t  Ca l i fo rn ia  experienced the worst 
drought i n recorded h i story  . 

An evaluation of gross cash receipts  
over a period of years (except for the 
drought years o f  1976 and 1977) would 
lead one t o  conclude t h a t  the l ivestock 
industry i s  i n  a s ta te  of economic wel l  . 
being. However, urban encroachment, the 
r i s i n g  costs o f  feed and fuel, In ter -  
regional competit ion and depressed mar- 
k e t  pr ices i n  recent years have caused 
some concern about the Industry's abi I I- 
t y  t o  compete, a t  least  i n  some par ts  of 
t he  State, over a sustained time period 
(Livestock Economics Series). On some 
of  the forested land the current  produc- 
t i o n  o f  red meat i s  temporari ly below 
potent ia l .  Par t  o f  the avai lab le forage 
i s  under- u t i  I ized or not  u t i  I ized a t  
a I I because the present suppf y of I ive- 
stock was reduced during the drought 
years. In addi t ion I ivestock grazing, 
p a r t l c u l a r l y  on federal land, has t o  
compete w i th  other mu l t i p le  use re- 
sources such as recreation, w i l d l i f e  and 
watershed protection. 

There are an estimated 5.4 b f l  l i o n  
pounds of forage present ly being u t i -  
I ized on the fo res t  rangelands of Ca I i- 
fo rn ia  (see Table 7-41, The potent ia l  
e x i s t s  t o  g rea t l y  increase the produc- 
t i o n  and use of forage by be t te r  manage- 
ment such as water d is t r ibu t ion ,  fenc- 
ing, f e r t i l i z a t i o n ,  and s a l t  d is t r ibu-  
t ion.  Table 7-4 ou t l i nes  the  present 
estimated forage used an fo res t  range- 
lands and potent ia l  forage production 
avai lab le to  l ivestock. h/ 

Present forage production f igures were 
obtained by using Reed's 1974 data and 
estimating the information fo r  forested 
rangelands. The potent ia l  forage avai l -  
a b i l i t y  was derived by the  CDF/FRAP 
Range Advisory Group and denotes the to- 
t a l  number of pounds o f  forage present 
for l ivestock on forest  range lands. 
Data were derived by: 

Acres per geographical region - times 
Potent ia l  forage production per acre 

per year; - times 
Percent a1 lowable use by I ivestock. 
(see Table 7-51. 

One shoul d remember, however, t h a t  the 
t o t a l  potent ia l  forage avai l ab i  I i t y  w i  I I 
be constrained by other land uses such 
as subdivisions, agr icul ture,  roads, and 
recreat ional  f ac i  I i t i es .  In add i t ion  
there are a lso l im i ta t i ons  i n  forage 
production as a r e s u l t  o f  yearly var ia-  
t i o n s  of prec ip i ta t ion,  so l  I capabi I i- 
t ies,  o r  areas too  steep or geologica l ly  
unsuited for I lvestock grazing. The 
por t ion  of potent ia l  forage t h a t  f a l l s  
w i th in  these constraints cannot be de- 
termined a t  t h i s  time. 

Much of the estimated b io log ica l  po- 
t e n t i a l  (expressed i n  m i l l i o n s  of pounds 
of forage i n  Table 7-51 i s  being u t i l i z -  
ed by other than domestic grazing ani- 
mals such as deer and rodents. A study 
made by the CDF i n  1972 concluded t h a t  
l ivestock production could be r e a l i s t i -  
c a l l y  and p rac t i ca l l y  increased by 1.5 
t o - 2  times present levels by more care- 
f u l  u t i  I iza t ion  of the range resource 
and other using other management tech- 
niques such as water d is t r ibut ion,  fenc- 
ing brush control,  etc. (Dodge 1979). 

On the  publ ic  unreserved lands (Forest 
Service), t o  obtain the potent ia l  forage 
production would requi re maximizing 
range management over other land uses 
such as timber, w i  Id1 l fe ,  and recrea- 
t ion.  It was previously estimated t h a t  
there were 340,000 AUM's wl th in  the For- 
e s t  Service's forested lands. The 1980 
D r a f t  RPA assessment proposes a maximum 

i 
185 



TABLE 1-4 

ESTIMATED BlOLOG1CAL FOTENTIAL 
(MILLIONS OF POUNDS OF FCRAGE FOR LIVESTOCK) 

I I I I 
;SERVED 

FOTENTIAL 
** 

AREA 

North Interlor 

PUBLIC RESERVED FOREST INWslRY OTHER PRIVATE 

USE* POTENTIAL USE* FQTENTIAL USE* POTENTIAL 
CURRENT ** CUIRENT H CUIRENT .* 

North Coast 

Sacramento 

888.9 

73.1 

1,135.2 

684.9 San Joaquln 

15.0 524.4 23.6 69.1 206.3 651.9 

-- 281.6 13.6 48.9 21 -6 65.6 

5.0 239.6 21.0 * 160.1 515.7 1,839.6 

30.0 1,192.6 .4 5.1 974.0 1,351.0 

Central Coast 591.2 

403.5 

3,716.8 

So. Callfornla 

~ 

- 281 .3 -- -- 1,161.5 1,193.8 

-- 452.1 I -- 697.6 -- 
50.0 2,917.6 64.6 283.8 5,516.7 5,101.9 TOTAL 

PUBLIC u 
CUWENT 

USE* 

m. 1 

6.0 

143.4 

121.1 

21.5 

138.4 

OWNERSHIP UM("*** 

1.114.8 1,145.0 

+ -- I 391.2 

1 , 536.2 I 1,114.8 

* Estlmted current forage use based upon consumption by IIvestock r t t h l n  reglons ustng Reed*$ 1974 work as a basls. 
** Elaxlnun forage that could be obtalned from a l l  forested lands. 
*** Unknown Includes land of the North Coast and the land outstde natlonel forests In the Southern Callfornla reglow- 

these uou1d.k mostly nother prlvaten but probably also Include smm publlc lands. 

TOTALS 
CLRRENT/ 

POTENTIAL 

445.0/ 
2,134.3 

l,l%.O/ 1,620.2 

691.1/ 
3.315.1 

1,125.5/ 
3,237.6 

l,l89.0/ 
2,066.3 

(u6.0/ 
1,246.8 

5,442.V 
13.682.3 

c 



TABLE 7-5 

NORTH COAST 

TABLE 7-5 

SACRAMENTO 

TIMBER SITE 

YEAR 
F?/ACRE/ 

500 
1,500 
2,500 
3,500 

Best 1/3  

250 
800 

1,500 
2.500 

> 85 
5 0 - 8 4  
20 - 49 

20 

200 
I 400 

1,000 
1,200 

Poorest 2/3 

150 
3.00 
750 

1 

> 85 
5 0 - 8 4  
20 - 49 

< 20 

20 
33 

ESTIMATED POTENTIAL FORAGE PRODUCTION IN POUNDS PER ACRE PER YEAR 

0 
50 

NORTH INTERIOR 

20 - 49 
< 2 0  

Poorest 2/3 

> 85 
5 0 - 8 4  
20 - 49 

100 
400 
800 

1,200 

50 50 50 
50 50 50 

0 0 0 
0 0 0 

20 40 40 

50 
200 
500 

1,200 

50 

, ,  
0 
0 

40 
40 

50 40 

0 0 
0 0 

40 15 
45 20 < 20 25 50 45 

SAN JOAQUIN 

150 
600 

1,200 
2, OOo 

100 
250 
600 

. 1,OOo 

PERCENT ALLOWABLE USE BY LIVESTOCK 

Best 1/3  

> 85 
5 0 - 8 4  

0 
0 

CENTRAL COAST 

400 
1,100 
2,000 
3,000 

175 
350 
875 

1,100 

SO. CALIFORNII 

0 
0 

700 
1,200 

10 
150 
325 
500 

] 50 50 50 

I 
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o f  1.2 m i l l i o n  AUMBs on Forest Service 
lands i n  Cal i forn ia .  This i s  on ly  i f  
funding i s  provided f o r  level I range 
management (high in tens i ty  range manage- 
ment programs). This i s  an increase of 
684,000 AUM's or a 58 percent increase 
from the 516,000 AUMfs presently author- 
ized. Most of t h i s  increase would m e  
from land now se t  aside fo r  recreation, 
watershed protection, and w i  Id  I i f e  habi- 
t a t .  The remainder would come from 
range improvements and the rea l  locat ion 
of  present grazing a1 lotments. Table 
7-4 shows an estimated potent ia l  of 3.7 
b i l l i o n  pounds o f  forage on the publ ic  
unreserved I ands. 

The publ ic  reserved lands includes 
those in  wilderness, nat ional  parks, and 
road less areas. I f  management pol i c i e s  
were changed the potent ia l  ex i s t s  t o  
g rea t l y  increase the output of forage on 
these lands. This i s  p a r t i c u l a r l y  t r u e  
i n  the San Joaquin Region where much o f  
the  forest  land i s  i n  the national park 
system . Th i s  wou I d necess i t a t e  changes' 
i n  present po l i c i es  which p roh ib i t  l ive- 
stock use on much o f  t h i s  land. The 
p o s s i b i l i t y  t o  u t i l i z e  these lands for  
grazing i s  h igh ly  un l i ke l y  because o f  
the  recreat ional  value o f  the land. 

A minimal amount o f  forage fo r  l ive-  
stock, about 300 m i l l i o n  pounds, can be 
expected from fores t  industry lands be- 
cause these lands are predominately oc- 
cupied by t r e e  species, and because the 
fo res t  industry does not  emphasize for- 
age product i on. 

The amount and d i s t r i b u t i o n  o f  forage 
on the other pr  ivate fo res t  range I and 
can only  be approximated. Very I i t t l e  
data are avai lab le about t h i s  segment o f  
t he  fo res t  ecosystem. Present forage 
u t i l i z a t i o n  on pr iva te  lands i s  approxi- 
mately 3.6 b i l l i o n  pounds (see Table 
7-4 1. 

According t o  the data derived in  Table 
7-5, t he  other p r iva te  lands are capable 
of  producing almost twice the amount of 

forage presently being used, or an es- 
t imated potent ia l  of 5.1 b i l l i o n  pounds. 
The best areas on which t o  concentrate 
range management pract ices are along the 
footh i  I I s  adjacent t o  the San Joaquin 
Valley and along the South Coast where 
the climate, so i l ,  and vegetation are 
conducive t o  good I ivestock production. 
One aspect t h a t  tends t o  p r o h i b i t  the 
maximum use of forage produced i s  the 
lack of f l e x i b i l i t y  o f  the  farmer t o  
ad just  herd s izes f o r  seasonal d i f f e r -  
ences i n  vegetative growth. In addi- 
t ion,  forage v a r i a b i l i t y  on a monthly 
basis p roh ib i t s  the  farmer from stocking 
h i s  herds t o  maximun potent ia l .  For op- 
t i m u m ,  sustained l ivestock production 
however , herds shou I d be ad j usted , not  
t o  average condi t ions o r  to  the months 
o f  maximum yield,  bu t  t o  those months 
and years poorer than average. Increas- 
ed consumption and higher pr ices for 
beef a lso  tend to  inf luence stocking 
levels. 

di 

W I LDL I FE 

The w i l d l i f e  outputs from the forest  
rangelands are  var led and d iversed. 
Deer represent the s ing le  largest w i  Id- 
l i f e  biomass on fo res t  lands. The popu- 
la t ions  i n  the l a te  1950's were estima- 
ted a t  two m i  1 I ion animals. Deer popu- 
la t ions  have since declined to the pres- 
en t  level of approximately 500,000 ani- 
mals. 

The Department o f  Fish and Game's 
goal i s  t o  i n tens i f y  deer management 
programs t o  increase deer numbers t o  the 
1965 level o f  approximately 1.5 m i l l i o n  
animals i n  order t o  meet the demand f o r  
hunting on fo res t  land. In many re- 
spects it w i l l  be impossible t o  achieve 
increases i n  areas where SUbdiViSiOn, 
road construct ion or water impoundments 
have permanently disturbed the habitat.  
However, given adequate funding some 
kinds of hab i ta t  restorat ions are pos- 
s ib le .  

Fol lowing i s  a summary o f  the  geogra- 
phic regions of the State which, accord- 
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ing t o  the Department o f  Fish and Game, 
have the probabi I i t y  for increased deer 

lJ outputs: 

West Slope o f  the Sierra. I t  i s  
probably not very r e a l i s t i c  t o  th ink 
t h a t  deer herds along the western 
slope of the Sierra can be improved 
subs tan t ia l l y  t o  increase herd lev- 
els. This i s  mainly due t o  the loss 
of  hab i ta t  through urban development 
on the winter. range, water projects, 
I ivestock grazing, and increased 
recreational use. It w i l l  be hard 
t o  maintain ex i s t i ng  herd popula- 
t i o n s  except i n  areas where large 
t r a c t s  o f  winter range remain i n  
p r i va te  ownership. 

Great Basin (Northeastern - Cali -  
fornia).  Present populations can 
be maintained i n  t h i s  area because a 
good por t ion o f  the land i s  i n  pub- 
I i c  ownership. Competition between 
deer and l ivestock could resul t ,  
however , i f ranch i ng a c t  i v i t i e s  are 
intensi  f l e d  and ranges are overgraz- 
ed. The increased a c t i v i t y  I n  wi ld  
horse and burro i n  t h i s  region i s  
having an adverse impact on deer 
product i on. 

Cascade Range. The Cascade Range 
i n  northern Ca l i f o rn ia  i s  one o f  the 
most productive deer areas i n  the 
State. The possi b i  I I t y  e x i s t s  t o  
enhance deer numbers i n  t h i s  area by 
coordinating deer hab i ta t  needs with 
management pract ices such as meadow 
enhancement, increasing browse spe- 
c ies  and through s i  I v l c u l t u r a l  prac- 
t i c e s  such as patch cuts o f  60 t o  80 
acres o r  less. 

Coasta I T imber Forest. Because 
t h i s  region i s  extremely productive 
f o r  timber, i n  excess o f  120 ft2 
per acre per year, t he  growing of 
t rees  w i l l  take precedent over main- 
t a i n i n g  hab i ta t  f o r  deer. Logging 
w i l l  provide shor t  term benef i ts  f o r  
deer (7 t o  I O  years); however, s l l -  
v i c u l t u r a l  pract ices w i  1 1  encourage 

b, 

rapid t ree  regeneration and the re- 
duction o f  competit ive brush spe- 
cies. 

Coastal Woodlands. This area has 
the greatest potent ia l  fo r  Increas- 
ing deer outputs. With the proper 
deer management ( the harvest o f  ant- 
l e r l ess  animals) and an in tens i f ied 
program of prescribed burning and 
brush conversion, one can expect t o  
increase deer numbers three t o  f i v e  
times. These outputs would be very 
r e a l i s t i c  on publ ic lands; however, 
assistance through some type of in- 
cen t ive  program w i l l  be necessary t o  
achieve s im i la r  outputs on pr ivate 
I ands. 

In  addition, p r i o r  t o  achieving a sub- 
s t a n t i a l  increase in deer numbers, c r i -  
t e r i a  must be established by which t o  
control  herd numbers. The only pract i -  
cal  way t o  control numbers i s  through 
publ ic  huntlng. If numbers cannot be 
contro l led e f f o r t s  t o  improve the habi- 
t a t  w i l l  be f r u i t l e s s  and money spent 
f o r  such purposes w i l l  largely be wast- 
ed. The control  of  numbers also implies 
the harvesting of  both sexes (Longhurst 
1976). 

Various techniques for  improving deer 
range habi ta t  are described in the fo l -  
lowing section. 

DEMAND FOR FO'REST RANGE 

FORAGE 

Forage, the product from rangelands, 
i s  important 90 sustain Ca l i f o rn ia ' s  
I ivestock industry and w i  Id1 i f e  popula- 
t ions.  It i s  ant ic ipated t h a t  demands 
f o r  beef w i l l  r e s u l t  i n  addi t ional  use 
of  forested range forage. It i s  a lso  
expected t h a t  the demand f o r  more deer 
w i 1 I tesul  t i n  the usage o f  more range 
forage. Demand data, however, a re  not  
ava i lab le  specf f ica l  l y  t o  forested 
rangelands. 

I 
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Cal i fo rn ia 's  consunption o f  beef has 
increased substantial l y  from 1961 ' t o  
1977. During the 16 year period con- 
sumption has increased from 115 pounds 
t o  146 pounds per person. It i s  an t i c i -  
pated t h a t  the number o f  pounds o f  beef 
per person w i l l  increase in to  the 1980's 
u t  not  a t  such a high r a t e  as during 
he previous 16 years. Sheep consump- 

t i o n  i s  expected to  remain s t a t i c  or in- 
crease SI i g h t l y  w i th in  the next 10 

products a v a i l a b i l i t y  
important vat  iabfe i n  

Thus fa r  the strong Cal l -  
nd has insured a growing and 

the market. I f  
w I n  other re- 

a b i l i t y  may become mo 
and ava i l ab i l  

s t i t o t e s  w i l l  a lso becme mo 
as pr ices r i se .  Ca l i f o rn ia  

has the apparent capab i l i t y  o f  maintain- 
ing a strong pou l t ry  industry, part icu- 
l a r l y  f o r  bro i lers .  Vegetable prote in  
w i l l  a lso be more important i n  "lower 
qua 1 i ty "  beef products. "Super Burger ,It 
I fProtein PI ustt and other beef-extended 
products have been introduced in  Cal i -  
forn ia  recent I y and merchand i sed aggres- 
s ively.  Economists have predicted the 
advent of these products f o r  years and 
it appears t h a t  beef pr ices are a t  a 
po in t  where tastes and preferences can 
be i n f  I uenced by such merchand i sing 
(Cothern 1973). It i s  ant ic ipated t h a t  
increases i n  beef production w i t  I r e s u l t  
i n  addi t ional  forage use from forested 
rangelands. This w i l l  be p a r t i c u l a r l y  
t r u e  i f  the grass rangelands adjacent t o  
urban centers are converted t o  other 
uses . 

RANGELAND PRACTICES AND 

IMPROVEMENTS 

One of the range manager's goals as a 
p rac t ic ing  ecologist  i s  t o  combine the 

ecology of nature and the economy o f  
man. H. f. Heady, i n  h i s  book, IIRange id 

resources means 
and animal com- 

on an ecological 
the basis of ob- 
monocultures, and 

the forested 

t i o n s  of range improvement techniques 
i nc l  ud ing ecotoglcal and economic con- 
siderations. 

The Resources PI ann ing Act addresses 
17 range management pract ices appl icable 
f o r  improving range forage i n  Cal i for- 
nia. Some of the range pract ices des- 
cr ibed by the Forest Service i n  the 1972 
f orest-range env i ronmen t a  1 study are 
f e r t i l i z a t i o n ,  i r r i ga t i on ,  brush control  
(mechanical, chemical and f i r e ) ,  seed- 
ing, water development, fencing, t imber 
t h  i nn i ng , etc. Range improvement pro- 
j e c t s  i n  the fu tu re  w i l l  have t o  con- 
t inue  t o  address w i  Id1 i f e  hab i ta t  re la-  
t ionships, endangered and threatened or 
r a r e  p lan t  and animal species, biomass 
energy needs, and water qual i t y .  A l -  
though env i ronmenta l impacts may appear 
as roadblocks, coordination and an 
understand ing of other resource needs 
can produce desirable r e s u l t s  for most 
p a r t  i es . 

An increasing population reduces 
ava i lab le  acreage fo r  grazing, recrea- 
t i ona l  services, and production of clean 
water. As Heady comments, because land 
becomes scarce when demands increase, Ll 
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range-vegetation management should be The Ca l i fo rn ia  Department of Forestry 
pract iced w i th  increasing lntensl  t y  i n  has had a program of  range resource as- 'iJ order t o  produce high y ie lds  of forage sessment and range improvement for over 
and s t i  I I maintain o r  enhance other re- t h i r t y  years. There have been coopera- 
sources. t i v e  f i e l d  studies conducted i n  a l l  

par ts  o f  the State t h a t  examined brush 
An example o f  vegetation management on contro l  methods, reseeding, grazing man- 

fo res t  rangeland i s  the Grindstone Pro- agement and economics. Annual reports 
j e c t  on Mendocino National Forest. The have been issued since 1947 on the range 
Forest Service and Department of Fish improvement program. As information and 
and Game, i n  cooperation wi th p r iva te  program resu l t s  becomes aval table, a 
land owners are ac t i ve l y  managing the ser ies of range improvement notes are 
range resource. Numerous techniques t o  published t o  pass the information t o  
convert brush I ands and enhance range, ranchers and other land managers. 
water yields, w i  Id1 I f e  'habi tat ,  and 

on the Grindstone Project. 
' I ivestock production have been u t i  I ized PRESCR IREU RURNI NG 

It has been estimated tha t  about 8.75 
m i l l i o n  acres of brushland could benef i t  

Protect ion and from brush management for the  purposes 
of 1978, I s  another prog of range Improvement. Where brush I s  
CDF the powers necessary the  dominant vegetation about 3.25 m i t -  
w I Id  1 and resource manag l i o n  acres could be reconverted to  grass 
manag ing vegetation resource for 1 ivestock forage, improved w i  Id1 i f e  
more, the a c t  grants powers habi ta t ,  be t te r  f i r e  and erosion con- 
partment t o  provide t r o t ,  increased water production, and 
standby crews t o  carry  o watershed protection. This could be ac- 
vegetation management complished by prescribed burning or i n  
program i s  presently u connection wi th other land management 
CDF has the capabil It 

burn i ng . When a f i r e  occurs on brushland, much 
of the vegetation above ground level i s  

The Agr icu l ture S t  consumed or k i l l e d .  Depending on the  
va t  ion Serv 1 ce ( ASCS l n tens l t y  o f  the f i r e  and the atmos- 
i n  vegetation manag pher lc  condi t ions por t ions of the brush 
The ASCS administe stand are of ten l e f t  unburned. I f  the 
grams fo r  f edera I f i r e  fo l lows an I r regular  course, the 
management. A key element a f fec t i ng  ount of edge w i l l  Increase, and the 
p r i va te  e f f o r t s  i n  conjunction wi th  b i t a t  f o r  a number of mammals and 
ag r i cu l tu re  conservation program funds s w i l l  Improve. This i s  general ly 
are the  p r i o r i t i e s  placed on these no t  the case with large, high- intensi ty 
funds. Recently, brushland conversion w 1'1 d f i res, but prescr 1 bed burn I ng on 
has been p a r t i a l l y  etiminated as a p r i -  range or fo res t  conversion pro jects  can 
o r i t y  for ASCS cost-sharing funds. A t  provide vlIslandsll o f  hab i ta t  for wild- 
issue has been whether brushland conver- I tfe. 
s ion has a production or iented purpose . 
which i s  not  i n  conformance wi th  a con- Most brush species are regenerated 
servat ion or ien ta t ion  requirement. a f t e r  a f i r e  e i t he r  by seedlings or 
Clear ly  ASCS pol l c l e s  regarding cost- sprouts tha t  grow from surviv ing suhter- 
sharing programs can d i r e c t l y  a f f e c t  the ranean root crowns. The heat of the 
a b i l i t y  of p r iva te  landowners t o  finance f i r e  a ids i n  breaking the dormancy of 
ce r ta in  vegetation management programs. seeds t h a t  have accumulated without ger- 

Assembly B i  I I 

pracTIces (Adams 1978). 
- f i r e  crews when ava i l  

u 
I 
I '  
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FIGURE 7-3: 
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ACREAGE BURNED UNDER PERMIT 

mination i n  the s o i l  since the l a s t  
f i r e .  This abundant crop o f  seedlings 
and sprouts, together wi th numerous 
kinds o f  grasses and herbaceous plants 
which grow i n  burned areas, furnishes a 
new and s i g n i f i c a n t l y  more n u t r i t i o u s  
supply o f  food f o r  deer, rodents, and 
birds. The increase i n  carry ing capac- 
i t y  f o r  deer i s  especial ly dramatic. On 
the Hopland Experimental Range census 
data indicate t h a t  deer numbers w i l l  in- 
crease from about 20 per square m i  l e  t o  
50 o r  60 per square m i  l e  in  brush areas 
opened up by f i r e  (Longhurst, October 
1978). Because of the known pos i t i ve  
benef i t s  o f  f i r e s  t o  increased deer food 
supplies i n  most cover types, it seems 
safe t o  conclude t h a t  decreased acreage 
o f  prescribed burns and w i  Id  f i r e s  i n  
C a l i f o r n i a  has contr ibuted t o  the de- 
c l i n e  o f  deer numbers (Longhurst 1976). 

The Department o f  Forestry I s  respons- 
i b I e f o r  i ssui ng permits f o r  prescr i bed 
burns and provides advisory services fo r  
reseed i ng programs f o r  range improve- 
ments on p r i va te  land. During the peri- 
od from 1950 t o  1957, 1.2 m i  l l ion acres 
were burned under control  fo r  range im- 

provement purposes. From 1957 t o  1970 
the use o f  prescribed burning gradua I I y 
decl ined. From 1970 t o  1977 a t o t a l  of 
226,000 acres o f  brush land was burned 
o r  a reduction o f  81 percent. Approxi- 
mately 13,000 acres were burned in  1977 
which i s  the least  acreage burned i n  the 
h i s t o r y  o f  the program according t o  
CDF's 1978 data (see Figure 7-31. 

Department of Forestry range specia I- 
i s t s  repo r t  several reasons f o r  the con- 
t inued decl ine in  contro l led burning, i n  
add i t ion  t o  the impact o f  the drought 
years 1975-76 and 1976-77. A i r  Pol lu- 
t i o n  Control D i s t r i c t  regulat ions have a 
dampening e f f e c t  i n  most areas o f  the 
State. Frequently the best weather con- 
d i t i o n s  f o r  a good flsafell burn do not 
co i nc i de w i t h  the ffburnlf days- as promu I - 
gated by the local d i s t r i c t s .  Uncer- 
t a i n t y  about Itburnff and Ifno burnt1 days 
makes scheduling o f  men and equipment 
f o r  con t ro l led  burns d i f f i c u l t .  A i r  
p o l l u t i o n  regulat ions a lso  requ i re  t h a t  
appl icants planning t o  burn fo r  w i l d l i f e  
hab i ta t  improvement obtain a wr i t t en  
statement from Fish and Game. Costs are 
another factor  i n  the e f f o r t s  t o  in- 
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crease prescribed burning. Winter 
str ip-burning can cost from $10 t o  $15 
per acre whi le summer burning can cost  
from $30 t o  $80 per acre. In addition, 
prescribed burning involves more serious 
consideration o f  such factors  as water- 
shed damage, aesthet ic impact, and po- 
t e n t i a l  l i a b i l i t y .  Some decreases i n  
burn ing a c t  i v i t v  can be a t t r  i buted to  
increased land 
i n  greater I i  
burns escaping 

VEGETATION MAN 

Aside from, 
prescribed bur 

values which could r e s u l t  
b i  I i t y  i n  the event of 
(CDF 1978). 

PULAT I ON 

or i n  conjunction with, 
i I ng mechan I ca I man i pu I a- 

t i o n  o f  the vegetation can be an impor -  
t a n t  improvement practice. This in- 
c l  udes woody and herbaceous vegetation 
contro l  or manipulation such as brush 
hogging, mowing, dozing, chaining, plow- 
ing, crushing, o r  shearlng. The cost o f  
brush cu t t i ng  var ies depending on the 
number o f  t rac to rs  being used, the  ter -  
ra in,  and the type of vegetation being 
treated. The use o f  the  bal I-and-chain 
ranges from $15 t o  $45 per acre. Bul I- 
dozer crushing costs range from $30 t o  
$50 per acre. Dozing and p i l i n g  costs 
are $50 t o  $150 per acre. Costs f o r  
mechanical brush cutters, because of 
investment costs, average $40 t o  $100 
per acre and more. 

Vegetation manipulation can a lso be 
accompl ished by chemical o r  b io log ica l  
means. Chemical control  includes the  
use of herbicides, such as 2,4-D or 2, 
4, 5-T. A t  the time t h i s  repor t  went t o  
press, the Env i ronmenta I Protect ion 
Agency (EPA) had suspended the use of 2, 
4, 5-T f o r  fo res t  practices. B io log ica l  
control  perta ins pr imar i I y t o  the use of 
insects, fungi, viruses, or s imi la r  bio- 
log ica l  measures i n  the manipulation of 
vegetation or control  of cer ta  i n  noxious 
or poisonous p lan t  species, bu t  has very 
I imited appl icat ion. Manipulat ion. of 
the  vegetation by use of I ivestock and 
w i l d l i f e  can a lso be used as a tool for 
contro l  I ing vegetation. As an example, 
goats are presently being studied to  W 

con t ro  I vegeta t i on on some f ue I breaks 
i n  southern Ca I i forn i a  . 
WATER DEVELOFMENTS 

One of the more important range im- 
provement programs i s  the development of 
stock-watering fac i  I i t i es .  Many ranges 
do not  have adequate natural  water 
sources for maintenance o f  best l ive-  
stock d is t r ibu t ion ,  except i n  the high 
mountain ranges where r i v e r s  and springs 
are  abundant. If lands are to  receive 
f u l  I use, it i s  necessary t h a t  sources 
o f  water be developed or t h a t  water be 
hauled t o  the animals. The type of d e  
velopment best sui ted to  a range w i  I I 
depend upon I oca I cond it ions. Improve- 
ments may be minor, such as spring or 
seep development, o r  they may consis t  of 
major pro jects  such as the construct ion 
o f  wells, reservo i rs  and ponds (Stoddart 
1955). 

C a t t l e  normally w i , l I  not  t rave l  more 
than one-half m i l e  fo r  water i n  rough 
country and two m i  I es on gent le ground. 
For sheep, the  water should be w i th in  
one-and-one- ha I f m i  I es on rough topogra- 
phy t o  three mi les on gent le ground. 

PROBLEMS AND RESEARCH NEEDS 

RESOURCE PROBLEMS 

Improved conservation and sol  I manage- 
ment through vegetation management and 
grazing control  are major needs for some 
of  Ca l i fo rn ia 's  rangelands. 

Forage production can be increased on 
many areas where low i n f i l t r a t i o n  of 
r a i n f a l l  and s o i l  degradation has taken 
place, o r  i s  resu l t i ng  from overgrazing. 
The encroachment of unpalatable and poi- 
sonous p lants  and species o f  low forage 
value t o  domestic l lvestock and w l l d l i f e  
i s  resu l t i ng  from poor forage manage- 
ment. Woody p lants  are invad ing range- 
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land i n  some areas because o f  the de- 
creasing frequency and increasing inten- 
s i t y  o f  wi ld f i res.  

Excessive erosion has occurred i n  the 
past or i s  occurring on m e  Cal i f o r n i a  
rangelands. Improved range management 
pract ices are needed to reduce erosion 
and maintain water qua l i t y  i n  some ar- 
eas. Water erosion i s  a f fec t ing  range- 
lands t o  m e  extent i n  a l l  areas o f  the 
State due t o  overgrazing, s o i l  compac- 
t ion,  and problems with adjust ing herd 
s izes t o  the vagaries o f  Cat i f o r n i a ' s  
f luc tua t ing  r a i n f a l l  patterns. The 
State's predominant I y Med i terranean , 
semi -ar id  c I imate creates so'i I cond i - 
t i o n s  extremely sensi t ive t o  overgraz- 
i ng. 

The U.S. Soi l  Conservation Service i s  
cur ren t ly  developing "best management 
practices" f o r  Cal  i f o r n i a f s  rangelands 
t o  recomnend standards and techniques t o  
control  non-point pol lu t ion  from C a l i -  
fo rn ia 's  rangelands. 

Although there were some grazing 
abuses in  the past on federal lands, 
genera I l y  the Bureau of Land Management 
and the U. S. Forest Service are now 
prac t ic ing  good grazing management. Im- 
proved management or correct ive proce- 
dures are a lso being used on much of the 
p r i va te l y  owned range, according t o  a 
recent canvas made of  Resource Conserva- 
t i o n  D i s t r i c t s  by the Department o f  Con- 
servat i on. 

The problems ooncerned with evaluating 
and inventorying the forested rangeland 
resources of Ca l i fo rn ia  are twofold: 

Vegetative analysis processes do 
no t  f i t  the FRAPA fo res t  de f i n i t i on  
and those tha t  are detai led and ac- 
curate such as the Soi I-Vegetation 
Survey do not  a v e r  the whole State, 
and 

The range land resources of  the 
State have not been segregated spe- 
c i f i c a l l y  t o  forested and nonforest- 
ed lands. In addi t ion the forested 
land d e f i n i t i o n  used by FRAP in- 
cludes much of the land cornon l y  re- 
fer red t o  and used as rangeland. 

b 

An ind i rec t  problem i s  the assumption 
by most people t h a t  range i s  a resource 
for ca t t le ,  sheep, .and horses; forget- 
t i n g  the use by w i  Id1 i fe .  

The forest  rangeland resources repre- 
sent a gray area between the well-defin- 
ed agr icu l tu ra l  land o f  the va l leys and 
the commercial timber lands. There i s  
uncerta i n ty  on what exact I y const i tu tes  
the  rangeland resources i n  Cal i forn ia .  
One survey, "Forest S t a t i s t i c s  of the  
U.S., 1977,Il c l ass i f i ed  43 m i l l i o n  acres 
as rangeland whi le another repor t  r e f e r s  
t o  36 m i l  I ion acres o f  rangeland in  the 
State (Reed, June 1974). The review 
d r a f t  for the Forest Service's 1980 "As- 
sessment o f  the Forest and Range Land 
Si tuat ion" l i s t s  54 m i l l i o n  acres as 
rangelands i n  Cal i forn ia .  Much o f  the 
d i f fe rence i s  due t o  inclusion o f  large 
areas of desert range and chaparral i n  
the  higher f igures which are pr imar i l y  
useful for w i  Id1 i f e  habitat.  Because o f  
t he  vastness and extent o f  t h i s  re- 
source, un t i  I j u s t  recent ly  very I i t t l e  
e f f o r t  has been directed towards del ine-  
a t ing  rangelands and describing t h e i r  
product iv i ty .  This i s  p a r t i c u l a r l y  t r u e  
i n  regards t o  forested rangeland. 

The language in  FRAPA fu r ther  compli- 
cates the c lass i  f i ca t i on  of the  range 
resource. Under the d e f i n i t i o n  of for-  
ested lands o f  Cal i forn ia ,  a ma jor i t y  o f  
t he  range land resources are inc I uded; 
however, t h i s  repo r t  f a i l s  t o  include 
the chaparral of the South Coast, the 
grass steppe surrounding the Central 
Valley, and the desert  range. It i s  
d i f f i c u l t  t o  provide an assessment which 
adequately determines and conveys the  
s ign i f icance o f  the resource when only  a 
por t ion  o f  the  problem i s  addressed. bi 
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CONCLUSIONS AND RESEARCH 

NEEDS 

In  some areas there i s  much more for- 
age being produced on forested rangeland 
than i s  cur ren t ly  being used, The f ig -  
ures fo r  potent ia l  forage provided in  
t h i s  chapter are on ly  estimates and 
should be treated as such. Once the 
fo res t  range ecosystem i s  c l e a r l y  defin- 
ed and forage productions bet ter  quanti- 
f ied, more accurate forage values w i l l  
be avai lable. Even though the potent ia l  
estimated forage appears t o  be high, one 
must rea l i ze  t h a t  t h i s  f igure  represents 
what the land i s  capable o f  producing no 
matter what use i s  presently being made 
o f  the land. This implies t h a t  land se t  
aside for nat ional  and State parks, 
watershed protection, w i  Id1 i f e  habitat,  
and land s p l i t  by subdivisions and 
urban iza f ion  may be producing forage 
even though it i s  no t  avai lab le t o  
I ivestock. Some o f  these land uses 
however, are benef ic ia l  insofar as 
hab i ta t  f o r  w i l d l i f e  i s  provided. 

Addi t ional  forage can a lso be made 
avai lab le  by in tens i fy ing  range manage- 
ment pract ices on publ ic  and pr iva te  
lands. Prescribed burning, brush manip- 
u la t ion,  water developments, f e r t i l i z a -  
t ion,  fenclng, etc. can a l l  be used t o  
improve forage production on forested 
range I ands. 

Competition for forage e x i s t s  between 
I ivestack and w i  I d  I i fe .  In areas where 
proper range management techniques are 
u t i l i z e d  and over grazing does not  oc- 
cur, competition Is held to a minimum, 
or deer and c a t t l e  use may ac tua l l y  be 
complementary. Where competit ion .be- 
tween l ivestock and w i l d l i f e  does occur, 
it i s  usual l y  around key areas such as 
meadows, w i th in  r i pa r ian  areas, and ad- 
jacent  t o  ponds and lakes, W 

The pressure on Ca I i forn la 's  fo res t  
rangeland f o r  a broad var ie ty  of uses i s  
e l  iminating or severely r e s t r i c t i n g  
l ivestock grazing i n  many areas, whi le  
the  desires fo r  red meat and other l ive- 
stock products are increasing. Much o f  
t he  increased consunption has been met 
through the increased use o f  feedlots 
and i r r i ga ted  pasture but the trend i s  
now back towards grass-fed beef. In ad- 
d i t i o n  to  increasing production on prime 
rangelands, research i s  needed on how t o  
increase range forage fo r  I ivestock and 
w i l d l i f e  on lower-value brushlands, 
semi-arid lands, and lands which pre- 
sent ly  are supporting annual p lants o f  
r e l a t i v e l y  low n u t r i t i o n a l  value. A t -  
ten t ion  should a lso be given t o  methods 
o f  reclaiming mountain meadows which 
have been invaded w i th  brush o r  trees. 

The most s t r i k i n g  change in  range man- 
agement i s  increasing recogni t ion t h a t  
jud ic ious  management o f  grazing can help 
meet other problems, such as erosion 
control ,  reductfon o f  f i r e  hazard, con- 
t r o l  of brush species, reduction of can- 
p e t i t i o n  by t rees i n  young timber 
stands, and maintenance of an esthet i -  
c a l l y  pleasing landscape. Range manage- 
ment research must continue t o  place 
emphasis on values involved in  the to- 
t a  I , integrated management of ecosys- 
tems, Research needs should include but 
no t  be l im i ted  t o  the fol lowing: 

Continue t o  develop an understand- 
ing of the annual-plant ecosystem i n  
Ca l i f o rn ia  and u t i l l z e  working mod- 
els o f  those ecosystems t o  account 
for var ia t lons  caused by d i f f e r e n t  
land-management practices. 

Continue to  develop range manage- 
ment techniques and po l i c i es  for 
proper I y u t i  I i zing and manag i ng 
high-elevation meadows where past 
overgrazi ng and excl us ion of f i r e  

have permitted Tree and brush spe- 
c ies  t o  invade the meadows. 

Conduct basic research i n t o  the 
nature and control  of insects and 



d iseases which threaten the more im- 
por tant  range plants. Dsvelop bio- 
log ica l  cont ro ls  fo r  poisonous and 
noxious p lan t  control  . 

Determine the preferences of do- 
mestic I’ivestock and w i  Id1 i f e  for 
various types o f  range vegetation, 
and design management systems t o  
m i n  imize conf I i c t s  between the two 
types of animals. 

Del ineate optimun deer habitat.  
Deve I op through range management 
pract ices the necessary amounts and 
arrangement o f  cover, forage, and 
water t h a t  w i  I I r e s u l t  i n  increased 
deer population i n  balance wi th  food 
and other habi ta t  needs. 

Determine how t o  maintain high- 
value herbaceous communities i n  the 
face o f  competit ion from brush 
through the use of low-intensity 
prescribed burning o r  other tech- 
niques. 

Determine where brush ranges 
should be maintained, for supporting 
I ivestock and w i  Id I i fe ;  determine 
how t o  improve the qual i t y  o f  these 
brushlands. 

Develop pract ica l  and energy ef-  
f i c i e n t  machines fo r  pruning brush; 
these are p a r t i c u l a r l y  needed on 
winter ranges c r i t i c a l  for deer. 

Continue to  determine the quant i ty 
and qua l i t y  of various range spe- 
cies, by season, so t h a t  systems o f  
proper grazing can be developed for 
the  maximun u t i l i z a t i o n  o f  the for- 
age i n  consideration o f  i t s  needs 
for sustained regeneration and 
growth. 

Determine how the palatabi I i t y  of 
less desirable range plants might be 
increased for use by l ivestock or 
w l  Id1 i fe ;  as an al ternat ive,  deter- 
mine how the  less desirable plants 

m i g  h t  be econom ica I I y’ harvested and 
processed for feed ing I ivestock. 

Support e f f o r t s  fo r  a na t iona l l y  
coordinated and standardized system 
for the ident i f i ca t ion ,  c lass i f i ca-  
t ion,  inventory, and assessment of 
rangeland ecosystems. 

LJ 

There i s  a rea l  need for adequate 
cost/benef i t  research on vegetation man- 
agement practices. Many such management 

’pract ices i n  use today cannot be expl ic-  
i t l y  i den t i f i ed  as cost  e f f e c t i v e  based 
on ex i s t i ng  research data. Inadequate 
data and the var iab le  nature of the 
vegetation resource place some doubt re- 
garding the wisdom of any given vegeta- 
t i o n  management practice. 
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INTRODUCTION 

The lay perception o f  w i  lderness runs 
the  gamut from a hike through a c i t y  
park t o  backpacking i n  the most remote 
reaches o f  Ca l i fo rn ia 's  hinter lands 
where human intrusions are not s i g n i f i -  
cant and where one can t r u l y  experience 
sol i tude. A 1977 Opinion Research Cor- 
porat ion survey concluded t h a t  most 
people are confused over what i s  or i s  
no t  wilderness. In fact, one i n  f i v e  
people thought they had v i s i t e d  formal ly 
establ ished w i  lderness areas, and ye t  
had not. 

Ca l i fo rn ia 's  c lass i f i ed  and adminis- 
t r a t i v e l y  endorsed wilderness areas vary 
i n  locat ion and scenic d ivers i ty .  They 
can be found near the Mexican and Oregon 
borders; i n  the desert areas, and along 
the Pac i f i c  Ocean; o r  from near sea 
level  t o  over 14,000 fee t  i n  elevation. 
They may contain scant vegetation i n  
a r i d  regions or  rocky mountain tops, be 
covered w i th  brush f ie lds,  o r  boast the 
r a i n  forests o f  the North Coast. 

The 1964 W i  lderness Act ( federa l )  es- 
tabl ished the National Wilderness Pres- 
ervat ion System (NWPS) fo r  publ ic  lands 
t o  be designated w i th in  nat ional  for- 
ests, parks, and w i l d l i f e  refuges. The 
Act describes a wilderness area as: 

Wndeve I oped Federa I I and re ta  i n i ng 
i t s  primeval character and in f l u -  
ence, without permanent improvements 
or human habitat ion, which i s  pro- 
tected and managed so as to  preserve 
i t s  natural  condit ions and which ( 1 )  
general l y  appears t o  have been af- 
fected pr imar i l y  by the forces of 
nature, w i th  the imprint  of man's 

work subs tan t ia l l y  unnoticeable; (2) 
has outstand i ng opportun it i es f o r  6.1 
sol i tude or a p r im i t i ve  and uncon- 
f ined type of recreation; (3)  has a t  
least  5000 acres o r  i s  o f  s u f f i c i e n t  
s ize as t o  make prac t ica l  i t s  pres- 
ervat ion and use i n  an unimpaired 
condit ion; and (4) may a lso contain 
ecological,  geological,  or- features 
o f  s c i e n t i f i c ,  educational, scenic, 
o r  h i s t o r i c a l  vaI'ue.ll 

The four th  d i s t i n c t i o n  separates w i l -  
derness from a purely recreat ional  use 
context. Wilderness may be more than 
j u s t  an undeveloped area i n  which t o  
recreate, although the Executive Branch 
and Congress do not recognize t h i s  dis- 
t i n c t i o n  i n  a l loca t ing  money f o r  wi lder- 
ness management. Forest Service funding 
t o  manage wilderness comes from t h a t  
agency's recreat ion budget. The Cal i -  
fo rn ia  Forest Resources Assessment and 
Po l icy  Act i s  spec i f i c  i n  separating 
wilderness from the recreat ion re- 
source. 

Although many supporters o f  wilderness 
have no in ten t  o r  desire t o  v i s i t  these 
areas s t i l l  they endorse the existence 
of areas protected from development or 
other human modif icat ions. Sat is fact ion 
o f  these needs i s  large ly  based upon 
knowing t h a t  large areas are dedicated 
t o  maintaining a d i v e r s i t y  o f  ecosystems 
and size o f  areas. A de l ineat ion o f  
acreages i n  Tables 8-1 and 8-2 provides 
an approximate measure o f  these vicar-  
ious wilderness benefits. 

Statew i de w i I derness resource data, 
other than t h a t  g iv ing  acreages and 
cer ta in  use-figures are p r a c t i c a l l y  non- 
existent;  and those which are avai lab le 
are not  d i f f e ren t i a ted  between forested 
land and non-forested land. Some data 
presented i n  t h i s  chapter are o f  a gen- 
e ra l  nature for a l l  Ca l i f o rn ia  wilder- 
ness, b u t  where possible are spec i f i c  to  
the forested port ion. 

gi 
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TABLE 8-1 

b, 

- I  4- ' - .  

TABLE 8-1 

I CALIFORNIA CLASSIFIED WILDERNSS AREAS 
I 

WILERNESS AREA 

NATIONAL PARK SERVICE SYSTEM I Joshua Tree Nattonal Monument 
Lava Beds Natlonal Monument 
Plnnacles Nattonal Monument 
Lassen Volcanlc Natlonal Park 
Polnt Reyes Natlonal Seashore 

Sub-total 

San Gabriel - Angeles Natlonat Forest (NF) NATIONAL FOREST SERVICE SYSTEM 

Agua Tlbla -Cleveland NF 
Desotatton - Eldorado NF 
Mokelumne-Eldorado NF 
Mlnarets - lnyo NF 
Warble Wountaln - Klamath NF 
Carlbou - Lasren NF 
Thousand Lakes - Lassen NF 
San Rafael - Los Padres NF 
Ventana - Lob Padres NF 
Santa Lucla - Los Padres NF 
South Warner - M o c  NF 
Cucamonga - San Bernardlno NF 
San Gorgon10 - San Bernardlno NF 
San Jaclnto - San Bernardlno NF 
Domeland - Sequoia NF 
blden Trout - Sequota NF 
Yo1 Ia-Bol Iy-Mlddle Eel,Hendoclno/Trlnlty NF 
John Mulr - Slerra NF 
Kalser - Slerra NF 
Emlgrant - Stantslaus NF 
Hoover - Tolyabe NF (In Callfornla) 
Fish and Wlldtlfe Servlce (Farallon Islands 

Sub-Total 

Federal Total 
CALIFCflNIA WILDERNESS SYSTEM 
Mt. San Jaclnto - Rlverslde County 
Santa Rosa Hountalns - San Olego County 
S I X  separate School Land parcels 

S ut-Tota I 

Fadera 1 /State Total 

GFX)SS 
kXES (1  

429,690 
%,920 
12,952 
78,982 
25,370 

603,914 
- 

36,137 
15,934 
63,475 
50, 165 

102,040 
214,543 

16,335 
142,918 
159,065 
21,250 
69,547 
9,022 

34,718 
21,955 
62,695 

306,000 
113,050 
483,155 

22,500 
105,345 
47,937 

2.1 16,846 
c 14 1 
2,720,901 

10,400 
87,000 

1,no 
98,920 

19,080 

2,819,680 

GROSS 
FORESTED 
NXES (i 

171,900 
5, 700 

12,952 
39 , 500 
15,200 

245,252 

16,300 
0 

25,400 
25,000 
51,000 

193, 100 
0 

8,200 
28,600 

151,100 
19,100 
62,600 
6,800 

29.500 
12,100 
53,300 

244,800 
101,700 
241,600 

18,000 
26,300 
24,000 

I ,358,Mo 
0 

1.583.72 

8,300 
0 

1,400 
9,700 

1,593,500 

1977 VISITOR 
DAYS USE 
PER N X E  (3) 

1.16 - 4) 
4.75 
0.34 
2.02 
0.43 

0.63 
0.3 1 
0.52 

0.16 
1 .a0 
7.12 
4.12 
0.14 

0.2 1 
1.87 
0.63 
2.32 
2.96 
1.42 welghted average 

-- 

I 

-- 4) 

- 
Average for 7 areas = 2.49 

Average for I 1  areas = 0.40 

NOTE: 

SOURCES: (By Column) 

%ross acres' Includes publlc and prlvate areas wlthln uIIfJernclss boundaries. 

( 1 )  Forest Service, June, 1978, RARE I 1  Maps 
(2) Esttnate fran overlsylng CALVEG forest land and RARE I 1  lr1,600,000 Haps 
(31 FRAP 
(4) Non-foreJted or no 1977 Forest Servlce data avatlable. 

I 
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TABLE 8-2 

TABLE 8-2 

POTENTIAL ADDITIONS TO CALIFORNIA'S W I W N E S S  

NAME ~ AGENCY 

MHlNlSTRATlVELY EHWRSED 
WILDERNESS PROPOSALS(I1 

Trtntty Alps 
Monarch 
Death Valley 
Sequola+tngs Canyon 
Yosem I t e  
lmpertal Y l l d l l f e  Refuge 
Havasu 
RARE I1 
A n n  Borrego Desert 
24 Areas 

Forest Servtce 
Forest Service 
Park Servtce. 
Park Servtce 
Park Servtce 
Ftsh 6 Wl ld l l fe  Servtce 
Flsh 6 Wl ld l l fe  Servlce 
Forest Servtce 
State of Cali fornia 
State o f  Catlfornla 

MEAS BEING STUDIED FOR 
POSSIBLE FUTIRE WILDERNESS 
C U S S  IF ICATIONS 

RARE II - Study 
Joshua Trees 
P I  nnac I as 
Potnt Reyas 
Death Valley 
Sequola-Klngs Canyon 
Y o s m t t e  
Callfornta Desert 

Conservatton Area 
Northern Cat tfornta 

6 Areas 

Forest Servtce 
Park Servlm 
Park Servtce 
Park Servlce 
Park Servlce 
Park Servlce 
Park Servtce 
Bureau o f  Land 

Management 
Bureau of land 

Management 
State of Call fornta 

TOTAL ACREAGE OF LANDS BEING STUDIED 

OTHER ROADLESS llREAs KIT 
BEING STmIED FOR 
w I u#RMss 

R N E  I 1  - rowmended 
against 

Cat l fora la  Desert 

Northern Cat t fornla 

25 Areas 

ROADLESS AREA!j OF CALIFWWIA 

Forest Servtce 

Bureau o f  Land 
Management 

Bureau o f  Land 
Management 

Stat. of Callfornta 

( 1 )  Source: Forest Servtce RARE I 1  Map, June, 1978. 

*Esttaates 

GROSS 
ACERAGE 

291,406 
30,689 

1,908,000 
750,690 
646,700 

6,150 
2,510 

899,251 
223,700 
96,620 

4,855,677 

2,648,418 
37,550 

990 
8,003 
6,900 

40,080 
121 

5,m,060* 

1,700,0004 

8,428 
9,950,490 

14,806,167 

2,528,989 

7,100,000 

2,000,000 

66,681 
I 1,695,670 

26,501,837 

FRAP 
ESTIMATED 
FORESTED 
ACREAGE 

274 , OOO 

1,084,300 

0 
0 

566,500 
0 

72,500 
1,997,300 

4,728,2QO 
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FEDERAL WlLDERNESS 
DESIGNATION 

Since passage of  the 1964 Wilderness 
Act, federal wilderness can only be 
designated by Congress. P r i o r  t o  the 
Act the Forest Service, s t a r t i n g  in  
1924, had designated 9.1 m i l l l o n  acres 
nationwide t o  wilderness management. 
This includes establ ishment by federal 
l eg i s la t i on  as recent ly  as February 
1978, o f  13 new w i  lderness areas and 
expansion o f  four ex i s t i ng  ones. Over 
1.3 m i l l i o n  acres were included in t h i s  
expansion o f  the NWPS. Almost 30 per- 
cent o f  t h i s  new wilderness i s  i n  Cal i -  
forn ia. 

The NWPS now includes over 15.7 m i l -  
l i o n  acres i n  174 areas i n  the United 
States. Approximately 90 percent o f  the 
wilderness areas are located on national 
forests. Wilderness proposals now be- 
fore Congress t o t a l  over 170 m i  l l ion 
acres, o f  which 124 m i l l i o n  are i n  
A I as ka . 
MANAGEMENT 

The Wilderness Act al lows some admin- 
i s t r a t i v e  d isc re t ion  i n  applying re- 
source management decisions. The var i- 
ous wilderness administering agencies, 
i.e., the Forest Service, Park Service, 
and Fish and W i l d l i f e  Service, have in- 
terpreted, through l e g i s l a t i v e  history,  
t h e i r  management d i r e c t i o n  i n  a l  lowable 
w i lderness improvements, maintenance 
methods, operation o f  any mechanized 
equipment wi th in  the wilderness, use o f  
f i r e  i n  maintaining a desired ecosystem, 
contro l  o f  recreat ion use, grazing and 
w i l d l i f e  management techniques, etc. As 
people-pressures increase and as t o t a l  
wilderness area s tab i l lzes,  carry ing 
capaci t ies w i  I I have t o  be defined which 
respond f i r s t  to.environmentaI preserva- 
t i o n  and then t o  the publ ic  use pres- 
sures and t o  the managing agency's capa- 
b i l i t i e s  t o  respond. 

Pub l ic  hunting i s  prohibi ted i n  na- 
t i o n a l  parks and i n  park wilderness 
areas; however, hunting i s  permitted 
under State regulat ions i n  national for- 
es t  wilderness. The same federal l i m i -  
t a t i o n s  apply t o  grazing, which i s  a l -  
lowed in  national forest  wilderness but 
not i n  national park wilderness. Log- 
ging i s  not  permitted in  wilderness 
though the Forest Service estimates 23 
percent o f  Ca l i f o rn ia  national f o res t  
wilderness could be classed as commer- 
c i a l  forest  land. The Act states t h a t  
w i  lderness areas which were once pub1 i c  
domain w i l l  be open t o  mineral entry and 
claim f i l i n g  u n t i l  1983. Val id mining 
may occur i n  these wilderness areas 
a f t e r  1983, but  the purposes f o r  which 
nat ional  parks and monuments were cre- 
ated mandate against the environmental 
disturbances caused by mining a c t i v i t y .  

As mentioned in  the Introduction, w i l -  
derness i s  c l a s s i f l e d  and managed f o r  a 
va r ie t y  o f  reasons, recreat ional  use 
being only one. For instance, wi lder- 
ness areas may be managed t o  preserve 
high q u a l i t y  f i she r ies  fo r  t rout ,  salmon 
and other nat ive f ish. A major reason 
f o r  the creat ion of  the Golden Trout 
Wilderness was the protect ion and re- 
establishment o f  a v iab le  golden t r o u t  
population. 

Wilderness serves as a refuge fo r  
those w i f d l l f e  species which depend on 
undisturbed habl t a t  cond i t i o n s  or are 
vulnerable t o  hunan influence. Par t i c -  
u l a r l y  favored in  wilderness areas are 
species which requ i re  o l d  growth for- 
ests. - I n  Ca l i f o rn ia  these species in- 
clude the pine marten, f isher,  wolver- 
ine, spotted owl, p i  leated woodpecker 
and northern f l y i n g  squi r re l .  Other 
species, although not  requ i r ing  o l d  
growth forests, a re  associated w i th  w i l -  
derness o r  l i m i  ted access areas because 
of a r e l a t i v e  intolerance t o  human ac- 
t i v l t y  and disturbance. Such species 
include the cougar, southern bald eagle, 
Ca I i forn i a  condor, peregr ine fa I con and 
Ca I i forn l a  bighorn sheep. 



Hi  s tor  i c  and cut t u r a l  vat ues are men- 
t ioned in  the 1964 Wilderness Act as 
supplemental character is t ics  o f  wilder- 
ness. This designation can benef i t  cul- 
t u r a l  and archeological resources by 
being managed t o  maintain r e l a t i v e  inac- 
c e s s i b i l i t y  which w i l l  p ro tect  petro- 
glyphs, pictographs, pot tery  and other 
a r t i f ac ts .  Cul tural  a r t i f a c t s  are a 
non-renewable resource fo r  which options 
for fu ture study and in terpretat ions are 
preserved by leaving the propert ies in- 
tact .  W i  I derness areas i n  Ca I i forn ia  
a lso contain land sacred t o  Native 
American groups. 

R e l i c t  vegetational types and a diver- 
s i t y  o f  p lan t  communities are found in  
w i  lderness areas, and vegetative cond i- 
t i o n s  w i  I I be maintained which eventual- 
l y  may be missing or l imi ted on pr iva te  
o r  other pub1 i c  lands. Diverse forests 
harbor a storehouse o f  genetic va r iab i i -  
i t y  and recessive genes which are neces- 
sary for adaptab i l i t y  over time in  the 
face o f  environmental change. The pres- 
ervat ion o f  genetic v a r i a b i l i t y  has been 
c i t ed  as a cruc ia l  need f o r  the poten- 
t i a l  discovery o f  products benef ic ia l  t o  
human hea I t h  o r  surv i a I , examp I es of 
which are the discovery o f  medications 
such as quinine and cortisone. 

Wilderness i s  valuable i n  s c i e n t i f i c  
research and are managed t o  provide a 
base1 ine fo r  determining the e f fec ts  o f  
human a c t i v i t i e s  on ecosystems. Wilder- 
ness areas provide the best standard 
ava i lab le  against which the  a l te ra t i on  
of  developed lands can be measured. 
There a lso are areas where studies o f  
natural  processes and w i l d l i f e  behavior 
studies can be undertaken w i th  less con- 
cern t h a t  human-induced disturbances 
w i l l  a l t e r  the resul ts.  Wilderness i s  
used i n  education and pyschological 
therapy. Environmenta I educators, col-  
lege f i e l d  courses, youth and re l i g ious  
groups u t i  I ize w i  lderness areas as 
learning resources (Coules 1979). 

STATE WILDERNESS cj 
The Ca l i fo rn ia  Wilderness Preservation 

System was establ ished by the  Legisla- 
t u r e  i n  1974 t o  preserve su i tab le  State 
lands i n  a natural wilderness condi t ion 
f o r  publ ic  use and enjoyment. Several 
branches o f  State government are in- 
volved in  ident i f y ing  and preserving 
such wilderness areas. The State Park 
and Recreation Commission c l a s s i f i e s  
"State w i  Idernesstt w i th in  the State park 
system. The State Lands Commission can 
repor t  t o  the Legis lature i t s  recommen- 
dations as t o  su i tab i  I i t y  or nonsuit- 
a b i l i t y  f o r  preservation as wilderness 
of State-owned road I ess areas under 
t h e i r  j ur i sd i c t  i on . The Secretary of 
the  Resources Agency has simi l a r  author- 
i t y  f o r  State-owned road less areas under 
agency j u r i s d i c t i o n  including, bu t  not  
I imited to, lands w i th in  the State park 
system, State forests, and f i s h  and game 
refuges, reserves, and sanctuaries. 

The Cal i f o r n i a  W i  lderness Act o f  1974 
(Chapter 1.3 o f  the  Pub1 i c  Resources 
Code) speci f ied t h a t  the Secretary for 
Resources shal l ,  on or before December 1 
o f  each year, repor t  t o  the Governor and 
t o  the Legis lature on the status of  the 
Ca l i f o rn ia  Wilderness Preservation Sys- 
tem, including a l i s t  and descripti.on of  
the  w i  lderness areas w i th in  the System; 
guidel ines and regulat ions i n  e f fect ;  
and recommendations fo r  addi t ions t o  fhe 
system. 

The j u r i s d i c t i o n  of  lands placed i n t o  
t h e  State Wilderness System i s  not  
changed. The Resources Secretary adopts 
guidel ines fo r  the management of  wi lder- 
ness areas and other State agencies are 
required t o  adopt management regulat ions 
consistent wi th  these guidel ines for 
lands under t h e i r  j u r i sd i c t i on .  

The Ca l i fo rn ia  W i  lderness Act's de- 
sc r i p t i on  of  area c r i t e r i a  and manage- 
ment p r inc ip les  are qu i te  s im i la r  t o  
those i n  the 1964 nat ional  W i  lderness 
Act . L J  
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WILDERNESS SUPPLY 

EXISTING WILDERNESS SUPPLY 
b, 

Congressionally c l a s s i f i e d  wilderness 
i n  Ca l i fo rn ia  as o f  June 1978 includes 
the  2,720,901 acres shown i n  Table 8-1. 

Ca l i f o rn ia  State wilderness areas, 
a l so  shown i n  Table 8-1, cover 99,000 
acres. The s i x  separate parcels o f  
State school lands (1,520 acres) are 
located i n  Monterey, Santa Barbara, 
S isk iyou and Tehama Count ies. Thesb 
school lands are contlguous wi th  na- 
t I ona I w 1 I derness areas, are managed i n  
a compatible fashion, and because they 
were not exchanged w i th  the Federal Gov- 
ernment t o  become a pa r t  o f  the federal 
system prior to  January I ,  1977, became 
a pa r t  o f  the State system pursuant to  
Section 5093.34Cb) o f  the Pub l ic  Re- 
sources Code, 

Figure 5-5 ( i n  Chapter Five, "Forest 
Lands and the A i r  Resource") shows 
c I ass i f i ed federa I w i I derness areas In  
Ca l i f o rn ia  and points out  the paucity of 
wilderness near population centers. 

POTENT I AL WILDERNESS SUff LY 

I n  addi t ion to the ex is t ing  wilderness 
i n  Cal i forn ia ,  FFUIP has t a l l i e d  the sta- 
t us  of other roadless areas which are or 
have recent ly been consldered f o r  addi- 
t i o n  t o  wilderness systems. The f i r s t  
category includes areas which have a l -  
ready been selected by administrat ive 
agencies for inclusion and are i n  var i -  
ous stages of formal presentation t o  the 
Ca l l f o rn ia  Legis la ture or t o  Congress, 
These areas are shown i n  Table 8-2 and 
would almost double the ex i s t i ng  wilder- 
ness acreage i n  the State i f  accepted. 

The second category o f  areas which 
might be considered potent ia l  wilderness 
are current ly  under administrat ive study 
for determination of  t h e i r  s u i t a b i l i t y .  u 

Nearly ten m i  I I ion acres are included in  
t h i s  category. The forested port ion i s  
estimated t o  be about 2,700,000 acres. 

The f i n a l  category shown in  Table 8-2 
includes 11;7 m i l l i o n  areas which f o r  
the most pa r t  have been studied f o r  w i  I- 
derness and not recommended fo r  inclu- 
s ion In the State o r  national wilderness 
systems - or  i n  the case o f  the indi- 
cated RARE I I  lands such designation has 
actua I I y been recommended aga i n s t  i nc I u- 
s ion i n  the NWPS. 

Potent ia l  national park w i  lderness 
addi t ions w i  I I be dependent on qual i fy -  
ing fu ture land acquisit ions; and none 
are i n  the immediate of f ing.  A 1972 
Department o f  I n t e r i o r  Guide1 ine pro- 
vides l a t i t ude  fo r  designation as w i l -  
derness: When non-qual i f y i n g  lands are 
surrounded by o r  adjacent t o  an area 
proposed f o r  wilderness designation and 
such lands w i l l  w i th in  a determinable 
t ime qual i f y  and be avai lab le federal 
land, a special provis ion should be in- 
cluded in  the l eg i s la t i ve  proposal g iv-  
ing the Secretary o f  the I n t e r i o r  the 
au thor i ty  t o  designate such land as w i l -  
derness a t  such time as he determines it 
qua I i f iesOv1 

Publ ic  lands administered by the Bu- 
reau o f  Land Management were not includ- 
ed i n  the 1964 Wilderness Act, However, 
i n  1976, the Federal Land Po l icy  and 
Management A c t  (FLPMA) directed t h a t  
lands under BLM j u r i s d i c t i o n  be inven- 
t o r i e d  and evaluated for w i  lderness po- 
t e n t i a l ,  and t h a t  recommendations be 
made t o  Congress by 1991 as to  the su i t -  
a b i l i t y  o r  non-su i tab i l i t y  o f  each w i l -  
derness study area so i den t i f i ed  f o r  in- 
c lus ion i n  the National Wilderness Pres- 
ervat ion System. 

BLM i n  Ca l i fo rn ia  i s  i n  the inventory 
and study stages o f  w i  lderness c lass i  f i -  
cation. The agency i s  not  i n  a pos i t ion 
t o  divulge estimates o f  probable acreage 
which would be submitted t o  Congress for 
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w i  lderness designation. Most BLM lands 
are nonforested. The forested areas i n  
Table 8-2 are gross estimates. 

The State Resources Agency I i s t s  25 
roadless areas, t o t a l i n g  66,681 acres, 
w i th in  State lands as not recommended 
f o r  wilderness c lass i f i ca t ion .  These 
areas do not meet wilderness c r i t e r i a  o r  
need in  tens i ve management t o  protect  
t h e i r  f r a g i l e  ecosystems, endangered or  
ra re  species o r  unique features (Re- 
sources Agency 1978). 

The State Lands Commission . is  fore- 
going addi t ional  wilderness review u n t i l  
the State land adjustment process has 
consolidated State holdings i n t o  un i t s  
more su i tab le fo r  w i  lderness considera- 
t ion.  

National forest  w i  lderness addi t ions 
have been the subject o f  major studies 
over the past several years. Because 
the process o f  a l loca t ing  land t o  w i t - .  
derness i s  not  yet  complete, it i s  use- 
f u l  t o  b r i e f l y  discuss the l a tes t  Forest 
Service study. This study includes a 
means o f  quant i fy ing w i  lderness values 
which FRAP has found useful i n  program- 
ming and no other d e f i n i t i v e  valuat ion 
system has been formulated a t  t h i s  
time. 

The Roadless Area Review and Evalua- 
t i o n  (RARE) process was started i n  1972 
and was revived in  1977 (RARE 1 1 ) .  In- 
cluded were lands which in the adminis- 
t r a t i o n ' s  review (USDA) d id  not show 
s i g n i f i c a n t  marks of human development 
such as roads, bui ldings, evidence o f  
t r e e  cul ture,  and so forth, and which 
were therefore e l i g i b l e  f o r  wilderness 
c l a s s i f i c a t i o n  consideration. The pub- 
I i c  was asked t o  review an inventory of 
these areas i n  order t o  suggest addi- 
t i o n s  or  delet ions and c r i t e r i a  which 
should be used to  evaluate the areas fo r  
.wilderness or non-wilderness use. 

The administration, through the Forest 
Service, then decided t h a t  four major 
measurable c r i t e r i a  should be used t o  

determine the character and scope of a 
qual i t y  nat ional  w i  lderness system. (-J 
They were: 

Representation of major landforms 
(such as the Coast Range). 

Representation of major ecosystems 
(such as hi ley's P a c i f i c  Forest 
Prov i nce) . 
Presence of ce r ta in  w i l d l i f e  (such 
as the  f i sher  which I ives i n  large 
areas of mature fo res t  associated 
w i th  wilderness). 

D i s t r i b u t i o n  of wilderness for 
be t te r  access ib i l i t y  from populat ion 
centers. 

These four c r i t e r i a ,  together w i th  
s c i e n t i f i c  and educational a t t r ibutes,  
were used t o  evaluate the roadless ar- 
eas, i d e n t i f y  gaps i n  the ex i s t i ng  Fed- 
e ra l  wilderness system, and help de- 
scr ibe the "idealt1 system. Then a set  
o f  c r l t e r i a  r e l a t i n g  t o  costs o r  impacts 
of  w i  lderness designation was appl ied t o  
the  inventory. They included e f fec ts  on 
the  timber, energy, and mineral re 
sources, on motorized o r  intensive rec- 
rea t ion  use, and on w i l d l i f e  management 
programs. 

I n order to eva 1 uate the more spec i f i c  
wilderness character is t ics  of the nearly 
2,000 roadless areas nationwide, and to  
emphasize t h a t  wilderness i s  not j u s t  a 
s ing le  comnodity, the  Forest Service 
developed the Wilderness A t t r i bu te  Rat- 
ing System (WARS) based on c r i t e r i a  
s p e c i f i c a l l y  mentioned i n  the Wilder- 
ness Act. The system rates on a seven 
po in t  scale of defined components for 
t h e  four requ is i t e  wilderness a t t r i bu tes  
described i n  the Wilderness Act; natural  
i n teg r i t y ,  apparent naturalness, out- 
standing opportuni t ies for sol i tude, and 
p r tm i t i ve  recreation. 

I n  addition, WARS provldes fo r  r a t i n g  
four  supplemental wilderness at t r ibutes;  
outstanding ecological, geological,  sce- LJ 
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nic,  and h i s t o r i c a l  features. These are 
supplementary because t h e i r  presence i s  
permi ss I b I e, but not required by the 
Wilderness Act. The r a t i n g  system 
de l ibera te ly  sought to  avoid any refer-  
ence t o  value Judgments by use of terms 
such as wilderness qual l ty,  s u l t a b l l i t y ,  
qua I i fy  ing character i s t  ics or any other 
phrases with judgment implications. The 
assumption was t h a t  compilation of  ob- 
j e c t i v e  and descr ip t i ve  data on m p o -  
nents of  a l l  the wilderness a t t r i b u t e s  
would f a c f l f t a t e  consfstent wilderness 
r a t i n g s  by both resource professionals 
and the publ ic and thus f a c i l i t a t e  deci- 
sion maklng (Forest Service, November- 
December 1977 ) 

The Forest Service analyzed the re- 
sponses and issued a RARE I 1  f i n a l  envl- 
ronmental statement i n  January 1979 rec- 
ommending t h a t  1,284,830 acres in  Cat i- 
f o r n i a  be al located t o  wilderness, 
2,528,989 acres ( 176. road I-ess -areas) t o  
non-wilderness and 2,648,418 acres (118 
roadless areas) al located t o  fur ther  
study and planning. During t h i s  remain- 
ing planning process the wilderness in- 
t e g r i t y  o f  these fur ther  study acres i s  
no t  t o  be violated. 

On March 8, 1979 the Cal i f o r n i a  Re- 
source Agency made i t s  own .recommenda- 
t i o n s  fo r  the fu ture uses o f  t h e  unde- 
veloped national forest  land i n  Ca l i f o r -  
nia. The Agency recommended designation 
o f  1,450,000 acres t o  wilderness classi-  
f icat ion,  1,682,937 acres t o  non-wilder- 
ness c lass i f i ca t i on ,  and fu ture study o f  
3,084,067 acres. The State's recommen- 
dations were based on a task force, me- 
d i a t i o n  approach representing "broad 
pub1 i c  involvement." 

A t h i r d  approach t o  wilderness al loca- 
t i o n  i n  Ca l i f o rn ia  w i l l  be of fered by 
Dr. Dennis Teeguarden, Un ivers i ty  o f  
CaJi fornla a t  Berkeley, who has u t i 1  ized 
Forest Service RARE 1 I data i n  a 1 inear 
program and come t o  d i f f e r e n t  conclu- 
sions based on economic considerations. W 

The Forest Service has assessed the 
I i k e l y  physical-biological and economic 
e f f e c t s  o f  implementing the various a l -  
, ternatives In  the RARE II C a l i f o r n i a  
supp I ement t o  the D r a f t  Env i ronmenta I 
Statement. This assessment i s  necessar- 
i l y  broad due t o  the number o f  areas and 
the acreages involved. 

For the FRAP I inear programming model 
the WARS points  were used as the best 
ava i lab le  measure of  wilderness. Within 
each o f  the s i x  FRAP Cal i f o r n i a  regions 
(shown on Figure 1-3) the a t t r i b u t e  
points f o r  a l l  RARE I1 areas were cumu- 
lated and expressed on a per acre basis. 
The model assumes t h a t  an llallocationtl 
o f  forested acreage t o  w i  lderness would ' 
also include a proport ional a l l oca t i on  
of the more barren lands In each region. 

Because WARS points were assigned t o  
u n i t s  o f  widely varying size in  the RARE 
1 1  process, per-acre conversions may 
d ras t f ca l l y  a f f e c t  the desirabi I i t y  
ranking of indiv idual  RARE I1 units. 
This weakness i s  mit igated by the aggre- 
gation of  potent ia l  and ex i s t i ng  wilder- 
ness t o  regions. 

A fur ther  objection t o  use of the WARS 
values i s  t ha t  ex i s t i ng  wilderness has 
not  been rated. Presumably these areas 
would have simi tar or somewhat higher 
values. Such values were assumed and 
r e s u l t s  are shown i n  Table 8-3. 

Because the CDF/FRAP l inear  program 
(which i s  based on per-acre values) w i l l  
tend t o  a1 locate t o  wilderness those 
areas which produce the most WARS points 
per acre, and because ex i s t i ng  wilder- 
ness recelved the publ ic 's highest p r i -  
o r i t y  for: such c lass i f icat ion,  it i s  
necessary t o  a t t r i b u t e  s u f f i c i e n t  points 
t o  ex i s t i ng  wilderness i f  the model Is 
t o  simulate r e a l i s t i c  results. To pro- 
duce simi tar per-acre values between 
e x i s t i n g  wllderness and a l l  RARE I1 
areas, it was necessary t o  r a i s e  ex is t -  
ing wilderness points per area t o  200 
(as compared t o  the high 20's f o r  the 
most highly rated RARE I 1  potent ia l  w i l -  

l 
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TABLE 8-3 

TABLE 8-3 6. 

REGIONtI 1 

North Coast 
Northern I nterlor 
Sacramento 
San Joaquln 
Southern Callfornla 
Central Coast 

Cal lfornla 

WILDERMSS ATTRIBUTE RATING SYSTEM mirm IWD 
LIMAR PROGRAM COEFFICIENTS BY REGION 

EST1 HATED WARS 
POINTS PER M 

ASSUMED WARS WARS miws FORESTED ACRES OF 
EXISTING WILDERNESS 
AND RARE I1 LAND I POINTS I N  EXISTING FOR ALL RARE I I 

UI LDERNESS I AREAS 

I I 

I 
112 
929 
287 

1,175 
1,021 

570 - 
4,094 

( 1 )  Refer t o  Figure 1-3 

176 
1,164 

587 
802 
825 
1 50 

5,704 

- 

0.91 1 
1.559 
1.52 1 
0.800 
0.738 
2.727 

1.052 (welghted average) 

derness areas). On a forested acreage 
basis State averages per thousand acres 
are thus 1.100 WARS points for  ex i s t i ng  
wilderness, 0.966 fo r  a l l  RARE II areas, 
and 1.032 f o r  both combined. The order 
o f  magnitude di f ference suggests tha t  
t h i s  scale i s  not r e a l l y  appropriate for  
measuring both ex is t ing  and proposed 
w i  Iderness. 

Figure 8-1 i I lus t ra tes  the h i s t o r i c a l  
growth o f  Cal i f o rn ia ' s  w i  Iderness. The 
f i n a l  bar i n  the f igure  includes a gross 
estimate made by FRAP o f  area which 
might eventual ly be included in  wilder- 
ness. 

Because WARS points  are not  determined 
on a per-acre basi s and ex i s t ing  w i  Ider- 
ness areas are, on the average, substan- 
t i a l l y  larger, one would expect the 
sor ts  o f  d i f f i c u l t i e s  described above. 
However, for examining incremental 
changes in  the area al located t o  wilder- 
ness the measure i s  reasonable on a re- 
gional basis, p a r t i c u l a r l y  when the a l - -  
te rna t  i ves depend i ng on ex i s t  i ng data 
are considered. For a t o t a l  evaluation 
o f  our wilderness system the measure 
leaves much t o  be desired. 

Wilderness use, i n  t h i s  context, re- 
fe rs  t o  people use; recognizing t h a t  
wilderness i s  tlusedlt by many l i v i n g  or- 
ganisms and i s  a refuge f o r  SOme from 
human disturbances. 

For many, wilderness i s  a resource to  
be enjoyed and used because o f  the op- 
po r tun i t i es  t o  experience remoteness, 
hiking, sol i tude, etc. Measures of t h i s  
type o f  wilderness use idea l l y  should L J  



FIGURE 8-1 

incorporate the use t h a t  occurs on some- The very nature o f  wilderness pre- 
what s im i la r  roadless areas as well as cludes accurate measurement o f  v i s i t o r  
c l a s s i f i e d  w l  Iderness. I T  has no t  been use, even where use permits are re- 
possible t o  determine accurately the qulred. A recent study showed t h a t  
amount o f  use i n  the so l i t ude  wilder- near ly 20 percent o f  a l l  wilderness v is-  
ness-type roadless areas. nce esti- rs f a i l e d  to get  the required wilder- 
mates provided by the various agencies ness permits (Vaux 1977). T r a i l  count- 
represent c lass i  f led w i  Ide use, ers  provide some information, but  they 
which t h i s  Report r e f e r s  t o  i Ider- 
ness uset1. An exception i s  the Park 
Service which measures tlbackcountryll use 
( inc lud ing roadless as well  as c lass i -  
f i e d  wilderness). 

a re  no t  used extensively. 

The u n i t s  f o r  measuring w i  lderness use 
u t i  I ized by the various agencies are as 
diverse as the u n i t s  fo r  measuring gen- 

LJ 
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FIGURE 8-2 

NATIONAL FOREST WILDERNESS USE IN CALIFORNIA 

0 Wilderness permits required for a l l  national forest 
wilderness. Provided more accurate Information for 
1976. 

@ Late opening of wilderness areas due t o  d e e p  snow. 

era1 recreat ion use. The Forest Service 
uses visitor-days, the Park Service to- 
t a l s  the number o f  persons and % i s i t o r  
nights" or overnight stays, and the 
State uses a count o f  campers and day 
hikers. 

PAST' AND RESENT USE ON CLASSIFIED 
WILDERNESS 

Use of  Cal i f o r n i a  national forest  w i  I- 
dernesses has increased an average o f  
s i x  percent annually over the past nine 
years according t o  Forest Service f ig -  
ures. Use may be level ing o f f ,  as i s  
i l l u s t r a t e d  on Figure 8-2. This Figure 
shows t o t a l  national forest  w i  lderness 
use, including t h a t  on forest  land. 
Using a rough estimate t h a t  65 percent 
o f  national forest  wilderness i s  for-  
ested, and assuming the r a t i o  o f  use in  
forested and non-forested w i  lderness i s  
proport ional, v is i to r -day  use shown on 
Figure 8-2 could be reduced by 35 per- 
cent t o  po in t  ou t  forest  land wilderness 
use . 

Some wildernesses are much more inten- 
s i v e l y  used than others over t h e i r  an- 

nual period o f  access ib i l i t y .  On -Cat i- 
forn ia 's  national forests  during 1976 
t h i s  r a t i o  varied from 7.31 vis i tor-days 
per-acre in  the San Gorgonio W i  lderness 
t o  0.18 i n  the Domeland Wilderness. 
Levels of  use on ce r ta in  wilderness 
areas have reached the point  where ad- 
verse impacts and land management prob- 
lems have occurred; a s i t u a t i o n  which 
can well be envisioned when 34,700 acres 
receive 253,800 v i  s i  tor-days use cm-  
pared t o  62,700 acres receiv ing only 
11,400 visi tor-days. Such impacts can 
be mit igated by r e s t r i c t i n g  wilderness 
permits and enforcing permit c m p l  i- 
ance. 

To bet ter  control  adverse impacts, 
I im i ts  have been imposed on the number 
o f  permits issued f o r  entry i n t o  the San 
Gorgonio Wilderness area (19751, San 
Jacinto Wilderness (19761, Desolation 
W i  lderness (19781, and on the John Muir 
and Minarets W i  lderness areas (19791. 
In addition, special closures have been 
imposed on m e  o f  the southern Ca1 i f o r -  
n i a  wildernesses when warranted by po- 
t e n t  i a I h i  gh f i r e  cond it i ons. LiJ 
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TABLE 0-4 
I 

TABLE 8-4 

NATIONAL PARKS Oll"P 
MONWENTS ("4) 
FORESTS (NF) OR 
SHORES (NS) 
WITH WILDERNESS 

Joshua Tree EM 

Polnt Reyes Ns 

Pinnacles EM 

Lassen NP 

. PROPOSED 
W I LOERNESS 

Yosemlte NF 

Sequoia NP 

OVERNIGHT STAYS IN NATIONAL PARK BACKCOUNTRY 

1977 BACKCOUNTRY 
RECREATION OVERNIGHT 

STAYS 

2,468 

30,242 

-- 

13,022 

194,243 

94,331 

REMAW(S 
__ 

Day use much heavier but no 
t a l l y  for backcountry. 

No day use flgures for 
backcountry. 

No backcountry use ta l l y ;  
day use only. 

Day use: 125,082 v is i t s .  
Estimate 91 percent of  backcountry 
overnlght use Is In Wllderness. 

Source: National Park Servlce, Region 5, San FrancIsco 

S t a t i s t i c s  on use o f  national park 
wilderness areas are not  ava i lab le  as 
has been mentioned, HOwever, Table 8-4 

. presents 1977 back country information 
f o r  u n i t s  wi th in  the National Park sys- 
tem i n  Cal i fornia.  

Use-stat ist ics on lands under the 
Ca l i f o rn ia  Wilderness Preservation Sys- 
tem are not  general I y recorded speci f i- 
c a l l y  t o  wilderness use. In  the 1976-77 
repor t ing  year, 740 people v i s i t e d  the 
Santa Rosa Mountain State W i  Iderness; 

W 

and a t  the Mount San Jacinto State W i  I- 
derness 30,913 campers registered and 
12,250 day h ikers were recorded (Re- 
sources Agency 1978). During the 1977- 
78 repor t ing season, no wilderness t a l l y  
was ava i lab le  fo r  the Santa Rosa Wilder- 
ness; however the t a l  l y  for the Mount 
San Jacinto Wilderness was 122,702 camp- 
ers  and day users, which represents an 
increase o f  184 percent i n  one year. 

Weather i s  a factor which i n  the past 
has affected w i  lderness use. Extreme 
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f i r e  danger condi t ions may l i m i t  use o r  
cause wilderness t o  be closed a t  any 
time. In  addi t ion to f i r e  hazard imp1 i- 
cations, drought o r  deep snow a f fec ts  
water re la ted recreat ional  amenities and 
can therefore adversely a f f e c t  wilder- 
ness use. 

FUTURE WILDERNESS USE 

The accuracy of recreat ional  use es t i -  
mates were described in  the 1979 Forest 
Service WA Review D r a f t  Report to  Con- 
gress as "general l y  low1! and the sugges- 
t i o n  was made t h a t  any analysis o f  "de- 
mand" must be conducted w i th  caution. 

Table 8-2 shows the potent ia l  w i  Ider- 
ness acreage i n  Cal i fornia,  and Figure 
8-2 indicates a possible trend towards a 
lessening i n  the r a t e  o f  increase o f  
annual w i  lderness use on Cal i f o r n i a  na- 
t i o n a l  forests. Within the  next few 
years a much more clear p ic tu re  of w i l -  
derness use should evolve, as the trends 
on nat ional  forests become more evident 
and roadless area land use c lass i f i ca-  
t i o n s  w i th in  the nat ional  parks, BLM 
lands, and the nat ional  forest  RARE I1 
areas are resolved. 

Many var iables a f f e c t  predict ions o f  
fu tu re  c lass i f i ed  wilderness use: 

The greatest var iab le i s  the ques- 
t i o n  o f  the eventual s ize o f  Cal i -  
fo rn ia  w i  Iderness--whether it w i  I I 
s t a b i l i z e  a t  the present 2.8 m I I  ion 
acres o r  grow t o  over 13 m i  I I ion 
acres, w i th  an u l t imate potent ia l  o f  
around 18 m i  I I ion acres o r  almost 
one-f i f t h  o f  the State's area. 
Other than Yosemite and Sequoia- 
Kings Canyon National Parks most o f  
these potent ia l  new wilderness areas 
may not  compare i n  a t t rac t i on  to ex- 
i s t i n g  wilderness areas wi th  t h e i r  
cool a lp ine sett ings. Despite a 
cer ta in  appeal, the potent ia l  a r i d  
wilderness areas probably w i l l  not  
a t t r a c t  the v is i tor-days per-acre o f  
many ex i s t i ng  w i I derness areas dur- 
ing the heavy use season. 

The decreasing a v a i l a b i l i t y  of, 
and higher costs for, t ranspor tat ion 
fue ls  w i  I I have a r e s t r i c t i v e  impact 
on t rave l  to  d i s tan t  wilderness. 
Adverse env ironmenta I impacts w i  I I 
therefore probably occur on wilder- 
ness areas such as San Gorgonio 
which are close t o  popuiation cen- 
t e r s  unless carry ing capacity I im i t s  
are s t r  i c t  I y en forced. 

c 

Over a period o f  time, wilderness 
managers w i  I I be more know1 edgeabl e 
about v i s i t o r  impacts as we1 I as 
v I s i  t o r  w i  lderness experience pref- 
erences. Such information may dic-  
t a t e  rev is ions i n  wilderness permit 
issuance po l i c i es  and lead t o  needed 
changes in  use patterns. 

Another var iab le t h a t  w i l l  a f f e c t  
fu ture wilderness use w i l l  be man- 
agement's abi I i t y  to  induce v i s i t o r s  
t o  u t i l i z e  the less heavi ly v i s i t e d  
wilderness areas (see Table 8-1, 
which shows vis i tor-days use per- 
acre). These general ly are the more 
remote Northern Ca l i f o rn ia  wilder- 
nesses o r  those o f  Southern Ca l i fo r -  
n ia  which are less' accessible, have 
m i n  imum water sources, have 1 arge 
expanses o f  chaparral, and are con- 
sequently more prone t o  c losure due 
t o  f i r e  damage. 

The resu l t s  o f  many wilderness studies 
perhaps can shed sane l i g h t  on fu tu re  
w i I derness use. 

Research has shown t h a t  wilderness 
v i s i t o r s  are overwhelmingly urban i n  
points-of-origin; have high leve ls  of 
education; most are white-col tar  work- 
ers, p r imar i l y  i n  the social  service and 
educational occupations, they are some- 
what above average i n  income; and young 
adu l ts  are the most usual v i s i t o rs .  A l -  
though t h i s  youthful segment of the pop- 
u l a t i o n  has grown enormously i n  the l a s t  
30 years, s t a t i s t i c s  show t h a t  it w i l l  
grow more~slowly  i n  the decades immedi- 
a t e l y  ahead (Forest Service, 1979, W P A -  
An Assessment'!) . b 
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In  1975 Wil l iam McKiIIop of the Uni- 

v e r s i t y  of Ca l i f o rn ia  made a quanti ta- 
t i v e  analysis o f  wilderness use i n  C a l i -  
fo rn  ia. Numerous potent ia I factors  fo r  
inf luencing wilderness use were invest i -  
gated including income levels, t rave l  
costs, populat ion levels, a v a i l a b i l i t y  
o f  le isure time, number o f  lakes, t o t a l  
length o f  streams, magnitude of t r a i l  
systems, s ize  and e levat ion o f  areas, 
steepness of ter ra in ,  weather condi- 
t ions,  and factors  a f fec t i ng  accessibi l -  
i t y  . L i near programm i ng mode I s were 
constructed. The model showed t h a t  
factors  appearing t o  be of major i m p o r -  
tance in  northern and central  Ca l i fo rn ia  
regions were the s ize and e levat ion of 
wilderness areas, t rave l  t ime from met- 
ropo l i tan  areas, number o f  lakes or  en- 
t r y  points, and population w i th in  100 
m i  les. For southern Cal i f o r n i a  areas 
the  important factors  were t r a i l s ,  
streams, and population levels i n  close 
proximity t o  an area. 

McKil lop a lso  reported a strong w i l -  
derness-use re la t ionsh ip  between col lege 
education, today's rap id  dissemination 
o f  wilderness use know-how, and the 
growing appreciat ion of natural  phenome- 
na charac ter is t i c  of the  environmental 
movement. Increased road construct ion 
on adjacent nat ional  fo res t  land (usual- 
l y  a r e s u l t  o f  logging) may lead t o  in- 
creased use o f  w i  lderness areas because 
of  access ib i l i t y  and increased numbers 
o f  trai lheads. 

I According to  the Forest Service 1979 
d r a f t  RPA Assessment and Report t o  Con- 
gress, various factors  a f fec t i ng  wilder- 
ness ttdemandtt such as population, in- 
come, and5education are expected to  re- 
s u l t  i n  increasing wilderness use, bu t  
t he  r a t e  of growth w i l l  decrease. W i l -  
derness use i s  expected t o  increase only  
about two percent a year for the  next 
several decades i f  the National W i  Ider- 

. ness Preservation System i s  no t  en- 
I arged . However, stud ies  of w i  1 derness 
v i s i t o r s  a lso suggest t h a t  a substantlal 
proportion, perhaps one-fourth t o  one- 
ha1 f o f  those who now v i s i t  w i  Iderness- 

es, could f i n d  the recreat ion opportuni- 
t i e s  they are seeking i n  a nonwilder- 
ness, roadless area t h a t  i s  not formal ly 
designated as wilderness, as long as the 
area re ta ins  wilderness characteris- 
t i cs .  

Future use o f  w i  lderness areas can be 
increased through management options. 
Most wilderness v i s i t o r s  stay on t r a i l s ;  
they do not go cross-country. These 
t r a i l s  o f ten  or ig inated as stock o r  
p r i m i t i v e  access routes no t  associated 
w i th  recreat ional  hiking. Consequently, 
these t r a i l s  were not located f o r  maxi- 
mum recreat ional  use or enjoyment. Im- 
proved ex is t ing  t r a i l s  and new t r a i l s  
i n t o  untapped areas would disperse more 
people more quick ly  without ser iously 
impacting the environment as long as 
reasonable carry ing capaci t ies are es- 
t ab i  ished. Assuming re1 iab le  physical 
car ry  i ng capac i t i e s  can be determ i ned 
then some w i  lderness close to  urban ten- 

t e r s  could be managed to  al low use t o  
the l i m i t  of the physical capacity - 
which might be unsuitable soc ia l l y  and 
emotional ly f o r  some wilderness users 
who would value a greater degree of sol- 
itude. Eventual ly, a wilderness permit 
fee might be charged, the amount varying 
w i th  popular i ty  o f  the area, such as i s  
done w i th  entrance fees to  some parks. 

CONCLUSIONS 

This Assessment aims a t  the inventory 
of cer ta in  human and natural  resources 
on fo res t  lands. Such data cur ren t ly  
avai lab le  for Ca l i fo rn ia  w i  lderness 
areas come mostly from the  Forest Serv- 
i ce  which administers 75 percent of ex- 
i s t i n g  designated wilderness. Besides 
compi I ing acreage f igures (by county), 
t he  Forest Service has use data by years 
and by each class1 f led w i  lderness area. 
They fu r ther  break down w i  lderness data 
by recreat ional  a c t i v i t i e s  such as hik- 
ing, camping, and hunting. Time d id  not 
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permit an in-depth analysis o f  such data 
which re la tes  more to recreat ion experi- 
ence levels  and t o  management options 
than t o  wilderness supply/demand and 
cost/benef i t  analyses. Such analysis 
should be a pa r t  of fu tu re  FRAP a c t i v i -  
t ies .  

As was noted previously, p r i o r  t o  and 
since passage o f  the 1964 W i  lderness Act 
about 2.8 m i l l i o n  acres i n  Ca l i f o rn ia  
has been c lass i f i ed  as wilderness. O f  
t h i s  acreage, about 57 percent i s  for- 
ested. An estimated potent ia l  of near ly 
16 m i l l i o n  addi t ional  acres on lands 
w i th in  nat ional  parks, monuments, for- 
ests  (RARE It), w i l d l i f e  refuges, and 
BLM lands awaits pub1 i c  response and 
Congressional action. 

Other than wilderness v i s i t a t i o n  data 
from use permits, such a small mount  of 
multi-resource information i s  avai table 
from c lass i f i ed  w i  lderness areas t h a t  it 
i s  not inventoried i n  t h i s  Report. Fu- 
t u r e  surveys should attempt t o  bet ter  
inventory a I I w i I derness resources. 
Even v i s i t a t i o n  f igures are s t a t i s t i -  
ca I I y imposs i b I e t o  corre I a te  between 
adm i n i s te r  ing agenc i es s i  nce each re- 
cords the  information i n  d i f fe ren t ,  and 
no t  necessari ly compatible, u n i t s  and 
t ime periods. To adequately assess w i  I- 
derness use it i s  important f o r  adminis- 
t e r i n g  agencies t o  take steps towards 
creat ing a cunmon system o f  counting and 
recording v i s i t o rs .  Lack o f  wilderness 
data ser iously hampers any management 
a l t e rna t i ve  analysis and therefore makes 
the  decision making j ob  more d i f f i c u l t ,  
t o  the po in t  t h a t  decisions come from a 
p o l i t i c a l  more than from a professional 
judgmental posit ion. 

The I987 CDF/FRAP assessment shou I d 
devote a t ten t ion  t o  a resource inventory 
on a l l  r es t r i c ted  forested lands, in- 
c l  ud ing w i  Iderness, w i  lderness study 
areas, ecological preserves, botanical, 
w i l d  and scenic r i v e r s  and other 'areas 
s e t  aside for preservat i on purposes 
where most mu l t i p le  land use options are 
foregone. A c learer  p ic tu re  of Ca l i fo r -  

n ia  land zoning would surface and a bet- 
t e r  understanding of where resource man- 6/ 
agement options could take place would 
ensue . 
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INTRODUCTION 

Over 22,471,000 people l i v e  i n  Cal i -  
fornia,  according t o  the January I ,  
1979 o f f i c i a l  estimate prepared by the  ~ 

State Department o f  Finance. This rep- 
resents an increase of over 12,700,000 
during the th i r ty-year  period since 
World War l l  when the State's dramatic 
populat ion cl imb began. This burgeoning 
population, coupled w i th  an increase in  
le isure  time and discret ionary income, 
and the many opportuni t ies avai lab le 
here fo r  engaging i n  recreation, has re- 
sul ted in  annually increasing levels of 
outdoor recreat ion par t i c ipa t ion  both i n  
h igh ly  urbanized centers and in  natural 
o r  woodland environments. 

These outdoor recreat ion a c t i v i t i e s  
cover a broad spectrum ranging from out- 
door sports t o  d r i v ing  f o r  pleasure. 
In forested environments, the a c t i v i t i e s  
and requirements are equa I I y d iverse. 
For example, birdwatching requires no 
support f a c i l i t i e s  whi le downhil l sk i ing  
i s  h igh ly  dependent upon the presence o f  
man-made equipment and f a c i l i t i e s .  

Four components o f  the Statewide for- 
es t  recreat ion p ic tu re  are addressed in  
the remainder o f  t h i s  chapter: data 
sources and methodology, management o f  
fo res t  recreation, fo res t  recreat ion 
use, and f a c i l i t i e s  t h a t  support fo res t  
recreation. 

FRAP FOREST RECREATION ANALYSIS 
METHODOLOGY AND DATA SOURCES 

An i n i t i a l  ob ject ive o f  the FRAP rec- 
rea t ion  study was t o  del ineate forest  

land recreat ion from outdoor recreat ion 
i n  general. The decision was made t o  
consider only those a c t i v i t i e s  which are 
most I i k e l y  t o  be pursued w i th  some 
appreciat ion o f  the forest  env i ronment, 
and/or those a c t i v i t i e s  which impact 
most d i r e c t l y  upon the forest. The 
a c t i v i t i e s  selected were: fami ly  and 
organization camping ( inc lud ing auto, 
t r a i l e r  and t e n t  camping); picnicking; 
off-road vehic le  use (motorcycle and 
snowmobile); boating (canoeing, s a i l i n g  
and motorboating); swimming; winter 
sports (sledding, tobogganing, cross 
country and downhil l ski ing, and snow 
play);  f i sh ing  (warm and cold water); 
hunting (b ig  game and upland game); 
h ik ing  and mountain c l  imbing; horseback 
r id ing;  gathering fo res t  products; and 
nature study. These a c t i v i t i e s  are 
among those iden t i f i ed  by the Forest 
Service, the agency which provides the 
most oppor tun i t ies fo r  fo res t  recrea- 
t i o n  (FS, RIM). 

These a c t i v i t i e s ,  o f  course, may occur 
on nonforest lands and other a c t i v i t i e s  
may occur on forested lands. In fact, 
the  Forest Service measures the use o f  
f i v e  addi t ional  a c t i v i t i e s  which were 
not  included f o r  the reasons described 
below. A considerable amount o f  the  
d i f f i c u l t y  i n  producing FRAP's recrea- 
t i o n  analysis revolved around the need 
t o  overlay a forest  land boundary upon 
patterns of  recreat ional  use. This was 
accomplished by estimating the area of 
fo res t  land w i th in  the j u r i s d i c t i o n s  of 
various agencies providing recreat ion 
opportun it i es and by focus i ng on the 
pa r t i cu la r  a c t i v i t i e s  I is ted above. 
Errors  of est imat ion were inherent i n  
the  requ i red adjustments; however, t o  a 
considerable extent, they w i l l  be com- 
pensating. FRAP bel ieves the resu l tan t  
p ic tu re  of recreat ional  use on fo res t  
lands i s  a s ign i f i can t  con t r ibu t ion  
toward understanding t h i s  resource. In 
t h e  in te res t  of maintaining the  reader's 
perspective, it should be noted t h a t  
fo res t  recreat ion as defined by FRAP 
accounts for about 34 percent of t o t a l  
outdoor recreat ion on publ ic  lands of  
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the  major forest  recreat ion agencies i n  
the  State (see Table 9-1). 

The f i v e  categories used by the Forest 
Service which were deleted from consi- 
derat ion I n  t h i s  repor t  were: 

General le isure  and sightseeing, 
and waterski ing and other sports. 
These are a c t i v i t i e s  which probably 
occur most commonly on nonforested 
areas (e.g., lakes larger than one 
acre i n  size) and/or are of ten not 
p a r t i c u l a r i t y  dependent on a fo res t  
environment. 

Resort use and todgfng. FRAP con- 
sidered t h i s  a c t i v i t y  a support to  
other recreat ional  a c t i v i t i e s  which 
were counted and t o  avoid double 
counting, It was omitted. To the 
extent t h a t  v i s i t o r s  enjoy the sce- 
n i c  beauty from t h e i r  lodge, FRAP 
underestimated recreat ional  use. 

Use of p r iva te  residences on pub- 
I IC land. It was found t h a t  par t ic -  
ipa t ion  i n  t h i s  a c t i v i t y  is l imi ted 
t o  a r e l a t i v e l y  sma I I number of per- 
m i t  holders, and, depending on the 
amount o f  use these people made of 
lands surrounding t h e i r  cabins, 
there was a lso a double-counting 
problem. 

The f i f t h  a c t i v i t y  deleted from 
consideration was "dr iv ing  for plea- 
sure." Quant i f i ca t ion  of t h i s  ac- 
t i v i t y  su f fe rs  from methodological 
problems. Most importantly, t he  
data 'do not separate business from 
pleasure drivers. (Pr io r  t o  1979, 
t r a f f i c  counters monitored t r a f f i c  
on county, state, and federal roads 
w i th in  nat ional  fo res t  boundaries 
and estimates of t ranspor t  ( t ruck-  
ing) were deducted from the to ta l .  
While sane percent of the  remainder 
i s  d e f i n i t e l y  t i e d  t o  an apprecia- 
t i o n  of forest  environments, an 
equal I y unknown quant i ty consists of 
commuters or those taking long t r i p s  
on the most accessible highway which 

j u s t  happens t o  run through forested 
areas. A new counting procedure 
which i s  scheduled t o  be i n i t i a t e d  
i n  1979 w i l l  i den t i f y  only the t r a f -  
f i c on Forest Serv i ce deve I oped 
roads: a much more r e l i a b l e  es t i -  
mate o f  t h a t  quant i ty o f  d r i v ing  
which i s  re la ted d i r e c t l y  t o  an ap- 
prec ia t ion of the forest  environment 
should resu l t )  . 

\ 

I n  summary, the delet ion of  use es t i -  
mates f o r  these ac t i v i t i es ,  t o  the ex- 
t e n t  t h a t  they actual l y  occur on fo res t  
land, const i tuted an underestimate i n  
the  FRAP'resuIts. On the other hand, 
much "hik ing and mountain ~ l i m b i n g , ~ ~  an 
a c t i v i t y  included in  the FRAP resul ts,  
occurs above timber I ine and hence not  
w i th in  the State's forest  area. An 
overestimate thus resul ts.  In the ab- 
sence of sampling surveys of recreat ion 
users wi th in  the forest  land boundaries, 
these sor ts  o f  estimates were the best 
possible wi th  the avai lab le data. 

i 
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TABLE 9-1 

Two rather  elaborate outdoor recrea- ing paragraphs. Addit ional information - 

t i o n  measurement systems u t i  I i t ed  by the was obtained by FRAP from a question- 
State Department o f  Parks and Recreation na i re  requesting information about rec- 
and by the Forest Service produced most rea t ion  a t  the local level which was 
of the data upon which the FRAP resu l t s  sent t o  a1 I county p i  ann ing departments 
were based. A b r i e f  descr ipt ion o f  each (see Appendix Item V I .  A f i n a l  source 
of  these systems i s  found in  the fo l  low- o f  data involved, i n  some cases rather  

TABLE 9-1 

1977 FOREST AM) TOTAL OUTDOOR RECREATION ON PUBLIC LANDS 
CIHOUSANDS OF 12-HOUR VISITOR DAYS) 

RESOURCE AREA NAT'L FORESTS NAT'L PARKS STAT€ PARKS TOTAL STATE FORESTS 

25 

2 

BLM 

95 

- 
4,721 

- 

4,816 

- 

North Coast 

Sacramento 

N. In te r io r  

San Joaqu I n 

So. Ca I I f o r d  a 

Central Coast 

ORV Use* 

393 

6,034 

2,521 

10,200 

6,976 

460 

606 

51 I 

133 

1,864 

4,670 

748 

1,170 

3,254 

1,241 

228 

525 

1,427 

2,126 

4, I83 

7,4 10 

4,614 

15,427 

9, I51 

3,756 

I 

32 

27,190 9,096 8,801 60 Total Forest 
Recreat ion 

Other 
Recreat I on 

45,242 

86,675 20,346 51,358 20 10,230 

19,326 
Tota I 
Outdoor 
Recreation 

47 , 536 60, I59 80 131,917 

* Data on national forest off-road vehicle use avallable onty t o  the reglonal level. 

Source: Contact wlth regional headquarters for federal agencles, and oontad w i t h  State 
agencies. 
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frequent, contact w i th  var ious of the  
major recreat ion agencies. As the fol- 
lowing discussion should make clear, 
many approximations and assumptions were 
required t o  br ing these diverse data 
(such as di f ferences i n  un i t s  of measure 
and accounting periods between the var- 
ious agencies) together i n to  an Integra- 
ted recreat ion p i c tu re  (see Table 9-21. 
FRAP assunes responsi b i  I i t y  for any d 1 s- 
crepancies resu l t i ng  from the  methodolo- 
gy used. 

PARKS AND RECREATION INFORMATION SYS- 
TEM (PARIS) 

The Parks and Recreation Information 
System (PARIS) was developed in  1966 by 
the  Department of Parks and Recreation 
t o  provide planners and administrators 
w i th  information on the adequacy o f  the 
quant i ty  o f  outdoor recreat ion opportu- 
n i t i e s  ava i lab le  t o  Ca l i fo rn ia 's  res i -  
dents and v i s i t o rs .  it i s  a computor- 
f ac i  I i t a ted  information system which 
estimates and pro jects  pa r t i c i pa t i on  i n  
outdoor recreat ion and compares t h i s  use 
w i th  an inventory o f  ex i s t l ng  and pro- 
posed recreat ion areas and f a c i l i t i e s .  

The basic geographic u n i t  used i n  
PARIS i s  the llgeopiece,gl of which there 
are 465 i n  Cal i forn ia .  Each geopiece i s  
wholly w i th in  a county and contains land 
under a s ing le  federal j u r i s d i c t i o n  o r  
nonfederal j u r i s d i c t i o n s  (State or local  
government, or p r iva te  lands, or  a  om- 
b ina t ion  of these). For the purposes of 
t h i s  assessment, inventory data were 
accessed a t  the  geopiece level  and ag- 
gregated to  counties and t o  the resource 
areas i l l u s t r a t e d  on Figure 1-3. 

Publ ic  agencies which have been inven- 
t o r i e d  i n  PARIS include: BLM, Park Set? 
vice, Forest Service, Fish and W i l d l i f e  
Service, BIA, Bureau of Reclamation, and 
Corps of Engineers; the  Q I  i f o r n i a  
Departments of Fish and Game, Forestry, 
Parks and Recreation, and Transporta- 
t ion;  and a t o t a l  of 532 cit ies, coun- 
t i e s  and special d i s t r i c t s .  Inventory 
data were co l lected from these publ ic  

agencies i n  1974-1976. Pr ivate recrea- 
t i ona l  f a c i l i t i e s  (based on a 1973 
National Association o f  Conservation 
D i s t r i c t s  study) were added t o  PARIS 
subsequent t o  the computer runs used i n  
t h i s  report.  

Because some of the PARIS data obtain- 
ed from t h i s  m u l t i p l i c i t y  o f  agencies 
were incompatible and other s i g n i f i c a n t  
data were missing, cer ta in  adjustments 
had t o  be made by FRAP. These included 
the addi t ion o f  information on a l l  fac i -  
l i t i e s  fo r  Yosemite National Park and on 
some f a c i l i t i e s  for the nat ional  for-  
ests. In  addition, the use-estimates i n  
PARIS were very fragmentary. FRAP , 
therefore, compi led use-f igures inde- 
pendently of PARIS. 

PARIS evaluated the s u i t a b i l i t y  of 
each geopiece for 22 outdoor recreat ion 
a c t i v i t i e s .  The factors considered i n  
determining the geopiece ra t i ngs  in- 
clude physical a t t r i bu tes  o f  the  area. 
Other parameters, important t o  the de- 
terminat ion o f  an area's recreat ion 
potent ia l ,  such as i t s  locat ion w i th  
respect t o  population centers, a re  
handled elsewhere i n  the PARIS model. 
Using these geopiece ra t i ngs  for I3 o f  
PARIS' ac t i v i t i es ,  FRAP devised regional 
coef f  i c i en ts  for use i n  the FRAP I inear 
programming model . 
RECREATION INFORMAT ION MANAGE MEN^ SYS- 
TEM (RIM) 

The Recreation Information Management 
System (RIM) of the  Forest Service was 
the  second major source of information. 
As wi th  PARIS, RIM i s  a computerized 
system t h a t  a l  lows for the continued up- 
dat ing of recreat ion information neces- 

'sary for resource management. RIM ap- 
p l i e s  t o  nat ional  fo res t  land only. Data 
on the number and types of f a c i l i t i e s  
and use information by f a c i l i t y  or ac- 
t i v l t y  type are available, and a l l  data 
are delineated to the ranger d i s t r i c t ,  
county, forest, s ta te  and regional 
levels. 
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TABLE 9-2 

DIFFERENCES IN RECREATION USE DATA 

V 1 S I TOR-DAY V IS ITOR-DAY 

12-hour perlod 1 person vls l t tng 
of a gtven for any part of a 
recreattonat day other than 
act I v 1 ly overn 1 ght 

I 
Callfornla Dept. of I 
Forestry X 
Caltfornta Dept. of 
Parks & Recreatton 
U S .  Bureau of 

X 1 
X 1 

U.S. Park Servlce ! 1 
ANNUAL ACCOUNTING 7 

Flscal Year Flscal Year I I July 1 t o  June 30 I October 1 t o  

I I September SO 
Caltfornla Dnpt. of I 
Forestry 

Cat Ifornla DeDt. of I I 
Parks i3 Recreatton I X I 
U S .  Bureau of 
Land Management 
U S .  Forest Servlce X 

Begtnntng n/ 
I I 1977-1978 

U.S. Park Servlce I 

V I S  ITOR-DAY 

1 person vls l t lng 
for 24 hours or 
less, lncludtng 
wern 1 ght stay 

X 

c 

Calendar Year 

X 

X 
X 

through 1977 

X 

CPMPER-DAY 

1 person remnlnlng 
In an area occupying 
avernlght fact 1 I t t e s  
for 1 ntght 

X 

TO cx"TY? 

Yes 
(Each State forest 
Is located wtthln 
a county) 

Yes 

No 

YeS 

V I S  IT I 
The entry of 1 per- 
son Into a recrea- 
t lon area or s i t e  
In carry art 1 
or m r e  recreatlon 
act I v l  t les  

I 

I 

_____I TO ACTIVITY TYPE? 

I 

Yes (Statewide only) 

Yes - To County I 



Only the major pub1 i c  agencies which 
I) are d i r e c t l y  concerned w i th  the provi- 

s ion o f  fo res t  land recreation, and 
those local pub1 i c  agencies which re- 
sponded t o  the FRAP recreat ion question- 
na i re  were considered in  any d e t a i l  for 
t h i s  Report. Other local publ ic  j u r i s -  
d ict ions,  several publ ic  u t i l i t i e s  ( in -  
c luding power companies) and the pr iva te  
sector control  forested acreage, some o f  
which i s  avai lab le for recreat ional  use. 
This resource base i s  undoubtedly o f  
considerable s ign i f icance in  some local- 
i t i e s  and po ten t i a l l y  important t o  the 
e n t i r e  state. Currently, however, it 
is, i n  the aggregate, a minor component 
and e f f o r t s  t o  comprehend the s i g n i f i -  
cance of the  major agencies therefore 
receive the emphasis i n  t h i s  Assess- 
men t . 
MANAGEMENT OF FOREST 
RECREATION 

Providing recreat ional  opportuni t ies 
i s  a major ob ject ive of several publ ic  
agencies; such use i s  authorized on 
other pub1 i c  fo res t  lands to  the extent 
t h a t  it does no t  c o n f l i c t  wi th  the major 
purposes f o r  which the lands are man- 
aged. Recreational use i s  a l  lowed on 

publ ic  forest  lands, subject t o  cer ta in  
types o f  r e s t r i c t i o n s  (see Table 9-31. 
Use of designated prl imit ive and back- 
country areas, assigned t o  these c lass i -  
f i ca t i ons  respect ively by the Forest 
Service and the Park Service, and a l  I 
c l a s s i f i e d  w i  lderness areas (State and 
federal) requires a permit. These per- 
m i t s  are res t r i c ted  i n  number for areas 
t h a t  have received heavy use. Entry 
fees are required a t  cer ta in  State and 
nat ional  park system units. 

Forested areas may be closed t o  ent ry  
on a permanent o r  temporary basis by 
t h e i r  administering agencies. In the 
aggregate, research natural areas, 
watershed preservation areas, adminis- 
t r a t i v e  areas, etc., where pub1 i c  entry 
i s  prohibited, remove an ins ign i f i can t  
f rac t i on  o f  forest  land from the t o t a l  
amoun t ava i I ab I e f o r  recreation. Lega I 
access i s  unava i table on some BLM I and 
and on about 80 percent o f  forested 
lands administered by the State Lands 
Commission due t o  the adjacent land 
being held in  p r iva te  ownership. Tem- 
porary closures may r e s u l t  from f i r e  
hazards and timber harvest operations. 

REGULATED ACTIVITIES 

Once ent ry  has been effected, pursu i t  
o f  recreat ional  a c t i v i t i e s  i s  r e s t r i c t e d  
according, t o  the management philosophy 
o f  each agency. Only those recreat ional  
r e s t r i c t i o n s  t h a t  apply general ly t o  a l l  
fo res t  lands under the j u r i s d i c t i o n  o f  
an agency are mentioned here. These in- 
clude hunting, f i sh ing  and off-road 
vehic le  use (see Table 9-31. 

On a l l  lands, including federal, where 
hunting i s  permitted, the seasons are 
establ ished by the  State Fish and Game 
Commission. By law, hunting i s  prohib- 
i t e d  i n  a l l  un i t s  w i th in  the National 
Park System and a1 I un i t s  containing 
forested land w i th in  the State Park Sys- 
tem except Lake Orov i l l e  State Recrea- 
t i o n  Area. The r i g h t  t o  hunt on BIA 
lands i s  reserved f o r  Indians. 
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TABLE 9-3 

Ca I i forn I a Department 
o f  Fish and Game 

Ca I I f orn I a Department 
o f  Transportatlon 

State Lands Comnlsslon 
Local Publlc 

Licensed f i sh ing  i s  permitted on a l l  
pub1 i c  land under consideration i n  
accordance wi th  seasons and po l i c i es  es- 
tabl ished by the Fish and Game Commis- 
sion. On some BIA land, a p e r m i t  i s  
required i n  addi t ion to  a State 
I icense. 

None N/A 

None N/A Source: Contact wi th  agencies 

None N/A questionnalre 
Varlous Various 

and FRAP recreation 

The off-road use of vehic les i s  an 
a c t i v i t y  t h a t  i s  coming under increasing 
regulat ion and prohibi t ion.  Such use i s  

prohib i ted on a l l  BIA, Park Service and 
Department of Forestry land, and on bj 
c l a s s i f i e d  wilderness areas administered 
by the Forest Service. In addition, 
regulat ions spec i f i c  t o  each nat ional  
fo res t  l i m i t  o r  ban off-road vehic le  use 
i n  SOme nonwilderness areas. 

Snowmobi I ing i s  the only  off-road 
vehic le  use sanctioned on State Park 
System lands. There are some r e s t r i c -  

TABLE 9-3 
I 

AGENCIES HAVING MAJOR * WILDERNESS, FISHING 
FOREST RECREATION USAGE GENERAL BACKCOUNTRY ALLOWED? 

Bureau of  I nd I an Perml t N/A Perml t 
A f  fa1 r s  for non- for non- 

Indians I nd fans 
Bureau of Land None N/A Yes 

Forest Service None Permit Yes 
Management 

Park Service Some Permit Yes 
fees 

Ca I I f orn I a Department None N/A Yes 

Ca I I f orn I a Department Some Perm1 t Yes 
of  Forestry 

of Parks and fees 
Recreation 

OTHER AGENCIES 

Bureau of  
Rec I amat i on 

Fish and Wl ld l l f e  
Service 

iT LANDS 

** 
HUNTING OFF-ROAD VEHICLE 
ALLOWED? USE ALLOWED? 

Restr 1 ct- No 
ed t o  
I ndlans 

Yes Yes 

None i n  classl- 
f l ed  wilderness; 
some In other 

I 

Yes No 

Only a t  Some snowmoblle 
Lake I use 
Orovl I le 

DATA NOT OBTAINED 
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FIGURE 9-1 

. 
t l o n s  on off-road vehic le  use I n  the  
desert areas under the  j u r i s d i c t i o n  of 
the  BLM. Off-road vehic le use has not 
presented any problems on BLM fo res t  
land and i s  therefore not  regulated on 
such land a t  present, according t o  In- 
formation given FRAP by the BLM 
(Westover 1978) . 
FOREST RECREATION USE 

Forest recreat ion accounted for a to- 
t a l  of 45 m i l l i o n  v is i tor-days (a 12- 
hour period of a given recreat ional  ac- 
t i v i t y )  of use i n  t977, the l a tes t  year 
f o r  which data sources were complete on 
lands admintstered by the RLM, Forest 
Service, Park Service, and the State 
Departments of Forestry, and Parks and 
Recreation. S ix ty  percent of t h i s  for- 
e s t  recreat ion occurred on nat ional  for- 
e s t  land; t h e  nat ional  and State parks 
each contr ibuted about 20 percent. The 
San Joaquln Resource Area accounts f o r  
more recreat ional  use (23 percent) than 
any of the other resource areas; t h i s  
region a lso contains the most recreat ion 
f a c i l i t i e s  as w i l l  be described la te r  I n  
t h i s  chapter. The f igures i n  Table 9-1 
i l l u s t r a t e  the contr ibut ion made by each 
of the agencies w i th in  the s ix  Resource 
Areas. 

HISTORICAL AND PROJECTED USE-TRENDS 

The signi f icance of 45 m i l l i o n  v i s i t o r  
days of fo res t  recreat ion can be more 
f u l l y  appreciated once an h i s t o r i c a l  
perspective has been’ provided. FRAP 
estimated t h a t  from 1970 through 1975, 
recreat ion on fo res t  land increased a t  
an annual r a t e  of about 3.3 percent. 
During the drought years of 1976-1977, 
fo res t  recreat ion declined s i g n i f i -  
cant1 y. Estimated 1978 f igures ind icate 
growth has resuned (see Figure 9-11. 

I n  1971, the  Department of Parks and 
Recreation, using PARIS, projected out- 
door recreat ion par t i c ipa t ion  statewide 
t o  the year 1990 i n  IO-year in te rva ls  
beginning wi th  1970. These f igures were 
based on annual per capi ta pa r t i c i pa t i on  

i 
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TABLE 0-4 

ra tes  determined from a survey o f  I I 
western states conducted i n  1960-1961, 
and population project ions from the 
Department o f  Finance. Because these 
project ions cover to ta  I outdoor recrea- 
t ion,  adjustments were made by FRAP t o  
consider on I y fo res t  recreat ion 
ac t  i v  i t ies .  

Table 9-4 contains the 1977, 1980, and 
1990 PARIS pro ject ions and the 1977 
actua I forest  recreat ion figures. 
Except fo r  discrepancies i n  the San 
Joaquin and Central Coast Resource Area 
figures, the  1977 pro ject ions are very 
s im i la r  t o  the 1977 use-estimates. On a 
Statewide basis these PARIS pro ject ions 
suggest about a 2.8 percent annual in- 
crease i n  forest  recreat ion t o  1990. 
f i g u r e  9-1 i I 1 ustrates the project ions 
fo r  forest  I and recreat ion . 

The Forest Service, i n  i t s  review 
d r a f t  o f  the 1980 RPA Assessment, 
addresses the fu ture o f  outdoor recrea- 
t i o n  pa r t i c i pa t i on  national l y  and re- 
gional ly. According t o  these projec- 
t ions, outdoor recreat ion i s  expected t o  
increase I .5 percent annual l y  t o  the 
year 2000 f o r  the P a c i f i c  Southwest 
Region (see Figure 9-11. It should be 
noted t h a t  these pro ject ions no t  only 
consider a geographic area beyond Cat i- 
fornia, bu t  a lso include cer ta in  outdoor 
recreat ion a c t i v i t i e s  i n  addi t ion t c  
those iden t i f i ed  by FRAP. 

A number o f  factors  may contr ibute to 
the projected increases i n  fo res t  recre- 
a t i on  use. Growth i n  population i s  a 
major factor. Increases i n  per capi ta  
Income and le isure  t ime are a lso expect- 
ed t o  a f f e c t  fo res t  recreat ion p a r t i c i -  

id 

TABLE 9-4 
PROJECTED AND ACTUAL FOREST RECREATION USE 

(MILLIONS OF, I2-HOUR VISITOR DAYS') 

RESOURCE AREA 

North Coast 

Northern I n t e r i o r  

Sacramento 

San Joaquln 

Southern C a l i f o r n i a  

Central  Coast 

TOTAL 

* PARIS part ic ipat lon-  

1977 
ACTUAL 

USE 

4.18 

4.61 

7.41 

15.43 

9.15 

3.76 
- 

44 . 54 
iy convert 

PA 

1977 

4.54 

5.17 

7 -46 

I 1-21 

7.74 

8.87 

45.05 

to v i s i  

S PROJEC 

I980 

4.89 

5.56 

8.02 

12. I O  

8.32 

9.55 

48.44 

lr-day w i 

ONS 

I990 

6.52 

7.48 

I O  -66 

16.07 

11.08 

12.58 

64.39 

assumption 
t h a t  a partlclpatfon-day equals two hours, o r  one-sixth o f  a 
v i  s i tor-day . 

Source: Table 9-1 for actual use f igures and PARIS f o r  
projections of use. 
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TABLE B-S 

pation. Par t i c ipa t ion  by centers are developed for 
k/ a c t i v i t i e s  as CROSS cou recreat ional  use. The general aging of 

f ishing, and hun the  population (medium age i n  1977 was 
bled since 1970 29.4; by 2030 it i s  projected t o  reach 
ed t o  account f 39.9) i s  a phenomenon t h a t  i s  expected 
recreat ion use ( RPA Review Dra f t  to  dampen national pa r t i c i pa t i on  in  out- 
1979). door recreation, especia l ly  for such 

a c t i v i t i e s  as backpacking and p r im i t i ve  

t o  dampen the pro j  increases. As 

recreat ion exper 
t o  crowding. Another negative i n f  I uence 
on forest  recreat ion pa r t i c i pa t i on  Is The r e l a t i v e  importance o f  each ac t i -  
the  r i s i n g  cost o f  energy, including v i t y  cons t i tu t ing  forest  recreat ion was 
possible t rave l  r e s t r i c t i o n s  caused by determined by FRAP from F i  sca I Year 1978 
the  unavai l ab i  1 i t y  o f  gasoi [ne, Other Fores r v i c e  attendance f igures for 
costs, such as entrance and user fees, the  S (RIM). Because 60 percent of 
a re  l i k e l y  t o  be I n s t i t u t e d - - o r  - forest  recrea t ion  use i n  1977 occurred 
creased. This trend w i l l  be especia l ly  i n  nat ional  forests, the Forest Service 
apparent i f  more pr iva te  fo res t  lands ranking was considered t o  be a reason- 

Several factors, ver, are - l i k e l y  camping (FS, RPA Review Dra f t  1979). 

use increases, RELAT I VE IMPORTANCE OF FOREST RECREA- 

TABLE 9-5 

RELATIVE IMPORTANCE OF FOREST RECREATION ACTIVITIES IN CALIFORNIA 
(STATEWIDE DATA EXCEPT FOR ORV USE WHICH I S  TO REGION) 

ACTIVITY 

Family and aganizatlon camping 
Flshlng 

Sw Iml ng 
Hunting 
P I  cn 1 ck Ing 
Boat i ng 
Off-road vehlcle use 
Gatherlng forest products 
Horseback rlding 
Nature study 

PERCENT OF TOTAL FOREST RECREATION 

1970 - 

58.4 
I I -3 
5.6 
4 .9 
4.2 
6. I 
4.7 
I -8 

No Record 
-6 

I *4 
I .o 

Source: RIM 

RANK - 

7 
3 
6 
8 

1 
9 
IO 

1978 - 

51 -6 
9 -6 
9.3 
7 .O 
4.8 
4.5 
4.4 
2.7 
2.0 
1.6 
1.4 
1.1 

RANK - 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I1 
12 
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ably v a l i d  indicator o f  the e n t i r e  for- 
es t  recreat ion use picture. Table 9-5 
po ints  out the pa r t i c i pa t i on  rates and 
the r e l a t i v e  importance o f  each forest  
recreat ion a c t i v i t y  i n  the State. 

A comparison o f  t h i s  ranking w i th  the 
one fo r  I970 i nd i cates how recreat ion 
use patterns are shi f t i  ng. Camping and 
f ishing, whi le re ta in ing  t h e i r  top 
ranks, have contr ibuted r e l a t i v e l y  less 
t o  t h e  t o t a l  recreation p i c tu re  since 
1970. Pa r t i c i pa t i on  i n  a l l  o f  the 
remaining a c t i v i t i e s  has increased 
except fo r  hunting and picnicking. 
Hunting reveals the most s i g n i f i c a n t  
drop, from 6.1 percent i n  1970 t o  4.5 
percent i n  1978. Off-road vehic le use 
(scooters, motorcycles, snowmobiles, 
autos and other four-wheel vehicles i n  
dispersed areas and on t r a i l s )  has 
become a much more s i g n i f i c a n t  use. In 
1970 it was not even ident i  f ied as a use 
category. 

FOREST RECREATION FACILITIES 

Many a c t  i v it i es wh i ch const i t u t e  for- 
e s t  recreat ion are re la ted t o  the use o f  
man-made fac i  I i t i e s .  The fac i  I i t y  
may be as simple as a p icn ic  table, or 
as complex as a downhi I I ski  s i te .  FRAP 
selected from among the f a c i l i t i e s  
i d e n t i f i e d  from PARIS, w i th  m e  addi- 
t i o n s  from RIM, those most l i k e l y  t o  
r e l a t e  t o  forest  recreation. They are 
indicated i n  the l e f t  two colunns o f  
Table 9-6. 

METHODOLOGY USED FOR FRAP STUDY 

A tlsitett was chosen as the common de- 
nominator f o r  simpl i f y i n g  and combin- 
ing PARIS and RIM data. Two types o f  
s i t e s  are i d e n t i f i e d  i n  t h i s  Assessment: 
land (various camping, resort ,  and pic- 
n i c  s i tes )  and water (swimming and boat 
s i t e s )  . 

A land s i t e  r e f e r s  t o  a f a c i l i t y  or 
some f rac t l on  o f  a f a c i l i t y  wi th a f ive- 

person or s ing le family capacity a t  one 
time. This d e f i n i t i o n  i s  based upon a 
p i cn i c  s i t e  and campsite capacity used 
by the Forest Service (FS Manual 1. In 
t h i s  Report, FRAP has extended the mean- 
ing t o  include a l l  land si tes.  The 
length o f  stay a t  t h i s  fami l y  u n i t  f o r  
the various types o f  s i t e s  var ies  from 
less than an hour ( a t  m e  p icn ic  s i tes )  
t o  many hours ( a t  some campsites and sk i  
s i tes )  . 

In aggregating the water s i t e  data, it 
was not possible t o  simpl i f y  the data t o  
a canmon capacity basis. Thus the re- 
ported water s i t e s  range i n  capacity 
from severa I hundred t o  severa I thousand 
persons a t  one time. Because o f  t he  
discrepancy between the var iab le  capaci- 
t y  f o r  water si tes, and the five-person 
capacity f o r  land sites, the t o t a l  nun- 
ber o f  land and water s i t e s  are i n l t i -  
a I I y reported separate I y. 

Tra i ls ,  including bicycl ing,  hiking, 
i n t e r p r e t i  ve, equestr ian , h i k i  ng/r i d  ing , 
off-road vehicle, and snowmobl l e  are 
reported in  miles. Table 9-6 describes 
the  o r i g i n a l  format o f  the PARIS and RIM 
data and indicates the modif icat ions 
made by FRAP t o  bet ter  meet the needs o f  
t h i s  report.  

This FRAP analysis estimates the nun- 
bet- o f  fac i  I i t i e s  on pub1 i c  forest  land 
only. To d is t ingu ish  forest  from non- 
forest-based land si tes,  a factor  rep- 
resenting the percent o f  each geopiece 
t h a t  i s  forested was applied t o  the 
t o t a l  number o f  f a c i l i t i e s  reported i n  
PARIS f o r  t h a t  geopiece. It was assumed 
t h a t  the types o f  f a c i  I i t i e s  under con- 
s idera t ion  are d i s t r i bu ted  homogeneously 
w i th  regard t o  vegetative cover, and 
thus the app l ica t ion  o f  a geopiece for- 
e s t  factor  would g ive  a reasonable 
estimate o f  the number o f  f a c i l i t i e s  on 
fo res t  land. Water s i t e  data from PARIS 
were delineated to  forest  area through 
the  use o f  computer produced maps of 
boating and swimming s i t e s  i n  conjunc- 
t i o n  wi th  a 1:1,000,000 CALVEG map of  
f o res t  land. No conversions were ap- LJ 
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TABLE 9-6 

i 

TABLE 9-6 

AGGREGATION OF PARIS AM) RIM FACILITY DATA 

R IH 
FACILITY 

PARIS 
FACILITY 

REPORTED 
UNIT CONVERSION FRAP FWAT 

Unlt 

Land s l t e  

- 

w w  

( 1 1 1  

w n  

w w  

w n  

n w  

w w  

n w  

w w  

w w  

Famlly picnlc area 

Group picnic area 

Day camp area 

Lodgehesort 

Group campsite 

Organlzatiw campslte 

Boat access campslte 

H lke in  oampslte 

En route campsite 

Vacatiqn/famf ly 
campsite 

Table table = slte 

f guests tq 5 

n w  

n w  

n w  

w w  

NOM 

w w  

1 1 1  

w w  

Guest 

Guest 

Guest 

Guest 

Guest 

Slte 

Slte 

Slte 

Sl te  

Ski s l te  People a t  one 
time (PAOT) 

+PAOT by 5 

~~ - 

Each "ramp" 
fac i l l t y  and 

fact I l t y  
plotted on a 
computer map 

Boat s l t e  

"5 I I p/buay" 

~ 

Each plotted 
fact I I t y  = rlte 

Water Slte 
w n  

' w w  

Launch ramp 
S I  Iplbuoy 

Boat st t e  

Swlnmlng beach 
Swimnlng pond 

Each plotted 
facl I l t y  s l te  

(Ill 

( I N  

Each nswlmmlng 
beach" f a c l l l t y  
and *sw 1 ml ng 
pond" f a c i l i t y  
plotted on a 
computer lnap 

Srlnmlng s i t e  Srlmlng s l te  

Tral I HI le 

MI le 

Tral l  Hl le  

n w  f r a t  I 
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TABLE 8-7 

Table 9-7 
TOTAL PUBLIC OUTDOOR RECREATION FACILITIES 

ON PUBLIC LAND* 
(1974-1978) 

RESOURCE 
AREA 

North Coast 

Northern I n t s r i o r  

Sacramento 

San Joaquin 

So. Cal i forn ia  

Central Coast 

State Total on 
Forested Land 

State Total on 
Other Land 

Tota I 

NLMBER OF 
LAND SITES 

5,028 

4,555 

14,898 

27,490 

12,349 

7,565 

71,885 

I I, 

18 

NUMBER OF 
WATER SITES 

22 

55 

102 

57 

22 

12 

270 

335 

490 

MILES OF 
TRAIL 

1,518 

3,712 

2,404 

5,064 

2,926 

1.250 

16,874 

5,361 

21,235 

TOTAL "SITE 
EQUIVALENTS~~** 

11,122 

19,458 

24,616 

47 , 803 

24,075 

12,577 

139,651 

135,779 

275,430 

* NOTE: Includes water s i t e s  located on pr ivate as well as publ ic land, and some sk i  
s i t es  located par t l y  on pr ivate land. 

** According t o  the 1974 Cal i fo rn ia  Outdoor Recreation Resources Plan (Department o f  Parks 
and Recreation), the use standard f o r  a h ik ing t r a i l  i s  20 persons per mi le of t r a i l .  
This i s  the equivalent of four five-person s i t es  as defined i n  the Report. T r a i l  mi les 
were mul t lp l ied by four for purpose of  aggregating them with the other s l t e  data. 

Source: PARIS and 1978 RIM Data 

p l i e d  t o  any o f  the R I M  
it was assumed t h a t  the 
o f  nat ional  forest  fac 
fo res t  land. 

Table 9-7 shows the es 

mi les i s  ind i -  
i n  the f i r s t ,  
umns. In the 
es have been ag- 
o a procedure 
w i th  the combin- 

and water s i t e s  and t r a i l  mi les located ed land and water s i t e  data to indicate 
w i th in  each o f  the s i x  resource areas. an over-al l  f i gu re  for recreat ional  
The r e l a t i v e  importance o f  each area Its i t e  equ i va I en ts" per resource area . 
wi th  respect to the quant i ty of I and and It must be remembered t h a t  there i s  no 

dafa : instead water s i t e s  and t r a i l  
great major  i t y  cated , 
l i t i e s  are on second, and t h i r d  co 

four th  column, t r a i l  m i  
gregated , accord i ng 

.imates o f  land explained in  Table 9-7, 

respect i ve I y , 
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1 TABLE 9-8 

uniform occupancy capacity f o r  the s i t e  
b) equivalents. 

The San Joaquin Resource Area ranks 
f i r s t  i n  t o t a l  number o f  s i t e s  and in  
t r a i l  mileage. The t o t a l  s i t e  equiva- 
lents  fo r  the San Joaquin area number 
almost twice the f i gu re  shown fo r  the 
second ranking area. This seems reason- 
able given t h a t  Yosemite and Sequoia- 
Kings Canyon National Parks, as well as 
extensive nat ional  fo res t  land, are lo- 
cated w i th in  t h i s  resource area. It 
w i  I I be recal  led t h a t  the San Joaquin 
Resource Area received the greatest 
amount of fo res t  recreat ion use. 

The Forest Service annually computes 
the  v i s i t o r  capacity a t  any one time of 
i t s  f a c i l i t i e s  and s i t e s  by county 
(RIM) . A review of people-at-one-time 
(PAOT) f igures reveals the trends as 
establ ished by the Forest service toward 
increasing or decreasing the supply of 

recreat ion s i tes.  Only those f a c i l i t i e s  
and s i t e s  judged t o  be d i r e c t l  y suppor- 
t i v e  of fo res t  recreat ion a c t i v i t i e s  
were considered in  the FRAP analysis. 
These fac i  I i t i e s  inc l  ude: boating and 
swjmming si tes,  fami ly and group camp- 
grounds, fami ly and group p icn ic  
grounds, hotels, lodges and resor ts  
(pub1 i c  and pr ivate),  organization 
camps, and winter sports sites. 

A decl ine i s  shown on Table 9-8 i n  
PAOT capacity between 1975 and 1977 f o r  
several o f  the resource areas. Begin- 
ning i n  1974, the Forest Service evalu- 
ated a l l  campsites and p icn ic  s i t e s  
where occupancy ra tes  were less than 
f i v e  percent t o  determine the advis- 
a b i l i t y  o f  re ta in ing  such s i tes;  as a 
consequence, several o f  the s i t e s  were 
removed. Overal I , the t o t a l  PAOT capac- 
i t y  w i  I I have increased by about two 
percent since 1970 i f  the plans f o r  
proposed addi t ions fo r  1979 are imple- 
men ted . 

Table 9-8 

RESOURCE AREA 

North Coast 

North. I nter lor 

Sacramento 

San joaquln 

Southern Ca I I f. 

Central Coast 

State Totat 

Source: 1978 R I M  

PEOPLE-AT-ONE-TIME CAPACITY 
CALIFORNIA NATIONAL FOREST LAND 

I970 

2,225 

35,244 

74 , 926 

9 I ,996 

76,409 

2,840 

283,640 

I975 

2,225 

35,808 

79,Ol I 

92 , 976 

76,528 

2,810 

289 , 358 

I977 

2,160 

34,643 

80,422 

93,470 

75,874 

2,735 

289,504 

I978 

2,160 

34,848 

79,929 

95,318 

73,556 

2,735 

288,546 

PROPOSED 1979 

no change 

Increase by 400 

Increase by 625 

increase by 400 

increase by 550 

no change 

290,521 
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According t o  the Forest Service's 1975 
Resource Planning A c t  Program, the  f i -  
nancing o f  recreat ional  development on 
a l l  national forest  land w i l l  fo l low the 
current  trend. For Cal i fornia,  t h i s  
amounts t o  $ 1  t o  $3 m i l l i o n  annually. 
Thus, for the immediate future, the  
quant i ty  o f  recreat ional  f a c i l i t i e s  on 
Ca l i fo rn ia  national forest  land w i l l  
increase s l i g h t l y  each year, i f  the 
RPA's recreat ion program i s  funded. 

CONCLUSIONS 

Since 1970, the average growth r a t e  i n  
fo res t  recreat ion has exceeded the 
growth i n  the number of recreat ional  
f ac i  I i t i e s .  According t o  two major pro- 
ject ions,  fo res t  recreat ion use w i l l  
continue to increase from 1.5 percent 
(D ra f t  RPA 1979) t o  2.8 percent (PARIS) 
annually. I f  t h i s  trend continues, the 
fo l lowing consequences i n  some combina- 
t i o n  are l i k e l y  t o  occur: ( I )  there w i l l  
be more intensive use and/or crowd ing of 
f a c i l i t i e s  and probably a decl ine i n  the 
q u a l i t y  of the  recreat ional  experience 
fo r  many people, and (2)  the desires of 

many t o  par t i c ipa te  in  fo res t  recreat ion 
w i  1 I be unreal ized, because people w i  I I 
be turned away from f i l l e d  campgrounds, 
etc. , o r  peopl e w i  I I not even attempt t o  
p a r t  i c i pate . 

E f f o r t s  t o  mi t iga te  these consequences 
f a l l  i n t o  two categories: increases i n  
the capacity o f  fac i  I i t i es ,  and changes 
i n  use. With regard t o  capacity, ex is t -  
ing f a c i l i t i e s  could be more e f f i c i e n t l y  
used by greater e f f o r t s  t o  inform the 
pub l ic  of vacant si tes, and of the range 
o f  recreat ional  opportuni t ies avai lab le 
t o  them. In addit ion, ex i s t i ng  f a c i l  i -  
t i e s  could be expanded o r  new f a c i l  i t i e s  
constructed . 

Trad it iona I patterns i n  forest  recrea- 
t i o n  use indicate the publ ic 's  prefer- 
ence fo r  cer ta in  a c t i v i t i e s ,  locations, 
times, and costs. To the extent t h a t  
any o f  these preferences are broadened, 
opportun it i es fo r  forest  recreat ion are 
increased . A more even d i s t r i b u t i o n  o f  
the  pub1 i c ' s  le isure  time through s h i f t s  
i n  the work week would f a c i l  i t a t e  a more 
e f f i c i e n t  use o f  the  ex i s t i ng  f a c i l i -  
t ies .  A s h i f t  from developed t o  dis- 
persed forest  recreat ion ac t  i v it i es 
(those t h a t  requi re  no f a c i l i t i e s )  could 
be promoted through information pro- 
grams. The i n s t i t u t i o n  o f  higher recre- 
a t i o n  fees might reduce pa r t i c i pa t i on  
and thus crowding, etc. Rising trans- 
por ta t ion  costs might reduce par t ic ipa-  
t i o n  also and w i l l  l i k e l y  be even more 
p roh ib i t i ve  than increased fees i n  
fo res t  recreation. 

Many o f  these s h i f t s  i n  use are a l -  
ready occurring. For example, i n  1978, 
d ispersed recreat ion accounted fo r  59.4 
percent of a l l  recreat ion on nat ional  
forests  i n  Cal i forn ia  (FS, RIM) . Dis- 
persed recreat ion i s  increasing faster  
than developed recreat ion on nat ional  
fo res t  lands (FS, RIM). I t  i s  l i k e l y  
t h a t  m e  combination o f  a l l  the above 
circumstances w i  I I occur, and conse- 
quent ly the potent ia l  lack o f  recrea- 
t i o n a l  f a c i l i t i e s  w i l l  perhaps not  be 
rea I i zed . 

di 
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i s  only ha l f  o f  the land's llpotentialll 
as measured by a comparison w i th  f u l l y  
stocked natural  stands because of the 
poor ti mber-produc i ng cond it i on of many 
stands. For example, even though re fo r -  
es ta t ion  on a l l  lands has general ly kept 
pace w i th  logging i n  recent years, ex- 
tensive areas t h a t  were logged and/or 
burned i n  the past are now inadequately 
stocked wi th  commercial coniferous 
trees. Investments i n  fo res t  pract ices 

I n  sp i te  of the  r i s i n g  demand for wood t o  improve stand COnditiOns thus can 
products, C a l i f o r n i a l s  timber production lead ' to substant ia l ly  increased yields. 
i s  expected t o  decl ine s i x  percent i n  This  chapter reviews these causes of de- 
t h e  next 20 years and not  regain current and explores Options 
leve ls  u n t i l  2030 (Appendi t o  increase production. 
This reduction i n  harvests 
number of  reasons. On he fo l  lowing section describes the 
most o f  the accessi b le  old-growth timber timber resource data COl  lected ' by the 
has been c u t  and a large por t ion  of Forest Service and the land c lass i f i ca-  
adequately stocked young stands w i  I I not t i o n  system used i n  i t s  inventory. The 
be of harvestable s ize  for 10 t o  40 information co l lected concentrates on 
years. Conversion o f  productive commer- the  area c lass i f i ed  as commercial for-  
c ia1  fo res t  land i s  decreasing the  e s t  land. Presently, the Forest  Service 
State's wood grow.ing potent ia l .  In  inventory i s  the only ex i s t i ng  Statewide 
1972, over 200 thousand acres of youny- 
growth timberland i n  p r iva te  ownership 
were developed for res ident ia l  uses such 
as f i r s t  and second homes, grazing, and 
other non-timber purposes. 

LJ 

- INTRODUCTION 

creasing 

timber inventory. 

Old-growth t i m b e r  on pub l ic  lands, TIMBER RESOURCE DATA ' 

mostly i n  nat ional  forests, has been 
made avai lab le  i n  smal l e r  quant i t ies.  Timber resource data for lands outside 
L i t i ga t i on ,  and shortage of funds have nat ional  forests were co l lected by the 
caused delays i n  nat ional  fo res t  t i m b e r  Forest Survey (PNW). Photo and f i e l d  
sa le  preparation. Publ ic  lands under p l o t s  were .used t o  develop area and 
multi-purpose management y i e l d  less t i m -  vo I ume estimates by doub I e samp I i ng fo r  
ber than would be avai lab le i f  timber s t r a t i f i c a t i o n  estimators as described 
production J were $he on I y object ive and Cochran ( 1963) For lands outside 
t h e  Forest Services's non-declining even nat ional  forests i n  southern Cat i forn ia ,  
f low pol i cy  does not permit s i g n i f i c a n t  the basic data COI lected for Fo~-est 
increases i n  timber harvesting. Addi- Survey Release 25, 1954; and the State 

, t i o n a l  reservat ions for uses t h a t  pre- o f  Ca l i f o rn ia  Fish and W i l d l i f e  Plan, 
c 1 ude timber management have been made. 1966; were used a!ong w i th  records o f  
~ 1 ~ 0 ,  approximately one-quarter of the timberland and brushland conversions t o  
commercial fo res t  area i n  nat ional  for-  approximate fo res t  areas and t i m b e r  
es ts  i s  on harsh s i t e s  t h a t  have never volumes i n  1975. 
been successful ly managed f o r  continuous 
timber crops. The bas i c timber resource data for 

national forests were collected by 
F ina l ly ,  and of greatest signif icance, Regions 4, 5, and 6 of the  Forest 

Service. A combination of type mapping current  timber growth on a l l  ownerships b, 

I 
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and aerial photo and ground sampling 
procedures were used to inventory 
national forests. Further details on 
this methodology are contained in the 
Append lx "Forest Serv i ce Inventory 

,~ Procedures and Data Re1 iabi I ityr*. 

The Forest Survey and the national 
forests classify all of the land area 
within the State into IIProductive For- 
esttt, Wnproduct i ve Forest" and IINon- 
forestf' categories. This classification 
system is described as follows: 

. 

Productive forest land is that 
which is capable of producing 20 
cubic feet per acre per year of 
industrial wood and is manageable 
for continuous timber crops. 

Commercial forest land is pro- 
ductive forest land not with- 
drawn for nontimber purposes. 

Productive-reserved forest 
land is that which is withdrawn 
from timber utilization through 
statute, ordinance, or adminis- 
trative order but otherwise 
qualifies as comercial forest 
land. 

- 

Noncommercial forest land includes 
both productive-reserved and unpro- 
ductive forest land. 

UnDroductive forest land is land 
considered incapable of yielding 
crops of industrial wood products 
because of adverse site conditions 
such as sterile soil, poor drainage, 
high elevation, steepness, and 
rockiness. 

Nonforest land has never supported 
forests or was formerly forested and 
is currently developed for nonforest 
uses. Included are areas used for 
agricultural crops, improved pas- 
ture, residential areas, city parks, 
improved roads of any width and 
their right-of-way clearings, power- 
I ine clearings of any width, and 1- 

to-40 acre areas of water classified 
by the Bureau of the Census as 6.i 
I and. 

Traditionally the chaparral vegetation 
type has been included in the 'IUnproduc- 
t i ve Forest" category by the Forest 
Service. This type is characterized by 
heavi ly branched dwarfed trees or 
shrubs, primarily Quercus, Cercocarpus, 
Garrya, Ceanothus, Arctostaphylos and 
Adenostoma. There are over five million 
acres of chaparral in the Southern Cali- 
fornia Resource Area alone. Areas in 
which the predominant cover is 
Artemisia, Purshia, Gutierrezia, and 
Opuntia (sometimes called Itsoft chapar- 
ral"), or semidesert species, are not 
included in this definition (Forest-Ser- 
vice 1972). Thus areas of sage scrub or 
brushfields that develop after forest 
land has been disturbed are not consid- 
ered chaparral by the Forest Service. 
The 7.5 million acres of chaparral in- 
ventoried by the Forest Service were not 
considered part of the forest land base 
by FRAP and therefore were not included 
in this Assessment. 

The Forest Survey combines its data 
w ith the data from the nat iona I forests 
into regional reports. However, these 
inventory systems are designed for-dif- 
ferent purposes (i.e. the Forest Survey 
for the RPA assessment and the national 
forests for timber planning). Thus sub- 
stantial data dissimilarities exist 
between i nf ormat i on from the nat i ona I 
forests and the Forest Survey. These 
variations were caused by the use of 
different forest type definitions and 
the inconsistant use of these defini- 
tions by the individual national for- 
ests. Also, the national forests south 
of Lake Tahoe have not col lected inven- 
tory data by county, and no national 
forests will collect data by county in 
the future under the present system 
adopted in the late 1960's. This makes 
the combining of Forest Survey and na- 
tional forest data for a geographic area 
very difficult. LJ 



Unfortunately, large amounts o f  data 
co I I ected by ind i v i dua I management un i t s  
of the nat ional  forests (Ranger Dis- 
t r i c t s )  have not been compi led t o  useful 
regional levels (e.g., county). O f  p r i -  
mary concern i s  the lack of compiled 
data  on nat ional  forest  lands concerning 
fo res t  stand condit ion and opportuni t ies 
t o  increase fo res t  growth. This in- 
cludes spec i f i c  information on timber 
mor ta l i ty ,  growth and the age class 
d i s t r i b u t i o n  needed to pro jec t  potent ia l  
y ie lds.  

The most recent Forest Survey and na- 
t i o n a l  forests inventories concentrated 
on % m n e r c i a l  forest t t  land due t o  leg- 
i s l a t i v e  and budget constraints. This 
means t h a t  data on volume and growth on 
reserved and unproductive fo res t  land 
are not  avai lab le and estimates o f  the 
character and condit ion of w i  lderness 
areas and woodlands are rough. The la t -  
e s t  Forest Survey f i e l d  data were col- 
lected between 1964 and 1972 and the 
nationa I fo res t  data were col lected be- 
tween 1958 and 1977. O f f  i ce  updating 
has been done t o  adjust  the estimates o f  
volume growth and ownership classes t o  
1975 for the North Coast Region and o f  
ownership classes f o r  the remainder of 
the  State except Southern Cal i forn ia .  

k, 

This  chapter u t i  I izes data as compi led 
by the  Forest Survey (Bolsinger, draf t ,  
1979). The descr ip t ion o f  the timber 
resource and oppor tun i t ies t o  increase 
timber growth are r e s t r i c t e d  t o  the 

s c l a s s i f i e d  the  Forest Service 
ommercial forest  land, the  source of 

almost a l l  o f  Ca l l fo rn ia 's  timber 
production. 

THE ECONOMIC IMPORTANCE OF 
TIMBER - 

The fores t  industr  ies i n  Ca I 1 forn la  
employed approximately 106 thousand per- b, 

sons i n  1978. While t h i s  i s  only about 
one percent o f  t o t a l  employment and s i x  
percent of the manufacturing employment 
i n  the e n t i r e  State, fo res t  indust r ies 
o f ten  provide the bulk o f  the economic 
base o f  local regions (see Appendix Item 
V I I I ) .  

Forest indus t r ia l  employment i s  com- 
posed of two major components, lumber 
and paper. Approx imate I y two-th i r d s  of 
the  lumber and wood products employment 
i s  i n  resource or iented primary manufac- 
t u r  ing ( logging, sawmi I I ing and produc- 
t i o n  of plywood and veneer) whi le  paper 
and a l l i e d  products employment i s  mostly 
i n  secondary manufacturing a c t i v i t i e s  
(paperboard container and converted 
products), t h a t  are general l y  market 
or iented and located i n  population 
centers (Oswa I d 1970 1. 

Table 10-1 shows a breakdown of em- 
ployment by resource area and Industry 
sector i n  1975, the most recent date for 
which information has been compiled. 
Employment i n  1975 was well below t h a t  
reported fo r  1978. The d i f f erence 
largely  r e f l e c t s  changes i n  employment 
associated w i th  f luc tua t ions  i n  the 
res ident ia l  construction cycle. Most o f  
t he  forest  indus t r ia l  employment i n  the 
Southern Cal i forn ia ,  Central Coast, and - 
par ts  o f  the  Sacramento regions i s  sec- 
ondary wood processing a c t i v i t y  and does 
not depend d l r e c t l  y on Ca I i forn ia-grown 
timber. However, approximately 50,000 
t o  55,000 persons do depend on Cal i f o r -  
n ia 's  t i m b e r  for jobs ( b l s i n g e r ,  draf t ,  
1979). These people and the r u r a l  areas 
i n  which most of them l i v e  are especial- 
l y  af fected by the  level of t i m b e r  har- 
vests i n  Cal i forn ia .  

Lumber and wood ' products employment 
and the r e l a t i v e  importance of timber 
vary amoung counties. Humboldt County 
ranks f i r s t  i n  lumber and wood products 
employment fol lowed by Mendocino, 
Shasta, Slskiyou, and Tehama Counties. 

The proport ion of wood products em- 
ployment t o  t o t a l  employment i n  each 
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TABLE 10-1 

TABLE 10-1 

EWLOYMENT IN FOREST 1M)USTRIES IN CALIFORNIA BY 
RESOURCE AREA AM) INDUSTRY SECTOR, 1975 

WWER AND rn pcEoMK=Ts SECTOR 
(Number of Employees) 

Resource A r e a  
Saml l ls  and Veneer and mer  Wood 

LoggIng Planing H l l l s  Plywood Plants Products Plants 
I 
I 

North Coast 
Central Coast 
Nathern Inter lor 
Sacramen t o  
San Joaqu i n  
Southern Cat ifornia 

1 ,350 7,875 1,316 2,193 
47 277 0 2,329 

940 3,562 682 428 
859 3,59 1 16 4,518 
31 8 2,682 0 3 , 790 
46 386 499 15,159 

- I -  
Total 18,373 2,513 28,417 

PAPER AND 
ALLIED pw)o- 

UCTS SECTOR 
(Number of 
Emp 1 oyees 1 

773 
9,632 

462 
1 , 135 
2,438 

20,137 

34,577 

TOTAL 

13,507 
12,285 
6 , 074 

10,119 
9,228 

36,227 

07,440 

NOTE: PAPER AM) ALLIED PROOUCTS SECTOR INCLUDES: paper and paperboard mills, converted products, and 
paperboard containers. 

See Figure 1-3 for Resource A r e a  location. 

DATA SOURCE: Cal ifornia Employment Development Department, m p i  led by Forest Survey. 

county measures the r e  I a t i  ve importance 
o f  t i m b e r  t o  the economies o f  indiv idual  
counties. Counties w i th  more than 30 
percent o f  t h e i r  work force employed in  
the  lumber and wood products sector in- 
clude: Sierra, Tr in i ty ,  Del Norte, 
Plumas, Tehama, Humboldt, and Siskiyou. 

Manufacturing forms an important com- 
ponent o f  the economic base o f  many 
counties . Wood process i ng prov i ded over 
90 percent o f  the manufacturing employ- 
ment i n  Del Norte, Lassen, Plumas, Sier- 
ra, Siskiyou and T r i n i t y  Counties i n  
1973, ind icat ing t h a t  there was almost 
no other manufacturing i n  these coun- 
t ies .  

The 38 percent increase i n  fo res t  
industry employment from 1950 t o  1976 
masks opposite trends w i th in  the major 
components o f  the  industry. Employment 
i n  lumber and wood products reached a 
peak o f  62.4 thousand persons i n  1955, 
decl ined t o  a low of 47 thousand i n  
1967, and then increased t o  the 1976 
level  o f  54.2 thousand. These changes 
were due t o  f luc tua t ions  i n  t i m b e r  
production (general ly dec l in ing)  and 
increases i n  labor p roduc t iv i t y  i n  a l l  
stages of manufacture i n  the fo res t  
products industries. Employment i n  
paper and a l  I ied products, on the  other 
hand, has shown a more or less steady 
increase from 13.5 thousand in  1950 t o  
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36.7 thousand i n  1976 as production has 
b/ increased t o  meet r i s i n g  consumption 

(Ruderman 1976). 

Employment trends have var ied region- 
a l l y .  From 1960 t o  1975 employment i n  
lumber and wood products declined the 
most i n  the North Coast Resource Area. 
Emp I oyment i n  t h  i s sector dec 1 i ned very 
l i t t l e  i n  a l l  i n t e r i o r  areas o f  the 
State combined. A number o f  counties 
dropped s l i g h t l y  (Northern I n t e r i o r  
counties, for example) whi le other 
counties increased (Tulare and Yuba, fo r  
instance). 

I n  a number of  counties, manufacturing 
employment other than lumber and wood 
products employment declined more rapid- 
l y  so t h a t  the importance of wood prod- 
ucts t o  the local economy ac tua l l y  in- 
creased. This s i t ua t i on  i s  especial ly 
evident i n  r u r a l  counties such as 
Lassen, Modoc, Plumas, Siskiyou and 
Tr i n  i t y  . 

Project ions of recent trends i n  forest  
i ndus t r i a l  employment coupled w i th  the 
expected_ supply and demand fo r  timber 
(discussed i n  the fo l lowing section) in- ,  
d icate t h a t  Ca l i f o rn ia  w ' i l l  experience 
employment growth i n  t h i s  sector o f  the 
economy. But t o  a major degree t h a t  
growth w.i II no t  be dependent on the 
Staters own timber resources. Rather, 
the  increased employment w i l l  occur i n  
the  secondary, market-oriented stages of  
manufacture and w i I I be located predom- 
inant ly  i n  the large population centers. 
Forest indus t r ia l  employment i n  the t i m -  
ber resource areas w i  I I decl ine because 
o f  decreasing a v a i l a b i l i t y  of raw mater- 
i a l  and increasing labor product iv i ty .  
The North Coast w i l l  be most af fected by 
the  projected decl ines i n  employment 
(Oswaid 1970). However these decl ines 
can be avoided by increasing Ca l i fo rn ia -  
grown timber supplies. Opportunit ies 
fo r  h i gher t i m b e r  product i on are d i s- 
cussed i n  a la te r  section. 

I n  1976 there were 200 primary forest  
product m i l l s  i n  Cal i forn ia ,  including W 

142 lumber mi l l s ,  21 veneer and plywood 
plants, 17 pulp and board plants and 20 
l lother industryt1 plants, (e.g. shake and 
shingle, post, pole, p i l ing ,  and export 
f a c i l i t i e s ) .  Since 1962, about 85 per- 
cent o f  the indus t r ia l  wood processed i n  
Ca I i forn ia  has been processed i n t o  lum- 
ber, and 10 t o  13 percent has gone i n t o  
plywood. M i l l  residues (chips) make up 
99 percent o f  the raw mater ia l  used by 
the  pulp and p a r t i c l e  and f i b e r  board 
i ndustry . 

Though r e l a t i v e  log consumption by the  
various sectors o f  the fo res t  products 
industry has remained f a i r l y  constant 
fo r  many years, the number o f  sawmi I l s  
declined from 297 t o  142 between 1962 
and 1976, while the number of veneer and 
plywood m i l l s  declined from 39 t o  21. 
The trend i n  the  fo res t  industr ies i n  
Cal i forn ia ,  as i s  t r u e  throughout the  
nation, has been toward fewer but larger 
f i rms w i th  greater p lan t  capacity and 
larger land holdings. 

THE SUPPLY AND DEMAND FOR 
TIMBER 

Anticipated sustained growth i n  Cal i -  
fo rn ia 's  population makes it evident 
t h a t  the  Staters consumption of pulp and 
paper products w i l l  increase s tead i l y  
throughout the 1976-2030 pro ject ion per- 
iod. I t i s  estimated tha t  by the year 
2030 levels o f  consumption o f  a l  I types 
of paper and paperboard combined w i l l  
have increased approxihately threefo ld  
(see Appendix Item V I I ) .  

The growth i n  consumption of other 
wood products w i l l  a lso be strong but i n  
a number o f  cases consumption w i  I I lev- 
e l  o f f  towards the end o f  the pro ject ion 
per i od . -Softwood I umber and p I ywood 
consumption, for example, w i l l  increase 
markedly from i t s  1976 level  of 1.23 
b i l l i o n  cubic feet; i s  expected t o  peak 
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a t  near ly 1.72 b i l l i o n  i n  2010; and re- 
main a t  about t h a t  level  u n t i l  2030. 

This pattern i s  due t o  expected V e a l  
pr icet t  increases (over and above i n f  la- 
t i o n )  i n  wood products (discussed la te r )  
and t o  changes i n  the level and type of 
construct ion w i th in  the  State as the 
compos i t ion of the popu I a t  ion and the 
r a t e  of  family formation change. It i s  
ant ic ipated, for example, t h a t  produc- 
t i o n  of a l l  forms of new res ident ia l  
u n i t s  w i l l  r i s e  from a 1976 level  of 244 
thousand un l t s  t o  a peak of 330 thousand 
i n  1990, and then decl ine gradually t o  a 
level  o f  280 thousand i n  2030 (McKi I lop, 
1979). In  some si tuat ions,  such as res- 
i den t ia l  construction, increasing use of 
wood per u n i t  produced w i  I I tend to  o f f -  
se t  lower levels of indus t r ia l  a c t i v i t y .  
I n  other cases, such as manufacturing, 
dec l in ing  use o f  wood per b i l l i o n  (con- 
s tant )  do l l a rs  o f  shipments w i l l  no t  be 
o f f s e t  by increasing leve ls  o f  manufac- 
t u r i n g  a c t i v i t y ,  so t h a t  the t o t a l  use 
w i l l  remain s tab le or decl ine s l i gh t l y .  
These trends i n  fo res t  products consump- 
t i o n  could be mod if ied by wood and paper 
conservation and recyc l ing e f fo r t s .  

The increasing consumption o f  wood and 
paper products by Ca 1 I f  orn i ans r a  i ses 
the  question of where the State stands 
i n  meeting fu ture consumption. Figure 
10-1 presents supply and demand analyses 
(see the Glossary) for Ca l i fo rn ia  stump- 
age (standing t i m b e r )  f o r  the  years 
1980, 2000 and 2030 as obtained from the 
Haynes and Adams econometric model 
(1978). (This mathematical model Is 
described i n  detai I i n  Adams and Haynes 
1979, a supplementary document t o  the  
1980 RPA Assessment.) 

This model represents a major advance 
i n  techniques for pro ject ing stumpage 
consumption and pr ices over long per i -  
ods. It has been tested on h i s t o r i c a l  
data and includes a great many var iables 
which in te rac t  t o  produce the estimates. 
I t  can be c r i t i r e d  for the  omisson of 
ce r ta in  factors, however, it w i  I I un- 
doubtedly be improved with time. Inher- 

en t  assumptions which seem reasonable 
today may not be rea l  ized over the next 
50 years and the pro ject ions may not be 
real ized. Nevertheless, it i s  a consid- 
erable asset f o r  the  purposes a t  hand 
and substant ia l  l y  improves the qua l i t y  
o f  the analysis of projected supply and 
demand t h a t  can be presented, 

B r i e f l y ,  the model considers the in- 
te rac t ion  o f  Imports and domestic timber 
production of the various forest  regions 
of the IJnited States. These supply re- 
g ions fu r ther  i n te rac t  wi th  consumption 
regions i n  a simulated market. Pr iva te  
timber producers, the model assumes, de- 
termine t h e l r  harvets ra tes on the basis 
of  avai lab le inventory and prices. Pub- 
l i c  cu t t i ng  rates are set  by users of 
the  model . 

The model i s  a long-run model i n  the 
sense t h a t  it incorporates the kinds of 
var iables which a f f e c t  the trends of 
p r ices  and output levels, The 1990 es- 
t imates shown are included t o  t i e  the 
t rends t o  current time. When actual 
1980 data become ava i lab le  they w i l l  
l i k e l y  vary from the model estimates due 
t o  the inf luence of short-run factors 
such as the business cycle, f luc tuat ions 
o f  fuel  a v a i l a b i l i t i e s ,  weather, s t r i k -  
es, and s im i la r  factors. I t i s  impor- 
t a n t  to  concentrate on the  trend, ra ther  
than the values for a spec i f i c  year when 
viewing long-run model resul ts .  While 
actual  supply and demand f igures are not 
expected t o  correspond exact ly to model 
estimates, over a l l  trends should be 
s imi lar ,  and it i s  these trends t h a t  are 
most s ign i f i can t .  

The ctXfsct i n  Figure 10-1 represent the 
in tersect ion of segments of supply and 
demand curves for the  years shown. I f  
these estimates are rea l i zed  the p r i ce  
of stumpage w l 1  I increase f r o m  about 60 
cents t o  $2 per cubic foot ( i n  addi t ion 
t o  any increase due t o  i n f l a t i o n )  from 
1980 t o  2030. The quant i ty  of timber 
c u t  annually i n  Ca l i f o rn ia  w i l l  no t  
change appreciably over t h i s  t ime in ter -  
val. 
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.FIGURE 10-1 
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BILLION CUBIC FEET CUT/YEAR 

BOURCEa Haynes -Adam8 Econometric Model 1978 and Vaux 1973 

These changes .in p r i c e  r e s u l t  from The demand curves over a period of 
s h i f t s  i n  both supply and demand. The t ime are s h i f t i n g  t o  the r i gh t ;  i n  other 
supply curves depicted i n  -F igure 10-1 words, demand i s  increasing. increase 
i nd i cate t h a t  supp I ies .w i I I decrease i n ' t h e  standard of l i v i n g  and a burgeon- 
over time. This means t h a t  less timber ing populat ion are two s i g n f f i c a n t  fac- 
w i l l  be obtained a t  any given price. t o r s  causing the increase i n  demand. 
Ca l  i f o r n i a  i s '  s t l  I i c u t t i n g  old-growth Note t h a t  it does no t  fo l low t h a t  in- 
t imber and consequently both reducing creasing demand leads t o  increased con- 
i t s  ex i s t i ng  inventory and incurr ing sumption. I n  fact, i n  t h i s  case, i f  the 
h i g k r  costs o f  management. The remain- model's resu l t s  are correct, consumption 
ing timber i s  found in  less accessible o f  Ca l i f o rn ia  grown timber w i l l  drop 
locat ions and hence costs more t o  br ing somewhat t o  the year 2000 because of the 
t o  market. These factors  a l l  imply de- decreasing supply and dramatic p r i ce  
creasing supp I y. increases. 
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The remaining l i ne  on Figure 10-1 i s  a 
long-run supply curve taken from infor -  
mation presented by Henry J. Vaux in  h i s  
a r t i c l e ,  IIHow Much Land Do We Need fo r  
Timber Growing?t1 (Journal o f  Forestry, 
Ju ly  1973). (The long-run i s  a su f f i -  
c i e n t  t ime period t o  develop a f u l l y  
regulated forest.) This curve assumes 
t h a t  greater annual timber outputs re- 
s u l t  from a l loca t ing  more and more land 
t o  timber production beginning w i th  
those which produce a t  the lowest cost  
per pun it o f  wood ( i .e. the most produc- 
t i v e  land). The imp1 icat ion o f  t h i s  
long-run curve i s  t h a t  substant ia l ly  
lower timber pr ices could be rea l  ized in  
the  long run were society t o  begin de- 
veloping an appropriate timber age-class 
s t ructure and ensuring appropr l a te  lev- 
e l s  of management on the more productive 
forest  lands o f  the State. (Analysis 
would be required t o  determine which 
age-class d i s t r i b u t i o n  i s  appropriate.) 

As Ca l i fo rn ia  timber production de- 
creases and consumption increases, com- 
p e t i t i o n  in  most wood products markets 
i s  l i k e l y  t o  be increasingly severe. 
This w i l l  r e s u l t  i n  the State's depend- 
ency on outside sources increasing 
grea t ly  i n  the next 10 t o  25 years. 
Lumber and plywood imports from Oregon 
and Washington w i l l  r i s e  s i g n i f i c a n t l y  
(CDF 1978). In-State production o f  lum- 
ber and plywood, now about 74 percent o f  
consumption, may comprise only 57 per- 
cent i n  2000. A t  t h i s  t ime paper and 
a l  I ied products imports may be approxi- 
mately double the 1976 level (Appendix 
Item V I  I ) .  

The pro ject ions i n  Figure 10-1 f o r  
1980, 2000, and 2030 assume t h a t  the 
timber harvest on publ ic  lands would de- 
c l i n e  from an average annual level of 
346 m i l l i o n  cubic fee t  during the decade 
of  the 1980's t o  about 300 m i l l i o n  i n  
the  1990's and then gradually increase 
t o  about 330. This cu t t i ng  pattern i s  
consi s ten t  w i t h  Forest Serv i ce expecta- 
t i o n s  and po l i c i es  - most p a r t i c u l a r l y  
t h e  non-declining y i e l d  pol icy. (This 
pol icy, intended t o  assure t h a t  the cut- 

t i n g  r a t e  i s  no t  higher than could be 
maintained In perpetuity, i s  a top i c  of 
considerable debate and i s  consi dered 
la te r  i n  t h i s  chapter and in  the Assess- 
ment Chapter.) 

CI 

A t  the  request of FRAP, two alterna- 
t i v e  public-lands cu t t i ng  schedules were 
a lso examined using the model . The pur- 
pose o f  these a l ternate computer runs i s  
t o  quant i fy  the l i k e l y  p r i ce  impacts o f  
d i f f e r e n t  pub1 ic-lands cu t t i ng  pol  ic ies. 
(Consistent changes were made for the 
P a c i f i c  Northwest pub1 ic-lands c u t  for 
these analyses.) Results o f  the three 
runs are shown i n  Table 10-2. 

The ICurren t Expectat i onsl' co I umn 
shown in  the r e s u l t s  are those already 
described and shown i n  Figure 10-1. The 
"Low Pub1 i c  Cuttt column f igures repre- 
sent a t o t a l  drop of nine percent over 
the  f i f t y  year period from the cu t t i ng  
ra tes  described as tYhrrent  Expecta- 
t ionsgt. The 1980's level  i n  t h i s  sched- 
u l e  approximately represents the 'IPro- 
grammed Harvestq* category o f  the "Stan- 
dard Componentl1 of Forest Service lands. 
Subsequent decreases t o  270 m i l l i o n  
cubic fee t  annually are not  now an t i c i -  
pated by the Forest Service but could 
occur as the r e s u l t  o f  s i g n i f i c a n t  
changes i n  land use pressures. Should 
the  cu t  thus decline, f o r  whatever 
reasons, the model suggests t h a t  the 
e f f e c t s  would be f e l t  i n  both p r i ce  and 
quanti ty. As compared t o  the Y h r r e n t  
Expectations" resul ts,  stumpage pr ices 
i n  2030 would be about 11 percent higher 
fo l lowing t h i s  publ ic  low-cut scenario. 

The "High Pub1 i c  Cut" f igures repre- 
sent a t o t a l  increase o f  64 percent over 
the  f i f t y  year period as compared w i th  
the  leve ls  shown i n  the  f i r s t  alterna- 
t i ve .  The harvest, under t h i s  lWigh 
Pub1 i c  Cut" a l t e rna t i ve  would qu ick ly  
increase in  the 1980's and be double, i t s  
otherwise expected r a t e  i n  the 1990's 
a f t e r  which it would f a l l .  Such a r a t e  
would s i g n i f i c a n t l y  decrease the Forest 
Service inventory o f  old-growth timber 
and also reduce i t s  even flow capabil  i t y  c 
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849 

898 

899 

846 

833 

\ 916 

1,085 

I .048 

U 

2000 

2030 

I980 

2000 

2030 

I980 

2000 

2030 

TABLE 10-2 

P R O J E C ~  STUMPAGE CONSUWT I ON AN) EQU I L I BR I UM PR I CES IN CALI FOHN I A 
' AS A FUNCTION OF CUTTING RATES ON PUBLIC LANDS 

Hlgh Publ lc Cut 

1980's ~ 

1990's 
2000's 
2010's 
2020's 

CUTTING SCHEDULE 
(Average Annual Cut I n  
mllllons of cubic feet )  

512 
600 
550 
500 
475 

Current 
Expectations: 

1980's 
1990's 
2000 ' s 
2010's 
2020's 

Low Publ lc  Cut 

1980's 
1990's 
2000's 
2010's 
2020 ' s 

Pub1 Ic 

329 
305 
314 
325 
335 

328 
295 
285 
275 
270 

Pr I vate 

559 
558 
549 
554 
556 

564 
570 
560 
568 
570 

448 

527 
569 
584 

485 

EQUILIBRIUM STWAGE 

PRICE 
(1978 dol tars 
per cublc foot )  

0.58 

1. I6  

2.10 

0.58 

1.23 

2.33 

0.42 

0.70 

I .70 

TOTAL WANTITY FOR 
ALL CALIFORNIA LANDS 
( In  m l l l i o n  of cubic 
feet  per year) I N  YEAR - 

899 I980 

NOTE: Pr ices shown are uncorrected for changes In  the r a t i o  of board feet  t o  cublc feet. Such 
corrections would lead to  somewhat hlgher prices In  la ter  years as the age and thus 
dlameter of stumpage decreases. 

SOURCE: Adams-Haynes Econometric-Model, 1979. 
\ 
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over the next several decades. Subse- 
quent increased management in tens i ty  
could, over time, compensate fo r  these 
reductions. The cu t  on pr iva te  lands 
would decl ine 13 percent during the re- 
maining two decades o f  t h i s  century as a 
resu l t .  The decreased pressure for  har- 
vest i ng timber near i ng c u t t  i ng age on 
pr iva te  lands would provide an opportu- 
n i t y  for bu i ld ing growing stocks and en- 
hancing subsequent product iv i ty.  Stump- 
age pr ices would be about 40 percent 
lower i n  2000 and almost 20 percent low- 
e r  i n  2030 than current  expectations in- 
d icate. 

Assum i ng Fow I er s ( 1977 1 estimates o f  
t he  e f f e c t  o f  doubling the publ ic  c u t  
for 20 years i n  Humboldt County are a t  
least  somewhat comparable t o  t h i s  a l t e r -  
native, one would expect the age-class 
d i s t r i b u t i o n  o f  a1 I Cal i f o r n i a f s  forest  
lands t o  be s i g n i f i c a n t l y  smoothed as a 
r e s u l t  of implementing such a cu t t i ng  
schedule. As a consequence the even 
f low capacity f o r  the State as a whole 
would I i ke l y  be reduced no more than ten 
percentage po i nts. (Fow I er est  i mated a 
four percent reduction for Humboldt 
County. Increased management could com- 
pensate fo r  some or a l l  o f  the drop t h a t  
would otherwise occur.) Thls Humboldt 
County analysis i s  only suggestive o f  
t he  consequence o f  such a schedule; no 
analysis has been made by FRAP and 
Statewide data are no t  now s u f f i c i e n t  t o  
do SO. 

Changes i n  the pr ice  o f  stumpage, of 
course, are subsequent I y r e f  I ected i n  
the  pr ices o f  wood products. Because 
there are many inputs 6esides logs i n t o  
the  production of, for example, lumber, 
t he  proport ionate magnitude of product 
p r i c e  changes i s  less. The model sug- 
gests t h a t  lumber pr ices would ' be re- 
duced by about two percent i n  2030 as a 
r e s u l t  o f  the  accelerated-cut alterna- 
t i v e  and increased by about one percent 
were the  low-cut leve ls  rea l  ized (as 
compared w i th  the current  expectations). 
FRAP, does no t  advocate any o f  the 
pub1 ic cu t t i ng  schedules presented. 

Forest Service cu t t i ng  rates are an im- 
portant po l i cy  variable. The resu l t s  bj 
ind icate t o  some extent  how and why they 
deserve attention. 

TIMBER VOLUME, PRODUCTIVITY, AND 
GROWTH 

T IMBER VOLUME 

Ca I i forn ;a's commercia I forests  con- 
t a i n  an estimated 49.7 b i l l i o n  cubic 
f e e t  o f  wood in  sound growing stock 
trees. The State ranks t h i r d  i n  the na- 
t i o n  i n  standing softwood inventory be- 
hind Oregon and Washington. Over 60 
percent o f  the softwood volume i s  on 
nat ional  forest  lands (see Table 10-3). 

Growing stock i n  Ca l i f o rn ia  has de- 
creased as old-growth stands have been 
harvested and as timber lands have been 
cleared fo r  nonforest use. Fire, in- 
sects, disease and weather have a lso  
contr ibuted t o  the reduction i n  volume. 
A comparison o f  1975 volume estimates 
w i th  those published f o r  1953 (Forest 
Service 1954) shows 25 percent less 
cubic foo t  volume in  1975. Less than 
ten percent o f  the volume decl ine i s  as 
a r e s u l t  o f  a change in  the land status 
from unreserved (commercial) t o  publ ic  
reserved. Redwood and Douglas-f ir vol- 
ume decl ined the greatest  amount; 41 
percent and 38 percent respectively. 
Pines and t rue  f i r s  decl ined an average 
o f  24 percent whi le hardwood volume in- 
creased by 35 percent. I t  should be 
noted, however, t h a t  a decl ine in  timber 
volume i s  not  necessari ly an ind icat ion 
of  a reduction i n  timber a v a i l a b i l i t y .  
Decreasing t i m b e r  volume i s  an expected 
and necessary p a r t  of the  conversion 
f rom old-growth to  young-growth. O f  
more importance i s  the  increased growth 
t h a t  resu l t s  from t h i s  conversion. 

As expected, the volume decl ine has 

In LJ  been concentrated i n  large trees. 
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TABLE 10-8 
~ 

I 
I 

29,180 
10,525 
6,269 

45,974 

W 

1,417 
800 

1,476 

3 , 693 

TABLE 10-3 

NET VOLUME OF GRQWlffi STOCK ON COMMERCIAL FOREST LAM) BY 
OWNERSHIP AND SOFTWOODS AND HARDWOODS, CALIFORNIA, 1975 

OWNERSH I P 

Pub1 IC Unreserved 
Forest Industry 
Other P r  I vate 

A I  I Ownerships 

.GROWIN; STOCK 
(BILLION CUBIC FEET) 

SOFTWOODS HARDWOODS TOTAL 

30,597 

7,745 
11,325 

49,667 

Source: Forest Survey, 1979 

1953, 89 percent of the softwood saw- 
timber volume was In  t rees 21.0 inches 
i n  diameter a t  breast height (DBH) and 
larger compared with 78 percent i n  1975. 
Percent o f  hardwood volume i n  t rees 21 
inches DBH and larger a lso declined, 
though t o t a l  hardwood volume increased. 
Two factors caused t h i s :  When associat- 
ed softwoods were logged, many of the 
large hardwoods standing i n  1953 were 
k i l l e d  or they were damaged and became 
c u l l  trees, and small hardwood t rees 
have restocked severa 1 hundred thousand 
acres of logged and burned-over land. 

I n  addi t ion t o  Ca l i fo rn ia 's  49.7 b i l -  
l i o n  cubic feet  of sound growing stock 
trees, there were an estimated 2.3 b i  I- 
l i o n  cubic feet  o f  wood I n  c u l l  and dead 
t rees  In  1975. (This volume has un- 
doubtedly increased subs tan t ia l l y  as a 
r e s u l t  o f  the 1975-78 drought and insect 
losses.) Cul l  and dead t rees contained 
about four percent of the t o t a l  sound 
wood volume i n  the national forests and 
s i x  percent of the t o t a l  wood volume 
outside the nat ional  forests. They re- 
present an underuti I Ized resource be- 
cause they are widely scattered with low 
per-acre volumes. U t i l i z a t i o n  o f  t h i s  W 

s o r t  of mater 1 a 1 has improved consider- 
ab ly  i n  the past two decades. 

As old-growth stands are replaced by 
f a s t  growing young stands fo res t  growth 
ra tes  and inventories are expected t o  
increase. The Haynes and Adam econo- 
met r ic  model projects softwood inven- 
t o r i e s  u n t i l  2030 (see Figure 10-2). On 
a 1 I ownerships the cubic-foot inventory 
w i I I decl ine 7 precent by 2000 and then 
increase 12 percent by 2030. The publ ic  
lands cubic-foot inventory w i  I I decl Ine 
u n t i l  2000 and then increase as young 
stands develop on reforested cutover 
lands. The cubic-foot inventory on 
Other Pr ivate lands i s  expected t o  in- 
crease a f t e r  2000 whi le  the Forest In- 
dustry inventory i s  expected t o  de- 
crease. 

PRODUCT I V I TY 

The amount of wood t h a t  a forest  can 
produce depends on climate, soil, t ree  
species, and stocking condition. The 
productive capacity of commercial forest  
lands i n  Cat i f o r n i a  var ies greatly. 
Some a l l u v i a l  s o i l s  i n  t h e .  mi ld  and 
ra iny  North Coast area are capable o f  
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FIGURE 10-2 

SOFTWOOD INVENTORY 

BY OWNERSHIP IN CALIFORNIA 
1976-2030 

YEARS 

SOURCE Haynes-Adams Econometric1 Model 1978 

growing 400 or  more cubic feet  per acre 
per year i f  well stocked w i th  healthy 
redwood trees. These same s o i l s  can 
grow 200 or  250 cubic feet  o f  Douglas- 
fir, o r  as much as 150 cubic fee t  o f  
hardwoods. A t  the  other extreme are 
serpentine and per iodot i te  s o i l s  i n  the 
Coast Ranges and western slopes o f  the 
Sier ra Nevada, and g r a n i t i c  and volcanic 
s o i l s  i n  the a r i d  i n t e r i o r  which w i l l  
barely grow 20 cubic feet  o f  wood per 
year when well stocked with Jef f rey o r  
ponderosa pine. Approximately ha l f  o f  
t he  State 's commercial forest  Land i s  
capable o f  growing a t  least  85 cubic 
fee t  o f  wood per acre per year when we1 I 
stocked with productive coniferous 
species such as redwood, ponderosa pine, 
sugar pine, Douglas-fir, and white fir 
(see Table 10-4). This area has approx- 
imately 80 percent o f  Ca l i fo rn ia 's  t i m -  
ber growing potent ia l  . 

Cal i f o r n i a  contains three percent o f  
t he  nat ion's commercial forest  land, but  
has about nine percent o f  the area capa- 
b l e  o f  growing 120 or  more cubic fee t  
per acre annually, which includes 13 
percent o f  the area capable o f  growing 
165 or  more cubic fee t  per year. The 
estimated b io log ica l  potent ia l  fo r  a l  I 
o f  Cal  i f o r n i a ' s  commercial fo res t  land 
averages 97 cubic fee t  per acre compared 
w i th  75 f o r  the e n t i r e  United States 
( Forest Serv i ce  1973 1 . These es t  i mates 
are based on yield-tables developed for 
f u l l y  stocked even-aged stands o f  s ing le  
species. The estimates of b io log ica l  
potent ia 1 do not  necessar i I y ind icate 
the  y ie ld-potent ia l  of stands cur ren t ly  
occupying the land and are less than the 
potent ia l  of in tens ive ly  managed stands. 
They are useful i n  ranking the potent ia l  
o f  lands fo r  a l loca t ing  funds fo r  forest  
i n tens i f i ca t i on  and in  se t t i ng  p r i o r i -  



I TABLE 10-4 a TABLE 10-6 

OTHER 
PRIVATE 

t/ 

t ies .  

ALL 
OWNERSHIPS 

TABLE 10-4 

t i a l  (see Table 10-5). Losses due t o  
mortal i t y  were 131 m i  I I ion cubic fee t  o f  

hardwood. These estimates represent 
leve ls  o f  Statewide growth i n  ltnormaI" 
years. However, dur ing the 1975-1977 
drought, growth on a l l  ownerships was 
except ional ly low and m o r t a l i t y  extreme- 
l y  high, resu l t i ng  i n  negative ne t  
growth. Causes o f  m o r t a l i t y  are discus- 

A t  the time of the  inventory nat ional  
forests  had the highest growth r a t e  r e l -  
a t i v e  t o  the land's potent ia l .  
I s  because there are extensive young 
stands of timber on nat ional  forest  
lands i n  the north-central S ier ra Nevada 

softwood and 5 m i l l i o n  cubic fee t  of 

sed in the fol lowing section. 

b/ 

1 AREA OF COMMERCIAL FOREST LAN) I N  THOUSAWS OF ACRES BY SITE CLASS AND 
OWNERSHIP CLASS, 1975 

NET ANNUN GROWTH OF GROWINS STOCK 
ON COF.rMERCIAL FOREST LAND I N  1975 

Ownersh I p M i  I I Ion Cubic Feet 

Pub1 ic  Unreserved 402 
Forest I ndustry 219 
Other P r I  vate 181 

A I  I Ownerships 802 

Source: Forest Survey, 1979 

I I 
SITE CLASS 

> 120 cubic feet  . 

85 t o  119 cubic feet  
50 t o  84 cubic feet  
20 t o  49 cubic feet  

- 

PUBL I C  
UNRESERVED 

1473 
2017 
3775 
1402 

FOREST 
INDUSTRY 

1570 
757 
978 
73 1 

8667 I 4036 

A l l  Classes 

1222 
792 

1 033 
504 

4265 
3566 
5786 
2637 

3551 I 16s254 

I 1 
Note: The "Other PrIvate*I column excludes SIX thousand acres In  Central Coast and 39 

thousand acres In  southern Cat I fornIa f o r  which Information Is not available. 
~~ ~ 

Source: Forest Survey 

Ca l i fo rn ia  thus has high s i t e  t h a t  are approaching maximum growth. 
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TABLE 10-6 

TABLE 10-6 

OWNERSHIP 

TIWER  SITE^, GROWTH, AND M~RTALITY OF SOFT~OOO ON 
COWERCIAL FOREST LAND, BY OWNERSHIP, CALIFORNIA, 1975 

P u b l i c  Unreserved 
Forest  Industry 
Other P r i v a t e  

A l l  Ownerships 

NET GROWTH GROSS GROWTH 

SITE GROWTH m T A L I T Y  GROWTH OF POTENTIAL OF POTENTIAL 
TIMBER GROSS NET As PERCENT AS PERCENT 

- - -  - CUBIC fEET PER ACRE PER YEAR - - - - - - - - - PERCENT - - - - - - 

Source: Forest  Survey, 1979 

'See Glossary for D e f i n i t i o n  

National forest  average growth ranges 
from a high o f  87 cubic fee t  per acre 
per year on the Stanislaus, a Sierra- 
Nevada forest  w i th  extensive areas of 

.healthy stands on productive land; t o  a 
low o f  s i x  cubic fee t  on the Angeles, 
one of f i v e  national forests i n  Southern 
Ca l i f o rn ia  wi th  I imited timber resources 
and poor sites. 

The Central Coast Resource Area (see 
Figure 1-3) has the fastest  growing t i m -  
ber stands i n  pr ivate ownership, w i th  
average annual growth ranging from 96 t o  
129 cubic fee t  per acre. This area i s  
general l y  we1 I stocked wi th  redwood and 
Doug I as- f i r stands approach i ng the age 
o f  maximum growth. Pr ivate lands' i n  the 
Northern I n t e r i o r  Resource Area have the 
lowest growth i n  the State, ranging from 
28 t o  36 cubic feet  per acre. This area 
has extensive areas o f  low s i t e  land, 
and some heavi l y  cutover stands i n  poor 
growing condition. Lands in  the North 
Coast categorized as 'IForest I ndustryll 

and llOther Privatell hav.e low growth r e l -  
a t i v e  t o  t h e i r  potent ia l .  Much o f  the 
cut-over area i s  stocked w i th  t rees  too  
small t o  have measurable volume and 
growth; and a substantial area i s  oc- 
cupied w i th  brush and hardwoods. 

Annual growth ra tes  have been increas- 
ing as a consequence o f  the conversion 
o f  old-growth stands t o  young-growth 
stands and intensive management. This 
t rend i s  expected t o  continue and some 
suggest t h a t  it may accelerate, having 
noted t h a t  the Forest Service has con- 
s i s t a n t l y  under estimated fu tu re  wood 
growth (Clawson 1979). 

INJURIOUS AGENTS AFFECTING 
FOREST LAND 

Growth of Cal i f o rn ia ' s  forests  i s  af- 
fected by many s i g n i f i c a n t  damaging LJ 
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agents. I f  fu tu re  timber y ie lds  are t o  
be increased, e f f o r t s  i n  forest  protec- 
t i o n  and damage contro l  must be intensi- 
f ied. The r e l a t i v e  importance of in ju r -  
ious agents as indicated by percent o f  

'c, 

mortal i-ty i n  a l l n o r m a ~ ~ ~  
r i zed be I ow : 

year i s  summa- 

Cause 

I n sects 
Weather 
Diseases 
An ima I s 
Logg i ng 
F i r e  
Suppression 
Unknown and 

Unclassi f ied 

Percent 

23 
16 
1 1  

Trace 
4 
3 
4 

39 

FIRE 

' F i r e  protect ion i s  probably the most 
important s ing le  management a c t i v i t y  i n  
the State's h igh ly  flammable forests. 
Ca l i fo rn ia 's  w i  ldland f i r e  f i gh t i ng  and 
f i r e  prevention organizations are ef fec- 
t i ve .  Since 1964, the  average acreage 
burned per year has changed l i t t l e  a l -  
though the number of f i r e s  has more than 
t r i p led .  S t i  I I, the occasional catas- 
t roph ic  year i s  a powerful reminder o f  
f i r e ' s  devastating potent ia l  . In  1977, 
one o f  Ca l i fo rn ia 's  worst w i l d f i r e  years 
due t o  the drought, about 175,000 acres 
o f  commercial fo res t  were burned. F i r e  
s t a t i s t i c s  indicate t h a t  a l l  of the in- 
crease i n  the number o f  f i r e s  i s  man- 
caused. Therefore, as fo res t  use in- 
creases, so w i  I I the incidence of f i r e ,  
un I ess f i r e  prevent i on can be made ~ more 
e f f e c t  i ve. 

F i r e  i n  old-growth timber stands us- 
u a l l y  leaves salvable timber whereas 
f i r e  i n  young t rees usual ly resu l t s  i n  a 
t o t a t  loss. Thus, as large, old-growth 
t rees  are removed and more o f  the forest  
i s  occupied by small trees, the  r e l a t i v e  
e f f e c t  of a f i r e  on y ie lds  w i l l  be more 
severe, and less of the  f i r e - k i l l e d  vol- 
ume w i l l  be salvageable. It i s  impor- 
t a n t  t o  d ls t inquish between the e f fec ts  u 

o f  uncontrol led and control  led f i re .  
Where uncontrol I ed f i r e  can be extreme I y 
damaging, control  led or prescribed f i r e  
can be used t o  increase forest  regenera- 
t i o n  and produc t iv i t y  by slash removal. 
Also, prescribed f i r e  can reduce the 
harmful e f fec ts  o f  uncontrol led f i r e  by 
decreasing fuel  loads and f i r e  inten- 
s i t y .  

INSECTS 

Many species of insects at tack Cal i- 
forn ia 's  forests. Western pine beetles, 
f lathead borers, ti p moths, and budworms 
are major problem causing insects. 

I n  addi t ion to  k i  I I ing trees, insects, 
especia l ly  those which are defol  iators,  
weaken m i  I I ions of t rees  thus reducing 
t h e i r  growth. Extensive insect damage 
occurs i n  plantat ions and natural stands 
o f  young trees. From 1971-1975, the  
t o t a l  acreage infesTed by defol  i a to rs  
and insects which at tack young t rees has 
ranged from 100,000 acres a year t o  
450,000 acres (Ca I i forn i a  Forest Pest 
Control Action Council 1964-78). 

D I SEASES 

Less spectacular than f i r e  or insects, 
fo res t  diseases are nonetheless a ser- 
ious fo res t  management problem. Two 
root diseases t h a t  lower trees' res i s t -  
ance t o  insects, weather, or other d is- 
eases and sometimes k i  I I even large 
t rees  ou t r i gh t  are Fomes annosus and 
Arm i l l a r i a  mellea. Other important 
diseases include rusts, damping-off 
fungi  , cytospora canker , need I e d i seas- 
es, hear t - ro t t ing fungi and dwarf 
m i s t  I etoe. 

Dwarf mis t le toe  i s  considered the most 
serious dlsease agent in fes t ing  the for- 
es ts  of Western North America. It re- 
duces growth, i n v i t e s  insect a t tack  and 
k i  I I s  t rees  out r ight .  Several coni fer-  
ous species on about 21 percent of Cal i- 
forn ia 's  commercial forest  land are in- 
fested w i th  dwarf mist letoe. About 15 
percent of the t rees on nat ional  forest  



lands and 25 percent o f  t rees on other 
lands are infested. Dwarf mis t le toe in- 
fect ions are common in  the i n t e r i o r  of 
the  State, but  are found less frequently 
in  coastal areas. Forest managers w i  I I 
have t o  control  t h i s  disease, o r  accept 
g rea t ly  reduced yields. 

Stocking control  measures (such as 
p r e c m e r c i a l  and commercial th inning) 
can reduce insect and disease mortal i t y  
by maintaining stands i n  a vigorous con- 
d i t ion,  However, more research i s  need- 
d t o  develop s i l v i l c u l t u r a l  prescr i  
ions t h a t  l i m i t  pest condi t ions fr 

reaching damaging proportions. 

WEATHER DAMAGE 

Wind throw o r  windbreak are periodi- 
ca l  l y  widespread phenomana and are of ten 
associated wi th  r o o t  disease o r  heart  
ro t .  Other types o f  weather damage in- 
clude: l a te  spring f rosts;  fo l iage  burn 
on sunny, windy days when the ground i s  
frozen; ha i l ;  heavy snow; i ce  storms and 
drought. Normally weather i s  a re la-  
t i v e l y  i ns ign i f i can t  cause o f  in jury ;  
however, the 1975-77 drought i n  Ca l i fo r -  
n ia  was pa r t i cu la r l y  severe and in ju r -  
ious. CDF estimates t h a t  since 1976 45 
m i  I I ion t rees have have been k i  I led by 
drought, by bark beetles, and/or diseas- 
es. These t rees contained an estimated 
four b i l l i o n  cubic feet  o f  timber. Tree 
mor ta l i t y  i s  dec l in ing as the fo res t  
continues i t s  recovery from the stress 
o f  the drought. 

AN I MAL DAMAGE 

Many of the w i  I d  animals t h a t  de l igh t  
fo res t  recreat ionists,  a t t r a c t  hunters 
and add t o  the general richness o f  I i f e  
a lso damage and k i l l  fo res t  trees. Deer 
browsing on young coni fers  i s  a serious 
animal damage problem in  parts o f  Cal i -  
fornia.  Extensive damage has been 
caused by pocket gophers i n  the North 
Coast region. Other animals whose ac t i -  
v i t i e s  are damaging' include rabbits, 
porcupines, mice, e l k  and bear. 

PEOPLE-CAUSED FOREST DAMAGE 
CS 

Many o f  the a c t i v i t i e s  o f  people 
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  damage 
trees. In addi t ion t o  the man-caused 
f i r e s  mentioned ear l ie r ,  two primary 
causes o f  such damage are logging and 
a i r  po l lu t ion.  

Trees in jured during logging opera- 
t i o n s  o f ten  become infected by wood ro t -  
t i n y  agents. A sizeable por t ion of the 
volume tost  due t o  decay and weather 
damage can be &traced back t o  logging 
damage, especia l ly  i n  the t rue  f i r s  and 
hardwoods. 

A serious and growing fo res t ry  problem 
i n  Ca l i f o rn ia  i s  oxidant damage. F i r s t  
noted i n  the 19501s, oxidant damage and 
accompanying insect a t tack have resul ted 
i n  the death of  thousands o f  t rees  
throughout Southern Cal i forn ia .  More 
recent ly,  pines on the western slopes o f  
t he  Sier ra Nevada have been af fected as 
f a r  north as Fresno County (see Chapter 
Five, ItForest Lands and the A i r  
Resource" fo r  fur ther  information) . 

CURRENT LEVELS OF FOREST 
MANAGEMENT AND TIMER . . . . . - - 

REMOVALS 

The level o f  fo res t  management i n  a l  I 
ownerships has increased s i g n i f i c a n t l y  
i n  the l a s t  ten years. The Z'berg- 
Nejedly Forest Pract ice Act o f  1973 and 
r e  I ated Pub I i c Resources Code regu I a- 
t i o n s  which include minimum stocking 
requirements have increased forest  
planting. Also, the  r i s i n g  p r i ce  o f  
forest  products has served as an econom- 
i c  incentive t o  pr iva te  land owners t o  
re fo res t  nonstocked areas and imp I ement 
s i l v i c u l t u r a l  techniques t o  increase 
timber production. S i  l v i c u l t u r a l  t reat -  
ments no t  involv ing timber harvesting 
t o t a l  over 200,000 acres annual l y  (see 
Table 10-7). bi 
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TABLE 10-7 

.* - .  

TABLE 10-7 

RECENT ANNUAL AREA OF COMMERCIAL FOREST MANAGEMENT ACTIVITIES IN CALIFORNIA 
BY SILVICULTURAL REATMENT AND OWNERSHIP 

SILVICULTRUAL 
TREATMENT 

~~ ~~~~ 

TREATMENTS NOT I NVOLV I NG 
T I MBER HARVEST 
Plantlng and seeding 
S i te  preparation for 

p I ant I ng 
S i te  preparatlon for 

natura t Fegenerat Ion 
Timber stand lrnprovement 
Pruning 
F e r t l  I izing 
Prescrlbed burn to 

contro I understory 

Total o f  Treatments Not  
Involving Tlmber Harvest 

TIMBER HARVEST TREATMENTS 
Clearcutt ing 
Se I ect  Ion c u t t  I ng 
Shelterwood and seed tree 

Intermediate cu t t ing  
cu t t ing  

(Includes comnercial 
t h l  nn I ng) 

c u t t  Ing 
Sanltatlon-salvage 

Other 

Total Timber Harvest 
Treatments 

Tota I A I I Treatments 

PUBL I C  

35,921 

B,%t 

14,049 
33,216 

31 5 
409 

1,914 

11 1,405 

19,600 
22,800 

73,200 

52 , 100 

164,600 - 
332 ;300 

443 , 705 

PR I VATE 
Acre - 

47 , 139 

NA 

20,466 
21 ,908 

NA 
NA 

NA 

89,513 

t5,700(2) 
286 , 100 

46,900 

42 , 400 

%?#U)o 
84,800 

568,200 

657,713 

TOTAL O f  
AVAILABLE DATA 

83,060 

25,581 

34,515 

315 
409 

1,914 

55,124 

200,918 

35,300 
308 , 900 

120 , 100 

94 , 500 

256,900 
84,800 

900 , 500 

1,101,418 

( 1 )  These data w e  presented to indicate the approximate area being treated annually in 
Cal i forn ia 's  forests. The sources are: U.S. Forest Service, State Sunmary, 
Reforestattar and Stand Improvement, Report 24.245, complied at Fort Coillns,Colorado, 
January 1979; U.S. Forest Servlce, 1977 Report; Forest Planting, Seedlng, and S i l v l ca i  
Treatments In the United States, Washington, D.C., 1978; State of Cali fornfa Forest 
Practlce Report, 1977, Sacramento, Cal Ifornia, 1978; U.S. Forest Service Reglon 5 

. o f f i c e  f i les, 1978. 

(21 Timber harvest plans as f i l e d  for 1977, presented as the tes t  indicator of  axes  
actual ly  treated. 

W 



Reforestat ion o f  p r iva te  lands in- 
creased from 9,000 acres i n  1969 to  
47,000 acres i n  1977 whi le  re fo res ta t ion  
of  publ ic  lands increased from 25,000 
acres i n  1969 t o  36,000 acres i n  1977. 
These increases were made possible by 
increases i n  nursery production and im- 
provements i n  the economics o f  fo res t  
i nvestmen t . 

M 1 LL ION 
CUB I C  
FEET 

Production from pr iva te  nurseries 
reached 39.8 m i l l i o n  seedlings i n  1977 
compared t o  900,000 i n  1965. Production 
o f  seedlings in  publ ic  nurseries in- 
creased from 21.2 t o  23.7 m i l l i o n  from 
1965 t o  1977.. Yet even w i th  t h i s  great 
increase i n  plant ing on a l l  ownerships, 
t he  acreage reforested annual l y  i s  j u s t  
keeping up wi th  the area deforested by 
w i  I d f  i r e  and timber harvesting. Thus, 
t o  decrease the p I an t i  ng back I og t h a t  
has accumulated in  past years, even 
greater re forestat ion must occur. 

PERCENT 

Timber harvesting occurs on over 
900,000 acres annually. Selection cut- 
t i n g  occurs on over ha l f  of the area o f  
p r iva te  land harvested. On publ ic land, 
sanitation-salvage cu t t i ng  i s  the major 
treatment i n  terms o f  acres, occurring 
on over ha l f  o f  the t reated area. 

Timber removals from Ca l i fo rn ia  forest  
land peaked in  1955 when over one b i l -  
l i o n  cubic feet  were harvested. Since 
then annual timber removals have decl in- 
ed t o  about 750 m i  I I  ion cubic feet  (see 
Figure 10-3). This data ser ies ind i -  
cates past cu t t i ng  trends. (The ser ies 
used i n  the  Adams-Haynes model i s  some- 
what d i f fe ren t .  No s ign i f i can t  increase 
i n  c u t  i s  projected f o r  1978-80 as a 
comparison would suggest.) 

Timber removals on the North Coast, 
the  major timber producing area i n  the 
State, have f luctuated considerably i n  
keeping wi th  an over-a 1 I decrease since 
the  1950's. In the remainder of the 
State, the c u t  has remained f a i r l y  
stable, especial l y  i n  the Sacramento and 
San Joaquin Resource Areas (see Figure 
1-3). Re la t i ve ly  l i t t l e  timber has been 

harvested i n  the Central Coast Resource 
Area since the 1930's. 

I n  the ear ly  years cu t t i ng  was done 
predominantly on pr iva te  lands. In the 
ear ly  1960's, as the c u t  declined on 
p r i va te  lands, cu t t i ng  on nat ional  for- 
e s t  lands increased, making up some of 
the  decrease. National fo res t  c u t  has 
decl ined some i n  most recent years. 

In  1978 timber removals from comer- 
c ia1 fo res t  lands i n  Ca l i f o rn ia  were ap- 
proximately 744 m i l l i o n  cubic feet; 69 
percent p r i va te  and 31 percent publ ic  
(State Board o f  Equalization 1979). 
Payments t o  39 counties from Forest Ser- 
v ice  revenues (p r imar i l y  from harvested 
t imber) were approximately $50 m i  I I ion. 
Yield tax  revenues f r o m  Ca l i f o rn ia  t i m -  
ber harvests i n  1978 were $45 m i  I I ion. 

Timber harvested from a l l  ownerships 
i n  the North Coast Resource Area in  1978 
amounted t o  32 percent of the State's 
to ta l .  The remaining 68 percent was 
harvested i n  the in te r io r ,  as shown 
be low: 

RESOURCE AREA 

North Coast 
Northern I n t e r i o r  
Sacramen t o  
San Joaquin 
Central Coast and 

Southern Ca l i f .  

260 
223 
164 
89 

4 

744 

- 

35 
30 
22 
12 

1 

100 

- 

Ca I i forn ia 's  forest  indust r ies have, 
un t i  I recent years, re1 ied almost exclu- 
s i ve l y  on old-growth timber t o  m e e t  
t h e i r  needs. As the ava i lab le  o ld  gr,ow- 
t h  has been logged, a gradual t r a n s i t i o n  
t o  the u t i l i z a t i o n  o f  young-growth t m- 
ber has taken place. S t i  I I, almost 70 
percent of the present log consumpt on 
i s  from t rees a t  least  100 years old. da 
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FIGURE 10-3 

-m 

The increase in  use of young-growth. 
t imber i s  most evident i n  the North 
Coast and Central Coast Resource Areas 
where many of the  old-growth stands on 
pr iva te  lands have been logged and rela- 
t i v e l y  l i t t l e  publ ic  timber exists. i n  
these resource areas, 38 percent and 91 
percent repect ive ly  of the lumber pro- 
duct ion i s  from young-growth tlmber 
( less  than 100 years o ld)  (Howard and 
Hlserote 1978). i n  the i n t e r l o r  of the 
State (Northern In te r io r ,  Sacramento and 
San Joaquin Resource Areas) where exten- 
s ive  old-growth stands e x i s t  w i th in  the 
nat ional  forests, 25 percent o f  the lum- 
ber production i s  from young-growth t i m -  
ber. The u t i  I iza t ion  o f  young-growth 
timber i s  expected to increase s i g n i f i -  
can t ly  i n  the next 10 years. 

Cat i f o rn ia ' s  timber production. Cur- 
rent ly ,  Cal i forn ia 's  indus t r ia l  wood 
consumption i s  composed of 23 percent LJ 

Douglas-fir; 19- percent redwood; 31 per- 
cent ponderosa pine and sugar pine; and 
23 percent t rue  fir. The remaining por- 
t i o n  Is made up of  other softwoods such 
as incense cedar and some hardwoods, 
w i th  tanoak and oak predominating. 

The r e l a t i v e  importance of a part icu- 
l a r  species t o  the t o t a l  annual har- 
vest-volume has changed over the years . 
due to  changes- i n  the market and species 
a v a i l a b i l i t y .  Douglas-fir, redwood, and 
ponderosa pine each, a t  one t ime or 
another, const i tu ted a t  least  h a l f  of 

EVAlLABlLlTY OF COMMERCIAL 
FOREST LAND (CFL) FOR TIMBER 
PRODUCTION 

Approximately h a l f  o f  the State's for- 
e s t  land i s  e i t he r  too low i n  productiv- 
i t y  f o r  the production o f  commerical 
t imber or i s  withdrawn from timber har- 
vesting i n  nat ional  and State parks, 
w i I derness areas, and other lega I I y es- 
tab1 ished forms of reservations. The 
rema I nder , accord ing .to the Forest Ser- 
v i ce  d e f i n i t i o n  of llcommerical fo res t  
land" i s  16.3 m i l l i o n  acres. While the 
term l%xxnmercial fo res t  land" may unfor- 
tunate ly  suggest fo res t  land held for 
commercial timber production purposes, 
i n  f a c t  ownership ob ject ives are h igh ly  
variable. 

NATIONAL FOREST LANDS 

The Forest Service manages 8.2 m i l l i o n  
acres of commercial forest  land. Be- 
cause nat ional  forests are t o  be managed 
f o r  the contlnuous high level  production 
o f  various commodity goods and amenities 
including outdoor recreat ion opportuni- 
t i es ,  water, f i s h  and w i l d l i f e ,  t imber 
and forage, t imber management on t h i s  
c m e r i c a l  acreage i s  planned w i th in  a 
framework o f  a l l  recognized resource 
vat ues. 

The c m e r i c a l  forest  area (40 percent 
o f  the t o t a l  land area i n  nat ional  for- 
ests)  has been c lass i f i ed  i n to  four com- 



ponents which bear on t i m b e r  management 
in tens i ty  (Forest Service 1972). The 
standard component, managed intensively 
for timber production, y ie lds  90 percent 
of  the timber harvested from national 
forest  land and includes 62 percent o f  
t h i s  commer ica l  forest  land. 

The other components y ie ld  s i g n i f i -  
can t ly  less timber because o f  other re- 
source needs, low expected economic fe- 
tu rns  and inaccessibi l  i t y .  The special 
component may include lands adjacent t o  
streams, highways, and recreat ional  
si tes, and habi tats o f  endangered w i  Id- 
l i f e  species. The marginal component i s  
composed o f  land which i s  deemed margin- 
a l  f o r  timber production, because of 
poor product iv i ty,  low product value or 
the need fo r  access roads. Commercial 
forest  lands t h a t  w i l l  not  be managed 
f o r  sustained t i m b e r  production such as 
experimental forests and administrat ive 
and recreat ional  s i t e s  are w i th in  the 
unregu I ated component. 

The area involved in  these components 
i s  shown as ( i n  thousands of acres): 

NATIONAL FOREST COMMERCIAL 
FORESTLAND, 1978 

FOREST THOU SAND 
COMPONENT ACRES PERCENT 

Standard 5,064 62 
Specia I 898 1 1  
Margina I 1,960 24 
Unregulated 24 5 3 

TOTAL I 8,168 I 100 

Recently 1.66 m i  I I ion acres of nation- 
a l  fo res t  commercial forest  land were 
considered for w i  lderness status under 
the  Forest Service's second Roadless 
Area Review and Evaluation Program (RARE 
I l l .  (Interspersed w i th  the  publ ic  
roadless areas are an addi t ional  few 
thousand acres o f  p r iva te  productive 

timber land.) Conversion to llPublic Re- 
served" (wilderness) status o f  the 
240,000 acres of commercial forest land 
included i n  the federal recommendation 
t o  Congress could r e s u l t  i n  a two per- 
cent decrease in  timber harvest from na- 
t i o n a l  forests. The Ca l i f o rn ia  Re- 
sources Agency W i  lderness Proposal could 
reduce annual y ie ld  by approximately 
four percent. However, the major i t y  o f  
t h i s  RARE I I  commercial fo res t  land i s  
outside the standard component. For 
fu r ther  information on lands considered 
i n  RARE I I r e f e r  to  the W i  lderness Chap- 
t e r  . 
OTHER PUBLIC AGENC 1 ES 

Lands administered by the  Bureau of 
Land Management (BLM) are managed fo r  
sustained y i e l d  under m u l t i p l e  use pr in-  
c i p l e s  defined in  the Federal Land Po l i -  
cy and Management Act of 1976 (Public 
Law 94-579). The commercial forest  land 
t o t a l s  about 240,000 acres i n  scattered 
parcels throughout the State. 

Indian lands are managed under the 
guidance o f  the Bureau o f  Indian A f f a i r s  
t o  provide income fo r  the Indian owners. 
S t r i c t l y  speaking, these lands are p r i -  
vate ly  owned, though h i s t o r i c a l l y  they 
have been c l  assi f ied as pa r t  of the pub- 
l i c  lands. Indian lands t o t a l  about 
100,000 acres i n  the larger reservations 
such as the Hoopa Val ley i n  the North 
Coast, and the Tule River i n  the San 
Joaquin resource areas. Timber' i s  man- 
aged on a sustained-yield basis w i th  a 
long-term a l  lowaqble harvest equal t o  the 
land's capacity under the planned man- 
agement in tens i ty .  

State-owned cmmerc ia  I fo res t  I ands 
include seven State forests  and scat- 
tered parcels o f   other State lands. The 
t o t a l  c lass i f i ed  as commercial forest  by 
the  Forest Survey i s  79,000 acres. The 
four State forests  which are managed 
pr imar i l y  fo r  timber production, re- 
search and demonstration i n  modern for- 
es t  management pract ices conta i n  about 
68,000 acres (CDF, 1975). dyi 
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PRIVATE LANDS " The Forest Service c l a s s i f i e s  7.6 m i  I- 
1 ion acres o f  pr ivately-owned land in  
Ca I i forn i a  as commerc ia  I fo res t  I and. 
Very l i t t l e  deta i led information on size 
and location o f  pr ivate parcels and own- 
ersh ip ob ject ives exists.  Although much 
of  t h i s  land has been logged in  the 
past, only pa r t  o f  it i s  ava i lab le  for 
growing and harvesting t i m b e r  today. 

other organizations hold 1,950,000 acres 
o f  commercial forest. Most o f  t h i s  t i m -  
berland i s  not managed for timber pro- 
duction, although many t r a c t s  are logged 
rather  sporadical ly and some areas are 
being managed by consul t ing foresters. 

The t o t a l  area of farmer-owned and 
miscel laneous p r  ivate-ownership fo res t  
has decreased due t o  grazing, clearing, 
res ident ia l  development and other con- 
ver s i ons. 

Forest Industry 
LAND CONVERSION AND TPZ 

Most dependable f o r  timber production 
are the 2,688,000 acres o f  commercial 
fo res t  land owned by companies tha t  op- 
erate fo res t  products m i  I Is, and the 
1,348,000 acres owned by other companies 
t h a t  grow timber fo r  sale t o  the com- 
panies t h a t  operate m i l l s .  These f i rms 
have fo res t ry  s t a f f s  and manage timber 
on a continuous y i e l d  basis. The t o t a l  
acreage i n  these ownerships has in- 
creased and the number and s ize  of  these 
holdings has been changing general ly to- 
ward fewer and larger companies. Though 
i ntens i t y  o f  t imber management var ies 
from company t o  company, investment i n  
m i l l s  and high qua l i t y  t imberland i s  
some assyrance t h a t  the companies w i l l  
continue t o  produce timber. 

Other Pr iva te  

With the exception of a few large cor- 
porate owners, the "other pr  i vatell t i m -  
berland i s  composed of  a very large num- 
ber o f  ind iv idua l l y  held small f o res t  
propert ies, which are subject t o  f a i r l y  
rap id  turn-over i n  ownership and in- 
creasing fragmentation. A recent study 
indicates approximately 50 percent o f  
these landowners t i v e  i n  the county i n  
which the property i s  located, o r  i n  an 
adjacent county (Laacke 1979) . 

Commercial forests  owned by farmers 
and ranchers t o t a l  1,646,000 acres. 
Miscellaneous p r i va te  owners including 
nonfarmer individuals, banks, churches, 
rea l  estate development companies and W 

The Forest Survey estimates t h a t  
221,000 acres of commercial t imberland 
were developed fo r  nontimber purposes i n  
the i n t e r i o r  and central  coastal forests  
from 1970-72. The current  Statewide 
area of fo res t  being developed each 
year, thought to  be s i g n i f i c a n t  by some, 
i s unknown . 

Continued conversion o f  the c&ercial 
fo res t  land base to  non-forest use i s  
decreasing the States' a b i l i t y  t o  grow 
timber . The timber land preserve zoning 
provis ion of  the Z'berg-Warren-Keene- 
Cot I i e r  Forest Taxation Reform Act of 
1976 i s  a p a r t i a l  so lu t ion to t h i s  prob- 
lem. Land designated Timber land Pre- 
serve Zones (TPZ) by counties may be 
used only for production of forest  pro- 
ducts and other compatible uses. In 
turn, the taxes levied against TPZ lands 
are t o  be based on the capab i l i t y  of the 
land t o  produce forest  products. These 
changes i n  the tax system were made to  
e l  iminate dis incent ives t o  investments 
I n  timberland resu l t i ng  from higher an- 
nual t i m b e r  and property taxes. As of 
Apr i  I 1978, 5.68 m i  I I ion acres (75 per- 
cent of the pr iva te  commercial fo res t  
land) were i n  TPZ's. (See Appendix Item 
I X  for a l i s t i n g  of the area in  TPZ by 
county.) While these tands are no t  used 
so le l y  for t i m b e r  production, and the 
level  of t i m b e r  management var ies from 
"high y ie ld  forestry l l  t o  minimum legal 
requuirements, they w i  I I remaln forest- 
ed. The near ly two m i l l i o n  acres of 
productive timberland not i n  TPZ's (corn- 
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posed pr imar i I y o f  non- industr ia  I hold- 
ings too smal I t o  meet minimum area re- 
quirements set  by counties) are probably 
where most t imberland conversion w i  I I 
occur . 

With 3 m i  I I ion acres of nat ional  for- 
e s t  commercial timberland in  non- 
standard cmponents, 3.6 m i l l i o n  acres 
i n  farmer and miscellaneous pr iva te  
ownership, and 52 percent of the State's 
timberland low i n  wood growing poten- 
t i a l ,  the major i t y  o f  fu ture timber pro- 
duction can be expected t o  come f r o m  
one-half t o  two-thirds of the ex i s t i ng  
cmmerc ia I forest  I and base. However , 
more timber could be grown by small p r i -  
vate landowners i f  they were provided 
w i th  economic incentives and technical 
assistance. Furthermore, investments i n  
a l  I ownersh i ps w i  I I be necessary t o  
maintain o r  increase timber suppl ies. 

OPPORTUNITIES FOR INCREASING 
TIMBER SUPPLIES 

There are many oppor tun i t ies t o  in- 
crease timber suppl ies i n  Cal i forn ia .  
Growing more timber i s  one way of slow- 
ing p r i ce  increases, aver t ing decl ines 
i n  both employment and revenue, and 
meeting paper and other wood product 
needs. However, b io log ica l  opportuni- 
t i e s  fo r  improving forest  p roduc t iv i t y  
may be I i m  i ted by env i ronmenta I , econom- 
ic, and i n s t i t u t i o n a l  constraints. 
A I  so, increased y ie  Ids from forest  
investments w i  I I not  prevent projected 
timber supply reductions from pr iva te  
land in  the next 20 years because the 
addi t ional  timber produced w i  I I not  
mature un t i  I the middle o f  the  next 
century. Consequently, intensive man- 
agement, by i t s e l f ,  i s  not  enough. Re- 
vised Forest Service harvesting po l i c i es  
and improved u t i  I i za t ion  of  harvested 
timber could be used t o  avoid the de- 
c l  ine. These oppor tun i t ies are dis- 
cussed in  d e t a i l  in  t h i s  section. 

B I OLOG I CAL OPPORTUN I T I ES FOR I NCREAS I NG 
T IMBER GROWTH b 

Forest management a c t i v i t i e s  which im- 
prove forest  product i v i t y  can be grouped 
i n t o  two genera I categories: ( 1 )  stand 
regeneration; and (2) t imber stand im- 
provement. These treatments are design- 
ed t o  increase commercial softwood 
growth. Commerc ia  I softwood species 
o f  fer  the best opportun i t y  because they 
grow much faster than hardwood species 
i n  Ca l i fo rn ia  and are su i tab le  fo r  the 
k ind of products needed. (Although 
f e r t i  I izat ion and p lant ing genetical l y  
superior seedl ings are expected t o  make 
s i g n i f i c a n t  cont r ibut ions t o  improved 
fo res t  p roduc t iv i t y  i n  fu tu re  years, 
these oppor tun i t ies were no t  considered 
due t o  lack of  s u f f i c i e n t  data on y ie ld  
responses. 1 

Opportuni t ies for improving productiv- 
i t y  depend on the physical condi t ion of 
fo res t  stands which vary by land owner- 
ship. The 8.7 m i  I I ion acres o f  pub1 ic  
c m e r c  ia I forest  land s t i  I I a n t a  i n  ex- 
tensive areas o f  old-growth sawtimber. 
Approximately 78 percent i s  sawtimber, 
the  remaining 12 percent being pole- 
t i m b e r ,  6 percent sap1 ing and seedl ing 
and 4 percent nonstocked. The predomi- 
nant treatment opportuni ty i n  sawtimber 
stands i s  stand regeneration. The 
Ca l i f o rn ia  Forest Produc t iv i t y  Committee 
has estimated treatment oppor tun i t ies 
for the nat ional  fo res t  component of 
pub l i c  forest  land where l im i ted  data 
were avai lable. 

Most of the 7.6 m i  I I ion acres o f  p r i -  
vate commercial fo res t  land have been 
harvested a t  least  once. Some uncut 
old-growth stands can s t i  I I be found, 
mainly i n  remote mountain regions, and 
considerable residual  volume has been 
l e f t  i n  many logged stands. Volume in  
some young-growth stands on land cu t  
decades ago i s  as great  as the volume in 
many uncut old-growth stands. Much o f  
the  more recent ly  logged area i s  now 
forested w i th  seedling, sapl ing or pole- 
t i m b e r  stands. On the other hand, o lder  L J  
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logging and mining operations, f i res ,  
6/ insect and disease epidemics, storms and 

unsuccessful attempts t o  convert forest  
t o  pasture, have l e f t  extensive areas o f  
productive land stocked w i th  low value 
hardwoods, ro t ten  and damaged coni fe rs  
and brush. Because of the longer his- 
t o r y  o f  disturbance on pr ivate land than 
on pub1 ic  lands and the various objec- 
t i v e s  pursued by the many owners, oppor- 
tun i t i e s  for s i  l v i c u l  t u r a l  treatment on 
these lands are more extensive and 
var ied . 

Treatment oppor tun i t ies e x i s t  on 
three-quarters, or near ly 12 m i  I I ion 
acres, of Ca I i forn ia 's  c m e r c  ia  I forest  
land. The remaining area i s  considered 
t o  be growing t i m b e r  a t  an adequate 
rate. Stand regeneration oppor tun i t ies 
occur on 7.9 m i l l i o n  acres, which i s  
almost equal ly div ided between publ ic  
and pr iva te  lands. Timber stand 
improvement treatment areas t o t a  I four 

m i  I I ion acres, and are pr imar i l y  found 
on pr ivate land (see Table 10-8). 

Stand Regeneration Opportunit ies 

Stand regeneration treatments are 
undertaken t o  remove brush, hardwoods 
and/or slowgrowing softwoods and replace 
them with m e  productive softwood seed- 
1 ings. 

Brush Clearing-and-Planting 

A f te r  forest  lands are cleared, many 
s i t e s  convert t o  brush or hardwoods i f  
n o t  immediately restocked with conifers. 
A I though nonstocked areas do re fo res t  
natura l ly ,  succession t o  coni fers  once 
other species are establ ished I s  very 
slow. Large f i r e s  such as those which 
occurred in 1977 increase the  p lant ing 
back I og . 

A t  the present time, Over 1.6 m i l l i o n  
acres of commercial t imberland i n  Cali-  
f orn 1 a are nonstocked or poor I y stocked 
w i th  sapl ing or seedling coni fer  trees. 
Most o f  t h i s  area w i  I !  requi re  some kind 
of  s i t e  preparation such as the removal 

b, 

o f  shrubby vegetation and/or logging 
residues using prescribed burning before 
p lant ing can take place. The current 
softwood growth on these lands I s  about 
one m i l l i o n  cubic feet  per year. The 
average annual y i e l d  could be 80 m i l l i o n  
cubic feet  (over a 70 year period) i f  
t h i s  area were a t  least  60 percent 
stocked with conifers. Statewlde growth 
could increase 10 percent (Rotsinger, 
d ra f t ,  1979). . Over 40 percent o f  t h i s  
nonstocked timberland i s  medium and high 
s l te ,  (capable of growing a t  least  85 
cubic feet  of wood per acre per year). 
These areas could be viewed as f i r s t  
p r i o r i t y  p lant ing s i tes.  

There has been a general trend toward 
the  development and use of genet ica l l y  
improved p lant ing stock. These e f f o r t s  
should be encouraged as they can sub- 
s t a n t i a l l y  improve growth. Much of  the 
present seed source used in  seed I ing 
production is col lected without regard 
t o  genetic qual i ty .  

Hardwood Conversion 

Hardwood stands are important i n  t h a t  
they provide w i  Id1 i f e  hab i ta t  and add 
d ivers i  t y  to  fo res t  scenery. Unfortu- 
nately, i n  terms of meeting Ca l i f o rn ia  
t i m b e r  products needs, on I y two or three 
o f  the more than 20 hardwood species 
which grow i n  Cal i f o r n i a ? s  forests have 
been u t i l i z e d  t o  any degree. Hardwoods 
amount t o  less than two-tenths of  one 
percent of the  State's roundwood con- 
sumption by fo res t  product m i l l s  (Howard 
and Hiserote 1978). This i s  because 
Ca I i fo rn ia  hardwood t rees are typ ica l  l y  
crooked, forked and sprawling; they are 
d i f f i c u l t  and cos t l y  t o  log and process; 
and there ex i s t s  l i t t l e  market for these 
species. Research could be undertaken 
t o  develop u t i  I iza t ion  techniques and 
markets for hardwoods. 

I n  many areas hardwoods have become 
the  predmlnant species a f t e r  logging or 
f i re.  Black oak and fanoak n o w  occupy 
hundreds of thousands of acres t h a t  once 
grew more productive softwoods. Remov- 
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TABLE 10-8 

TABLE 10-8 

TREATMENT OPPORTUNITIES 

AREA (M Acres) 

PUBL IC 
UNRESERVED 

389 

505 

2888 ( 1 )  

FOREST 
INDUSTRY 

480 

230 

1307 

OTHER 
PR I VATf 

779 

557 

772 

TREATMENT TOTAL 

1648 

1292 

4917 

STAND REGENERATION 

Brush Clearing-and-PlantIng 

Hardwood Conversion 

Harvest-and-PIant 

3782 2017 2058 78 57 TOTAL 

654 

722 

TIMBER STAND IMPROVEMENT 

Precommercial Thinning 314 

465 ( 1 )  

820 

1020 

1788 

2207 Comnercial Thinning 

1840 1376 3995 TOTAL 779 

3434 4561 3857 1 1852 TOTAL 

( 1 )  National forest portion from Forest Industries Council estfmate 

Source: Based on Forest Survey data, 1979 

ing hardwoods and establ ishing coni fers  
on these commercial forest  lands could 
substant ia l  l y  increase the amount o f  
usable wood produced in  Cal i forn ia .  

crease from about 1 1  t o  89 m i l l i o n  cubic 
fee t  per year (over a 70 year period) 
and Statewide growth could increase 10 
percent (Bolsinger, d ra f t ,  1979). Six ty  
percent o f  t h i s  p r iva te  forest  i s  medium 
o r  hiyh s i t e  land compared t o  36 percent 
on pub1 i c  land. Hardwood conversion 
(and brush conversion) could a lso in- 
crease the populations of cer ta in  w i  Id- 
I i f e  species. The comp I ementar i t y  o f  
producting more wood and game i s  dis- 
cussed in  the Assessment and Fish and 
W i  Id1 i f e  Chapters. g, 

Hardwood stands occupy 1.3 m i l l i o n  
acres o f  commercial forest  land which 
are capable o f  growing softwoods. O f  
t h i s  acreage, 61 percent i s  i n  pr ivate 
ownership, 39 percent i s  i n  pub1 ic cus- 
todianship. I f  reforested w i th  coni- 
fers, annual softwood growth could in- 
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Harvest-and-P I ant 

L, A fac to r  a lso n t r i b u t i n g  to  poor 
growth i n  r e l a t i o n  $0 potent ia l  i s  the 
extensive area of sawtimber stands which 
are  i n  poor condition. On p r iva te  
lands, the sequential removal of the  
more valuable dominant t rees has reduced 
some stands t o  a co l l ec t i on  of damaged 
and diseased t rees and undesirable 
species. Net growth In  these stands i s  
low and sometimes negative because of 
mortal i t y .  These low-growth stands are 
producing 60 m i  I I  ion cubic fee t  per.  
year, ye t  they could be producing 273 
mi l l ion .  The loss i n  p roduc t iv i t y  of 
these pr iva te  forest  lands i s  greater 
than the t o t a l  loss i n  hardwood stands 
and nonstocked areas on a l  I ownerships. 

Growth ra tes  are nu t  expected t o  im- 
prove un t i  I the present cover i s  removed 
and young coni fe r  stands establ ished. 
Unfortunately, n o t  much of t h i s  i s  being 
done; the  common prac t ice  seems t o  be 
for continued se lect ive logging and f o r  
leaving a residual  low-value, low-growth 
stand t o  occupy the  land. Present 
stocking provis ions o f  the Forest Prac- 
t i c e  Rules may be sa t is f ied ,by  such log- 
ging practices. However, these ru les  
might be amended by including higher 
seed t r e e  standards f o r  example, to  pre- 

. vent such losses t o  fu ture growth. Pr i -  
vate lands i n  t h i s  condi t ion t o t a l  about 
1.8 m i l l i o n  acres. An addi t ional  
300,000 acres are slow-growing. o l d  
growth. The t o t a l  area.  representing 
harvest-and-plant oppor tun i t ies i s  67 
percent forest  industry , 33 percent 
other private. 

Low growth residual  stands a lso e x i s t  
on pub1 i c  land, bu t  of greater s i y n i f i -  
cance are the extensive areas of uncut 
old-growth timber, especlal l y  . i n  the 
nat ional  forests. These large areas of 
old-growth timber r e f l e c t  the Forest 
Service's non-decl in lng even flow pol i cy  
whereby timber y ie lds  are maintained in  
perpetu i ty  a t  a near constant level. 
This po l i cy  extends the conversion peri- 
od of old-growth t o  young-growth timber 

W 

and thus delays the potent ia l  increased 
growth. Any s i g n i f i c a n t  accelerat ion in  
the nat ional  forest  harvest level would 
requ i re  a change in  pol icy.  This issue 
i s  described in  more detai  I near the end 
of t h i s  section and in  the Assessment 
Chapter . 
. As on the pr ivate land mentioned 

above, . ne t  growth i n  many of these 
stands i s  low o r  even negative because 
o f  mor ta l i ty .  S i te  preparation and 
p lant ing opportuni t ies w i  I I e x i s t  as the 
2.9 m i l l i o n  acress of  mature publ ic  t i m -  
ber are harvested (Forest lndustr ies  
Counc i I , dra f t ,  1979). Regeneration of 
these stands could y ie ld  the greatest 
po ten t ia l  increase in  Statewide growth 
of  a l  I treatments, an estimated 43 
percent . 
Timber Stand Improvements 

Timber stand improvement treatments 
are made - i n  areas where adequate numbers 
o f  young softwood t rees occupy a s i t e  
bul; t h e i r  growth i s  impeded by brush, 
hardwoods, and/or the presence o f  too 
many low qual i t y  softwood trees. This 
overcrowding and the resu l t i ng  slowed 
t r e e  growth lengthens the time required 
for t rees t o  reach a merchantable size. 
Improvements are a lso made to  stands i n  
the poletimber-young sawtimber stage o f  
development by removing commercial l y  
valuable wood and releasing the residual 
stand for addi t ional  growth. 

Precommerc la I Thinning 

Precommerc la I th inn ing treatments can 
be grouped in to  two categories according 
t o  the stage of coni fer  development: 
( I )  seedl ing-sap1 ing, and (2)  @le- 
timber-young sawtimber. A t  the present 
time, research i s  needed t o  f ind  methods 
o f  release fo r  seed I ing-sap1 ing coni fers  
t h a t  are both more economically and en- 
vironmental l y  acceptable. A recent 
brush control  p ro jec t  i n  southern Oregon 
found t h a t  because o f  the high number o f  
stems the cost .of cu t t i ng  brush w i th  
chain saws was very expensive ($556- 
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$1269 per acre) and about one-third of 
t he  desirable coni fers  were damaged or 
k i l l e d  by the workers (Bernstein 1977). 

Spraying brush and hardwoods with her- 
b ic ides has proven e f f e c t i v e  i n  most 
cases, but environmenta I concerns have 
caused the use o f  2,4,5-T and Si lvex on 
fo res t  lands t o  be suspended by the En- 
vironmental Protect ion Agency un t i  I a 
f u l l  review o f  t h e i r  impacts on human 
heal th and t h e i r  benef i ts  i s  completed. 
For addi t ional  information on the ef- 
f ec ts  o f  herbicides and other pest i -  
cides, re fe r  t o  the A i r  and Watershed 
Chapters . 

The use o f  animals t h a t  prefer to  
browse on brush and hardwoods has been 
t r i e d  wi th  mixed resul ts.  B io log ica l  
control  methods would be desirable. De- 
f o l  l a t i ng  insects which at tack unwanted 
vegetation have been used w i th  some suc- 
cess i n  weed control  and o f f e r  possibi I -  
i t i e s  i n  forestry. The use of the Kla- 
math weed beet le (Chrysolina) on S t .  
Johnswort, and the cinnabar moth on tan- 
sy ragwort are good examples. However, 
u n t i  I more acceptable methods t h a t  are 
appl icable t o  fo res t ry  are found, re- 
lease treatments o f  young coni fers  w i  I I 
be l imited. 

Once con i fe rs  reach the sap1 ing-young 
poletimber size, precommercial th inn ing 
usual ly involves the removal o f  diseased 
and deformed t rees and undesirable spe- 
cies. Though precommercial th inning us- 
ual  l y  produces no immediate revenue, it 
can grea t ly  increase yields. Further 
study i s  needed before the growth re- 
sponse on a Statewide basis can be quan- 
t i f i e d .  Dense poletimber stands of the 
four main species groups (Doug las-f ir, 
ponderosa and Je f f rey  pines, redwood, 
and t rue  f i r s )  on s i t e s  capable o f  grow- 
ing 85 or  more cubic feet  per acre prob- 
ably could be improved by thinning. 
Overly dense poletimber stands on low 
s i t e s  probably present poor th inn ing op- 
portun i t i e s  because o f  the advanced age 
o f  the trees. 

With fewer stems t o  cu t  per acre the 
cost  o f  using chain saws i s  one- f i f th  t o  
one-sixth o f  the cost  o f  brush removal 
using hand labor ($100-$200 per acre). 
An improvement i n  the small log or ch ip 
markets could r e s u l t  i n  some o f  these 
young stands becoming oppor tun i t ies fo r  
cmmerc ia I th inn ing opportunit ies. 

Commerc ia  I Th i nn ing 

Over two m i l l i o n  acres of adequately 
stocked young sawtimber coni fer  stands 
can be commercially thinned (i.e., w i l l  
y i e l d  a re tu rn  when thinned). Although 
studies i n  the Pac i f i c  Northwest ind i- 
cate t h a t  i n  general commercial th inning 
does no t  increase t o t a l  f i be r  yields, it 
does y ie ld  wood and income a t  an ear l  ie r  
date and it may reduce m o r t a l i t y  from 
insects (Lang e t  a l .  1978). Also by 
concentrat ing f i be r  growth on larger 
stems it can increase y ie lds  of wood f o r  
ce r ta in  products. Whether or no t  a 
given stand in  t h i s  category should be 
thinned depends more on the owner's ob- 
j e c t i v e s  than on the condi t ion o f  the 
stand . 

Nonstocked and poorly stocked land, 
"convertedtt hardwood stands and old- 
growth stands are the major underproduc- 
ing forest  condi t ions i n  Cal i forn ia .  
Reforestat ion and rep1 ac ing hardwoods 
w i t h  con i fer s wou I d increase current  
Statewide growth by 20 percent. I f  on ly  
the  p lant ing and stand conversion oppor- 
t u n i t i e s  on high and mediun s i t e s  (those 
capable of growing a t  least  85 cubic 
fee t  per acre), were treated, the pro- 
spective harvest i n  70 years would s t i l l  
be 80 percent o f  the potent ia l  y ie ld  
even though less than ha l f  of the area 
was treated (d is t r ibu ted  by ownership as 
follows: 26 percent on publ ic  forest  
land, 15 percent on forest  industry land 
and 59 percent on other p r iva te  lands). 

The low-growth sawtimber stands repre- 
sent by fa r  the greatest potent ia l  in- 
crease in  forest  growth. I f  the cut- 
over stands i n  poor condi t ion on lands 
outside national forests  were harvested c*, 
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TABLE 10-9 

TABLE 10-9 

TOTAL CURRENT NET ANNUAL GROWTH, POTENTIAL ADDITIONAL ANNUAL GROW" AN) GROWTH 
THAT COULD RSULT FROM MEETING THE OPPORTUNITIES CAPABLE OF RETURNING 10 PERCENT 
ON THE INVESTMENT AFTER TAX IN CALIFORNIA BY OWNERSHIP. 

OWNERSH I P 

Pub1 I C  

Forest Industry (3) 

Other Private 

A l l  Owners 

CURRENT NET( 1 ) 
ANNUAL GROWTH 

(MILLION CUB 

402 

I62 

238 

802 

- 

Aw 1 TI ONAL (2 I 
POTENT I AL 

: FEET) 

368.7 

273.6 

337.0 

979 03 

- 

ADDITIONAL POTENTlAL(2) 
AT 10 PERCENT RETURN 

288.6 

257.5 

282.0 

828. I 

- 

Source: (1) Forest Survey, 1979 
(2) Forest lndustrles Councl I, draft, 1979 
(3) Includes only companles or lndlvlduals operatlng wood-uslng plants 

and regenerated, i n  t ime the average 
annual timber growth i n  Ca l i fo rn ia  could 
increase by 27 percent. Regenerating 
uncut old-growth stands on national for- 
ests  could increase Statewide growth by 
43 percent. 

The Ca I i forn la Forest Producti v i t y  
Committee (CFFC) has a lso  estimated 
potent ia l  growth response t o  the t reat -  
ment oppor tun i t ies on a l  I ownerships. 
The Committee determined t h a t  treatment 
opportun i t i e s  could increase the State 's 
t o t a l  annual fo res t  growth by 122 per- 
cent, o r  979 m i  t I ion cubic feet  (see 
Table 10-9). Achieving t h i s  growth 
would, o f  course, take several decades 
fo r  the e f fec ts  o f  investments to  be 
r e a l  ized. 

ECONOM I C  OPPORTUN IT I ES FOR INCREASED 
T IMBER GROWTH 

8 i olog i ca  I opportun i t i e s  f o r  increas- 
ing t i m b e r  suppl ies must be viewed in  u 

re la t ionsh ip  t o  a consideration o f  costs 
and returns. Only p a r t  o f  the b io log i -  
ca l  opportuni t ies can be expected to 
y i e l d  an acceptable r a t e  o f  re tu rn  on 
the  investments required t o  put the op- 
portun i t i e s  i n t o  practice. 

There are several d is incent ives t o  the 
investment of cap i ta l  needed to u t i  I ize 
the timberland fu l l y .  The growing of 
t i m b e r  crops i s  an enterpr ise character- 
ized by long production periods ( t yp i -  
ca l  l y  ranging from 40-80 years or more); 
substant ia l  physical r i s k s  of loss t o  
f i r e ,  insects, and disease; the major 
uncerta i n t i  es assoc iated w i t h  produc ing 
for market so remote i n  time; and a 
modest r a t e  o f  re tu rn  (Zivnuska and 
Vaux 1975). However, as timber pr ices 
continue t o  r i s e  sharply r e l a t i v e  to  
pr ices  general ly, ra tes  of re tu rn  are 
increasing . 

Forest investments cou I d be encouraged 
by governqent incent ive programs such as 
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the  Cal i f o rn ia  Forest Improvement Pro- 
gram (CFIP), the Forestry Incentives 
Program (FIP), and the Agr icu l tu ra l  Con- 
servat ion Program (ACP), which o f fe r  
grants and techn i ca l  assistance. With- 
ou t  such programs investments by smal I 
nonindustr ia  I pr ivate forest  land Owners 
are  less l i k e l y  t o  be made. 

Although more information on the long- 
run cost o f  t i m b e r  growing by s i t e  qual- 
i ty, forest  types and Ownershi p i s  need- 
ed, progress has been made in  determin- 
i ng Statew i de econom i c treatmen t oppor- 
tun i t ies .  An analysis o f  the costs and 
benef i ts  of intensive management has 
been developed by the Ca I i forn ia  Forest 
Improvement Committee as pa r t  o f  an on- 
going study by the Forest Industr ies 
Council and the Forest Service. In t h i s  
study un ivers i  ty, industry and govern- 
ment foresters estimated i n i t i a l  costs 
o f  and growth responses t o  treatments 
and values o f  the harvested timber. The 
potent ia l  treatment oppor tun i t ies were 
evaluated on the basis of the net  pre- 
sent value o f  the incremental invest- 
ment. In the analysis both a continua- 
t i o n  o f  the general economic i n f l a t i o n  
and a rea l  increase in  the value o f  t i m -  
ber were assumed. The assumed long-term 
annual i n f l a t i o n  ra te  was four percent. 

Results from the study show economic 
oppor tun i t ies fo r  treatment which y ie ld  
a pos i t i ve  net  present value a t  a cost 
o f  cap i ta l  of 8, 10 and 12 percent. As 
expected, the acreage showing a pos i t i ve  
ne t  present value decl ines as the cost 
o f  investment cap i ta l  r ises. A t  e igh t  
percent, 9.8 m i l l i o n  acres have a posi- 
t i v e  re tu rn  but t h i s  acreage decl ines to  
6.2 and 2.6 m i l l i o n  acres a t  10 and 12 
percent respectively. Table 10-10 shows 
the  acreage by ownership and treatment 
for the 10 percent cost-of-capital op- 
t ion.  

Stand regeneration treatments ( wh i c h  
general l y  have high growth responses), 
make up 77 percent of these investments. 
Harvest-and-pl ant  w i th  revenues from the 
timber harvest (especial l y  on high vol- 

ume nat ional  forest  stands) i s  the pre- 
dominant opportuni ty o f  these t reat -  
ments. The study found t h a t  46 percent 
of  a l l  the investments are on publ ic  
forests, 32 percent on other p r iva te  
lands and 22 percent on forest  industry 
owned lands (Forest Indust r ies Counci I , 
draf t ,  1979) 

The t o t a l  i n i t i a l  cost of treatment 
required t o  f u l f  i I I ,al I the economical l y  
feas ib le  investments on 6.2 m i  I I ion 
acres o f  a l  I ownerships, a t  an assumed 
cost o f  cap i ta l  of 10 percent, i s  es t i -  
mated to  be $676 m i  I I  ion (see Table 
10-1 1 ) .  

These treatments could increase annual 
growth by 828 m i l l i o n  cubic feet, o r  103 
percent over the current  growth (see 
Table 10-9). The largest percentage of 
increase in  growth could occur on forest  
industry lands and the least  percentage 
of  increase on pub1 i c  lands. However, 
i n  absolute terms, pub l i c  forests  hold 
the  greatest potent ia l  f o r  increase (289 
m i  I I ion cubic feet)  (Forest Indust r ies 
Counc i I , dra f t ,  1979). 

ENVIROEMENTAL FACTORS AFFECTING THE 
FEASIBILITY OF TREATMENT OPPORTUNITIES 

I n  addi t ion t o  the economic considera- 
t i o n s  j u s t  discussed, environmental fac- 
t o r s  w i l l  a f f e c t  the a v a i l a b i l i t y  of 
fo res t  land fo r  timber management and 
the  kinds o f  treatments used. 

In  Ca l i fo rn ia 's  i n te r i o r ,  t he  steep- 
ness of the land and problems re la ted  to 
shallow, rocky s o i l s  r e s t r i c t  fo res t  
manageability. Steep slopes o f  over 45 
percent are usual ly d i f f i c u l t  to  manage 
regardless o f  soi I character is t ics ;  
lands w i th  rock outcroppings and poor 
s o i l s  are d i f f i c u l t  to manage regardless 
of  slope. Roughly 30 percent of a l l  the 
canmerc ia I fo res t  I and i n  Ca I i forn  ia 's  
in$er ior  have steep slopes or s o i l  prob- 
lems. 

Where slopes are steep and soi ls high- 
l y  erodible, ex t ra  precautions are nec- gji  
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TABLE 10-10 

AREA OF COMMERIC& FOREST LAND WITH POTENTIAL FOR GROWING ADOITIONAL WOOD AT A 
COST OF CAPITAL OF 10 PERCENT AFTER TAX BY lREATHWT AM) WNERSHIP 

TREATMENT 

STAND REGENERATION 

Brush Clearing and Planting 
and Hardwood Conversion 

Harvest-and-Piant 

TIMBER STAND IMPROVEMENT 

Precpmerclal Thinning 

Comnerc la  I Th i nn I ng 

TOTAL 

PUBLIC 
UNRESERVEC 

FOREST (1 1 
INDUSTRY 

373 

633 

231 

93 

1330 

Source: Forest Industries Council, draft, 1979 

OTHER 
PR I VATE 

8 034 

626 

262 

234 
~ 

19% 

TOTAL 

1851 

289 1 

727 

712 

6181 

~~ 

( 1 )  Includes only companies or indtviduals operating wood-using plants 

essary i n  order to  minimize environmen- 
t a l  impacts. In  the North Coast Re- 
source Area a study prepared for the 
Ca I i forn ia  State Water Fiesources Control 
Board by Jones and Stokes Associates, 
Inc. i n  1973, c l a s s i f i e d  83 percent o f  
the  comercia1 fo res t  area as having a 
h igh or very high erosion hazard. Any 
fo res t ry  a c t i v i t y  i n  the North Coast 
area w i l l  have t o  take i n t o  account the 
erosion hazards which are prevalent 
there if fo res t  p roduc t iv i t y  and other 
resource values such as f i sher ies  and 
water qua l i t y  are to  be maintained, For 
a detai  led discussion o f  the impacts o f  
timber harvesting on s o i l  and water re- 
sources, r e f e r  t o  the Watershed Chapter, 
Provis ions t o  maintain or enhance f i s h  
and w i l d l i f e  habi ta ts  are descrfbed i n  
the  Fish and W i l d l i f e  Resources Chapter. 

Ca l i f o rn ia  presently has one of  the 
most comprehensive systems of pub1 i c  
regulat ion of p r iva te  timber harvesting 
pract ices i n  the United States, The 
system attempts t o  balance the pub1 i c f s  
need for wood w i th  the need fo r  high en- 
vironmental qual i ty .  It does so through 
a system o f  timber harvest planning and 
review under which timber output and en- 
v ironmenta I qua I i t y  tradeof fs are care- 
f u l  I y weighed. The Watershed Chapter 
prov i des further i n  formation on t h  i s 
system and eyaluates i t s  a b i l i t y  to  con- 
t r o l  nonpoint ’  pol  lut ion.  Although sig- 
n i f i c a n t  progress has been made i n  the 
development of t h i s  system, problems 
a r i s e  from fragmentation of the regula- 
tory au thor i ty  between agencies and be- 
cause no t  a l  l s i  l v i c u l  t u r a l  a c t i v i t i e s  
(such as road construct ion outs ide of 
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TABLE 10-11 I 

TABLE 10-1 1 

COST OF MEETING THE TREATMENT OPPORTUNITIES TO GROW AODlTlONAL 

COST OF CAPITAL BY TREATMENT AN) OWNERSHIP 
WOOD WITH A POSITIVE NET PRESENT VALUE AFTER TAX AT A 10 PERCENT 

TREATMENT 

STAND REGENERATION 

Brush Clearing and Planting 
and Hardwood Conversion 

Harvest-andSIant 

TlMf3ER STAND IMPROVEMENT 

Precommercia I f h  i nn I ng 

Carmercial Thinning 

TOTAL 

PUBL I C 
UNRESERVED 

108 . 5 

195.2 

5.1 

308.8 

COST (MILLION DOLLARS) 

FOREST ( 1 )  
INDUSTRY 

63.3 

73.3 

10.7 

- 
147.3 

Source: Forekt Industries Councl I, draft, 1979 

OTHER 
PR I VATE 

138.6 

73.2 

7.6 

- 
219.4 

TOTAL 

310.4 

341.7 

23.4 

- 
675.5 

(1)  Includes m l y  companies or Individuals operating wood-using plants 

t imber harvesting plan areas) are reyu- 
lated. In an e f f o r t  to  control  pollu- 
t i o n  sources West  Management PTacticesIl 
f o r  a l l  land use a c t i v i t i e s  are being 
developed by State and federal agencies 
as required by Section 208 of the 1972 
Federal Water Po l lu t ion  Control Act. 

I n  order t o  bet ter  evaluate the im- 
pacts of land uses more complete data 
a re  needed on the react ions of s o i l  
types and other resources such as wild- 
l i f e  t o  various development practices. 
Certainly,  a Statewide i n tens i f i ca t i on  
o f  timber management w i l l  involve m e  
resource tradeof fs, but  undesirable ef- 
f ec ts  o f  s i  l v i c u l t u r a l  pract ices can be 
reduced through careful  planning and 
management. Also, concentrating t reat -  
ments on the mediun and high s i t e s  w i l l  

y i e l d  the greatest growth and economic 
re tu rn  whi le d is turb ing a reduced land 
area. 

FOREST SERV ICE HARVEST ING POL I CY 

The Forest Service i n  accordance wi th  
i t s  in te rpre ta t ion  o f  .the National For- 
es t  Management Act o f  1976 r e s t r i c t s  the 
harvest r a t e  on each nat ional  forest  to 
a quant i ty which can be removed from 
each forest  annual l y  i n  perpetui ty on a 
sustained-yield basis. This pol i cy  i s  
o f ten  termed the %on-decl in ing f lowtt or 
"non-decl i n  ing even f lowg1 pol icy. The 
po l i cy  i s  c r i t i c i z e d  by many because it 
r e s u l t s  i n  long retension periods fo r  
o l d  growth t i m b e r .  Because o ld  growth 
has very low growth ra tes  and because 
associated mortal i t y  i s  large in volume L 
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and widely scattered in  ared (so tha t  it 
i s genera I 1 y uneconomic t o  salvage most 
o f  it) the po l i cy  i s  seen by some as 
wasteful especial l y  when timber demand 
i s  high and increasing. The purpose o f  
the po l i cy  i s  t o  ensure t h a t  fu ture gen- 
erat ions are provided w i th  a s u f f i c i e n t  
timber resource. Under the po l i cy  they 
w i l l  be able t o  c u t  a t  least  as much 
timber as the present generation. 

The po l i cy  i s  bas ica l l y  a planning 
too l  . The Forest Service considers a 
va r ie t y  o f  factors  and uses a I inear 
programming model t o  develop these 
plans. For purposes o f  explanation the 
most basic considerations might be de- 
scribed as fol lows: The timber resource 
i s  inventoried and the maximum possible 
cu t t i ng  ra te  t h a t  can be maintained in  
perpetui ty i s  determined. The determin- 
ed level i s  ca l led  a I tpotent ia l  yieldN1 
or I1aI lowable cutt1 and i s  u t i  I ized for a 
ten year planning period. Af ter  a new 
inventory i s  obtained the e n t i r e  process 
can be repeated and a revised allowable 
c u t  w i  I I be determined. The new c u t  may 
d i f f e r  because the actual cu t  or growth 
may n o t  have been t h a t  assumed in  the 
plan, sane stands may have been destroy- 
ed by insects or f i r e ,  u t i l i z a t i o n  stan- 
dards may have changed, etc. 

Attempts t o  develop a l te rna t ives  t o  
t h i s  po l i cy  which overcome some of i t s  
shortcomings while a t  the same time pro- 
v id ing  protect ion t o  future generations 
are worthwhile. One example of  another 

s provided here. I t recog- 
in ter re la t ionships of  various 

fo res t  ownerships as they a f f e c t  timber 
supply. Because pr iva te  land i n  TPZIs 
has a declared pub l ic  purpose of timber 
production it i s  reasonable to  consider 
t h i s  land i n  the base for allowable cu t  
determinations. The approach examined 
simply assumes tha t  the  even flow cal- 
cu la t ion  should be based on these lands 
as well  as the  nat ional  forests. 

The exampl e used t o  1 I l us t ra te  the ef- 
f e c t  o f  such a po l i cy  change i s  the Nor- 
thern I n t e r i o r  Region. Data for the W 

analysis were taken from b l s i n g e r  
(1976). It was assumed t h a t  ex i s t i ng  
stands not  cu t  during the next 70 years 
and those planted i n  the fu ture w i l l  
grow according t o  a y ie ld  funct ion hav- 
ing a maximum annual growth r a t e  o f  64 
cubic feet/acre/year a t  age 80. This 
r a t e  i s  approximately 20 percent below 
what would be appropriate fo r  f u l l y  
stocked natural stands i n  t h i s  region 
but i s  56 percent above current  growth 
rates. Stands c u t  during the next 70 
years are assumed t o  fo l low a y ie ld  
funct ion which approximates current  vol- 
umes per acre (as a smoothed funct ion of 
age). National forest  land ava i lab le  
for timber production in  t h i s  region was 
approximated as 75 percent of the com- 
mercial stocked national fo res t  land. 
85 percent o f  the t o t a l  of other pub1 ic, 
fo res t  industry, and other pr ivate lands 
were used t o  represent the non Forest 
Service t i m b e r  base - pr imar i l y  land in 
TPZts. 

The maximum non-decl i n  ing flow fo r  the 
nat ional  forest  alone under these as- 
sumptions would be 156 m i l l i o n  cubic 
feet/year. (Combined potent ia l  y ie ld  
f igures  from each of the nat ional  for- 
ests  i n  proport ion t o  t h e i r  area in  
these northern in te r  ior counties would 
produce the same estimated yield.) The 
present harvest for the e n t i r e  region 
under the current  Forest Service pol icy 
i s  shown in  Figure A-1 o f  the Assessment 
Chapter a t  about 240 m i  I I ion cubic feet  
per year. It w i  I I probably decl ine over 
the next three or four decades t o  about 
220 m i  1 1  ion, the sustainable y ie ld  es t i -  
mated by the Forest Survey (Bo I singer 
1976). However, i f  a l l  lands were in- 
cluded in  the al lowable c u t  determina- 
t i o n  process the flow would be 284 m i l -  
l ion. This f igure  i s  31 percent above 
the  level projected by the Forest Sur- 
vey. Thus coordination of  pub1 ic  and 
pr iva te  harvest schedul ing could produce 
a s i g n i f i c a n t l y  greater al lowable c u t  
for the region. 

The planned t o t a l  harvest would be 
constant a t  284 m i  I I ion cubic fee t  per 
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FIGURE 10-4 

I 

L; PROJECTED FOREST SERVICE AND OTHER HARVEST FOR THE NORTHERN 

SOURCE CDF 

year under the a l te rna t i ve  pol icy  de- 
scribed here. Figure 10-4 shows the 
f luc tua t ions  i n  Forest Service and other 
harvests which would occur because the 
appropriate stands i n  which t o  make cuts 
would shi f t  year by year between owner- 
ships. Under the ex i s t i ng  po l i cy  the 
planned nafional forest  c u t  would be 
constant a t  156 m i  I I ion and any f luctua- 
t i o n  would, occur on ly  i n  the pr ivate 

harvest 'rate. Because of the  present 
age c I ass d i s t r  i but ion of pr ivate for- 
ests  a t o t a l  cu t  of 284 could not be 
maintained without more heavi ly u t i  I iz-  
ing publ ic  o ld  growth i n i t i a l l y .  

A useful measure o f  fo res t  stock ' i s  
average age ( A I  I ison 1978). Figure 10-5 
i I l us t ra tes  how the average age of t h i s  
timber on the nat ional  forests  would be- 
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FIGURE 10-6 

S 10 16 m 10 1D 
D€lXDESINTOlHE I U N I E  

have under such constant cu t t i ng  rates. 
The dotted l i n e  represents the current  
pol icy,  the s o l i d  l i n e  the a l te rna t i ve  
pol icy. The bold hor izontal  I ine shows 
t h e  long run age t o  which both are 
trending. (This age depends on the par- 
t i c u l a r  y ie ld  funct ion assumed.) 

One question ra ised by a consideration 
of  such a po l i cy  a l t e rna t i ve  i s  whether 
it i s  necessary t o  contro l  private- har- 
vest ra tes  t o  successful ly implement the 
approach. In other words, what would 
happen i f  the pr iva te  c u t  d id  no t  match 
the  expectations inherent i n  a j o i n t  non 
decl in ing flow determination? 

The cross-hatching i n  Figure 10-4 in- 
d icates a rev is ion  t h a t  would r e s u l t  i f  
dur ing the n i n t h  decade the  non-Forest 
Service c u t  were doubled. The resu l t i ng  
recalcu lat ion o f  the  t o t a l  al lowable cu t  
would show a one percent reduct ion from 
284 t o  281 m i l l i o n  from the tenth decade 

onward. The t o t a l  forest  under the re- 
v is ion  would s t i l l  tend toward the same 
long run average age. 

he r e l a t i v e  magnitude of the change 
pr iva te  c u t  (100 percent) and the 

resu l tan t  change in  t o t a l  cu t  (one per- 
pled w i th  the f a c t  t h a t  In- 
we1 I as decreases i n  the pub- 

ivate cuts  can occur; c tea r l y  
suggest t h a t  the publ ic  in terest  i n  fu- 
t u r e  timber supply could be adequately 
protected by such a policy. Control of 
p r iva te  lands would not be necessary 
because o f -  the large area i n  publ ic  

Thus consideration o f  p r iva te  Inven- 
t o r i e s  i n  the nat ional  forest  harvest 
determination process appears to  be no t  
on ly  a reasonable option, but a lso  an 
opportun i t y  for rea I 1 zing increased har- 
vest and growth. Furthermore, t h i s  
change i n  po l i cy  could aver t  the pro- 
jected decl ine i n  timber production and 
the associated decl ine in  jobs and In- 
creases In  lumber imports. 

I MFROVED UT I L I Z AT I ON 

Addi t ional  increases i n  t i m b e r  sup- 
p l i e s  can be made through improved t i m -  
ber u t i  I ization. This includes more 
e f f i c i e n t  timber harvesting, increased 
recovery f r o m  l u m b e r  and wood product 
processing and %programs which provide 
technical  assistance t o  1and.owners. O F  
i n  cooperation w i th  the Forest Service 
conducts f e l  I ing and bucking and sawmi I I 
improvement stud ies throughout the -State 
i n  an e f f o r t  t o  extend t i m b e r  supplies 
by advising loggers and m i l l  Owners and 
operators how t o  improve practices. 

Past studies have shown t h a t  2 t o  16 
percent of the  potent ia l  wood volume i s  
l o s t  through improper f e l  I ing and buck- 
ing practices. Statewide, the potent ia l  
for improvement averages 7 percent. 
Losses , r e s u i t  from excessive stump 
height, logs bucked too shor t  or too 
long and merchantable volume l e f t  e i ther  
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as bucked out stem sections or in  the 
tops . 

Prac t i ca l l y  every m i l l  can increase 
i t s  capab i l i t y  o f  convert ing logs t o  
I umber by improving manufacturing condi- 
t i o n s  i n  the sawing system. Greater 
I umber recovery can be rea I ized by using 
narrow saw kerfs, salvaging shorter and 
narrower lumber, u t i l i z i n g  avai lab le 
equipment and programs t h a t  help opera- 
t o r s  make bet ter  sawing decisions and 
running we1 I-managed m i  I I s  (Forest Serv- 
i ce  1975). Statewide the average poten- 
t i a l  increase in  recovery i s  9 percent. 
Lumber drying which uses 70-75 percent 
o f  the energy consumed in  lumber produc- 
t ion,  has oppor tun i t ies fo r  improved 
u t i  I i za t ion  (3 percent) , and energy 
conservation. In addi t ion t o  these im- 
provements, new pulp and paper technolo- 
gy can substant ia l ly  extend timber sup- 
p l  ies. 

CDF encourages landowners t o  develop 
land management plans and t o  salvage ac- 
cess ib le  timber k i l l e d  by insects, d is-  
eases and f i res .  Technical assistance 
and information on where t o  obtain t i m -  
ber sale analysis and administrat ion i s  
a lso provided by CDF t o  improve u t i l i z a -  
t i o n  o f  the timber resource. 

RESEARCH NEEDS 

Research needs have been discussed 
throughout t h i s  chapter. S ign i f i can t  
areas i n  which research i s  needed are 
sumar i zed be 1 ow : 

Develop information on the long-run 
costs and growth response t o  intensive 
fo res t  management pract ices by s i t e  
q u a l i t y  and fo res t  type. 

Appra i se env i ronmenta I impacts o f  
t imber harvesting ( inc lud ing reactions 
of Indiv idual  resources t o  specif fc har- 
vest ing methods and cumulative impacts 

o f  several harvests on a watershed over 
time) and develop e f f e c t i v e  techniques 6.1 
t o  reduce adverse consequences. 

Develop a l te rna t ive  brush control  mea- 
sures for  use i n  re forestat ion and oper- 
a t iona l  pest suppression techniques. 

Assess current Statewide timber vol- 
ume, growth rates and age class d i s t r i -  
but ions by ownership and county, and 
determine size, locat ion (and ownership 
ob-jectives) o f  p r iva te  fo res t  land hold- 
i ngs. 

Develop u t i l i z a t i o n  techniques and 
markets for  hardwoods. 

Continue research i n t o  a l t e rna t i ve  
federal harvesting po l i c i es  and t h e i r  
e f fec ts  on the  environment, cost trade- 
o f f s  and mul t ip le  uses of publ ic  lands. 

CONCLUSIONS 

I n  concluding, the fo l lowing general i-  
zat ions tha t  might be drawn from t h i s  
chapter are summari zed : 

The demand fo r  lumber and wood pro- 
ducts w i  I I increase, but Statewide har- 
vests w i l l  decl ine fo r  the next 20 years 
as the remaining pr iva te  old-growth in- 
ventor ies are harvested. This w i  I I re- 
s u l t  i n  t r i p l i n g  o f  timber pr ices by 
2030, serious impacts on loca I economies 
and increased imports. 

2030 levels of  consumption and imports 
of paper and a l  I ied products may be ap- 
proximately four times the 1976 level  
due t o  increases i n  population and per 
capi ta  consumption. However, trends i n  
fo res t  products consumption could be 
modif ied by wood and paper conservation 
and recyc l ing e f fo r ts .  

P lant ing understocked areas, replacing 
hardwoods with coni fers  on s i t e s  t h a t  LJ 
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once grew coni fers  and convert ing low- 
growth sawtimber stands to  young-growth 
could double timber growth i n  Ca l l fo r -  
nIa. rancentrat ing e f f o r t s  on medium 
and high s i t e s  would y i e l d  most of t h i s  
increased growth, show tho greatest eco- 
nom i c re tu rn  and reduce env i ronmenta I 
impacts by d is turb ing less area. 

Use of  genet i ca 1 I y improved seed I I ngs 
cou I d substantia I I y improve growth on 
areas planted. 

Yields from increased investment w i  I I 
do l i t t l e  t o  mi t iga te  the supply de- 
c l i n e  between now and 2000; such y ie lds  
w i l l  have a substant ia l  benef ic ia l  im- 
pact on t i m b e r  suppl ies during the sec- 
ond quarter of the next century. Re- 
vised Forest Service harvesting sched- 
u les  could aver t  harvest reductions pro- 
jected for the next 20 years. However, 
s i g n i f i c a n t  increases i n  harvests would 
requi re fundamental changes i n  the 
present non-decl in lng even flow pol icy. 

Addi t ional  Increases i n  t i m b e r  sup- 
p l i e s  can r e s u l t  from improved ut1 I iza- 
t ion.  This includes more e f f i c i e n t  t i m -  
ber harvest i ng , increased recovery from 
wood processing, and programs which pro- 
v ide technical  assi stance t o  land- 
owner s. 

The average potent ia l  p roduc t iv i t y  o f  
Ca I i forn  ia'  s c m e r c  ia  I forest  I and 
(16.3 m i l l i o n  acres) i s  near ly 30 per- 
cent hlgher than the nat ional  average. 
One-ha1 f t o  two-thirds of the timber land 
i s  of s u f f i c i e n t  qual i t y  and in  owner- 
ships such t h a t  it can r e a l i s t i c a l l y  be 
considered as the base for moderately 
intensive forest  management. 
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INTRODUCTION 

Wood has always been used for fuel . 
Americans sa t i s f i ed  90 percent o f  t h e i r  
energy requirements i n  1850 by burning 
wood f o r  heating and cooking. Even now, 
less technological ly developed countr ies 
s t i l l  r e l y  on firewood fo r  heating and 
cooking. This r e s u l t s  i n  roughly ha l f  
o f  the  world's wood production being 
burned f o r  fuel  . 

I f  Ca l i f o rn ia  were considered as i f  it 
were a nation, it would rank n in th  i n  
i t s  t o t a l  energy consumption (D is t r ibu t -  
ed Energy Systems 1978). Thus, Cal i for -  
n ia  depends upon abundant energy, 90 
percent o f  which i s  provided by crude 
o l  I and natural gas. These fossi I fue ls  
a re  used fo r  transportat ion, they 
furn ish raw mater ia ls  for agr icu l tu re  
and business, and service most of the 
State 's need for e l e c t r i c i t y  and space 
and water heating. Hydroelectric, geo- 
thermal, and nuclear power a t  present 
make a r e l a t i v e l y  smaller con t r ibu t ion  
t o  annual supplies. 

Ca l i fo rn ia 's  demand for oil i s  expect- 
ed to increase, whi le a t  the same time 
the  State's o i l  production has dropped 
50 percent since 1960 and i s  expected to 
decl ine fur ther  (Cal i f o r n i a  Energy Com- 
mission Biennial Report 1979). As these 
trends continue, Ca l i fo rn ia  w i l l  be 
forced t o  compete w i th  oi l -poor regions 
for whatever o i l  may be avai lab le on the 
unstable world market. 

Res t r i c t ions  due t o  concern over the 
use of more t rad i t i ona l  a l te rna t ives  t o  
petroleum such as nuclear and hydroelec- 
t r i c  power, coal, geothermal,energy, and 
I iqu i f i ed  natural gas compound the 

- 

alarming pro ject ions fo r  o i l  production. 
Coal and geothermal power p lants  pose 
a i r  pol l u t i on  problems and droughts 
threaten hydroelect r ic  power production. 
Controversy regarding the s i t i n g  of 
l i q u i f i e d  natural  gas (LNG) f a c i l i t i e s  
has already delayed development of t h a t  
energy opt ion fo r  Cal i forn ia .  A host o f  
i ssues surround i ng nuc I ear energy has 
thrown t h i s  a l t e rna t i ve  i n t o  question. 

L 

Cal i fo rn ia  must explore a l l  feas ib le  
a l te rna t ives  fo r  securing energy resour- 
ces t h a t  are f ree from some o f  the com- 
plex problems facing the use of t rad i -  
t i o n a l  a l t e rna t i ve  energy sources. This 
chapter describes the technical and eco- 
nomic feas ib i  I i t y  o f  producing energy 
from wood i n  Cal i forn ia .  

WOOD ENERGY .TECHNOLOGIES 
~~ ~~ 

IN CALIFORNIA 

Techniques t h a t  combust wood d i r e c t l y  
and a lso those t h a t  convert wood t o  
other sol id, l iqu id ,  and gaseous fue ls  
use basic thermal and b io log ica l  pro- 
cesses. These technologies range from 
simple methods such as wood stoves and 
other combustion techniques t o  more com- 
p l i ca ted  processes such as digest ion and 
fermentation, many of which are s t i l l  i n  
various stages o f  development. A l l  
techniques produce usable heat o r  fuel 
by accelerat ing the natural  deteriora- 
ti on processes t h a t  occur in  any organ i c  
mater ia l  over time. 

DIRECT COMBUSTION TECHNOLOGY 

The simplest and most e f f i c i e n t  appl i- 
cat ion o f  wood fuel  i s  t o  burn it 
d i r e c t l y  i n  read i l y  ava i lab le  furnaces 
and boi l e r s  to  produce steam. A power 
p lan t  using wood fuel  w i th  a 50 percent 
moisture content w i  I I have a bo i l e r  ef- 
f i c iency  from 60 t o  70 percent. Power 
p lants  t h a t  use conventional fossi  I 
f ue l s  such ds o i l ,  coal or gas have Ld 



bo i l e r  e f f i c i enc ies  between 80 and 90 

I percent* 
The steam, i n  turn, can be used d i -  

r e c t l y  fo r  heat o r  motion, or i nd i rec t l y  
t o  generate e l e c t r i c i t y  through steam 
turbine-generators. The overa l l  d i r e c t  
combustion e f f i c i ency  of  wood used t o  
produce e l e c t r i c i t y  i s  from 20 t o  30 
percent, depending upon moisture content 
and the par t i cu la r  design of  the energy 
f a c i l i t y .  Since foss i l - fue led power 
generating f a c i l i t i e s  are t y p i c a l l y  
larger and have greater bo i le r  e f f i c i en -  
cies, they can produce e l e c t r i c i t y  a t  an 
overal I e f f i c iency  of  from 35 t o  40 per- 
cent. 

Wood and bark fue ls  have negl i g i b l e  
s u l f u r  content but a small ash/sand/dirt 
content. D i rec t l y  combusting them prod- 
uces mostly par t i cu la te  a i r  emissions, 
but  a lso produces minimal amounts o f  
CO, NO, and hydrocarbons. Thus d i r -  
e c t  combustion boi l e t  stacks are usual- 
l y  equipped wi th  some s o r t  o f  ttsct-ub- 
b i ngtt dev i ce t o  contro I pa r t  i cu I ate 
emissions. 

I n  a conventional power p lan t  produc- 
ing steam or e l e c t r i c i t y ,  much o f  the  
heat energy generated by the d i r e c t  can- 
bust i on equ i p e n  t i s necessar i I y wasted 
t o  the environment. A more e f f i c i e n t  
power generating system t h a t  u t i l i z e s  
t h i s  waste heat i s  known as cogenera- 
t ion,  or the production of e l e c t r i c i t y  
i n con j unct i on w i t h  process steam or 
heat. Because a 4 cogeneration system 
uses the normal l y  wasted heat, it i s  
* inherent ly more fuel  e f f i c i e n t  than gen- 
eraf ing e l e c t r i c i t y  and s teadheat  
separately. Cogeneration has usual ly 
been applied i n  indust r ies t h a t  requi re  
both process slteam and e l e c t r i c a l  power. 
The forest  products industry has demon- 
s t ra ted the technical f e a s i b i l i t y  o f  
wood combustion and cogeneration f o r  
many years., With the increasing cost of 
e l e c t r i c i t y ,  indus t r ia l  and. commercial 
users who u t i  I ize only process steam 
have reached the po in t  where it i s  econ- 
omical f o r  them t o  consider investing i n  

ki 

t h e i r  own power generation. Thus these 
higher costs have spurred a renewed in- 
t e res t  i n  cogeneration. 

WOOD ENERGY FAClLiTlES I N  CALIFORNIA 

I n  Cal i forn ia ,  58 fo res t  products 
f i rms i n  24 counties are using wood 
waste-fired bo i le rs  t o  produce steam and 
t o  cogenerate e l e c t r i c i t y .  

Table 11-1 shows t h a t  a t o t a l  of 123.5 
megawatts (MW) of ins ta l led  e l e c t r i c a l  
generating capacity cur ren t ly  e x i s t s  
w i th in  the fo res t  products industry i n  
Cal i forn ia .  

Table 11-2 shows addi t ional  wood 
energy f a c i l i t i e s  cur ren t ly  planned or 
proposed by the fo res t  products indus- 
t r y ,  e l e c t r i c  u t i l i t i e s  and State 
government. I f  t h e i r  current  plans are 
rea l  ized i n  the future, 370 megawatts of 
capacity could be added by 2000. This 
would r e s u l t  i n  a cumulative t o t a l  of 
490 MW o f  ins ta l led  capacity by 2000. 

POSSIBLE fUTURE WOO0 ENERGY TECHNOLOGIES 

Pyrolysis: The chemical decomposi- 
t i o n  of  wood brought about by the act ion 
o f  heat i n  the absence o f  oxygen t o  
produce chars and o i l ,  as well as syn- 
thes is  gas which i n  turn can be convert- 
ed i n t o  methanol, ammonia, hydrogen and 
synthet ic  gasoline. 

Gasi f icat ion:  A type of pyro lys is  in- 
vo lv ing the  conversion of  wood t o  syn- 
t h e t i c  gas i n  an oxygen, or air-fed, 
atmosphere. 

Fermentation: The biochemical conver- 
s ion of wood i n t o  alcohol i n  the absence 
o f  oxygen. Some alcohols, mainly 
ethanol and methanol, can be blended 
w i th  gasol ine which can be used d i r e c t l y  
i n  ex i s t i ng  in ternal  combustion engines. 

Hybrid Geothermal: A system designed 
t o  use low temperature geothermal f l u i d s  
t o  dry logged wood mater ia l  and preheat 
b o i l e r  water. This bo i l e r  water i s  then 
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TABLE 11-1 i 

WOO0 WASTE 
USED 

(103 TONSIYR.) 

868.2 

837.3 

716.3 

184.9 
2606.7 

I 

ELEC. GENERATING 
CAPAC I TY 

(W) 

22 

98.2 

3 

g 
123.5 

TABLE 11-1 

EXISTING WOOD FUELED BOILERS IN CALJFORNJA IN 1978 ( 1 )  

RESOURCE 
AREA 

Northern I n t e r  lor 

North Coast 

Sacramen t o  

San Joaquin 

STEAM GENERATING 
CAPAC I TY 

(103 TONS/YR.) 

1151.2 

3857.3 

1592.0 

384 .O 
6984.5 
- 

( 1 )  Compiled by t h e  So l id  Waste Management Board, Energy CanmIssion and t h e  
Department of Forestry. 

superheated i n  a wood-burning bo i l e r  t o  
produce e l e c t r i c i t y .  

Pel l e t i za t i on :  A densi fy ing process 
t o  produce wood pel l e t s  ranging from the 
s ize  o f  animal feed t o  the s ize o f  Pres- 
t o  Logs. These p e l l e t s  can be used in  
any of the processes described above and 
do not  necessarily cons t i tu te  a new 
technology since the process has been 
used since the 1920's. Also, pe l le t i za-  
t i o n  can reduce shipping costs and 
decrease hand I i ng s i  nce the pe I I e t s  are 
approximately twice as dense as wood 
chips. 

f rom urban areas and ag r i cu l tu ra l  lands. 
Furthermore, noncommercial fo res t  lands 
as we1 I as chaparral and other brush 
covered lands can be viewed as potent ia l  
sources o f  wood f i b e r  fo r  energy produc- 
t ion .  

This sect ion def ines and quanti- 
f i e s  f i v e  wood residue categories: 

( 1 )  m i l l  residues; 
(2) fo res t  residues; 
(3 )  noncommercial softwoods and 

( 4 )  chaparra I 
(5) comprised o f  orchard 

prunings and urban residues. 

hard woods ; 

PRESENT AND FUTURE AVAILABILITY 

AVAILABILITY AND ENERGY 

POTENTIAL OF WOOD RESIDUES 

Wood llresiduesll are basical l y  the 
le f tovers  from the primary processing of 
logs by fo res t  products m i l l s  as well as 
from logging o r  forest  management opera- 
t ions.  Wood residues are also generated 

The present and fu tu re  ava i lab i  I i t y  o f  
wood residues generated annually are 
shown in  Table 11-3. 

The estimates and pro ject ions shown in  
Table 11-3 are  based upon the f o l  lowing 
general assumptions: 

We can assume a llbusiness-as- 
usua scenar io; i .e. , the fo res t  

b 
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TABLE 11-2 
4 

forest ry  Products Indust ry t l )  

Ut l l l ty (P) ,  lncludlng JoInt  
Industry Projects 

Government(3) 

Sub Tota I 

Cumulatlve Total 

TABLE 11-2 

CURRENTLY PLANNED CR PROPOSED WOOD-FIRED ELECTRICAL CAPACITY ADDITIONS 
1985 and 2000 

PLANNED CR FROPOSED CAPACITY ADOITIONS 
INSTALLED MEGAWATT 

CAPACITY, 1978 1985 2000 

123.5 MW 45 MW 47 MW 

0 115 MW 110 Mw 

0 50 MW 0 

123.5 MW 210 MW 157 MW 

123.5 MW 333.5 MW 490.5 M i  

(1) The 1978 rnlll survey data used fo r  Table 11-1 also Includes proposed projects. These 
projects were c lass l f led Into a part lcular year category based on estimates of whlch 
addltlons would be operatlonal by tha t  par t lcu lar  perlod. 

(2) Based on data f r o m  PGdEls March 1979 Status Report and telephone contacts wIth 
Southern Cal l forn la  Edlson and the Sacramento Munlclpal U t l l l t y  Dtstr lct .  

l(3) CaIl fornIa Department o f  Water Resources. 

products industry and the e l e c t r i c  * The increasing pr ice  of con- 
u t i l i t i e s  w i l l  continue to  operate ventional fuels. 
under present conditions, wi th  
government i n  terven t I on a t  a * Technological innovation and 
minimum. improvements i n  wood residue 

co l l ec t i on  and processing sys- 
Wood residues "potent ia l  l y  avai I- tems which w i  I I increase the 

ablell f o r  energy are defined as leve ls  of  economically ava i l -  
those amounts t h a t  are: able residues. It i s  assumed 

t h a t  major deve lopments w i  I I 
occur between 1985 and 2000. * Phys ica l ly  a t ta lnab le  and col- 

lectable, but not  including 
biomass such as twigs and The gross f igures of  residues for 
I eaves . a I I categories p ro jec t  annua I to ta  I 

They do not  r e f l e c t  any 
* Economically avai lab le a+ com- backlog o f  residues from previous 

production. 

logging and/or m i l l i n g  a c t i v i t i e s .  p e t i t i v e  prices. 

The percentage o f  the gross A more detai led explanation- of the 
amounts po ten t i a l l y  ava i lab le  f o r  spec i f i c  assumptions made fo r  each 
energy w i l l  increase over time due residue category. i s  given in  Appendix 
t o  : Item X. 

*-- - i 
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H I L L  RESIDUES 

FaREST RES I WES 

SOFTWOOO SLASH 
HARWOO SLASH 
PRE-COMMERCIAL 

MlNNlNGS 
DEAD and DYING 

Subtata I 

NONCOF(MERCIAL 

s m s  
HARWOOS 

Subtotal 

CHAPARRAL 

OTHER - 
URBAN RESIWES 
ORCHARD PRMlNGS 

Subtotal 

T O T A L S  

TABLE 11-3 

ANNUAL AVAILABILITY AH) ENERGY WTENTIAL W WOOD RESIDUES IN  CALIFORNIA 

1978 to 2030 

1 9 7 8  ! 

I I 

6.7 2.6 123.5 6.3 

5.7 0 0 5.6 
1.9 0 0 2.0 
.5 B 

1.0 0 0 1 .o 
1.6 0 0 1.6 
2.6 0 0 2.6 

1.7 0 0 2.0 
2.2 B B 2.4 
3.9 0 0 4.4 

31.3 I 2.6 1 123.5 I 31.6 

7-6 

-+-p--p 
.so 4.8 

4.19 I 501 I 32.6 

- 
POTENTIAL 
I STALLED 
MEGAWATT 
CRACI  TY - 

322 

1.5 179 5.7 2.1 25 1 
.59 70. 2.4 .86 1 03 
e67 80 1.4 e42 50 

.ll 13 1.5 e27 32 
2.07 342 11.0 3.65 436 

.02 2 1 .o e05 6 

.os 4 1.6 .08 10 
-05 6 2.6 .13 16 

1.1 I 131 7.6 1 1.5 1 179 

e16 19 2.0 3 4  41 
.98 117 3.5 1.9 227 

1.14 136 5.5 2.24 260 

7.66 1 914 I 32.5 I 10.2 I 1221 

I 
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M i  I I Residues 

M i l  I residues are generated on-s t e  by 
sawmills, and plywood and veneer m i l l s  
i n  the production of f in ished wood prod- 
ucts. Actual ly, about ha l f  o f  the 
volume of a log ends up as processed 
wood product -- the  r e s t  becomes m i l l  
residue in  the form o f  bark, edgings, 
shavings, t r i m ,  sander dust and sawdust. 
I f  a fo res t  products m i  I I does not have 
s u f f i c i e n t  uses and/or markets for i t s  
residues, then it has an expensive dis- 
posal problem. Past and present dispos- 
a I methods o f  m i  I I residues include in- 
c inerat ion or  bu r ia l  i n  cos t ly  land- 
f i I Is; these are methods which pose 
safety  and environmental problems. 

Consequently, the fo res t  products in- 
dustry has developed new, economical 
end-uses fo r  wood residues t o  solve the 
disposal problem. These new end-uses, 
which compete f o r  the avai lab le supply 
o f  wood residues, include particleboard, 
hardboard, insu lat ion board, pulp chips 
fo r  paper, and hogged fuel  for energy 
production. Wood residues can a lso be 
converted t o  chemical derivatives, char- 
coal, decorative bark f o r  landscaping, 
mulch for s o i l  conditioning, I i t t e r  and 
bedding for animals, manufactured fire- 
place logs, and firewood fo r  home 
heat i ng . 

M i  I I residues now are the major source 
of supply for these competing uses. Of 
t he  m i  I I residues generated i n  1976, 43 
percent went t o  the board and pulp In- 
dustry, 27 percent was used as boi ter  
f ue l  t o  produce steam and/or generate 
e l e c t r i c i t y  for m i l l  operations, 12 per- 
cent was used f o r  miscellaneous pur- 
poses, and 18 percent was unused (Hise- 
r o t e  and Howard 1978; Luca re l l i  1978). 
For 1976, Table X-1 . in  Appendix Item X 
shows used m i  I I residues by type and 
use, and Tables X-2 and X-3 i n  the same 
Appendix show unused m i  I I residues by 
type and county/subregion. Estimates of 
the  annual gross quant i t ies  ‘of m i l l  
residues for 1978 as well  as fo r  fu tu re  
year periods are shown i n  Table 11-3. 

W 

Since most large fo res t  products pro- 
cessing f a c i l i t i e s  require both process 
steam and e l e c t r i c i t y  f o r  operation, 
rap i d  I y J ncreas i ng energy p r  I ces have 
made it a t t r a c t i v e  for many m i l l s  t o  
begin t o  use more m i  I I residues as a 
b o i l e r  fuel.  In fact, pulp and board 
m i l l s  i n  the three Pac i f i c  Coast States 
obta in  43 percent o f  t h e i r  energy con- 
sumption from spent pulping l iquors and 
wood and bark chips (Bergval I, e t  al.  
1978). The fo res t  products industry 
can probably best u t i l i z e  residues for  
energy production because these plants 
have equipment and capabi I i t i e s  for 
t ranspor t ing and handling wood. They 
a l so  can use residues a t  many locations 
and avo i d the add it i ona I transportat ion 
costs needed t o  concentrate residues a t  
cent ra l  points. F ina l ly ,  t h i s  industry 
can use residues as raw mater ia l  f o r  
other wood products or fue l  . 
Forest Res i dues 

Forest residues are comprised o f  log- 
ging residues, pre-commercial thinnings, 
and dead and/or dying material. 

Logging residues are any material t h a t  
i s  l e f t  as a r e s u l t  of harvesting opera- 
t ions.  This %lash11 includes large 
branches, tops, chunks, and c u l l  mate- 
r i a l s  which are nonmerchantable. Table 
)(-4 i n  Appendix Item X shows the e s t i -  
mated amounts o f  softwood slash gener- 
ated In 1976 by county and subregion. 
Estimates of the annual gross quant i t ies  
of both softwood and hardwood slash for 
1978 and fu tu re  year periods are shown 
i n  Table 11-3. 

The qua l i t y  and quant i ty  of fo res t  
residues are h igh ly  var iab le from s i t e  
t o  s i te .  They depend on a wlde range of 
factors  such as: t ree  species and size; 
topography, or slope o f  the logging 
s i t e ;  logging method and type of har- 
vest ing equipment used; understory vege- 
t a t i o n  and volume of down mater ia l  on 
t h e  s i t e  p r i o r  to  harvesting; harvesting 
contract  speci f icat ions;  t ime of year 
harvesting occurs; and weather condi- 
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t ions.  Forest residues are dispersed 
and are usual l y  located a t  some distance 
from the po in t  of potent ia l  use, so t ha t  
t he  major const ra in t  on u t i l i z i n g  these 
residues i s  the high cost o f  co l lect ion,  
preprocess i ng and t ranspor tat  ion . There- 
fore, v i r t u a l l y  none of  t h i s  material i s  
cur ren t ly  used except for salvage and 
firewood. 

This category a lso includes the res i -  
dues generated from fo res t  management 
operations. The CDF estimates tha t  more 
than 30 percent o f  the State's comer- 
c ia1  timberland, or over f i v e  m i l l i o n  
acres, are i n  need o f  rep lant ing and 
other stand improvements on both publ ic  
and pr iva te  fo res t  land (Forest Improve- 
ment Program, CDF 1978). These poten- 
t i a l l y  productive timberlands could sup- 
p o r t  commercial sawtimber species if re- 
planted and managed. This intensive 
management would include: re forestat ion 
o f  logged areas; s i t e  preparation for  
such reforestat ion;  pre-comnercial th in -  
nings; and removal of dead and dying 
t rees . 

U t i l i z i n g  fo res t  residues fo r  energy, 
or any other purpose, accompanies im- 
proved fo res t  management practices, 
which s t r i v e  t o  a t t a i n  the highest 
valued wood products while a t  the same 
t ime maintaining the fo res t  ecosystem. 
The e f fec ts  of producing and col lec t ing  
fo res t  residues for any use as an aspect 
of good fo res t  mana ement can: 9 

Provide a market value f o r  wood 
and thus defray some of the costs o f  
re fo res ta t ion  and other improved 
s i l v i c u l t u r a l  practices. 

Improve f i r e  control  and fuel  
management, as well as reduce a i r  
pol l u t i on  from hazard red'uction 
burning and forest  f i res .  

Reduce the th rea t  o f  insects and 
disease. 

Optimize fo res t  growth, by de- 
creasing competit ion between the re- 

maining t rees f o r  s o i l  nutr ients,  
I igh t  and water. 

Improve w i  Id1 i f e  habitat.  Adequate 
brush and dead t rees should be l e f t  
i n  place t o  provide dens and nests 
f o r  b i rds  and animals (see Chapter 
Six, "Fish and W i  Id I i f e  Resources") . 

Cause environmental impacts such 
as reduced vegetation cover, s o i l  
compaction and erosion, water run- 
o f f  and stream sedimentation, and 
disturbed nu t r i en t  recycl ing.  

Noncommercial Forest Lands 

This  category includes noncommercial 
softwoods and hardwoods, or stands t h a t  
a re  not  productive enough t o  be consid- 
ered commercia I I y harvestabl e. These 
stands are cur ren t ly  no t  used for any 
purpose other than the l im i ted  amount of 
hardwood t h a t  i s  c u t  and sold by indi-  
vidual firewood operators. 

Noncommercial softwood stands include 
such species as juniper, pinyon and dig- 
ger pine, as we1 I as the poorer stands 
o f  commercial species such as ponderosa 
pine and Douglas-f i r .  Noncommercial 
hardwood stands include such species as 
tan oak, alder and madrone. Addit ional- 
ly, an oak woodland ex i s t s  w i th in  Cal i -  
f o rn ia  i n  the low-lying va l leys and i n  
the  higher f o o t h i l l s  of the mountains. 

Current estimates and fu tu re  projec- 
t i o n s  of the annual gross quantities o f  
noncommerical wood residues are shown in  
Table 11-3. 

There are other potent ia l  residues not 
spec i f i ca I I y obta i ned from fo res t  I and 
t h a t  nevertheless represent a s i g n i f i -  
cant source o f  wood f o r  energy. 

Chaparra I 

In  southern Cal i f o r n i a  today there are 
m i l l i o n s  of acres of chaparral and other 
brushland. Land c lear ing f o r  f i rebreaks 
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and the conversion of chaparral covered 
lands t o  ag r i cu l tu ra l  and other uses may 
provide a potent ia l  source o f  wood res i  
due. However, i t s  u t i l i z a t i o n  depends 
upon the development of equipment de- 
signed s p e c i f i c a l l y  for co l l ec t i ng  
chaparral and processing it i n t o  a us- 
able form. Current estimates and fu ture 
pro ject ions of the annual gross quanti- 
t i e s  of chaparral residue are shown in  
Table 11-3. 

Other 

Orchard prun ings are generated from 
Ca l i fo rn ia 's  nu t  and f r u i t  orchards. 
These acreages are usual l y  pruned every 
winter and t h i s  r e s u l t s  i n  residues o f  
limbs, branches, t runks and sometimes 
whole trees. Today, unused prunings are 
burned i n  the f i e l d  since pests w i l l  in- 
f e s t  the  prunings. Urban res 1 dues 
include waste mater ia l  from t r e e  
ming companies, demoli t ion wastes 
maintenance prunings, construction 
wastes and pal lets. Today, some of the 
materia I i s  recycled and u t i  I ized but 
most o f  the unused port ions are disposed 
o f  i n  l and f i l l s .  Current estimates and 
fu tu re  pro ject ions of the annuai gross 
amounts of prunings and urban residues 
are shown i n  Table 11-3. 

EN~RGY PLANTAT IONS 

Another po ten t i a l l y  re1 iab le  source of 
wood fue l  i s  the  s i l v i c u l t u r a l  energy 
p lan ta t ion  -- the  p lant ing of r e l a t i v e l y  
f a s t  grow ing species of trees fo r  short- 
r o t a t i o n  harvesting t o  ' produce wood 
f i b e r  for use as a fue l  source. Cur- 
r e n t l y  i n  Cal i forn ia ,  wood energy plan- 
t a t i o n s  are i n  the  f e a s i b i l i t y  and de- 
velopment stage, wi th small experimental 
p l o t s  being establ ished t o  determine the 
precise s i l v i c u l t u r a l  requirements t o  
produce a maximum amount of wood f i b e r  
i n  the  shortest  per iod o f  t ime. 

Whi l e  some nat ive  species have been 
considered for use as energy p lantat ion 
stock, most a t t e n t  i on has been d i rected 
toward the  eucalyptus. These introduced W 

species have th r ived  i n  Ca l i f o rn ia  and 
are presently managed fo r  windbreaks or  
I andscap i ng . 

The development o f  energy p lantat ions 
w i  I I not  be a near-term source of sig- 
n i f i c a n t  wood energy supplies because of 
a reluctance t o  commit land and water 
resources t o  t h i s  r e l a t i v e l y  long-term, 
exclusive use. However, the trend for 
fu r ther  development of wood energy tech- 
nologies may create a favorable c l imate 
for the more extensive development o f  
energy p lantat ions as a r e l i a b l e  fuel  
source. 

ENERGY POTENTIAL OF WOOD RESIDUES 

Also estimated in  Table 11-3 were 
those residue amounts t h a t  would be po- 
t e n t i a l l y  avai lab le for energy. Since 
energy production i s  j u s t  one of many 
competing uses for wood, - t he  appl icable 
competing uses for each residue category 
were i den t i f i ed  and an estimate of the  
percentage o f  the  gross quant i t ies  going 
t o  t h a t  end use quanti f ied. Then by ap- 
p l y ing  the spec i f i c  energy-use percent- 
ages estimated for each category (see 
Appendix Item X I  to  the associated gross 
quant i t ies,  the amounts avai table f o r  
energy were ident i f ied.  Once the 
amounts o f  residue po ten t i a l l y  ava i lab le  
f o r  energy were determined, they were 
converted i n to  potent ia l  megawatt-years 
of  cogenerated e l e c t r i c a l  capacity (see 
Appendix Item X f o r  spec i f i c  assump- 
t ions) . 
Compar i sons 

The - theoret  i ca I megawatt-years of 
f u l  I-capacity cogeneration p lants  of 
Table 11-3 can be compared w i th  the 
cumulative ins ta l led  wood-fired megawatt 
capacity proposed for the fu tu re  i n  
Table 11-2. 

The megawatt-years shown in  Table 11-3 
r e f l e c t  the I'outside potent ia l t t  megawatt 
capacity ( a t  any, po in t  i n  time) produced 
by combusting the indlcated annual 
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amount o f  wood fuel  i n  a cogeneration 
f a c i l i t y  wi th a 100 percent capacity 
factor. The addi t ional  and cumulative 
i ns ta l l ed  megawatt capaci t ies shown i n  
Table 11-2 r e f l e c t  the fu ture plans of  
the fo res t  products industry, u t i l i t i e s  
and State government wi th respect t o  
wood energy projects. 

For any pa r t i cu la r  year period, the 
d i f f  erence between the to ta  I megawatt- 
years i n  Table 11-3 and the proposed 
cumulative ins ta l led  megawatt capacit ies 
i n  Table 11-2 represents the potent ia l  
o f  u t i  I iz ing  wood residues t o  produce 
energy t h a t  could be rea l ized wi th  the 
proper act ion by government, industry, 
and the u t i l i t i e s .  

By using a renewable and domestic re- 
source such as wood residue fo r  energy, 
the  State's (and industry's) consumption 
of petroleum can be reduced. This w i l l  
no t  only conserve v i t a l  o i  I reserves 
but  w i l l  a lso present the fo res t  prod- 
ucts industry with a way t o  become 
t o t a l l y  energy se l f -su f f i c ien t .  

To show the potent ia I benef i ts o f  sub- 
s t i t u t i n g  wood fue l  f o r  low su l fu r  fue l  
o i l  t y p i c a l l y  used by Ca l i fo rn ia  u t i l i -  
t i e s  t o  generate e l e c t r i c i t y ,  some gen- 
e ra l  assumptions must f i r s t  be made. 
Assume t h a t  a t yp i ca l  wood-fired cogene- 
r a t i o n  p lan t  operates a t  21 percent 
overa l l  e f f i c iency  and a t  85 percent 
capacity, and uses wood fue l  wi th a 
heating value of  8500 BTUs per dry 
pound. I f  t h i s  p lant  burns 7100 dry 
tons o f  wood t o  produce one megawatt- 
year, 11,700 barrels of fuel  o i l  (a t  6.2 
m i l l i o n  BTUs per bar re l )  could be con- 
served t h a t  would have been used t o  pro- 
duce the  same megawatt-year by an o i l -  
f i r e d  p lan t  operating a t  35 percent 
e f f i c i ency  and a t  85 percent capacity. 

From Table 11-2, it can be seen tha t  
i f  current proposals fo r  wood-fired 
e l e c t r i c a l  capacity addi t ions are rea l -  
ized by 1985, then approximately 333 
megawatts o f  capacity may be instal led.  
Us i ng the  conversion noted above, burn- 

tng two and one-ha I f  m i  I I ion dry tons of 
wood annually t o  fue l  333 megawatts &i 
would save almost four m i l l i o n  barre ls  
o f  fue l  o i l  per year. But, Table 11-3 
shows t h a t  an estimated 417 megawatt- 
years o f  capacity may be po ten t i a l l y  
avai lab le by 1985 i f  only m i  I I  and for -  
e s t  residues are considered. I f  the ad- 
d it iona I 84 megawatt-years of potent ia I 
capacity over and above the cur ren t ly  
proposed 333 megawatts cou I d  be rea I - 
ized, an ext ra one m i  I I ion barre ls  of 
fue l  o i l  could be saved annually. But, 
i f  the t o t a l  outside potent ia l  ( includ- 
ing a l l  categories) o f  500 megawatt- 
years o f  capacity could be ins ta l led  by 
1985, then the potent ia l  savings or ben- 
e f i t s  could be almost s i x  m i l l i o n  bar- 
r e l s  o f  fue l  o i l  per year by using three 
and one-half m i l l i o n  dry tons of  wood 
fue l  annually. Furthermore, according 
t o  Department o f  Water Resources' f i g -  
ures, i f  one megawatt of ins ta l led  ca- 
pac i ty  can service approximately 600 
people, than the 500 megawatts o f  out- 
s ide potent ia l  could service about 
300,000 people annually. 

FUEL COSTS 

Wood fue l  costs depend upon not on l y  
t he  heating value and moisture content 
o f  the wood used fo r  combustion, but 
a lso  on the co l l ec t i on  and transporta- 
t i o n  costs necessary t o  del i ver  the res- 
idues t o  a central  power p lant  s i te .  

Heating Value i s  a measure of  the heat 
r e  I eased by d i r e c t  I y combust i ng a g i ven 
quant i ty  o f  fuel. The t yp i ca l  heating 
value of moisture-free, or bone-dry wood 
ranges from 8,000 t o  9,000 BTUs per 
pound compared t o  11,000 t o  14,000 BTUs 
per pound f o r  coal. As shown i n  Table 
X-5 and X-6 i n  Appendix Item X, the BTU 
content of wood var ies and depends upon 
the  species and whether bark o r  wood 
chips are burned. Also, resinous wood 
has a greater heating value than resin- 
f i e e  wood. For fu r ther  compar i sons, 
Table X-7 i n  the same Appendix shows L j  
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heating values fo r  conventional f o s s i l  
fuels. 

Moisture Content i s  the amount o f  
moisture or water included with the com- 
bus t ib le  substances of wood and bark 
fuel .  Moisture content o f  wood i s  
expressed e i ther  on an ovendry (O.D.) 
basis or o r i g ina l  wet weight (O.W.) 
basis. A comparison o f  0,D. and 0.W. 
basis i s  shown i n  Figure X-1 o f  Appendix 
Item X. 

Moisture reduces the heating value o f  
wood because the energy required t o  eva- 
porate it i s  ac tua l l y  l os t  during com- 
bustion. Therefore, moisture d i r e c t l y  
reduces power p lan t  bo i l e r  e f f i c i ency  
and performance by retard ing combustion 
and reducing the steam capacity, 

Col lect ion and Transportation Costs 
r e s u l t  from movina residues from the 
fo res t  t o  a roadsi& landing for loading 
onto a log t ruck or f o r  chipping and 
loading i n t o  a van fo r  t ransport  t o  a 
centra l  s i te .  This yarding, loading and 
haul ing process i s  the  f i r s t  phase of 
preparing wood f o r  use I n  an energy- 
producing power plant. 

Col lect ion and transportat ion costs 
depend on topography, stand composition, 
harvesting system and equipment operator 

' e f f i c i e n c y ,  as well as the mode and dis-  
tance of t ransportat ion.  Table 11-4 
shows the costs o f  yardlng, loading, 
processing, and transport ing wood res l -  
dues 40 t o  50 m i  les  t o  a central  conver- 
s ion point, While these costs were 
based on e a r l i e r  data adjusted fo r  in- 
f la t ion,  nonetheless the actual costs 
today may be d i f fe ren t .  The e a r l i e r  
data were based on the u t i l i z a t i o n  of 
modified conventional harvesting/collec- 
t i o n  equipment. Today, although some 
equ i pmen t prototypes have been designed 
spec i f i ca I I y t o  harvest and col I e c t  wood 
for energy, t h i s  type of equipment has 
no t  ye t  been f u l l y  developed fo r  commer- 
c i a l  use. 

Unyarded logging slash i s  the most 
expensive source o f  wood residue since 
i t s  co l l ec t i on  usually requires complete 
relogging o f  the previously harvested 
area. Tht col lec t ion  cost o f  unyarded 
slash i s  a funct ion o f  the logging 
equipment used, ter ra in ,  the slash 
y i e l d  per acre, and the s ize o f  the 
residue co lected. 

Other than complete relogging, there 
are two other feas ib le  col lect ion meth- 
ods t h a t  can be used t o  harvest fo res t  
residues. Complete who1 e-tree harvest- 
ing systems have been used on a I imited 
basis i n  pulpwood operations t o  produce 
pulp-qual i t y  wood chips, but could a lso 
be used to  process forest  residues i n t o  
wood chi ps. Forest residues can a l  so be 
recovered as pa r t  o f  the o r ig ina l  log- 
ging operation. Although t h i s  method i s  
no t  presently being u t i l i zed ,  it may re- 
present the most e f f i c i e n t  and possibly 
the  most economical way t o  c o l l e c t  for- 
e s t  res  i dues. 

Yarded Unmerchantable Materia I (YUM) 
i s  another potent ia l  supply of avai lab le 
wood residue. The YUM' i s  usual l y  p i  led 
on landings and burned, but  may a lso be 
considered avai lab le fo r  any use a t  no 
cost  t o  the potent ia l  user other than 
for loading and transportat ion. Thus 
YUM can be viewed as an appeal ing near- 
term source o f  wood f o r  fuel. The de- 
l i ve red  cost o f  YUM only includes the 
cost  of loading and transport ion t o  a 
conversion s i t e  because the col lec t ion  
costs are absorbed in  the previous t i m -  
ber operation. Also, u t i l i z a t i o n  o f  YUM 
reduces the a i r  po l l u t i on  problem of 
ha zard-red uc t i on burn i ng . 

The least  expensive source o f  wood 
mater ia l  i s  unused m i t l  residues. I f  
converted i n t o  bo i l e r  fuel  a t  the m i l l ,  
t h i s  material has no co l l ec t i on  and 
t ranspor tat ion costs, Even i f  the m i l l  
residues have to  be moved t o  an o f f - s i t e  
energy f a c i l i t y ,  the haul distance w i , l l  
probably be shorter than f o r  fo res t  
slash. The m i l ' l  generating the residue 
w i l l  l i k e l y  be closer to populated areas 
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TABLE 11-4. 

TABLE 11-4 

COSTS OF COLLECTINS AN) TRANSPORTING WOO RESIDUES TO AN 
ENERGY CONVERSION SITE ( 1 )  

RESIDUE TYPE 

UNYARDED SLASH (2) 

Complete Relogging (3) 
Complete Whole Tree Harvest (4) 
As par t  of Sawlog Operation (5) 

YUM (6) - 
MILL RESIDUE ( 6 )  

DELIVERED COST 
(1978 I PER DRY TON) 

$37 - $54 
$27 - $37 
$21 - $33 

$11 - $14 

1 0 - 114 

( 1 )  Assumes a 40 t o  50 mlle haullng distance when resldues are 
transported. 

(2) Assumes a minimum col lect ion s ize of  four inches in diameter and 
four feet In  length. 

NOTE: The following referenced costs were based upon sources uslng 
older data ('73, '74, '751, and were adjusted t o  1978 dol lars  
uslng a Crown-Ze1 lerbach t i m b e r  harvesting cost Index developed 
for the Pac i f i c  Northwest. 

(3) 0537 (CDF, 1978) 
.$41 (PNW Exp. Station, 1974, adopted by CDF, 1978) 
.$43 (State of Washlngton, 1978) 
.$54 (Johnson, Universl ty of Idaho, 1978) 

(4 )  .527 (State of Washington, 1978) 
.$37 (Johnson, 1978) 

(5) -121 (State of Washlngton, 1978) 
.$33 (Johnson, 1978) 

(6) (Estimated by Lucarell l, CDF, 19781 



and power p lan t  f a c i l i t i e s .  Also, i f  
b/ t he  unused residue represents a disposal 

problem t o  the m i l l ,  the  actual cost may 
be negative t o  a potent ia l  user, i.e., 
t h e  m i l l  w i l l  pay for disposal o f  the 
residue. 

FUEL COSTS COMPARISON 

. To put wood fue l  costs i n  perspective, 
a comparison can be made between wood 
fue l  and other conventional f o s s i l  fue ls  
del ivered t o  a conversion po in t  and 
burned i n  a b o i l e r  t o  produce steam. 
When comparing d i f f e r e n t  fuels, the 
costs are usual ly expressed in  equlva- 
l e n t  heating value terms. This -can be 
represented as he r a t i o  of dol tar  cost 
per m i l l i o n  ( I O  ) BTUs. d 

For example, from Table X-5, X-6 and 
X-7 i n  Appendix Item X, fuel  o i l  has a 
heating value of about 19,000 BTUs per 
pound whereas wood has less than ha l f  
t h i s  value a t  about 8,500 BTUs per dry 
pound. The heating value of green wood 
w i th  50 percent moisture content (0.W. 1 
drops t o  4,250 BTUs per pound when 
a1 lowing f o r  the  heat required t o  vapor- 
i ze  the  moisture. Assuming t h a t  wood 
has a heating value of 8500 BTUs per dry 
pound, a ton o f  dry wood i s  equivalent 
t o  about 2.7 barre ls  of fue l  o i l  ( a t  6.2 
x 106 BTUS per barrel  1. 

Since wood i s  heavier and bu lk ie r  than 
fue l  o i l  f o r  an equivalent amount of 
heat energy, transportat ion, handling 
and storage costs are usual ly higher for 
wood fuel  than fue l  o i l .  

The cost comparison i n  Table 11-5 
shows de I ivered costs of convent iona I 
fue l s  consumed by u t i  I i t i e s  and large 
i ndus t r i a l  users i o  northern Cal i forn ia ,  
together w i th  the del ivered wood costs 
from Table 11-4. To consistent ly com- 
pare these d i f f e r e n t  fue l  costs requires 
an adjustment of the fue l  heating value 
t o  r e f l e c t  the  boi l e r  e f f i c i ency  .corre- 
sponding t o  each fue l  type. The adjust- 
ed costs then r e f l e c t  the e f f  iciency of  

cts) the  fue l  t o  produce steam from a boi ler .  

POWER GENERATION COSTS 

It i s  incomplete t o  consider only the 
above fuel  cost comparison; a power 
generation cost comparison i s  needed t o  
determ i ne the cost compet i veness o f  
using wood t o  produce e lec t r i ca l  power. 
The power generation costs fo r  a wood- 
f i r e d  power p lan t  are a function o f  the 
p lant 's  size, generating equipment, 
overa l l  thermal ef f ic iency,  and the type 
of  fuel  used. This section considers 
three d i f f e r e n t  power generating system 
arrangements t h a t  use wood as fuel. 

F i r s t ,  a wood-fired cogeneration sys- 
tem can be owned and operated by pr iva te  
industry t o  s a t i s f y  t h e i r  own process 
steam/heat requirements as well as prod- 
uce e l e c t r i c i t y  for t h e i r  own use o r  
sale. Today, a few fo res t  products 
m i  I I s  cogenerate process steam and elec- 
t r i c i t y  e f f i c i e n t l y  and economically 
using m i l l  residues (see Table 11-11. 
Thus an actual case h is to ry  i s  included 
i n  t h i s  section describing an ex is t ing  
wood- f i red cogeneration fac i  I i t y  
operated by a large forest  products f i r m  
i n  northern Cal i fo rn ia .  

Also, an e l e c t r i c  u t i  I i t y  can own and 
operate a wood-fired cogeneration system 
i n  a j o i n t  venture wi th  p r iva te  Indus- 
t ry .  This system arrangement can prod- 
uce re1 iab le e l e c t r i c i t y  f o r  the u t i  I i- 
t y ' s  own g r i d  and a lso supply process 
steam t o  industry. A u t i  I i t y  can a lso 
own and operate a wood-f i red  power p lan t  
t h a t  produces e l e c t r i c i t y  only. 
Although such systems do not ye t  e x i s t  
i n  Cal i forn ia ,  s im i la r  generating system 
arrangements do e x i s t  i n  Oregon and are 
operated by the Eugene Water and Elec- 
t r i c  Board (Hunt d Brown, E.W.E.B. 
1977) . Th i s section inc l  udes a theoret- 
i ca l  analysis t h a t  compares the costs o f  
conventlona I e l e c t r i c  i ty-produc ing tech- 
nologies used by u t i l i t i e s  wi th  the  
estimated costs o f  producing e l e c t r i c i t y  

~ ~ 279 
1 



TABLE 11-9 

TABLE I 1-5 

DELIVERED FUEL COSTS 

FUEL TYPE 

CONVENTIONAL FUELS: 

#6 Fuel 01 I @ 6.2 x IO6 Btu/Bbl . 
Natural Gas 8 1000 Btu/Cu. Ft. 
Coal e 12,000 Btu/l be(4) 

WOOD FUELS: e 8500 Btu/l b. 
(M.C. 50% 0.W 1 

Unyarded Forest Res i dues : 
Complete Relogging 
Complete Whole Tree Harves 
As par t  of Sawlog Operation 

Y l M  

Unused M i l  I Residues 

BO I LER 
EFFICIENCY(1) 

90% 
85% 
85% 

70% 

DEL I VERED 
COSTS (2 1 

(1978 $ per I06 BTUS) 

$2.80 (3 1 
$2.70 
$2.05 

$3.10 - $4.55 
$2.25 - $3.10 
$1.75 - 52.75 

5 -90 - $1.20 

0 - $1.20 

(11  Average boi ler  e f f ic ienc ies come f r o m  u t i l i t y  sources In  n o r t h e p  Cal i fornia,  and are 
based upon actual bo l ler  performance. 

(2) Del ivered Cost: 
a1 Includes any associated collection, processing, and transportation costs. 
b) Uses boiler-adjusted heating values. 
c )  Uses conventional fuel  costs from northern Cal i forn ia  u t i l i t y  sources, and wood 

fuel costs from Table 11-5. 

(31.011 costs Include Cal l forn ia  sales or use taxes o f  6 percent (or 6 1/2 percent i n  a 
BART d i s t r i c t ) ,  while natural gas is exempt from such taxation. This tax  amounk to  
approxlmately I *  per I O  Btu. 6 

(4) This heating value i s  based upon the assumption tha t  Utah coat w i l l  be delivered and 
used I n  California. 



from wood-fired power plants owned by .a 
u t i l i t y .  . 

INDUSTRY OWNED COGENERATION 

For many years, the concept o f  cogen- 
e ra t ion  has been appl led wi th consider- 
able economic success i n  industr ies such 
as lumber, pulp and paper, chemicals, 
petroleum ref in ing,  and food processing. 
The volume o f  a commercial processing 
p lan t ' s  steam requirements have the 
greatest  impact on the  feas ib i  I i t y  o f  
cogeneration. Since steam can only be 
transported fo r  short  distances the co- 
generation equipment must be near the 
i ndus t r i a l  p lant  t ha t  u t i l i z e s  the pro- 
cess steam. 

I n  Cal i fornia,  the Louisiana-Pacific 
Corporation (L-P) has developed an 
extensive cogeneration f a c i l i t y  a t  i t s  
Samoa p lan t  (Taylor, Louisiana-Pacific, 
1979) . This large fo res t  products 
complex includes both a saw and pulp 
m i l l ,  dry k i lns,  a glueboard manufactur- 
ing plant, an export dock and a small 
townsi te of 100 homes. Since the o r i g i -  
nal  sawmill and townsite were bu i l t ,  
m i l l  waste generated on-si te has been 
used t o  produce process steam and elec- 
t r i c i t y  f o r  i ndus t r i a l  operations and 
for the power needs of the town. 

Due t o  higher waste disposal and power 
costs, L-P decided I n  1976 t o  improve 
the  ex i s t i ng  f a c i l i t y  ( a t  t h a t  time, two 
hog fue l  boi lers, two recovery boi lers, 
one e igh t  MW condensing turbine, and one 
double ext ract ion 20 MW turbogenerator), 
thus becoming more energy se l f - su f f i -  
cient. An addi t ional  hog fue l  b o i l e r  
and a 20 MW condensing turbogenerator 
were instal led,  including a new fue l  
hahdling system and a i r  po l l u t i on  equip- 
ment. The t o t a l  cost  o f  t h i s  p ro jec t  
( inc lud ing emission control  improvements 
on the  two ex i s t i ng  bo i le rs )  was $ 1 1  
m i l l i o n  or about $775 per i ns ta l l ed  k i l -  
owatt . i n  1976 dol lars.  Financing was 
done 100 percent from L-P assets. it 
required about two and one-half years 
from p lan t  inception t o  completion. 

To fue l  the present system of three 
hog fue l  boi lers,  two recovery boi lers, 
and three turbogenerators, L-P u t i  I izes 
i t s  own m i  I I waste and obtains hog fuel  
from two other L-P fac i  I it ies and about 
20 smaller m i l l s  w i th in  a range of 100 
miles. Da i ly  consumption i s  about 600 
dry tons t o  actual l y  produce 30 t o  35 MW 
on average. 

For a cogeneration power p lant  of t h i s  
s i ze  (about 48 MW ins ta l led  capacity), 
the  operating costs are over $3 m i  I I ion 
per year (for the  condensing por t ion of  
the  system) wi th  an average power gene- 
r a t i o n  cost  (using condensed steam) of 
$34 per megawatt-hour, or 34 m i  I I s  (one 
tenth of  a cent) per k i l owa t t  hour. 

I n  1978, the Samoa p lan t  produced, a 
t o t a l  o f  about 230,000 MW-hours. A I  I of 
t h i s  power was used by the p lant  i t s e l f  
except f o r  about 35,000 .MW-hours (15 
percent) t h a t  was sold t o  the  P a c i f i c  
Gas and E l e c t r i c  Company a t  a gross pur- 
chase p r i ce  of  $20 per MW-hour (20 
m i  I Is/kwh). This excess power i s  avai I- 
able because L-P o r i g i n a l l y  designed 
s i g n i f i c a n t  excess capacity i n t o  i t s  
power generation system over and above 
i t s  maximum requirements t o  al low for 
fu tu re  p lan t  expansion. 

The L-P p lan t  i s  both a suppl i e r  and a 
consumer of  power. The p lan t  sel I s  ex- 
cess power t o  the P a c i f i c  Gas and Elec- 
t r i c  Company over 95 percent of the 
time. The r e s t  of the time the p lan t  
buys power from PG8E when a m i  I I and/or 
b o i l e r  i s  shut down due t o  maintenance 
or other problems. For the  approxi- 
mately 780 MW-hours .purchased from PG&E 
i n  1978, the  p lan t  had t o  pay standby 
charges, as well  as demand and energy 
charges. 

COMPARATIVE POWER GENERATION COSTS 

The fol lowing analysis estimates the 
i ns ta l l ed  cap i ta l  costs, the f ixed 
annual costs, operating and maintenance 
(ObM) expenses, fue l  costs and t o t a l  
busbar generation costs of  three u t i l -  



ity-owned 45 MW wood-f i red  power plants. 
Busbar costs include the cost o f  pro- 
ducing e l e c t r i c i t y  w i th in  the generating 
p lan t  but exclude transmission and dis-  
t r i b u t i o n  costs. For consistency, a l l  
generating plants considered are assumed 
t o  begin commercial operation i n  1985. 
E lec t r i ca l  costs are shown i n  m i l l s  per 
k i l owa t t  hour (mills/Kwh). 

This analysis considers three hypo- 
t h e t i c a l  45 MW wood-fired power plants 
(A, B and C) cen t ra l l y  located w i th in  a 
lumber producing area. Plant A i s  as- 
sumed t o  be a ut i l i ty-owned cogeneration 
p lan t  t h a t  has an overa l l  thermal e f f i -  
ciency of  21 percent. P lant  B and C are 
assumed t o  be uti l i ty-owned power plants 
t h a t  produce e l e c t r i c i t y  only and have 
overa l l  thermal e f f i c i enc ies  of  25 per- 
cent. A I  I three plants are assumed t o  
have the  same capacity factor of 80 per- 
cent. Ins ta l led  cap i ta l  costs fo r  a l l  
three plants are escalated from 1978 t o  
1985 a t  a r a t e  o f  10 percent annual ly. 
The higher ins ta l led  cost of P lant  C i s  
based on the assumption t h a t  addi t ional  
costs can a r i se  a f t e r  construction be- 
g ins  t h a t  were not ant ic ipated i n i t i a l -  
ly, especial ly since such a p lan t  has 
no t  yet  been bui  It i n  Cal i forn ia .  

OBM costs and wood fue l  costs are es- 
calated from 1978 t o  1985 a t  a r a t e  o f  
10 percent annual ly. ObM costs are es- 
calated a t  5.9 percent from 1985 on, 
whereas fue l  costs are escalated a t  8.5 
percent from 1985 on. These rates in- 
clude a 5.9 percent general i n f l a t i o n  
r a t e  and a "rea 1 "  esca t a t  ion r a t e  a t t r i -  
buted d i r e c t l y  to  the item i t s e l f  , over 
and above the general r a t e  of in f la t ion .  

Table 11-6 includes ins ta l  led cap i ta l  
costs, t o t a l  f ixed annual charges and 
ObM costs for a1 I three hypothetical 
wood-fired plants. Cost estimates are 
based on current ly  avai table, high 
pressure u t i l i t y  equipment, including 
emission control  technology. 

i t s  associated cap i ta l  and operating 
costs. Our ing past decades, generating 
u n i t s  have increased i n  s ize  and the 
cap i ta l  and operating costs per k i l owa t t  
hour have decreased. To minimize costs, 
t he  power industry has developed larger 
centra 1 -generat i ng un i t s  t y p i  ca I I y rang- 
ing from 800 t o  1000 MW capacity. In  
contrast, the maximum commercial sized 
wood-fired p lan t  i s  approximately 50 
MW, due t o  local ized fuel  supply. 

Table 11-7 shows the  fuel  costs f o r  
a l l  three wood-fired power plants. The 
wood fuel  costs ( i n  1978 d o l l a r s  per dry 
ton) chosen for t h i s  analysis came from 
the  del ivered wood fuel  cost  ranges 
noted previously i n  Table 11-4. 

Both the OgM costs  i n  Table 11-6 and 
t h e  fuel costs i n  Table 11-7 are " level-  
i zed.tt Level i za t ion  i s  a method t h a t  
converts the  t o t a l  of a l l  the  actual, 
annually escalated costs of a power 
p lan t  over i t s  l i f e t i m e  i n t o  a single, 
uniform cost f igure. This analysis as- 
sumes t h a t  the hypothetical wood-fired 
p lants  w i  I I s t a r t  operation i n  1985 and 
operate for a t  least  30 years. Thus, 
t he  ObM and fuel  costs are level ized 
over a 30 year period and given i n  cur- 
ren t  1985 dol lars.  Since the  annual 
f i xed  charge i s  actual l y  a level  ized 
cost, it can be added t o  the  level ized 
ObM and fue l  costs. By comparing the 
t o t a l  level ized costs f o r  d i f f e r e n t  
plants, an estimate can be made as t o  
which a l te rna t i ve  i s  cost-competit ive 
over the assumed p lan t  l i f e .  

The cost o f  a power generating u n i t  i s  
a funct ion o f  the s ize of the u n i t  and 

Table 11-8 r e f l e c t s  the t o t a l  busbar 
costs for the three 45 Mw wood-fired 
power plants using four types o f  wood 
fue l  wi th  varying costs. These t o t a l  
costs can be compared t o  t h e  busbar 
costs for three conventional power gen- 
e ra t ing  a l te rna t ives  shown i n  Table 
11-9 (a Is0 assumed t o  begin operat ion i n  
1985). The methodology used t o  calcu- 
l a t e  Tables 11-6 through 11-8 was the  
same methodo logy used by the Ca I i f orn i a 
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I 'TABLE 11-6 

W * TABLE 11-6 

1. Capltal costs: (1) 
a. $MU (1978 dollars) 
be SAW (1985 dollOr~) (2) 

2. Capactty Factor: (3) 

J. Flred Charge Rat.: (4) or 
Annual tzatlon Factor 

4. Flxed Charges: (5) or 
Ama-tlzed Capltal Costs 
(1985 S, allls/krh) 

5. Operatlon and Ualntonance 
Costs: ( 6 )  

a. MlllsMuh (1978 dollars) 
b. Wllls/Kwh (1985 dollars) 
c. Levellred OW Costs 

(1985 f. allls/krh) 

Flxed Capltal Charges a d  
Len1 trod OiW Costs 
(1985S. a1 I Idkwh1 

COGENERATION RANT A 

169 
f29 

so1 

18.41 

8.6 

0.1 
0.2 
0.i  

9.0 

:LECTR IC in 

IO13 
1914 

601 

18.41 

51.8 

8.9 
17.3 
31.7 

83.5 

amtctn CNLY PLANTS 

PLANT8 

1090 
2124 

e01 

18.41 

55.8 

9.0 
17.5 
12. I 

87.9 

PUNT c 

1365 
2660 

18.41 

69.8 

9.0 
17.5 
32.1 . 

101.9 

1) Cost .Stlaatas based upon hlgh-pressure utlllty bllors ad lurblna generators uhlch a n  
pmdua, oIutrlclty QI a IPP. reltable basts. The 1nstaIl.d apltal owts In 1978 Include: 
(a) dlnct costs of the equipment a d  constructton. (b) Jndlroct corts such e payroll 
addltlves md non-pmductlve tlae, and (c) overhead such e admlnlslratln, oxpansas 
and ad valorem taxes. 

2) Installed apltal o w h  fer all three plants a-o oselatod to 1985 et a tat* of 10 percent 
annually. 

1) The -paclty t a c t a m  Is the percentage of ~Ioctriclty a power plant &lly produces 
n la t lve  to what It warld produce at full mpaclty at all  tlmes. Qpaclty factors for w a d -  
fired power plants lyplcally range from 70 percent to 90 percent; thls malysls ass- m e  
ald ronge flgure. 

4) The *fixed charge rate,* or the *annuaIlratlon factor," dlstrlbutes cnpltal owts equally 
over the llfetlae of the plant a d  ruflocts the *urn UI cspltal Investments, deprecla- 
tlon, Insurance a d  taxes. This malysls e s u m s  a rat0 appllablo to an lnvestarouned 
ut1 I I*. 

5) Thls cost Is slculated uslng the farmla: 

(1985 SMW) x Flxed charge rate Ftxed charge - 
(~tlls/Krh) 8.760 X bPacl)r Fa* 

6 )  Assumed OW costs far al l  mrm plants are escalated at a rate of IO persent annually from 
1978 to 1985. md at 5.9 percent tram I985 on. 

1 

1 
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TABLE 11-7 

TABLE 11-7 

45 MW WOOD-FIRED POWER PLANT'S LEVELIZED FUEL COSTS 
( IN  1985 DOLLARS, MILLS PER KILOWATT-HOUR) 

1. DELIVERED FUEL COSTS: (3) 
(I978 dol l a r s l  

a. M i l l  Residues: 
@ $3 per dry ton 
@ $5 per dry ton 
e $7 per dry ton 
8 $10 per dry ton 

b o  Y.U.M. 
6 $11 per dry ton 
e $14 per dry ton 

C. Forest Slash-as par t  
o f  sawlog operations: 
8 $21 per dry ton 
@ $27 per dry ton 
@ $33 per dry ton 

d. Forest S lash-comp lete 
relogging: 
e $37 per dry ton 
8 $41 per dry ton 
Q $43 per dry ton 
@ $54 per dry ton 

PLA 
STEAM 

3.0 
4.7 
7.2 

10.2 

11.2 
14.0 

21.4 
27.7 
33 04 

37.9 
41.9 
44.1 
55 03 

A ( 1 )  
ELECTRICITY 

11.2 
17.9 
25.2 
36 04 

39.9 
50 06 

76.3 
97.7 
I 18.9 

134. I 
148.0 
155.5 
195. I 

PLANTS 
B d C (2) 

12.2 
19.4 
27.2 
39.4 

43. I 
54.3 

82.5 

129. I 
105.9 

145.3 
160.2 
168.5 
21 1.0 

(1) Plant A i s  assumed t o  have a net heat ra te  (4) o f  16,230 BTUs/Kwh with a bo i ler  e f f ic iency of 69 
percent; wood fuel Is assumed to  have 50 percent m i s t u r e  content (0.W.). The heat ra te associ- 
ated wi th  steam production i s  3,580 BTUs/Kwh and the heat ra te associated wi th  e l e c t r i c i t y  pro- 
duction I s  12,650 BTUs/Kwh. NOTE: The heat ra te of steam is actual ly the amount of heat 
delivered as steam t o  the m i l l  per Kwh e lec t r l ca l  output of the power plant. Thus, although the 
cost of steam production i s  shown In mills/Kwh, It should actual ly be interpreted as the cost of 
fue l  to produce steam per Kwh of e lec t r i ca l  production. 

(2) Plants B and C are both assumed to have a net heat ra te  (4) o f  13,700 BTUsfiwh with a bo i ler  ef- 
f ic lency of  69 percent; w o o d  fuel  Is assumed to have 50 percent M.C. (0.W.). 

a t  8.5 percent from 1985 on. 
(3) Wood fuel  costs for a l l  three plants are escalated at  IO percent annually from 1978 t o  1985, and 

ci ty.  (4) A Plant's net heat ra te is the BTU input required to produce one k i lowat t  hour of e lect r  
This determines the plant's overal I efficiency. 
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i TABLE 1 1-8 

TABLE 11-8 

45 MW WDOD-FIRED POWER PLANT'S TOTAL BUSBAR(~) GENERATION COSTS 
( I N  L985 DOLLARS, MILLS PER KILOWATT-HOUR) 

1 )  FUEL W E  AND DELIVERED COST: 
(1978 dol lars)  

a. M i  I I Residues: 
tj $ 0 per dry ton 
8 $ 3 per dry ton 
Q I 5 per dry ton 
8 S 7 per dry ton 
@ $10 per dry ton 

be YmUmMe: 
@ $11 per dry ton 
8 $14 per dry ton 

C m  Forest Slash-as part 
of saw log operat ions: 
@ 521 per-dry ton 
8 527 per dry ton 
8 $33 per dry ton 

dm Forest Slash-complete 
relogglng: 
8 $37 per dry ton 
e $41 .per dry ton 
8 $43 per dry ton 
Q $54 per dry t o n  

COGENERATION PLANT A 

STEAM 

9.0 
12.0 
13.7 
16.2 
19.2 

20 a 2  
23 a 0  

30.4 
36.7 
42 a4 

46.9 
50.9 
53. I 
64 a 3  

ELECTR I C  I TY 

83.5 
94 e7 

10 I e4 
108.7 
119.9 

I23 e4 
134. I 

159.8 
18 I e 2  
202 a4 

217.6 
231.5 
239.0 
278.6 

ELECTRICITY ONLY PLANTS 

PLANT B 

87.9 
loo. I 
107.3 
115.1 
127.3 

131.0 
142.2 

170.4 
193.8 
217.0 

233.2 
248. I 
256.4 
299.7 

( I )  Busbar costs exclude transmlssion and d ls t r lbu t fon  costs. 

PLANT C 

101.9 
114. I 
121.3 
129. I 
14 I a3 

145.0 
156.2 

184.4 
207.8 
231.0 

247 a 2  
262. I 
270 a4 
313.7 

Energy Commission's s t a f f  to prepare the 
cost  f igures i n  Table 11-9, 

Comparing Table 11-8 and 11-9 shows 
t h a t  wood-fired power plants tha t  gener- 
a t e  e l e c t r i c i t y  using m i  II residues ap- 
pear t o  be cost competit ive wi th both 
coal- and o i l - f i r e d  conventional plants. 

hd 

Although YUM and the  lower cost  f o res t  
s lash used t o  generate e l e c t r i c i t y  ap- 

. pear t o  be marginal ly cost  competit ive 
w i th  o i l - f i r e d  plants, the more expen- 
s ive  fo res t  slash associated wi th  com- 
p l e t e  relogging does not  appear t o  be 
cost  competit ive wi th convent iona I 
sources a t  t h i s  time. 
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TABLE 11-9 

TABLE 11-9 

CONVENTIONAL ELECTRICITY GENERATION: 
COMPARATIVE LEVELIZED BUSBAR COSTS ( 1 )  

1) Insta l led Captial Costs 

a. S/KW (1977 dol lars)  
b. f / K W  (1985 dol lars)  (2) 

2) Capacity Factw 

3) Fixed Charges (3) 
( i n  1985 S, miIls/kwh) 

4) Level i t ed  ObM 
( i n  1985 f, miIIs/kwh) 

5) Level lzed Fuel (4) 
( i n  1985 S, mills/kwh) 

**TOTALS (3,4, 6, 5) 
( i n  1985 S, mIIIs/kwh) 

COAL-F I RED 
(500 MW) 

792 
I698 

65% 

54.9 

I .8 

60.2 

116.9 

COMBINED CYCLE 
(500 MW) 

463 
993 

70% 

28.0 

I e 4  

130.0 

159.4 

0 I L-F I RED 
(500 MW) 

580 
I244 

so% 

32.7 

I .8 

133.0 

167.5 

( 1 )  These generic costs were taken from a Cal i forn ia  Energy Comnission s t a f f  draft, "Volume I: 
n ica l  Assessment Manual - Elect r ica l  Generatlon - Version One," September 1979. 

Tech- 

(2) The 1977 insta l led capi ta l  costs for a l l  technologies are escalated t o  1985 a t  a ra te of IO per- 
cent annual ly.  

(3) The f ixed charge rate i s  assumed t o  be 18.4 percent for both the coal- and o i l - f i r e d  plants, and 
I s  assumed t o  be 17.3 percent for the combined cycle plant. 

(4) Coal costs are assumed t o  escalate at a rate of about 10 percent annually from 1978 t o  1985; a t  
7.2 percent from 1985 t o  1990; and at 6.5 percent from 1990 t o  2000. The costs of the d i s t i l l a t e  
fuel  01 I and natural gas used in the combined cycle plant are assumed t o  escalate a t  an average 
ra te  of 8.8 percent annually. The cost of the residual fuel o i l  used in  the o i l - f l r e d  plant Is 
assumed t o  escalate a t  an average rate of 9 percent annua I ly. 



REGULATORY AND JNSTITUTIONAL 

CONSTRAINTS FACING W.OOD 

ENERGY ?RODUCTJON 

Despite the apparent benef i ts  o f  co- 
generat i on and wood energy production, 
i t s  widespread use i s  hampered by regu- 
l a to ry  and i n s t i t u t i o n a l  problems. Since 
many problems e f f e c t  both wood energy 
production and cogeneration s lmi la r ly ,  
these two terms w i l l  sometimes be used 
interchangeably. These problems are 
perhaps more d i f f i c u l t  t o  solve since 
they requi re i n s t i t u t i o n a l  change, coor- 
dinated governmental pol icies, and a t  
t imes present genuine c o n f l i c t s  between 
two or  more establ ished government pol i- 
cies. For example, the Legis la turefs  
declared preference fo r  cogeneration 
confronts State a i r  qua l i t y  e f fo r ts .  
The Energy Comnissionfs e f f o r t s  t o  pro- 
mote cogeneration confront the  Publ ic  
U t i l i t i e s  C m i s s i o n f s  e f f o r t s  t o  pro- 
t e c t  the rate-payer and preserve u t i l i t y  
service levels. However, these same in- 
s t i t u t i o n a l  problems should be more re- 
sponsive t o  c lear  po l i cy  d i rec t ion  and 
are - w i th  i n  the  d i r e c t  control  of the 
Sta te fs  p o l i t i c a l  bodies. 

RATES 

A major: element o f  the investment de- 
c i s ion  for cogen'eration i s  the rates 
o f fe red  by u t i  I i t y  companies f o r  pur- 
chases of  e l e c t r i c i t y  produced or cogen- 
erated from wood products. I n  the past, 
purchased power r a t e  e i n s u f f i c i e n t  
t o  generate substant n te res t  i n  in- 
vest ing i n  ' the  nece.s equipment fo r  
e l e c t r i c i t y  produc e Recently, there 
has been substant improvement i n  the 
ra tes  of fered by t i e s  for the pur- 
chase o f  cogener e l e c t r i c i t y .  In  
addit ion, standby s, or the charge 
levied upon an i at  customer for 
having the  capabi accept e l e c t r i c  
service i n  the he cogeneration 
equipment requires service and i s  out  of LJ 

operation, have been dramat ical ly re- 
duced by a l l  major u t i l i t i e s .  

While u t i l i t i e s  are o f fe r i ng  more rea- 
sonable ra tes for purchased power and 
standby, there remains the question of 
what, i f  any, c r e d i t  should be given for 
the  capacity which i s  added t o  the  
system by cogenerated power . Bas ica I I y , 
I f  a cogenerator i s  providing r e l i a b l e  
power during peak periods, some c r e d i t  
for the  capacity tha t  power displaces 
should be offered. I f  there were a sub- 
s t a n t i a l  number o f  wood-fired cogenera- 
t i o n  plants, the l ike l ihood tha t  a cer- 
t a i n  percentage of  these f a c i l i t i e s  
would be operating during peak periods 
I s increased. 

The major reason fo r  the absence of 
substant ia l  capacity c red i t s  i s  the 
I lm i ted  amount of e l e c t r i c i t y  produced 
from cogeneration projects t o  date. 
Of fe r ing  a substant ia l  capacity c r e d i t  
w i  I I increase the at t ract iveness of the 
investment and shorten industry's pay- 
back period. 

AIR QUALITY 

The major a i r  qua l i t y  obstacle t o  
cogenerated e l e c t r i c i t y  i s  the Clean A i r  
Ac t f s  New Source Review requirements for 
Best Avai table Control Technology and 
po l  l u t i on  Vradeoffst l  i n  non-attainment 
areas (most urban areas).. 

New Source Review ru les  requi re any 
new stat ionary source emi t t ing i n  excess 
o f  250 pounds of NO, per day (or other 
pol lu tants)  t o  produce a i r  basin trade- 
o f f s  o f  a t  leasf one t o  one. Reducing 
NO, from another source by a t  least  
250 pounds o f  NOx per day causes the 
a i r  basin's NO, level  t o  a t  least  re- 
main unchanged and i n  most cases improve 
since the requirement i s  usual ly more 
than one t o  one. 

Cogeneration, using .wood or other 
fuels, o f f e r s  improved e f f i c i ency  and 
improved aggregate a i r  quai i t y  r e l a t i v e  
to  separate e l  ectrsic process heat gener- 
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ation. The trade-off requirement does 
not  recognize the aggregate improved a i r  
qual i t y  and e f f i c i enc ies  from cogenera- 
t ion.  Many cogenerators do not have t h e  
f a c i l i t i e s  t o  produce these trade-of fs 
and therefore must purchase trade-offs 
from other industr ies (pay the cost o f  
cont ro l  equipment and other fees). This 
can be p roh ib i t i ve l y  expensive and time 
consuming and may cause abandonment of 
the  project. Trade-offs, even fo r  those 
indust r ies tha t  have fac i  I i t i e s  t o  prod- 
uce trade-offs, may simply make the pro- 
j e c t  too  complicated and expensive. 
Those indust r ies wi th  trade-offs may 
wish to  preserve them f o r  t h e i r  primary 
manufacturing process and those withorjt 
t rade-of fs may not wish t o  incur the ex- 
pense of  purchas i ng them. 

Also, the New Source Review require- 
ments present an uncertain obstacle fo r  
cogeneration projects since the requ i re -  
ments change as more data i s  gathered 
and as the State's implementation plan 
becomes operational. These problems are 
compounded by the numerous agencies 
involved in  permits fo r  projects and the 
i ncreas i ng be I i ef  t h a t  many pro jects  
cannot secure permits. This problem of  
securing the necessary permits and the 
uncertain nature of governmenta I permits 
tend t o  re in fo rce  the bel  i e f  t h a t  cogen- 
e ra t ion  pro jects  requi re  too much time 
and e f f o r t  wi th too uncertain a r e s u l t  
t o  be good investments. 

INDUSTRY AND UTILITY CONCERNS 
CI 

One o f  the  major concerns fo r  the 
indus t r ia  1 e n t i t y  i s  the impact cogener- 
a t i o n  w i  I I have on i t s  manufacturing 
process. The manufacture o f  a spec i f i c  
product i s  the primary concern o f  the 
indus t r ia l  e n t i t y  and of ten the produc- 
t i o n  o f  e l e c t r i c i t y  i s  seen by manage- 
ment and p lan t  operators a l i k e  as some- 
th ing  which might interfere,  retard, or 
reduce the output of the primary prod- 
uct. A I  so, indust r ia  I producers o f  
wood-fired e l e c t r i c i t y  fear regulat ion 
and c l a s s i f i c a t i o n  as " u t i  I ities.ll 

On the u t i l i t y  side, the  stated view 
I s  t h a t  it takes the same contract  nego- 
t i a t i ons ,  engineering, management, and 
general s t a f f  e f f o r t  to br ing a rela- 
t i v e l y  small (30-40 megawatt) cogenera- 
t i o n  o r  wood energy pro jec t  on l i n e  as 
it does fo r  a large (300-800 megawatt) 
conventional project. 

U t i  I i t i e s  a l so '  express a concern for 
the  possible uncertain re1 iab i  I i t y  of 
cogeneration fac i  I i t i es .  Smal I fac i  I i- 
t i e s  are d i f f i c u l t  t o  plan for and 
usual ly cannot be included in  u t i l i t y  
resource plans, making them uncertain 
capacity addit ions. In addition, there 
i s  r e l a t i v e l y  l i t t l e  experience w i th  
cogeneration fac i  I i t i e s  deployed in  a 
large number o f  locat ions and t h e i r  
re1 iab i  I i t y  may be less than required. 

Also, the issue o f  wheeling, i.e., the 
transmission o f  non-uti I i t y  generated 
e l e c t r i c i t y  from one po in t  t o  another 
using u t i l i t y  transmission f a c i l i t i e s ,  
has been iden t i f i ed  as a major con- 
s t r a i n t  t o  the development o f  cogenera- 
t ion.  The issue i s  c losely  re la ted  to  
p r i c e  since most u t i l i t i e s  f i n d  them- 
selves i n  a monopsonist's pos i t ion  and 
therefore control  the p r i ce  of fered for 
cogenerated e l e c t r i c i t y .  I f  the market 
f o r  e l e c t r i c  power could be more com- 
pet i t i ve ,  some indus t r ia l  e n t i t i e s  o r  
t he  municipal u t i l i t i e s  might be w i l l i n g  
t o  pay higher pr ices f o r  cogenerated 
power and thereby st imulate development. 
I n  order t o  do so, the  use o f  ex i s t i ng  
u t i l i t y  transmission f a c i l i t i e s  are 
needed t o  transmit  or "wheelf1 power from 
one locat ion t o  another. The u t i l i t y  i n  
t h i s  instance would ac t  l i k e  a c m o n  
c a r r i e r  and charge a fee o r  t a r i f f  f o r  
t he  transmission of power. 

The issues involved in  wheeling are 
too  complex t o  discuss here. They in- 
volve compl icated federal-State regula- 
t ions, use of u t i  I i t y  property, e f f e c t s  
on the u t i l i t y  system, ra tes  for trans- 
mission, and possible service d i f f i c u l -  
t i e s  fo r  ex i s t i ng  customers. 

LJ 
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MINERAL WEALTH 

HISTORY AND IMWRTANCE 

Development o f  Ca l i fo rn ia 's  mineral 
industry played an important pa r t  i n  the 
e a r l y  h i s to ry  o f  the State, and it con- 
t inues t o  play a s i g n i f i c a n t  r o l e  i n  the 
ovsral  I economy o f  the  State and the 
Nation. Ca l i fo rn ia  ranks t h i r d  among 
the  s tates i n  annual mineral production. 
I t i s  surpassed only by Texas and Loui- 
siana, both o f  which are sources of 
great  quant i t ies  o f  o i l  and natural gas. 

No other s ta te  produces such a wide 
va r ie t y  o f  mineral commodities as does 
Cal i forn ia ,  which i s  the source of about 
40 minerals, some o f  which are found on 
fo res t  lands. The State's mineral pro- 
duction was, according to  the September, 
1978, %a1 i f o r n i a  Mining Review,11 valued 
a t  $3,483,373,000 i n  1976. In 1977 the 
value was se t  a t  $4,311,393,000 accord- 
ing t o  data developed by the U.S. Bu- 
reau o f  Mines (McWi I I iams, January 
1979). Cal i f o r n i a  has the largest pro- 
duct ion i n  the nat ion o f  asbestos, bo- 
ron, diatomite, sand and gravel, and 
rare-earth minerals. It i s  a lso a major 
source o f  cement, lime, natural  gas, 
l ique f ied  petroleum, gases, natural  gas 
l iquids,  petroleum, stone, magnesium 
compounds, gypsum, iron, sa l t ,  ta lc ,  PO- 
tassium and sodiun compounds, and tung- 
sten (Clark, September 1978). 

Mineral production s t a t i s t i c s  indicate 
t h a t  approximately 60 percent of the 
State's asbestos, 45 percent of the ce- 
ment, 15 percent of the stone, and a l -  
most a l l  of the tungsten and dolomite 
are produced from sources on Cal i f o r -  

n ia 's  fo res t  lands. Minor amounts of 
sand and gravel, s i l ve r ,  gold, copper, 
lead, zinc, and t a l c  are a lso produced 
from these areas. 

Although Cal i f o r n i a  once was a major 
source o f  gold, on ly  a few thousand 
ounces are now produced annual ly. Cal i- 
forn ia 's  geoloQy makes the State an ide- 
a l  place to  search f o r  gold. e Over 
25,000 mines and many thousands o f  pro- 
spects ex ls t ,  most of which are i n  for- 
ested areas. Some of these date back t o  
the Gold Rush; some are s t i l l  producing 
today. Although gold prospecting ac t iv -  
i t y  i s  carr ied on Statewide, the largest 
number of prospectors are working i n  the 
western Sier ra Nevada foo th i l l s ,  par t i c -  
u l a r l y  i n  the regions drained by the  
Feather, Yuba, and American Rivers and 
t h e i r  t r i bu ta r ies .  There i s  prospecting 
a c t i v i t y  i n  the streams i n  the Klamath 
Mountains, especia l ly  i n  the watersheds 
of  the Klamath, T r i n i t y  and Salmon Riv- 
ers. In addit ion, there i s  prospecting 
a c t i v i t y  i n  the desert regions i n  east- 
ern and southeastern Ca l i f o rn ia  and in  
the  fo res t  areas o f  the San Gabriel, San 
Bernardino, and Santa Ana Mountains i n  
southern Cal i forn ia .  The A I  leghany dis-  
t r i c t  i n  the forest  lands o f  western 
Sier ra County probably has the largest 
number o f  ac t i ve  prospecting and devel- 
opment operations i n  the Sier ra Nevada 
(Clark, September 1978) . 
THE FUTURE 

National and State indust r ia  I needs 
have led t o  a number o f  s i g n i f i c a n t  and 
important changes i n  the nature o f  Cal i -  
fo rn ia 's  mineral industry i n  the past 
few years, changes which are expected t o  
continue. For instance, i f  the p r i ce  o f  . 
metal s goes up it would become prof  it- 
able t o  mine the low-grade deposits o f  
copper, n ickel ,  chrome, uranium, and 
mercury found on fo res t  lands. Ca l i fo r -  
n ia  was once a major source of the la t -  
t e r  metal, however production ceased in  
1978. One o f  the  fo res t  land areas, 
Lake B r i t t o n  i n  Shasta County, could be- id 



come an important source o f  d iatomite 
which i s  used extensively i n  f i l t e r s  and 
insulat ion (Grew 1978). Production o f  
various i ndus t r i a l  minerals such as d i -  
atomite and boron, used i n  glass produc- 
t ion,  has shown a marked increase. 

Econom i c recovery from the recess I on 
of  1974 and 1975 resul ted in  increased 
demand f o r  construction materials, Most 
cement, sand and gravel, and bui ld ing- 
stone plants i n  the State are operating 
a t  or near capacity. 

Production project ions indicate a 55 
percent growth i n  the mineral economy o f  
Cat i f o r n i a  between 1965 and 2020, The 
output o f  metals i s  expected t o  doubt 
and the production o f  nonmetall ic mlner- 
a l s  should t r i p l e ,  

It i s  expected t h a t  the State's min- 
e ra l  production w i l l  be adequate t o  mee 
expected demands t o  I980 and i n  man 
cases t o  2020, since the known reserves 
o f  many minerals cu r ren t l y  being pro- 
duced i n  Ca l i f o rn ia  are large. Deposits 
no t  now considered as resources w i l l  be- 
cane usable because o f  advancing tech- 
nology. The geologic condit ions I n  CaI- 
i f o r n i a  are such t h a t  fu ture discoveries 
of new mineral deposits and f i e l d s  can 
be ant ic ipated w i th in  Cai i f o r n i a f s  for-  
e s t  lands. 

Diversions o f  water f o r  mineral ex- 
t r a c t i o n  i n  Ca l i f o rn ia  are expected t o  
increase over 160 percent, t o  307,000 
acre-feet per year, between 1965 and 
2020. The industry's water requirements 
w i  I I increase throughout most o f  Cat I- 
forn la, i nc I ud i ng the forested areas, 
but  the most c r i t i c a l  problems are ex- 
pected t o  be i n  the water-short south- 
eastern part. This section o f  the State 
should have the largest increase in  min- 
e ra l  production since geologists bel ieve 
there  are large, as-yet-und i scovered 
quan t i t i es  o f  minerals s t i l  I in  the for- 
ested and unforested desert areas 
(Framework Study, Appendix X I  I, June 

CJ 1971). 

MlNERAL EXTRACTION SITES 

I n  August 1978 the D i v i s i o n  o f  Mines 
and Geology o f  the Ca l i f o rn ia  Department 
o f  Conservation prepared an inventory 
map showing ex i s t i ng  and potent ia l  min- 
era l  ex t rac t ion  areas which necessitate 
surface disturbance of  100 acres o r  more 
w i th in  the forest  iands o f  C a l i f o r n i a  
(see Figure 12-1). The 1975 State 
Surface Mining and Reclamation Act 
defines ffdisturbanceff as the  displace- 
ment o f  a t  least  1,000 cubic yards of 
minerals, ores, and overburden per acre 
per location. Table 12-1 l i s t s  nineteen 
ident i f ied,  exist ing,  surface disturb- 
ance areas t o t a l i n g  roughly 8,500 acres. 
Thirteen thousand acres of  potent ia l  
disturbance are also shown. Seven addi- 
t i o n a l  s i t e s  are shown on the tab le  f o r  
which no average data were avai lable. 

Mining and d r i  I I ing a c t i v i t i e s  impact 
the forest  lands by d is tu rb ing  the for- 
e s t  surface. They can .also leave the 
land d i f f i c u l t  t o  reclaim. In some 
cases they contr ibute t o  a i r  and water 
pol I u t  ion and may necessitate the crea- 
t i o n  of access roads. They may render 
the af fected lands unproductive f o r  
t rees  and aes the t i ca l l y  unat t rac t i ve  fo r  
a long time a f t e r  ext ract ion i s  cmp le t -  
ed, Such impact must be considered in  
planning f o r  fu ture mining and d r i l  I ing 
use o f  the State's forest  lands. 

Surface land disturbances caused by 
mineral and fue l  extract ions are expect- 
ed t o  increase over 180 percent by 2020, 
which, i f occur ing on forest  land would 
d i s t u r b  an addi t ional  15,300 acres. 

Uslng map overlays, it was determined 
t h a t  the mining and d r i ' l l i n g  operations 
shown on Figure 12-1 and Table 12-1 gen- 
e r a l l y  a re  having no s i g n i f i c a n t  e f f e c t  
on threatened and endangered species or 
c r i t i c a l  w i  Id1 i f e  habitat. The Juniper 
Mine uranium assessment work and claims 
would, however, have an impact on a 
Road I ess 'Area Rev i ew and Eva I uat i on 
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TABLE 12- 9 i 

13,100 

TABLE 12-1 

7 

MATER I AL 

Copper 
N I cke I Chrome 
Cement 
Sand/GraveI 
Gran i t e  
Asbestos 
Tungsten 
Marble 
Uran i um 
Dl atom1 t e  

NLMBER OF 
EXISTING 

ESTIMATED ACRES SITES 

266 

4,600 
675 

2,300 
300 

40 
300 

8,481 

POTENTIAL NO DATA 

3,000 
6,400 

1,100 

I 

4 

, 

~- ~ ~~ ~~ 

Note: Blank spaces in the data columns indicate that no flgures were 
available. 

(Rare I l l  area w i th in  the Stanislaus 
Na t i ona I Forest . 

The map over lay technique a lso indi-  
cates t h a t  there appears t o  be no d i r e c t  
c o n f l i c t  between ex is t ing  and potent ia l  
mineral operations and prime timber and 
range lands (see Figure 3-1 1 . 

ENERGY RESOURCES IN OR NEAR 
FOREST LANDS 

O i  1 and gas, primary geothermal ener- 
gy, and uranium are the pr inc ipa l  energy 
produclng commodities i n  Cal i forn ia .  
Many o f  the s i t e s  for these resources 
are in, o r  close to, forest  lands, Wood 
as an energy source i s  assessed i n  Chap- 
t e r  E 1 even, I1Wood Energy 

bd 

OIL AND GAS 

O i  I and gas, i s  produced from sedimen- 
t a r y  basins p r inc ipa l l y  located near Los 
Angeles, Santa Barbara, Taft,  Coalinga 
and Bakersfield. The potent ia l  fo r  fu- 
t u r e  discoveries i s  grea.test i n  these 
and s imi la r  sedimentary basins which 
are, for the most part, located on the 
f r inges of the forest  lands. The sur- 
face disturbance caused by o i l  and gas 
explorat ion and production i s  not  as 
great  as t h a t  caused by surface mining. 
The requlrement fo r  environmental im- 
pact repor ts  should help mi t iga te  ad- 
verse impacts by i temizing proper oper- 
a t  i ng procedures. 

GEOTHERMAL ENERGY 

Geotherma I energy sources occur 
throughout the State, usual ly i n  o r  near 



areas of recent volcanic a c t i v i t y .  Geo- 
thermal po ten t ia ls  a lso e x i s t  i n  the 
lnyo and Mendocino National Forests. 
Geothermal energy i s  now used t o  produce 
e l e c t r i c i t y  a t  the Geysers Geothermal 
F ie ld  north o f  San Francisco (Rare ! I ,  
June 1978). 

REGULATORY RESPONSIBILITIES 

The 1975 State Surface Mining and Rec- 
a t i o n  Act appl ies t o  mining d i s tu r  

ance on pr iva te  fo res t  lands. This a 
quires the State Mining and Geology 
ard to  adopt a po l icy  f o r  the reclama- 

t i o n  o f  mined lands. That po l i cy  i s  for 
the guidance of local  governments re- 
quired by the ac t  t o  obtain reclamation 
plans for surface mining operations as a 
condi t ion of grant ing the permits, spec- 
i f i e d  i n  the act, which are necessary 
before surface min ing may proceed. The 
a c t  a lso requires the Board t o  adopt 
pol i c i e s  r e l a t i v e  t o  mineral resource 
conservation through appropriate land 
use planning by local governing agencies 
(CDMG Special Publ icat ion 51, Ap r i l  
1977) . 

In  addi t ion t o  the po l i cy  d i rec t i on  
s t ipu lated i n  the Surface Mining and 
Reclamation Act, the State's r o l e  i s  one 
o f  guidance and technical assistance t o  
Ca I i forn ia 's  countigs i n  the implementa- 
t i o n  o f  the act. To date, the counties 
have adopted, or are proceeding t o  
adopt, t h e i r  own re levant  ordinances 
which requi re mining permits and recla- 
mation plans. Also, the  State Lands 
Commission administers leasing and roy- 
a l t y  in te res ts  from a l  I mining on State 
I ands. 

When surface mining, o i l  and gas, or 
geothermal disturbance i s  ant ic ipated on 
federal lands a cooperative e f f o r t  i s  
usual ly  ef fected between the federal 
agency administering the land, the in- 
volved county, and possibly the State 
and the U.S. Geological Survey. This co- 

operative e f f o r t  i s  d i rected toward pre- 
paring an environmenfat impact repor t  or 
statement (E IR/E I SI , prepar ing perm i ts ,  
leases, and in  performing inspections. 
A February 1979 memorandum o f  under- 
standing between the  State, the  Forest 
Service, and the BLM spe l l s  au t  the 
working re la t ionships between these 
agencies and the counties and, when 
f u l l y  implemented, should r e s u l t  tn sat- 
is factory  land reclamation from mining 
a c t i v i t i e s .  

L/ 

As i s  the case w i th  t 
t ry ,  o i l ,  gas, and g 
t i o n  and production are 
impact forest  land s l g n i f i  
t i e s  assume the lead- 
paring any EIR necessary f 
env i ronmenta I impacts on 
however, beginning Ja 
State D iv is ion  of O i  I and Gas became the 
lead agency for geothermal exploratory 
projects. Geothermal explorat ion Is 
preceded by a no t ice  of i n t e n t  f i led 
w i th  the Div is ion.  Where geothermal re- 
sources ex is t ,  counties are encouraged 
t o  add a geothermal element t o  t h e i r  
County Plan (Reid, November 1978). 

Cat i f o r n i a  produces a wide va r ie t y  o f  
minerals, and ranks t h i r d  i n  the nat ion 
i n  annual mineral production. It i s  
a lso  a major producer o f  o i l  and natural  
gas. The present d r i l l i n g  and geo- 
thermal energy production ac t i v i t y ,  and 
t h a t  which i s  expected i n  the fu tu re  as 
society 's needs d ic ta te,  i s  not  a n t i c i -  
pated t o  have a great  d i rec t ,  and/or 
de t r  imenta I , i n f I uence on fo res t  I ands 
since many of the present and potent ia l  
s i t e s  l i e  outside the forested areas. 

Research indicates t h a t  there appears 
t o  be no major conf I i c t  between ex i s t i ng  
and potent ia l  mineral operations and 
high-yield timber and range lands. u 
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I 
Mining a c t i v i t i e s  which now exist ,  and 

those which may occur i n  the future, do, 
however, d i s t u r b  forest  lands and can 
leave t h a t  land d i f f i c u l t  t o  reclaim; 
can contr  i bute t o  aestheti  ca I I y unat- 
t r a c t i v e  areas; and can possibly neces- 
s i t a t e  road bui ld ing which may lead t o  
water q u a l i t y  degradation. 

An indirect ,  detr imental i n f  tuence on 
and water q u a l i t y  may r e s u l t  from 

era1 , and 0 1 1  and natural gas pro- 
cessing p lants  I f  these plants are lo- 
cated In or near the forested areas. 

a te r  d ivers fo  

on to the growth- 
of the industry. These diversions 

areas, create m e  qdverse impact wl th in  
forested lands. 

These factors  must be considered in  
grant ing permits f o r  fu ture growth o f  
the minerals and 0 1 1  and natural gas 

ght, i f  they ated i n  - forested 

industry. 
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INTRODUCTION 

The complexit ies o f  Cat i f o rn ia ' s  for- 
e s t  ecosystems present myr lad options 
f o r  the land manager. The sheer magni- 
tude o f  these forest  land management op- 
t i o n s  led FRAP t o  choose the use o f  I in- 
ear programming as an assessment too l .  
Linear programming (LP) i s  one re la t i ve-  
ty  noncomplex mathematical method of an- 
a lyz ing problems. When a given acre o f  
land i s  managed in  d i f f e r e n t  ways the 
costs and resu l t s  of t h a t  management 
natural  l y  vary. When several kinds o f  
land are considered, numerous combina- 
t i o n s  o f  management techniques may be 
used t o  produce the hoped-for r e s u l t s  
whether they be f o r  increased forage o r  
t imber production, f o r  greater recrea- 
t i ona l  use, as undisturbed wildland, o r  
some combination o f  these. In teract ions 
between the quant i t ies  o f  the various 
outputs produced occur as d i f fe ren t  
acres are sh i f ted  from one management 
scheme t o  another. 

Uses considered by the model include 
recreation, timber, wilderness, and for-  
age. This chapter presents the resu l t s  
obtained from the model and a discussion 
o f  the data and assumptions used in  it. 
The Appendix contains a simp1 i f i e d  exam- 
p l e  o f  the LP which shows h o w  such mod- 
e l s  are formulated and what they con- 
t a  in. 

Models, by t h e i r  very nature, do not  
prec ise ly  represent r e a l i t y .  The objec- 
t i v e  of modeling, I n  fact, i s  t o  ab- 
s t r a c t  from r e a l i t y  i n  such a way t h a t  
the essential features fo r  the desired 
purpose are retained while the less 
s i g n i f i c a n t  de ta i l  i s  dropped. The FRAP 
model i s  only intended t o  i d e n t i f y  

fo res t  use in teract ions a t  a regional 
level i n  order t o  address po l i cy  issues 
o f  fo res t  land use. The model i s  not  a 
management too l  appl icable t o  any 
speci f i c  property but  ra ther  combines 
land i n t o  large un i t s  and assunes 
average ra tes  of production f o r  these 
aggregate land. uni ts.  It i s  most l i k e l y  
t h a t  w i th in  smaller subunits pract ices 
w i l l  be h igh ly  var iab le  around t h i s  
average. Results are a lso only as good 
as the current, o f ten  crude, data 
permit . . 

bi 

COMPETING USES OF CALIFORNIA'S 
FOREST LANDS: RESULTS OF THE 
MODEL 

The resu l t s  o f  several runs of the 
FRAP LP model are shown i n  Table 13-1 
Column 1 shows the ob jec t ive  of the par- 
t i c u l a r  run. The *V3asef9 run assumes 
t h a t  the desired level of autputs of the  
selected categories of "Timber ,11 "For- 
age," llRecreation,tl and Wi  Idernesstl are 
those cur ren t ly  being produced. Speci f- 
i c a l l y :  1.9 b i l l i o n  pounds of forage 
per year; 45 m i l l i o n  v is i tor -days per 
year; 4,100 " W i  I derness A t t r  i bute 
Points;1t and 900 m i l l i o n  cubic fee t  of 
timber per year. The timber level i s  
t h a t  projected f o r  1980 by the 
Adams/Haynes model described in  Chapter 
Ten, "The Timber Resource.1f 

From t h i s  lfBasell level  a ser ies of 
other LP runs were made in  an attempt to 
double the desired level of each output 
above the base amount as cal led f o r  by 
t he  federal RPA, whi le  maintaining the 
others. The r e s u l t s  i n  the tab le  show 
the  acreage which would need to be man- 
aged for t lMult iple Uset1 or l lpr imari ly 
fort1 timber, forage, recreation, or 
w i  lderness i f  the  combined outputs were 
t o  be produced and assming lands would 
be I1eff ic ient Iy t l  a l  located t o  the var i -  
ous managements. These management cate- 
gor ies are described i n  more d e t a i l  
elsewhere i n  t h i s  chapter. (Manage 
l lpr imari ly fort1 does no t  mean I1exclu- 
s ivet  y for.") gi 



TABLE 03-1 

TABLE 13-1 

MILLIONS OF ACRES OF FOREST LAND 
DEVOTED_ Tp VARIOUS TYPES OF MANAGEMENT' 

BY ALTERNAT~ FW LINEAR PROGRAMMING RUNS 

lu 

Base 

Increase 
Timber 

45 percent 

Increase 
Forage 

100 percent 

Increase 
Recreation 

100 percent 

Increase 
W I lderness 

90 percent 

S Imu I tanecus 
I ncrepse 

Timber 45 percent 
Forage 100 percent 
Recreat I on I00 percent 
W I  lderness 78 percent 

S lmu I taneous 
Increase 

Timber 18 percent 
Forage 100 percent 
Recreation 100 percent 
Wtlderness 90 percent 

20.3 

12.2 

24.3 

20.6 

19.0 

s 

13.9 

11.9 

* 

11.4 

* 

02 

11.4 

11.4 

* Less than 30;OOO acres 

2.2 

2.8 

2.2 

2.3 

5.9 

308 

5.9 

UNtfSED 

8.8 

0.8 

1 
I 288 



Whi l e  the Timber Chapter suggests 
growth could be doubled, it was only  
possible t o  increase timber outputs 45 
percent. The d i f ference i s  mainly based 
on the e f fec ts  o f  more intensive manage- 
ment which were modeled a t  on ly  10 
percent increase i n  growth. Higher 
model resu l t s  might a lso involve timber 
production on lands y ie ld ing  less than 
50 cubic feet/acre/year . Vaux ( 1973) 
suggests these lands w i  I I not  be an 
important component o f  Ca 1 i forn l a ' s  
fu tu re  timber base. Data I imi ta t ions 
d id  not permit inclusion o f  these 
factors  . 

Results o f  t h i s  LP run also i l l u s t r a t e  
how I and uses change as a r e s u l t  o f  in- 
creased requirements fo r  a pa r t i cu la r  
output. Under the V3asefJ the timber re- 
quirement can be sa t i s f i ed  by mul t ip le-  
use management which the model appl ies 
on pr iva te  as well as on publ ic  lands. 
As the requirement i s  raised more inten- 
s ive  timber management i s  needed and the 
model a l locates almost a l  I o f  the high- 
s i t e  timber land to the l lpr imari ly forrt  
t imber management category. Lands as- 
signed t o  wilderness are also increased 
because some S i te  5 lands are shi f ted t o  
timber management, and greater acreages 
o f  areas having lower wilderness ra t ings  
are required t o  maintain the Wilderness 
A t t r i b u t e  Po in t  t o ta l .  The model a lso 
indicates regional s h i f t s  as require- 
ments are changed. For example, as t i m -  
ber requirements are raised, much o f  the 
increased production comes from the 
Northern I n t e r i o r  Region. The model 
suggests t h a t  ha 1 f o f  the w i  I derness 
points  previously obtained in  the North- 
ern I n t e r i o r  should then instead be pro- 
duced in  the San Joaquin Region. 

A I  locat ing a1 I of the forested acreage 
i den+ i f ied as "Reserved and W i  I d" ( see 
Chapter Three, t fC lass i f icat ions of the 
Forest Landstt t o  w i  lderness produced a 
90 percent increase i n  Wilderness A t t r i -  
bute Points and somewhat more than a 
doubling o f  the wilderness area. ( W i l -  
derness A t t r i bu te  Points are discussed 
i n  Chapter Eight, "The W i  I d e ~ n e s s . ~ ~  

They attempt t o  recognize values such as 
naturalness and outstanding scenic fea- 
tures. 1 

Forage i s  probably not  we1 I modeled i n  
the  LP. The estimated current l ivestock 
consumption level of 1.9 b i l l i o n  pounds 
per year from the  forested range of  Cal- 
i f o r n i a  i s  probably about a t h i r d  o f  
t h a t  ac tua l l y  grown. Many factors l i m i t  
t h e  use o f  forage on These-lands. Ani- 
mals must be fed throughout the  year and 
no t  simply when forage i s  a t  i t s  best. 
Much o f  the forested rangeland i s  only 
seasona I I y ava i I ab I e so other feed 
sources may represent the essential con- 
s t r a i n t s  on herd sizes. Forage produc- 
t i o n  levels also apparently vary sub- 
s t a n t i a l l y ,  from year t o  year so t h a t  av- 
erage outputs are not  r e l i a b l y  avai la- 
ble. Some forage i s  excessively u t i l i z -  
ed and range condi t ions i n  these areas 
have deteriorated. Other areas are not 
used a t  a l l .  Thus addi t ional  considera- 
t i o n s  such as water developments, fenc- 
ing, distance o f  transport,  and s ize o f  
a pa r t i cu la r  area may be a s  important as 
the forage qroduction capab i l i t y  i n  de- 
termining l ivestock use o f  these lands. 
Future modeling e f f o r t s  should obviously 
focus on the c r i t i c a l  factors  o f  forage 
usage . 

Lt 

To the extent t h a t  t o t a l  forage pro- 
duction i s  a useful variable, the model 
suggests the consunption level can read- 
i l y  be doubled. This would be accom- 
pl ished by increasing the land managed 
f o r  mu l t i p le  use and removing lands from 
the  YJnusedtl category ra ther  than by a l -  
locat ing land pr imar i l y  t o  forage pro- 
duction. 

Recreation a lso could be increased 100 
percent f a i r 1  y read i I y according t o  the 
model . The area managed for recreat ion 
would be t r i p l e d  t o  achieve t h i s  r e s u l t  
but  s t i l l  would cons t i tu te  on ly  about 
f i v e  percent of the State's fo res t  land. 
Three-quarters of the  output would come 
from these lands whi l e  most o f  the re- 
mainder would be produced on lands under 
mult iple-use management. LPI 
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The LP was a lso used t o  invest igate 
(J the e f f e c t  o f  simultaneously increasing 

a l l  output leve ls  to  the l i m i t s  describ- 
ed above. The consequences are shown a t  
the bottom of Table 13-1. Increasing 
forage and recreat ion outputs 100 per- 
cent whi l e  increasing w i  lderness o r  
t imber was s t i l l  feas ib le  according to  
these resu I ts.  However, increasing 
wilderness t o  the +90 percent level  
would l i m i t  timber output increases t o  
18 percent whi le e f f o r t s  t o  increase 
timber by 45 percent would l i m i t  
w i I derness Ancreases t o  78 percent. 
Under both these a l te rna t i ve  scenarios 
much more land would be devoted . to  the 
l fpr imar i I y for"  managements d i rected a t  
spec i f i c  uses than occurs under the 
Wase.ff The monitary costs o f  achieving 
the  outputs would consequently a lso be 
higher. 

It i s  important t o  recognize the l i m i -  
t a t i ons  of these resul ts :  the model is 
not  comprehensive because it leaves out  
many uses. I t  assunes t h a t  e f f i c i ency  
i s  the c r i t e r i o n  f o r  land al locat ion.  
The data on outputs per acre fo r  each 
ttProducttt category (Timber, Forage, Rec- 
reation, and Wiiderness) t h a t  can be ob- 
ta ined f o r  each type o f  land considered 
i n '  the model are on ly  estimates. The 
area o f  each type of land i s  not  accur- 

. a te l y  known. And, the  modeled var iables 
may no t  represent the essential consid- 
erat ions. For instance, l ivestock usage 
may be I imited not by t o t a l  forage pro- 
duction, bu t  instead by water ava i l ab i l -  
i t y ,  and w i  lderness values may no t  be 1 

we1 I represented by "A t t r i bu te  Points.tt 
Nevertheless, the  model i s  useful i n  
providing considerable insight. The 
fo res t ' s  capacity t o  produce greater 
forage and recreat ion outputs do not ap- 
pear t o  be c r i t i c a l l y  l imi ted. On the 
other hand, i f  substantial increases i n  
wilderness occur, growth i n  timber pro- 
duction w i  I I be I imited without more in- 
tensive timber management practices. 
Doubling timber production i n  any case 
would involve substantial commitments. bj 

DEVELOPMENT OF THE FRAP LINEAR 
PROGRAMMING MODEL 

Note: The Appendix presents a very 
small pa ra l l e l  l inear programming prob- 
lem. This sample problem requires only  
a basic knowledge of algebra for under- 
standing the example. This section de- 
scr ibes the  data for the f u l  l model and 
t h e  model's s t ructure as it re la tes  to 
t h a t  which appears i n  the Appendix. 

The I i near programi  ng mode I deve I oped 
f o r  t h i s  Report contains 357 land cate- 
gories. The acres and the region, own- 
er, and s i t e  of  each are shown i n  Table 
3-1. The two land categories i n  the Ap- 
pendix example are counterparts t o  these 
357 . 

Five kinds of land use are considered 
bu t  only one a t  a time can be assigned 
by the computer t o  any spec i f i c  acre. 
The land uses included are: 

Mu I t i p  le-use 
T i mber 
Forage 
Recreation 
Wilderness 

Mult iple-use considers a m i x  of fo res t  
outputs which would general ly r e s u l t  i f  
lands were managed t o  produce timber, 
forage, and recreat ion on the patches 
most sui ted to  each, a t  current levels 
o f  investment. Thus, smatl campgrounds, 
grazing i n  some meadows and/or under the 

and timber production might a l l  
duced on a one-thousand-acre 

t r a c t  i f  t h i s  management were assigned. 
The levels of timber, forage, and recre- 
a t i o n  outputs for mu l t i p le  use manage- 
ment are shown i n  Tables 13-2, 13-3 and 
13-4. For example, the annual output 
per acre of recreat ion i s  0.48 v i s i t o r  
days when land i s  managed by the act iv-  
i t y :  for multiple-use, i n  the  North 
Coast on the W ~ b l  i c  Unreserved" owner- 
ships, land o f  Timber S i t e  5, Forage 
S i t e  E, and Recreation S i t e  E (see Table 



TABLE 13-2 

- 
TABLE 13-2 

OUTPUTS (VISITOR-DAYS PER ACRE PER YEAR) USED IN THE FRAP 
LINEAR PROGRAMMING MODEL FOR RECREATION 
BY REGION, OWNER AND RECREATION S I T E  

Northern Inter for 
SM Sacramento 

I 
SJ = San Joaquln 
SC = Southern California 
CC = Central Coast 

A l l  Public 

A l l  Prfvate 

0 
E 
0 
E 

REG I ON 

NI SM SJ sc cc - - Nc 

Regular or Multiple-Use Management 

040 0 5 0  1.00 2 0 0 0  4 0 0 0  070 
048 060 1.20 2.40 4.80 085 
.04 05 . IO 020 040 -07 
005 0 0 6  012 024 .48 .OB 

\ Intensive Management, /.e., that  "primarl ly fortt recreation . 
Pub1 IC Unreserved/ 

Reserved and W l  Id  E 30. 15. 35 . 30. 50. 50. 
Pub I i c Reserved E 45. 22 . 52. 45. 73. 75. 
A l l  Prfvate E 27 14. 32 27 45 . 45. 

3-1, "Estimated Forest Land Areas i n  
Thousands o f  Acres by Region, Owner, and 
Site.") This coe f f i c i en t  i s  found i n  
Table 13-2. The forage output would be 
250 pounds per acre per year, as shown. 
on Table 13-3. The annual timber output 
would be the 60 cubic feet per acre as 
shown i n  Table 13-4. 

The other management categories are 
a l so  no t  considered exclusive. For ex- 
amp 1 e, management ''pr i mar i 1 y for"  recre- 
a t i on  assumes higher expenditures t o  in- 
crease recreat ion outputs, accompanied 
by somewhat decreased timber and forage 
outputs. The per acre outputs fo r  these 
managements are those o f  "Mu I ti p 1 e Usef1 
management adjusted by percentages shown 
i n  Table 13-5. Thus, i f  the model 
simulates the select ion of  forage as the 
management method for a spec i f i c  land 
category, the assumed timber outputs 
w i l l  be PO percent of what they would 
have been under lvMultiple Usef1 manage- 

ment fo r  the same land. Forage produc- 
t i v i t y  values would be increased because 
o f  the more intensive management implied 
by select ing it as a "prImaryt1 manage- 
ment. Since output estimates fo r  more 
intensive managements could not  be ob- 
ta ined fo r  t h i s  assessment a s t r a i g h t  
percentage increase was assumed; i n  
other words it was assumed t h a t  some 
management pract ices could be undertaken 
which would increase forage outputs by 
f i v e  percent. 

Only the m u l t i p l e  use management i s  
assumed possible on each type o f  land. 
The Itpr imar i I y for f1 managements are con- 
sidered possible on the best lands (see 
Table. 3-11 for forage and recreation, 
and on the best three timber s i t e  class- 
es. In fac t  as was described previously 
it i s  assumed no timber i s  produced on 
s i t e s  o f  less than 50 cubic fee t  per 
acre per year. Only reserved and w i l d  

- 
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TABLE 13-3 

TABLE 13-3 

OUTPUTS (POUNDS PER ACRE PER YEAR) USED IN ME FRAP LINEAR PROGRAMMING MODEL FOR 
FORAGE MNAG~ENT BY REGION, OWNER, AND TIMBER-FORAGE SITE - 

,140 

0. 
0. 
0. 
0. 
0. 

- - 
- 

50 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

- - 

- 

- 

OrSNER - SITE= 70 - 6E 

122. 
122. 
625. 
43. 

0. 

- 60 - 
5. 

'5. 
200 . 

15. 
0. 

39. 
50. 
37. 
10. 
0. 

- 

7E - 
326 
326. 

0. 
0. 

875. 

250. 
300. 
227. 
64. 
0. 

5E - 
65. 
65. 

250. 
18. 
0. 

0. 
0. 
0. 
0. 
0. 

REG I ON 

104. 
104. 

0. 
0. 

300. 

North Coast F I  
OP 
PU 
PR' 
xx 

0. 
0. 

50. 
0. 
0. 

Northern' I n ter lo r  F I  
aJ 
PU 
PR 
xx 

I 0. 
0. 
0. 
0. 
0. 

0. 
0. 

0. 
0. 

9. 

168. 
200. 
151. 
41. 

' 0. 

128. 
150. 
116. 
37. 
0. 

Sacramento F I  
aJ 
PU 
PR 
xx 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

200. 
200. 
180. 
25. 

0. 

375. 
375. 
357. 
30. 
0. 

150. 
150. 
144. 
12. 
0. 

625. 
625. 
570. 
38. 
0. 

225. 
225. 
221. 

16. 
0. 

San Joaquln F I  
OP 
PU 
PR I 

xx 

0. 
0. 
0. 
0. 
0. 

150. 
150. 
126. 
23. 
0. 

0. 
0. 
0. 
0. 
0. 

P. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

- 

- 

- 

300. 
300. 
271. 
24 
0. 

120. 
120. 
114. 

11. 
0. 

500. 
500. 
455. 

31. 
0. 

200. 
200. 
188. 
12. 
0. 

0. 
0. 
0. 
0. 
0. 

Southern Cal l f o rn la  0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

__. 

- 

0. 
0. 
0. 
0. 
0. 

0. 
220. 

0. 
0. 
0. 

- 

- 

0. 
0. 

42. 
2. 

50, 

0. 
0. 

146. 
8. 

175. 

0. 
500 . 

0. 
0. 
0. 

0. 
0. 

22. 
3. 

24. 

0. 
175. 

0. 
0. 
0. 

- 

0. 
0. 

169. 
9. 

240 

0. 
750. 
26. 
2. 

360. 

- 

F I  
aJ 
PU 
PR 
xx 

F I  
P I  
PU 
PR 
xx 

Central Coast 0. 
0. 
0. 
0. 
0. 

0. 
247. 

13. 
9. 

125. 

F I  = Forest Industry 
OP = Other Pr lvate 
PU = Publlc Unreserved 
PR Publlc Reserved 
XX = Unknown 
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TABLE 13-4 

TABLE 1 3 4  

ANNUAL TIMBER OUTPUTS ( feet3 per acre) USED IN THE FRAP LINEAR 
P R O M 4  I NG MODEL 

North Coast Countles 

Forest Industry 
Other Pr ivate 
Publ lc Unreserved 
Publ lc Reserved 

Northern In te r i o r  

Forest Industry 
Other Pr ivate 
Publ ic Unreserved 
Publ lc Reserved 

Sacramento 

Forest Industry 
Other Pr lvate 
Publ lc Unreserved 
Pub I I c Reserved 

San Joaqu I n  

Forest Industry 
Other Pr ivate 
Pub1 IC Unreserved 
Pub1 IC Reserved 

Southern Cal I f o rn la  

Pub1 IC Unreserved 

Central Coast 

Other Pr lvate 
Publlc Unreserved 

We: Estlmates were not d 
kdlnarf ty )he area data USI 

bxlsted far these mlsslng G 

I I 

lned where mlsslng entr ies occur fn t h i s  *table. 
In the W LP indicated less than 1m acres 
gorles. 
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TABLE 13-5 

TABLE 13-9 
.-  

PERCENT OF SCHEDULED OUTPUTS ( I N  TABLES 15-2, 13-3, AND 13-41 ASSUMED 
FOR UCH POSSIBLE MANAGEMENT IN THE FRAP LlNEAR RRoGRAMMIffi W E L  

\ 

-- Multiple Use lo0 100 100 

--- Tlmber 110 80 80 

-- Forage 80 105 80 

Recreat f on 50 80 nlntenslven --- 
Wilderness I 50 ' I O  io0 

lands may be managed f o r  wilderness (see How sophist icated I s  the modei? 1. 

Chapter .Three, llClassi f icat ions of the 
Forest Landsf1). n sp i te  of about 900 var iables and 

400 const ra in t  equations used i n  
When each o f  the 357 land categories e l  it i s  conceptually ra ther  sim- 

i s  considered f o r  a1 I the managements C. However obtain ing ' data for 
f o r  which it qual i f ies ,  888 combinations h i  s mode I has proven t o  be a major 
o f  land management, owner, region, and acle. The model resu l t s  should help 
s i t e  are included as columns of t h  I f y  major  data weaknesses and bet- 
LP--i.e., the s ix  shown i n  the Appemdi ata can lead i o  more useful models 
example are increased t o  880 here. future. L imi ta t ions notwith- 
These columns are a lso commonly r e f e r  stand I ng, the r e s u l t s  of the LP d i scuss- 
t o  as l lact ivi t iesl l  from eu above provide some ins ights i n t o  the  
makes selections. - f o res t  resources which would no t  other- 

e be available. 
Requirements for minima 

forage, recreation, timber, and w i  Jder- Mention of conceptual improvements i n  
ness cons t i tu te  the major constraints. t h e  model, which were o r i g i n a l l y  t o  be 
It i s  the  leve ls  of these const ra in ts  ded bu t  which were omitted pending 

produce d i f f e r e n t  so- development of data, may be of' In- 
produces the  required 
t p u t  by I I ocat 1: ngrl 
us ac t f v l t i es .  rage as modeled i s  t h a t  u t i l i z a b l e  

for l ivestock. Oeer also.use forage and 
I n  addi t ion t o  these output quant i ty  represent the  s ing le  predominant wi ld- 

const ra in ts  357 area const ra in ts  are in- l i f e  species. Within the  model forage 
cluded t o  ensure t h a t  lands are not as- could be a I located t o  deer or I ivestock 
signed t o  several uses a t  once. thus incorporating competit ion between 

b, 



them as we1 I as other resource outputs. 
This por t ion o f  the model and the  deer 
component were omitted because forage i s  
apparently not generally constraining on 
deer populations. The c r i t i c a l  var iab le 
may be forage a v a i l a b i l i t y  i n  a pa r t i -  
cu la r  season or some special habi ta t  re- 
quirement. Determining the var iable and 
f ind ing  i t s  quant i ta t i ve  re la t ionships 
t o  various mangements are necessary pre- 
requ is i tes  t o  including deer i n  the mod- 
e l .  

E f f o r t s  t o  include water qual i ty ,  
uneven-aged timber management, and mea- 

welfare in  the present 
were a I so abandoned because o f  

sures o f  economic 
mode 
t ime and data l i m  t a t  ions. 
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HISTORY OF MAPPING EFFORTS 
IN CALIFORNIA 

I n  May o f  1886 the Chairman of  the 
Cat i fo rn ia  State Board of Forestry, Ab- 
bot  Kinney,' made the  statement t o  the 
Board that:  

fl... one o f  the most important 
acts t o  be done by the Board, 
should be the preparation and pub- 
l i c a t i o n  of  a fo res t  map of the en- 
t i r e  State, showing the amount and 
k ind of timber standing i n  the d i f -  
ferent  counties, and i t s  comnercial 
uses and value." (Ca l i fo rn ia  State 
Board o f  Forestry 1886) 

A.W. Kuchler wrote i n  1977: 

"The vegetation Is t he  tangible, 
integrated expression of the en t i re  
ecosystem, and mapping the  vegeta- 
t i o n  i s  the only e f fec t i ve  method 
t o  present the ecological order of 
our l i v i n g  space." (Barbour 1977) 

Both o f  these men saw the need, on one 
hand specf ic and on the other a l l  encom- 
passing, t o  know what ex is ts  on the  
ground and where it i s  located. FRAPA 
i ns t ruc ts  the D i rec tor  o f  the Department 
of Forestry t o  prepare a forest  resourc- 
es assessment and analysis. The neces- 
s i t y  of knowing the location, extent and 
condi t ion of  the fo res t  lands w i th in  the 
State t o  sa t i s f y  the d i rec t i ves  of t h i s  
B i  I I i s  obvious. Although the Board o f  
Forestry, t o  t h i s  day, does not have a 
map of, o r  a comprehensive program t o  
map, the  forest  lands of the  State, 
there have been many attempts t o  map 
Ca l i f o rn ia ' s  vegetation i n  the years 
s ince Abbot Kinney was Chairman. 

Undoubtedly the e a r l i e s t  vegetation 
del ineations were simply notat ions made 
by surveyors or explorers on new routes, 
t r a i  Is, or survey lines. The U.S. Geo- 
I og i ca I Survey recorded broad vegetat i on 
classes as ear ly  as the  1870's. Also, 
Abbot Kinney appointed an engineer t o  
the  Board o f  Forestry i n  1886 who began 
mapping the  forested areas of the  State 
on sma I I-scale county maps. 

A more organized e f f o r t  was begun by 
the  P a c i f i c  Southwest Forest and Range 
Experiment Stat ion (PSW) i n  Berkeley i n  
the  l a te  1920's and ear ly  1930's. The 
chaparral b e l t  i n  Southern Cat i f o r n i a  
was mapped i n  1927 and 1928 under t h i s  
p ro jec t  and i n  1928 the  McSweeney-McNary 
Research Act authorized the  nationwide 
Forest Survey (Wieslander 1935a). This 
l a t t e r  e f f o r t  a lso began i n  the  chapar- 
r a l  b e l t  o f  Southern Cal i forn ia ,  but  
soon spread t o  the  forests. During the  
1930's the Forest Service prepared vege- 
t a t i o n  type maps on several o f  the  Na- 
t iona I Forests under the  McSweeney- Mc- 
Nary Act. Although many changes have 
ensued, t h i s  l eg i s la t i on  i s  the current 
basis fo r  the Forest Service Forest Sur- 
vey on lands outside of the  National 
Forest. Under the  Forest and Rangeland 
Renewa b I e Resources P I ann i ng Act of 
1974, t h i s  Survey was changed t o  c o l l e c t  
and analyze data on a l l  renewable re- 
sources. It i s  now ca l led  the Renewable 
Resources Evaluation Research Unit. 

A. E. Wieslander headed a Vegetation 
Type Map Survey i n  the  l a te  1930's and 
1940's which served as a precursor t o  
the  Forest Survey (Wieslander l935b) . 
He d id  no t  complete a I I the areas in- 
tended for mapping but d id  publ ish many 
deta i led maps of the central  Sierras and 
southern chaparral areas. I n  1945 he 
a l so  published a small scale Statewide 
( 1  : 1,000,000) map of  the Vegetat ion of 
Ca l i fo rn ia f t  (Wieslander 1945) w i th  12 
predominantly physiognomic vegetation 
classes. P r i o r  t o  World War I1 approxi- 
mately 40 m i  I1 ion acres o f  the  State's 
vegetation had been mapped i n  some way. 



A cooperative Statewide mapping e f f o r t  
was begun i n  1947 by PSW, OF,  and the 
Univers i ty  of Cal i forn ia .  This was the 
Cooperative Soil-Vegetation Survey which 
was designed t o  map both vegetation and 
so i ls ,  pr imar i ly  on State and pr iva te ly  
owned lands. The e f f o r t  i s  continuing 
today under the d i rec t ion  of CDF. Maps 
have been pub1 ished on approximately 
9.28 m i l l i o n  acres which are predomi- 
nant ly i n  the northwestern pa r t  o f  the 
State (Ma l a i n  1979). 

bara Geography Remote Sensing Un i t  i s  
working w i th  the Forest Service t o  map 
homogeneous classes and determine timber 
volume classes on the  Klamath National 
Forest from Landsat data and from d ig i -  
t a l  t e r r a i n  data derived from maps. 

Between 1962 and 1973 the  Forest Serv- 
i ce  pub1 ished maps o f  some o f  the  na- 
t i o n a l  forests i n  Ca l i f o rn ia  showing 
s o i l s  and vegetation information. These 
mapping e f f o r t s  have been discontinued. 
Current ly soi I s  are being mapped on sev- 
e ra l  Forests under the National Coopera- 
t i v e  Soi I Survey. 

The Forest Service today, i n  Region 5, 
does conduct a mapping o f  fo res t  types 
on National Forest lands i n  the  course 
o f  which they c o l l e c t  information on 
land status including those t h a t  are 
commercial, noncommercial, non-forest 
lands, fo res t  types, dominant species, 
s ize  classes, stocking density, and de- 
cadence rat ings.  Based on these type- 
maps they conduct timber resource inven- 
t o r i e s  usin5 a double sampl ing system 
invol  v ing aer ia  I photography and ground 
p l o t s  (Bolsinger 1976). Today, the For- 
es t  Survey i s  conducted on lands outside 
o f  the National Forests. Forest acreage 
estimates used in  t h i s  Report have been 
derived from Forest Survey data. More 
d e t a i l  on the procedure can be found i n  
Chapter Ten, "The Timber Resource.t1 

The Forest Service has a lso experi- 
mented with remote sensing technology i n  
attempts t o  map vegetation for spec i f i c  
management o r  planning purposes. For 
example, cooperative mapping e f f o r t s  
have been conducted through Operation 
FIRESCOPE in  Southern Ca l i f o rn ia  between 
t h e  Forest Service, CDF, and the  Remote 
Sensing Research Program a t  U.C. Berk- 
eley i n  an e f f o r t  t o  map fue ls  for f i r e  
control .  Currently the U.C. Santa Bar- 

The vegetative cover on most of the  
nat ional  parks, monuments, and recrea- 
t i o n  areas has been mapped a t  one t ime 
o r  other. This has been done i n  a var i -  
e t y  of scales and c lass i f icat ions.  Many 
o f  these e f f o r t s  have involved the  use 
o f  ae r ia l  photography. 

The Bureau o f  Land Management, over- 
seei ng extensive scattered areas of the  
State's chaparral, rangelands, and de- 
serts, does not have a comprehensive 
mapping program. They perform on-site 
"eyeba I I estimate" reconna issance sur- 
veys on much o f  t h e i r  lands. I n  the  
past several years BLM has been involved 
i n  experiments wi th the un ive rs i t i es  and 
the  National Aeronautic and Space Admin- 
i s t r a t i o n  (NASA) t o  u t i l i z e  ae r ia l  pho- 
tography and s a t e l l i t e  imagery t o  create 
vegetation maps fo r  management of the1 r 
lands. Extensive areas o f  the  north- 
eastern rangelands and southeastern des- 
e r t s  of the State are being mapped. 

A. W. Kuchler has published a State- 
wide map of the %aturaI'! vegetation of 
Ca l i f o rn ia  (Barbour 1977). Kuchler de- 
f i nes  "natural vegetation" as t h a t  vege- 
t a t i o n  t h a t  i s  not appreciably disturbed 
by man, o r  t he  vegetation which would 
cover the  area i f  it were not impacted 
by man. 

Many o f  the  pr iva te ly  owned timber 
companies which have extensive land 
holdings i n  Ca l i f o rn ia  have mapped and 
inventor ied t h e i r  forests. T.hey have 
done t h i s  wi th  successive sampl Ing, ob- 
servations, and, i n  some Instances, the 
use of ae r ia l  photography. 

The U.S. Geological Survey has devel- 
oped a nat ional  system f o r  mapping and 
c lass i f y ing  the  country's lands accord- 
ing t o  land use and land covar. This i s  



being done a t  a var ie ty  o f  mapping 
scales including 1:250,000, 1:100,000 
and 1:24,000. The scale used depends on 
t h e  a v a i l a b i l i t y  of completed U.S. Geo- 
l og ica l  Survey base maps, and i n  some 
instances the  existence of  cooperative 
agreements. The mapping p r inc ipa l l y  in- 
volves the  photointerpretat ion of high 
a l t i t u d e  photography and some use of 
tandsat data, and concentrates on land 
use (Anderson 1976). Urban areas ( three 
dwel I ings per 10 acres), surface water, 
mines, quarries, gravel p i ts ,  and cer- 
t a i n  ag r i cu l tu ra l  areas are mapped t o , a  
IO-acre minimum. This means tha t  areas 
o f  these a c t i v i t i e s  smaller than I O  
acres are not del ineated. A I  I other 
categories incfuding forest  land, range- 
Jand, wetland, barren land, tundra, and 
snow are mapped t o  a 40-acre minimum. I n  
Cal i forn ia ,  as of March 1979 eighteen 
1:24,000 quadrangles (7 1/Z1) ,  four 
1:100,000 quads, and seven 1:250,000 
quads were avai lable. 

None of  these e f f o r t s  has managed t o  
produce a vegetation or fo res t  land map 
o f  the e n t i r e  State a t  a scale useful 
f o r  most management purposes. Wies- 
lander's and KuchlerIs Statewide maps 
were both published a t  a scale of  
1:1,000,000. 

In  1978 an e f f o r t  was completed by the 
Forest Service i n  which the vegetation 
of the complete State was mapped a t  a 
scale o f  1:250,000. This i s  the CALVEG 
map which has been mentioned in  previous 
chapters. This system i s  the source o f  
the fo res t  land base map, Figure 1-1, 
found in  Chapter One, I l lntroduct ion To 
The Forest Resources Assessment Pro- 
gram,tt and referred to  throughout t h i s  
Report. 

Attempting t o  use CALVEG i n  an assess- 
ment and inventory as mandated by FRAPA 
may prove d i f f i c u l t .  The CALVEG maps 
were created by human photointerpreta- 
t i o n  o f  s a t e l l i t e  imagery, which was 
geographically uncorrected. That is, 
the  d i s t o r t i o n  due t o  ro ta t i on  or curva- 

t u r e  of  the earth t h a t  occurs i n  the  lo- 
cat ion of  ground features when photo- 
graphing o r  imaging them from space was 
no t  compensated f o r  systemat i ca I I y . 
Therefore, it i s  d i f f i c u l t  t o  know ex- 
a c t  l y  which areas are represented on the 
ground by the map. Secondly, the  s ize  
of the minimum mapping u n i t  for any veg- 
e ta t i on  type was 800 acres. This does 
no t  provide detai  I on sma I l e r  areas. 
However, CALVEG does provide an excel- 
l e n t  data base for management e f f o r t s  
no t  requ i r ing  detai  I and area estimates 
for various vegetation types such as 
have been used i n  t h i s  Report. 

b, 

DATA NEEDS 

FRAPA requ i res  an ana l y s i s  of the need 
t o  develop and maintain systems for data 
co l  lect ion, analysis, and display; t he  
i d e n t i f i c a t i o n  o f  data base needs; and 
an evaluation o f  the accuracy and com- 
pleteness o f  ex i s t i ng  data. FRAP has 
i d e n t i f i e d  the  need for a Statewide, 
geographically referenced forest  in for -  
mation base which w i  I1 iden t i f y  the veg- 
e ta t i on  and the associated resource val- 
ues. There i s  a d e f i n i t e  need for the  
dafa t o  be compatible. That is, a stan- 
dardizat ion o f  mapping units, map bases, 
c lass i f i ca t ions ,  -terminology, and so 
f o r t h  i s  necessary i f  data for a l l  for- 
e s t  resources i den t i f i ed  i n  F W A  are t o  
be correlated, compared, analyzed, and 
used w i th in  a multi-resource inventory 
sy stem . 

LANDSATDATA 

I n  l i g h t  of t h i s  section of the law 
and the ant ic ipated needs, FRAP has In i -  
t i a t e d  an examination of the p o s s i b i l i t y  
and f e a s i b i l i t y  o f  using information 
derived from Landsat data as a resource 
data base t o  improve fu tu re  assessment 
capabi I i t i e s .  

~ _ _ _  
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ORIGIN 

Landsat, previously ca l led  ERTS, i s  a 
system i n  which two observational Jmag- 
ing s a t e l l i t e s  o r b i t i n g  575 mi les above 
the  earth i n  a sun-synchronous orb i t .  
This means t h a t  the s a t e l l i t e  mves wi th  
the  sun and each po in t  on the earth i s  
observed a t  nearly the same time of day; 
or approximately 10:30 a.m. Landsat 
passes over the earth's surface i n  a PO- 
tar  orb i t ,  nearly north t o  south, ap- 
proximately 14 times a day. There are 
cur ren t ly  two Landsat sate l  I i t e s  i n  or- 
b i t .  Each s a t e l l i t e  has a view of the 
ear th  approximately 100 m i  tes wide, 
scanning ea'ch 1,l acre area on the  
ground. It takes each s a t e l l i t e  I8 days 
t o  cover the  e n t i r e  earth and the 'sa te l -  
l i t e s  are 180 degrees apart, . therefore 
every spot on the  earth's surface i s  
*limaged*l once every nine days. Landsat 
does not take photographs of the  ear th  
i n  the common use of the word. There Is 
no f i l m  and no camera. Each s a t e l l i t e  
uses an o s c i l l a t i n g  mirror and a photo 
c e l l  as a sensing device t o  capture 
I i gh t  r e f  iected from the  earth's sur- 
face, D i f f e ren t  areas and features on 
the  earth r e f l e c t  varying amounts of so- 
l a r  l ight .  The mi r ro r  d i rec ts  the re- 
f l ec ted  l i g h t  t o  four sensors i n  each 
s a t e l l i t e  which are sens i t i ve  t o  four 
d i f f e r e n t  wave lengths of I ight, or more 
technlcal ly,  four d i f f e r e n t  bands of  the 
electromagnetic spectrum; green and red  
bands In  the  v i s i b l e  spectrum and two 
in f ra red  bands. These are commonly 
ca l l ed  Bands 4, 5, 6, and 7. For ex- 
ample, Band 7 represents the  longer 
wavelengths of In f rared l i g h t  which mea- 
sure 0.8 t o  1.1 microns. 

The area of the earth which i s  
. "sensed" a t  any instant  of t ime i s  

ca l led  a *lpixellf (a contract ion o f  the 
term "p ic ture element1#), On o r i g i n a l  
(or **raw*!) Landsat data a p ixe l  repre- 
sents approximately 57 x 79 meters or 
1 . 1 acres on the ground. For t h i s  CDF 
project ,  the  data have been processed so 
t h a t  a p ixe l  represents 80 x 80 meters 
o r  about I .6 acres on the ground. This 

u 

W 

essent ia l l y  indicates the reso lu t ion  of 
Landsat. That is, 1.6 acres i s  the  
smal l e s t  area f o r  which data ex is t ,  or  
it i s  the smallest area which i s  
interpretable.  

Every p ixe l  on the earth 's surface i s  . 
recorded as a pattern of l i g h t s  and 
darks which are coded as a numerical 
value from 1 t o  127 i n  Band 4, 5, and 6; 
and 1 t o  63 i n  Band 7. Thus, each p ixe l  
i s  represented by four d i g  i t a  I pumbers, 
o r  I*dnf1 values. For example, a feature 
such as a body of water tends t o  absorb 
most Wavelengths, thus the water would 
appear dark and i t s  dn values as record- 
ed by the sensors would be low i n  each 
band. The dn or ref lectance values rec- 
orded by the sensors are sent back t o  
receiv ing s ta t ions  on ear th  and stored 
as d i g i t a l  information on magnetic 
tapes. The data . f o r  each band of the  
spectrum can be used t o  make images, or 
pictures, on photographic f i Im. The 
examples i n  t h i s  Report which are label- 
ed as * * fa lse  co lor  (see Fig- 
ure 14-6) are such rendi t ions o f  Landsat 
imagery. They are created by photo- . 
graphing each band through a d i f f e r e n t  
co lo r  f i l t e r  onto f i l m .  Bands 6 o r  7, 
the  In f rared bands, are normal i y  photo- 
graphed through a red f i I t e r .  ' Because 
green healthy vegetation r e f l e c t s  much 
in f rared l igh t ,  the  areas of vegetation 
on p ic tures made from Landsat data w i l l  
appear red. Each band can also be pho- 
tographed separately on black-and-white 
f i tm, 

APPLICATION 

The advantages o f  using Landsat data 
as an information base were seen t o  be: 

Landsat 
it possib 
computer. 

Landsat 

data a're d i g i t a l ,  making 
e t o  process them wi th  a 

data are avai lab le fo r  the 
e n t i r e  State w i th in  a nine-day time 
span and can be llmosaickedll together 
t o  form an image o f  the  e n t i r e  
State. 
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Landsat data are repeated on a 
n i ne-day cyc I e. 

Landsat data provide resource in- 
formation on every acre. 

The hypothesis was t h a t  the develop- 
ment o f  these features could provide an 
information base t h a t  was current, could 
be eas i l y  updated, could f a c i l i t a t e  ad- 
d i t i o n  and use of  other information, and 
would be geographically accurate. 

Landsat essent ia l ly  represents an im- 
age of  what ex is ts  on the  ground a t  a 
spec i f i c  po int  i n  time. The f i r s t  step 
i n  developing the information base using 
Landsat da ta  i s  t o  provide consistent 
i d e n t i f i c a t i o n  of  the cover type fo r  ev- 
ery  acre Statewide. 

A p ro jec t  was designed by NASA Ames 
Research Center (NASA-ARC) and FRAP t o  
c l a s s i f y  the e n t i r e  State i n t o  basic 
fo res t  and nonforest classes. This ap- 
p l i c a t i o n  would provide a t e s t  of the 
Landsat information technoloqv i n  terms 
o f  land cover discrimination, geographic 
accuracy, and bulk data processing, as 
wel l  as reveal potent ia l  problems. 
Analysis o f  other c r i t e r i a ,  such as up- 
dating, necessary fo r  an information 
base w i l l  be examined a t  a la te r  date. 

OVERVIEW OF THE PROJECT 

A formal agreement between the C a l i -  
f o rn ia  Department o f  Forestry and NASA- 
ARC was negotiated i n  June 1978. The 
Je t  Propulsion Laboratory (JPL) i n  Pasa- 
dena and Technicolor Graphic Services, 
Inc. (TGS) were the  primary subcontrac- 
t o r s  t o  NASA-ARC t o  support t h i s  pro- 
ject .  The mandate of t h i s  contract  was 
t o  create ground cover'data for the  en- 
t i r e  State. Landsat data were acquired 
from NASA-Goddard Space F l i g h t  Center 
(GSFC) and d i g i t a l  t e r r a i n  data were ac- 
quired f r o m  the  Defense Mapping Agency/ 
National Cartographic Information Center 
(DMA/NCIC). This t e r r a i n  data can be 

registered t o  the Landsat data p ixe l  by 
p i xe l  and can be processed t o  provide 
information on elevation, slope, and as- 
pect. This en t i re  task was completed by 
July 1, 1979. F ina l  products include: 

LiJ 

One d i g i t a l  data tape fo r  each 1" 
longitude by 1" l a t i t ude  quadrangle 
(see Figure 14-1 1 throughout Cal i- 
forn ia  consist ing o f  the fo l lowing 
f i l e s :  

Landsat raw data, Bands 4, 5, 
6, and 7, 
DMA t e r r a i n  data--elevation 
DMA t e r r a  i n data--s lope gra- 
d i en t  
DMA t e r r a  i n  data--s lope aspect 
Landsat data c lass i f i ed  t o  
CDF's needs 

The geographic reference system 
and code fo r  a l l  quadrangles con- 
forming t o  the Lambert Conic Confor- 
mal project ion, which i s  the method 
by which Landsat data are registered 
t o  a map base. 

A 4" x 5" photographic negative of 
a false-color composite of  raw Land- 
sa t  data from Bands 4, 5, and 6 fo r  
each quad. 

A 4" x 5" b I ack-and-wh i t e  negat i ve 
and proof p r i n t  of Bands 5 and 7 for 
each quad. 

A 4" x 5" negative and proof p r i n t  
o f  the color-coded c l a s s i f i c a t i o n  
f o r  each quad. 

A 4" x 5" black-and-white negative 
and proof p r i n t  of the t e r r a i n  data 
(elevation, slope, aspect) f o r  each 
quad. 

A summary of  the c l a s s i f i c a t i o n  by 
1 "  x 1" quadrangle boundaries, and 
by county boundaries. 

A black-and-white p r i n t  o f  the  
d i g i t a l l y  mosaicked Landsat data fo r  
t he  e n t i r e  State. LJ 
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Comp i I a t  i on and documentation o f  
t he  resu I t s  of the  ver i  f i ca t  ion 
tests. 

Color-coded assemblage o f  State- 
wide c lass i f i ca t i on  results. 

The magnitude of the task i s  enormous. 
The State of Ca l i fo rn ia  comprises ap- 
proximately 100 m i  I I ion acres. This i s  
equivalent t o  roughly 62.5 m i  I I ion pix-  
els, Twenty-nine Landsat scenes ac- 
quired over a nine-day period are re- 
quired t o  cover the State (see Figure 
14-21, Each scene represents approxi- 
mately 115 x 115 mi les on the ground and 
contains 7.5 m i l l i o n  pixels. The f i r s t  
step i n  a p ro jec t  involv ing Landsat data 
i s  t o  se lect  the’scenes fo r  use. Cr i te-  
r i a  t o  be considered i n  t h i s  process 
are: cloud coverage; qual i t y  of the 
data; missing or bad data; seasonal t ime 
of  imagery r e l a t i v e  t o  the parameters o f  
in terest ;  area covered; sun angle. 

This p ro jec t  was bui I t upon an ex is t -  
ing JPL mosaic of the  desert areas and 
data acquired from the same sate1 I i t e  
were considered essential , This in- 
volved scenes from Landsat-1, taken i n  
August o f  1976. The Eureka scenes re- 
corded during t h i s  t ime con)ained fog 
and it was necessary t o  choose imagery 
from May 1977 t o  obtain fog-free cover- 
age. Some fog ex i s t s  on several of the  
other coastal scenes, but was not  prev- 
a len t  enough t o  make them unacceptable. 

PROJECT IMPLEMENTATION 

The Landsat data were acquired from 
NASA-Goddard Space F l i g h t  Center. There 
were necessary data correct ions and some 
prob I ems w i t h  copy i ng the  data, wh i ch 
caused a delay i n  data acquis i t ion.  
JPL processing began i n  July, however, a 
fu l  I set  of data tapes were not avai I- 
able u n t i l  October 30, 1978. A t  t h i s  
po in t  processing began a t  the  Je t  Pro- 

put s ion Laboratory. The simp1 i f i e d  
f lowchart  i n  Figure 14-3 displays the 
major steps involved i n  the project. 
The agency responsible for completion of 
each step i s  noted i n  each box o f  the 
flowchart. 

Data processing a t  JPL involved the  
fo l lowing procedures: 

1 )  Establ ishment o f  a map projec- 
t i o n  for the  Landsat mosaic. 

A l l  of the 29 Landsat scenes were 
f i t t e d  together i n t o  one large 
Statewide image. This i s  ca l led  a 
%iosaicqt of the  Landsat data. I n  
doing t h i s  the image base was estab- 
l ished t o  a cer ta in  map project ion. 
I n  t h i s  case the  pro ject ion chosen 
was a Lambert Conformal Conic. A 
mathematical formula was developed 
t h a t  a1 lowed conversion between 
Landsat p ixe l  coordinates on the mo- 
sa ic  and the l a t i t ude  and longitude 
coordinates on the  map base. 

. 2) Accurate geographic reg is t ra -  
t i o n  o f  the Landsat data t o  ground 
contro l  points. 

JPL chose approximately 20 ident i -  
f iab le ,  prominent points on 
1:250,000 USGS maps for each ind i -  
v idual  Landsat scene and i d e n t i f i e d  
t h e  points on the  scene. The map 
coordinates for each po in t  on t he  
Landsat scene were then determined. 
Applying the formula derived i n  Step 
1 of t h i s  l i s t  y ie lds  a conversion 
between the  coordinates of the ind i -  
v idual  scenes and the  coordinates of 
t h e  mosaic. 

3) Accurate reg i s t ra t i on  between 
overlapping edges of ind iv idual  
Landsat scenes. 

JPL chose edge matching t ie-po ints  
on adjacent Landsat scenes. By re- 
g i s t e r i n g  the  coordinates of these 

6, 

t o  the  mosaic coordinates and aver- 
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FMURE 14-3 

aging a l l  values, it was possible t o  
match adjacent scenes t o  each 
other. 

4 )  Brightness correct ion of p ixe l  
r e f  I ectance va lues between Landsat 
scenes. 

Because the  Landsat scenes were 
acquired on d i f f e r e n t  dates, varia- 
t i o n s  can e x i s t  i n  p ixe l  ref lectance 
values due t o  such things as atmos- 
pher ic  condit ions and s a t e l l i t e  
tilt. JPL performed what they c a l l -  
ed a "rubber sheet" correct ion on 
t h e  data which essent ia l ly  equalized 
brightness values a t  a l l  t i e  points 
and tended t o  give a smooth interpo- 
l a t i o n  of values elsewhere. Thi's 
process el iminated l ines  between 
scenes t h a t  would have been v i s i b l e  

photographical ly and d i g i t a l l y  due 
t o  changes in  brightness levels. 

5 )  Creation of  the Statewide mo- 
sa ic  from corrected Landsat scenes. 

The scenes t h a t  had been corrected 
for geographic pos i t ion and br ight -  
ness va I ues were mosa i cked together 
using t ie-points. 

6) Div is ion  o f  the mosaic i n t o  
processing units. 

The d i g i t a l  t e r r a i n  data (dis-  
cussed i n  Step 7) were avai lab le i n  
a format representing 1' l a t i t u d e  by 
1 '  longitude areas. The Landsat mo- 
sa ic  was a lso div ided i n t o  these l' 
quads, wi th a magnetic tape and pho- 
tograph generated for each quad. 
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7) Regis t ra t ion and correct ion o f  
DMA/NCIC d i g i t a l  t e r r a i n  data t o  
Landsat data corresponding t o  eleva- 
t ion,  slope, and aspect f i l e s ,  

L) 

JPL corrected the t e r r a i n  data t o  
the 80 x 80 meter p ixe l  format i n  
the Lambert Conforma I Conic Projec- 
t ion,  computed the slope aspect and 
slope gradient from the e levat ion 
f i l e ,  and registered a l  I t e r r a i n  
data to the Landsat 1 '  quad data. 

JPL supplied t o  NASA-ARC i n  s i x  
par ts  a1 I o f  the  corrected, smooth- 
ed, and registered Landsat and ter-  
r a i n  data i n  a 1' l a t i t u d e  by 1' 
I ong i tude format. A l l  together 
there were 57 1' quads represented. 
NASA-ARC had respons ib i l i t y  f o r  
c l a s s i f i c a t i o n  of the JPL data i n to  
cover type c I asses designated by 
CDF . 

CDF div ided the State i n t o  un i t s  
ca l  led ttecozonestt t o  fac i  I i t a t e  
c l a s s i f i c a t i o n  of the  data (see 
Figure 14-4). The ecozones, o f  
which there are 32, were an attempt 
t o  separate d i f fe ren t  resource 
values from each other t o  prevent 
confusion and a id  i n  the discrimina- 
t i o n  o f  classes. They helped t o  
conf ine the s t a t i s t i c s  to  a smaller 
range o f  resource values. Figure 
14-5 shows the  overlap o f  +Landsat 
scenes, I '  quads, and ecozones. 

The c I ass i f i ca t ion  process 
involves four overa I I steps. The 1 bul k 
processing of the JPL-corrected datp was 
conducted by Technicolor Graphic Serv- 
ices, Inc. (TGS) on-site a t  NASAbARC. 
The ident i  f i ca t i on  o f  classes, using 
f.i e 1 d know I edge and U-2 photography was 
t h e  responsi b i  I i t y  of CDF i n  cooperetion 
w i th  NASA-ARC and TGS, The th i rd1  step 
was the  generation of f i n a l  products. 
NASA-ARC and TGS produced f i n a l  photo- 
graphic and tape products. The! l a s t  
step I s  v e r i f i c a t i o n  of the  classlt f ica- 
t ion,  a step which w i  I I not be comp'leted 
u n t i l  a f t e r  July I, 1979. CDF has corn- W 

pleted photointerpretat ion of U-2 ae r ia l  
photography. Contingency tables showing 
the  cor re la t ion  between the  photo and 
Landsat classes, and s t a t i s t i c a l  analy- 
ses, w i  1 t 'be developed t o  check c lass i -  
f i ca t ion  accuracy. These steps are 
b r i e f l y  out l ined i n  t h i s  chapter. More 
s p e c i f i c  information i s  avai table from 
FRAP or NASA-ARC, 

BULK PROCESSING 

Bulk processing consisted o f  f i v e  
ma j o t  processes : 

' Reformatting 
D i g  I t I r a t  i on 
Data compact I on 
C I uster  i ng 
Class i f icat ion.  

REFORMATT I NG 

ttReformatting" Is the term applied t o  
t h e  process of changing or  reorganizing 
t h e  data format as necessary t o  provide 
f o r  cornpatabil ity between computers. 
The amount of data t o  be processed i n  
t h i s  p ro jec t  necessitated the  .use, a t  
some stage, of every computer ava i I ab I e 
for image processing a t  NASA-ARC. The 
bulk processing, requ i r ing  many m i l l i o n s  
of indiv idual  operations, was bas ica l ly  
performed on the  ILLIAC IV,  one of the 
largest  computers i n  the  world. A t  
I east s ix other cmpufers were a I so 
used. 

D I G  IT IZAT ION 

D i g j t i z a t i o n  o f  boundary data occurred 
concurrent ly wi th.  reformatting. This  i s  
the  process .by which boundary data, such 
as ecozone or county lines, are pqf i n t o  
d i g i t a l  form t o  be used w i th  the .&g i ta l  
Landsat data to  del ineate areas for 
processing. The ecozone boundaries were 
drawn on 31 topographic maps a t  a scale 
o f  1:250,000 which a lso included county 
l ines. Hal f  o f  each o f  these maps rep- 
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resents a 1 "  quad. A d i g i t i z a t i o n  f i  l e  
was created for each boundary type on a 
1" quad. A geographic reference equa- 
t i o n  was established between the  d i g i t i -  
zat ion f i l e  and the  Landsat data. 

DATA COMPACT I ON 

Data compaction involved a reorganiza- 
t i o n  of the  p i xe l  spectral data i n t o  
sma I I er, be t te r  organ i zed un i t s  for ease 
of processing. 

CLUSTER I NG 

Cluster ing analysis divided Landsat 
data i n t o  unique ref lectance types, or 
I1c I usters, t h a t  r e  l a t e  t o  cover types. 
The d i g i t i z a t i o n  f i l e  allowed the  analy- 
s i s  t o  be conducted ind iv idua l l y  on each 
ecozone. For example, land covered 
w i t h  a ce r ta in  percentage of  t rees has a 
d i f f e r e n t  spectral ref lectance than 
grasslands. The c lus te r ing  analysis i n  
an ecozone w i l l  separate the  d i f f e r e n t  
ref lectance va lues from each other i n t o  
d i f f e r e n t  clusters. Each ground cover 
type (grass or trees) should appear con- 
s i s t e n t l y  t he  same throughout the  eco- 
zone. The computer, without p r i o r  
t r a i n i n g  for cover types, developed 40 
t o  65 c lus te rs  w i th in  each ecozone. The 
procedure used i n  t h i s  p ro jec t  was an 
flunsupervised clustering.I1 This means 
t h a t  the  computer was directed t o  d i f -  
f e ren t i a te  the  c lus te rs  without previous 
resource Vraining.I1 

CLASS IF ICAT ION 

The c l a s s i f i c a t i o n  analysis determined 
the  c lus te r  t o  which each p ixe l  most 
I i k e l y  belonged based on s i m i l a r i t y  i n  
re f lec tance s t a t i s t i c s .  This i s  cal  led 
a llmaximum I i kel  ihood c lass i  f ication.If 
The p i xe l s  were then assigned t o  these 
clusters.  A c l a s s i f i e d  image i n  which 
each cover type must be ident i  f ied was 
created on tape using t h i s  procedure. 

CLASS I DENT I F I CAT ION 

L The i d e n t i f i c a t i o n  o f  classes involved 
assigning each o f  t he  spectral classes 
t o  a ground cover class. A ground cover 
c I ass i f i c a t  ion system was created by CDF 
w i t h  assistance from NASA-ARC. Table 
14-1 contains a l i s t  o f  classes and 
descr ipt ions of each. Table 14-2 shows 
the  key which was developed t o  a id  i n  
t h e  discr iminat ion of vegetation 
classes. There were more spectra I 
classes than cover classes, meaning t h a t  
some cover classes are  I i ke l  y t o  be 
characterized by two or more clusters. 
The use o f  ecozones reduced the  number 
o f  expected classes w i th in  an ecozone, 
conf in ing the spectral classes t o  a 
narrower range o f  cover types. For 
example, llurbanIf or llagriculturell 
classes w i l l  probably n o t  be found i n  
the  South Sierra; or conversely, 
llconiferfl i n  the  Los Angeles Basin. On 
the  other hand, some cover classes are  
so broad, flbrushlr for example, t h a t  
several spectral classes w i l l  undoubt- 
ed ly  f a l l  i n t o  it. 

The i d e n t i f i c a t i o n  o f  classes was 
accompl ished i n  a ser ies  o f  workshops 
conducted between mid December and la te  
Apr i l  a t  NASA-ARC. Six CDF Foresters 
were placed on half-t ime assignment t o  
the  p ro jec t  f o r  the period from October 
1978 t o  May I, 1979. They each had 
knowledge of the  vegetation and land 
forms o f  d i f f e r e n t  regions of the State. 
They worked w i th  NASA-ARC personnel on 
the  In te rac t ive  D i g i t a l  Image Manipula- 
t i o n  System, ca l  led f f I D I M S f f ,  and used 
U-2 photography and f i e l d  knowledge t o  
i d e n t i f y  spectral classes by cover 
class. IDIMS has a Cathode Ray Tube 
(CRT) display, s i m i l a r  t o  a TV screen, 
which a l  lows for v isual  i za t i on  of the  
data. In  t h i s  way over I ,200 spectral 
classes were c l a s s i f i e d  as t o  ex i s t i ng  
ground cover. 

FINAL PRODUCT GENERATION 

The r e s u l t  of t h e  i d e n t i f i c a t i o n  of 

g, a l  I spectral classes i s  a Statewide map 
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TABLE 14-1 

CLASSIFICATION 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

ALKALI FLATS - Areas essent la l ly  devold of  vegetatlon, hlghly alkallne. 

BARE ROCK 

BARREN - Areas wlth less than 5 percent vegetation, predomlnantly bare soll .  

WATER 

OTHER - Ice or snow, clouds. 

GRASSLAND - Areas where the cover I s  predomlnantly grass. Vegetative cover Is greater than 
5 percent. Less than 10 percent t ree canopy. There may be lntermlxed herbaceous specles. 

WEN SHRUB - 5 t o  24 percent of vegetative cover i s  shrub specles. Less than 10 percent 
t ree  canopy. Substratum domlnates the landscape. Shrubs are often xerlc. 

r- 

BRUSH - 25 percent or greater of vegetatlon Is shrub species. Less than 10 percent t ree 
canopy. May have herbaceous understory. Inctudes r lpar lan vegetatlon. 

CONIFER - Conifers create equal to or greater than 25 percent of the t ree canopy closure. 
Hardwoods comprlse less than 20 percent of the t ree  specles present. 

CONIFER-HARDWOOD 
greater than 50, but less than 80 percent of the stand. 

- Greater than 25 percent t ree canopy closure, wl th conlfers comprlslng 
Hardwood specles comprlse 20 t o  49 

percent of the stand. 

HARDWOOD 
coni fer  species present. 

HARDWOOD-CONIFER - Greater than 25 percent t ree canopy closure, wlth hardwoods comprlslng 
greater than 50, but less than 80 percent of the stand. 
o f  the stand. 

- Greater than 25 percent canopy closure of hardwood specles. Less than 20 percent 

Conlfers comprlse 20 t o  49 percent 

CONIFER-WOODLAND - Conifers create 10 t o  25 percent t ree canopy closure. Hardwood species 
comprlse less than 50 percent of the species present. Herbaceous or brush understory may be 
present. 

HARDWOOD-WOODLAND - Hardwoods create 10 t o  25 percent t ree canopy closure. 
comprlse less than 50 percent of t ree  specles present. 
present. 

Conlfer species 
Herbaceous or brush understory may be 

AGRICULTURE - Crops, I r r i ga ted  f le lds,  orchards, etc. 

URBAN - Cancentratlon of bulldlngs, structures, roads, and other man-made Items. May be 
res ldent ia l  or comnerclal. 

DEFINITIONS 

Grass u- herbaceous - vegetatlon wi th no s lgn l f l can t  woody structure In the stem. 
Brush - woody vegetation less than 5 meters t a l  I. 
Tree - woody, non-cI lmblng vegetatlon, greater than or equal t o  5 meters t a l  I . 

Hardwood - broad, leafed, most species deciduous. 
Conlfer - needle leafed, most specles evergreen. 



i 
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TABLE 14-2 I 

TABLE 14-2 

VEGETATION KEY 

1. Less than 5 percent vegetatlon present, background Is not rock or alka l  I ... BARREN 

1. Greater than or equal t o  5 percent vegetation present. ............ 2 

2. Trees, If present, create Jess than 10 percent crown closure 

Less than 5 percent shrubs present. Predomlnant vegetatlon Is grass. May be 
other herbaceous species present. Grasses may be annual or perennial. May be 
sparse or dense. ............................... GRASSLAND 

Greater than or equal t o  5 percent, but less than 25 percent cover is shrub. 
There may be scattered herbaceous or grass vegetation. 
domlnates the landscape ........................... OPEN SHRUB 

The substratum 

Greater than or equal t o  25 percent cover Is  shrub. Herbaceous or grass 
specles may be present. ........................... BRUSH 

2. Trees create greater than or equal t o  10 percent crown closure . . ...... 3 
3. Trees create less than 25 percent crown closure. Shrubs and/or herbaceous 

species may be present. 

Predomlnant t ree specles are hardwoods. .................... HARDWOOD 
WOODLAND 

Predominant t ree  specles are conlfers ..................... CONIFER 
WOODLAND 

3. Trees create greater than or equal t o  25 percent crown closure ........ 4 

4. Predomlnant t ree species are hardwoods. Shrub and/or herbaceous species may be 
present. 

Conifers comprise less than 20 percent of the specles present. ........ HARDWOOD 

Conlfers comprlse 20 to 49 percent o f  the specles present. . . ........ HARDWOOD- 
CON I FER 

4. Predomlnant t ree species are conlfers. 
present. 

Shrub and/or herbaceous species may be 

Hardwoods comprise less than 20 percent of the specles present ........ CONIFER 

Hardwoods comprise 20 t o  49 percent of the species present .......... CONIFER- 
HARDWOOD 
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o f  the ground cover classes. The t o t a l  
acreage o f  each c lass by county w i th in  
the State i s  l i s t e d  i n  Table 14-3. The 
t o t a l  acreage of forest  land has been 
calculated on a county basis and i s  
l i s t e d  i n  Table 14-4, w i th  the CALVEG 
and Forest Survey fo res t  land estimates. 
Forest land from Landsat estimates 
includes the conifer, hardwood, coni fer -  
hardwood, hardwood-conifer, coni fer  
wood I and and hardwood wood land c l  asses 
which represent land wi th  standing 
t rees . 

The d i f ferences between the acreages 
o f  the three estimates i s  probably due 
t o  a number o f  factors. F i r s t  o f  a l  I, 
the  techniques used t o  der ive the es t i -  
mates are completely d i f fe ren t .  The 
Forest Survey derives i t s  t o t a l  acreage 
estimates through a determination of 
percentage of cunmercial fo res t  plots, 
adjusted by an acreage-per-pl o t  factor  . 
These numbers were a lso adjusted t o  re- 
move the  chaparral component t h a t  had 
o r i g i n a l l y  been included i n  t o t a l  area 
estimates. In  many instances t h i s  in- 
volved an educated guess because chapar- 
r a l  estimates existed only  for the en- 
t i r e  resource area. The CALVEG and 
CQF-NASA estimates are both derived from 
Landsat data, bu t  through the use o f  
very d i f f e r e n t  techniques as described 
i n  d e t a i l  previously i n  t h i s  chapter. 
CALVEG used a manual interpretat ion,  
800-acre min imum,  mapping u n l t  approach 
and CDF-NASA used a canputer interpreta- 
t ion,  I -6-acre minimum mapping u n i t  
approach . 

An example of the JPL-created image 
showing unclassi f  led or raw Landsat data 
i s  displayed in  Figure 14-6. This image 
represents the 1' quadrangle ca l led Weed 
East. Figure 14-7 shows t h i s  same area, 
Weed East, a f t e r  the data were c lass i -  
f ied. Figure 14-8 shows how it i s  possi- 
b l e  to emphasize one class. A l l  o f  the 
con i fe r  classes on the Fresno East quad 
are displayed as black and a l l  other 
classes are grey. Figure 14-9 i s  an ex- 
ample of  an enlargement of a port ion of 

h, the data, from the northeastern corner of 

the  Redding East quadrangle. Other f i -  
nal products produced or  being produced, 
by NASA-ARC and TGS f o r  CDF include those 
l i s t e d  i n  the Overview o f  the Pro jec t  
Section of t h  I s Chapter . 
VERIFICATION 

The f i n a l  step i n  the  pro jec t  i s  a 
v e r i f i c a t i o n  of  the c lass i f i ed  data. 
The ver i  f i c a t  ion was designed t o  answer 
t h e  fo l lowing questions: Are the p ixe ls  
t h a t  were ca l led  k o n i f e r f l  (or  any 
ground cover class on the Landsat data) 
ac tua l l y  coni fer  on the ground? What 
percentage o f  the  time was the  class 
i den t i f i ed  cor rec t ly  by the c lass i f i ca-  
t ion? What c I asses are be i ng confused? 
What are the  character ist ics,  such as 
composition, represented by each cover 
type and/or spectra I class? 

The v e r i f i c a t i o n  i s  based e n t i r e l y  on 
photo in tepretat ion of  the largest 
avai lab le scale of  U-2 photography 
( i d e a l l y  about 1:30,000) of the chosen 
areas. A t  least  three plots, each con- 
ta in ing  144 pixels, were chosen randomly 
w i th in  an ecozone as an i n i t i a l  v e r i f i -  
cation. These data should ind icate how 
many p lo t s  would ac tua l l y  be necessary 
t o  have a s t a t i s t i c a l l y  v a l i d  sample. 

The CDF foresters performed the photo 
interpretat ion,  iden t i f y ing  the  cover 
c jass and percentage o f  the various 
types present (i.e., hardwood, conifer, 
brush, and grass). L ine-pr inter maps of  
t he  c l a s s i f i e d  data were generated f o r  
t he  p l o t  and a designated amount o f  the 
surrounding area a t  the  scale o f  the  
photography used fo r  interpretat ion.  
The p l o t  corners are found on the  I ine- 
p r i n t e r  maps using IDIMS; and the  re- ' 
su I t s  of the photo in te rpre ta t  ion and 
computer c lass i f i ca t i on  are compared. 
Using t h i s  technique contingency tables 
w i l l  be developed which should provide 
answers t o  the indicated questions. 
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TABLE 14-4 

CALIFORNIA FOREST LAND ESTIMATES 
( I N  ACRES) 

RESOURCE AREAS/ 
COUNTY 

North Coast (Totals) 
Del Norte 
Humbo I d t  
Mendoc I no 
Sonoma 

Northern In te r i o r  (Totals) 
Lassen 
Modoc 
Shasta 
S i  sk I you 
Tr I n  1 t y  

Sacramento (Totals) 
Butte 
Col usa 
E l  Dorado 
Glenn 
Lake 
Na pa 
Nevada 
PI  acer 
Plumas 
Sacramento 
S ler ra  
Sutter 
Tehama 
Yolo 
Yuba 

CALVEG 

5,107,300 
610,350 

2,008,100 
I , 905,950 

582,900 

8,706,500 
I , I 5  I ,950 
1,095,150 
1,699,050 
2,776,300 
1,984,050 

7, I 04 , 300 
475,900 
233, I50 
819,300 
363,900 
530,950 
285,550 
474 , 950 
569,750 

I,354,400 
10,200 

459,550 
00 

I ,  195,900 
135,600 
195, 200 

BASED ON 
FOREST SURVEY 

4 , 467,000 
607,000 

I ,824,000 
I,585,000 

451,000 

9,389,000 
I , 232 , 000 
I ,241,000 
2,007,000 
3,089,000 
I,820,000 

6,598,000 
494,000 
184,000 
780,000 
266,000 
44 I , 000 
260,000 
455,000 
553,000 

I ,314,OOO 
14,000 

433 , 000 
20,000 

I, I l8,OOO 
91,000 

175,000 

LANDSAT 
NASAGDF 

4,090,82 I 
466, I76 

I , 536,072 
1,609,637 

478,936 

6,662,553 
607,224 
584, I52 

1,674,363 
2,288,800 
I,508,014 

5,616,718 
380,766 
167,225 
883, I12 
205,265 
506, I94 
254,136 
382,% I 
556,975 
902,303 

12, I88 
429,872 

00 
763,509 
62 , 034 

I IO, I78 

,826 



TABLE 14-4 (continued) 

TABLE 14-4 (Continued) 

CALIFORNIA FOREST LAND ESTIMATES 
( I N  ACRES) 

RESOURCE AREAS/ 
COUNTY 

San Joaquln (Totals) 
Alpine 
Amador 
Ca I averas 
Fresno 
Kern 
K I  ngs 
Madera 
Mar I posa 
Merced 
Mono 
San Joaquln 
Stanlslaus 
Tu I are 
Tuo I umne 

~ ~~ ~~~~~~ ~ 

Southern CaII fornla (Totals) 
I mper I a I 
1 nyo 
Los Angeles 
Orange 
Rivers lde 
San Bernardlno 
San Dlego 
San LUIS Oblspo 
Santa Barbara 
Ventura 

Central Coast (Totals) 
A I ameda 
Contra Costa 
Mar In 
Mon terey 
San Benlto 
San Ftanclsco 
San Mat- 
Santa Clara 
Santa Cruz 
So I ano 

CALVEG 
9,221,200 

336, IO0 
208,400 
323,650 

I ,672,650 
I , 678,650 

735,700 
684,400 
II5,9OO 

I ,O25,9OO 
26,350 

1,513,200 
854,400 

33, 700 

12,200 

3,830,050 
186,950 
797 , 1 50 
356,750 

18,050 
488 , 550 
659,000 
62,450 

625 , 550 
298,450 
337,150 

3,256,050 
154,550 
165,650 
90 , 200 

I ,3O2,650 
730,800 

00 
104,350 
491,150 
186,850 
29 , 850 

37,225,400 

BASED ON 
FOREST SURVEY 

7,277,000 
357,000 
192,Ooo 
389,000 

I ,  Il6,OOO 
70 1,000 

12,000 
519,000 
518,000 
37,000 

I ,01 I,O00 
28,000 
I 17,000 

1,289,000 
991,000 

3,145,000 
00 

623 , 000 
527,000 
44 , 000 

224,000 
370 , 000 
245,000 
153,000 
508 , 000 
45 I ,000 

I ,698,000 
92,000 
62 , 000 

I12,000 
637,000 
218,000 

00 
109,000 
284,000 
156,000 
28 , 000 

32 , 574,000 

LANDSAT 
NASACDF 
7,444,280 

290,681 
258,944 
472,656 

I , 265,636 
775 , 308 
- 7,226 

609,072 
554,661 

18,748 
605,963 

1,429 
3,452 

I , 556,703 
I,023,801 

I ,78 I ,4 I4 
42 , 552 

253,546 
62 , 637 
48,916 

220,434 
287 , 799 
381,323 
178,596 
232,473 
73, I38 

999,710 

41,118 
89 , 027 

309 , 034 
90,556 

838 
126,023 
203 , 684 
80,473 
19,218 

39 # 739 

26,595,496 
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SUMMARY OF THE PROJECT 

A Statewide acre-by-acre map o f  the  
d i s t r i b u t i o n  of ground cover classes, 
current as of August 1976, was provided 
as a r e s u l t  o f  t h i s  project. The es t i -  
mated cost  i s  less than three-tenths o f  
a cent per acre, including computer 
processing, personnel, and f i n a l  product 
generat ion costs. Ana l y s i s  on systems 
less extensive than the  NASA-ARC comput- 
e r  f a c i l i t y  would probably cost more, 
a I though some techn i ques deve loped i n  
t h i s  p ro jec t  can be applied t o  other 
systems t o  increase t h e i r  capab i l i t i es  
and e f f i c iency .  

The mosaicked raw Landsat data pro- 
vides a geographically referenced in fo r -  
mation base. The add i t ion  o f  t e r r a i n  
data enlarges the  c a p a b i l i t i e s  of t h i s  
information base fo r  numerous uses i n  
resource management. The ground cover 
c l a s s i f i c a t i o n  adds another level o f  da- 
t a  t o  the  base. I n  t h i s  manner essenti- 
a l l y  un l imi ted levels of  resource in fo r -  
mation can be added, acre-by-acre, or 
region-by-region, Statewide, which w i l l  
a l low for  v e r t i c a l  data in tegrat ion for 
resource management decisions. 

EVALUATION OF THE PROJECT 

Evaluation o f  t h i s  p ro jec t  was incom- 
p l e t e  a t  the  time t h i s  Report was w r i t -  
ten. Ve r i f i ca t i on  i s  not  ye t  complete 
and there has been i n s u f f i c i e n t  t ime fo r  
analysis o f  a l l  aspects of the  project. 
However t h i s  section w i  I1 attempt t o  
b r i e f l y  i den t i f y  problems, needs, and 
fu r the r  considerations tha t  have become 
evident during thedcourse  of the  pro j -  
ect. 

This p ro jec t  was l im i ted  t o  analysis 
techniques which could succeed i n  
achieving the rigorous,schedule require- 
ments. Complete acqu is i t ion  by NASA-ARC 
o f  Landsat data d i d  nor occur un t i  I Oc- 
tober 30, 1978, more 'than four months 
a f t e r  the  pro jec t  was i n i t i a ted .  Be- 

tween t h a t  time and mid-April 1979 ap- 
proximately 100 m i  I I ion acres were geo- 
graphical ly registered and c lass i f i ed .  
This represents processing of  nearly one 
m i  I I ion acres per day. 

Problems w i th  geographic reg i s t ra t i on  
o f  the  data became evident when c lass i -  
f i e d  photo products were being produced. 
I t  was observed tha t  edges of  c l a s s i f i e d  
data, i.e., edges of  quads, State bound- 
aries, county boundaries, d id  not, in  
a l l  instances, ma;tch with the boundaries 
w h i ch had been d i g i t i zed separate I y from 
maps and superimposed onto the  Landsat 
data. Exact reg i s t ra t i on  was expected 
because of  JPL's assurance t h a t  t h e i r  
techniques could provide an accuracy of 
be t te r  than plus-or-minus one p ixe l .  
Further invest igat ion led t o  the  conclu- 
sion t h a t  the  amount and d i rec t i on  of 
mislocation varied throughout the  State 
from a 3- t o  a 12-pixel error. The ex- 
a c t  cause of  t h i s  problem has no t  ye t  
been idenTified. Possible cont r ibu t ing  
fac to rs  i nc I ude: 

The 1:250,000 USGS maps used fo r  
reg i s t ra t i on  are accurate only t o  
p lus  or minus three pixels. 

Photographic enlargements of  Land- 
s a l  frames used fo r  locat ing t i e -  
po in ts  may be d i s to r ted  by the en- 
largement process. 

Mathematical equations used for 
transformations or the  computer pro- 
grams used fo r  processing may con- 
ta in ,  as  yet, undetected errors. 

JPL has been unable t o  i d e n t i f y  the  
exact problem, and they have not  pub- 
I ished enough deta i I s o f  t h e i r  programs 
f o r  other organizations t o  i so la te  the 
issue. The technology fo r  creat ing such 
large mosaics i s  i n  a s ta te  o f  develop- 
ment. The Ca l i f o rn ia  mosaic i s  the  
largest  d i g i t a l  mosaic o f  Landsat data 
t h a t  has been attempted t o  date. Geo- 
graphic accuracy i s  s u f f i c i e n t  for near- 
l y  every conceivable resource purpose, 
and the a b i l i t y  t o  exact ly reg i s te r  
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FIGURE 14-6 

- 

i 
Image of the raw, mosaicked (unclassified) Landsat data for the lo quadrangle called Weed East 
Mount Shasta is the snow covered peak in the middle of the right side of the image. 

I 
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i 1 FIGURE 14-7 

Image of the classified Landsat data for Weed East. 

1 
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FIGURE 14-8 

Image of the Fresno East quad showing all of the conifer classes including conifer wood- 
land, conifer-hardwood, and conifer as black, with all other classes grey. 
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( p l  us-or-minus one p ixe l  1 data geograph- 
i c a l l y  on large areas can most. I ikeIy be 
achieved w i th  the use o f  1:24,000 maps 
(7 1/2f quads). However, the  expense o f  
t he  pro jec t  would a lso increase. 

There were a lso some problems t h a t  be- 
came evident w i th  the c l a s s i f i c a t i o n  o f  
the  data i n t o  cover classes. In  cer ta in  
cases a spectral c lass appeared t o  be 
representative of more than one ground 
cover class. In some instances, t h i s  
could be resolved w i th  the use o f  t e r -  
r a i n  elevat ion data. For example, i n  
some areas brush a t  low elevations ap- 
pears very s im i la r  spectral l y  t o  the 
con i fe r  type a t  higher elevations. This 
i s  t r u e  in  par ts  o f  the South Sier ra Ec- 
ozone. By using the elevat ion data con- 
tained in  the  d i g i t a l  t e r r a i n  data the 
af fected spectral c lus te r ( s )  can be 
s p l i t  i n t o  two classes by def in ing an 
elevat ion a t  which a change in  cover 
type might occur. For the brush and 
con i fe r  ambiguity i n  the  South Sier ra 
Ecozone t h i s  elevat ion was a t  5,000 
feet. This technique i s  shown in  Figure 
14-10. While t h i s  i s  a f a i r l y  gross 
ecological assumption, it i s  one tech- 
nique t h a t  provides an overa l l  re f ine-  
ment i n  the  c lass i f i ca t ion .  A l l  ambigu- 
i t i e s  cannot be resolved w i th  t e r r a i n  
data. Other ambiguities require other 
approaches. Future work i n  smaller ar- 
eas can u t i l i z e  slope, elevation, and 
aspect data t o  fu r ther  r e f i n e  resul ts.  

Use of  "supervised" or 'lgu ided" clus- 
t e r i n g  can resolve other class confu- 
sions and permit a f i n e r  d e f i n i t i o n  and 
d i s t i n c t i o n  of  ground cover classes. An 
unsupervised c lus te r ing  approach was 
used i n  t h i s  p ro jec t  because it i s  the 
fas tes t  technique for c lass i f i ca t i on .  
Supervised c lus te r ing  involves i d e n t i f i -  
ca t ion  of  resource classes i n  the  spec- 
t r a l  data based on known ground condi- 
t ions. The computer i s  Vra ined"  t o  
recognize these representative spectral 
classes or groups of pixels, and c lass i -  
f i e s  other p i xe l s  accordingly. On small 
u n i t s  of the  State, t h i s  technique has 
demonstrated a c lear  capabi l i t y  t o  break 

down 'the cover types used i n  t h i s  pro j -  
e c t  I n t o  species, crown closure, densi- 
t y ,  and brush classes. 

Accuracy of  the c l a s s i f i c a t i o n  has yet  
t o  be determ i ned , but  ev i dence suggests 
t h a t  some cover classes are l i k e l y  t o  be 
more accurate than others. The hardwood 
woodland and coni fer  woodland classes 
posed some problems. With a t r e e  canopy 
closure range o f  10 t o  25 percent much 
o f  the  background ref lectance influences 
the  spectra I s ignature o f  the  p i xe  I. 
This means tha t  spectral classes w i th  a 
wide range o f  spectral values w i l l  re- 
present woodland classes. The informa- 
t i o n  being derived from the  v e r i f i c a t i o n  
should provide an assessment o f  the 
c lass accuracy as we1 I as an ind icat ion 
o f  the  vegetation composition of the  
classes. That is, the  d e f i n i t i o n s  o f  
t he  classes may not have been optima I i n  
terms of Landsat's discriminatory a b i l i -  
t y .  The percent cover-type data from 
the  v e r i f  i ca t ion  may ind icate t h a t  d i f -  
f erent c l  ass def i n  it ions wou I d have been 
more successful. 

The ecozones which were delineated 
were the  f i r s t  attempt a t  a Statewide 
s t r a t i f i c a t i o n .  There was no p r i o r  
knowledge as t o  how many such zones 
might be necessary o r  how large each 
should be i n  order t o  optimize both 
processing time and c l a s s i f i c a t i o n  ac- 
curacy. The zones were based somewhat 
upon previous del ineations of  Statewide 
vegetation/cl imatic regions. In  the  
i d e n t i f i c a t i o n  of cover-type classes, 
c l a s s i f i c a t i o n s  were made on the  basis 
o f  the  most cor rec t  i d e n t i f i c a t i o n  fo r  
t he  ecozone as a whole because the  zones 
were supposedly representative of simi- 
I a r  cover-types throughout. 

Nearly a l l  the  material i n  the  data 
s e t  was taken from one month, August 
1976. One date cannot be optimum for  
i d e n t i f i c a t i o n  o f  a l l  the  various re- 
sources of  the State, but  it does pro- 
v ide  a datum upon which I project ions can 
be based. For instance, being i n  the  
midst o f  the  1976-77 drought the  data 
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FIGURE 14-9 

a. Unclassified Landsat Data 

b. U-2 Photograph 

c. Classified Landsat Data 

These are images of an area in 
east corner of the Redding East 
Each of the small squares in (c) 
a pixel. 

b 
the north- 

quadrangle. 
represents 
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se t  can indicate, i n  the  long run, the  
extended e f f e c t  o f  the drought.. Mortal- 
i t y  caused by drought stress was re la-  
t i v e l y  i ns ign i f i can t  i n  'August 1976. 
Subsequent analyses have shown t h a t  the  
magnitude of  the stress e f fec ts  may be 
very important. 

The data se t  can be updated w i th  new 
data i n  the  fu tu re  using the  same tech- 
niques employed i n  t h i s  project. Up- 
dates can provide very useful informa- 
t i o n  on changes. For example, clear- 
c u t t i n g  s i t e s  can be eas i l y  located w i th  
two dates. More subt le  changes w i  I I be 
examined i n  the  future. 

Probably the  greatest benef i ts  t o  be 
derived from t h i s  data set  w i  I I be i t s  
capab i l i t y  for v e r t i c a l  data in tegrat ion 
and as an estimating tool for sample de- 
signs for resource inventories. Mu l t i -  
stage sampling methods wi th  Landsat data 
coupled t o  ae r ia l  photos and ground 
checking have proven valuable and e f f i -  
c i e n t  f o r  conducting timber inventories 
on a research basis on small areas i n  
Ca I i forn i a  and the  Paci f i c  Northwest. 
Thus, Landsat has capab i l i t i es  for re- 
source u t i l i z a t i o n  other than j u s t  cover 
type analysis. A great deal of informa- 
t i o n  i s  provided i n  the  current data set  
generated by the analysis of  Landsat da- 
ta, and fu tu re  invest igat ions i n t o  the  
u t i  I i za t ion  of the technology are l i k e l y  
t o  reveal many po ten t ia ls  for  sat isfac- 
t i o n  of data needs as mandated by 
FRAPA . 
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INTRODUCTION 

The use, ownership, and management o f  
f o res t  and range resources i s  af fected 
by hundreds o f  State and federal laws 
enacted during the past 100 years. To 
l i s t  a l l  o f  them would be impracticable. 
Therefore, only the major laws, or the 
par ts  o f  them tha t  most frequently im- 
pact  on a c t i v i t i e s  on Ca l i fo rn ia  forest  
and range lands are included in  t h i s  As- 
sessment. B r i e f  sumnaries of these laws 
are shown i n  Appendix Item X I 1  and a lso 
on Table 15-1. They are c lass i f i ed  i n t o  
the  three broad categor ies of: 

Laws r e l a t i n g  t o  protect ion and 
management. 

Laws which regulate the use o f  
fo res t  I ands. 

Laws which authorize publ ic  assis- 
tance ( incent ives) t o  the pr iva te  
fo res t  landowner. 

The complete t e x t  of these laws, and 
others not  l i s t e d  i n  the Assessment, can 
be located i n  large l i b r a r i e s  and legal 
o f f i c e s  i n  these publications: 

Un i ted States Statutes-at-Large 

United States Code 

United States Code Annotated 

Ca l i f o rn ia  Codes (most State laws 
per ta in ing t o  fo res t  and re la ted 
lands are contained i n  the Publ ic  
Resources Code, Government Code, 
Fish and Game Code, Revenue and 
Taxation Code and the Health and 
Safety Code.) 

The s ta f f s  of various boards and de- 
partmen t s  wi th  i n the Resources Agency 
were interviewed t o  discuss po l i cy  con- 
siderations, regulat ions, and management 
responsibi I i t i e s  associated w i th  these 
laws. Agencies contacted included the: 

Board of  Forestry 
State Water Resources Control Board 
Department of Forestry 
Department o f  F i  sh and Game 
Department o f  Water Resources 
Department of Parks and Recreation 
D iv is ion  of Mines and Geology 

(Department o f  Conservation) 
D iv is ion  o f  Resource Conservation 

(Department o f  Conservation) 

ADMINISTRATION OR LEGISLATIVE 
CHANGES 

Several matters which surfaced i n  
these d i scuss ions seem to  suggest the 
need for admin is t ra t ive o r  l eg i s la t i ve  
changes. For example: 

Jur isd ic t ions  overlap i n  the regula- 
t i o n  o f  timber operations on p r i va te l y  
owned I and . Improper timber harvest i ng 
can r e s u l t  i n  v io la t i on  o f  laws and reg- 
u la t ions  involv ing water qua l i t y  con- 
t ro l ,  f i s h  and game, o r  other resources 
as well as the Forest Pract ice Act it- 
se l f .  

Under the Forest Pract ice Act a timber 
harvesting plan (THP) prepared by a Reg- 
is tered Professional Forester must be 
submitted to  the Di rector  o f  the Depart- 
ment of Forestry and found in  concur- 
rence w i th  provisions of the a c t  before 
timber operations may begin on any non- 
federal timberland in  Cal i fo rn ia .  

To assure a mu l t i d i sc ip l i na ry  ap- 
proach, the  Secretary for Resources has 
d i rected t h a t  the Department of Fish and 
Game, the State Water Resources Control 
o r  the Reg iona I Water Qua I i t y  Contro I 
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. uws 

- Premtlon and Control of Forest Fires 
-Hazard Reduction 
-Prescribed BurnIng - Protbcrtlon of Forest Lands - Range Revbgetatton and lnprovemsnt - Wildlm~J Fire Reventton and Resource 

- vegetattm magsnsnt Study e i i t  
fbnsgasnt Act 

State: - 
DsparMnt of Forestry 
Srtscs tm - State Forests - Caltfornla Resource Consorvatton A c t  

atlon Act (USFSI - Taylor Grazlng Act 
-Multiple Use - Sustslnad Yield Act - Federal Water Project Recreation Act 
-Land and Water Consorvatton Fund Act - Renewable Resources Piannlng A c t  (RPA) - Natlonal Forest Management A c t  - Federal land PolIcy and Managentent Act - Rbsot~rce Consewatton Act (RCA) 

- Calltornla Wild and Scenlc Rivers Act - California Wlldwness Act - h) l fornia Coastal Zone Act  

- Wllderness Act - Wltd and Scsntc Rlwrs Act - Coastal Zone Management Act - Park Service Orqanlc Act 

State: - 

Federa I : 

TABLE t 5-1 

RECREATIO 

+I 

+2 

+2 

W I LOERNES 
AND OTHER 
RESTR ICTE 
, AREAS 

+l 

0 

+2 

WlLDLlfl - 

+2 

- 

+2 

+ I  

- 

FlSl - 

+2 

+2 

- 

+2 

- 
+2 Encourages +I Moderate Encouragement 0 Neutral -1 Moderate Linltatlon 

RANGE - 

+2 

- 

+2 

- 

-1 

- 
-2 Dlscourages (Or Prohlblts) 

. W A N  
FORESTR - 

+t 

0 

0 

0 

- 

-2 

- 



TABLE 15-1 (Contlnued) 

I 

Federa I : - Flsh and WlldlIfqCoordlnatlon Act - Natlonal Environmental Protectlon Act - Endangered Specles Conservatlon Act - Federal Water Pollution Control Act 
-Clean Water Act - Clean A l r  Act 
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+l 
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Boards, and other agencies as appro- 
p r i a t e  be a pa r t  o f  several review teams 
establ ished t o  ass i s t  the D i rec tor  o f  
Forestry i n  reviewing timber harvesting 
plans as t o  environmental adequacy under 
the  Forest Pract ice Act, D i s t r i c t  Rules, 
and re la ted Board o f  Forestry regula- 
t ions. This approach has worked very 
we1 I i n  achieving bet ter  plans u t i  I iz ing  
the expert ise o f  many d isc ip l ines .  How- 
ever, p a r t i c i p a t i o n  by agencies such as 
the  Department o f  Fish and Game and the 
Regional Water Qual i t y  Boards does not 
re1 ieve the landowner o f  the need t o  
comply w i th  these agencies' own Inde- 
pendent regulatory requirements. 

Under the a c t  the decision as t o  
whether the THP i s  i n  concurrence i s  
made by the D i rec tor  o f  CDF. There have 
been a number o f  cases where non-con- 
currences have been f i led by agencies 
p a r t i c i p a t i n g  i n  the review teams, which 
were then overruled by the D i rec tor  in  
approving the plan. There Is  no appeal 
from the D i rec tor ' s  approval o f  a THP 
except through the courts. However, 
when the D i rec tor  has denied a plan, the 
app l ican t  may appeal h i s  decision t o  the 
Board o f  Forestry. Following a hearing, 
t he  Board may sustain the D i rec tor  o r  it 
may approve the plan. 

I t  has been suggested t h a t  the Direc- 
t o r  o f  the Department o f  Fish and Game, 
the  Cha irman of the State Water Qua I I t y  
ControJ Board, or other agency heads 
should be given a r i g h t  t o  appeal t o  the 
Board o f  Forestry i n  the event o f  the 
D i rec to r ' s  approval o f  a THP on which 
the  other agency , head f i led a non-con- 
currence. Thls would require a change 
i n  the s ta tu te  t o  provide a mechanism 
which does no t  now ex is t .  

Such a change would provide other 
agencies wi th  a s ta tu to ry  r o l e  In  the 
Forest Prac t ice  Act, such as they pre- 
sent ly  have under the Cal i f o r n i a  Envi- 
ronmental Qual i t y  Act (CEQAI (Chap. 
1433, Div. 13, Sec. 21000, P.R.C.). It 
might a lso  r e s u l t  i n  bet ter  q u a l i t y  in- 
put  by the review team par t i c i pan ts  i f  

t h e i r  statements o f  non-concurrence 
would be subjected t o  substant iat ion in  
a possible appeal process. 

Another problem ar ises from the f a c t  
t h a t  attempts are sometimes made t o  use 
the regulatory powers o f  the Forest 
Prac t ice  Act fo r  a purpose t h a t  i s  tant-  
amount t o  land use c lass i f i ca t i on ,  a 
purpose not authorized by the Act. 
Thus, there have been continual e f f o r t s  
before both the Board and the D i rec tor  
t o  secure, through t h e i r  regulatory au- 
tho r i t y ,  a moratorium on cutt ing,  o r  
regulatory r e s t r i c t i o n s  so severe as t o  
essential l y  preclude cutt ing.  The Board 
and the D i rec tor  have au tho r i t y  t o  adopt 
special logging regulat ions fo r  Special 
Treatment Areas such as designated W i  I d  
and Scenic Rivers, Coastal Zone Special 
Treatment Areas; and elsewhere. In the 
absence of any general land use c lass i -  
f i c a t i o n  authority, the Board and the 
D i rec tor  may be pressured t o  deny THPs 
o r  t o  make inordinately r e s t r i c t i v e  
logging ru les  as a means f o r  achieving a -- de facto land use change; i.e., the 
p r o h i b i t i o n  o f  logging. Neither the 
Board's j u r i s d i c t i o n  nor the procedures 
fo r  forest  pract ice regu I a t  ion have been 
designed f o r  the resolut ion o f  land use 
c lass i  f i ca t i on  issues. 

POTENTIAL REGULATORY CONFLICTS 

A number o f  other cur ren t  o r  potent ia l  
c o n f l i c t s  have been i d e n t i f i e d  in  the 
course o f  discussions w i th  Department o f  
Forestry s t a f f  and others concerned w i th  
f o r e s t  resource issues. They are raised 
here so t h a t  they may be monitored and 
studied t o  provide essential groundwork 
f o r  appropriate l e g i s l a t i v e  consider- 
a t i o n  a t  the proper time. 

The Sectibn 208 Conkac t  .Study i s  
the r e s u l t  of a cooperative e f f o r t  
o f  the State Water Resources Control 
Board and the Board o f  Forestry t o  
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achieve coordination between Federal 
Water Law, State Water taw, and 
State Forest Pract ices Law. The 
recommendations resu l t i ng  from t h a t  
study w i l l  not  be avai labte u n t i l  
a f t e r  completion o f  the FRAP Report 
and addi t ional  time may be required 
t o  implement some o f  those recommen- 
dations. The process fo r  i n te r -  
agency coordination embodied in  t h i s  
contract  appears t o  be both innova- 
t i v e  and po ten t i a l l y  e f fect ive.  But 
the outcome o f  the contract  should 
be evaluated a f t e r  i t s  completion i n  
order I) t o  i den t i f y  any unresolved 
problems o f  coordination i n  the wa- 
t e r  qua I i t y  area, and 2) to  assess 
the extent t o  which the contractual 
method used in  t h i s  instance may be 
an appropriate way t o  resolve other 
interagency coordination prcblems. 

@ Federal Clean A i r  Act provisions 
may c o n f l i c t  wi th cer ta in  State for-  
e s t  resource management object ives 
embodied i n  law. For example, ex- 
i s t i n g  a i r  q u a l i t y  standards for 
nat ional  park and wilderness areas 
and State fuel  management object ives 
for fo res t  and wildlands may be In- 
compatible where prescribed burning 
o f  p r iva te  lands near park and w i l -  
derness areas i s  necessary for fue l  
hazard reduction. Con s i derat  on 
should be given t o  i n i t i a t i n g  a 00- 
operat ive study o f  such problems, 
invo lv ing each of the concerned gov- 
ernmental agencies, and adapting the 
procedures embodied i n  the Section 
208 Contract Study dea I ing w i th  wa- 
t e r  qual i ty .  

@ The National Forest Management Act 
o f  1976 established a far-reaching 
and complex framework for establ ish- 
ing object ives and planning the  use 
and mangement of the 14.2 m i l l i o n  
acres of  fo res t  land and associated 
rangelands on the national forests 
o f  Cal i forn ia .  It i s  by no means 
c lear  t h a t  the object ives and plans 
thus f a r  developed fQr Cal i fo rn ia 's  
nat ional  forests g ive adequate a t -  

ten t ion  t o  State interests. For ex- 
ample, the current  federal proce- 
dures c a l l  f o r  estab l ish ing timber 
harvest schedules fo r  the  nat ional  
forests  without reference t o  the  
timber supply outlook fo r  re la ted  
p r i va te  lands. As a resul t ,  nation- 
a l  fo res t  timber harvest schedules 
are developed w i th  inadequate atten- 
t ion t o  the State's concern fo r  long 
term s t a b i l i t y  o f  forest-dependent 
industr ies. Problems o f  nat ional  
f o res t  po l i cy  from the standpoint of 
the  State are cur ren t ly  being ad- 
dressed by the U.S. C i t izens Task 
Force on Forest Service Management 
i n  Cat i fo rn ia  appointed by the Sec- 
re ta ry  fo r  Resources. When avai l -  
able, the repor t  o f  the  Task Force 
should provide more deta i led ident i -  
f i c a t i o n  of  spec i f i c  issues i n  t h i s  
area and suggestions fo r  achieving 
be t te r  coordination between national 
f o res t  planning a c t i v i t i e s  and State 
concerns. 

0 Rapid expansion of res ident ia l  
sett lement i n t o  what previously had 
been fo res t  land has created serious 
probleqs throughout the urban/forest 
in ter face i n  the State. One of  the 
most important of these problems 
concerns the respons ib i l i t y  fo r  pro- 
v id ing  s t ruc tu ra l  f i r e  protect ion i n  
many o f  these s i tua t ions  where the 
land has been determined t o  be an 
area fo r  which the State i s  respon- 
s i b l e  pursuant t o  ex i s t i ng  statutes. 
But CDF has nei ther funds nor au- 
t h o r i t y  t o  provide s t ruc tu ra l  pro- 
t ec t i on  w i th in  such areas, except i n  
pa r t i cu la r  contractual s i tuat ions.  
State and local  j u r i s d i c t i o n a l  Is- 
sues i n  these s i tua t ions  are com- 
plex. The Board of  Forestry i s  cur- 
r e n t l y  conducting a study of  ex is t -  
ing f i r e  protect ion problems, pro- 
grams, and po l i c i es  i n  such areas. 
The resu I t s  of i t s  study shou I d  de- 
f i n e  spec i f i c  State/ local j u r i sd i c -  
t i ona I prob I ems and suggest poss i b I e 
solut ions. However, other aspects 
of the urban/forest land in ter face 
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besides f i r e  protect ion ought t o  be 
promptly investigated. 6, 

0 The Forest Taxation Reform Act o f  
1976 provides-for the c lass i f i ca t i on  
o f  a l l  p r i va te l y  owned forest  land 
i n t o  Timberland Preserve and non- 
timber I and preserve zones. Both 
c l a s s i f i c a t i o n  and assessment pro- 
cesses are carr ied out  by county o f -  
f i c i a l s ,  opening the way t o  s i g n i f i -  
cant var i a t i o n  among counties as t o  
how the forest  land i s  c l a s s i f i e d  
and even as t o  assessment practice. 
The a c t  has been in  e f f e c t  f o r  suf- 
f i c i e n t  t ime so t h a t  a review of the 
pract ices under the a c t  should be 
undertaken t o  determine whether or 
no t  it i s  being applied i n  reason- 
ab ly  consistent fashion by the coun- 
t i e s  involved. 

0 The Z'Berg-Nejedly Forest Pract ice 
Act of 1973, as present ly applied, 
regulates timber harvesting on p r i -  
vate fo res t  land. It i s  not  compre- 
hensive in  i t s  regulatory scope. As 
a matter of admin is t ra t ive p r a c t i -  
ca l  i t y ,  the  Board of Forestry has 
n o t  required Timber Harvest Plans on 
operations o f  less than three acres 
i n  area; many fo res t ry  pract ices not  
conducted as pa r t  of timber harvest- 
ing operations are exempt from regu- 
lat ion;  on ly  t h a t  timber harvesting 
which involves 99commercial opera- 
t ions" i s  regulated; and some spe- 
c ies  of t rees t h a t  are c u t  have not  
been designated as commercial spe- 
c ies  by the b a r d .  Although prob- 
lems i n  t h i s  are do not  appear t o  
be severe a t  t h i s  time, they could 
we1 I become more important as fo res t  
management pract ices become more ex- 
tensive and as the use o f  wood f o r .  
energy purposes expands. Any act ion 
t o  expand the scope o f  foresl- regu- 
l a t i o n  to  cover problems i n  these 
areas could lead to new or expanded 
j ur  i s d  1 c t  iona I and coord i n a t i  ng 
problems between the fo res t ry  agen- 
c ies  and those wi th  respons ib i l i t i es  LJ 

f o r  pesticides, w i l d l i f e ,  water 
qual i ty ,  and the l ike.  

0 There are s tatutory  incompati- 
b i  I i t i e s  between FRAPA and the fed- 
e ra l  RPA and RCA functions. The 
FRAPA Assessment does not completely 
in ter face w i th  the RPA and RCA which 
makes coord i nat  ion of the process 
and Interchange of  data more d i  f f  i- 
cu l t .  The land area which FRAPA i s  
charged t o  assess i s  l im i ted  t o  
" fo res t  land" as defined i n  the Act .  
The federa I "Forest and Range I and 
Renewable Resources Act of 1974" ad- 
dresses the uses, demand f o r  and 
supply o f  the ienewable resource on 
a l l  forest, range, and other associ- 
ated lands. Therefore, a major pur- 
pose of FRAPA, t o  complement and 
augment data and. analyses o f  the 
RPA, i s  blunted by a much smaller, 
s ta tu to r l l y - f i xed ,  land and resource 
base. S imi la r ly  the Resource Con- 
servat ion Act addresses so i l ,  water 
and re la ted  resource problems on an 
area much larger than t h a t  consid- 
ered by FRAPA. 
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INTRODUCTION 

Pr i va te  and non-federal publ ic  lands 
provide a major pa r t  o f  the timber 
harvested i n  Cal i forn ia ,  plus major 
por t ions of l ivestock grazing, hunting, 
and outdoor recreation. The c u t  o f  
t imber on these lands i n  1977, f o r  
example, amounted t o  about 63 percent o f  
Ca l i f o rn ia ' s  t o t a l  production (Stanley 
1979). Rangeland i n  p r iva te  ownership 
produces 13.1 m i  I I ion animal-unit-months 
(AUMs) o f  feed annually, o r  94 percent 
o f  the natural  range production o f  the 
State. This supply i s  more than ha l f  
the  t o t a l  feed required f o r  meat animals 
produced on Ca l i f o rn ia  farms and ranches 
(Reed 1974). 

I n  recogni t ion of the importance o f  
p r i va te  fo res t  and range resources and 
the  problem faced by most smal I non- 
i ndus t r i a l  owners, the Department o f  
Forestry has long cooperated w i th  the 
Forest Service, other federal agencies, 
and other groups, i n  a number of feder- 
a l -State programs t o  encourage and as- 
s i s t  i n  the management of these lands. 
U n t i l  recently, these programs have been 
executed under several laws or  port ions 
o f  laws; the  Clarke-McNary Act o f  1924, 
the 1950 Cooperative Forest Management 
Act, the Forest Pest Control A c t  of 
1947, and others. These laws have been 
repea I ed and superseded by the Coopera- 
t i v e  Forest Assistance Act o f  1978 (PL 
95-313). The a c t  provides assistance t o  
CDF t o  carry ou t  the '  f o l  lowing programs 
on p r i va te  land: 

Rural Forestry Assistance: t r e e  
plant ing,  t r e e  improvement, fo res t  
management and u t i l i z a t i o n  assist-  
ance, and special ized forest ry  as- 
s i  stance. 

Forestry Incentives: cost  sharing 
o f  fo res t  practices. 

Insect and Disease Control: sur- 
veys and technical assistance and 
suppression of insect in festat ions 
and disease epidemics. 

Urban Forestry Assistance. 

Rural F i r e  Prevention and Con- 
t r o l .  

Management Assistance, Planning 
Assistance, and Technology Implemen- 
t a t  i on . 

Some other Forest Servi ce cooperative 
programs are funded under the  Genera I 
Forestry Assistance (GFA) Program, which 
was not incorporated i n t o  the Cooperatve 
Forestry Assistance Act o f  1978. Dutch 
E l m  Disease, FIRESCOPE, and other spe- 
c i a l  projects are examples of GFA ac t iv -  
i t i e s  i n  which the CDF part ic ipates.  
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State pa r t i c i pa t i on  i n  the  Resource 
Planning Act Assessment i s  p a r t i a l l y  
financed under the Forest and Rangeland 
Renewab 1 e Resources Research Act of 
1 978 . 

A number o f  other federal agencies a l -  
so conduct c lose l y r e  l ated programs 
deal ing wi th fo res t  and range lands. 
Technical information and assistance, 
for example, are a lso provlded by the 
So i l  Conservation Service (SCS) and )he 
Agr icu l tu ra l  Extension Service. The SCS 
a lso  administers several watershed, 
r i v e r  basin, and resource conservation 
programs t h a t  involve fo res t  and range 
lands. A program for cost  sharing of 
fo res t ry  pract ices i s  administered by 
the  Agr icu l tura l  S t a b i i l t a t i o n  and Con- 
servation Service. SCS and ASCS pro- 
grams depend on the  Forest Service for 
technical  assistance which In  Ca l i fo rn ia  
i s  provided by CDF under agreements. A 
number of p r i va te  groups Including con- 
su l tan ts  and industry foresters a lso 
provide services and other assistance t o  
improve management of p r iva te  fo res t  
1 ands . 

The r e l a t i v e  importance of the State- 
f edera I cooperative fo res t ry  programs, 
as ind lcated by avai fable federal and 
State appropriat ions i n  FY 1978, +or ex- 
ample, i s  shown i n  Table 16-1. 

The Ca 1 I fo rn  1 a Department of Forestry 
has primary responsibi I i t y  for several 
o ther  State fo res t ry  programs I n  addi- 
t i o n  t o  those associated wtth these 
State-federal cooperative programs. They 
Include the administrat ion of' resource 
management programs 1 nc I ud i ng the Forest 
Pract ice Act; the  Forest Resources As- 
sessment and Pol i cy  Act; the  Cat i fo rn ia  
Forest Improvement Program; range Im- 
provement; fo res t ry  research; and man- 
aging State forests. Addi t ional  major 
program respons ib i l i t i es  Include the re- 
view of Environmental Impact Reports; 

. t imber taxation; Conservation Camp Pro- 
gram; c i v i l  defense and other emergen- 
cies. These programs are b r i e f l y  de- 
scribed a t  the end of t h i s  section, and b( 

t he  l eg i s la t i on  Es summarized 
i n  i x  of t h i s  Report. 

RURAL FORESTRY ASSISTANCE 

Reforestat ion i s  needed on two m i l l i o n  
acres of p r iva te  commercial fo res t  land 
i n  Ca l i fo rn ia .  These lands are unpro- 
duct ive or reduced i n  p roduc t iv i t y  due 
t o  past f i res ,  poor logging practices, 
or unsuccessful attempts to  change land 
use. Increased stocking standards con- 
ta ined i n  the Forest Prac t ice  Act w i l l  
a l so  increase the need f o r  re fo res ta t ion  
on pr ivate lands. 



TABLE 16-1 

TABLE 16-1 

APPROPRIATIONS AVAILABLE FOR STATE-FEMRAL FORESTRY PROGRAMS IN CALIFORNIA, FY 1978 

PROGRAM 

I. COOPERATIVE FORESTRY ASSISTANCE ACT PROGRAMS (PL 95-313) 

A. RURAL FORESTRY ASSISTANCE (SEC. 3) 

1. Rural Forestry Tree Plantlng and Improvement Asslst- 
ance (formerly T i t l e  I V  and CM-4) 

2. Rural Forestry Management and Processing Asslstance 
(formerly CFM) 

3. Rural Forestry Spectallzed Asststance (formerly GFA 
coop. technlcal asststance) 

B e  FORESTRY INCENTIVES (SEC. 41 

1. Forestry lncentlves Program (FIPI 

C. INSECT AND.DISEASE CONTROL (SEC. 5) 

1. IUIC Surveys and Technical Asststance (formerly coop. 
Pest Actlon Program) 

D. UUAN FORESTRY ASSISTANCE (SEC. 61 

1. Urban Forestry Asslstance (formerly Urban and Corn-. 
munlty Forestry - CFM) 

E. RLRAL FIRE PREVENTION AM) CONTROL (SEC. 7) 

1. Rural F l re  Preventlon and Control (formerly CH-2 
and RCFPI 

F. HANAGWENT ASSISTANCE. PLANNING ASSISTANCE, AND TECHNOL- 
OGY IMPLWENTATION (SEC. 8 )  

1. Management Asslstance (formerly GFA) 
2. Planning Asslstance (formerly GFA) 
3. Technology Implementatton Asslstance (formerly GFA) 

Total Cooperatlve Forestry Asslstance Act Programs 
II. OTHER STATE-FEDERAL COOPERATIVE PROGRAMS 

A. Agrlcultural Conservatlon Proqram (ACPI-Forestry Practtce 
E. 
C. Small Watersh’ed Plannlng and Operatlon (PL-566) 

Resource Conservatlon and Development Proqram (RC6D) 

D. Renewable Resource Evalwt lon WR€) 
E. Dutch E l m  Dlsease (GFA) 
F. FIRESOOPE (OFA) 
G. Speclal ProJects (GFA) 

Total Other State-FederaI Ccoperatlve Programs 

AHoUNl 
STATE( 1) 

81.697 

184,600 

3.750 

9- 

86,002 

158,000 

81,936,800 

4- 
15,000 
-0- 

62,465,849 

-0- 
3,750 
66,490 
2,777 

500,000 
137,018 

510,035 
-0- 

DOLURS) 
FEDERAL(2) 

67,800 

123,600 

15,000 

26,187(3) 

@,N 

219,900 

!.177,900 

-0- 

-0- 
6%oO0 

!, 734,69 1 
~~ 

40,000(3) 
15,000 
36,700 
25,000 
244,000 
55,000(4) 
55,000 
470,700 

TOTAL 

149,497 

308,200 

18,750 

26,187 

130,306 

377.900 

84,1l4,700 

-0- 
75,000 

A- 

85,200,540 

4woo 
18,750 
103,190 
27,777 
544,000 
192,018 
55,000 
980.735 

(1)  State funds shwn are prlmarl ly from CDF, but Include other State and local funds for Insect and 
Dlsease surveys, Dutch Elm Dlsease, and FIRESCOPE. 

Federal funds shown are payments t o  State or local governments -Does not Icclude USFS program admln- 
Istrat lon. 

FIP and Acp funds shown are payments to States for provldlng technlcal asststance to landowners - 
Does not Include cost share payments to landowners. 

An addltlonal $1,108,200 of Federal funds approprlated for FIRESCOPE were used by the USFS for Ingle- 
mentatlon and uanagement of the program. 

(2) 

(3) 

(4) 



To help assure an adequate supply of  
good qual i t y  p lant ing stock, some as- 
sistance i s  provided t o  CDF by the 
Forest Service t o  develop genet ica l l y  
improved t ree  seeds; procure, produce, 
and d i s t r i b u t e  t r e e  seeds and trees; and 
p lan t  t r e e  seeds and t rees f o r  reforest-  
a t i o n  o f  non-federal forest  lands, as 
authorized by Section 3 of the Coopera- 
t i v e  Forestry Assistance Act o f  1978 
(formerly authorized by Section 4 o f  the 
Clarke-McNary Act o f  1924 and Section 
401 o f  the Agr i cu l tu ra l  Act o f  1956). 
Seed orchards already developed by CDF 
through t h i s  program w i  I I produce s u f f i -  
c i e n t  seed f o r  three m i  I I ion ttgenetical- 
l y  improved" t rees  annual ly. Current 
plans are t o  increase the t o t a l  seed- 
producing capacity t o  obtain 5.5 m i l l i o n  
genet ica l l y  improved trees. Use of  t h i s  
improved stock can increase f i b e r  pro- 
duction up t o  25 percent through faster  
growth rates. It i s  the goal of CDF -fo 
use seeds from these orchards t o  produce 
superior t rees i n  State nurseries when 
t h e  seed orchards come i n t o  f u l  I produc- 
t ion.  

Three nurseries are operated by CDF. 
I n  1978 these nurseries produced almost 

- s i x  m i l l i o n  trees. Much of  the nursery 
stock i s  sold t o  nonindustr ia l  p r i va te  
landowners. Many indus t r i a l  forest  own- 
ers  are developing t h e i r  own nurseries 
t o  supply t h e i r  needs. 

Department o f  Forestry foresters are 
ava i l ab le  t o  advise and a s s i s t -  the 
30,000 nonindustr ia l  p r i va te  fo res t  
landowners who control  43 percent o f  the 
p r i v a t e  forest  land i n  Ca l i fo rn ia .  Fed- 
e ra l  funding t o  the State t o  p a r t i a l l y  
o f f s e t  the cost o f  t h i s  a c t i v i t y  i s  also 
provided by Section 3 o f  the Cooperative 
Forestry Assistance Act o f  1978 (former- 

* l y  authorized by t h e  Cooperative Forest 
Management Act o f  1924). With current 
s ta f f i ng ,  near ly 4,000 owners are given 
"on- the-ground ass i stancett each year. 
This service i s  designed t o  encourage ' 

mult iple-use management of forests  and 
re la ted resources, and t o  increase t i m -  
ber growth and harvests whi l e  improving 

h, 

environmental values from fo res t  lands. 
The workload i n  t h l s  program i s  increas- 
ing, and increased s t a f f i n g  would enable 
CDF t o  accelerate the e f f o r t  t o  r e f o r e s t  
unstocked commercial forest  lands. An 
addi t ional  2,000 ass is ts  per year, in- 
volv ing some 50,000 acres o f  timberland, 
can be expected t o  r e s u l t  i n  the im- 
proved harvesting o f  50 m i  I I ion board 
feet  per year and 5,000 acres seeded or 
planted. This would require addi t ional  
s t a f f .  

The Rural Forestry Assistance section 
of the Cooperative Forestry Assistance 
Act o f  1978 a lso  provides au tho r i t y  f o r  
t he  Forest Service t o  a s s i s t  i n  funding 
the  CDF programs which provlde technical 
information, advice, and re la ted assist- 
ance to  p r i va te  fo res t  operators and 
wood processors regard i ng the harvest- 
ing, processing, and marketing o f  t i m -  
ber, and the marketing and u t i l i t i r a t l o n  
of  h o d  and wood 2prod;cts. 

FORESTRY INCENTIVES PROGRAM 

The Forestry Incentives Program (F P I  
i s  s p e c i f i c a l l y  designed f o r  federal 
sharing o f  the costs o f  forest ry  prac- 
t i c e s  wi th  nonindustr ial p r i va te  land- 
owners. It was authorized by the Agri- 
c u l t u r e  and Consumer Protect ion Act o f  
1973, and updated by Section 4 o f  the 
Cooperative Forestry Assistance Act of 
1978. The purpose o f .  t h i s  program i s  t o  
encourage improved forest  management f o r  
t h e  production of crops of i ndus t r i a l  
wood, along w i th  other forest  commodi- 
t i e s  and associated uses. The Agricul- 
t u r a l  S tab i l i za t i on  and Conservation 
Service has administrat ive responsibi l -  
i t y  f o r  t h i s  program and handles e l  i g i -  
b i l i t y ,  waiver procedures, and payments 
t o  part ic ipants.  OF, wi th cooperating 
p r i v a t e  foresters and consultants, p r e  
v i de techn i ca I ass i stance t o  I andowners 
i n  developing indiv idual  forest  manage- 
ment plans, and inspecting i ns ta l l ed  



prac t ices  t o  insure compl lance wi th  
guidel ines and contracts. The Forest 
Service provides technical input such as 
spec i f i ca t ions  f o r  forest ry  pract ices 
and recommendations on apportionments of  
avai lab le  funds. 

The F I P Program i nvo I ves cost-shar i ng 
agreements wi th  p r i va te  landowners t o  
p l a n t  t rees or otherwise improve stands 
o f  f o res t  t rees by p r e c m e r c i a l  th in-  
ning, and release o f  desirable seedlings 
and young t rees  on su i tab le  timber grow- 
ing s i tes.  Cost-sharing i s  provided f o r  
up t o  75 percent o f  the cost o f  t reat -  
men , depending on the cost-share r a t e  
s e t  i n  consul tat ion w i th  a committee o f  
Sta e Foresters o r  equivalent State of- 
f i c  als. Maximum area and minimum s i t e  
l i m  t a t i o n s  apply and not a l l  counties 
are included in  the program. 

and environmentally sound; j u s t i f i e d  i n  
terms o f  p r a c t i c a l i t y ,  effectiveness, 
resoucce values threatened, and costs 
versus benef i t s  .ll 

Li 

The Cooperative Forest Pest Control 
Program i s  authorized by Section 5 o f  
The Cooperative Forestry Assistance Act 
o f  1978, which replaced previous author- 
i t y  under the Forest Pest Control Act o f  
1947. The new a c t  also authorized pro- 
grams t o  p ro tec t  wood products, sfored 
wood, and wood-in-use. 

I n  C a l i f o r n i a  the program i s  carr ied 
o u t  d i r e c t l y  by the Forest Service on 
National Forest System lands, and indi- 
r e c t l y  on other lands through coopera- 
t i v e  pro jects  wi th other land management 
agencies and w i th  the Department of For- 
estry. The Department's pest control  
program prevents and cont ro ls  fo res t  
pest ep idem i cs by : 

INSECT AND DISEASE CONTROL 

Losses from a1 I fo res t  pests are es t i -  
mated to  be 20 percent o f  the annual 
timber harvested i n  Ca l i f o rn ia  (1.0 b i l -  
l ion board feet).  Forest pests are 
b io log i ca l  agents such 'as insects, d is -  

, eases, animals, and weeds t h a t  cause 
losses t o  the t o t a l  forest  resource. 
Epidemics of forest  pests do not respect 
property I ines. They requ i re  a compre- 
hensive State program t o  detect, evalu- 
ate, prevent, retard, o r  suppress out- 
breaks of  destruct ive insects and dis- 
eases on, o r  threatening, forest  lands 
o f  a l  I ownerships. 

Sections 4712-4718 o f  the Pub l ic  
Resources Code authorize the Department 
of Forestry t o  l k o n t r o l  or eradicate 
f o r e s t  insect or p l a n t  diseases damaging 
or threatening destruct ion to timber or 
fo res t  growth.ll The Board o f  Forestry 
has establ ished pol icy  " tha t  any control  
measure, including the use o f  pest i -  
cides, b io log ica l  control,  f ire, or 
mechanical means, must be eco log ica l l y  

Advising and ass is t ing  p r i va te  
fo res t  owners about proper manage- 
ment procedures t o  prevent pest 
bui Idups. 

Operating an e f f e c t i v e  system o f  
detect ion and evaluation o f  pest 
damage t o  keep abreast o f  pest con- 
d i t ions.  

Conducting pest suppress ion pro- 
j e c t s  authorized by the Board o f  
Forestry . 

Acting as the Statewide lead agen- 
cy t o  adv i se governmenta I agenc i es, 
p r i v a t e  associations and indiv idual  
I andowners on forest  pests. 

URBAN FORESTRY ASSISTANCE 

Through an urban forest ry  program, the 
CDF provides information and technical 
assistance t o  u n l t s  o f  local  govern- 
ment and others t h a t  w i l l  encourage man- 
agement of  the urban forests t o  enhance 1 
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t he  qua l i t y  of l i f e ,  whi le al lowing the 
t, contro l  led u t i  I iza t ion  of timber crops. 

Emphasis i s  being placed i n  large popu- 
l a t fon  areas such as Oakland, San Fran- 
cisco, and Los Angeles, creat ing con- 
f I i c t s  and tensions between timber har- 
vest ing and the maintenance o f  a ru ra l  
environment fo r  homes. Federal funding 
and technical assistance - in urban for- 
es t r y  i s  provided to  the Department by 
the  Forest Service under Section 6 of 
the  Cooperative Forestry Assistance Act 
of 1978. 

RURAL FIRE PREVENTION AND 
CONTROL 

Ca l i f o rn ia  annually faces the  world's 
most d i f f i c u l t  fo res t  and watershed f i r e  
protect ion problem. The d i r e c t  th rea t  
t o  env i ronmenta I resources, 1 i fe, and 
property and the i nd i rec t  th rea t  to  so- 
c i a l  and economic we1 l-being commands 
State and nat ional  at tent ion.  

I n  recogni t ion o f  t h i s  threat, t he  
State has assumed responsi b l  I i t y  for 
f i r e  protecton on 33 m i l l i o n  acres o f  
p r i va te  and State-owned forest, brush 
and grass covered watershed lands legal- 
l y  del ineated by the State Board o f  For- 
estry. Under the Board's direct ion,  an 
e f f i c i e n t  Statewide f i r e  protect ion sys- 
tem has evolved to replace a fragmented 
system t h a t  was unable t o  cope w i th  
f i r e s  t h a t  do not  respect j u r i s d i c t i o n a l  
boundaries. 

The system i s  supported to  a small ex- 
t e n t  by federal assistance under Section 
7 o f  the Cooperative Forestry Asslstance 

. Act of 1978. This a c t  updated p r i o r  
author i t ies ,  enabling the Forest Service 
t o  provide f inanc ia l ,  technical,  and re- 
lated assistance t o  the State and other 
cooperators in the  % prevention, control,  
suppression, and prescribed use of f i r e s  
on non-federal forest  and watershed 
lands. This ac t  authorizes s im i la r  fed- 
e ra l  assistance i n  t r a i n i n g  and equip- 
ping local f i r e  f i gh t i ng  forces In ru ra l  b, 

areas, and provides fo r  the establ ish- 
ment o f  a special r u r a l  f i r e  d isaster  
fund to  be used by the Secretary of 
Agr 1 cu I tu re  1 n emergenc i es. 

The cx3F's "Fire Protect ion Planf1 in- 
cludes goals and objectives, standards 
of  performance fo r  each element and u n i t  
of the plan, and measures o f  e f fect ive-  
ness. The plan is per iod ica l l y  adjusted 
t o  meet changes i n  hazards, r isks,  re- 
sources, I an'd-use patterns, f i sca I con- 
s t ra in ts ,  and social  and p o l i t i c a l  ex- 
pectat ions of the people. To avoid dup- 
I ica t ion  and to  Increase ef f ic iency,  the 
Department contracts wi th  other f i r e  
protect ion agencies. The 33 m i l l i o n  
acres of State-responsi b i  I I t y  lands are 
protected as fol lows: 24 m i l l l o n  acres 
d i r e c t  I y by the Department of Forestry, 
4.2 m i l  I ion acres by the Forest Service; 
0.4 m i l l i o n  acres by the Bureau of Land 
Management; and four m i l l i o n  acres by 
f i v e  counties. Coincidental ly, O F  pro- 
t e c t s  ahout 3.5 m l  I 1  ion acres o f  feder- 
a l l y  owned lands under contract. 

Under Ca l i fo rn ia  condit ions and con- 
f l ag ra t i on  potent ia ls,  f i r e  protect ion 
demands ,in-depth backup capabi 1 i t y ,  co- 
ordinat ion,  and mobi I i t y .  Since f i r e  
protect ion demands vary g rea t ly  wi th  
season and locat ion w i th ln  the State, 
forces i n  one region become the  backup 
for other regions with c r i t i c a l  condi- 
t i o n s  or large going f i res .  The f l e x l -  
b i t i t y  of t h i s  Statewide system provides 
e f f e c t i v e  f i r e  protect ion a t  much less 
cost  than could be provided by indepen- 
dent local or regional l y  coordinated in- 
dependent f i r e  agencies. 

Great ly  increased development and use 
o f  w i  ldlands coupled wi th  s tgn i f  i can t  
accumulation of wildland fue ls  now con- 
s t i t u t e  serious problems i n  f i r e  protec- 
t ion .  An expanded program o f  fuel  man- 
agement on wildlands is needed t o  reduce 
t h e  t o t a l  volume of flammable fuel  and 
t o  break up large expanses of woody veg- 
etat ion.  Prescribed burning, a major 
treatment method t o  reduce fuel loadlng, 
has s tead i l y  declined i n  use over the 
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past 10 years due t o  greater l i a b i l i t y  
and cost, changing land ownership pat- 
terns, and the increased wildland-urban 
interface. The .Department of Forestry 
Is giv ing increased emphasis to develop- 
ing an expanded fue ls  management program 
as an in tegra l  pa r t  of the t o t a l  f i r e  
protect ion system. 

tec t i on  plan i s  t o  hold 94 percent of 
a l l  w i l d f i r e s  i n  the  State protect ion 
area t o  less than 10 acres, 99 percent 
t o  less than 100 acres, and to  contain 
99.5 percent a t  less than 300 acres. 

d: 

The f i r e  prevention object ive i s  t o  
hold occurrence of man-caused f i r e s  t o  
7,200 per year; the  1971-74 average. 
This ob ject ive i s  d i f f i c u l t  to  a t t a i n  
because o f  escalat ing f i r e  r isks,  law- 
lessness, and indif ference. The number 
of  man-caused wi ld  f i r e s  has more than 
doubled during the past decade. To stem 
the  increase, CDF has designed the pre- 
vention element of i t s  plan to  augment 
f i r e  prevention s t a f f i n g  during high 
incident periods. Of the 62 permanent 
pos i t ions assigned to f i r e  prevention, 
one works mainly i n  information and 
education programs. Other prevention 
personnel handle information and educa- 
t i o n  programs as par t  o f  t h e i r  overa l l  
prevention workload. 

Each do l l a r  the Department spends i n  
t h i s  program i s  mu l t i p l i ed  many hundreds 
o f  times through c i t i z e n  and cooperative 
organization e f fo r ts .  A conservation 
and f i r e  prevention education program 
directed a t  the problem of chi ldren- 
caused f i r e s  (8 percent o f  the man- 
caused f i r e s  are caused by chi ldren) was 
p a r t i a l l y  funded through the Environmen- 
t a l  License P la te  Program. This program 
now pays for i t s e l f  by re turn ing t o  a 
revolv ing fund income from sales. Other 
prevention a c t i v i t i e s  include the appli-  
ca t ion  o f  engineering pract ices and 
techniques t o  modify o r  e l  iminate sour- 
ces of ign i t ion,  law enforcement, and 
special pro jects  such as Red Flag A e r t  
f i r e  prevention pro jec t  during per ods 
of  c r i t i c a l  f i r e  weather. 

I n  order to  hold f i r e  control  dam ges 
t o  an acceptable level, and rea l  i s t i c a l -  
l y  facing the f a c t  t h a t  wi ldland f i r e s  
do occur, the  object ive o f  the f i r e  con- 
t r o l  operations element o f  the f i r e  pro- 

PLANNlNG ASSISTANCE 

To ensure t h a t  data regarding fo res t  
. lands are avai lab le for, and e f f e c t i v e l y  
presented in, State and federal natural  
resources planning, Section 8 of the Co- 
operat ive Forestry Assistance Act o f  
1978 authorizes the Secretary of Agr i -  
cu l tu re  t o  provide f inanc ia l ,  technical,  
and re la ted  assistance t o  the  State. 
This  i s  for the assembly, analysis, d is-  
play, and repor t ing of State fo res t  re- 
sources data, for t r a i n i n g  State fo res t  
resources planners, and fo r  par t i c ipa t -  
ing i n  natural  resources planning a t  the 
State and federal levels. Forest Serv- 
i ce  assistance t o  the CDF i n  meeting i t s  
r e s p o n s i b i l i t i e s  under the Ca l i f o rn ia  
Forest Resources Assessment and Po l icy  
Act i s  p a r t i a l l y  funded under t h i s  
author i ty.  

OTHER STATWFEDERAL 

COOPERATIVE I PROGRAMS 

AGRICULTURAL CONSERVATION PROGRAM (ACP) 

Under the Soil Conservation and Domes- 
t i c  Al lotment Act of 1936, federal funds 
have been appropriated t o  provide cost- 
sharing t o  farmers fo r  a var ie ty  of con- 
servat ion and land treatment measures. 
Th i s program has been adm i n i stered by 
the  Agr icu l tu ra l  S tab i l i za t i on  and Con- 
servat ion Service through a system of 
State and county committees. A l im i ted  
p a r t  of the  funds ava i lab le  i n  t h i s  pro- 
gram has been assigned for fo res t ry  
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L, 
pract ices such as t ree  planting, stand 
improvement, w i l d l i f e  hab i ta t  improve- 
ment, and fencing against l ivestock. 
This  program provides near ly 6200,000 
for fo res t  practices. The CDF provides 
advice and assistance i n  developing pro- 
grams and i n  moh i t o r  i ng cost-shar i ng 
contracts  w i th  pa r t i c i pa t i ng  fo res t  
owners . 
RESOURCE CONSERVATiON AND DEVELOPMENT 
PROGRAM (RC and D) 

Section 102 of the Food and Agricul- 
t u r e  Act o f  1962, provided for assist-  
ance from U.S. Department of Agr icu l ture 
agenc i es t o  resource conservation and 
development areas t h a t  are organized and 
sponsored by u n i t s  o f  State and local 
government . Loca I program sponsors d i- 
r e c t  a continuing planning process and 
i n s t a l l  planned conservation measures. 
The So i l  Conservation Service, the For- 
e s t  Service, and other USDA agencies 
provide technical  , f inancia l ,  or loan 
assistance t o  the sponsors under the  
leadership of the Soi l  Conservation 
Serv i ce. 

Forestry work plans have been prepared 
for three Cal I fo rn ia  RC and D projects: 
North Cal Neva, Central Coast, and High 
Sierra, which are presently i n  the oper- 
a t iona l  stage. 

SMALL WATERSHED PLANNING AND OPERA- 
TIONS (POL. 566) 

The Watershed Protect ion and Flood 
Prevention Act of 1954, commonly re- 
ferred to  as Pot. 566, includes provi- 
sions for cooperation between the Feder- 
a l  Government and the  States and local  
subdivisions i n  both planning and opera- 
t i o n s  programs fo r  protect ion and im- 
provement of ind iv idual  watersheds no t  
exceeding 250#000 acres. 

I n  carry ing ou t  these projects, the  
Soil Conservation Service has been as- 
slgned respons ib i l i t y  for leadership and 
the  major pa r t  of the planning e f f o r t .  
The Forest Service has respons ib i l i t y  cd 

fo r  planning and carry ing out  fo res t ry  
measures w i th in  the National Forest sys- 
tem boundaries; and on other fo res t  
lands, I n  cooperation wi th  the SCS and 
the  Di rector  of the Department of For- 
estry. State and local u n i t s  of govern- 
ments a lso  pa r t i c i pa te  i n  watershed 
planning and provide about a t h i r d  of 
the  t o t a l  cost  o f  t h i s  program. 

Operations were completed on three 
pro jec ts  i n  Ca l i f o rn ia  during the  past 
three years. This involved the insta l -  
l a t i o n  of forest  f i r e  protect ion mea- 
sures such as fue l  breaks, f i r e  access 
road betterment , and water deve I omen t s  
on the Main Street  Canyon watershed i n  
Riverside County, the Upper Llagas wa- 
tershed in  Santa Clara County, and the 
Escondido watershed i n  San Diego County. 
A s im i l a r  project, the Carp inter ia  Val- 
ley watershed i n  Santa Barbara County, 
i s  scheduled for completion i n  l a t e  
1981 . 

A d r a f t  watershed work plan has re- 
cen t l y  been completed for the Tehachapi 
watershed i n  Kern County. I f  it i s  ap- 
proved for operations, implementation 
would begin i n  1981. 

RENEWABLE RESOURCES EVALUATION 

. The Forest and Rangeland Renewable Re- 
sources Research Act of 1978 (92 Stat. 
353) authorizes the Secretary of Agri- 
cut t u r e  t o  cooperate w i th  appropr l a t e  
o f f i c i a l s  of each s ta te  to make and keep 
cur ren t  a comprehensive survey and anal- 
y s i s  of the present and prospective con- 
d i tons of the  requirements for renewable 

'resources of the  forest, and other fac ts  
necessary i n  determining ways and means 
t o  balance demands for, and supplies of, 
these resources. Forest Service assist-  
ance to  the CDF i n  meeting i t s  responsi- 
b i l i t i e s  under the Ca l i f o rn ia  Forest Re- 
sources Assessment and Pol icy Act 
(FRAPA) i s  p a r t i a l l y  funded under t h i s  
author i ty. 
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DUTCH ELM DISEASE 

I n  response to  congressional action, 
federal funding was provided t o  the 
State o f  Ca l i f o rn ia  i n  Fiscal  Year 1978 
t o  i n i t a t e  a cooperative demonstration 
of methods f o r  control  o f  Dutch E l m  dis- 
ease, and fo r  u t i l i z a t i o n  o f  infected 
t rees where feasible. The e f f o r t  con- 
s i s t s  o f  an in tens i f ied  f ive-year con- 
t r o l  program implemented by the Cal i f o r -  
n i a  Department of Food and Agr icu l ture 
and a publ ic  information outreach pro- 
gram conducted by Univers i ty  o f  Ca l i fo r -  
n i a  Extension. 

The control  ac t i v i t y ,  financed in  par t  
by the Forest Service General Forestry 
Assistance funds, i s  targeted t o  major 
i n fec t i on  areas, and involves intensive 
survey procedures, prompt diagnosis, and 
removal of af fected trees. 

STATE FORESTRY PROGRAMS 

STATE FORESTS 

The Department of Forestry manages and 
operates seven State forests  t o t a l  ing 
68,664 acres. These forests are managed 
according t o  law (PRC 4531-4658) and 
Board o f  Forestry pol icy t o  invest igate 
and demonstrate improved fo res t  manage- 
ment practices, t o  achieve sustained 
production o f  high qua l i t y  fo res t  prod- 
uc ts  while protect ing environmental 
values, and t o  provide publ ic  recreat ion 
opportunit ies. Studies are conducted i n  
s i l v i c u l t u r e ,  t imber harvesting tech- 
niques, fo res t  mensuration, watershed 
management, and insect and disease con- 
t ro l .  Annual timber harvest i s  . 5  m i l -  
l i o n  cubic feet. Publ ic  recreat ion use 
was 84,000 v i s i t o r  days i n  1978. 

w i th  about 2.8 b i l l i o n  board fee t  cu t  on 
non-federal lands. Because these lands 
are  important f o r  watershed, recreation, 
f i s h  and w i  Id  I i fe ,  range and forage, and 
aesthet ic enjoyment, i n  addi t ion to  t i m -  
ber product ion, proper. timber harvesting 
pract ices are v i t a l  t o  the State's econ- 
omy and we1 fare. 

Under the Z'Berg-Nejed I y Forest Prac- 
t i c e  Act o f  1973 (see Appendix Item X I I )  
a timber harvesting plan prepared by a 
Registered Professional Forester must be 
submitted t o  the Di rector  of the Depart- 
ment of Forestry and found i n  conform- 
ance before timber operations may beg i n  
on any non-federal t imberland i n  Cal i -  
forn ia. 

The Secretary f o r  Resources has di-  
rected t h a t  the Departments o f  Fish and 
Game, Parks and Recreation, the  State 
Water Resources Control or  Regional Wa- 
t e r  Qual i t y  Control Boards, and other 
agencies as appropriate be a pa r t  of the 
severa I Timber Harvest i ng P I an Rev i ew 
Teams t o  ass is t  the Di rector  of the De- 
partment of Forestry i n  reviewing timber 
harvesting plans as t o  environmental 
adequacy under the Forest Pract ice Act ,  
D i s t r i c t  Rules, and re la ted Board regu- 
lat ions.  This review team approach has 
worked very well  i n  achieving be t te r  
plans u t i  I i z ing  the expert ise of many 
d i s c i p l  ines. 

The Department has 56 foresters  head- 
quartered i n  the major timber producing 
areas o f  the State whose main task i s  to  
make fo res t  pract ice inspections. Each 
timber operation i s  inspected a t  least  
three times: a t  the commencement of op- 
erations; w'hen operations are wel l  un- 
derway; and fo l lowing completion of op- 
eration; and a t  such other times as nec- 
essary t o  enforce the act. 

FOREST PRACTICE ACT ADMINISTRATION 

Ca l i f o rn ia  timber operators harvest 
about f i v e  b i  I I ion board feet annual ly, 
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Assembly Bill No. 452 

b“HApTER 1163 

An act to add Chapter 12 (commencing with Section 4800) to Part 
2 of Division 4 of, and to repeal Sections 741 and 744 of, the Public 
Resources W e ,  relating to forest resources, and making an appro- 
priation therefor. 

[Approved by Governor September 30, ISR. Ftkd with 
secretary of state ssptsmber 30*1877.] 

I M reducing the appropri&m containsd in Searon 4 Oz AsmaMy Bill No. 459 
fmn $45OW to W0,W by redwing su-m (a) hnn $150,000 to $133,W and 
ru- (b) flwl rnW to mm 
b nansspy at this time. 

’Ihew Funds wouldbe used h hhhg 8 IidSOn OfRCer. 1 do nOt b d h  this @thl 

With thfs reduction, I approve Ammbly Bill No. 45!l 
EDMUND G. BROWN JR., Governor 

LEGISLATIVE (xIu”s D I G m  
AB 452, Keene. Forest resources. 
The Zberg-Nejedly Forest Practice Act of 1973 governs the con- 

duct offorest practices on timberland. Under existing law there is no 
requirement for preparation of a formal assessment of the overall 
forest resources of the state or for preparation of a forest resoufcc 
propm. 
Thw bill would require the Director of Forestry, under policy 

guidance from the State Board of Forestry, to prepare and submit to 
the board a fwsst resource assessment and analysis, which would 
include specified elements, by July 1,1979, and to present an updated 
assessment by January 1.1981, and January 1 of each fifth year there 
after. The bill would also require the board to prepare, based on a 
review of the assessment, a hrest resource policy statement contain- 
ing speciff ed elements. 

The bill would make legislative findings and declarations in such 
connection, would require the board to biennially determine state 
needs for forest management research arid submit specified reports 
in such connection to the Governor and the Legislature, would au- 
thorize the director to prepare and implement a forest management 
information storage and retrieval program regarding forest land con- 
ditions in the state, would repeal certain related existing powers and 
duties of the board, and would enact other related provisions. 

It would appropriate $45O,OOO to the Department of Forestry for 
expenditure, as specified, for purpeses of the provisions of the bill. 

Appropriation: yes .  

me m p l e  of the State of CkMrnih do enact as hllom 

C 

ch. 1163 -2- 

SECIlON 1. Section 741 of the Public Resources Code is 
repealed. 
SEC 2. Section 744 of the Public Resources Code is repealed. 
SEC 3. Chapter 12 (commencing with Section 4800) is added to 

Part 2 of Division 4 of the Public Resources Code, to read: 

CHAPTER 12. FOHEST RESOURCES AssEssMENT AND POLICY ACT 
OF 1!?77 

4800. n i s  chapter shall be known and may be cited as the Forest 
Resaums Assessment and Policy Act of 1m. 

4801. The Legislature finds and declares as follows 
(a) The farest resourms of California provide vitally important 

economic and environmental benefits to the people of California. 
(b) Demands on forest rc~ources in California are expected to 

increase significantly in the next decades. 
(c) Forest resources in California are limited. 
(d) Better use of best resources can result where there is g d  

information as to anticipated needs and constraints and the 
potentials for meeting such needs consistent with Section 4513 of the 
Public Resources Code. 

e and should be 

de for the assessment 
of California’s forest mources. 
4802 As used in this chapter: 
(a) “Board” means State Board of Forestry. 
(b) “Resources Planning Act” means the Forest and Rangelands 

Renewable Resources Planning Act of 1974 (16 U.S.C. 1601-1610). 
(c) “Assessment” means the forest resource assessment and 

analysis developed pursuant to Section 1803. 
(d) “Director” means the Director of Forestry. 
(e) “Forest re~b~m~’’ means those uses and values assodated 

with, attainable from, or closely tied to, forest land, including fish, 
range, recreation, timber, watershed. wildernm, and wildlife. 

( f )  “Forest land” means timberland defined pursuant to 
subdivision (h), and other lands which have been withdram from 
timber production, such as state parks, national parks, and wilderness 

(g) ‘Timberland” means land on which is growing a significant 
stand of trees of commercial species, or potential c o m m d d  
species, either in public or private ownership or which is generally 
capable of maintaining a stand of trees in perpetuity and hot 
withdrawn or otherwise devoted to uses other than timber 
production. 

(h) ‘Timber” means wood fiber of commercial or potential 
commercial spedes growing on timberland as defined in subdivision 
(g). 

. areas. 

E45230 61 845985 73 
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(a) Under policy guidance from the board and in 
consultation with the Secretary for Resources, the director shall 
prepare and submit to the board and the Secretary fOT Resources, a 
forest resource assessment and analysis not later than July 1,1979. and 
shall present an updated assessment by January 1, 1987, and by 
January 1 of each fifth year thereafter. The assessment and analysis 
shall recognize distinct differences in ownership and management of 
forest resources in California between the various public and the 
various private owners and shall include, but not be limited to, the 
following: 

(1) An assessment and analysis of the supply and availability of the 
various present and potentiai forest resources of the state, including 
limits to such supplies imposed by natural site conditions, such as 
slope stability and erosion hazard, or by governmental restriction, 
such as special zoning. Among resource potentials to be evaluated 
are opportunities to: 

(i) Improve and rehabilitate the understocked timberland in 
California and to more fully utilize the productive potential for 
growing and harvesting timber. 

(ii) Improve wood fiber utilization and wood product recycling. 
(iii) Salvage trees infested with insects and diseases on 

timberland. 
(iv) Improve the management of forest wildlife and wildlife 

habitat within the state. 
(v) Increase the quantity and quality ofrecreation available in the 

state. 
(vi) Improve and rehabilitate forest range areas within the state. 
(vii) Increase the potential to use wood fiber from timberland as 

an economically viable source of fuel for energy production. 
(2) An analysis of present and anticipated demand for various 

forest resources in the state. 
(3) A description and evaluation of current state programs and 

Eesponsibilities in cooperative state-feded forestry programs, and 
management of state and local public forest and related lands. 

(4) A discussion of important policy considerations, laws, 
regulations, management responsibilities, and other factors expected 
to influence and significantly affect the use, ownership, and 
management of forest and range resources. 

(b) In preparing the assessment, the director, under policy 
guidance of the board, shall solicit the rooperation of, and 
information collected by, public and private organizations, federal 
forest resource agencies, state agencies concern& with forest 
resources, county planning and taxation agencies, and 
state-supported forest resource research agencies. 

(c) For the purpose of assisting the director and the board in 
preparing the assessment and its revisions, the board may appoint 
such advisory committees as it deems necessary. Such committees 
shall consist of individuals with expertise in forest resource fields 

4803. 
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with particular emphasis on survey and program analysis, and shall 
include representatives of state agencies concerned with the use of 
h e s t  resources. 

(d) In preparation of the assessment the director shall analyze the 
need to: 

(1) Develop and maintain an effective system for the collection, 
analysis, and display of such data in forms that contribute to the 
achievement of the purposes of this chapter. 

(2) Identify high priority needs for completing the data base and 
analytical framework essential to improving the quality of future 
assessments. 

(3) Evaluate the accuracy and completeness of existing data and 
of steps needed to improve the amracy and completeness of data 
for future assessments. 

4804. (a) Based on a review of the amssment prepared pursuant 
to Section 4803, and consistent with Swhons 740 and 4513, the board 
shall prepare a forest resource policy statement. 

(b) Such policy statement shall recognize distinct differences 
between the various public and various private owners of forest 
resources in the state and should include, insofar as is possible, the 
following: 

(1) A delineation of specific needs and opportunities for 
promoting both public and private forest resource management 
programs in California. 

(2) A discussion of priorities for accomplis 
opportunities, with specified costs, results, and possible constraints 
on implementation. 

(3) An analysis of the relation of the alternative forest resource 
policies to employment opportunities in Cali fomh 

4605 The board shall hold Rublic hearings on the assessment and 
the proposed policy statement prepared pursuant to Sections 4803 
and 4804. 
4806. (a) The board, assisted by the director, shall biennially 

determine state needs for forest management research and 
recommend the conduct of needed projects to the Governor and the 
Legislature. 

(b) To facilitate reporting and updating the assessment pursuant 
to Section 4803, the director, under guidance by the board, may 
prepare and implement a forest resource management information 
storage and retrieval program regarding forest land conditions in the 
state. Such program shall be coordinated and integrated to the 
maximum extent practicable with data storage and retrieval 
programs of other state and federal agencies and institutions. The 
director shall review existing forest resource management storage, 
retrieval, and analysis systems in the institutiohs of higher learning 
in this state, and insofar as the board deems desirable, may utilize 
such systems as a model for the state program established pursuant 
to this section. 

2 452 175 90 
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4807. (a) The director shall convey the assessment and its 
updates to federal agencies charged with managing public land 
within the state. 

(b) To assure the availability and compatibility of data and 
scientific information needed for development and implementation 
of the assessment, the board and the director shall cooperate with the 
United States Department of Agriculture in conducting surveys and 
analyses as provided for in the Resources Planning Act and with 
other federal agencies as provided by federal law. 

SEC. 4. The sum of four hundred fifty thousand dollars 
($4SO,OOO) is hereby appropriated from the General Fund to the 
Department of Forestry for expenditure for the purpo~e~ of Chapter 
12 (commencing with Sectiofi 4800) of Part 2 of Division 4 of the 
Public Resources M e ,  in accordance with the following schedule: 

(a) One hundred fifty thousand dollars ($lSO,OOO) for expenditure 
during the 1977-78 fiscal year. 

(b) The three ~ hundred thousand dollars (@OO,OOO) for 
expenditure during the 1978-79 fiscal year. 

It is the intent of the Legislature that the Department of Forestry 
and other departments affected by this act extend a high priority to 
their budget requests in subsequent fiscal years for the purpose of the 
Forest Resources Assessment and Policy Act of 1917. 

0 
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Assembly Bill No. 2685 

CHAPTER 801 

An act to amend Sections 4801 and 4803 of the Public Resources 
Code, relating to forest resources. 

[Approved by Governor Se t e m k  IS 1978. Filed with 
secretary State gptemter is, 1978.1 

LEGISLATIVE COUNSELS DIGE5T 
AB 2683, Keene. Forest resources. 
The Forest Resources Assessment and Policy Act of 1977 requires 

the Director of Forestry, under policy guidance from the State Board 
of Forestry, to prepare and abmit a forest resour& assessment and 
analysis to the board not later than July 1, 1979, and an updated 
assessment by January 1, 1981, and by January 1 of each fifth year 
thereafter. 

This bill would specify that the forest resource assessment is to be 
provided in order to develop and implement forest resources policies 
for the state. The bill would provide that the initial assessment and 
analysis is “preliminary” and require the updated assessments to be 
“full” assessments. The bill would also require the director to include 
evaluations of probable direct and indirect economic and environ- 
mental benefits and costs, including opportunity costs, when assess- 
ing various resource potentials which could be obtained from forest 
lands. 

The people of the State of ciolifbmia do enact as fblIows: 

amended to read: 

economic and environmental benefits to the people of California. 

increase significantly in the next decades. 

SECllON 1. Sec~on 4801 of the Public Resources Code is 

4801. The Legislature finds and declares as follows: 
(a) The forest resources of California provide vitally important 

(b) Demands on forest resources in California are expected to 

(c) Forest resources in California are limited. 
(d) Better use of forest resources can result where there is good 

information as to anticipated needs and constraints and the 
potentials for meeting such needs consistent with Section 4513. 

(e) The necessary information is not now available and should be 
developed. 

(f) It i s  the intent of the Legislature to provide for the assessment 
of California’s forest resources in order to develop and implement 
forest resources policies for the state. 
SEX. 2. Section 4803 of the Public Resources Code is amended to 

read: 
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4803. (a) Under policy guidance from the board and in 
consultation with the Secretary of the Resources Agency, the 
director shall prepare and submit to the board and the Secretary of 
the Resources Agency, a preliminary forest resource assessment and 

.analysis not later than July 1, 1979, and shall present a full and 
updated assessment by January 1.1987, and by January 1 of each fifth 
year thereaher. The assessment and analysis shall recognize distinct 
differences in ownership and management of forest resources in 
California between the various public and the various private owners 
and shall include, but not be limited to, the following: 
(1) An assessment and analysis of the supply and availability of the 

various present and potential forest resources of the state, including 
limits to such supplies imposed by natural site conditions, such as 
slope stability and erosion hazard, or by governmental restriction, 
such as special zoning. Among resource potentials to be evaluated 
are opportunities t o  

(i) Improve and rehabilitate the understocked timberland in 
California and to more fully utilize the productive potential for 
growing and harvesting timber. 

(ii) Improve wood fiber.uh?ization and wood product recycling. 
(iii) Salvage trees infested with insects and diseases on 

-3- Ch. 801 

state-supported forest resource research agencies. 
(c) For the purpose of assisting the director and the board in 

preparing the assessment and its revisions, the board may appoint 
such advisory committees as it deems necessary. Such committees 
shall consist of individuals with expertise in forest resource fields, 
with particular emphasis on survey and program analysis, and shall 
include representatives of state agencies concerned with the use of 
forest resources. 

(d) In preparation of the assessment the director shall: 
(1) Analyze the need to develop and maintain an effective system 

for the collection, analysis, and display of such data in forms that 
contribute to the achievement of the purposes of this chapter. 

(2) Identify high-priority needs for completing the data base and 
analytical framework essential to improving the quality of future 
assessments. 

(3) Evaluate the accuracy and completeness of existing data and 
of steps needed to improve the accuracy and completeness of data 
for future assessments. 

timb&land. 
(iv) Improve the management .of forest wildlife and wildlife 

habitat within the state. 
(v) Increase the quantity and quality of recreation available in the 

state. 
(vi) Improve and rehabilitate forest range areas within the state. 
(vii) Increase the potential to use wood fiber from timberland as 

an economically viable source of fuel for energy production. 
(2) An analysis of present and anticipated demand for various 

forest resources in the state. 
(3) A description and evaluation of current state programs and 

responsibilities in cooperative state-federal forestry programs, and 
management of state and local public forest and related lands. 

(4) A discussion of important policy considerations, laws, 
regulations, management responsibilities, and other factors expected 
to influence and significantly affect the use, ownership, and 
management of forest and range resources. 

(5) When assessing various resource potentials which could be 
obtained from forest lands, the director shall include an evaluation 
of probable direct and indire& economic and environmental 
benefits and costs, .including opportunity costs, associated with 
realizing such potentials. 

(b) In preparing the assessment, the director, under policy 
guidance of the board, shall solicit the cooperation of, and 
information collected by, public and private organizations, federal 
forest resource agencies, state agencies concerned with forest 
resources, county planning and taxation agencies, and 
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STATUS 
OF 

CALIF0 
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STATUS OF CALIFORNIA STATE/FEDERAL/PRIVATE RESOURCE INVENTORY PROJECTS 

RESOURCE(S) 
INVENTORIED 

R I  I 

I NVENTORY 
PROGRAM/STUDY AREA COVERED 

Resource Values 
Protected (Fire) t i o n  

CDF area of  d i rect  protec- 

AGENCY - 
INSTITUTION 

Cal i forn ia  
Department o f  
Forestry (CDF) 

REMARKS 
Working on valuation 
system of  protected 
w i I d I and resources 

T 1 mber 

Others 

1979 Yes Remeasuring 1967 - 160 
acre p lo ts  

Land Inventory Moni- A l l  p r i va te  lands 
to r ing  (LIM) 

Soi l  Conserva- 
t i o n  Service 
(SCS) 
scs 

h l  I 

A I  I 10/20/78 Yes 

Kzzitc 
Resource Conservation A l l  p r ivate lands 
Act (RCA) 
Two special studies AlamedaBanta Clara 6, 
I n  parts o f  Plumas/SIerra Countles 
Resource Inventory 200 M Acres, BLM lands 

Contact RO o r  spec i f ic  By National Forest 
forests 
IHICS Program 

Vegetation Classi f ica- Southern Cal i forn ia  
t i o n  System chaparra I 

comerc I a I t lmber 

A I  I Dept. o f  Water 
Resources (DWR) 
Bureau of Land 
Management (BLM 
Forest Service, 
R-5 (FS) 
BLM 

A i  I (M = 1,000) 

A I  I 

Vegetation 
(Hab I t a t  1 
Vegetation Class i f lcat ion j u s t  

started. System completed 
Pac i f i c  South- 
west Forest and 
Range Experi- 
ment Stat ion 
(PSWF L RES) 
PSWF L RES and 
CDF 

Just 
started 

Soll/Vegetation 
Survey 

BLM s tar t ing  their's; CDF 
assuming PSW role. 
Question of  program 
cont inu i ty  (MM=1 M i l l i o n )  

7/1/79 Yes 
PSW - 
CDF - 
on-go I ng 
1963 Yes 

1939 No 

Comp I eted Yes 
I978 

6/79 Yes 

End of 
I979 

Vegetation- 
Sol I s  
Vegetatlon 
(CALVEG L USGS) 
Vegetation - 
sol I 
Vegetation 

State forest  lands, p r i -  
vate forest  lands State- 
wide. 9MM acres upland 

National Park 
Service (NPS) 
NPS 

Vegetation USFS e t  a1 Most recent detai led vege 
t a t i v e  mapping. Acreages 
by counties and ecotypes 
D i g i t a l  data f i l e s  wi th 
p o l i t i c a l  boundary mappin 
capab i l i t ies  
Maps )a scale 1:250,000 

CalVeg - Ecosystem State 
maw i ng 

Vegetation CDF/NASA Landsat imagery of State 
land cover 

Vegetation USGS I Land cover mapping 

c 



c 
F‘ROGRAM/S”DY 

MIAD (River Basln 

RESOURCES) AGENCY - 
Vegetal, solls, 

AREA COVERED DATE COUNTY I RTMARKS 
Statew I de 1970 Some 1960 acre g r i d  ce l l s  maps 

ownership I 
Vegetal, sol IS, I scs 

StudleJ) 
Sacramento Valley 
Cooperative Study 
San Joaquln Valley 
Basln Study 
Van Dvtsn River Basln 

Val ley Into foothi I Is  6/78 Yes 1:62,500 maps. dfg i t l red,  

Valley to  mountain crest  1977 Yes 1:250,000 maps only 

Van Durm watershed 12/75 .Yes 

90 acre g r i d  c e l i s  

ownersh tp I 
Vegetal, soiis, I DWR 

ownersh l p  
Vegetal, sol Is, 

Timber and Bureau of 

Improvement 

SCS 

Program 
so1 I s  SCS 

sol I m 

Sol I, water CDF 

Water CDF 

qU81 

’ I NVEMORY 

In  f a l l  detectton and coast - 
Wood Energy Study Spec1 f IC s l tes  and State- 1/79 NO Intense study a t  specif I C  



i z AGENCY - 
INSTITUTION 

mR 

RESOURCE ( S 1 
INVENTORIED 

INVENTORY 
PROGRAM/STUDY 

Rehab1 I l t a t l o n  6 Rec- 
reatlon specl f lc  

Eroslon, land- 
51 lde 

'arks and Rec- 
reatlon (Parks 
snd Rec) 
Mater Resources 
2ounc I I 
Parks 6, Rec 

iecreat Ion 
(See * on page 
3) 

Informatlon System 
(PARIS) 

Cmprehens I ve Frameworl 
Study X I  I 
* PARIS Inventory of  
Fact t i t l e s  

~ 

b c rea t l on  

iecreat Ion 

Recreatlon 

I watersheds 
1 Parks and Recreatlon lepartment of  

Parks 6, Rec * PARIS "demand" 
pro ject  Ions 

AREA COVERED 

iumbol d t  and Mendocl no 
2ount I es 

State 

State 

Publlc lands under j u r l s -  
d lc t lon of BLM, NPS, FS, 
FWS, BIA, Army Corps, 
3ureau of  Recl, CaITrans, 
Departments of F 6 G, 
Parks 6, Rec, Forestry, and 
532 c l t les ,  and speclal 
d I s t r  I cts; 2893 p r  1,vate 
respondents. Statewlde. 

A I  locatton of  Statewlde 
demand t o  geopleces, whlch 
can be aggregated t o  
county. Statewlde. 

COMPLE- DATA 
TlON BY 
DATE COUNTY 

1975 No 

1 

1970, No 
1980, 
1990 

gathered 
I n  1974- 
1976, pr l -  
vate gat 
ered In  
1973-1 971 
Computer 
runs ava 
able (on 
golng . 
basts) w, 
pr  I vate 
data not 
ye t  f u l  I 
I ncorpo- 
rated. 

Projec- 
t l o n  fo r  
1970, 
1980, 
and 1990 
aval I -  
able. 

?EMARKS 

465 geopleces. Sub-count 
groupings. Supply by 
landscape provlnces 

22 outdoor a c t i v l t l e s  ccn 
stdered. Un l t  - pa r t l c l -  
patlon day. Par t lc lpat lon 
rates determined from a 
1960-1961 BOR study, and 
projected popu l a t  ion 
trends from Department of 
Finance. Demand a1 loca- 
t l o n  based on nusabl l l ty  
values" assigned t o  each 

geoplece and travel  tlme 
factors 



RESOVRCE(S1 
i NVENTOR I ED 

Recreat I on 

Recreat 1 on 

Recreat I on 

Recreat Ion 

Recreation 

W l  I d i  i f e  

W i l d l i f e  

W i  Id1 I f e  

AGENCY - 
I NSTl TUT ION 

Parks 6 Rec 

b p t D  of Parks 
and Recreation 

Forest Service 

Forest Service 

Forest Ser v I ce , 
Rocky Mountain 
Experiment 
Station, and 
Reglon 5 Hdqtrs 
Department of 
Flsh and Game 
(F 6 G) 
F 61G 

U.S. Forest 
Servlce DFG 

Weeds Analyslsw rev t -  
lslon of PARIS method 

a. per capita p a r t l c l  
pation rates. 

b. expansion of  out- 
door recreation 
a c t i v l t i e s  to 110. 

tlons to year 2OOO 

ology. 

C. "denrand" projec- 

Preparations t o  revise 
public Inventory o f  
fact I [ t i e s  

RIM inventory of  
fact  I i t i e s  (dispersed 
and developed) 
R I M  outdoor recreat% 
use by 
8. a c t l v l t y  type 
b. developed s I tes  
CD dispersed recreatic 

User Preference I 

Study 

areas 

W I  Id1 I f e  Element - 
Flsh 6 Wl ld l i f e  Pian 

Oak Wlldi i f e  Relation 
Study 
Status of  r lpar ian  
ha b l  t a t  

AREA COVERED 

Statew I de 

CaI I fornIa NatIonal 
Forests 

Ca l i fo rn ia  National 
Forests . 

Sierra .NatlonaI Forest 

Statewide w l ld l  I f e  

Statew i de 

Nat iona I Forests 

Valley 6 desert lands 

COMPLE- 
TION 
DATE 

Begun I n  
summer 
I978 

Besln 
federal 
FY 1979- 
1980 

annua I 
f Isures 
On-go I ng 
annua I 
f I gures 

h-go1ng 

I979 

6/79 

1981 

I980 

DATA 
BY 

COUNTY - 
Yes 

Yes 

Yes 

- 
Yes 

- 
No 

- 
Yes 

- 
Pass i - 
blv 

REMARKS - 
a. E f fo r t s  to correlate 

socIo-econamlc chsrac- 
t e r i s t i c s  with par t i c t .  
patton rates for out- 
door recreation. Also, 
determfne amount o f  
recreation occurrlng cy 
p r l v a t e  fact I l t i e s  

b. Many more "urban" act1. 
v t t l e s  being amslderec 
although focus Is s t i l  
outdoor recreation 

Not cer ta in  whether e f f o r  
w i  I I , be made to  InventoPy 
pr iva te  fact I i t t e s  

No delfneatlon to vegeta- 
t i v e  type (EG, forest) 

Un i t  = v i s i t o r  day 

Survey to be conducted 
summer 1979 

Oak use by w i l d l i f e  and 
acorn production 
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RESOURCEG 1 AGENCY - 
INVENTOR I ED . I  NST I TUT I ON 

F 1 sher les F L G  

COMPLE- 
I NYENTORY TION 

PROGRAM/STuDY AREA COVERED DATE 

Flsherles Element - Statewide 3/80 
I - .  I Flsh 6 Wl ld l l f e  Plan I I 

Range I uCB - Forestry I Range Conditlon and I Sacramento Val ley I 1978 

- 
DATA 

BY 
COUNTY 

Yes 

- 

NO 

I 

I 
I 

7 

Resource data on roadless 
areas questlonable 
FS recommrndatton for 
nllderness, nonnllderness 
and fur ther  plannlng 

~ Status of  Ca l l fo rn la  W I I -  
1 derness System ret-n- 

datlons for w l  lderness 
1 nonw I Iderness, further ' 

I study 
Sam8 

Yes 

. 

Yes Wllderness 

Wllderness 

Wllderness 

Wllderness 

Wllderness 

Land Use 

Yes 

Qua l i t y  foothl  I I s  

W I I derness use Forests annual 
Forest Service R I M  Ca l i fo rn ia  NatlonaI On-go t ng 

t I gums 
Forest Service R I M  acreage of Ca l l fo rn la  National OW-Pfng 

wllderness areas Forests annual 
f I gums 

Forest Servlce RARE I I Ca l l fo rn la  Natlonal 6/78 

Forest Service RARE I 1  Cal l fo rn la  National 1/79 
Draf t  E I S  Forests . 

Flnal E IS  Forests 

Resources Status of Ca l l fo rn la  Lands under j u r l sd l c t l on  1/76 
Agency Wllderness Preservatlon o f  Departments of Parks 6 

System 6 Recomnenda- Rec, F 6 G, Forestry, and 
t lons  for Addltlons t o  Water Resources. State- 
the System wide 

Us05 Land use mapping State End of 
I979 

No 

No 



APPENDIX Ill 

CHRONOLOGY OF CALIFORNIA AIR 
POLLUTION RELATED TO FOREST LAND 

1945 - Eye I r r i t a t i o n  annoys resldents of Los 
t o  Angeles. Cause unknown. 

1946 

1947 - Los Angeles County A l r  Po l lu t lon Con- 
t r o l  D l s t r l c t  formed. 

1949 - Cal l forn la  I n s t l t u t e  o f  Technology 
biochemlstry Professor Ar le  J. Haa- 
gen-Smlt dlscovers the nature and 
causes of photochemical smog. Experl- 
ments reveal tha t  the reaction of sun- 
light on hydrocarbons and oxides of 
nltrogen produce I r r i t a n t s  and ozone. 

1967 - Senate B l l l  490, creatlng the Ca l l fo r -  
n la  A l r  Resources Board (Mulford- 
Carrel I A l r  Resources Act of 19671, Is 
approved by the Senate and the Assem- 
bly, and slgned by Governor Ronald 
Reagan. Ef fect ive date: November 8, 
1967. 

-- The Federal A l r  Qual I t y  A c t  of 1967 
provldes that  control of m o t o r  vehl- 
c les be excluslvely the provlnce of 
the Federal Government; permits walver 
t o  California to  Impose s t r l c t e r  emis- 
sion standards on new vehlcles. 

1948 - Los Angeles County A l r  Pol lu t lon  1968 - Governor Reagan slgns Assembly Bill 
t o  Control D i s t r i c t  (APCD) conducts 557, the Pure A i r  Act of 1968, estab- 

1957 lntenslve program t o  control emlsslons l l sh ing  progresslvely s t r l c t e r  emls- 
of po l lu tants  from Industr ia l  and sion standards for 1970 through 1974 
domestic sources. model vehlcles on a flve-year program. 

State requests n e w  walver from HEW t o  
1955 - Bureau of A i r  Sanltatlon established enforce these s t r l c t e r  standards, the 

i n  the State Department of  Public s t r l c t e s t  ever set anywhere. 
Health by the Cal l fo rn la  Legislature. -- ARB dlvldes Ca l l fo rn la  in to  I1 a l r  ba- 

1959 - Department of Publlc Health adopts s lns according t o  topography and c l l -  
f i r s t  statewlde amblent a i r  qual i t y  mate. 
standards and motor vehicle emlsslon 
standards. 1969 - HEW Secretary Rober t  Finch grants fed- 

/ era1 walver requested by Callfornla, - Assembly B i l l  17 Is signed in to  law, al lowing the State t o  enforce s t r l c t e r  
and the State Motor Vehlcle Pol lu t ion motor vehlcle-emission standards than 
Control Board Is organized. those In the other 49 states. 

1961 - l e s t  procedures and c r l t e r l a  adopted -- New Statewlde amblent a l r  quallty 
for crankcase devices and exhaust con- standards are adopted by the ARB for 
trots. Automob1 l e  Industry announces oxidant ( lncludlng ozone), carbon mon- 
It wl I f  voluntarl  l y  Instal  I crankcase oxlde, hydrogen w t f l de ,  nitrogen d l -  
devlces Mtfonwtde on al l  1965 model oxide, su l fur  dloxlde, v i s l b l l l t y  re- 
car s. duclng par t i c les  and par t l cu la ts  mat- 

ter. M B  Technical Advisory Connrlttee 
1963 - Ctean A l r  Act passed by Congress. proposes adoptlon of  vehlcle emlsslon 

levels lower than those establlshed by 
1966 - Federal Government pub1 lshes the Pure A l r  Act of 1968, the new 

Emlsslon Standards to go In to  e f fec t  standards t o  40 In to  e f fec t  wlth the 
wi th  the 1968 models. u - 

1975 model cars. 



1970 - Legislature passes In to  law ten pro- 
posals wbmltted by ARB. The leglsla- 
t i o n  elimlnates open burnlng, regu- 
lates motor fuel wl th  regard to vola- 
t I I 1 t y  and unsaturated hydrocarbans, 
extends smoke reguiatlons statewlde, 
establishes a statewide a l r  monltorlng 
network, coordinates a l r  po l lu t lon 
control In each a i r  basln, and Insures 
proper adjustment of emlssions w n t r o l  
equlpment on new automobiles. Afso 
approved are b l  I Is authorlzlng ARB to  
establlsh agr lcu l tura l  burnlng guide- 
lines and impose s t i f f  f ines for vlo- 
lat lons o f  cease-and-deslst orders 
Issued by APCD's or ARB. 

-- Federal Clean A i r  Act amended estab- 
l l sh lng  specl f lc  po l lu t ion control 
goals whlch states must attain. 

1971 - ARB establlshes guldelines to  control 
agr lcu l tura l  burnlng, 

1972 - Implementatlon Plan Is sent t o  Envi- 
ronmental Protection Agency as requlr- 
ed by the 1970 Clean A i r  Act. RevI- 
slons I and I t ,  mandated by EPA, wb- 
sequently approved by ARB. 

-- The number of open burnlng dumps i s  
reduced statewlde t o  200 from 470 In  
1971. 

-- Slerra Club s u l t  resulted I n  court 
order requir lng EPA t o  disapprove a l l  
s ta te  a i r  qua l l t y  control plans not 
preventing s lgn l f l can t  deter iorat lon 
of a i r  qual l ty  where a l r  qual l ty  IS 
superfor t o  Natlonal Standards, 

1973 - Number of open burnlng dumps reduced 
t o  77. 

-- Mountaln Countles A l r  Basin establlsh- 
ed . 

1974 - Open dump burnlng extended for one 
year t o  23 locations In 7 wuntles. 

-- ident i f i ca t lon  of A l r  Qual i ty  Mainte- 
nance Areas, as Revislon V t o  the 
State Implementation Plan, adopted. 

-- Lake County A i r  Basin establlshed. 

1975 - Lake Tahoe A l r  Basin formed from por- 
t i o n s  of  Mountain Countles A l r  Basin. 

1976 - Unlque a l r  qual f ty  standards for car- 
bon monoxide and v l s l b l l l t y  adopted 
for the Lake Tahoe A I r  Basin. 

-- Lake Tahoe Is the s l t e  o f  high a l t i -  
tude exhaust emlsslon tes t ing  durlng 
summer months. 

-- State study f lnds ca ta iy t l c  wnver- 
ter-equlpped cars pose IK) specfat f l r e  
prob I em. 

-- Statewlde annual economlc loss to ag- 
r l c u l t u r e  caused by smog Is estlmated 
a t  $55 mllllon by the Cal i forn la  De- 
partment o f  Food and Agrlculture. 

1977 - Clean A i r  Act amended t o  provide, . 
amongst other objsctlves, leg ls ia t l ve  
guidance and clearer l eg i s la t i ve  Fn- 
t e n t  t o  prevent s ign i f icant  deterlora- 
t l o n  o f  a l r  qua l l t y  over natfonal 
parks, monuments, wllderness, etc. 

1979 - Federal standard for Ozone was revlsed 
from e ight  to 12 pphm. 

b 
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APPENDIX IV 

STATUS OF NATIVE PLANTS ON. NATIONAL FORESTS 

Compiled by Ed Horton, Regional Botanist, Forest Service 

(11) C lass i f i ca t ion  establ ished by the Smithsonian l n s t i t u t e  

(2) 

(E - endangered; T - threatened) 

Status as establ ished by the Cat i f o r n i a  Native Plant Society 
( C N P S )  (Powell, R. W., CNPS Special Publ icat ion No. I, 1974) 

Rar i t y  (R) 

I, Rare, of I imited d is t r ibu t ion ,  but d is t r ibu ted  wide 
potent ia4 for ex t inc t ion  o r  ex t i rpa t ion  i s  apparent 

y enough t h a t  
y low a t  present, 

2. Occurrence confined t o  several popuIation,s or one extended population, 

3. Occurs in such small numbers t h a t  it i s  seldan reported; o r  occurs in  
one or very few h igh ly  res t r i c ted  populations, 

P.E. Possibly ex t i nc t  o r  extirpated. 

Endangerment (E) 

1. Not endangered. 

2. Endangered in  part,  

3. Tota I I y endangered , 

Vigor ( V I  

1. Stable or increasing, 

2. DecI ining, 

3. Approaching ex t i nc t i on  Q 

Genera I D i  s t r  i but  ion (D) 

I , 

2. Rare outs ide Cat i forn ia, 

3, Endemic t o  Cat i fo rn ia ,  

Not ra re  outside Cal i forn ia ,  

26-70445 rv-1 



. .  . . 

PLANT 
CODE 

ABAL 
ALHO-2 

AKA-2 
ANS U-2 
ANSU-R 
AFBRP 
ARCO-7 

AR JO 
AWO- 1 

ARPR-4 
ARPY - 1 
ARS E-3 
ARSH 
ARCR-2 
AREDP 

ARLU-2 
* AROT 
ARRE-3 
ARHO- 1 
ARRO-R 
ARUR 
AFMUR- 
ARVE 
ARV I-R 
P S V  I 
ASBRB 
ASPE 

A SBR-3 

c 

STATUS OF NAT VE PLAhTS ON NAT 

NAME - 

Arabis breweri WatS, var. ecuniaria Roll .  
Ambit? cmstancei Roll. (Syn: + Am $8 suffmtenscen8 

Wats. vap. perstylosa Roll . ) 
Arabis johnstonii Mima 
Arabis 'modesta Roll . 
A d i s  p a ~ h h i i  Wats. 

AMbi8 8hockZeyi Muna 
Arctostaphgtos ~m~aensis Roof 
Arcto8taphyZos edmund si< J .  T. Howell var. parvifotia 

ArctostaphyZos lucianu Wells 
Howell 

APCtOEtaphgi!OE Otay&Ei8 WieE. '& SChPeib. 

Arenaria rose f Maguire & Barweby 
a Rob. 

Arggmone 'munit 
Arnica ve; 
Arnica Vz'sCO8a G m V  

%%?m 
Aster pezfsonil 

viri'de HLdson 
=ides Greene var. hrickellioi 

3 C. W. %rem. 
:de&? 

SMlITHS. 
INSTIT. 

E 
T 

E 
T 
T 
E 

T 
T 
T 

T 
T 

T 

E 
T 
T 
E 
T 
T 
E 
T 
T 
T 

T 
T 

T 

CNPS 
REVD 

3-2-1-3 
2- 1-1 -3 

3-2-2-3 
4-2-2-2 
2-2-1 -3 
3- - -3 

3-1-1-3 
3- - -3 
2-1 -1 -2 

2- - -3 

3-1 -1  -3 
3-2-2-2 
2 -2 -2 -3 

2- 1 - 1 -3 
2-1-1-3 
2- 1 -1 -2 
3 -2 -2 -3 
2-1-1-3 
2 -2 -2 -3 
2-2- 1-3 - - -3 
3-1 - 1-3 
2-1 -1-2 
3-1-1-1 

-2 

- 

- L -  

- - -3 

OCCURRENCE : 
NATIONAL FOREST 

I n  yo, Sequoia 
Shasta-Tr i n  i t y ,  

Six Rivers 
Sequoia 
Six Rivers 
Mendoc i no 
San Bernard i no 

PI umas 
San Eernard i no 
K I arnath, Shasta- 

San Bernard i no 
In yo, Sequoia 
Klamath 
San Bernard ino 
Los Padres 

T r i n i t y  

Los Padres 
Los Padres 
C I eve 1 and 
Los Padres 
Six Rivers 
Shasta-Tr in  i t y  
San Bernard ino 
C I  eveland 
Shasta-Tr i n  i t y  
Shasta-Trinity 
Tahoe 
K I amat h 
Inyo, Sierra, 

Stanislaus 
Ange I es, 

C I eve1 and 

c 



c 

PLANT SM I THS . - CODE - NAME I NST I T, 

ASSU- 
AYCO 
BEOR 
BESO 
BOPU 
BOTR- 
BRCOR 

ASDE 
AS JO 
ASKEE 
ASMOH 
ASMO-2 
ASRA-3 

Botrgchih pt'rmica'ta Cou . - . -  BouteZoua t r 5 f g d a  Thurb. & Watson 
Brodiaea corona& ISatisb.) h g t e r  ssp. ro8ea (Greenel 

N&?hau8 

CAGR-2 CaZochortus green& 
CALO-2 CaZocho~tus hngebarbatus S. Wats. 

CAW-3 CaZochort~8 O b i s p O e T l 8 i 8  Lemon 
CAPE-2 CaZochortus pers&?tms ChJnbey 
CAST-3 CaZochortus s t rh tue  Parish 

T 
E 

T 
E 
E 
T 

E 
E 
T 

E 

E 
E 

T 

E 
T 
E 
T 

T 
E 
T 

P.E. 
T 

T 
T 

CNPS 
REVD 

3-2- 1-3 
3-2-2-3 
2-1-1-1 
2- - -2 
3-2- 1 -3 
3-1 - 1-3 
2-1-1-3 
1 -2- 1 - 1 
3-2-2-2 
3-3- 1-3 
3-3-3- 1 
3-1- 1- 1 
3-3- 1 -3 

3-3-3-3 
1-2-2-2 
2-1 - 1-3 
2-1-1-3 

3-3- 1 -3 
3- 1-1 -3 
2-1-1-2 
3-2- -2 

3-1-1-3 
3- 1 - 1-3 
2-1 - 1-3 

P.E. -3 
2-1-1-3 
3-1-1-1 
3- 1 - 1 -3 
2-1 1-3 

- 

c 

OCCURRENCE : 
NATIONAL FOREST 

C I eve1 and 
I nyo 
I nyo 
I nyo 
I nyo 
Inyo, S ie r ra  
Inyo, Sequoia 
San Bernard 1 no 
S ix  Rivers 
Tahoe 
Shasta-Tr i n I t y  
San Bernardino 
Mendoc I no 

C I eve1 and 
Cleveland 
Six Rivers 

Sequoia 
Cleveland 
Shasta-Trinity 
Lassen, tbdoc, 

Los Padres 
K I amath 
Angeles, San 

Bernard I no 
Mendoc i no 
Ange I es 
Shasta-Trinity 
Shasta-Trinity 
Klamath, Shasta- 

S hasta-Tr i n i t y  

T r i n i t y  



... 

PLANT 
CODE 

CAOB- 1 
CAPA-4 

CAT0 
CAWH 

- 

CABR-9 

CAC I -2 
CACU-2 

CAGL-3 
CALA-7 

CAMAE 

CAMIE 

CAAMB 

CEPRL 

CHPA-6 

CHBR-2 
CH I N-3 
CHLE-3 

CHRE 
CLLI-1 
CLSP-3 
CLLAP 

6 

NAME - 
Carex obisponeneis Stacey 
Carex paucif ructa Mkae. 

Carex tdlnkinsii J .  T. Howl1 
Carex whitnegi Otney 

CastiBleja brevdlobata Piper 

CastbEle ja  cinerea Gray 
CastfEleja CulbePt8Cmii Greene 

CastdEteja ' m r t i n i i  A b m s  var. e m n i i '  (EaStW.') N. 

CastiBleja '&n&ta Doug1 . ex Rook. ssp. elata (Piper) 

Cautmthus a?np~ex&?au~is Wats. var. barbarae (J .  T. 

Holmgren 

Mrllza 

How3 2) M u m  
Ceunothus p P 0 8 t m t U 8  Benth. Var. hXt48 Jeps. 

Chaenactis parishii Gray 

Chorixanthe breweri Wats. 
Choriaanthe insignis' Cumvtn 
Choriaanthe  levt too eras (Garul Wats. 

Chorixanthe rectispina Goo&. 
Clarkia lingulata Lewis &Lewis 

Ctajtonia * lanceozata Pursh. var. peirsonii M. & J .  

SM I THS . 
I NST I T. 

T 
T 

E 
T 

T 

T 
T 

T 
T 

T 
T 

T 

T 
T 
E 

T 
E 

T 

CNPS 
REVD 

2- 1-1 -3 
2-1-1-3 

3-1-1-3 
1-2-1-3 

- 

2-1- 

2-2- 

2-1- 

-2 

-3 

-3 
2- 1-1 -3 

2- 1 - 1-3 
3-1-1-3 

3- - -2 

2-1 - 1-3 

1-2-2-3 

2-2- 1-3 
3-1-1-3 
2- - -3 
2- 1 - 1-3 

OCCURRENCE : 
NATIONAL FOREST 

Los Padres 
Tahoe, Lake Tahoe 

Basin 
S i  e r ra  
Stanislaus, 

Sierra, Lake 
Tahoe Basin 

Rivers 
Klamath, S ix  

San Bernard i no 
I nyo, Sequoia, 

Ange I es 
Plumas, Sequoia, 

S l e r ra  

Sier ra 

San Bernard i no 

K I amat h 

Los Padres 
Klamath, Shasta- 

T r  i n  I t y  
Cleveland, 

San Bernardino 
Los Padres 
Los-Padres 
Angeles, San 

Bernard ino 
Los Padres 
Sier ra 
Sequoia 
Angeles, San 

Bernardino 

c 



.. .. 

c I 

PLANT 
CODE - CNPS 

REVD - SM I THS . 
I NST I T. 

OCCURRENCE : 
NATIONAL FOREST NAME - 

COCA- 1 2 
COTEP 
CRCR- 1 
CRRO- 1 
CRSC 
CRSU 

3- 1-1 - 1 Modoc 
Shasta-Trlnlty 
Shasta-Trinity 

' lnyo 
I nyo 
Modoc, Shasta- 

T r  i n  I t y  

C I  eve1 and 
Klamath, Shasta- 

T r i n i t y ,  S ix  
Rivers 

Los Padres 
Sequo i a 
Six  Rivers 

Cordgtarithus capitatus Putt . 
CordgZanthus t,enuis Gmg ssp. paElescens Penn. 
Cryptantha crinita Greene 
Cryptantha roosior6m Muna 
Cryptantha scoparia A. Nets. 
Cryptantha subretusa Jtn. 

CUp?WSSUS 8tephe?lsO?lii cm B .  Wolf (SF: CUpPeSSUS 
arizonica var. (wolf) LittZe) 

Cypripeditbn cat 

Delphinitbn hutchinsme Ewan 
(Jepson) Led6 & E l p .  

Walp. 88pm t?Wga ' (EaStWm) 
(sytr: DScetltm fOhO8a Var. 

neVade?~6%8'(Ea8twm) M W i Z )  
Dicentm. ochroleuca Ehgetm. 
Di86anthtdif.h caZifornictim'(flutt.) Benth. 
D i t d 8  cazifomzica (Bdg.) P a s  8 K. Hoffm. 
Dmba asterophora Pays. Oar. asterophora 

Dmba asterophora Pays . vap. 'mrocarpa C. L. Hitch 

E 
T 
E 

T 
T 

T 

T 
E 

PmEm 
T 
T 

T 

T 

T 

\T 

T 

T 
T 
T 

PmEm 

2-2- -3 
3-1 - 1-3 
3- 1 - 1 - 1 
2- 1-1 -2 

CUST 
2-1-1-2 

CYCA-2 

2-2- 1-3 
2- 1 - 1-3 
2-2-2-2 

DEHU 
DElN 
DiFOO 
D I NE-2 

3- 1 - 1 -3 Sequo i a 
Los Padres 
Los Padres 
San Bernard i no 
E l  Dorado, Lake 

Tahoe Basin 
E l  Dorado, Lake 

Tahoe Basin 
El  Dorado, 

Sequoia, Lake 
Tahoe Basin 

Inyo, S ier ra 

D I E - 1  
DICA-1 
D I CA-4 
DRASA 

P.E.--2 
2- - -3 
3- 1-1 -2 

DRASM 3-1-1-3 

2-1- -1 DRCRC-2 C m b a  cruciata Payson var. cmtciata 

DRCR I 
DRHOC 

DRNIE 
DRSTR 
DRAN 
DRF I 
DUDE 
DUV 1-2 
ECENM 

ELBR-2 

Dmba cruchta Payson var. ZntegAfoZh Hitch. Q Sharm. 
Dmba howeEZii Wats. var. camtosuZa'(0. E. Schula) C. L. 

Dmba nivalis Liljebl. var. elongata Wats. 
,Drabs 8tenOZOba Ledeb. var. rCimosa C. L. Ritchc. 

Dudlega densif Zom (Rose) M o m  

Echimcereus enge~nmnnii (Parry) Lem. var. munaii (Parish) 

Rlodea brandegeae St .  John 

Ritchc . 
Drosem ang2iCa h d 8 .  
DW@e?d8 f $z&hZ8'  (L S C h O t t  

V w a t s . )  M o m  

Pierce 

3-1-1-1 

Shasta-Tr i n  i t y  
I nyo 
Lake Tahoe Basin 
Klamath, Tahoe 

- - -3 
2- 1-1 -1 

2- 1 - 1 - 1 
P. E .-- 1 
2-2-2-3 
2-1-1-3 
2-1 - 1-2 

- - -  
no 

no 

San Bernard 
Ange I 8s 
C I eve1 and 
San Bernard 

Ta hoe P.E.--3 



PLANT 
CODE 

EPN I 
ERBR- 1 
ERTR- 1 

ERAE 

ERBLN 

ERDE-3 
ERFL 

ERMU-3 
ERPA-2 
ERAL-3 
ERAM-3 
ERBR-5 
ERBRS 

ERBU 
ERCO-8 

ERD 1-4 
ERH I -2 
EWE- 1 

- NAME - 

Erigeron aeqtdfolius Hall 

Erigeron btodmeri Gray var. n u t u s  ,+zy) Cronq. 

Erigeron delicatus Cronq. 
Erigeron fi!exuosus Cronq. 

Erigeron 'muzticeps Greene 
Erigeron parishii Gray 
Eriogontbn alpin& k2getm 
Er iogmh cimpuEZacetbn J .  T. Howell 
EPioaontim breedlovei '* (J .  T. HmeEi!) Reveal " 

Eriogmtbn breedlovet' ( J .  T, Roosll) Reveal var. shevockii 
J .  T. Howell 

Eriogontbn buttervorthhlbn J .  T. Horn11 
Eriouonzim conudonii'.(S. Stoked) Reveal " ., 
Eriogontbn d i c l i n h  Reveal 
Eriogonh hirtezlhn HoweEl Q Bat?@. 
Eriogontbn kea loggfz' Grag 

ERKEA-2 Eriogontbn kennedgaFPorter ex Wats. var. austrdmontanth 
( m a  ' a  F~ohnso?ii stokes 

ERLA-4 
ERMl J 

EROVV 
ERPR-4 
ERRU 
ERS I 

c 

EriogonGm latens J e p  . 
EPiogontbn'm&?rothech Mutt. var. iohnstonii Reveal 

SM I THS 
I NST I T . 

T 
T 
E 

T 

T 

E '  
T 

T 
T 
E 
T 
E 

E 
T 

E 
E 
T 

T 
T 
E 

E 

T 

CNPS 
REVD 

3- 1-1 -3 
2- 1 - 1-3 
3-2-2-3 

3-1- -3 

- - -2 

P. E . --2 
2- 1 -2-3 

3-1 - 1-3 
3- 1 - 1-3 
3- 1 - 1-3 
2-1-1-3 
3-2- 1-3 

3-2- 1 -3 
3- 1 - 1-3 
2-2- 1 -3 

3-3- 1-3 
3-2- 1 -3 
3- 1- 1-3 

2-2- 1 -3 

3-1-1-3 

2-2- -3 
3-2-1 -2 
3-1-1-1 
3-2-1 -3 

- 
OCCURRENCE : 

NATIONAL FOREST 

Mendoc i no 
Mendoc i no 
Mendocino, 

S hasta-Tr i n i t y  
Inyo, Sequoia, 

S ie r ra  
Klamath, S ix  

Rivers 
Six  Rivers 
Klamath, Shasta- 

T r i n i t y  
Sequoia. 
San Bernard i no 
Shasta-Trinity 
I nyo 

Sequoia 
Los Padres 
Klamath, Shasta- 

T r  i n  i t y  
K I amath 
K I amath 
Mendoc I no 

San Bernard I no 
I nyo 
Angeles, San 

Bernard 1 no 
San Bernard i no 
Modoc 
I nyo 

'K I amath, Shasta- 
T r i n i t y  

c 



c 

PLANT 
CODE NAME - - CNPS 

REVD - SM I THS . 
I NST I T . OCCURENCE : 

NATIONAL FOREST 

T 
E 

3-1-1-3 
2-2- 1-3 

Sequoia 
Angeles, San 

Bernard ino 
Ta hoe 

I nyo 
Los Padres 
Sierra, 

Stanislaus 

ERTW Erlogontkn t&88etmZnnii (J. T. Horn1 I Reveal 
ERUMM-1 Eriogon~m tbnbeZlat2im Torr. var.  nus I. M. Johnst . 

E 3-2-2-3 ERUMT 
ERWRO 

- Eriogontbn tbnbeElattim Torr. var, towepanh (Crag) JOne8 
EAogonh wrightii Torr. ez Benth, i n  DC. var.  otanchense 

( J ,  T. Howell) Reveal E 
E 
T 

3- 1-1 -3 
3-2-2-3 
3- 1-1 -3 

ERLAH 
ERNUC 

EtriophgZ Ztkn lanat6.m (Pursh) Forbes var . haztii Const . 
Erlophyll th nubigkntbn Greene var. congdonii (Bag. 1 Const 

ERGRP-3 Erythmi t im grrmdiflomim Pursh. ssp. pusaterii Muna & 
Howell E 

T 
T 
T 

3- - -3 
1-2-1-3 
2- 1 -1 -3 
2-2-1 -2 

Sequo i a 
Stanislaus 
Shasta-Tr i n i t y  
Shasta-Trinity, 

S i x  Rivers 
Sequoia, 
P I mas 
Mendoc i no, P I mas  
Sequoia 
Los Padres 
Los Padres 
Modoc 

ERTU Erythronizim tuolzhnense Applegate 
EUSH Eupatodtbn shastense Taylor 6) Stebbin$, ined. 
FRUM F?%8e?~ &Q7t7u&en8&3 Peck d Appleg. 

T 
E 
T 
T 
E 
T 
E 

E 
E 
E 

T 
T 

T 

P.E. 

2- 1 - 1-3 
2-2-2-3 
1-2-2-3 
2-2- 1 -3 
2- 1-1-3 
2-1 -1 -3 
3-2- -3 

FRBR FrlttCZZar&z brvzndegei Eastw. 
FRPH Fdtt%Zla* phaeanthervz hhstw. 
FWL-2 P+tt ibZaA pturi f lom Torr. Benth. 
FRST F&tiEzar& S t A t a  &SI%. 

steb . GACAL 
GACL 
GAGLM modocense 

Demv. & Ehrend. 
GAGR-2 Galit.& g d e  McCtatchie 
GAHA-2 GaZirbn hardh&naae Demp8teP 
GASES-1 GaZitbn serpenticih Demp. ssp. scottictbn Demp Q Ehrend. 

GEFR Gent* frkmontii Torr. 

2- 1 - 1-3 
2-1-1-3 

-3 

Ange I es 
Los Padres 
Klamath, Sh-sta- 

T r i n i t y  
San Bernard i no 
Angel es 
I nyo 
Shasta-Tr I n I t y  

3-3- 

2-1- 
3-3- 
3-1- 
2-1- 

- -  

-1 
-3 

-3 
- 

I 

GUCA Gutierrezh califomzica (DC.) T .  d G. 
HAV I Halimolobus Virgata (Nu t t  Schula 
HAOP Hab~ovavvus ovhiditis (J .  T. Howell) Keck 

.. < -3 
P.E.--3 

San Bernard ino 
San Bernardlno 

I 
% 



- -  

PLANT 
CODE 

HEAD 
HEDR 
HEBR 
HOTU 
HOW I 
HOAQ 
HUlN 

I RTEK 
I VAR 
I VCA-1 

JUH I 
LAZ I 
LEBE 

LECO- 1 

LED I -2 
LEPY L 
LESE 
LEST-2 
L I oc-2 

- 

ivpr 

LlVO 

LIWAM 

LlWl 

LlGW 
LlKl  
L IORP 

Loco- 1 
LOFO I 

c 

NAME - 
He8pePO&inO?a adenophgElth (Gray) Small 
He8pePOlinO?a dr&a&odes (Curra?i) m a t t  
Reuchera brevisthinea Wiggins 
HorkeZk tularensis"(Syn: Potent%Ela tularensis) 
Horkelia A l d e m e  Pa&& 
HoweZZh aquatit& Gray 
l r~u~sea  inyoensis (Keck) Muna (~yn: ~ u t s e a  vesti ta sap. 

I v e s h  argyrocdma '. (Rydb .' ) R$b . 
I vesh  call& (Hall) Rgdb. 
Ivesia vickeri'm4i Torr. ex Grau 

SM I THS . 
I NST I T. 

T 
T 
T 
T 
E 

T 

E 
T 
E 
T 
E 
T 

L d s h  disepala Rydb. T 
L d 8 h  pyjmea (Gray) Rob. ssp. hngipetala (Piper) Ferris T 
L d s k  serrata Heckard & Stebbins T 
Lewis& stebbinsii Gankin & Hildreth 
LiZitim occidentaZe purdy 

L i l i t u n  vo3Emei.i Eastw. 

T 
E 

T 

L i t i t b n  mshingtoniantbn Kelt. var. minus purdy T - 
T 

L d m t i t i m  foenioulacetbn (Nutt.) Coult. dl Rose sap .  inyoense 
(Math. & Const.') Theobatd T 

CNPS 
REVD 

2- 1 - 1-3 
2-1 - 1-3 
2- 1 - 1 -3 

2-2- 1 -3 
3-1- - 1  
2-1 - 1-3 

3-2-2-3 
2- 1 - 1-3 
P. E.--3 
3- 1 - 1-3 
2-2-2-3 
3- 1 - 1-3 

2-2- -3 
2- - -3 

2-1- 1-3 
2-1-1-3 
2- 1 - 1-3 
2- 1 - 1-3 
P.E.--2 

- 

1-2-2-3 

2- 1 - 1  -2 

2- 1 - 1-3 

2-2-2-3 

3-1 - 1-3 
2-2-2-3 

2- 1 -1 -3 

OCCURRENCE: 
NAT I ORAL FOREST 

Mendoc I no 
Mendoc I no 
Cleveland 
Seq uo i a 
San Bernard I no 
Mendoc i no 
I nyo 

Six  Rivers 
San Bernard ino 
San Bernardlno 
Shasta-Tr i n i t y  
S I  er ra  
San Bernardino 

San Bernard ino 
Sierra, 

Stanlslaus 
Sequo I a 
E l  Dorado, Tahoe 
E l  Dorado, Tahoe 
Mendoc I no 
K 1 amath , Shasta- 

T r in i t y ,  Six 
R i vers 

Klamath, S I X  
R I vers 

Klamath, Shasta- 
T r  i n  I t y  

Klamath, S ix  
R i vers 

Cleveland 
San Bernard ino 

CI eve1 and 
Stanlslaus 

I nyo 



c 

PLANT 
CODE 

LOHO 

LOPE-2 
LOFU 
LORI-1 
LUCE 
LUC I c 
LUC I D 
LUDE-2 
LUDU 
LULU-2 
LUSP-3 
LUTR-2 

- 

MACAZ 
MALA 

MAPAL 
MAPAP 
MAPA-4 
M I  NUS 

M I  EX 
M I  PU-3 

M I  PY 
MIWH-1 
MOHY L 
MOL10 
MOMAH 

MOST 
MYHA 

(Congd . 1 Jepstm 

Machaeranthera canescens (Pursh) Gray var. aiegleri Mtma 
Machaerunthera l a m e n s i s  Keck 

MataCOthamn~8 patrneri (Kats.) Greene var. tucianus Kearney 
MaZaCOthtimnU8 patmeri (vats:) W e n e  var. pazmeri 
Matelea v a r v i f o l h  (Torr. I Woodson - .  

Microsspis n&ms ' (Hook .'I- Sch. B i g .  8 S p o  siskiyouensis 
Chambers, ined. 

5 Grant 
M a a r d e Z  Za huvoteuca Gray 88po 1 lanuta 
MonardeEla * l i n o E G m y  8 S p o  o b t o n ' ,  
MonardeZZa'mrantha Gray var. d 

m a  
Abrams 

Mmrdetta stebbins{$ Har&F,cim 
Myrica hartwedi Wata. 

SMITHS. 
I NST I T. 

T 

T 
E 
T 
T 
T 
T 
T 
T 
E 
T 
E 

T 

T 
T 

T 
T 

E 
E 
T 
T 
E 

T 

CNPS 
REVD 

2-1 -1 -2 

2-2-2-2 
3-2- 1 -3 
2-2- 1-3 
2-1-1-3 
2- 1 - 1-3 
3-1-1-3 
3-2- 1-3 

2-2- 1-3 
2-1 - 1-3 
3-2-2-3 

- 

2- - -3 
2-1-1-3 

3-20 1 -3 

3- 1-1 -2 

2- 1-1 -2 
2-1-1 -3 
2-2- 1 -3 

3-1 - 1-2 
3-1-1-3 
2-1 - 1-3 
2-1-1-3 
2-1-1-3 

3-1- 1-3 
2-1-1-3 

C 

OCCURRENCE : 
NATIONAL FOREST 

Klamath, S ix  

Shasta-Tr i n  i t y  
Lassen 
I nyo 
Los Padres 
Si er ra  
Sier ra 
I nyo 
I nyo 
Los Padres 
Sier ra 
Klamath, Shasta- 

T r i n i t y ,  S ix  
Rivers 

San Bernardino 
C I eve1 and, San 

Bernard ino 
Los 'Padres 
Los Padres 
San Bernard i no 

Rivers 

K I amath 
San Bernard I no 
Angeles, San 

Bernard i no 
Lassen, Modoc 
Stanislaus 
Cleveland 
Los Padres 
Cleveland, San 

Bernard i no 
P l m s  



PLANT 
CODE 

NAPRL 

NASE 
NETW 
OPCA 

OPVU 
ORTE 
ORVA 
ORLA-2 

PASH 
PEDU 
PEHO- 1 

PECA-2 

PEC 1-2 

- 

PEF I 
PEPA-3 
PEPE-4 
PER 

PEEXA 

PEBA 

PELE-2 
PEPAP 

c 

NAME - 
Navarretia protifern Greene s8p.  %lutea (Bmnd) Mason 

Navarretia 8etCtoba Coo. 
NdrmzoZadus tw&we~mannii J. T. Howelt 

’ (sp: OphiOgZO88t.h 

Ophiogtosstim vutgattbn L. 
Orcuttia tenius A. S. Hitchc. 
Orobanche vatida Jeps. 
Orthocarpus 6 tasiorhynchus Gray 

Pa?&?& shastense Scribn. & Merr. 
PedicuZaris dudleyi Elmer 
Pedicutaris howettii G m y  

Penstimon caZifornicus (M. & J.) Keck 

Penstgmon cinicsta Keck 

Penstimon fCZi foMs  (Keck) Keck 
Penstiman ppCZZatus J. T. HoweZZ 
Penstemon personatus Keck 
Penstdmon t m c y i  Keck 

Pentachaeta d t i s  (Gray) Reck 66p. aeotica Van Horn & 

Perideridia bacigatupii chuang & Const. 
o?Vduff 

Perideridia .leptocarpa chuag 81 Const. 
Perideridia parishii (Coutt. & Rose) Nets. & Mzcbr. ssp. - - _ -  parishii 

SM I THS . 
I NST I T . 

T 

E 
T 

T 

E 
P.E. 
T 

E 
T 

T 

T 

T 
T 
E 
T 

T 
T 

T 

CNPS 
REVD 

2- 1 - 1 -3 

2-2- 1-3 
3- 1-1 -3 

2-2- 1-2 
P.E.--l 
3-3-2-3 
P.E.--3 
1-2-2-3 

P.E.--3 
2- 1 -1 -3 
2- 1 - 1 -2 

2- 1 - 1-2 

2- 1 - 1 -2 

- 

2- 1 - 1-3 
2- 1 - 1 -3 
3- 1 - 1-3 
3-1-1-3 

2-2- -3 
2-2- 1 -3 

2-2-2-3 

2-2-2-2 

OCCURENCE : 
NATIONAL FOREST 

E l  Dorado, Lake 
Tahoe Basin 

Sequoia 
Sequo i a 

C I eve I and 
Shasta-Trinity 
Lassen 
Ange I es 
Cleveland, San 

Bernard ino 
Shasta-Tr i n  i t y  
Los Padres 
Klamath, S ix  

Rivers 
Cleveland, San 

Bernardino 
K I amath , Lassen 

Modoc, Shasta- 
T r in i t y ,  S ix  
Rivers 

Shasta-Trinity 
I nyo 
Plumas 
Klamath, Shasta- 

T r  i n i t y  

Los Padres 
Sier ra , 
K I amath 

Stanislaus 

San Bernard Ino 



c 

PLANT 
CODE - 
PEPR 

PHCO-5 

PHDA 

PHGR-2 

PHNO 
PHOR 
PHST-2 
PHDO-2 
PHH I 
PHAR-3 

PlCA 

PLD I -2 
POAT 

POP I 

PODOP 

POTU 

RAMU-2 

RAPR 
RAHY ' RHGLC 

R I CA-2 
ROSU-2 

~. . . 

C 

NAME - 
Perideridh pringlei (Coutt. & ROSS) Nets. & Mcbr.  

Phacetia cooksi Constance & Heakard 

Phacelia daleshm'J. Tm Howtd1 

Phaceth gpeenef Jm T .  H m 3  

I 

Ftagioboth$ir8 , d i s tmt%~orus  ' (Pipet) Jtn.  
Poa atropurpu rea Scribn. 

Kukenthat 

SM I THS 
I NST I Tm 

T 

E 

T 

T 

T 
T 

E 
T 

T 

T 
E 

E 

E 

T 

T 

T 
T 

CNPS 
REVD - 

3-2-2-3 

3-1-1-3 

3-1-1-3 

3- 1 - 1 -3 
2-1-1 -3 
2- 1 - 1-3 
2-1 -1 -3 
3- - -3 
2-2-2-2 

2-2-2- 1 

2- 1-1 -3 
3-1-1-3 

2-2-2-2 

2-2-2-3 

3- 1-1 -3 
2- 1 - 1 -3 

3-2- 1-3 
3-2-1-1 

2-2-1-1 
2- 1- 1-3 
2-2 -2 -3 

OCCURRENCE : 
NATIONAL FOREST 

Los Padres, 
Sequoia 

Klamath, Shasta- 
T r  in  I t y  

Klamath, Shasta- 
T r  En I t y  

Klamath, Shnsta- 
T r i n  i t y  

San Bernard i no 
K I  amath 
Cleweland, San 

Bernard ino 
K I amath, Sequoi a, 

Bernard ino 
Klamath, Modoc, 

S hasta-Tr i n  i t y  

Mendoc i no 

Sequoia 
Los Padres, 

Shasta-Trinity 
I nyo 

f a  hoe 
Cleveland 
Tahoe, Lake Tahoe 

Bas in 

Sequola, S ier ra 



PLANT 
CODE 

SACOZ 
SAHO- 1 
SAPE 
SAJR- 1 
SACH- 1 
SAAM 
SCBR 

SCPO 

SEBE 
SEGA 
S l H l A  
SlHlH 
SlHlP 

S IORH 

SIPE 
S IRO-2 
SI IN 

- 

S I MA-4 

SOTE-2 
SPOB 
STLEP 
STCOP 
STFA 
STFE 
STGR-2 
TACA-3 

c 

NAME - 
Salvia catumbariae Benth. var. aiegled Muna 
Sanicula hoffmni; (Muna) &an di Const. 
Sanicnla veckiana k c b r .  
SanicuZa i m c y i  ~han 61 const. 
Satureja chandt er i  (Bdg.) Druce 
-ktz D. C. Eat. 
Schoenotirion bracteostim (Wats . 1 Jeps . 
Sc~eroccactus polyancistrms'(Engetm. 61 Rigelow) Britton & 

Rose 
Senecio bemardinus Greene 
Senecio gandet.i Barkley 61 
Sidalcea h i c h n i i  Greene 
Sidalcea hCclZmzni3 Greene 
Sidalcea hiclimmii Greene 

H i t C h C .  

L. Hi tch .  

'Rob.) C. L. 

'Sidatcei oregana (pu t t . )  Gray sap .  hydrophita (Hetler) 
C. 1;. Hitcho. 

Sidalcea pedata Gray 
Sidazcea robusta Heller ex Roush 
Silene invisa Hi tch .  61 kgu i re  

Sitene'mahorens~s Kruckeberg 

Sotantbn tenuitobattim Parish 
Sphenopholis obtusata (Mich.') Scribn. 

(Vasey) Scribn. var. ubesceno Cmmpton 
Nutt. var. iutens %-- 8 J. T. Howett 

Streptanthus farnsworthian<s J .  T. + How 
Streptanthus f enestmtus " (Greendl ' J .  T. How011 
Streptanthus gmcitis &etw. 
Tamxac6.m ca l i fo rn ich  M .  '61 J .  

SM I THS . 
I NST I T. 

T 
T 
T 
T 
T 
T 

T 
T 
T 
E 

E 

T 

E 
T 
E 
T 
T 
T 

CNPS 
REVD 

2-1 -1 -3 
2-2- 1-3 
2- 1-1 -2 
3-2- 1-3 
1-2-1-2 
3-2-2-2 
2-1-1-2 

- 

2-2-2-2 
2- - -3 
2- 1 -1  -3 
3- 1-1 -3 
2-1-1-3 
2-2- 1 -3 

2- 1-1 -3 
3- - -3 
2-2-2-3 
3-2-2-3 

2- - -3 

2- 1 - 1 -3 
2- 1-1 - 1  
3-3-1 -3 - - -3 
2-1- -3 - - -3 
3- 1 - 1-3 
2-2- 1 -3 

OCCURENCE : 
NATIONAL FOREST 

San Bernard ino 
Los Padres 
S ix  Rivers 
Six  Rivers 
C I eve1 and 
K I amath 
Klamath, S ix  

R I vers 

1 nyo 
San Bernardino 
CI eve1 and 
Los Padres 
Los Padres 
Los Padres, San 

Bernard ino 

Mendqc I no 
San Bernard i no 
Lassen 
E I Dorado, Fl mas, 

Stanislaus, 
Tahoe, Lake 
Tahoe Basin 

Klamath, S ix  
R i vers 

Cleveland 
S I e r ra  
Mendoc I no 
Sequo I a 
Sequola, S ier ra 
Sier ra 
I nyo 
San Bernard i no 

c 



t 
E 

I 

c 

PLANT 
CODE 

TAGL 
TAW 

THBR 

THJA 

THST 
THMAA 
TRBO 
TRDE-2 
TRLE 
VACO 
VECO-2 

VECU 

- 

V i  LAO 
V IT0 

- 

NAME - 
Tauschia gtauca (Coutt. d; Roeel Math. Q Const. 
TaU8Chi& hawe3Z'ii (Coutt. dl Rose) Racbr. 

Thetgpodith brachgcarptim T o r r .  

Wota 'tanceotata L. ssp. occidentatis &rap)  €iuseett 
v w l a  tdmentosu Bakm Q Ctausen 

SM l THS 
INSTIT. 

T 
T 

T 
T 
T 
T 
E 
T 
T 

T 
T 

CNPS 
REVD 

2-1-1-2 
2-2-2-2 

2-2- 1 -2 

3-1-1-3 

2-1-1-3 
3-2-1-3 
2-1-1-3 
3- 1 - 1-3 
3-2- 1 -3 
2-1-1-2 
2-1-1-3 

2-1-1-2 

- 

2- - -2 
2-2- 1 -3 

C 

OCCURRENCE : 
NATIONAL FOREST 

S I X  Rivers 
Klamath, S I X  
R i vefs 

Klamath, Shasta- 
T r  I n  I t y  

l nyo 

San Bernard Ino 
Los Padres 
Sier ra 
I nyo 
Plumas, Tahoe 
K I  amath, P I  umas 
Klamath, Shasta- 

Tr  i n I t y  
E l  Dorado, Inyo, 

Sterra, Tahoe, 
Lake Tahoe Basin 

Six  Rivers 
E l  Dorado, 

Plumas, Tahoe 





APPENDIX V 

1416 NINTH SREn 
SACRAMENTO, CALIFORNIA 93814 

(916) 322-1945 

STATE OF CALIFORNIA-ESOURCES AGENCY 

DEPARTMENT OF FORESTRY - FOREST RESOURCES ASSESSMENT PROGRAM 

EDMUND C. BROWN JR., G- 

P- 1 

October 23, 1978 

(Sent t o  the Planning Departments of a l l  California counties 

We are undertaking a resources assessment of a l l  forested land i n  California under 
private and public ownership, as mandated by the Forest Resources Assessment and 
Policy Act of 1977. One objective of the program is to  describe the mana ement of 

regional entities, such as park systems and water d i s t r ic t s .  To t h i s  end, we would 
greatly appreciate your providing us, by November 27, 1978, w i t h  information (see 
Table below) for  local publicly owned u n i t  of forested land w i t h i n  your county 
that  has a minimum tree canopy cover of ten percent and encompasses 100 acres or  
more. 

I f  we do not hear from you by November 27, we will assume your county does not have 
any local public forest  land meeting the above cr i te r ia ,  To save your time, we 
have included an extra copy o f  t h i s  letter, the table of which could be completed 
and returned t o  us, attention FRAP (Forest Resources Assessment Program). I f  you 
have any questions, please contact Peter Wyckoff a t  the above number. Thank you. 

local public forests. This would include forests managed by county, mun ? cipal,  and 

Sincerely, 

L. A. MOWN 
Director 

County - _  

City, County, Multi-county, etc.  
Rough acreage of forested land not occupied by administrative f ac i l i t i e s  
(buildings, parking, pasture, etc.). 
Township, range, section($). 
Such as  recreation, wood production, forage, watershed protection, nature study, 
w i  Id1 i fe protection, f i sh ing  , hun t ing  , resource preservation. 

1 

CONYUVATION IS WS€ USI-KCEC U U T O I N I A  0- AND O W I N  





APPENDIX VI 
FOREST SERVICE ‘INVENTORY PROCEDURES AND DATA RELIABILITY 

. .  

The s t a t i s t i c s  fo r  nat ional  forests lands tha t  are included in  t h i s  Report were 
co l lected by nat ional  fo res t  personnel. Data fo r  a l l  other lands were co l lected by 
Forest Survey personnel o f  the P a c i f i c  Northwest Forest and Range Experiment Sta- 
t i o n  i n  Portland, Oregon. Detai led procedures fo r  most of the inventor ies have 
been published i n  resource area repor ts  (Oswald 1968, 1972, and 1978; Oswald and 
Waiton 1966; Bolsinger 1976 and 1978; and Wall 1978). 

Lands outsi.de nationa I forests except those in  southern Ca I i forn i a  and nationa I 
forests  north of Lake Tahoe were inventoried using a double sampling design. 
F i r s t ,  ae r ia l  photo sample p lo ts  one acre i n  s ize were d is t r ibu ted  systematical ly 
across the  area and c l a s s i f i e d  i n t o  comer ica l  forest, noncommercial forest, and 
nonforest. Commerical fo res t  p lo t s  were fur ther  c lass i f i ed  i n t o  several stand vol- 
ume classes. I n  addition, p lo t s  outside nat ional  forests were c l a s s i f i e d  by k ind 
of owner, using county tax  assessor records. A random sample of f i e l d  p lo t s  was 
selected proport ional  t o  the  number of ae r ia l  photo p lo ts  i n  each land and volume 
c lass on nat ional  forests and i n  each land, volume, and ownership class on lands 
outside nat ional  forests. The f i e l d  sample was used t o  ad just  the ae r ia l  photo 
sample for photo in te rpre ta t ion  er ro rs  and changes since date of photography and 
a l so  t o  provide deta i led stand data such as stocking by species, volume by size, 
class, etc. F ie ld  p lo t s  consisted of 10 sample points d i s t r i bu ted  over an acre. 
The variable-radius p l o t  sampling p r i n c i p l e  was used to  se lect  t a l l y  t rees o f  5.0 
inches and larger. Trees smaller than f ive- inch diameter-at-breast-height (dbh) 
were t a l l i e d  on a c i r c u l a r  f i xed  radius plot.  Where no trees were t a l l i e d  a ground 

For the  nat ional  forests south of  Tahoe National Forest, the present Forest Serv- 
i ce  Region 5 inventory systems were used. A type-map was made on which commercial, 
noncommercial, and nonforest land classes were delineated. Comnercial fo res t  areas 
were then fur ther  div ided i n t o  stand condi t ion classes and major types. Type- 
mapped areas o f  noncommercial and nonforest land were accepted without ground 
checking. The commercial forest  area was sampled w i th  f i e l d  p lo t s  d is t r ibu ted  pro- 
por t ional  t o  area by condi t ion class and major type. F ie ld  p lo t s  consisted of  f i v e  
sample points 132 f ee t  apart  i n  an L-shape. A t  each point, the variable-radius 
plot-sampling p r i n c i p l e  was used t o  se lect  t a l l y  t rees one-inch dbh and larger. 
Trees smaller than one-inch dbh were t a l l i e d  on a c i r cu la r  f i xed  radius plot .  

LJ 

J cover class was recorded. 

For lands outside nat ional  forests  i n  southern Cal i fornia,  the baslc data col- 
lected for Forest Survey Release 25, 1954; and the State of Ca l i f o rn ia  F ish and 
W i l d l i f e  Pian, 1966; were used along w i th  records of timberland and brushland con- 
versions t o  approximate fo res t  areas and timber volumes in  1975. 

Growth and mor ta l i t y  estimates fo r  the nat ional  forests and lands outside nation- 
a l  forests  except those i n  southern Ca l i f o rn ia  were developed from 10-year incre- 
ment borlngs and five-year postdating o f  dead trees. 

A t o t a l  o f  21,112 ae r ia l  photo p lo t s  were examined and 1,752 ground p lo t s  estab- 
l ished on commercial fo res t  land outside nat ional  forests. I n  addition, about 
39,000 aer ia l  photo p lo t s  and 1,500 f i e l d  p lo t s  were examined by the Forest Survey 
on noncommercial fo res t  lands. About 3,600 f i e l d  p lo t s  were established on com- 
merical fo res t  land i n  the national forest. 

LJ 
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TABLE VI-1 
. 

Data f o r  the  Northern In te r i o r ,  Sacramento, San Joaquin, and Central Coast re- 
source areas were accepted as of  time of  inventory, except for  adjustments made t o  
account fo r  major ownership changes. For the North Coast revis ions were made by 
t h e  Forest Survey t o  account fo r  park expansion, cut t ing,  growth on surviv ing t rees 
5.0 inches dbh and larger, and grow*h on t rees estimated t o  have grown i n t o  the 5.0 
inch or larger class since the inventories. 

The regional reports i n  which most of the timber resource data were or ig ina I l y  
published contain d e t a i l s  on t h e i r  r e l i a b i l i t y  (see Bolsinger, 1976 and 1978; 
Oswald 1968, 1972, and 1978; Oswald and Walton 1966; Wall 1978). The confidence 
in te rva l s  of the  t c t a l  area and volume estimates from these regional. reports are 
shown i n  Table VI -1 .  

c*.i 

TOTAL TOTAL 
COMMERCIAL "CCM4ERC IAL I FOREST 1 FOREST (1) 

TABLE V I - 1  

RELlABlLlM OF THE ESTIMATES OF CCWERCIAL FOREST, NONCOMMERCIAL FOREST, 
AM) GROWING SToaC VOLWE, CALlFORNiA 

TOTAL GROW ING 
STOCK VOLWE 

I I I 

North Coast: 
Del Node County 
Humbol d t  County 

RESOURCE AREA 

- +2.9 
+1 e4 - 

I I 1 

1 I I 
CONFIDENCE INTERVAL I N  PERCEk, 

68-PERCENT PROBAB I L ITY I 

Central Coast 
Northern ln te r lo r  
Sacramento 
San Joaqu 1 n 

- +l.l 

- +3,7 
- +le5 

WA - +17*0 
+ 4.3 - 
+ l e 6  
+ 2.8 
+ 4.0 
+ 1.8 

- 
- - 
- 

- M.1 
+l e9 
+2.2 
+5.8 

- - - 

WA - Not Avallable 

(1 )  Includes only the for& area outside parks and other reservations determined 
by sampllng. Type-inapplng procedures were used for mc6t reservatlons. 

Source: Data provided by Char les  Le Blosinger, Forest Service, Paclflc Northwest 
Forest and Range Eqer inent  Statlon, Portland, Oregon. 
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SUMMARY AND HIGHLIGHTS 

Anticipated sustained growth in California's population makes it evident that 
the State's consumption of pulp and paper products will increase steadily through- 
out the 1976-2030 projection period. It is estimated that 2030 levels of consump- 
tion of all types of paper and paperboard combined will be approximately four 
times the 1976 level. The growth in consumption of other wood products will be 
strong also, but in a number of cases, consumption will level off or even decline 
towards the end of the projection period. Softwood lumber consumption, for exam- 
ple, will increase markedly from its 1976 level of 6*.6 billion board feet to 9.3 
billion in 2010 and remain at that level until 2030. It is predicted that softwood 
plywood consumption will rise from its 1976 level of 2.1 million square feet to a 
plateau of approximately 2.7 million between 2010 and 2030. This pattern is due 
mainly to changes in the level of residential construction within the State as the 
composition of its population and rate of family formation change. It is anti- 
cipated, for example, that production of all forms of new residential units will 
rise from a 1976 level of 244 thousand units to a peak of 330 thousand in 1990, 
and then decline gradually to a level of 280 thousand in 2030. In some situa- 
tions, such as residential construction, growing wood use per unit produced will 
tend to offset lower levels of industrial activity. In other cases, such as manu- 
facturing, declining wood use per billion (constant 1967) dollars of shipments 
will not be offset by increasing levels of manufacturing activity, so that total 
use will remain stable or decline. 

Analysis of demand/price relationships reveals increasing demand (outward 
shifting demand schedules) throughout the projection period. This, coupled with 
predicted decreases in timber availabilty results in forecasts of substantial 
"real" price increases for wood products (in addition to any general inflationary 
rises associated with the decline in $he purchasing power of the dollar). It is 
anticipated that, in 2030, softwood lumber and plywood prices (in constant 1967 
dollars) will be more than twice what they were in 1976. Stumpage prices will be 
more than five times their 1976 level. The increasing scarcity of wood products 
"supply" relative to "demand" is emphasized by comparison of forecasts of 
California consumption versus production for softwood lumber. Lumber production 
is expected to remain stable in the 1976-2030 period, whereas sharp increases in 
demand are expected. This means that there will be a distinct increase in the 
State's dependence on out-of-state suppliers. Net imports will rise from their 
1976 level of 1.3 billion board feet (20 percent of consumption) to 3.2 billion 
(38 percent of consumption) in 1990. In 2030, net imports will constitute 44 per- 
cent of total softwood lumber consumption. Fortunately, an anticipated increase 
in California plywood production will result in only a slight increase in depen- 
dence on net plywood imports in the future. It should be noted, however, that 
currently the state supplies only some 29 percent of its softwood plywood needs, 
and will continue to be heavily dependent on out-of-state producers. 
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u INTRODUCTION 

In passing the Forest Resource Assessment and Policy Act the California 
Legislature recognized that "demands on forest resources in California are 
expected to increase significantly in the next decades" and that "better use of 
forest resources can result where there is good information as to anticipated 
needs and the potentials for meeting them." Knowledge of the physical attributes 
of the resource, and exploration of alternative strategies for its management are 
major components in the assessment of potential programs, but analysis of future 
demands and prospective markets for wood products is an essential, complementary 
element-. Past studies by the U.S. Department of Agriculture Forest Service (1973) 
have made a thorough analysis of future demand and consumption at the national 
level. Forthcoming reports (Forest Service 1979a and 1979b) will provide infor- 
mation by broad regions within the country. To date, however, demand analyses 
relating specifically to California have not been Available with the exception of 
an exploratory study by Barrette et al. (1978). This current report utilizes the 
most complete information available to analyze the present and future character of 
California's demand for wood products by decades to the year 2030. Emphasis is 
placed on major issues such as projecting aggregate consumption of softwood 
lumber, softwood plywood, building board, and pulp and paper products ; but other 
aspects are covered to the extent feasible-. These include estimation of wood 
products consumption in selected end- uses such as construction and manufacturing, 
estimation of demandlprice relationships for softwood lumber, plywood and 
stumpage, and analysis of California's balance of trade in wood products. 
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, (1) Softwood lumber only. 1976 figure based on data 'from California 
Redwood Association, Council of Forest Industries of British 
Columbia, National Forest Products Association, and Western Wood 

I Products Association. Forecasts derived by analysis of preliminary 
U.S.D.A. Forest Service results. 

(2) Estimates obtained by aggregation of consumption estimates for 
I individual uses. Plywood and veneer includes hardwood and soft- 

I (3) Estimates based on preliminary U.S.D.A. Forest Service results. 

I wood. Building board includes hardboard, insulation board and 
particleboard. 

TABLE 1 

AGGREGATE CONSUMPTION OF LUMBER, PLYWOOD AND BUILDING BOARD 

Table 1 shows estimates of quantities of lumber, plywood and veneer, building 
board, and softwood plywood in all uses in California for 1976, and by decades 
from 1990 to 2030. Lumber estimates cover only softwood lumber; plywood and 
veneer estimates include hardwood and softwood categories. Estimates for plywood 
and veneer and building board were derived by aggregating estimates for individual 
categories of use shown in tables 4 through 10. These tables are discussed in a 
later section. The estimate of lumber consumption for 1976 was derived by 
analyzing data on shipments to California from various regions. 

Table 1. Estimates of total use of lumber, plywood, and building board 
in California: 1976, 1990-2030. (in billions) I 
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TABLE 2 

6id 
Table 2 shows estimates of aggregate shipments of softwood lumber and 

softwood plywood to California for the periods 1953-1977 and 1949-77, 
respectively. Plywood data represent shipments to California only from mills 
reporting to the American Plywood Association. Plywood estimates in Table 1 
represent shipments from all sources. Lumber data were obtained by analyzing 
production and shipments data for British Columbia, the California Redwood Region, 
the Douglas Fir Region and the Western Pine Region. Lumber consumption in 1976 
was estimated at 6.6 billion board feet, close to the level suggested by Barrette 
et al. (1978). Data in table 2 indicate a strong increase in lumber consumption 
from a level of 4 billion board feet in the 'fifties to 6 billion board feet in 
the nineteen-seventies. Forecasts in table 1 Indicate that this strong upward 
movement will continue. A distinct upward movement is expected at the beginning 
of the forecast period, with the 1990 level of lumber consumption some 29 percent 
above the 1976 level. Consumption thereafter is expected to be between 8.5 and 
9.4 billion board feet, althougli consumption in individual years may deviate 
significantly from these "trend line" estimates. 

Table 2. Estimated shipments of softwood lumber and plywood to 
California from all sources, 1949-77. 

- Year I Softwood lumber(1) 
(million b. f. ) 

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

(3) 
(3) 
(3) 
(3) 

4412.1 
4443.5 
3589.5 
4848.9 
4099.4 
4213.3 
4914.9 
4296.1 
4604.5 
4492.8 
4635.3 
4579.8 
4311.2 
4455.8 
3923.7 
4768.6 
4868.4 
4512.7 
5618.6 

6404.4 

5486. I 
6599.7 
6448.7 

6039. 6 

6075.0 

Softwood plywood(2) 
(million sq. ft. 3/8") 

267.505 
309.851 
341.961 
35 1 . 544 
399.090 
427.226 
509.320 
563.492 
605.459 
680.020 
813.928 
789. 922 
846.928 
941.802 

1081.135 
1046.888 

962.177 

1086.549 
1132.590 
1413.253 
1319.850 

1560.370 
1395. 419 

1649.073 
1574.642 
1383.906 
1430.398 
1667.398 
1803.479 

'1) Compiled from publications of the Council of Forest Industries of British 

2)  From American Plywood Association "Geographical analysis of shipwi:ts- " 

3) Not available. 

Columbia, California Redwood Association, National Forest Products 
nnd Western Wood Products Association. Details given in Table 15. 

Covers only shipments from mills renorting to MA.  
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Barrette et al .  (1978) projected lumber consumption a t  7.9 b i l l i o n  board f e e t  
f o r  1985, 8.9 b i l l i o n  f o r  2000 and 10.6 f o r  2020. Their 1985 estimate, and t o  a 
lesser ex ten t  their 2000 estimate conform t o  the  r e s u l t s  i n  t a b l e  1, but  their 
estimate f o r  2020 i s  s u b s t a n t i a l l y  higher. Their p ro jec t ion  technique involved 
u s e  of per c a p i t a  consumption estimates under the  assumption t h a t  an t i c ipa t ed  
price rises would not s i g n i f i c a n t l y  dampen demand. The r e s u l t s  i n  t a b l e  1, on the  
o the r  hand, made use of analyses  conducted by the U.S. Forest  Service i n  connec- 
t i o n  with the  forthcoming "1980 Timber Assessment," which allowed f o r  the  effect 
of price rises (U.S.D.A. Forest  ServiCe 1979b). Projected rates of increase  i n  
consumption f o r  the  Southwest Region (Arizona, Cal i fornia , .  Nevada and New Mexico) 
were appl ied t o  the  1976 base l e v e l  estimate f o r  Cal i forn ia  t o  y i e ld  the  fo recas t s  
i n  t a b l e  1. 

Forecasts  of softwood plywood consumption were based on preliminary U.S. 
Forest  Service estimates (U.S. Forest  Service 1979b). The 1976 estimate i n  t a b l e  
1 inc ludes  shipments from mills that do not r epor t  to  the  American Plywood 
Associat ion and therefore  d i f f e r s  from the  estimate i n  t a b l e  2. Table 1 shows an 
increase  u n t i l  1990 and a l e v e l l i n g  out t he rea f t e r .  Pro jec t ions  of plywood con- 
sumption by Barrette et  al. (1978) are s u b s t a n t i a l l y  higher than those i n  t a b l e  1. 
This  again may be due t o  the f a c t  t h a t  da ta  were not ava i l ab le  t o  Barrette et  al. 
which made adequate allowance f o r  s u b s t a n t i a l  an t i c ipa t ed  rises i n  price.  Table 1 
shows, a l s o ,  da t a  on plywood and veneer consumption, including both hardwood and 
softwood categories .  These estimates were derived by aggregating l e v e l s  of con- 
sumption i n  ind iv idua l  uses   as^ described later. They are based p a r t i a l l y  on U.S. 
Forest  Service analyses  i n  which f u l l  allowance was not made f o r  f u t u r e  price 
rises (U.S.D.A. Forest  Service,  1979b). It i s  poss ib le  that they may the re fo re  
overest imate  f u t u r e  l e v e l s  of consumption. 

W 

Estimates of bui lding board consumption, covering hardboard, i n s u l a t i o n  board 
and par t ic leboard ,  were derived i n  the  s a m e  general  manner as plywood and veneer. 
Building board shows the  s t ronges t  projected growth of a l l  the  wood products 
represented i n  t a b l e  1. It is  estimated that.its use i n  Cal i forn ia  wi.11 double by 
2020 and continue t o  show s t rong  growth i n  the  following decade. 
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TABLE 3 
PULP AND PAPER CONSUTlPTION 

Li Table 3 shows estimated l e v e l s  of consumption i n  Cal i forn ia  of paper, 
paperboard and cons t ruc t ion  board (which includes hardboard and in su la t ion  board). 
The estimates were based on Cal i forn ia  Department of Finance pro jec t ions  of 
population and U.S. Forest  Service fo recas t s  of per c a p i t a  consumption f o r  the  
na t ion  as a whole- As ind ica ted  i n  t a b l e  3,  per c a p i t a  consumption of a l l  
ca t egor i e s  show s t rong  increases  over the  forecas t  period. This together  with a 1 
percent per year average increase i n  population leads  t o  estimates of s u b s t a n t i a l  
growth i n  t o t a l  consumption. The estimates f o r  2030 are between th ree  and four  
t i m e s  g rea t e r  than the  1976 leve ls .  

Table 3. Estimated paper, paperboard and construct ion board 
consumption i n  Cal i fornia .  

1. Cal i forn ia  population(1) 
(Mill ions ) 

2. Per  c a p i t a  consumption 
of pulp and paper products(2,  

. (pounds) 

A l l  paper and board 
Paper 
Paperboard 
Construction board(3) 

3. Tota l  consumption 
(mil l ion tons)  

A l l  paper and board 
Paper 
Paperboard 
Construction board(3) 

4. Rat io  of consumption 
r e l a t i v e  t o  1916 

A l l  paper and board 
Paper 
Pa per board 
Construction board( 3) 

1976 

21. 520 

596 
320 
24 1 
34 

6.413 
3.443 
2.593 
0. 366 

1.000 
1.000 
1. 000 
1.000 

1990 

26. 292 

824 
420 
360 
44 

10. 832 
5. 521 
4.733 
0. 578 

1- 689 
1. 604 
1.825 
1.579 

2000 

29. 287 

949 
480 
420 
49 

13. 897 
7. 029 
6. 150 
0. 718 

2. 167 
2. 042 
2.372 
1. 962 

2010 

32. 096 

1077 
540 
480 

57 

17.284 
8. 666 
7. 703 
0. 915 

2- 695 
2. 517 
2.971 
2. 500 

2020 

34.861 

1189 
595 
53 5 
59 

20. 725 
10. 371 
9. 325 
1. 028 

3- 232 
3. 012 
3. 596 
2. 809 

~ 

2030 

37.500 

1301 
650 
590 
61 

24.394 
12. 188 
1 1. 063 
1. 144 

3- 804 
3- 540 
4- 266 
3. 126 

(1) 1976 estimate from S t a t e  of Cal i fornian,  Economic Report of the Governor. 

(2) Based on U. S. Fores t  Service preliminary estimates. "Medium" 

(3) Includes hardboard and in su la t ion  board. 

Forecasts  based on Cal i forn ia  Department of Finance estimates. 

project ions.  
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CONSWPTION OF WOOD PRODUCTS IN SELECTED END USES 
TABLE 4 

Tables 4 through 10 present  estimates of consumption of lumber, plywood and 
building board i n  r e s i d e n t i a l  construct ion,  r e s i d e n t i a l  upkeep and improvements, 
non-resident ia l  building construct ion,  manufacturing, shipping and miscellaneous 
uses. Table 4, showing consumption i n  new r e s i d e n t i a l  construct ion is derived 
from t a b l e s  5 ,  6 and 7. It shows a s l i g h t  increase i n  the use of lumber and ply- 
wood per housing un i t  over the forecas t  period. The use of building board 
(hardboard, i n su la t ion  board and par t ic leboard)  per un i t  shows a more d i s t i n c t  
rise. The number of housing u n i t s  constructed i n  Cal i forn ia  is expected t o  in- 
crease s i g n i f i c a n t l y  t o  1990 and decl ine the rea f t e r  a s ' t h e  composition of the 
state's population changes and the r a t e  of family formation decreases. The trend 
i n  t o t a l  product use reflects these basic  elements. Lumber and plywood use is 
expected t o  peak i n  2010 and then dec l ine  s l i gh t ly .  Building board use, however, 
is expected t o  increase throughout the forecas t  period. 

Table 4. Estimated wood use in a l l  types of new r e s i d e n t i a l  
construct ion i n  Cal i fornia:  1976, 1990-2030. 

1. Number of units constructed(1 
(thousands) 

2. Wood use per thousand units(2 

Lumber (3) 
(Million b.f.) 

Plywood( 3) 
(million sq. ft., 3/8") 

Building board 
(million sq. ft. 1/2") 

3. Total wood use(4) 

Lumber 
(billion b. f .) 

Plywood 
(billion sq. ft., 3/8") 

Building board 
(billion sq. ft. 1/27 

4. Ratio of use relative to 1976 

Lumber 
Plywood 
Building board 

i 

1976 

244.0 
- 

9.980 

3.787 

1.225 

2.435 

0.924 

0.299 

1. ooa 
1. ooa 
1.000 

1990 

B30.5 
- 

9.449 

3.761 

1.489 

3.123 

1.243 

0. 492 

1.283 
1.345 
1.645 

2000 

13.5 
- 

9.780 

3. 936 

1.716 

3.066 

1.234 

0.538 

1.259 
1.335 
1.799 

2010 

31 5.0 
- 

10.168 

4.073 

1.879 

3.203 

1.283 

0.592 

1.315 
1.389 
1.980 

2020 

296.7 
- 

10.526 

4. 216 

2.096 

31 123 

1.251 

0.622 

1.283 
1.354 
2.080 

2030 - 
!80.3 

10.928 

4.449 

2.273 

3.063 

1.247 

0.637 

1.258 
1.350 
2.130 

(1 ) Forecasts  based on preliminary nationwide estimates by U. S. Forest Service,  
Adjustment made f o r  ne t  migration t o  California.  
single-family and multi-family residences. 

(2) Derived from items 1. and 3. 

(3) Hardwood and softwood. 

(4) Aggregation of es'timates i n  t ab le s  5, 6 and 7. 

Includes mobile homes, 



c 
Tables 5, 6 and 7 show estimates of use i n  the  cons t ruc t ion  of conventional 

single-family homes, multi-family u n i t s  and mobile homes respect ively.  The year 
1976 was unusual i n  t h a t  the  rates of multi-unit  res idences t o  single-family 
dwellings was abnormally low. In  1976, only 36.5 percent of a l l  conventional 
housing starts were of the  multi-family type. In  con t r a s t ,  the  average over the 
1968-77 period w a s  48.2 percent. Thus, estimates of increase  r e l a t i v e  t o  1976 
must be used with caution. Forecasts  of home construct ion were obtained by first 
ca l cu la t ing  the  number of u n i t s  produced i n  Cal i forn ia  r e l a t i v e  t o  the na t ion  as a 
whole over the 1970-77 period. This r a t i o  w a s  appl ied t o  nationwide fo recas t s  
prepared by the  U.S.D.A. -Forest Service (1979a). The r e s u l t i n g  fo recas t  was then 
adjusted by adding 50 thousand u n i t s  per year t o  allow f o r  ne t  migration t o  
Cal i forn ia  as estimated by the  Cal i forn ia  Department of Finance (1977). Estimates 
of wood use per r e s i d e n t i a l  u n i t  were derived from U.S. Forest  Service nationwide 
estimates, with allowance fo r  regional  v a r i a t i o n  where feas ib le .  

It is estimated t h a t  the trend in single-family home construct ion w i l l  peak 
i n  1990 a t  148 thousand u n i t s  and dec l ine  slowly the rea f t e r .  It should of course 
be noted t h a t  actual housing starts i n  any s p e c i f i c  year may devia te  subs t an t i a l ly  
from the  projected t rend l i n e ,  depending on such f a c t o r s  .as weather and the  
a v a i l a b i l i t y  of mortgage funds. In  1977 f o r  example, some 175 thousand s ingle-  
family u n i t s  were constructed i n  Cal i forn ia ,  an unusually high l e v e l  that was 65 
percent above the 1968-77 average. The t rend i n  cons t ruc t ion  of multi-family 
residences and mobile homes is expected, s i m i l a r l y  t o  peak i n  1990, but i n  a l l  
three cases increases  in wood use per un i t  prevent a dec l ine  i n  t o t a l  use u n t i l  
2010 o r  later. In  f a c t ,  wood use i n  mobile home cons t ruc t ion  is expected t o  
increase  throughout the pro j e c t i o n  period. 

Comparison of estimates of t o t a l  use i n  t a b l e s  5, 6 and 7 confirm the  impor- 
tance of s i n g l e v n i t  residences as a consumer of lumber, plywood and bui lding 
board r e l a t i v e  t o  o ther  r e s i d e n t i a l  s t ruc tures .  They a l s o  confirm t h a t  mobile 
home construct ion is ( i n  absolute  terms) the  least important of the three  types of 
res idences as a consumer of wood products. Predicted growth in use of wood pro- 
duc ts  by t h i s  s ec to r  is very subs t an t i a l ,  however. By 2030, lumber consumption is 
expected t o  increase fourfold,  plywood use is expected to  more than double and 
bui lding board use w i l l  almost t r i p l e .  P a r t  of the  rapid growth is due t o  a sub- 
s t a n t i a l  increase i n  the production of mobile homes; and pa r t  stems from a s igni -  
f i c a n t  rise i n  the use of wood products per uni t .  On the  o ther  hand, wood use per 
single-family residence w i l l  increase only s l i g h t l y  and wood use per u n i t  i n  
multi-family dwelings is not expected t o  show any s i g n i f i c a n t  increase.  
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Table 5. Estimated wood use i n  s ingle-uni t  conventional home 
, construct ion in  Cal i forn ia :  1976, 1990-2030. 

1. Number of u n i t s  constructed(1)  
( thousands ) 

2. Wood use per thousand u n i t s ( 2 )  

Lumber ( 3) 
(Mill ion b. f .) 

Plywood( 3 )  
(mi l l ion  sq. f t . ,  3/8")  

Building board 
(rntl l ion sq. f t . ,  1/2" )  

3. Tota l  wood use 

Lumber 
( b i l l i o n  b.f.) 

plywood 
( b i l l i o n  sq. f t .  , 3/8")  

Building board 
( b i l l i o n  sq. f t . ,  1/2" )  

i. Ratio of use r e l a t i v e  t o  1976 

Lumber 
Plywood 
Building board 

1976 

140.0 

13.264 

4.277 

1 . 167 

1.857 

0,599 

0.163 

1.000 
1 . 000 
I. 000 

1990 

148.0 

14.160 

4.663 

1 . 400 

2.096 

0.690 

0.207 

1.123 
1.152 
1.270 

2000 

140.4 

14.725 

4.921 

1.611 

2.067 

0.691 

0.266 

1.113 
1.152 
1.287 

2010 

141.1 

15.267 

5.17E 

1 . 838 

2.154 

0.731 

0.259 

1.160 
1.154 
1 589 

2020 

132.9 

15.785 

5.435 

2.079 

2.098 

0.722 

0.276 

1.129 
1.220 
1.693 

2030 

125.5 

16.280 

5.693 

2.333 

2.043 

0.714 

0.293 

1.100 
1.205 
1.798 

L 

28-79445 VII- 15 

1) 1976 estimate from Economic Report of QvernOr, 1978. Sacranento. 
Forecasts  bas'ed on preliminary nationwide estimates by U.S. Forest  
Service. Adjustment made f o r  ne t  migratian to  Cal i fornia .  

2) U.S. Forest  Service preliminary estimates (ad jus ted  fo r  Ca l i fo rn ia  
v a r i a t i o n  i n  use). 

3 )  Hardwood and softwood. 



TABLE 6 

Table 6. Estimated wood use in multi-unit conventional home 
construction in California: 1976, 1990-2030. 

1. Number of units constructed(1) 

2. Wood Lie per thousand units( 2) 

(thousands) 
~ 

Lumber (3) 
'(million b.f .) 

Plywood(3) 
(million sq. ft., 3/8") 

Building board 
(millin sq. ft., 1/2") 

3. Total wood use 

Lumber 
(billion b.f .) 

Plywood 
(billion b.f., 3/8") 

Building board 
(billion b.f., 1/2") 

4. Ratio of use relative to 1976 

Lumber 
Plywood 
Building board 

1976 

80.6 

6.3 

3.3 

0.7 

0.508 

0.266 

0.506 

1.000 
1.000 
1.000 

1990 

34.4 

6. 3 

3.3 

0.8 

0,847 

0.444 

0.108 

1.667 

1.929 
1.669 

2000 

27.4 

6.2 

3.4 

0.9 

0.790 

0.433 

0. 115 

1.555 
1. 628 
2. 054 

2010 

128.1 

6.2 

3.4 

0.9 

0.794 

~ 0.436 

0.115 

1.574 
1.639 
2. 054 

2020 

20. 6 

6. 1 
, 

3.4 

1.0 

0.736 

0.41C 

0.121 

0.374 
1.541 
2.161 

(1) 1976 estimate from Economic Report of Governor 1978. Sacramento. 
Forecasts based on preliminary nationwide estimates by U.S. Forest 
Service. Adjustment made for net migration to California. Multi-unit 
construction in 1976 was at an unusually low level. 

(2) U. S. Forest Service preliminary estimates. 

(3) Hardwood and softwood. 

2030 ' 

113.9 

6. 1 

3.4 

1.0 

0.695 

0.387 

0.114 

1.368 
1.455 
2. 036 
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TABLE 7 

W 

k) 

Table 7. Estimated wood use i n  mobile home cons t ruc t ion  i n  
Cal i fornia:  1976, 1990-2030. 

1. Number of u n i t s  constructed(1) 
(thousands) 

2. Wood us'e per  thousand un i t s (2 )  

Lumber (3) 
(mi l l ion  b-f.)  

Plywood( 3) 
(mi l l ion  sq. f t . ,  3/8") 

Building board * 

(mi l l ion  sq. f t . ,  1/2") 

3. To ta l  wood use 

Lumber 
( b i l l i o n  b.f.) 

Plywood 
( b i l l i o n  sq. f t . ,  3/8") 

Building board 
( b i l l i o n  sq. f t . ,  1/2") 

4. Rat io  of use r e l a t i v e  t o  1976 

Lumber 
Plywood 
Building board 

1976 

23. 4 

2. 998 

2.510 

3.439 

0. 070 

0.059 

0- 080 

1.000 
1.000 
1.000 

1990 

48.1 

3. 736 

2.276 

3. 686 

0. 180 

0.109 

0.177 

2. 571 
1.847 
2.213 

2000 

45.1 

4.577 

2.416 

4. 319 

0. 209 

0.110 

0. 197 

2. 986 
1.864 
2. 463 

2010 

45.9 

5.557 

2. 526 

4. 750 

0. 255 

0. 116 

0. 218 

3- 643 
1. 966 
2. 725 

2020 

43.2 

6. 687 

2.760 

5. 198 

0. 289 

0.119 

0. 225 

4- 129 
2. 017 
2. 813 

2030 

40.8 

7.957 

3. 570 

5. 630 

0. 325 

0.146 

0. 230 

4. 643 
2.475 
2.875 

1) 1976 estimate from t h e  Manufactured Housing I n s t i t u t e .  Forecasts 
based on preliminary nationwide estimates by U. S. Forest  
Service. Adjustment made f o r  n e t  migrat ion t o  Cal i fornia .  

2) Preliminary U.S. Fores t  Service estimates, adjusted using Dickerhoff,. 
H. E. (1978), Panel product usage i n  mobile home production i n  the  top 
f i v e  producing states i n  the U.S. 
Resource Report FPL3, Madison, Wisconsin. 8p. 

USDA Forest  Products Laboratory. 

3) Hardwood and softwood. 
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TABLE 8 

(r, 
Data on wood use i n  r e s i d e n t i a l  upkeep and improvements, shown i n  t a b l e  8 

revea l  that t h i s  i s  an important (cur ren t  and fu tu re )  s ec to r  of consumption. 
Consumption of lumber w i l l  increase  by 80 percent by 2030; consumption of plywood 
and bui lding board w i l l  double and t r i p l e ,  respect ively.  It should be noted that 
da ta  f o r  estimated wood use i n  r e s i d e n t i a l  upkeep and improvements were not ava i l -  
a b l e  f o r  Cal i fornia .  E s t i m a t e s  i n  t a b l e  8 were prepared by using nationwide 
r a t i o s  of use i n  upkeep and improvements t o  new r e s i d e n t i a l  construct ion.  They 
should, therefore ,  be t r ea t ed  as "best  ava i lab le"  a t  the  present  t i m e .  

Table 8. Estimated wood use i n  r e s i d e n t i a l  upkeep and improvements 
i n  Cal i forn ia :  1976, 1990-2030, 

1. Wood use(1) 

Lumber 
( b i l l i o n  b . f . ) 
Plywood 
( b i l l i o n  sq. ft., 3/8") 

Building board 
( b i l l i o n  sq. f t . ,  1/2") 

2. Rat io  r e l a t i v e  t o  1976 

Lumber 
Plywood 
Bui Id  ing board 

1976 

0.856 

0. 376 

0. 176 

1.000 
1.000 
1. 000 

1990 

Os 965 

0.487 

0. 274 

1. 127 
1.295 
1. 557 

2000 

1.195 

0.635 

0.364 

1.396 
1. 689 
2. 068 

2010 

1.226 

0.658 

0. 390 

1.432 

2.216 
1.750 

2020 

1.263 

0. 686 

0.433 

1.475 
1.824 
2.460 

(1) Estimated using ratios of nationwide use i n  r e s i d e n t i a l  upkeep 
and improvements to  use i n  new housing (based on U.S. Forest  
Service preliminary estimates). 

2030 

1.537 

0,862 

0. 548 

1.796 
2. 293 
3.114 
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TABLE 9 

wood 
t h a t  

Data i n  t a b l e  9 r evea l s  t h a t  non-resident ia l  bui lding is  not a major area of 
products cbnsumption. It i s  estimated (on the  bas i s  of population fo recas t s )  
value of non-resident ia l  bui lding i n  Cal i forn ia  w i l l  increase  s u b s t a n t i a l l y  

between 1976 and 2030. However, wood use per b i l l i o n  (constant  1967) d o l l a r s  of 
cons t ruc t ion  is  predicted t o  dec l ine  i n  the  case of lumber, and t o  increase only 
s l i g h t l y  i n  the case of plywood and bui lding board. 

Table 9. Estimated wood use i n  non-resident ia l  bui lding cons t ruc t ion  
i n  Cal i forn ia :  1976, 1990-2030. 

1. Value of construct ion(1)  
( b i l l i o n s  of 1967 $) 

2. Wood use per  b i l l i o n  
(1967) $ of cons t ruc t ion(2)  

Lumber (3) 
(mi l l i on  b.f.) 

Plywood( 3) 
(mi l l ion  sq. f t . ,  3/8") 

Building board 
(mi l l i on  sq. f t . ,  1/2") 

3. Tota l  wood use 

Lumber 
( b i l l i o n  * b. f . ) 
Plywood 
( b i l l i o n  sq. f t . ,  3/8") 

Bui Id  ing board 
( b i l l i o n  sq. f t . ,  1/2") 

4. Rat io  of t o t a l  use 
r e l a t i v e  t o  1976 

Lumber 
Plywood 
Building board 

1976 
l e  890 

132.9 

80.4 

16.2 

0.251 

0.152 

0.031 

1.000 
1.000 
1.000 

1990 
20 868 

114.2 

84.6 

20.0 

00 328 

00 243 

00 057 

1. 307 
1.599 
10 839 

2000 
3.194 

108.9 

87.3 

22.5 

0.348 

0.279 

0.072 

10 386 
1,836 
2,323 

2010 
30 502 

04.6 

89.4 

240 5 

00 366 

0.313 

0.086 

1.458 
2.059 
2.774 

2020 
3.804 

102. 5 

890 9 

25.7 

0.39c 

00 342 

0.oga 

1.554 
20 250 
-3.161 

(1) 1976 estimates from S t a t e  of Cal i forn ia ,  Economic Re o r t  of the  
Governor. 
Department of Finance. 

Forecasts  based on population f o r e c a s t s  o ! Cal i forn ia  

(2 )  Based on preliminary estimates from U.S. Forest  Service. 
"Medium" project ions.  

(3) Hardwood and softwood. 

2030 
40 091 

100.3 

89.1 

26.1 

0.410 

0.365 

0.107 

10 633 
20 401 
3.452 
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TABLE 10 

ti 
E s t i m a t e s  of f u t u r e  manufacturing a c t i v i t y  i n  Cal i forn ia  were s i m i l a r l y  based 

on pro jec t ions  of population. As may be seen from t a b l e  10, i t  i s  an t i c ipa t ed  
t h a t  the  value of shipments from ka l i fo rn ia  manufacturers ( i n  constant  d o l l a r s )  
w i l l  increase some 70 percent between 1976 and 2030. Nationwide estimates of wood 
use per b i l l i o n  d o l l a r s  of shipments were appl ied t o  these estimates t o  y i e ld  the 
f o r e c a s t s  of t o t a l  wood consumption by Cal i forn ia  manufacturers shown i n  t a b l e  10. 
Use per b i l l i o n  d o l l a r s  of shipments i s  expected t o  dec l ine  f o r  a l l  wood products, 
except f o r  hardboard and par t ic leboard.  In  these cases i t  is  expected t o  remain 
v i r t u a l l y  s tab le .  As a r e s u l t  to ta l  wood use i n  manufacturing shows very slow o r  
r e l a t i v e l y  modest growth. 

Table 10. Estimated wood use i n  manufacturing i n  Cal i forn ia :  1976, 1990-2030 

1. Value of shipments, 
a l l  manutacturing<l) 

2. Wood products consumed 

of shiDments(2) 
er b i l l i  on (constant  1967) 

- -  
Lumber (3) 
(mi l l ion  b.f.) 

Veneer and plywood( 3) 
(mi l l ion  sq. f t . ,  3/8") 
Hardboard 
(mi l l ion  sq. f t . ,  1/8") 
P a r t i c l e  board 
(mi l l ion  sq. f t . ,  3/4") 

3. Tota l  wood product use 

Lumber 
( b i l l i o n  b.f.) 

Veneer and plywood 
( b i l l i o n  sq. f t .  3/8") 
Hardboard 
( b i l l i o n  sq. f t . ,  

Particle board 
( b i l l i o n  sq. f t . ,  

4. Rat io  of use r e l a  

Lumber 

3/8") 

3/4") 
i ve  t o  1976 

Veneer and plywood 
Hardboard 
Part ic leboard 

1976 
55. 76 

11.652 

5.826 

4.272 

3. 884 

0.650 

0.325 

0.238 

0.217 

1.000 
1.000 
1.000 
1.000 

1990 
66. 17 

11.652 

5. 826 

4.272 

4.078 

0.771 

0.386 

0.283 

0.270 

1.186 
1. 188 
1.189 
1.244 

2000 
73. 71 

11.652 

5.826 

4.272 

4.078 

0. a59 

0.430 

0.315 

0.301 

1.322 

1.324 
1.322 

1.387 

2010 
80. 78 

9.710 

3. 884 

4.272 

4.078 

0.784 

0.314 

0.345 

0.329 

1.207 
966 

1.516 
1.450 

(1) 1976 data  from U.S. Bureau of the  Census Annual Survey of 
Forecasts  based on fo recas t s  of population Manufactures. 

(from Cal i forn ia  Department of Finance estimates). 

(2) Preliminary estimates from U. S. Forest  Service. 

(3) Hardwood and softwood. 

2020 
87.74 

9.710 

3. 884 

4.272 

4.078 

0.852 

0.341 

0.375 

0.358 

1.311 
1.049 
1.576 
1.650 

2030 
94.54 

7.768 

3. 884 

4.272 

4.078 

0.734 

0.367 

0.404 

0.386 

1.129 
1.129 
1.697 
1.779 



The s a m e  s i t u a t i o n  is expected i n  the case of lumber and plywood f o r  the 
shipping of goods as shown i n  t ab le  11. 

Table 11. Estimated wood use i n  shipping i n  Cal i fornia:  1976, 1990-2030 

1. Wood use(1) 

Lumber 
( b i l l i o n  b.f .) 

Plywood 
( b i l l i o n  sq8 f t . ,  3/8") 

2. Ratio r e l a t i v e  t o  1976 

Lumber 
Plywood 

(1) Estimated using nationwid6 
manufacturing (based 'on U, 
Estimates f o r  building bot 
uses). 

1976 

08881 

08094 

1.000 
18 000 

1990 

1.048 

0.129 

1. 190 
1.372 

2000 

18205 

0.152 

1.368 
18617 

2010 

18170 

08 118 

1.328 
1.255 

2020 

18 335 

0.139 

1.515 
1.479 

r a t i o s  of use i n  shipping t o  use in  

.d not ava i l ab le  (included ir! miscellaneous 
Forest  Service preliminary estimates). 

2030 

1.173 

O m  161 

18 331 
1,713 
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1. Wood use( 1) 

TABLE 12 

1976 1990 2000 

-On the  o ther  hand, wood consumption i n  miscellaneous uses (such as the  upkeep 
of non-residential  bui ldings,  made-at-home p ro jec t s  and made-on-the. job items such 
as adve r t i s ing  and d isp lay  items) may show s t ronger  growth, as revealed i n  
t a b l e  12. . 

Table 12. Estimated wood use i n  miscellaneous uses i n  Cal i forn ia :  
1976, 1990-2030. 

2010 2020 2030 

(1) 1976 data  f o r  lumber estimated as the  r e s idua l  between t o t a l  
shipments and wood use ca lcu la ted  f o r  a l l  o ther  uses. 
f o r  bui lding board and plywood derived using nationwide ratio 
r e l a t i v e  to  a l l  o the r  uses  (based on preliminary U.S. Fores t  
Service est imates) .  
nationwide use leve ls .  Lumber estimate excludes hardwood lumber. 
Plywood estimate includes hardwood plywood and veneer. 

1976 d a t a  

Forecasts  f o r  1990 t o  2030 based on projected 



. .  
DEMAND AND PRICE RELATIONSHIP'FOR SOFTWOOD 
Lumber, Plywood and Stumpage 

TABLE 13 

b/ Analyses conducted by the  U.S. Forest- Services and its co-operators i n  connection 
with its "1980 Timber Assessment" are one important source of information on 
demand-price r e l a t ionsh ips  (demand schedules) f o r  softwood lumber, plywood and 
stumpage (U.S. Forest  Service 1979b).a Adams and Haynes (1979) descr ibe  the sof t -  
wood timber market model which is bas ic  t o  the  "1980 Assessment." Estimates of 
demand elasticities were derived f o r  softwood lumber and plywood f o r  s i x  regions 
wi th in  the  United S ta tes .  Estimates of elasticit ies f o r  the  Southwest region 
(-consisting of Arizona, Cal i forn ia ,  Nevada. and New Mexico) were 0.34 and 0.55, 
respec t ive ly .  The plywood estimate corresponds c lose ly  t o  an estimate of 0.58 
derived f o r  the  na t ion  as a whole by McKillop e t  al. (1979).' Table 13 shows esti- 
mated demand schedules f o r  softwood lumber, plywood and stumpage f o r  Cal i fornia .  
The lumber and plywood equations are derived from preliminary estimates f o r  the  
Southwest Region f o r  1977 through 2030. These schedules were obtained by calcu- 
l a t i n g  the  percentage of Southwest region consumption accounted f o r  by Cal i forn ia  

' i n  1977 and applying it  t o  the  U.S. Forest  Service estimated schedules. The 
stumpage schedules are "derived demand" equations based on r e l a t ionsh ips  f o r  
processed wood. 

L 

Table 13. Estimated demand schedules €or Cal i forn ia  
f o r  softwood lumber, plywood, and stumpage, 1977, 1990-2030(1) 

Year I Lumber(2) - Plywood( 2) Stumpage(3) 

1977 
1990 
2000 
2010 
2020 
2030 

' Intercept 
(a 1 

471076 
513644 
548992 
58681 5 
627213 
6703 70 

Slope 
(b) 

-57.95536 
-45.01952 
-46.39643 
-44.66238 
46.50417 
-l+;>. ;*,yg! I 

In te rcept  
(a) 

334440 
334459 
334462 
334467 
334469 
334470 

Slope 
(b) 

-96.52619 
-71.31714 
-66.77119 
-58.70988 
-55.78012 
-54.09321 

In te rcept  
(a 1 

980.6 
991.7 
978.1 
1033.7 
1063.3 
1108.3 

-1.4450 
-1 s 3832 
-1.3366 
-1.2907 
-1 2457 
-1 201 5 

:1) Based on preliminary U.S. Forest  Service estimates. 

:2) Equation form f o r  lumber and plywood: Price = a + b (quanti ' ty 
demanded). 
quan t i ty  i n  mi l l i on  board feet f o r  lumber; mi l l ion  square f e e t  
(31'8" bas i s )  f o r  plywood. 

Price i n  conetant  1967 d o l l a r s  per mi l l ion  board f e e t ;  

:3) Equation form f o r  stumpage: Quantity - a + b (pr ice) .  Pr ice  i n  
d o l l a r s  per thousand board fee t .  Quantity i n  mi l l ion  cubic fee t .  
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TABLE 14 

u Table 14 shows estimated p r i ces  ( i n  constant 1967 d o l l a r s )  f o r  softwood 
lumber, plywood and stumpage. Lumber and plywood p r i ces  r e f e r  t o  the Southwest 
region as a whole but the stumpage pr ices  r e f e r  s p e c i f i c a l l y  t o  Cal i fornia .  The 
an t i c ipa t ed  sharp rise i n  "real" (constant 1967 do l l a r )  p r i ces  is  c l e a r l y  evident. 
Lumber and plywood pr ices  w i l l  more than double i n  the 1976-2030 period, and 
stumpage pr ices  are ant ic ipa ted  t o  increase f ivefold.  It should be noted that the 
major part of the  growth i n  pr ices  w i l l  take place i n  the f i r s t  ha l f  of the  
period. Average annual compound growth races over the 1976-2000 period are ex- 
pected t o  be 2.0, 2.3 and 4.7 percent per year f o r  lumber, plywood and stumpage, 
respect ively.  The corresponding rates f o r  the 2000-2030 period are 0.9, 0.6 and 
2.0 percent,  respect ively.  The f a c t  that these are rates of pr ice  increase over 
and above the rate of i n f l a t i o n  means that there  w i l l  be ser ious  impacts on the  
welfare of consumers during the  period of r i s i n g  prices.  This aspect  is discussed 
i n  McKillop (1979). 

~~~ ~~ ~- 

Table 14. E s t i m a t e s  of softwood lumber, plywood and stumpage "demand" 
pr ices  i n  Cal i fornia:  1976, 1990-2030(1) 

1. Pr ice  - 
(constant 1967 $) 

Lumber 
($ per Mobof.) 

Plywood 
($ per M. sq. f t . ,  3/8") 

Stumpage 
($ per M.b.f. Scr ibner)  

2. Ratio r e l a t i v e  t o  1976 

Lumber 
Plywood 
Stumpage 

1976 

126.50 

94.20 

32.31 

1.000 
1.000 
1.000 

1990 

179.84 

155.94 

83.25 

1.422 
1.655 
2.577 

2000 

205.80 

L 62.93 

96.68 

1.627 
1.730 
2. 992 

2010 

!27.51 

.80.61 

.23.24 

1.798 
1.917 
3. 814 

~~ 

2020 

247.45 

L87.28 

144.94 

1.956 
1.988 
4. 486 

(1) Preliminary U.S. Forest Service estimates. Lumber and plywood 
estimates represent  average pr ices  paid i n  the  Southwest Region 
(Arizona Cal i forn ia ,  Nevada and New Mexico). 
are f o r  standing timber sold from Cal i forn ia  National Forests. 

Stumpage estimates 

2030 

!66. 80 

.92. 29 

.75.05 

2.109 
2. 041 
5.418 

d, 
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TABLE 16 

i i l l i o n  b.f 
Douglas 

CA 

) from 
Douglas F i r  ti 

IFORNIA S BALANCE OF TRADE I N  LvvD PRODUCTS 

Sources of softwood lumber f o r  Cal i forn ia  markets. 

Table 15 shows the  l e v e l  of shipments of softwood lumber t o  Cal i forn ia  from 
major timber producing regions. The Cal i forn ia  Redwood Region (producing both 
redwoods, Douglas f i r  and other  "whitewoods") i s  the leading source of shipments 
t o  Cal i forn ia  consumers, followed c lose ly  by the  Western Pine Region (Western Wood 
Products Association "Inland" Region). The Douglas F i r  Region (WWPA "Coast" 
Region) ranks t h i r d ,  with B r i t i s h  Columbia a r e l a t i v e l y  minor source. Analyses of 

LJ 

, 

bd 

shipments da ta  from mills repor t ing  t o  the Western Wood Products Association 
(1978) revea l  that i n  1976, 46.3 percent of WWPA lumber shipments t o  Cal i fornia  
markets or ig ina ted  i n  Cal i forn ia ,  28.6 percent came from Oregon, 16.6 percent from 
Montana, and 7.1 percent from Washington. Shipments from other  states (Arizona, 
Idaho, New Mexico, Utah, Wyoming and Colorado) were r e l a t i v e l y  ins igni f icant .  In  
1968, on the  o ther  hand, 61.8 percent or ig ina ted  i n  Cal i forn ia ,  30.9 percent came 
from Oregon, 3.1 percent from Washington, 2.4 percent from Idaho and less than 1 
percent from Montana. 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
- 

Table 15. Estimated s h i  e n t s  of softwood lumber t o  Cal i forn ia  
markets 6 source.(l)  1947-1977 

A l l  
Sources 

2 

441 Ill .lo0 
4443.500 
3589.500 
4848.900 
4099.400 
4213.300 
4914.900 
4296.100 
4604.500 
4635.300 
431 1.200 
4455. 800 
3923.700 
4868. 400 
4512.700 
5618.600 
6404.400 
6075.000 
5486.100 
6599.700 
6448.700 

4492.800 
4579.800 

4768.600 

6039.600 

Volume of 
elit. 

Redwood 
Region 

2387.300 
2329.600 
2713.300 
2265.900 
2400.400 
2605.500 
1995.200 
1916.500 
1907.200 
1929.600 
1893.900 
1784.500 
1697.00 
2060.000 
2171.200 
2088.300 
1989.500 
2092.600 
2276.000 
2338.900 
1840.000 
2040.800 
2410.200 

1726.600 

;hipmen t s 
West e r n  

Pine 
Region 

1588; 00 

1583.300 
1491 . 400 
1374.400 
636.260 
1501.900 
1374.700 
1350.200 
1551.800 
1545. 600 
1839.700 
1825.200 

1379.900 
1709.700 
1576.200 

1787.700 
1744.800 
1688.900 
1652.300 
1364.000 
1636.500 
1605.300 
1515.900 

F i r  
Region 

8. 200 
1257.300 
945. 420 
946.110 
937.468 
700.281 
692.916 
630.001 
562.919 
576.378 
408.204 
403.680 
692.615 
690.666 
777.700 
71 8.408 
791.938 
853.450 
751.605 
995. 304 
777. 315 
975. 705 
996.505 
81 5.038 

Western Pine 
Regions 

1088.200 
2845.400 
2325.400 
2655.800 
22 76.500 
2004.400 
1199.200 
2078.300 
1782. 900 
1753.900 
2236.300 
261 7.400 
2506.100 
2617.100 
2598.200 
2440.600 
2647. 600 
2141.300 
2612.200 
2601.800 
2330.900 
3509.800 
3812.500 
3981.800 
3620.000 
3583.000 
4383.000 
3925.900 

2520.700 
2184.400 

2244.500 

:1) Compiled from publ ica t ions  of Council of Forest  Indus t r i e s  of 
B r i t i s h  Columbia, California.Redwood Association, National Forest  
Products Association, and Western Wood Products Association. 

(2) Not avai lable .  

B r i t i s h  
Columbia 

5 I!! 45 
37. 584 
39.559 
44. 603 
51.812 
60.672 
57. 312 
50. 599 
59. 052 
65.019 
64.613 
70.650 
79.545 
88. 664 
87.721 
86.128 
81.625 
85.449 
96.463 
95.445 
93.543 
119.361 
134.441 
146.592 
116.111 
63.116 
175.892 
(2) 
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TABLE 18 

Cal i f .  

( 2 )  

( 2 )  

( 2 )  

(60.90%) 

(60.90%) 

(60.60%) 

2936.100 
(60.60%) 

3276.000 
(60.60%) 

3080.300 
(60.60%) 

2892.800 
(58.10%) 

31 17.600 
(58.10%) 

3356.400 
(58.10%) 

3373.300 
(58.10%) 

3224.500 
(63.30%) 

2947.900 
(63.30%) 

3375.800 
(63.30%) 

3484.700 
(63.30%) 

Dis t r ibu t ion  of lumber from Ca l i fo rn ia  sawmills ( 1 )  

Other 
Western 

( 2 )  
(5.90%) 

( 2 )  
(5.90%) 

( 2 )  
(4.90%) 

237.405 
(4.90%) 

264.894 
(4.90%) 

249.067 
(4.90%) 

318.656 
(6.40%) 

343.424 
(6.40%) 

369.728 
(6.40%) 

371.584 
(6.40%) 

402.426 
(7.90%) 

367.903 
(7.90%) 

421.307 
(7.90%) 

434.895 
(7.90%) 

Table 16 shows the  des t ina t ions  of lumber shipped by Cal i forn ia  sawmills. Ca l i fo rn ia  i tself  
is the  major des t ina t ion ,  consuming approximately 60 percent  of the  s t a t e ' s  production. The 
Midwest has h i s t o r i c a l l y  taken 15 t o  16 percent  of G l i f o r n i a  production, a l though t h i s  percentage 
appears t o  have decl ined s l i g h t l y  in recent  years. Shipments t o  western states o the r  than 
Cal i forn ia  have ranged .between 5 and 8 persent  over the 1964-77 period,  as have shipments t o  the 
Southest region. The Northeast and South Central  Regions are of lesser importance; fo re ign  
coun t r i e s  have taken only between 2 and 3 percent  of the state' production. 

6.' 

I Table 16. Dest inat ions of softwood lumber from Cal i forn ia  m i l l s  (mi l l ion  board f e e t )  1 r 
1964 

1965 

1966 

1967 

1966 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

I 
Midwestern 

( 2 )  

( 2 )  

( 2 )  

(15.80%) 

(15.80%) 

(16.20%) 

784.890 
(16.20%) 

875.772 
(16.20%) 

823.446 
(16.20%) 

721.955 
(14.50%) 

77 8.070 
(14.50%) 

837.665 
(14.50%) 

841.870 
(1 4.50%) 

646.938 
(12.70%) 

591.439 
(12.70%) 

677.291 
(12.70%) 

699.135 
( 12.70%) 

~~ ~ 

Northeast 

( 2 )  
(5.00%) 

( 2 )  
( 5 00%) 

( 2 )  
(5.50%) 

266.475 
(5 .50%) 

297.330 
(5 .50%) 

279.565 
(5.50%) 

224.055 
(4.50%) 

241.470 
(4.50%) 

259.965 
(4.50%) 

261.270 
(4.50%) 

(3. Bo%) 

(3.80%) 

193.572 

176.966 

202.654 
(3.80%) 

209.190 
(3.80%) 

I ( 1 )  Source: S t a t i s t i c a l  Yearbook. Western Wood Products Association. 

( 2 )  Not ava i lab le .  . (February 18,  1979) I 
kd 
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TABLE 17 

Exports of unprocessed wood t o  fo re ign  count r ies  u 
The l e v e l  of expor t s  of unprocessed wood t o  fore ign  count r ies  has been a 

major f o r e s t  pol icy i s s u e  i n  the  Western U.S. f o r  a number of years. Tables 17 
through 20 show the  l e v e l  of expor t s  of logs  and wood chips  from Cal i fornia .  It 
can be seen from t a b l e  17 t h a t  softwood log exports  from Northern Cal i forn ia  po r t s  
increased r ap id ly  i n  the la t ter  part of the  nineteen-sixt ies  t o  approximately 200 
mi l l i on  board f e e t  per year between 1968 and 1970. S t a r t i n g  i n  1971, however, 
they dropped considerably and have ranged between 77 and 110 mi l l ion  board f e e t  
per year s ince  then with the  vas t  bulk of shipments going t o  Japan. Preliminary 
U.S. Forest  Service f o r e c a s t s  suggest t h a t  the  dec l ine  i n  softwood log exports  
w i l l  continue throughout the  forecas t  period. This i s  t o  be expected i n  view of 
the  s t rong  growth i n  demand f o r  raw materials by Cal i forn ia  wood processors. This 
in f luence  is  p a r t i a l l y  r e f l e c t e d  i n  the  rise i n  the  p r i ce  of softwood export  logs  
which ( i n  constant  d o l l a r s )  has doubled over the 1969-1976 period. 

b 

Year 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Table 17. Softwood log  exports  from Northern Cal i forn ia  po r t s  
(thousand board f e e t ,  Scr ibner ) ( l )  

Al l  
Species  

XSNwT(2 
27951 
37469 
38267 
13367 
14790 
21 888 
43256 

21 21 63 
206705 
192083 
102408 
77459 

104 733 
77735 
86943 

108912 

To a l l  coun t r i e s  

Douglas 
F i r  

XSNWD 
1274 
412 
281 
40 

1124 
1363 
4936 

26186 
23754 
32531 
27032 
18337 
34454 
35146 
52547 
73924 

Port  
Orford 
Cedar 

XSNWC 
10600 
5598 

11873 
7451 
6846 
4999 
4075 
5275 
3663 
2894 
2182 
3418 
4065 
8823 
2483 
2508 

(1) Source: USDA Forest  Service,  
Stat ion.  Production, pr ices ,  
Nor thwe s t f o r e s t  i n d u s t r i e s  . 

(2) Code name of variable .  

Other 
Species  

XSNWO 
16077 
31459 
261 12 

5876 
6820 

15526 
34247 

180702 
179288 
156658 

731 94 
55704 
66214 
33766 
31913 
33380 

A l l  
Species 

XSMJT 
27463 
37322 
3804 9 
13279 
13082 
21771 
43247 

198834 
200783 
175217 

93281 
68830 
94520 
69271 
78813 
96485 

To Japan 

Douglas 
F i r  

XSNJD 
982 
2 74 
110 

0 
1095 
1356 
4936 

24006 
23384 
29965 
2671 2 
15914 
29261 
32485 
48188 
69395 

Port  
Orford 

Cedar 

XSNJC 
10513 
5589 

11864 
7451 
6846 
4999 
4075 
52 75 
3663 
2894 
2182 
3418 
4065 
8823 
2483 
2853 

P a c i f i c  Northwest Experiment 
employment and t rade  i n  
Portland, Oregon. 

Other 
Species 

XSN JO 
15968 
31459 
26075 

5828 
5141 

15416 
34236 

169552 
173736 
142358 
64387 
49498 
61 194 
27963 
28142 
24237 

VII-27 



TABLE 18 (L $9 

I To all countries(2) To Japan(2) 

Year 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Value 

mnd 

713 
. 1248 

1640 
2325 
4973 
8379 
2353 
1275 
1320 
1084 
560 
3911 
659 

Volume Value 

XIIFTJ VRTFJ 

486.269 
1311.801 

3157.742 
3929.172 
6414.511 
2693.748 

2185.782 

1443.328 
1692.573 
1730.335 
719,223 

677.474 
446.457 

428 
1169 
1622 
2284 
4924 
8280 
2296 
1222 
1126 
1015 
485 
3803 
456 

328.405 
1228.778 
2167.335 
3125.00 
3868.293 
6299.531 
2659.420 
1394.205 

1670.379 
1479.429 

682.698 
364.208 
549.727 

(1) Source: U.S.D.A. Forest  Service (op. cit.) 
(2) Volume i n  thousand board f e e t ,  Scribner. Value i n  thousand 

(3) Code name of variable .  
(constant  1967) do l l a r s .  

Table 

1 
Export of iogs  from Southern Cal i forn ia  po r t s  are shown i n  t a b l e  19. Volumes 

exporteil have been r e l a t i v e l y  in s ign i f i can t .  In  the  peak year of 1976, f o r  in- 
s tance,  t o t a l  log exports  amounted t o  only 2.4 mi l l i on  board f e e t ,  including 0.3 
mi l l i on  board of hardwood logs. Hardwood log exports  from Northern Cal i forn ia  
(shown i n  t a b l e  18) have ranged from 0.6 mi l l i on  board f e e t  ( i n  1974) t o  8.4 
mi l l i on  i n  1969. 

19. Volume of log exports  from Southern Ca l i fo rn ia  po r t s . ( l )  

Year 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

(Thousand board f e e t ,  Scr ibner)  

All 
Species 

XTST(2) 

160 
76 
85 

2111 
205 
561 
365 
631 
445 
378 
288 

2396 

Douglas 
F i r  

XTSD 

65 
48 
0 

(3) 
46 

276 
90 

2 03 
214 

32 
11 

1411 

Other 
Softwoods 

XTS os 

9 
8 

27 
. 1  
94 
60 
84 
92 

5 
130 
224 
670 

Hardwoods 

XTSH 

86 
20 
58 
50 . 
65 

225 
191 
336 
226 
216 
53 

315 

(1) Source: U.S.D.A. Forest  Service (op. ci t .)  
(2)  Code name of var iable .  
(3)  Not ava i lab le .  
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TABLE 20 

Exports of wood chips from San Francisco Customs District are shown i n  t a b l e  
20 f o r  the 1967-76 period. Exports during t h i s  period reached a peak i n  1971 and 
have remained r e l a t i v e l y  high during the sevent ies  with a 1976 l e v e l  of approxi- 
mately 370 thousand tons. Price da ta  i n  constant  d o l l a r s  show no evidence of 
increse ;  i n  f a c t  t he  pr ice  per ton ( i n  constant 1967 d o l l a r s )  was s l i g h t l y  less i n  
1976 than i n  1972. Preliminary U.S. Forest  Service analyses of the  a v a i l a b i l i t y  
of sawmill and plywood p lan t  res idues r e l a t i v e  t o  pulp production within the S ta t e  
suggests that subs t an t i a l  volumes of res idues  w i l l  continue t o  be ava i lab le  e i t h e r  
f o r  export  o r  as a source of fuel .  

Table 20. Exports of wood chips from San Francisco Customs M s t r i c t ( 1 )  

Year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Volume 

XCF( 2) 

38291 
77381 
83520 

267347 
476400 
253401 
369403 
24201 7 
257735 
366678 

Average 
Value 

PXCF 

(1) Source: U.D.S.A. Forest Service (op. cat). Volumes in short 
Values i n  (contant 1967) d o l l a r s  per tons,  oven-dried basis.  

. short ton. 

(2) Code name of  var iable .  

(3) Not avai lable .  
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Consumption/production balance f o r  softwood lumber and plywood 

Table 21 disp lays  estimates of f u t u r e  consumption l e v e l s  f o r  softwood lumber 
and plywood, together  with fo recas t s  of production leve ls .  As discussed earlier, 
a sharp increase  i n  Cal i forn ia  lumber consumption of 1.9 b i l l i o n  board f e e t  is  

j an t i c ipa t ed  between 1976 and 1990. This is a 29 percent increase over the 1976 
I l eve l .  No rise i n  lumber production within the  S t a t e  is expected, r e s u l t i n g  i n  a 

marked increase  i n  net  imports (from 1.3 b i l l i o n  board f e e t  i n  1976 to  3.2 b i l l i o n  
i n  1990).  This high degree of dependence on out-of-state producers is expected t o  
continue throughout the pro jec t ion  period. 

A lesser, 24 percent ,  increase  i n  softwood plywood consumption is an t i c ipa t ed  
between 1976 and 1990. This increase  is p a r t i a l l y  o f f s e t  by a projected increase  
i n  Cal i forn ia  plywood production. Dependence on ne t  imports is t he re fo re  expected 
t o  increase  u n t i l  around 2000 and s t a b i l i z e  the rea f t e r .  It should be noted, how- 
ever ,  t h a t  the s t a t e  is  dependent on out-of-state supply t o  a much g r e a t e r  degree 
i n  the  case of softwood plywood than softwood lumber. N e t  imports of softwood 
lumber made up some 20 percen t  of t o a l  consumption i n  1976, and i t  is an t i c ipa t ed  
t h a t  t h i s  w i l l  rise t o  44 percent by 2030. In  con t r a s t ,  n e t  imports of softwood 
plywood were estimated t o  be some 70 percent of t o t a l  consumption i n  1976, it is 
estimated t h a t  they w i l l  be 67 percent of consumption i n  the  2000-2030 period. 

an o v e r a l l  p i c t u r e  of the  f u t u r e  trend i n  net  imports t o  the state. N e t  imports 
are expected to  increase by 105 percent from t h e i r  1976 l e v e l  t o  3.9  b i l l i o n  i n  

I Aggregation of lumber and plywood data  on a "board foot  lumber t a l l y "  bas i s  gives  

, 1990, continue t o  rise t o  a plateau of 4.8 b i l l i o n  f e e t  i n  2020. The degree of 
, dependence of Cal i forn ia  on out-of-state supp l i e r s  of lumber and plywood i n  the  - 

I 

I 

aggregate (measured by ne t  imports as a percentage of t o t a l  consumption) i s  thus 
estimated t o  rise from 26 percent i n  1976 t o  46 percent i n  2010 through 2030. 
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TABLE 21 

Table 21. Consumption/production balance f o r  Ca l i fo rn ia  f o r  softwood 
lumber and plywood, 1976, 1990-2030. 

1. Softwood lumber 
( b i l l i o n  board f e e t )  

Consumption ( 1 )  
Production( 2 )  
N e t  imports t o  state 

2. Softwood plywood 
( b i l l i o n  square f e e t ,  3 / 8 " )  

Consumption( 1) 
Production(3) 
Net imports t o  state 

3. Aggregate lumber and plywood 
( b i l l i o n  b. f . , lumber t a l l y )  ( 1  

- 
1976 

6. 6 
5.3 
1.3 

2.1 
0.6 
1.5 

Consumption 7.4 
Production 5.5 
N e t  imports 1.9 

1990 

8.5 
5.3 
3.2 

2.6 
0.9 
1.7 

9.5 
5.6 
3.9 

2000 

8.5 
5.1 
3.4 

2.7 
0.9 
1.8 

9.5 
5.4 
4.1 

2010 

9.3 
5.3 
4.0 

2.7 
0.9 
1.8 

10.3 
5.6 
4.7 

2020 

9.4 
5.3 
4.1 

2.7 
0.9 
1.8 

10.4 

4.8 
5.6 

(1) From Table 1. 

( 2 )  1976 estimate from Western Wood Products Association. 
Forecasts  based on U.S.D.A. Forest  Service preliminary estimates. 

(3) 1976 estimate from U.S.D.A. Forest Service (op, cit.). Forecasts 
based on U. S.D.A. Forest  Service prel iminary estimates. 

( 4 )  Plywood converted to  lumber t a l l y  using 2.66 sq. f t .  per  board 
foo t  (from Barrette e t  a l ) .  

2030 

9.4 
5.3 
4. 1 

2.7 
0.9 
1.8 

10.4 
5.6 
4.8 

Yll-3 1 
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SUMMARY AND HIGHLIGHTS 

u 
I n  terms of employment, payrol ls ,  value added by manufacture and the value 

of shipments, the  lumber and wood products s ec to r  and the paper and a l l i e d  
products s ec to r  each account fo r  approximately three  percent of manufacturing 
a c t i v i t y  within California. '  With respect  t o  employment, i n  1975 t h e  lumber 
and wood products ranked ninth and paper and a l l i e d  products ranked fourteenth 
among the nineteen "two-digit** indus t r i e s  surveyed by the U. S. Bureau of the 
Census. In  terms of value of shipments, lumber and wood products ranked eighth 
and paper and a l l i e d  products ranked tenth. 

Employment i n  lumber and wood products has declined from its 1955 peak of 
62.4 thousand employees to  54.2 thousand i n  1976 but steady growth i n  paper and 
a l l i e d  products has more than o f f s e t  th i s .  Thus 1976 employment i n  the two 
s e c t o r s  combined was higher than i n  any other  previous year i n  the 1950-76 
period. 

Sawmills and planing mills are the most important subsector within lumber 
and wood products accounting fo r  35 percent of sec tor  employment i n  1976. It is 
followed by millwork and plywood p lan ts  (23 percent of employment), 
"miscellaneous wood products*' (13 percent) ,  wood buildings and mobile homes (13 
percent) ,  wooden containers  ( 8  percent)  and logging firms ( 8  percent).  Within 
t h e  paper and a l l i e d  products s ec to r ,  the order of importance i n  terms of 1976 
employment is paperboard containers  (42 percent of sec tor  employment) , converted 
products (36 percent) ,  papermills (9 percent)  and paperboard mills (9 percent). 

Analysis of the  importance of timber i n  regional economies revealed t h a t  
lumber and wood products employment i n  1970 accounted for  50 t o  66 percent of 
"basic" employment i n  Humboldt, Del  Norte, Mendocino and S ie r r a  Counties. I n  the 
case of Siskiyou, Tehama, Plumas, Shasta and Tr in i ty  Counties, the  degree of 
dependence ranged between 39 and 50 percent. Estimates of income mul t ip l i e r s  
gave fu r the r  ind ica t ion  of the subs t an t i a l  economic importance of timber i n  many 
counties.  For the f i v e  counties most heavi ly  dependent on the timber industry 
these  m u l t i p l i e r s  revealed that fo r  every one d o l l a r  change i n  lumber and wood 
products payro l l s ,  t o t a l  county income would change by an amount ranging from 
$1.30 i n  the case of S ie r r a  County to  $2.40 i n  the case of Humboldt County. ' 

Employment data fo r  individual  counties f o r  the period. 1959-73 permitted 
f u r t h e r  assessment of the r o l e  of timber i n  l o c a l  economies. I n  1973, seven 
count ies  had 1000 o r  more persons anployed i n  the wood products sector .  I n  order 
of magnitude they were Humboldt, Mendocino, Shasta, Siskiyou, Tehama, Butte and 
D e l  Norte. The ranking was d i f f e r e n t  i n  terms of relative importance as measured 
by the percentage of the t o t a l  work force i n  lumber and wood products. I n  1973, 
t h e  timber industry accounted fo r  more than 30 percent  of t o t a l  employment i n  the  
case of e igh t  counties. On t h i s  basis, S ie r r a  County ranked f i r s t ,  followed by 
Tr in i ty ,  Del  Norte, Plumas, Mendocino, Tehama, Humboldt and Siskiyou. 

- 1) Sectors  and subsectors r e f e r  t o  the U.S. Bureau of Census "Standard I n d u s t r i a l  
Class i f ica t ion"  . 
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INTRODUCTION 

In adopting the Forest  Resources Assessment and Program A c t ,  the  Cal i forn ia  
Leg i s l a tu re  found that the  f o r e s t  resources of the  state "provide v i t a l l y  
important economic and environmental benef i t s  t o  the people of California." This 
r epor t  seeks t o  underscore t h i s  f ind ing ,  i n  part, by assessing the  economic 
importance of timber both at the  regional  and statewide leve l .  

Pas t  s tud ie s  such as those by Zivnuska et  a l  (1965), Oswald (1970), Barrette 
, e t  a l  (1970), Howard (1974), Hiserote and Howard (1978) and Bolsinger (1979) have 

addressed the i s sue  i n  varying degrees. For example, Zivnuska et al conducted a 
comprehensive examination of the s t r u c t u r e  of the state's f o r e s t  economy; Oswald 
and Bolsinger discussed employment and output of the  timber indus t r i e s ;  and 
Barrette et  al, and Howard and Hiserote  reported de ta i l ed  f indings of surveys of 
the  wood processing industry.  This repor t  focuses on (1) i n d u s t r i a l  a c t i v i t y  i n  
the  wood processing sec to r  r e l a t i v e  t o  the ove ra l l  'economy of the state; (2) 
t rends  and comparisons of employment and income i n  subsectors  of the  f o r e s t  
economy; and (3) the  regional  importance of timber within the state. 
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WOOD PROCESSING Ah9 THE STATE'S ECONOMY 

Wood processing ;act ivi ty  i s  recorded by t h e  U. S. Bureau of t he  Census i n  two 
1 Standard I n d u s t r i a l  C la s s i f i ca t ion  (SIC) sec tors :  Lumber and Wood Products (SIC 

2 4 ) ,  and Paper and Allied Products (SIC 26). A comparison between these sec to r s  
1 and a l l  manufacturing i n  Cal i fornia  i s  provided i n  Table 1. It w i l l  be noted t h a t  
I t h e  lumber and wood products s ec to r  i s  s l i g h t l y  l a r g e r  than the  paper and a l l i e d  
l products s e c t o r  i n  terms of t he  cri teria shown. With respect t o  number of employ- 
~ ees, payro l l ,  value added and value of shipments It represents  between 3.1 and 3.4 
1 of a l l  manufacturing i n  the state. The paper and a l l i e d  products shows a somewhat 
I lower cont r ibu t ion  (2.3 percent) t o  the s t a t e ' s  manufacturing economy in terms of 

employment and payrol l ;  but i t s  cont r ibu t ions  i n  terms of value added (2) and 
value of shipments are 2.7 and 3.0 percent respect ively.  Lumber and mod products 
showed a s u b s t a n t i a l l y  higher cont r ibu t ion  (4.6 versus 3.0 percent) i n  terms of 
new c a p i t a l  expenditures but comparison based on a s i n g l e  year may be somewhat 
misleading because of year-to-year f luc tua t ion  i n  t h i s  type of expenditure. 

~ 

I 

I 

I 

- 2) V a l u e  added is the  d i f fe rence  between the  cos t  of materials and the sale 
value of the  product. 
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TABLE 1 

cj 
The 1975 Annual Survey of Manufactures (U.S. Bureau of the  Census, 1975) 

presents  information on nineteen "two-digit" s ec to r s  i n  Cal i forn ia  including 
lumber and wood products (SIC 24) and paper and a l l i e d  products (SIC 26). I n  
terms of employment, lumber and wood products ranks ninth,  and paper and a l l i e d  
products ranks fourteenth.  With respect t o  value added by manufacture, lumber 
and wood products a l s o  ranks ninth,  and paper and a l l i e d  products ranks ' 

th i r teen th .  I n .  terms of value of shipments, lumber and wood products ranks 
e ighth  and paper and a l l i e d  products ranks tenth. . 

Table 1. Industry s ta t is t ics  fo r  a l l  manufacturing, lumber, and wood 
products, and paper and a l l i e d  products i n  Cal i fornia  1976 (1) 

1. Number of 
employees 
(thousand) 

2. Payrol l  
(mi l l ion  $) 

3. Value added 
by manufacture 
(mi l l ion  $) 

4. Value of 
shipments 
(mi l l ion  $) 

5. New c a p i t a l  

A l l  
manuf ac- 
tu r ing  

- 

~~~ 

1600. 1 

21214.7 

46297 4 

10204 l o  0 

2867. 1 

~~ 

Lumber and 
wood 
products 
- 
'7mczJ 

54. 2 

661.1 

1523. 8 

3469. 6 

132. 7 

3.4 

3.1 

3.3 

3.4 

4- 6 

~ 

Paper and 
a l l i e d  
products 

37.1 

487.9 

1241.2 

3066.5 

84.7 

11) Source: U.S. Bureau of the Census, Annual Survey of Manufactures. 
1975. S t a t i s t i c s  f o r  States .  Washington D.C. 

12) Percentage of all manufacturing 

2. 3 

2.3 

2.7 

3.0 

3.0 
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TABLE 2 

Data i n  Table 2 shows the  trend i n  f o r e s t  i ndus t r i e s  employment fo r  the 
1950-76 period. EZPployment i n  lumber and wood products reached a peak of 62.4 
thousand persons i n  1955, declined t o  a low of 47 thousand in 1967, and then 
increased t o  the 1976 l e v e l  of 54.2 thousand. Employment in paper and a l l i e d  
products,  on the  o ther  hand, has shown a more or  less steady increase from 13.5 
thousand i n  1950 t o  36.7 thousand i n  1976. This has resu l ted  in a t o t a l  overall 
increase  i n  Cal i forn ia  f o r e s t  i ndus t r i e s  employment between 1950 and 1976 of some 
25 thousand persons (a 38 percent increase over the 1950 l eve l ) .  

YEAR 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
I975 
1976 

1966 ~ 

Table 2. Fmployment i n  Cal i forn ia  fo re s t  i n d u s t r i e s  

Lumber and Forest  Indus t r i e s  
To ta l  

EFIC(2) 

66. 2 
73.8 
75- 0 
76-7 
73.3 
83.8 
84. 2 
80. 0 
78- 2 
85.5 
82. 1 
78.9 
80. 8 
81.4 
83- 0 
81-7 
82. 9 
80- 7 
84. 7 
87.2 
84.0 
86.0 
90.3 
90. 2 
88- 2 
87- 3 
91. 3 

(1 )  Source: U.S.D.A. Forest  Service; Pat 
Experiment Station. 

# Wood Products 

ELWC( 2 ) 

52- 7 
58- 0 
58- 5 
58. 4 
56- 6 
62. 4 
61-0 
55.3 
53.5 
58- 6 
54.9 
51.1 
51.4 
51.3 
53.0 
51.0 
50- 3 
47- 0 
49.7 
50. 8 
48- 1 
50- 5 
52.4 
54.1 
50. 9 
52- 8 
54- 2(3) 

Paper and 
Al l ied  Product 

EPPC( 2) 

13. 5 
15- 8 
16. 5 
18. 3 
19. 7 
21- 4 
23- 2 
24. 7 
24.9 
26. 9 
27- 2 
27- 8 
29m.4 
30. 1 
30. 0 
30. 7 
32-6 
33.7 
35- 0 
36. 4 
36- 7 
35.5 
37.9 
36. 1 
37.3 
34.5 
37- l ( 3 )  

i c  Northwest Forest  and Range 

(a) Production, pr ice ,  employment, and t rade ' i n  Northwest Forest  

(b) B.R. Wall- and D.D. Oswald. Research Paper PNW 159. 

industry.  

(2)  Code name  of var iable .  

(3) Adjusted to  conform t o  U.S. Bureau of the Census. 
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TABLE 3 

cj 
Tables 3, 4 and 5 enable  a de ta i l ed  comparison t o  be made of changes over the  

1963-76 period i n  Cal i forn ia’s  f o r e s t  i n d u s t r i e s  r e l a t i v e  t o  a l l  manufacturing i n  
the state. Total  employment i n  paper and a l l i e d  products increased s o m e  29 
percent  between 1963 and 1976, i n  con t r a s t  t o  a 14 percent increase  f o r  
manufacturing as a whole. Lumber and wood products employment, on the  o ther  hand 
showed only a 4 percent increase over that period. Value added (in constant  1967 
d o l l a r s )  increased 39 percent  i n  the  case of a l l  manufacturing, 54 percent i n  
lumber and wood products, and 73 percent  i n  paper and a l l i e d  products. Such 
increase  i n  value added are p a r t i a l l y  due t o  “ rea l”  pr ice  increases  (over and 
above the  rate of general  i n f l a t i o n )  f o r  f o r e s t  industry products but, may also 
be ind ica t ive  of growth r e l a t i v e  to  the economy as a whole. I n  terms of a l l  
manufacturing, the  l e v e l  of new c a p i t a l  expenditure went up 50 percent i n  the  
1963-76 period,  while the increase was 59 percent f o r  lumber and wood products, 
and 26 percent f o r  paper and a l l i e d  products. As mentioned before,  however, the  
l e v e l  of new c a p i t a l  expenditures may be qu i t e  v o l a t i l e ,  and comparisons such as 
these  must be t r ea t ed  with care. In  the case of paper or  a l l i e d  products, fo r  
example, the  1975 l e v e l  was 73  percent  g rea t e r  than the  1976 l eve l .  

7 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Table 3. Industry s t a t i s t i c s  for “a11 manufacturing” in California, 1963-1976 

1967 $) 

1398.611 
1383.660 

1501.767 
1583.500 
1610.300 
1631.800 
1553.100 
1447.300 
1544.300 

1657.200 
1558.100 
1600.100 

1406.21 1 

164 1 200 

9982.270 
10459.016 
10668.061 
11404.176 
12514.500 
13052.585 
13287.418 
12732.609 
12115.101 
12970.61 3 
12706.904 
11788.132 
11120.412 
11592.732 

Number of 
Production 
Workers 

(thousand) 

LcbGL(2) 

899.932 
879.732 
909.541 
984.000 

1044.900 
1061.300 
1075.200 
1003.900 
937.200 

1021.000 
1097.200 
1088.800 
1004.400 
1041.300 

Total 
Man-hours 

(productlo 
workers) 

(1111 ion 
1967 $1 

HcALL(2) 

1791.421 
1770.151 
1831.471 
1981.939 
2089.700 
2112.900 
2119.600 
1981.300 
1843.500 
1974.900 
2135.600 
2115.100 
1943.100 
2021.800 

Total 
Wages 

(produc tior 
workers) 

( m i l  l i on  
1967 $) 

1 

Value 
Added by 

Uanufac ture 
(million 

1967 $1 

5412.334 
5527.422 
5765.745 
6279.113 
6877.800 
7197.854 
723 1 .080 
6844.475 
6481.387 
7084.803 
6988.790 
6314.241 
5881.589 
612 1.475 

18161.443 
19025.281 
19522.072 
21373.851 
23393.600 
24730.049 
25367.981 
23875.272 
24203.863 
26249.034 
27266.221 
25333.729 
231 76.558 
25299.126 

(1) Source: U.S. Bureau of the Census. Annual Survey of Manufactures. S ta t i s t i c s  for States. 

(2) Code name of variable. 
(3) Not available. 

Dollar values converted to constant.1967 dol lars .  

Value of 
Shipments 
( m i l l  ion 
1967 $1 

ScALL(2) 

(3) 
$961 3.539 
10776.101 
i3793.105 
i7106.100 
19887.415 
io64 5.070 
17425. 000 
i7796.576 
i2876.742 
54848.181 
i3997.314 
51569.182 
i5760.109 

New 

Cxpenditures 

1967 $) 

Capital 

(million 

CCALL(2) 

1042.449 
1090.192 
1235.920 
1474.127 
1592.200 
1498.829 
1615.869 
1419.746 
1243.986 
1382.452 
1423.311 
161 3.741 
1484.963 
1566.721 
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TABLE4 &TABLE 6 

1967 $1 

SC24 (2 ) 

- 

YBAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 - 

(million 
1967 $1 

CC24(2) 

(1 1 
Table 4. Industry statistics for lumber and vood products mector (SIC24) l a  Califomla: 1963-1976 

To tal 
Wages 

production 
workers) 

(million 
1967 $1 

WC26(2) ~ 

137.570 
148.027 
150.264 
161.752 
169.800 

188.826 
190.308 
189.025 
205.793 
195.843 
188.257 
176.215 
192.951 

177 561 

Number 
of Finns  

FC24(2) 

2339.0 
(3) 
(3) 
(3) 

1934.0 
(3) 
(3) 
(3) 
(3) 

2236.0 
(3) 
(3) 
(3) 
(3) 

Value 
Mded by 

Hanufacture 
(million 

1967 $) 

VC26(2) 

392.699 
379.437 
419.189 
470.749 
497.900 

570.516 
572.011 
568.218 
602.855 
623.979 
757.464 
653.631 
678.251 

533.756 

Total 
Employees 

(thousands 

EC24(2) 

51.906 
50.250 
71.676 
44.087 
46.000 
48.000 
49.400 
46.000 
45.300 
62.300 
66.400 
60.300 
53.700 
54.200 

Total 
Payroll 

:Pillion 
1967 $1 

PC24(21 

312.746 
317.644 
452.358 
285.469 
294.100 
319.902 

310.236 

453.652 
448.849 
372.205 
328.988 
361.257 

331.737 

319.052 

I 

Nmber of 
Produc tion 
Workers 

(thousand) 

LC24(2) 

45.570 
43.422 
64.895 
38.917 
40.500 
42 200 
43.400 
39.800 
39.600 
54.100 
57.600 
51.800 
46.100 
47.600 

Total 
Man-hours 

(productlo 
workers) 

(million 
1967 $1 

HC24(2) 

89.762 
87.792 

128.626 
77.518 
79.900 
84 800 
86.300 
79.100 
79.700 

106 .LOO 
114.800 
101 .900 
88.200 
94,900 

Total 

' produc tioi 
workers) 

(million 
1967 $1 

wages 

WC24(2) 

262.069 
262.353 
401.217 
239.053 
241.600 
264.390 
272.582 
249.457 
262.248 
367.170 
362.955 
299.001 
263.179 
294.481 

Value 
Mded by 

lknufac tur 
(million 

1967 $1 

VC24 (2) 

540.061 
585.363 
787.800 
518.311 
523.800 
668.390 
712.113 
538.1506 
627.217 
948.447 

1058.797 
701.749 
671.698 
832.678 

(3) 
1289.268 
1890.344 
11 31.253 
1222.700 
1460.293 
1564.883 
1289.402 
1460.228 
2199.916 
2344.766 
1769.894 
1563.007 
1895.956 

45.589 
43.303 

102.618 
44.406 
34.400 
36.683 
58.122 
34.058 
46.795 
74.391 
51.299 
65.022 
53.402 
72.514 

(1) Source: U.S. Bureau of the Census. 

(2) Code name of variable. 
(3) Not available. < 

Annual Survey of Manufactures. S ta t i s t ics  for States. 
Dollar values converted to constant 1967 dollars.  

(1)  
Table 5. Industry statistics for paper and a l l ied  products sector (SIC261 -in California: 1963-1976 - 

E A R  

1963 
I964 
1965 
I966 
1967 
I968 
1969 
1970 . 
1971 
1972 
I973 
I974 
I975 
1976 

- 

Total 
Employees 

(thousands 

EC26(2) 

28.865 
29.929 
30.303 
31.800 
32.000 
32.300 
34.700 
34.200 
33.000 
34.300 
35.100 I 

38.100 
35.400 
37.100 

Total 
Payroll 
million 
1967 $1 

PC26(2) 

190.224 
203.910 
209.687 
224.843 
232.100 
241.854 
258.216 
268.659 
269.535 

268,448 

248.199 
266.612 

284.087 

265.522 

Number of 
Production 
Workers 

(thousand) 

LC26(21 

22.820 
23.164 
23.931 
25.003 
25.600 
25.700 
27.600 
26.900 
25.700 
26.700 
27.200 
29.600 
27.500 
28.800 

Total 
Man-hours 

(production 
workers) 

(Pi l l ion 
1967 $1 

HC26i2) 

47.069 
48.044 
48.900 
52.062 
52.400 
52.900 
56.300 
54.500 
52.100 
53.100 
54.300 
59.100 
54.100 
57.600 

I 

Value of 
Shipents  
(Pil l ion 

1967 $1 

New 
capi ta l  

(million 
1967 $1 

llx'penditure 

SC26(2) CC26(2) I 
(3) 

1008,159 
1052.412 
1145.904 
1177.100 
1218.244 
1293.239 
1330.435 
1302.019 
1405.877 
1442.910 
166 5.084 
1560.949 
1675.683 

36.302 
53.371 

120.431 
48.234 
49.300 
43.122 
46.948 
62.862 
56.804 
40.218 
47.439 
68.562 
79.245 
45.902 

I 
(1) Source: U.S. Bureau of the Census. Annual Survey of Manufactures. S ta t i s t ics  for States. 

(2) Code name of variable. 
(3) Not available. 

D o l l a r  values converted to constant 1967 dollars.  
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TABLE 6 

EMPLOYMENT AND INCOME WITHIN THE WOOD PROCESSING SECTOR 

Tables 6 and 7 show employment and payrol ls  by f o r e s t  industry subsectors  in 
Cal i forn ia  f o r  the 1965-76 period. The number of firms covered i n  each subsector 
i s  a l s o  shown. As might be expected, sawmills and planing mi l l s  (SIC 242)  is the 
dominant component of the lumber and wood products s ec to r  i n  terms of employment 
and payrolls.  In 1976 sawmills and planing mills accounted f o r  only 12 percent  of 
the  number of firms, but f o r  35 percent of employment and 40 percent of t o t a l  
payro l l s  i n  the sector .  Millwork and plywood p lan t s  ranked second with 23 percent  
of employment and t o t a l  payrol ls .  The "miscellaneous wood products" subsector 
ranked t h i r d  and the  "wood bui ldings and mobile h o m e s "  subsector ranked four th  
(each with 13 percent of t o t a l  employment i n  1976). "Wooden containers"  ranked 
f i f t h ,  followed c lose ly  by logging firms. Each accounted f o r  8 percent  of to ta l  

. lumber and wood products employment. 

With regard to  employment t rends,  i t  w i l l  be noted from Table 6, that while 
employment i n  millwork and plywood p lan ts ,  sawmills and planing mills, and logging 
f i rms  declined s l i g h t l y  between 1965 and 1976, other  s ec to r s  showed s i g n i f i c a n t  
growth. A similar s i t u a t i o n  occurred i n  the  paper and a l l i e d  products s ec to r  (SIC 
26). Paperboard m i l l  employment decreased and paper m i l l  employment showed only a 
s l i g h t  increase , but other  subsectors experienced s i g n i f i c a n t  growth over the 
1965-76 period. The second l a r g e s t  subsector (converted products) , fo r  example, 
had a 1976 l e v e l  of employment tha t  was 35 percent g rea t e r  than the 1965 l eve l .  
The l a r g e s t  subsector (paperboard containers)  showed a 19 percent increase.  These 
subsectors  represented 36 percent and 42 percent of the t o t a l  1976 employment i n  
paper and a l l i e d  products. Paper m i l l s  and paperboard m i l l s  each accounted fo r  9 
percent of t o t a l  employment. 

Table 6. Number of firms, employment and payrolls in lumber and(1) 
mod products subsectors in California. 1965-1976 - 

YEAR 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Total lumber and mod products 

Firms 
reporting 

Number 
of 

employees 

RU24(2) I RE24 

1843 
1747 
1690 
1678 
1691 
1614 
1633 
1589 
1915 
1800 
1912 
1958 

51022 
50288 
47042 
49714 
50773 
48071 
50474 
51697 
53753 
50834 
52879 
59606 

Total 
payroll 

( m i l l  ion 
1967 $ ) 

RW24 

349.403 
341,252 
330.446 
363.81 9 
371.850 
358.142 
394.189 
409.171 
401.198 
338.112 
338.919 
404.240 

.togging camps and contractors 

Firms I Nunttr I Total 
reporting paproll 

employees (million 

RU241 

. .  
1967 $ ) 

BE241 I RW241 

542 
497 
485 
505 
513 
455 
460 
441 
605 
53 1 
497 
52 5 

4657 
4154 
3973 
4509 
4581 
3730 
4135 
4578 
4404 
41 92 
3618 
4593 

35.795 
32.393 
31,948 
36.221 
37.609 
30.704 
35.587 
39.656 
35.360 
31.648 
26.123 
34.519 

(1) Source: California Fmployment Development Department. Report 127. 

(2) 
(3)  Not available 

Payroll data converted to constant 1967 dollars 
Code name of variable (denoting SIC code) 

Sawmills and planing m i l l s  

I I 
Firms 

reporting 

RU242 

362 
329 
305 
282 
273 
262 
251 
242- 
261 
241 
2 50 
239 

Number Total 
paproll 

employees (million 
1967 $ ) 

RE::2 I W242 

23553 
22739 
21350 
22130 
22134 
20819 
21170 
2 1692 
21957 
20696 
19301 
20907 

160.118 
155.211 
153.192 
166.780 
168.172 
161.909 
175.082 
182.181 
177% 157 
147.684 
136.329 
160.164 
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. I  TABLE 6 (continued) 

Xillvork and plgwood Wooden containers 

emplOyeC8 (million 

!llXR RU243(2) RE243 

Wood buildings and mobile bmes Xiscellaneous wood products 

--- PEAR RU245 

1972 (5) . (3) 
1973 (3) 
1974 (31 
1975 128 
1976 124 

fornia Employment Development Department..Report 127. 
011 data converted to constant 1967 dollars 

variable (denoting SIC code) 

, 
VIII-15 1 
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TABLE 7 

Pims 
reporting 

RU262 

Number 'Total 
of Payroll 

employees (mill ion 
1967 .$ ) 

RE262 815262 

Firms 
reporting 

RU263 

Number Total 
of . Payroll 

employees (million 
1967 .$ ) 

RE263 815263 

1 -  - 1  I 

Table 7. Number  of firms, employment and payrolls in paper md(1) 
al l ied products subsectors in Callfornia. 1965-1976 

Total paper and a l l ied  products Paper m i l l s  Paperboard mills 

!mAR 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

- 

Finns 
reporting 

RU26(2) -- 
424 
435 
452 
456 
465 
471 
458 
458 
482 
490 
485 
500 

Number 
of 

employees 

Total 
Payroll 

(million 
1967 $ ) 

BE26 81526 

30673 
32638 
33654 
34972 
36447 
36781 
35584 
36242 
36100 
37298 
34697 
36715 

221.490 
239.843 
252.934 
272.118 
289.496 
299.037 
299.953 
312.047 
293.768 
27b.142 
257.115 
288.232 

4398 
5087 
4743 
4706 
4617 
4302 
4148 
4176 
3927 
3905 
3473 
3245 

33.106 
40.891 
38.897 
39.914 
40.041 
37.725 
38.652 
40.264 
36.325 
32.831 
28.505 
29.728 

13 
14 
15 
14 
12 
10 
13 
13 
13 
13 
16 
19 

21.823 
24.388 
27.926 
28.246 
28.837 
26.433 
28.053 
29.529 
27.979 
24.972 
24.741 
27.728 

12 
14 
14 
14 
15 
13 
11 
10 
10 
11 
10 
9 

2973 
3174 
3519 
3463 
3435 
3161 
3281 
3370 
3155 
3149 
3117 
3260 

(1) 

(2) 

Source: California Employment Depelopuent Department. Report 127. 
Payroll data converted to constant 1967 dollars  

Code name of variable (denoting SIC code) 

Table 7. (continued) 

Other products Converted products I Paperboard containers - 

YFAR 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Number 
of 

employees 

Total 

(million 
Payro11 

1967 $ ) 

Firm8 
reporting 

RU2 6X 

Number 
of 

employees 

Finns 
reporting 

Nmber 
of 

employees 

Total 
Payroll 

(million 
1967 .$ 1 

Films 
reporting 

Total 
Payroll 

(million 
1967 .$ 1 

w26x 

3.642 
4.955 
6.364 
6.482 
6.699 
6.665 
7.216 

12.01to 
10.437 
11.691 
10.846 
11.892 

RU264(2) I RE264 I 815264 RU265 - W265 RE265 RE26X 

204 
205 
211 
224 
224 . 
233 
218 
218 
232 
237 
232 
241 

9764 
10381 
10581 
11421 
12452 
13261 
12664 
12404 
12599 
13618 
12514 
13165 

67.683 
73.632 
76.675 
85.116 
93.038 

102.622 
100.946 
99.597 
94.547 
92.439 
84.871 
92.505 

187 
191 
202 

' 195 
205 
205 
206 
209 
211 
21 1 
209 
214 

.13107 
13372 
14050 
14598 
15155 
15323 
14720 
15025 
15217 
15172 
14201 
15547 

95.235 
95.978 

104.073 
112.360 
120.883 
125.591 
125.085 
130.618 
124.479 
112.209 
108.152 
126.378 

432 
624 
761 
7 83 
788 
732 
768 

1264 
1239 
1452 
1389 
1497 

8 
11 
10 
9 
9 

10 
10 
13 
16 . 
18 
18 
17 

(1) 

(2) 

Source: California Employment Developent bepartment. Report 127. 
Payroll data converted to constant 1967 dollars  

Code name of variable (denoting SIC code) 
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TABLE 8 

REGIONAL IMPORTANCE OF FOREST INDUSTRIES 
u 

Appendix A shows the  trend i n  t o t a l  employment, employment i n  a l l  
manufacturing, and employment i n  the lumber and wood products sec tor  for  the 15 
most important timber producing counties '  i n  California.  The economic importance 
of an industry to  a county or  other  region is most appropriately measured by its 
"dependency indicator"  or  i ts  employment o r  income mul t ip l ie r .  

The use of dependency indica tors  is  supported by economic base (export base) 
theory which recognizes that the economy of a county o r  region may be divided i n t o  
two parts: the  "basic" sec tor  ( the  economic or  export base) which produces goods 
f o r  export  from the county; and the non-basic sec tor  which exists to  serve the 
needs of employees and f i rms i n  the basic sector .  Expenditures by t o u r i s t s  and 
" t r ans fe r  payments" (such as retirement income) coming from outs ide the county are 
included as part of the economic base. 

The dependency indica tors  shown i n  Table 8 show, f o r  the 15 most important 
timber producing count ies  i n  Cal i forn ia ,  the percentage of basic employment 
provided by the lumber and wood products s ec to r  (SIC 24) .  It is apparent t h a t  the 
economies of Humboldt, Del Norte, Mendocino and S ie r r a  counties are heavily 
dependent on the timber industry. The lumber and wood products sec tor  accounted 
f o r  50 t o  66 percent of basic  employment i n  these counties i n  1970. Siskiyou, 
Tehama, Plumas, Shasta and T r i n i t y  counties a lso  show subs t an t i a l  re l iance  on the ' 

timber industry,  with dependency indica tors  of between 39 and 50 percent. 

Dependency indica tors  fo r  1960 are tncluded i n  Table 8 f o r  comparison. It 
w i l l  be noted that s ign i f i can t  decreases i n  dependency on the timber industry 
occurred between 1960 and 1970 i n  most cases. There was, fo r  example, an 80 
percent drop in the ind ica tors  fo r  Humboldt and D e l  Norte. For Lassen, Mendocino, 
Nevada, S i e r r a  and Tr in i ty  the drop ranged between 9 and 18 percent. Only 
Siskiyou county showed an increase (some 4 percent)  i n  the l e v e l  of the dependency 
ind ica to r  between 1960 hnd 1970. The lessening dependence on the timber industry 
appears to be due mainly t o  growing d i v e r s i t y  i n  local economies and increases  i n  
t r a n s f e r  payments (such as retirement income) coming from outs ide the county. 

LJ 

I 
I 

1960 1970 

w.2 so.2 

U.8 49.9 

55.0 9 9 s  

51.3 0.7 

14.4 7.7 

lS.6 x7.1 

I 
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TABLE 0 

b 
The lumber and wood products income mul t ip l i e r s  shown i n  Table 9 provide 

another important gauge of the ro l e  of the timber industry i n  regional economies 
i n  California.  They measure the change i n  county income that would be created f o r  
each d o l l a r  change i n  payrol ls  i n  the  lumber and mod product sector .  Unti l  
recent ly ,  i t  was necessary to  use input-output models to  es t imate  mul t ip l i e r s  for  
individual  sec tors  such as lumber and wood products. Input-output models such as 
the  one developed by Dean et al (1973) are expensive and time-consuming to  
cons t ruc t  fo r  individual  counties. Furthermore, it is d i f f i c u l t  t o  assess the 
accuracy of input-output mtil t ipliers.  The mul t ip l i e r s  i n  Table 9 were derived by 
an inexpensive, econometric technique described by Connaughton and McKillop 
(1979). The degree of accuracy of the  estimates is qu i t e  var iab le ,  but of 
acceptable  accuracy fo r  those counties where timber is highly important, such as 
D e l  Norte, Humboldt, and Mendocino, S ie r ra  and Siskiyou. Resul ts  suggest that i n  
t h e  case of D e l  Norte, Humboldt and Siskiyou counties,  each d o l l a r  change i n  
lumber and wood products payro l l s  leads to  a change of about $2.40 change i n  
o v e r a l l  county income. For Mendocino and S ie r r a  counties the estimated overall 
effects are $1.70 and $1.30, respect ively,  fo r  each $1 change i n  timber industry 
payrol ls .  Magnitudes such as these give a clear indica t ion  of the high degree of 
importance of timber i n  the economies of these counties. 

Table 9. Lumber and wood products income mul t ip l i e r s ,  standard 
e r ro r s ,  and confidence i n t e r v a l s  f o r  the f i f t e e n  most 

important wood processing count ies  i n  Cal i forn ia  

County 

Butte 

Del Norte 

El Dorado 

Humboldt 

Lassen 

Mendocino 

Modoc 

Nevada 

Plumas 

Shasta 

Sierra 

Sisklyou 

Tehama 

Trinity 

Y K b a  

Multiplier 

1. 5936 

2.2610 

4.2417 

2.3685 

1 8646 

1.7364 

1.9378 

8480 

1 3075 

3.2858 

1.3281 

2.4155 

1 6083 

1.9175 

1- 2707 

Standard 
Error 

1.0687 

.1191 

4.1206 

1345 

4834 

1408 

4766 

7707 

6193 

a7121 

1061 

-2611 

1.5512 

3488 

1.2932 

(1) Source: Connaughton and McKillop (op. cit.) 

95% Confidence Interval 

-1.514 to 4.3407 

1.9549 to 2.5671 

-7.1987 to 15.6820 

1.9404 to 2.7965 

e6221 to 3.1071 

1.3454 to 2.1274 

e7124 to 3.1627 

-1.1311 to 2.8291 

-.1569 to  2.7719 

1.4553 to 5.1163 

1.0684 to 1.5877 

1.744 to 3.0866 

-2.6985 t o  5.9152 

1.064 to 2.7710 

-2.0535 to 4.5949 
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Appendix A shows data on employment f o r  1959, 1962, 1965-71 and 1973 f o r  major 
wood processing counties.  Appendix B d i sp lays  the r e l a t ionsh ip  between employment 
i n  lumber and wood products, a l l  manufacturing and t o t a l  county employment. In  
terms of t o t a l  employment i n  lumber and wood products, Humboldt County ranks 
f i r s t ,  followed by Kendocino, Shasta, Siskiyou, Tehama, Butte, and D e l  Norte 
Counties. None of the  remaining nine count ies  had lumber and wood products 
employment l e v e l s  that exceeded 1000 persons. In  f a c t ,  i n  severa l  count ies  
(Lassen, Modoc, Nevada, S i e r r a  and Yuba), the lumber and wood products work force  
was less than 500. 

L, 

Although absolu te  l e v e l s  of employment are of i n t e r e s t ,  the percentages i n  
Appendix B provides useful  information of the r e l a t i v e  importance of timber t o  the  
economies of ind iv idua l  counties. Thus, although Humboldt County ranked f i r s t  i n  
t o t a l  timber indus t ry  employment, i t  ranked only seventh, percentagewise, with 
30.6 percent  of t o t a l  employment being i n  the  lumber and wood products sector .  
S i e r r a  County, on the  o ther  hand, ranked f i r s t  (with 60.5 percent)  even though it 
had a r e l a t i v e l y  small timber indus t ry  work force. T r in i ty  County ranked second 
(with 56.7 percent ) ,  D e l  Norte t h i r d  (with 45.8 percent ) ,  Plumas four th  (with 39.6 
percent)  and Mendocino ranked f i f t h  ( w i t h  32.8 percent of its t o t a l  work force  i n  
the  lumber and wood products sector) .  

Dependency ind ica to r s  given i n  Table 8 are a usefu l  measure of the degree of 
dependence on timber of individual  counties.  The data i n  Appendix B showing 
lumber and wood products employment as a percentage of t o t a l  manufacturing 
employment is use fu l  a lso ,  because manufacturing genera l ly  is an important 
component of the  economic base of a county. It w i l l  be noted t h a t  i n  1973 t hese  
percentages were over 90 percent  i n  the case of Del Norte, Lassen, Plumas, Sie r ra ,  
Siskiyou and T r i n i t y  Counties, ind ica t ing  t h a t  there  was almost no o ther  
manufacturing i n  these count ies  o ther  than wood processing. In f a c t ,  lumber and 
wood praducts employment represented less than 50 percent of manufacturing 
employment only i n  the  case of Butte,  Nevada and Yuba Counties. 

As was noted earlier, the r e l a t i v e  degree of dependence on timber indus t r i e s  
is lessening i n  many cases, as county economies become more d ive r s i f i ed  and as 
t r a n s f e r  payments such as ret i rement  income become an important source of county 
income. This trend is underscored by the  data i n  Appendix B. Over the 1959-73 
period there  was a general  dec l ine  i n  lumber and wood products employment as a 
percentage of total employment, with the  exception of Tehama, and Tr in i ty  
Counties. Total  timber indus t ry  employment given i n  Appendix A has shown a 
similar t rend although the s t rong lumber markets of the  e a r l y  nineteen-seventies 
tended to mask the  o v e r a l l  trend. Nevertheless,  i n  s p i t e  of t h i s  dec l ine ,  timber 
cont inues t o  be a mainstay of many local regional  economies i n  Northern 
Cal i forn ia .  
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APPENDIX A: Employment in lumber and wood products and 

manufacturing, and total employment in major wood 
(1) processing counties 1959-73 

Source: U. S. Department of Commerce. County Business 
(1) 

Patterns. 
Washington, 1). C. 

i 
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EWLOYMENT IN MANUFACTURING, LUMBER d WOOD PROOUCTS: AND "ITAL EWLOYMENT 

A - MANUFACTURIhlG 8 - LUMBER AND Woa, PRODUCTS C - TOTAL EWLOYMENT 

BUTTE COUNTY 

YEAR A 6 C 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

2615 
23 14 
2179 
1895 
1867 
1932 
2128 
2 192 
2519 
3507 

14 19 
1082 
905 
823 
743 
839 
754 
777 

1063 
1644 

11718 
13271 
16060 
15699 
1649 1 
147% 
15109 
15645 
16256 
18878 

EL OORADO COUNTY 

YEAR A 6 C 

1959 938 781 
1962 744 558 
1965 87 1 632 
1966 1490 609 
1967 753 603 
1968 747 566 
1969 679 515 
1970 672 487 ' 6507 
1971 78 1 608 6498 
1973 884 649 8111 

DEL NORTE OUNTY 

YEAR A 8 

1959 2239 2153 
?%2 1853 1787 
1965 1865 1760 
1966 1881 1797 
1967 1603 1502 
1968 1573 1485 
1969 1621 1540 
1970 1604 1564 
1971 1538 1405 
1973 1648 1 567 

C 

3807 
3312 
3793 
3550 
3208 
3 140 
3086 
3054 
2970 
34 19 

H U W T  OOUNTY 

YEAR A 8 C 

1959 11375 10142 2225 1 
1962 10137 8890 2 1398 
1965 10195 8565 22906 
1966 9464 779 1 22102 
1967 8127 6594 20512 
1968 8813 7128 20808 
1969 9892 8123 22370 
1970 8568 6765 21227 
197 1 9157 7124 2 1268 
1973 9122 7282 23764 
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EWLOYMENT IN MANUFACTURING, LUMBER 6 woo0 PROOUCTS; AND TOTAL WLOYMWT 

A - MANUFACTURING B - LUMBER AND woo0 PRODUCTS C - TOTAL EWLOYMENT 

LASSEN COUNTY 

YEAR A B 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1973 

534 
554 
363 
341 
353 
379 
395 
361 
364 
485 

489 
517 
296 
273 
289 
330 
364 
337 
344 
458 

C 

1666 
1694 
1807 
1824 
1899 
1965 
1882 
1924 
1873 
2474 

YEAR A 

1959 195 
1962 154 
1965 21 1 
1966 144 
1967 104 
1968 172 
1969 156 
1970 125 
1971 130 
1973 145 

WOC COUNTY 

(1) Not avai  tab le  

B C 

186 662 
127 702 
171 848 
128 7 14 
(1) 659 
142 795 
135 830 
117 800 
130 849 
109 906 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

MENDOCIN0 COUNTY 

A B 

534 1 4592 
379 1 29% 
4207 3839 
3832 3515 
3862 3462 
3668 3352 
3784 3486 
3727 3333 
4092 3522 
4270 3689 

C 

8893 
76 18 
9425 
8632 
8763 
874 1 
9199 
9171 
9862 
I1250 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

NEVADA COUNTY 

A B 

528 384 
345 205 
601 427 
534 329 
515 313 
649 . 430 
665 428 
663 407 
592 403 
760 375 

C 

2314 
2330 
3407 
3085 
3003 
3500 
3570 
3553 
3634 
4106 



EWLOYMENT IN MANUFACTURING, LUMBER d, woo0 PRODUCTS; AND TOTAL EMPLOYMENT 

A - MANUFACTURING B .. LUMBER AND W O a ,  PRODUCTS C - TOTAL EM'LOYMENT 

PLUMAS COUNTY 

YEAR A B 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1973 

952 
829 

1194 
1180 
990 
997 
866 
750 
653 
792 

940 
812 

1165 
1146 
963 
(1) 
716 . 
596 
(1) 
773 

(1)Not aval lable 

C 

1772 
1792 
2555 
23 13 
2347 
2343 
2155 
1881 
1817 
1954 

SIERRA Coum 

YEAR A B C 

1959 
- 1962 

1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1973 

327 
266 
(1) 
(1) 
(1) 
246 
287 
243 
(1) 
248 

( 1 )Not aval lable 

327 
266 
(1) 
(1) 
(1) 
24 1 
287 
(1) 
(1) 
248 

457 
421 
497 
468 
424 
381 
40 1 
364 
312 
4 10 

YEAR A 

SHASTA COUNTY 

1959 3315 
1962 3169 
1965 3703 
1966 3826 
1967 36 13 
1968 3587 
1969 35 16 
1970 3373 ' 
197 1 3596 
1973 4073 

B C 

3090 9621 
2673 10724 
2870 15058 
2895 14291 
2708 14152 
2652 14 144 
2498 14337 
2287 14979 
2348 14573 
2583 16766 

SlsKlYOu COUNTY 

YEAR A B 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1973 

309 1 
2632 
3058 
2924 
3166 
2507 
244 1 
2222 
1862 
2187 

2908 
2392 
2792 ' 

2722 
2918 
2312 
2245 
2064 
1654 
20 13 

C 

5925 
5325 
6422 
6335 
6497 
5882 
5950 
5746 
5498 
6528 
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YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

EWLOYMENT IN MANUFACTURING, LUMBER i3 WOOD PRODUCTS; AND XlTAL WLOYMENT 

A - MANUFACTURING B - LUMBER AND W o a >  PRODUCTS C - TOTAL EM'LOYMENT 

TEHAM4 COUNTY 

A B 

1951 1588 
1918 1412 
1846 1437 
1982 1436 
2002 1467 
2302 1785 
2472 1821 
2436 1729 
3026 2414 
24 35 1854 

YUBA COUNTY 

A B 

562 378 
612 376 
765 452 
616 363 
594 309 
548 270 
699 209 
603 235 
610 256 
81 1 355 

C 

4599 
4742 
4730 
4756 
5056 
51 15 
551 1 
5269 
59 13 
5561 

C 

5148 
8252 
5854 
5624 
6876 
7335 
7050 
601 1 
5877 
6344 

TRINITY COUNTY 

YEAR A B C 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

79 1 
460 
493 
43 1 
31 7 
384 
477 
425 
559 
697 

( 1 )  Not aval lable 

71 1 1348 
39 1 814 
( 1 )  94 1 
377 874 
308 732 
291 911 
303 962 
239 847 
360 936 
697 1230 
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APPENDIX B: Percentage of work force employed in lumber and wood 

products and manufacturing for major wood processing 
(1) 

counties 1959-73 

Based on data in Appendix A. (1) 
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PERCENTAGE WLOYED I N  MANUFACTURING, LUMBER 6, WOOD PRODUCTS 

A - MANUFACTURING 5 OF TOTAL B - LUMBER 6, Wo(1D PRODUCTS % OF TOTAL 
0 LUMBER 6, woo0 PROOUCTS $ OF MNUFACTURING 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

BUTTE COUNM 

A B 

22 03 12.1 
17.4 8.2 
13.6 5 06 
12.1 5.2 
11.3 4.5 
13.1 5.7 
14.1 5.0 
14.0 5.0 
15.5 6.5 
18.6 8.7 

C 

54.3 
46.8 
41.5 
43.4 
39.8 
43.4 
35.4 
35.4 
42.2 
46.9 

EL M)RADo COUNM 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

A B C 

26.9 22.4 
17.1 12.9 
15.7 11.4 
22.9 9.3 
13.0 10.4 
13.8 10.5 
12.3 9.3 
10.3 7.5 
12.0 9.4 
19.9 8.0 

83 .3 
75.0 
72.6 
40.9 
80.1 
75.8 
75.8 
72.5 
77.8 
73.4 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

oa NORTE COUNTY 

A B C 

58.8 56.6 96.2 
55.9 54.0 96.4 
49.2 46.4 94.4 
53.0 50.6 95.5 
50.0 46.8 93.7 
50.1 47.3 94.4 
52.5 49.9 95.0 
52.5 51.2 97.5 
51.8 47.3 91.4 
48.2 45.8 95.1 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

HUMBOLDT COUNTY 

A B 

51.1 45.6 
47.4 41.5 
44.5 37A 
42.8 35.3 
39.6 32.1 
42.4 34.3 
44.2 36.3 
40.4 31.9 
43.1 33.5 
38.4 30.6 

C 

89 02 
87.7 
84 00 
82.3 
81.1 
80.9 
82. 1 
79.0 
77.8 
79.8 
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PERCENTAGE WLOYED IN MANUFACTURING, LUMBER d, WOOD PROOUCTS 

A - MANUFACTURING OF TOTAL B - LUMBER d, W O a ,  PRODUCTS 5 OF TOTAL 
C- LUMBER d, woo0 PRODUCTS 5 OF MANUFACTURING 

I 
~ 

LASSEN COUNTY 

YEAR A B C 

1959 3211 29.4 
1962 32.7 30.5 
1965 20.1 16.4 
1966 18.7 15.0 
1967 18.6 15.2 
1968 19.3 16.8 
1969 21.0 19.3 
1970 18.8 17.5 
1971 19.4 18.4 
1973 19.6 18.5 

91 .6 
93.3 
81,5 
89.1 
81 09 
87.1 
92.2 
93.4 
94.5 
94.4 

YEAR 

199 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

MODOC COUNTY 

A B C 

29.5 
21 .9 
24.9 
20.2 
15.8 
21.6 
18.8 
15.6 
15.3 
16.0 

(1) NOT avaflable 

28.1 95.4 
18.1 82.5 
20.2 81 .O 
17.9 88.9 
(1) { 1) 
17.9 82.6 
16.3 86.5 
14.6 93.6 
15.3 100.0 
12.0 75.2 

MENOOCINO COUNTY 

YEAR A 0 C 

1959 60.1 51.6 86.0 
62 49.8 39.3 79.0 
65 44.6 40.7 91.3 
66 44.4 40.7 
67 44.1 39.5 
68 42.0 W.3 

1969 41.1 37.9 92.1 
1970 40.6 35.3 89.4 
1973 41.5 35.7 86.1 
1973 38.0 32.8 86.4 

NEVADA COUNTY 

YEAR A B C 

1959 
1962 
1965 
1966 
I967 
1968 
1969 
1970 
1971 
1973 

22 08 16.6 72.7 
14.8 8.8 9 04 
17.6 12.5 71.0 
17.3 10.7 61.6 
17.1 10.4 60.8 
18.5 12.3 66.3 
18.6 12.0 64.4 
18.7 11.5 61.4 
16.3 11.1 68.1 
18.5 9.1 49.3 
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LJ 
PERCENTAGE WLOYED IN MANUFACTURING, LUMBER 6 WOOD PROOUCTS 

A - MANUFACTURING $ OF TOTAL B - LUMBER & Woa, PROOUCTS $ OF TOTAL 

C- LUMBER 6 WOOD PRODUCTS $ OF MANUFACTURING 

PLUMAS COUNTY 

YEAR A B C 

1959 
1962 

1970 
1971 
1973 

s3.7 53.0 8 07 
46.3 45.3 7.9 
46.7 45.6 97.6 

*O 49.5 97.1 
42.2 41 .O 97 3 
42.6 (1) - (1  
40.2 33.2 82.7 
39.9 31 07 79.5 
35.9 ( 1 )  (1 )  
40.5 39.6 97.6 

IN& a v a l  lable 

SIERRA OOUNTY 

YEAR A B C 

71 06 100.0 
63.2 100 .o 
(1) ( 1 )  
(1)  (1) 

1967 ( 1 )  (1) (1 1 
1968 64.6 63.3 98.0 
1969 71.6 71.6 100.0 
1970 66.8 (1) (1) 
1971 (1)  (1) ( 1  1 
1973 60.5 60.5 100.0 

( 1 )  Not aval lable 

31-79445 

SHASTA COUNTY 

YEAR A B C 

1959 34.5 32.1 93.2 
1962 29.6 24.9 84.3 
1965 24.6 19.1 77.5 
1966 26.8 20.3 75.7 
1967 25.5 19.1 75.0 

1969 24.5 17.4 71.0 
1970 22.5 15.3 67.8 
1971 24.7 16.1 65.3 
1973 24.3 15.4 63.4 

1968 25.4 18.8 73.9 

SlSKlYOU COUNTY 

Y U R  A 8 C 

1959 52.2 49.1 94.1 
1962 49.4 44.9 90.9 
1965 47.6 43.5 91.3 
1966 46.2 43.0 93.1 
1967 48.7 44.9 92.2 
1968 42.6 39.3 92.2 
1969 41.0 37.7 92.0 
1970 38.7 35.9 92.9 
1971 33.9 30.1 88.8 
1973 33.0 30.4 92.0 
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PERCENTAGE EM'LOYED IN MANUFACTURING, LUMBER d, WOOD PRODUCTS 

A - MANUFACTURING $ OF TOTAL B - LUMBER d, Woo0 PRODUCTS $ OF TOTAL 

0 LUBER d, WOOD PROOUCTS $ OF WNUFACTURING 

TEHAMA COUNlY 

YEAR A B C 

1959 42.4 34.5 
1962 40.4 29.8 
1965 39.0 30.4 
1966 41.7 30.2 
1967 39.6 29.0 
1968 45.0 34 09 
1969 44.9 33.0 
1970 46.2 32.8 
1971 51.2 40.8 
1973 43.8 33.3 

81.4 
73.6 
77.8 
72.5 
73.3 
77.5 
73.7 
71 .O 
79.8 
76.1 

YEAR 

1959 
1962 

\ 1965 
1966 

' 1967 
1968 
1969 
1970 
1971 
1973 

A B 

10.9 7.3 
7.4 4.6 

13.1 7.7 
11.0 6.5 
8 06 4.5 
7.5 3.7 
9 .9 3.0 

10.0 3.9 
10.4 4.4 
12.8 5.6 

C 

67.3 
61.4 
59.1 
58.9 
52.0 
49.3 
29.9 
39.0 
42.0 
43.8 

YEAR 

1959 
1962 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1973 

TRINITY COUNTY 

A B C 

58.7 52.7 89.9 
56.5 48.0 85.0 
52.4 (1) (11 
49.3 43.1 87.5 
43.3 42.1 97.2 
42 .2 31.9 75.8 
49.6 31.5 63.5 
50.2 28.2 56.2 
59.7 38.5 64.4 
56.7 56.7 100.0 

(1)  N o t  avai lable 
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APPENDIX IX 
AREA OF TIMBERLAND PRESERVE ZONES BY COUNTY, 1978 

County 

A I  ameda 

Alplne 

Amador 

Butte 

Ca I averas 

cot usa 

Contra Costa 

Del Norte 

E l  b r a d o  

Fresno 

GI enn 

Humbol d t  

I mper I al 

I nyo 

Kern 

Klngs 

Lake 

Lassen 

Lo5 Angel- 

Madera 

Marln 

Mar I posa 

Mendoc I no 

Merced 

Modoc 

Mono 

Monte rey 

Napa 

Nevada 

(STATE BOARD OF EQUILIZATION) 

TPZ 

0 

4,555 

29,790 

132,010 

72,000 

0 

0 

147 , 140 

143,490 

16,640 

28,100 

1,066,910 

0 

0 

0 

0 

0 

330,330 

0 

4,060 

0 

6,000 

892,255 

0 

185,530 

0 

d 

0 

83,085 

County 

Orange 

PI acer 

PI umas 

Riverslde 

Sacramento 

San Benlto 

San Bernardlno 

San Qiego 

San Franclsco 

San Joaqu 1 n 

San LUIS Oblspo 

San Mat- 

Santa Barbara 

Santa Clara 

Santa Cruz 

Shas t a  

Slerra 

S Is k 1 you 

Sol an0 

Sonoma 

Stantslaus 

Sutter 

Tehama 

Tr I n 1 t y  

Tulare 

Tu01 umne 

Ventura 

YO10 

Yuba 

TPZ 

0 

123,735 

267,09C 

0 

0 

4 
0 

0 

0 

0 

0 

23,710 

0 

0 

81,000 

633,620 

88,590 

603,m 

0 

76,92d 

0 

0 

24 1 , 900 

281,560 

10,050 

85,260 

80 

0 

30,970 

TOTAL 5,689,920 
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APPENDIX X 

U WbOD ENERGY 

ASSUMPTIONS USED FOR TABLE 11-3 

MILL RESIDUES 

Total mill production (including lumber, plywood and veneer) in 1978 was esti- 
mated to be 5.3 bi I I ion board feet based upon data from the May 1979 issue of 
"Forest Industries" magazine, the California State Board of Equalization, the 
American Plywood Association and California Department of Forestry (CDF) estimates 
of plywood and veneer production in 1976 (State Forest Notes #71, 1978). To 
determine the gross amount of mill residue available in 1978, a conversion factor 
of 1.26 dry tons of residue per 1000 board feet produced was calculated from 1976 
data (Hiserote and Howard, FS Resource But let in PNW-80, 1978) and assumed to be 
applicable to 1978. 

Data on actual amounts of mill residue used as boiler fuel and currently instal- 
led electrical capacity came from a 1978 mi l l survey conducted by. the Sol id Waste 
Management Board, the California Energy Commission and CDF. 

- NOTE: Today, while some mills cogenerate electricity from wood-fired steam 
boilers a large number of mills burn wood for process steam only. Thus, the 2.6 
million dry tons of mill residue used in 1978 as boiler fuel include the amounts 
used by not only the mi I Is that produce process steam only, but also the .mi  I Is 
that cogenerate electrical power. 

Therefore, the 123.5 megawatts of installed capacity in 1978 reflect only those 
mi I I s  that currently produce electricity. If - at I of the 2.6 mi I 1  ion dry tons is 
assumed to be used to cogenerate electricity, about 310 MW of installed capacity 
could potentially be real ized. 

To determine future mill production, CDF projections (State Forest Notes #71, 
1978) were adjusted using the estimated 1978 data as base figures. The overal I 

. trend indicates that total mill production will decrease to 2000; and then in-, 
crease slightly by 2030. This analysis assumes that improved recovery at the mill 
through reduced saw kerf and computerized processing will reduce residue genera- 
tion by 10 percent by 2030. This is reflected in a uniform reduction of the 1978 
conversion factor by 10 percent by 2030. Note that as old growth timber stands 
give way to younger second growth stands, logs will become smaller, with less de- 
fect, resulting in a further decrease in mill residue generation. 

To determine the amounts of mi I I residues potential I y aval lable for energy as 
bot ler fuel, the appl icable compet.ing uses were identif led and an estimate of the 
percentage of the gross quantities going to that end use quantified. The percent- 
age of the gross amount of mi I I residue avai lable for energy was estimated to be 
40 percent by 1985, 43 percent by 2000 and 47 percent by 2030 based on assumptions 
by CDF and the Forest Service PNW Experiment Station. Although approximately 90 
percent of the m l  I I residues are uti I ized today, a major assumption is that by 
2030, 99 percent of the mill residues will be utilized (FS, PNW Experiment 
Station). b, 



SOFTWOOD AND HARDWOOD SLASH a 

SOFTWOOD SLASH 

Based upon prel iminary timber tax  data from the State Board of Equalization, ' 

softwood timber cu t  f o r  1978 was estimated to  be 4.3 b i l l i o n  board feet  harvested. 
The gross amount o f  softwood slash was determined using a conversion factor  of 
1.33 dry tons o f  slash per 1000 board feet  harvested (FS and CDF). 

To determine fu tu re  softwood timber cut, FS project ions f o r  softwood harvests i n  
Cal i f o r n i a  between 1980 and 2030 were adjusted using the estimated 1978 data as 
the  base figures. This long-run forecasting model was used by the Forest Service 
for i t s  1980 RPA Assessment and a lso by CDF for i t s  Forest Resource Assessment. 
The overa l l  t rend indicates t h a t  softwood timber cu t  w i  I I  decrease t o  2000; and 
then increase back up t o  the 1980 level by 2030. These project ions were converted 
i n t o  gross amounts of  slash using the factor  o f  1.33 dry  tons per 1000 board fee t  
harvested. 

HARDWOOD SLASH 

Based upon estimates by the Forest Service and the Cal i f o r n i a  State Polytechnic 
Univers i ty  - San Luis  Obispo, the gross amount o f  hardwood slash generated i n  1978 
i s  assumed t o  be 1.9 m i l l i o n  dry tons. 

To determine fu tu re  amounts of  hardwood slash, harvest project ions f o r  Cal i f o r -  
n i a  (Gedney, e t  a1 . , FS Resource But l e t  i n  PNW-60, 1975) were adjusted using the 
estimated 1978 data as base figures. The overa I I trend indicates t h a t  the hard- 
wood cu t  w i l l  increase t o  2010 and then level o f f .  

To determine the  amounts o f  both softwood and hardwood slash po ten t i a l l y  ava i l -  
ab le as b o i l e r  fuel, the appl icable competing uses were i den t i f i ed  and t h e i r  es t i -  
mated percentages of  the gross quant i t ies  were quanti f ied. Energy use was assumed 
t o  account f o r  10 percent of the gross quant i t ies  o f  slash by 1985, 28 percent by 
2000 and 36 percent by 2030. Based on CDF data compiled from slash co l l ec t i on  
pro jects  and fue l  loading inventories, a major assumption i s  t h a t  50 percent of 
a l l  slash (material 8 inches and greater) w i l l  be economically avai lab le and u t i -  
I i zed by 2030. 

PRE-C@%IERCIAL CONIFER THlNNlNGS 

For t h i s  category, fo res t  land acreages were broken down on an ownership basis: 
Forest Service-federal lands, and State and p r i va te  lands. 

Approximately 23,515 acres of federa l ly  owned timberland were thinned i n  
1978 under current management pract ices (FS Timber Management Plans). . Acre- 
ages of federal land t o  be thinned i n  the  fu ture were based on actual plans 
by the  Forest Service. 

I t  i s  assumed t h a t  thinnings on State and pr iva te  lands were minimal i n  1978 
For fu tu re  years, two phases of th inn ing were considered for State and (CDF). 

p r i va te  lands based on estimates from CDFls Forest Improvement Program. LJ 
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L) 
Thinning Ex is t i ng  Stands. Thinning s t a r t s  In  1980 a t  32,760 acres per 

year and continues f o r  20 years u n t i l  2000. A l l  o f  t h i s  th inn ing  w i l l  
I i kely be completed by 2030. 
areas w i l l  begin i n  1980. 

Thinning Future Stands Reforested i n  1980. Af ter  10 years o f  growth, 
replanted stands are su i tab le f o r  thinning. Thus thinning w i l l  s t a r t  i n  
1990 a t  50,700 acres per year, continuing f o r  20 years u n t i l  2010, a t  
which time thinning w i l l  s t a b i l i z e  and be maintained a t  a level of 10,000 
acres per year (20 percent o f  the i n t i a l  1990 level).  

The fo l lowing tab le  shows acres thinned f o r  each ownership class and th inn ing  

Also re fo res ta t ion  of  previously harvested 

-- 

phase, as well as t o t a l  acreages thinned. 

Pre-Commercial Thinnings 
( i n  acres) 

Federa I (USFS 1 

State & P r i va te  (CDF - FlP) 
a. Th i nn i ng ex i s t i ng  stands 
b. Thinning previously reforested 

TOTAL ACRES 

1978 

23,515 

Min. 
Min. 

23,515 

1985 

45,000 

32,760 
Planted 

1980 
(5  yrs.old 

77,760 

2000 

58,000 

32,760 
50,700 

141,460 

2030 

58,000 

0 
10,000 

68,000 

Gross quant i t ies  of  th inning residue were calculated assuming a conversion fac- 
t o r  o f  20 tons of  residue per thinned acre (FS). 

To determine the amounts o f  th inning residue p o t e n t i a l l y  ava i lab le  f o r  b o i l e r  
fuel,  estimated percentages of appl icable competing uses were quanti f ied. Energy 
use was assumed t o  be 12 percent o f  the gross quant i ty of th inn ing  residue by 
1985, 24 percent by 2000 and 30 percent by 2030. A major assumption was t h a t  the 
amounts of  th inn ing  residue u t i l i z e d  w i l l  increase t o  50 percent o f  the gross 
quant i t y  by 2030 (CDF). This assumption i s  based on the smal I s i ze  of the thinned 
material,  i.e., pieces under a p a r t i c u l a r  s i ze  w i l l  not  be economical t o  use 
because co l lect ion,  processing and transportat ion costs w i l l  be greater than the 
po ten t i a l  revenues. 

DEAD AND DYING MATERIAL 

During an average year i n  Cal i fornia,  natural m o r t a l i t y  approaches one b i l l i o n  
board fee t  r e s u l t i n g  i n  approximately 1.5 m i l l i o n  dry tons o f  residue annually 
ava i lab le  (FS). But due t o  recent epidemic insect and disease outbreaks occurring 
i n  the forest, augmented by the drought o f  1975-77, present amounts o f  dead and 
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dying materia I are greater than norma I . For 1978, 2.4 m i  I 1 ion dry tons of dead 
and dying residue are estimated to be avai lab le (FS). From 1985 on, annual gross . ' 
amounts of dead and dying materiat are assumed t o  be 1.5 m i  I I ion dry tons, o r  the  
quant i ty  associated w i th  a normal year o f  natural  mortal i t y  (FS-CDF). Note t h a t  
i n  the  long term as o l d  growth stands disappear and th inn ing programs increase the 
v igor  o f  young stands, t h i s  %ormaIrl amount may decrease (FS), However, th is 
analysis does not r e f l e c t  such a poss ib i l i t y .  

To determine the amou residue po ten t i a l l y  avail 
energy as bo i l e r  fuel,  uses and t h e i r  estimated 
ages o f  the gross quan 
energy use were assume 
residue by 1985, 7 per 
t h a t  50% o f  the gross 

zed by 2030 due t o  increased 
ad systems (FS). An 

se by 2030, ha l f  w i l l  be 
Note also t h a t  t he  dead an 
and t h i s  may be unusab 

"COkrlMERC I AL FORESTS 

SOFTWOODS 

Based on Forest Service data, there are approximately 7.5 m i l l i o n  acres o f  
noncommercial softwoods in  Cal i forn ia .  Assuming the average annual growth t o  be 
10 cubic feet  per acre per year and t h a t  any annual cu t  o f  noncomnercial softwoods 
i s  accomplished on a sustained y i e l d  basis (i.e., cu t  equals growth), it i s  
estimated tha t  one m i l l i o n  dry tons o f  residue could be generated annually (FS). 
Th is  gross quant i ty i s  assumed t o  remain constant over time. 

HARDWOODS 

Based on data from the  Forest  Service and Cal Poly-San Lu is  Obispo, there are 
approximately 1.3 m i  I I ion acres of noncommercial hardwoods in  Cal i forn ia .  Assum- 
ing a low average of 50 tons of residue per acre, a ro ta t i on  of 40 years an 
any annual c u t  of noncommercial hardwoods i s  accomplished on a sustained 
basis, it i s  estimated t h a t  1.6 m i l l i o n  dry tons o f  residue could be generated an- 
nual ly  (FS). This gross quant i ty i s  assumed t o  remain constant over time. 

To determine the  amounts of both noncommercial softwood and hardwood slash 
po ten t i a l l y  avai lab le fo r  bo i l e r  fuel, the appl icable competing uses and t h e i r  
estimated percentages of the  gross quant i t ies  were quanti f ied. The percentages 
associated w i th  energy use were assumed t o  be one percent o f  the gross quant i t ies  
of residues by 1985, two percent by 2000 and f i v e  percent by 2030. A major 
assumption i s  t h a t  amounts u t i  I ized by 2030 w i I I only be 10 percent o f  the  gross 
quant i t ies  due t o  sparseness of stands, access lb i l i t y  problems, high co l l ec t i on  
costs, I arge d i stances from potent l a  I markets and ownersh i p object  i ves t h a t  
preclude any use (i.e., grazing lands, Indian reservations, protected areas, 
etc. 1, (CDF 1 . 
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I 

CHAPARRAL 

Based on Forest Service data and U.C. Riverside F i r e  Laboratory measurements, u 
approximately 7.6 m i  I 1  ion dry tons of residue are es irnated t o  be annual l y  avai I: 
able assuming: 

(b) an average 

breaks and conver 

aximum of on1 

ORCHARD PRUNNINGS 

and t h a t  annu 

t o  1980, and by two percent from 
t o  level of f  due t o  the J iml t ing 

pruned every year during t h e i r  dormant period t h a t  

from 1973 data by the Univers i ty  of Cal i fornia,  Agr icu l tu ra l  Cooperative Exten- 
s ion) of .997 dry tons of residue per acre, adjusted f o r  moisture content. 

1 
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To determine the amounts of  pruning residue po ten t i a l l y  avai lab le for bo i l e r  
f ue I , the app I i cab1 e competing uses and t h e i r  estimated percentages o f  the  gross 
quant i t ies  were quanti f ied. The percentages associated wi th  energy use were 
assumed t o  be three percent of the  gross quant i ty o f  residue by 1985, e igh t  per- 
cent by 2000 and 17 percent by 2030. A major assumption i s  t h a t  only 20 percent 
o f  the gross quant i ty w i l l  be used by 2030 (Sol id  Waste Management Board). 

URBAN WOOD RESIDUES 

The most avai lab le data on urban wood residues comes from the  Association of Bay 
Area Governments (ABAG). The nine urban counties represented by t h i s  associat ion 
generated a t o t a l  o f  592,600 dry tons of  residue i n  1978 (ABAG). This residue in- 
cludes waste material from tree-trimming companies, demoli t ion wastes, t ree  main- 
tenance prunings, construct ion wastes and p a l l e t  stock. I t  i s  assumed t h a t  these 
urban wood wastes are readi l y  avai lab le  i n  concentrated amounts and have no at -  
tending separation costs (ABAG). Assuming t h a t  the ABAG data i s  general ly repre- 
sentat ive of  other t yp i ca l  urban areas i n  Cal i fornia,  the ABAG per capi ta amount 
of urban residue (.121 tons per person) was applied t o  the State's estimated t o t a l  
urban population of 18.4 m i l l i o n  (Department o f  Finance) t o  obtain an estimated 
2.2 m i l l i o n  dry tons of  urban residues generated annually. 

Future gross amounts of  urban wood residues are assumed t o  increase a t  the same 
r a t e  of  population increase occurring w i th in  urban counties (CDF). Using popula- 
t i o n  project ions fo r  Cat i f o r n i a  counties calculated by the Department o f  Finance 
(Series E-1501, percentage increases were calculated fo r  each o f  the years consid- 
ered t o  escalate the gross amounts of  urban residues over time. Included were the 
n ine bay area counties and other counties t h a t  are estimated t o  have populations 
o f  a t  least  500,000 by 1980. Note t h a t  reduced l a n d f i l l s  and cen t ra l l y  located 
urban residues t h a t  minimize transportat ion costs w i l l  f u r ther  j u s t i f y  the in- 
creased amounts of  urban residues available. 

To determine the amounts of urban wood residues po ten t i a l l y  avai lab le f o r  energy 
as b o i l e r  fuel, the appl icable competing uses were i d e n t i f i e d  and an estimate of  
t he  percentage of the gross quant i t ies  going t o  t h a t  end use quanti f ied. The per- 
centages associated w i th  energy use were assumed t o  be 10 percent of the gross 
quan t i t y .o f  residue by 1985, 35 percent by 2000 and 55 percent by 2030. A major 
assumption i s  t h a t  80 percent of the gross quant i t ies  of urban residues w i  I I be 
u t i l i z e d  by 2030 (ABAG), wi th  a major por t ion of the bo i l e r  fue l  assumed t o  be 
used by e l e c t r i c  u t i l i t i e s  t o  produce e l e c t r i c i t y  (Southern Ca l i f o rn ia  Edison). 

ENERGY POTENTIAL OF WOOD'RESIDUES 

To determine the energy potent ia l  o f  wood i n  Cal i fornia,  the amounts of  wood 
residues avai lab le f o r  bo i l e r  fue l  a r r i ved  a t  above were converted i n t o  un i t s  of 
energy. F i rs t ,  each potent ia l  quant i ty  of dry tons or  residue annually avai lab le  
for energy was converted i n t o  Btu's per year. Then these po ten t ia l  annual Btu's 
of wood energy were converted i n t o  megawatt-years (MM-yrs.) o f  potent ia l  congener- 
ated e l e c t r i c a l  capacity. 

To convert po ten t ia l  quant i t ies  of dry tons o f  wood residues i n t o  Btu's per year 
requires an assumption concerning the  Btu content of dry wood. This analysis 
as umes an average heating value of 8500 Btu's per pound o f  dry wood -- or 17 x 
10 Btu's per dry ton. (pl, 

8 
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To convert each amount of potent ia l  Btucs per year o f  wood energy i n to  megawatt- 
years, the  fo l lowing formula was used t o  ca lcu late the  amount o f  annual Btucs 
required t o  produce a W-yr (Cal i forn ia  Energy Commission): 

Capacity Factor (percent) x 8760 hrs./yr. x 3413 Btu/kwh x IO3 kwh/Mwh 

u 
Plant  Thermal E f f i c iency  (percent) 

The capacity fac to r  i s  the percentage of e l e c t r i c i t y  a power p lant  actua l ly  
produces r e l a t i v e  t o  what it would produce a t  f u l l  capacity a t  a l l  times. 
This  analysis assumes a capacity factor of 100 percent, lee., the p lant  i s  
assumed t o  operate a t  f u l l  capacity year round. 

- NOTE: This ,assumption i s  used so t h a t  the conversion factor  r e f l e c t s  the 
not ion of i ns ta l l ed  capacity. Ins ta l led  capacity i s  the maximum rated power 
output produced a t  a given t ime from a given generating fac i  I i t y .  Thus the 
assumption of  a 100 percent capacity factor  says t h a t  a t  any instant  i n  t ime 
dur ing the year the power p lan t  i s  operating a t  i t s  f u l l  ins ta l led  capacity. 

The p l a n t  thermal e f f i c i ency  i s  a percentage determined by tak ing the f i gu re  
of 3413 Btu's per kilowatt-hour (100 percent thermal e f f i c iency)  and d iv id ing  
it by the assumed p lan t  net heat rate. which i s  the Btu inDut used t o  produce 

ass= i ated 
e c t r  i c i t y .  

one k i  
w i th  a 
This  g 

lowatt-hour of output. This analysis uses the net heat r a t e  
cogeneration f a c i l i t y  t h a t  produces both process steam and e 

ives a thermal e f f i c i ency  of 21 percent. 

Pu t t i ng  these assumptions i n t o  the above formula, the Btu's required 
a megawatt-year can be ca Iculated: 

to produce 

Then by d i v id ing  t h i s  factor  i n t o  the potent ia l  annual Btu 's of wood residues, 

This  MW-year f i gu re  can be interpreted as the maximum ins ta l l ed  MW capacity t h a t  
could be rea l ized a t  any given instant  i f  the  indicated annual amount of wood 
f u e l  i s  burned i n  cogeneration p lants  operating a t  f u l l  capacity a t  a l l  times. 

megawatt-years of  po ten t ia l  congenerated i ns ta l l ed  capacity can be obtained. 
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TABLE X-1 

PULP d, 
BOARD 

2,738,747 

306,512 

105,078 

3,150,337 

TABLE X-1 

USED MILL RESIDUES BY TYPE AN) USE 
(DRY TONS) 

FUEL omm TOTAL 

332,065 261 ,213 3,332,025 

310,532 72,141 689,185 

798,978 81,568 985,624 

1,441,575 414,922 5,006,834 

TYPE OF RESIDUE 

WOOD 

C a r  se 

Shavlngs 

Sawdust 

SUBTOTAL 

Bark 

TOTAL 

PERCENT OF TOTAL 

---- 

3,150,337 

(51 .8) 

589,530 487,734 1,077,264 

2,031,105 902,656 6,084,098 

(33.4) (14.8) (100.0) 

Source: Hlserote, Bruce and Howard, James O., Callfornla Forest 
Industry, 1976, (U.S.D,A. Forest Servlce Resource Bulletin PNW - 
80) 1978. 

Taken From: LucareIII, 1979 



I 
J 
1 TABLE X I  

RES I DUE 
TYPE 

c, 

TOTAL TOTA L TOTAL WUSED 
W o a ,  WOOD BARK MILL RESIDUE 

RESIDUES RES I DUES 

TABLE X-2 

UNUSED MILL RESIDUES BY TYPE, 1976 
(IN DRY TONS) 

MILL TYPE 

Sawmllls 

Veneer d, 

Plywood M l l l s  

TOTAL 

COARSE SHAVINGS 

197,499 38,622 

- - 18,075 

215,574 38,622 

384,858 

650 

385,508 

SAWDUST 

620,979 51 1,779 1,132,758 

18,725 59,492 78,217 

639,704 571,271 1,210,975 

Source: Htserote, Bruce and Howard, James O., Callfornla's Forest Industry, 1976. 
(USDA Forest ServIce Resource Bulletin P N W  - 80) 1978. 

Taken Fran: Lucarel I I 1979 
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TABLE X-3 

SUBREGION AND COUNTY 

I 
i 

! 
I .  NORTH COAST 

Hwnboldt 
Mendoc I no 
Siskiyou 
T r i n i t y  

Del Norte 

I 

TOTAL 

2. SACRAMENTO 
Butte 
El Dorado 
G I  enn-Tehama 

Plumas-Sierra 
Shasta 
Sonoma 
Yuba 

Placer-Nevada 

I 

TOTAL 

3. NORTH LAHONTAN 
Lassen ( inc. Modoc) 

TOTAL 

4. SAN JOAQUIN DELTA 
CENTRAL SIERRA 
TU LARE 
Cataveras - Amador 
Fresno - Madera 
Tulare - Kern 

TOTAL 

STATE TOTAL - 

(DRY TONS) 

UNUSED RESIDUES 

Woo0 BARK TOTAL 

17,772 42 , 600 60,372 
154,331 184,595 348,926 
108,455 129,941 238 , 3% 

28,163 36,125 64,288 

314,734 396,354 72 1,088 

3,093 9,106 6,013 

25,818 
146 10,562 10,708 

7,812 9,252 17,064 

--- 25,818 

35,579 9,257 44,836 
18,423 40,743 22,320 

73,983 29,614 103,597 
7,762 24 , 957 32,719 
22,302 24 , 168 46,470 

195,722 126,233 321,955 

31,562 12,584 44,146 

31,562 12,584 44,146 

35 , 795 6,270 42 , 065 
30 , 523 18,040 48,565 
31,253 1,670 32,922 

123 , 552 97,571 25,980 

639,589 561,151 1 ,210,741 

Taken From: Lucarel I I , I979 
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I TABLE X-4 

TABLE X-4 

TIMBER PRODUCTION Am ESTIMATED SLASH YIELD 
BY COUNTY AM) EONOMIC SUBREGION. 1976 

SUBREGION AND COUNTY 

1. NORM COAST 
Del Norte 
Humbol c t t  
Mendcc I no 
SlskIycu 
T r l n l t y  

SUBTOTAL 

2. SACRAMENTO 
Butte 
Colusa - Sutter 
E1 Dorado 
G I  enn 
Lake 
Modoc 
Nevada 
PI  acer 
PI  umas 
Shasta . 
S ier ra 
Teham 
Yo1 0 
Yu bs 

SUBTOTAL 

3s SAN W l S O o  BAY 
A t  ameda 
Contra Costa 
MarIn - Napa 
San Franclsco 
San Mateo 
Santa Clara 
Solano 
SOnomd 

SUBTOTAL 

4s DELTA-CENTRAL SIERRA 
Amador 
Ca I averas 
San Joaqutn 

SUBTOTAL 

TIMBER PRODUCTION 
(MOUSAND BOARD FEIZT- 

242,548 
959,154 
573 , 106 
364,431 
255,032 

2,394 , 271 

69,949 
6,704 

228,038 
47,690 

8,218 
98,289 
54,783 

117,617 
220,419 
451 ,547 

88,262 
158,273 --- 
34,878 

1 , 584,667 

Included I n  San Benlto County 
Included I n  San Benlto County 

523 

5, 843 
--- 

Included I n  San Benlto County -- 
50, 117 

56,483 

39,503 
60,738 - 

100,241 

SLASH YIELD (ORY TONS) 

322,589 
1,275,675 

762,231 
484 , 693 
339,193 

3,184,381 

93 , 032 
8,916 

303,29 1 
63,428 
10,930 

130,724 
72,861 

156,431 
293, 157 
600,558 
117,388 

210,503 

46,388 

2,107,607 

I-- 

696 

7,771 
-I- 

-- 
66,656 

75,123 

!52, 539 
80 , 782 
I- 

133,321 

1 .. 



. 

SUBREGION AND COUNTY 

TABLE X-4 Ccontinued) 

TIMBER PRODUCTION 
(THOUSAN) BOARD FEET) 

, 

SUBTOTAL 

9. SOUTH LAHONTAN 
I nyo 

TOTAL 

STATE TOTAL 

TABLE X-4 (Continued) 

180,683 

1,650 

1,650 

4,719,375 

TIMBER PRODUCTION A N I  ESTIMATED SLASH YIELD 
BY OOOKTY AMI ECONOMIC SUBREGION, 1976 

5. SAN JOAQUIN 
Madera 
Mar I posa-Mer& 
Stantslaus 
Tuo I umne 

I SUBTOTAL 

6. NORTH CA"TAN 
Alpine 
Lassen 
Mono 

52,413 
20,516 

184,520 

257,449 

- 

3,500 
123,320 

3,274 

130,094 I SUBTOTAL 

7. CENTRAL COASTAL 
Monterey 
San Bentto 
San LUIS Oblspo 
Santa Barbara 
Santa Cruz 

8. TUME 
Fresno 
Kern 
Kings 
Tu I are 

155 
903 
160 

12,619 
I.-- ' 

I SUBTOTAL 13,837 

94,448 
18,960 

67 -275 

--- 

SLASH YEIlD (DRY TONS) 

69 , 709 
27,286 

245,4 12 

342,407 

- 

206 
1,201 

213 

16,783 

18,403 

125,616 
25,217 

89.476 

--- 

240,309 

2,195 

2,195 

6,276,77 I 

Source: Lucarelll, Bart, The Energy Potent la l  o f  Wood Resldues Generated by 
CaIlfornIa's Wood Products Industry, 1979 Draft. 
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TABLE X-5 

TYPICAL HEATING VALUES FOR SORHODS 

Species 

Cedar, White 
Cedar, Western Red 

Fir, Douglas 

Pine, Loblolly, Stemwood 
Prne, P i tch  
PJ ne, Ponderosa ' 

Pine, Whlte 
Pine, vel tow 
Redwood 

Heating value (dry) 
(Btu/ I bo 1 

Average 

9,700 

. 9,050 

8,900 
8,200 
8,885 
8,620 

9,1 
8 , 930 
8,600 

' 9,100 

Lon 

7,786 

9,234 

8,438 

8,310 
10,620 

8,308 
8,927 
8,498 

- 

H Igh 

8,400 

9,870 

9,050 

8,620 

9,352 

8,900 
9,610 
9,040 

11,320 

Source: Arola, 1976. 

E 

Species 

Fir, B a l s a m  
Flr, Douglas 
Hemlock, Eastern 
Hem I ock, Eastern 
Hemlock, Western 
Larch, Western 
Pine, Jack 
P ine, Lodgepo te 
Pine , Ponderosa 
Ptne, Slash 
Ptne, Western White 
Spruce, Black 
Spruce, Engelmann 
Spruce, Plne 

(1 ft. above ground 
Spruce, Pine 

(mid height) 
Spruce, Plne 

(4 In. top) 
Spruce, Red 
Spruce, White 
Tamarack 

Taken From: BergvaII, e t  ai. Wood Waste For Energy Study, 1978. 

Y 

I 

K 
Heatlng value (dry) 

(Btu/Ib.) ' 

Average 

9,100 
8,861 
9,800 
8,890 
8,802 
9,400 
8,204 
8,930 

10,190 
9,100 
9,002 
9,085 
8,610 
8,359 
8,985 

8,825 

8,700 

8 , 630 
8,530 
9,010 

- 
Low 

8,900 

8,690 

8,150 

8,870 

8,650 

8,550 

8,340 

Hfgh 

9,210 

9,170 

8,710 

9,140 

8,910 

8,825 

8 , 630 
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I 
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TABLE X d  

TYPICAL HEATING VALUES FOR HARDWOODS 

Spec I es 

Ash, Wh l t e  
B4BCh 
B Irch, Wood Ref use 
Blrch, Whlte 
E In 
Hlckory 
Map le 
Maple, Hood Refuse 
Oak, Black 
Oak, Red 
Oak, White 
Poplar 

Source: Arola, 1976. 

ID 
Heating value (dry) 

Average 

8,870 

8,190 

(BtU/I b.) 

LOU 

8 , 246 
8,151 

8,019 
8,171 
8,039 
7,995 

7 , 587 
8,037 
8,169 
8,311 

Htgh 

8,920 
8,760 

8,650 
8,810 
8,670 
8,580 

8,180 
8,690 

8,920 
8,810 

From: Bergvat I , et a1 Wood Waste fo r  Energy Study, 1978. 

BI 

Spec les 

Alder, Red 
Aspen, Quaklng 
BWCh 
Birch, Paper 
Birch, Yellow 
Birch, White 
B I ackgum 
Elm, Amerlcan 
Elm, Soft 
Maple, Hard 
Maple, Soft 
Maple, Sugar 
Oak, Northern Red 
Oak, Wh I t e  
Pop tar 
Sweet gum 
Sycamore 
W i t  low, Black 

'K 

Heatlng value (dry) 
(BtU/l b o  1 

7 ,947 
8,433 
7,640 
9,434 
9,200 

10,310 
7,936 
6,921 
7,600 
8,230 
8,100 
7,301 
8,030 
6,995 
8,810 
7,450 
7,403 
7,168 

c 



TABLE X-7 

TABLE X-7 

FOSSIL FUEL HEATING VALUES 

FUEL HEATING VALUE 

COAL 

anthracite 15,900 Btu/lb. 
b l  tuml nous 14,000 Btu/lb. 
sub-bltuminous 12,600 Btu/Ib. 
I lgn l te  1 1,000 Btu/ I b. 

HEAVY NEL OILS AND MIDDLE DISTILLATES 

kerosene 
No. 2 burner 
No. 5 heavy 
No. 5 heavy 
No. 6 heavy 
No. 6 heavy 

GAS 

- fuel 011  
fuel 011 
fuel 011 
fuel 011,  2.7% su l fe r  
fuel 01 I, 0.3% sul fer  

natura I 
I iquef led butane 
I lquef led propane 

6.814 

7.612 
7.022 

7.676 
8.082 
7.401 

1,000 Btu/cu.ft. 
103,300 Btu/gaI. 
91,600 Btu/ga I . 

From: Energy Conservatlon Program, Guide f o r  Industry and Comnerce, U.S. 
Chamber of Comnerce, Nat iona I Bureau of Standards Handbook No. 11 5, 
Washington, D.C., 1974. 

X-15 



1 FIWRE X-1 

FIGURE X-1 

MOISTURE CONTENT COMPARISON 

20 40 60 00 100 120 140 160 180 200 

MOISTURE CONTENT, OVEN-DRY BASIS 

When considerlng wood fuel for combustlon, the recomnended practice Is to 
conpute mlsture  content on a wet bask uslng the following formula: 

M.C. wet = (wet weight - ovendry welght) x 100 
w e t  welght 

To convert mlsture content on an ovendry basis t o  wet basis use the formula: 

M.C. wet = 100 xM.C. drE 
100 + M.C. dry 

From: Energy and the Wm Products Industry, Forest Products Research 
Society, Wisconsin, 1977 

L 
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1 , APPENDIX XI 

; bl+ 
I AN ILLUSTRATION OF THE FRAP LINEAR PROGRAMMING MODEL 

Linear programming selects the best mix of i den t i f i ed  a l te rna t ives  given an "ob- 
j e c t i v e  function,11 o r  c r i t e r i on ,  and a se t  of const ra in ts  which r e s t r i c t  the op- 
t i o n s  avai table. flLineartl imp1 ies t h a t  these const ra in ts  and the object ive funct ion 
must be of a pa r t l cu la r  mathematical form. The technique was developed by George B. 
Danzig, o f  the  Rand Corporation and the Univers i ty  o f  Ca l i fo rn ia  a t  Berkeley, i n  
1947, and has been widely appl ied i n  the analysis of indus t r ia l  and natural re- 
sources problems. Goat programming, which i s  a modi f icat ion o f  l inear  programming, 
i s  the actual technique being used. 

As an example o f  how the forest  resources of Ca l i fo rn ia  are being modeled, suppose 
there are two types o f  fo res t  land and t h a t  they might be managed fo r  timber, for- 
age, o r  recreation, or some combination of these purposes as shown in  Table XI-1.  
Further assme there are s i x  possible land-type/management combinations--usually 
ca l  led l lactivit ieslt. 

The question is, how many acres of each land type should be managed f o r  each pur- 
pose? For each acre managed in  these ways, some cost i s  incurred and various out- 
puts are produced. Land managed f o r  timber may produce some recreation, but  presum- 
ably  a d i f f e r e n t  quant i ty  than i f  recreat ion were the object  o f  management. ( A l l  of 
the  numerical en t r i es  i n  the tab le  are hypothetical.) 

One goal o f  management fo r  the 300 acres shown in  the tab le  might be t o  produce a t  

stream sedimentation than r e s u l t s  from the  loss of 500 tons of s i  I t  per year. We 
might a lso wish substant ia l  volumes o f  t imber and forage. The problem i s  constrain- 
ed because there are only  100 acres of Type I land, 200 acres of Type I1 land, and 
$50,000 i n  the budget. The ob jec t ive  i s  t o  do ds well as possible i n  meeting the 
goals. I 

I l eas t  110,000 vis i tor-days o f  recreation. Another goal might be t o  have no more 

, 

The problem i s  mathematically represented by '  l e t t i n g  X i j  (a  se t  of unknowns 
which is being -solved fo r )  be the area of land, type. I ,  being managed by method 
j--thus i = L o r  I I  and j = timber, forage, or r+creation. The budget constraint,' 
for exam p I e, then becomes : 

+ 12X + 80X 1 + 
8 o x ~ , ~  + 1 5 x ~ , ~  1 ,R 11, 

, 

14'1 1,F + 13xII,R - < 50,000 

Suppose dR represents the  amount by which the ecreation goal o f  110,000 v i s i t o r  
days 1s not  achieved. We Introduce into the a const ra in t  o f  the form: 

2 5 x ~  ,T + 6ox I ,F + 500XI,R + 10XII,T + 

W 
+ d R F  110,000 50xI I,F 9ooxI(,R 

XI-1 



TABLE XI-1 

TABLE XI-1 

DATA FOR THE HYPOTHETICAL LAM) USE MODEL DESCRIBED IN THE TEST 
OF THE APPENDIX 

Managed For: 

Annual dol l a r  Input per 
acre 

Timber output cubic feet 
per acre per year 

Forage output pounds per 
acre per year 

Recreation output v is i tor  
days per o r e  per year 

Annual sol1 loss 
(tons per acre) 

TYPE I LAND 
100 ACRES AVAILABLE 

TYPE I1 LAND 
200 ACRES AVAILMLE I 

The first six terms represent the amount of recreat 
has a solution, either this amount will be at least 
dR wi I I have a positive value. For each of the goa I s  
ation term is introduced. 

The objective function of the problem is to minimize 
If dS represents the sedimentation deviation in this 
be : 

on produced. If the problem 
110,000, or the deficit term 
of the problem, such a devi- 

the deviation from the goals. 
example, the objective might 

minimize dR + dS. 

Such a formulation implies indifference between the two deviations; being one 
visitor-day short i s  just as bad as producing one extra ton of sediment. If instead 
priorities are to be attached to the deviations, coefficients are associated with 
these variables in the objective function. For example, the objective: L’ 

XI-2 1 .  



TABLE XI-2 

minimize dR + 200dS 

would imply t h a t  a deviat ion from 'the sedimentation goal o f  one ton would be as ad- 
verse as a deviat ion o f  200 vis i tor-days i n  the recreat ion goal. 

Add 
gramm 
examp 

The 
s t r a  i 

ng timber and forage goals to the problem above might produce the l inear pro- 
ng or  goal programming problem mathematically stated as shown in the fol lowing 
e (Table XI-2): 

so lu t ion to t h i s  problem w i l l  y i e ld  the X and d values which s a t i s f y  the con- 
t s  and produce the minimum weighted deviat ion from the goals. In t h i s  in- 

stance 44.6 acres of Type I1 fo res t  should be managed f o r  forageproduction, 3.7 f o r  
timber, and 17.5 acres of Type I fo res t  should be managed fo r  recreat ion 

(i.e.: XI,R = 17.5; XII,T = 3.7; XII,F = 48.6). 

It i s  not  possible to meet the timber goa-I; the d e f i c i t  i s  38-thousand cubic feet. 
Other goals are met and in  f a c t  234 acres o f  land and $48,866 of budget funds would 
be avai lab le fo r  other purposes. If the p r i o r i t y  weights represent our actual p r i -  
o r i t i e s ,  the const ra in ts  levels are r e a l i s t i c ,  and the equations represent the tech- 
n i ca l  exhanges inherent In the problem, the so lut ion i s  the best one possible o r  the 
op t  ima I . 

By varying the p r i o r i t i e s  on the goals and/or the const ra in t  levels, t h i s  model 
can be used t o  invest igate the trade-offs of the various uses against each other. 
If, f o r  example, the p r i o r i t y  for timber i s  increased by using instead the objec- 
t i v e :  

TABLE XI-2 

+ + 200XlI,T + 15X11,F + 3OX 
I ,T 

300X 

I,R + dR 

3 0 0 X ~ , ~  + 2 0 X ~ , ~  + lWXii,~ + 2 0 0 0 x ~ ~ , ~  + l o x ~ ~ , ~  + dF 

'I I,T + 'II,F + '1 I,R 



minimize dR + 2 0 0 d ~  + lOOdT + dF, 

the  optimal so lu t ion i s  t o  increase X I I , T  t o  197.1. 

The sedimentation goal and the forage goals would no longer be met. But the de- 
s i red  timber production would be achieved. Thus, these resu l t s  ind icate t h a t  an in- 
crease i n  timber output from 2 t o  40 thousand cubic fee t  can be achieved by reducing 
forage production from 90 t o  64 thousand pounds and accepting twice as much sedi- 
ment as was much sediment as was o r i g i n a l l y  considered acceptable. LP i s  used to  
model the fo res t  resources because it iden t i f i es  these sor ts  o f  trade-offs. (This 
example was selected t o  i l l u s t r a t e  the use of LP, not t o  produce r e a l i s t i c  re- 
su I ts. ) 

Only i n  very simple s i tuat ions,  such as the small pwblem here, w i l l  these in ter -  
act ions be obvious t o  an analyst  o r  decision maker. Assuming the equations correct-  
l y  model fo res t  conditions, LP can be used t o  produce = optimal so lu t ion  i f  the 
ab jec t ive  funct ion can be appropr iately specified. No one ind iv idual  would be so 
presumptuous as t o  attempt t o  determine Ca l i fo rn ia 's  actuat p r i o r i t i e s  f o r  a var i -  
e t y  of outputs from i t s  fo res t  land, so such an object ive cannot be specif ied. The 
model is, however, s t i l l  useful. By reviewing a var ie ty  o f  solut ions i n  which var i -  
ous p r i o r i t i e s  have been assigned, the in teract ion of the  goals w i th  each other and 
w i th  the resource const ra in ts  can be ident i f ied.  Knowing what must be given up t o  
produce substant ia l  increases i n  t i m b e r  output, f o r  instance, enables leg is la to rs  
and administrators t o  be t te r  weigh a l terna t i v e  po l i c i es  and programs. Such weigh- 
ing must consider factors  not included i n  the model, as we1 1 as the desirabi I i t y  o f  
t he  output levels it ident i f ies .  
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APPENDIX XI1 
I. LAWS RELATING TO THE PROTECTION AND MANAGEMENT 
OF FOREST AND RELATED LANDS c, 

A STATE LAWS: 

1. 

2. Profession 
3. Prevention 
4. Hazardous F i r  and Closures, Restr icted Areas, 

5. Burning of Land 
60 State Forests 
7. Pro tec t ion  o f  
8. Range Revegeta 
9. C a l i f o r n i a  WII 

10. C a l i f o r n i a  Wild 
11. Resource Conser 
12. Surface Minin 
13. C a l i f o r n i a  
14. Forest Resour 
15. Wildland F i r e  
16. Vegetation Management Study 8111 (1978) 

Organization and General Powers o f  the Department o f  Forestry and State 
Board of Forestry 

Rubb i sh Dumps, and Prohfbited A c t i v i t i e s  

1. Organic Administrat ion Act o f  1897 
2. Park Service Organic Act o f  1916 
3. Taylor Grazing Acf (1934) 
4. 
5. W i  lderness Act (1964) 
6. Federal Water Pro jec t  Recreation Act (1965) 
7. Land and Water Conser ion Fund Act of 1965 
8. W I  I d  and Scenic River 
9. Coastal Zone Management Act o f  1972 

10. Forest and Rangeland Renewable Resources Planning Act o f  1974 
11. National Forest Managemen* Act (1976) 
12. Federal Land Po l i cy  and Management Act of 1976 
13. Resource Conserv ion Act of 1977 

M u l t i p l e  Use - Sustained Yield Act (1960) 
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cp, L LAWS RELATING TO THE PROTECTION AND MANAGEMENT OF FOREST AND RELATED LANDS 

A. STATE LAWS: 

1. 

2. 

3. 

4. 

Organization and General Powers of the  Department of Forestry and State 
Board of Forestry (Div. 1, Chap. 2.5, Sec. 700-745, P.R.C.) 

Establ ishes the organization and general powers o f  the Department of 
Forestry and State Board of Forestry. The department i s  i n  the 
Resources Agency and contro l led by a Di rector  of Forestry, appointed by 
the  Governor, w i th  the confirmation of the Senate. The State Board of 
Forestry, organized w i th in  the Department, consists of n ine members 
a ppo In ted by the Governor . 
Professional Foresters Law (Div. 1, Chap. 2.5, Sec. 750-783, P.R.C.) 

Provides fo r  the reg i s t ra t i on  of professional foresters by the Board of  
Forestry. The purpose o f  regulat ion o f  persons who pract ice the pro- 
fession o f  fo res t ry  i s  t o  assure sound management and treatment of the 
fo res t  resources and timberlands In the State. 

Prevention and Control o f  Forest  F i res  (Div. 4, Chap. 1, Sec. 4101- 
4 187, P.R.C. 1 

Authorizes the Board of Forestry and the Department o f  Forestry to  pre- 
vent and control  fo res t  f i res .  Provides d e f i n i t i o n s  and general provi- 
sions for administrat ion o f  the Department. Establ ishes the au thor i ty  
o f  the Board and Department o f  Forestry t o  provide f i r e  protect ion and 
defines those lands of s ta te  responsibi l  i t y .  Also authorizes counties 
t o  provide f i r e  protect ion o f  s ta te  respons ib i l i t y  lands under, con- 
t rac t ,  and authorizes the Department t o  enter i n t o  agreements wi th  
landowners and counties t o  provide f i r e  protection. Authorizes the 
Department t o  appoint voluntary f i r e  wardens, summon a id  to suppress 
f i res ,  and designate peace o f f i cers .  Designates misconduct a t  a fo res t  
f i r e  as a misdemeanor. Defines uncontrol led f i r e  a publ ic  nuisance and 
authorizes the Di rector  to abate publ ic  nuisances and hazardous f i r e  
condit ions. Authorizes the Department to cooperate wi th  the Federal 
Government i n  providing protect ion o f  fo res t  and watershed lands under 
the Federal Clarke-McNary Act. (Note: The Clarke-McNary Act of 1924 
was repealed and superseded by the Cooperative Forestry Ass1 stance Act 
of 1978) . 
Hazardous F i r e  Areas, Hazard Reduction and Closures, Rest r ic ted Areas, 
Rubbish Dumps, Burning Regulation, and Prohib i ted A c t i v i t i e s  (Div. 4, 
Chap. 2-6, Sec. 4251-4446, P.R.C.) 

Defines hazardous f i r e s  areas and authorizes the Di rector  o f  Forestry 
t o  r e s t r i c t  entry. Authorizes the Di rector  to enforce f i r e  hazard re- 
duction standards and clearance around improvements of forest, brush, 
and grass covered lands. Provides f o r  proclamation by the Governor to 
r e s t r i c t  access to  designated areas. Authorizes the Di rector  to order 
closed to  camping, hunting, etc., State Parks or State Forests -- order 
t o  be pub1 ished and posted. Authorizes the Department t o  issue rubbish 



dump permits and enforce minimum requirement,s f o r  f i r e  safety, Autho- 
r i z e s  the Department t o  regulate burning on pr ivate lands and estab- 
I ishes standards and enforcement c r i t e r i a .  Estabi ishes minimum stan- 
dards, f i r e  safety standards and f i r e  too l  requirements f o r  equipment 
operation. Authorizes the Department t o  conscr ipt  persons t o  f i g h t  
f i r e .  Establ ishes sawmi I I waste disposal standards and minimun f i r e  
p ro tec t ion  standards and tool requirements associated wi th  the opera- 
t i o n  o f  mobile equipment. Authorizes the Department t o  establ ish 
min imum f i r e  safety standards f o r  incinerators. 

Burning o f  Lands (Div. 4, Chap. 7, Sec. 4475-4494 P.R.C.) 

Authorizes the Department o f  Forestry to contract  wi th landowners f o r  
burning o f  vegetation and authorizes the Department t o  issue permits 
and cooperate i n  the burning of brush covered lands f o r  purposes of 
f l r e  prevention, watershed pro tec t ion  and range improvement. 

State Forest (Div. 4, Chap. 9, Sec. 463104658) 

Provides f o r  t he  acqu is i t i on  of State forests and authorizes the 
Department o f  Forestry, i n  accordance wi th  plans approved by the Board 
o f  Forestry, t o  administer State forests  wi th the ob jec t ive  of demon- 
s t r a t i  ng e f f e c t  i ve forest  management and resource protect  i on methods. 

Pro tec t ion  of Forest and Lands (Div. 4, Chap. 10, Sec. 4671-4727). 

Authorlzes the Department of Forestry, i n  accordance wi th  the pol icy  of 
the  Board o f  Forestry, t o  engage i n  actions t o  demonstrate and provide 
advice on e f f e c t i v e  forest  and wildland protection, conduct soi l  and 
fo res t  surveys, pa r t i c i pa te  wi th  the Federal Government i n  re la ted 
research, and enter I n t o  agreements wi th counties f o r  f l r e  and water- 
shed protection, and provides f o r  'the revegetation of denuded water- 
sheds. Authorizes the Department t o  operate State forest  nurseries, 
provide f o r  the re fo res ta t i on  of publ ic  and p r i va te  lands, and conduct 
cooperative studies t o  encourage reforestat ion,  Authorizes the State 
t o  accept glfts of land for forest ry  purposes. Authorizes the Depart- 
ment to  engage in  insect control  pro jects  i n  cooperation wi th Federal, 
State, and local Government and p r i va te  iandowners. 

Provides f o r  the pro tec t ion  o f  Sequoia gigantea and authorizes the 
Department t o  enforce t h i s  mandate. 

Range Revegetation and improvement (Div. 4, Chap. 11, Sec. 4771-4788) 

Authorizes the  Department o f  Forestry t o  conduct range improvement 
research and experiments and cooperate w i th  landowners i n  the conduct 
o f  brush c lear ing  operations. 

'Cal i forn ia  Wild and Scenic Rivers Act of 1972 (Stats. 1972. C1259, 
9. 2510) . 

Creates a C a l i f o r n i a  Wild and Scenic Rivers System. The Act stated 
tt....,that ce r ta in  r i v e r s  which possess extraordinary scenic, recrea- 
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t ional ,  f i shery  o r  w i l d l i f e  values, sha l l  be preserved in  t h e i r  free- 
f lowing state, together wi th  t h e i r  immediate environments, for the 
bene f i t  and enjoyment o f  the people o f  the State." The r ivers ,  or 
segments o f  r ivers ,  to  be included under the A c t  were to be c lass i f i ed  
i n  one of three categories: (a) Wi ld  r ivers,  are those t h a t  are f ree 
of impoundments and general ly inaccessible excepf by t r a i l  w i th  water- 
sheds o r  shorel ines essent ia l l y  p r i m i t i v e  and waters unpolluted; (b) 
scenic r ivers,  are those t h a t  are f ree of impoundments, w i th  shorel ines 
or watersheds s t i l l  la rge ly  p r i m i t i v e  and shorel ines largely  undevel- 
oped, bu t  accessible i n  places by roads; and (c) recreat ional  r ivers ,  
are those t h a t  are read i l y  accessible by road o r  ra i l road,  t h a t  may 
have some development along t h e i r  shorel ines, and t h a t  may have under- 
gone some impoundment o r  diversion i n  the past. The Secretary of 
Resources i s  empowered by the Act t o  determine which o f  the three 
classes best fit the segment o f  included r ivers .  Furthermore, the 
Secretary i s  responsible fo r  preparation o f  a management plan to  admin- 
i s t e r  the r i v e r s  and t h e i r  adjacent land areas i n  accordance w i th  the 
Act, and t o  submit such plans t o  the leg is la tu re  fo r  i t s  approval. The 
Act a lso states t h a t  each component o f  the system shal l  be administered 
so as t o  protect  and enchance the values f o r  which it was included in  
the system, without unreasonably l i m i t i n g  lumbering, grazing, and other 
resources uses, where the extent and nature of such uses do no t  con- 
f l i c t  wi th  publ ic  use and enjoyment of these values. The A c t  desig- 
nated components o f  the system, and provides t h a t  other r i v e r s  which 
qua l i f y  f o r  inclusion may be recommended t o  the leg is la tu re  by the 
Secretary of Resources. 

u 

10. 

11. 

Ca l i f o rn ia  Wilderness Act of 1974 (Sta t s  . 1974, C1196, p. 2581 1 

This  Act establ ished a Cal i f o r n i a  w i  lderness preservation system t o  be 
composed of State-owned areas designated by the leg is la tu re  as * * w i  Ider- 
ness areas,*' and administered f o r  the use and enjoyment of the people 
i n  such a manner as w i l  I leave them unimpaired f o r  fu tu re  use and 
enjoyment as wilderness. The Act provides f o r  the protect ion of such 
areas t o  preserve t h e i r  wilderness character, and f o r  the gathering and 
determination o f  information regarding t h e i r  use and enjoyment as 
w i  Iderness. 

In  addi t ion t o  designating spec i f i c  areas as components o f  the system, 
the  Act required the Resources Secretary, in cooperation wi th  each 
department wi th in  the Resources Agency, t o  review State-owned road less 
areas and t o  repor t  t o  the leg is la tu re  before January 1, 1978, h i s  
recommendations as t o  the s u i t a b i l i t y  or nonsu i tab i l i t y  of each such 
area fo r  preservation as State w i  Iderness. 

Wilderness areas w i l l  continue t o  be subject t o  the j u r i s d i c t i o n  o f  the 
State agency having j u r i s d i c t i o n  prior to i t s  inclusion i n  the system, 
and t h a t  Agency shal I adopt regulat ions for' management consistent wi th  
the  Act. 

Resource Conservation Act of 1975 (A.B. 850, Chap. 513, 1975) 

This  Act provides the means by which the State may cooperate wi th  the 
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United States and wi th  resource conservation d i s t r i c t s  i n  adopting con- 
servation practices, including but not  I imited to, farm, range, open 
space, urban development, w i l d l i f e ,  recreation, watershed, water qual ih 
ty, and woodland, best adapted t o  save the basic resources, s o i l ,  
water, and a i r  from unreasonable and economical l y  preventable waste and 
destruction. It fur ther  provides fo r  the organization and operation of 
resource conservation d i s t r i c t s  for the purpose of  s o i l  and water con- 
servat I on. 

b, 

Most o f  the provisions of the former law r e l a t i n g  t o  resource conserva- 
t ion,  t he  State Resource Conservation Commission, t h e  Department of 
Conservation, the D iv i s ion  o f  Resource Conservation, and the resource 
conservation d i s t r i c t s  have been retained. A few substantive changes 
were made, including an increase i n  the number o f  the State Resource 
Conservation Commission and q u a l i f i c a t i o n s  o f  members. 

12. Surface Mining and Reclamation Act o f  1975 (Chap. 9, Div. 2, Sec. 
2710, P.R.C.) 

This Act requires the State Minlng and Geology Board t o  adopt State 
p o l i c y  f o r  the reclamatlon o f  mined lands. That po l icy  i s  for the 
guidance o f  local governments who are required by the Act t o  obtain 
reclamation plans f o r  surface mining operatlons as a condi t ion o f  
grant ing the permits (a l so  speci f ied by the Act) required before sur- 
face mining may proceed. The Act a lso  requires the Board t o  adopt 
pol i c i e s  r e l a t i v e  t o  mineral resource conservation through appropriate 
land use planning by local governing agencies. 

13. C a l i f o r n i a  Coastal Act o f  1976 (Div. 20, Sec, 30000, P.R.C.) 

Thls Act acknowledges the Ca l i f o rn ia  Coastal Zone Conservati.on Plan 
prepared and adopted by the Cal i f o r n i a  Coastal Zone Conservation Com- 
mission and submitted to  the Governor and the l eg i s la tu re  on Decem- 
ber 1, 1975, pursuant t o  the Cal i f o r n i a  Coastal Zone Conservation Act 
of 1972. The Plan provides f o r  the orderly, long-range conservation, 
use, and management of the natural,  scenic, cu l tu ra l ,  recreatlonal, and - 
man-made resources o f  the coastal zone. 

The Act a lso  defines planning and management pol icies, the creat ion and 
powers o f  c m l s s l o n  and s i x  regional coastal commissions, and ro les  of 
State agencies. To achieve maximun responsiveness t o  local condltions, 
accountabi l i ty ,  and publ ic  access ib i l i t y ,  Implementatlon of the program 
r e l i e s  heav i l y  on local government and local land use planning proce- 
dures and enforcement. 

This l e g i s l a t i o n  cons t i tu tes  Ca l i f o rn ia ' s  Coastal Zone Management 
Program w i th in  the coastal zone f o r  purposes o f  the Federal Coastal 
Zone Management Act o f  1972. . 

14. Forest Resources Assessment and P o l i c y  Act of 1977 (A.B. 452, 1977) 

This Act requires the D i rec tor  of Forestry, under po l icy  guidance from 
the  State Board of. Forestry, t o  prepare and submit to  the Board, a 
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fo res t  resource assessment and analysis, which would include speci f ied 
elements, by Ju ly  1, 1979, and t o  present an updated assessment by 
January 1, 1987 and January 1 of each f i f t h  year thereafter.  The Act 
a lso  requires the Board t o  prepare, based on a review o f  the assess- 
ment, a fo res t  resource pol i cy  statement containing speci f ied e l -  
men ts. 

Li 

15. Wildland F i r e  Protect ion and Resources Management Act of 1978 (A.B. 
1006, 1977) 

This  Act d i r e c t s  the Department of Forestry t o  prepare two model plans 
for the i n i t i a l  development and implementation of programs, one i n  
northern and one in  southern Cal i forn ia ,  for the management and reduc- 
t i o n  of timber, brush, grass, or other flammable vegetation through 
prescribed burning and other methods of managing or reducing such 
wildland fuels. 

The Act a lso authorizes the Department t o  provide and maintain pre- 
scribed burning crews for backup duty i n  the event of an emergency 
dur ing prescribed burning operations, When the holder of a prescribed 
burning permit has f u l l y  complied w i th  the provis ions r e l a t i n g  t o  
prescribed burning and the f i r e  escapes, the Act speci f ies t h a t  sup- 
pression costs incurred by pub1 i c  agencies would not be a debt to the 
holder of the permit. 

16. Vegetation Management Reports (1978) (S.B. 2019, Chap. 881, 1978) 

This  A c t  requires appropriate State agencies to  each submit a repor t  t o  
the leg is la tu re  on vegetation management by March 1, 1979, These re- 
por ts  sha l l  include a descr ip t ion of the agencies' present pol icy, 
a c t i v i t i e s ,  and the programs, and regulatory a c t i v i t i e s  a f fec t i ng  
vegetation management. The repo r t  w i  I I describe agency a c t i v i t i e s  t h a t  
inf luence the abi I i t y  of p r iva te  landowners t o  undertake vegetative 
management programs, and which of the agencies' ex i s t i ng  programs would 
be af fected by an ac t ive  vegetation management program i n  i t s  agency or 
by another agency . 
Although t h i s  Act w i l l  remain i n  e f f e c t  only u n t i l  January 1, 1980, it 
i s  expected t o  provide information necessary f o r  the development of a 
comprehensive program of vegetation management which can further con- 
servat ion pol i c i e s  by reducing the f i r e  hazard, increasing w i  Id  I i f e  
hab i ta t  areas and forage for I Ivestock, and protect ing v iab le  p lan t  
communities, whi le  a t  the same t ime providing jobs which a id  the 
economy of the state. 

6. FEDERAL L A W S  

1 .  Organic Administrat ion Act o f  1897 (30 Stat, 34, as supplemented and 
amended; 16 U.S.C. 473-478, 479-482, 551) 

Established au thor i ty  for Secretary of Agr icu l ture t o  manage the 
National Forests. The Creat ive Act of 1891, author iz ing the establ ish- LJ 
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2. 

3. 

4. 

.5.  

ment of forest  reserves, had made no provision fo r  t h e i r  administra- 
t ion.  The Organic Act authorized the h i r i n g  o f  employees t o  p ro tec t  
and administer the reserves and made pol icy  the opening of  the reserves 
f o r  use. This basic Act, w i th  la te r  amendments, i s  the one under which 
the  National Forests are administered. 

Act t o  Establ ish National Park Service (1916) 

Eatablishes a National Park Service wi th in  the Department of the 
I n t e r i o r  t o  promote and regulate the use o f  the Federal areas known as 
nat ional  parks, monuments, and reservations t o  conserve the scenery and 
the natural  and h i s t o r i c  objects and the w i  Id1 i f e  therein and t o  pro- 
v ide  for the enjoyment o f  the Same i n  such manner and by such means as 
w i l l  leave them unimpaired for the enjoyment o f  fu ture generations. 

Taylor Crazing Act  (1934) (48 Stat. 1269, 43 U.S.C. 315, 315a, 315h, 
31 5m) 

Establ ish au tho r i t y  f o r  the Secretary o f  the l n t e r i o r  t o  es tab l i sh  
grazing d i s t r i c t s  o f  vacant, unappropr late, and unreserved lands from 
any p a r t  o f  the publ ic  domain o f  Phe United States (exclusive o f  
Alaska) which are no t  i n  national forests, national parks and monu- 
ments, and Indian reservations, and ,which, i n  h i s  opinion, are c h i e f l y  
valuable f o r  grazing and ra i s ing  forage crops. 

M u l t i p l e  Use - Sustained Y ie ld  Act (1960) (74 Stat. 215, as mended; 16 
U.S.C. 528-531 1 

Authorizes and d i r e c t s  the Secretary of Agr icu l tu re  t o  develop and 
administer the renewable surface resources of the national forests  for 
m u l t i p l e  use and sustained y i e l d  of the several products and services 
obtained therefrom. In the administrat ion o f  the national forests  due 
consideration shal l  ,be given t o  the r e l a t i v e  values of the various 
resources i n  pa r t i cu la r  areas. The establ lshment and maintenance of 
areas of w i  lderness are consistent wi th  the purposes and provisions of 
t h i s  Act. 

Wilderness Act (1964) (78 Stat. 890, 16 U.S.C. 1131-1136) 

Establ ishes a National W i  lderness Preservation System to  be composed of 
Federal l y  owned areas designated by Congress as *1wt lderness areas1! t o  
be administered f o r  the use and enjoyment o f  the Amerlcan people in  
such manner as w i  I I leave them unimpaired f o r  fu ture use and enjoyment 
as wilderness, and so as t o  provide for the .protection o f  these areas, 
and the preservation of t h e i r  w i  lderness charter. 

The Act a l so  directed t h a t  t he  Secretary o f  Agriculture, w i th in  10 
years, review each area i n  the nat ional  forests  then c l a s s i f i e d  as 
"primitive1! as to  I t s  su i tab l  I i t y  o r  nonsuitabl I i t y  as w i  Iderness, and 
t o  repo r t  h i s  f indings t o  the President. 

The Secretary of the I n t e r i o r  was directed to  report h i s  recomnenda- 
t i o n s  as t o  the s u i t a b i l i t y  o r  n o n s u i t a b i l i t y  f o r  wilderness, every 



roadless areas w i th in  national parks and monuments, and nat ional  
w i l d l i f e  and game ranges. A recommendation o f  the President f o r  
designation as wilderness would become e f f e c t i v e  on ly  by an Act of 
Congress. 

i /  

6. Federal Water Pro jec t  Recreation Act (1965) (79 Stat. 213, 16 U.S.C. 
460 1 

Establ ishes pol i cy  t h a t  i n  invest igat ion and planning any Federal 
navigation, f lood control,  reclamation, hydroelectr ic,  or mul t ip le-  
purpose water resources project, f u l  I consideration shal I be given 
t o  the opportunit ies, i f  any, which the pro jec t  a f fo rds  f o r  outdoor 
recreat ion and f i s h  and w i l d l i f e  enhancement. Such plans shal l  be 
based on the coordinatlon of recreat ional  use of the pro jec t  area w i th  
the use of ex i s t i ng  and planned Federal, State, or local  publ ic  recrea- 
t i o n  developments. D i rec ts  p ro jec t  construct ion agencies t o  encourage 
non-Federal publ ic  bodies t o  administer p ro jec t  land and water areas 
for these purposes unless appropr l a te  for administrat ion by a Federal 
agency. 

7. Land and Water Conservation Fund Ac t  of 1965 (78 Stat. 897, as amended; 
16 U.S.C. 4601-4 t o  4601-11, 23 U.S.C. 120 (note)) 

Provides funds for and authorizes Federal assistance t o  the States i n  
planning, acquis i t ion,  and development o f  needed land and water areas 
and f a c i l  i t i es ,  and f o r  Federal acqu is i t ion  and development of cer ta in  
lands and other areas for such purposes. The purpose of the Act i s  t o  
ass is t  i n  preserving, developing, and assuring a c c e s s i b i l i t y  t o  a l l  
c i t izens,  present and future, such q u a l i f y  and quant i ty  o f  outdoor 
recreat ion resources as may be avai lab le or are necessary and desirable 
for t h e i r  heal th and v i t a l i t y .  

Establ ishes a Land and Water Conservation Fund f o r  the above purposes 
from revenues received from admission fees a t  designated u n i t s  o f  the 
National Park Service and National Recreation Areas, recreat ion use 
fees from Federal special outdoor recreat ion s i tes,  and other sources. 

8. Wild and Scenic Rivers Act (1968) (82 Stat. 906, as amended; 16 U.S.C. 
1271-1287) 

Establ ishes pol i cy  t h a t  cer ta in  selected r i v e r s  of the Nation which 
possess outstandingly remarkable scenic, recreation, geologic, f i s h  and 
w i l d l i f e ,  h i s to r i c ,  cu l tu ra l ,  o r  s im i la r  values, shal l  be preserved in  
free-f lowing condition, and t h a t  they and t h e i r  immediate environments 
sha l l  be protected for the benef i t  and enjoyment of present and fu tu re  
generat i on s. 

The Act implements t h i s  po l i cy  by i n s t i t u t i n g  a nat ional  wi ld  and 
scenic r i v e r s  system, by designating the i n i t i t a l  components of t h a t  
system, and by prescr ib ing the methods and standards for addi t ions to  
the system. The system shalt comprise r i v e r s  ( 1 )  t h a t  are authorizes 
fo r  inclusion by Act of Congress, and (2 )  t h a t  are designated as wild, 
scenic, o r  recreat ional  r i v e r s  by an a c t  o f  the leg is la tu re  o f  the 
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s ta te  o r  states through which they flow, t h a t  are found by the 
Secretary of  the In te r i o r ,  upon app l ica t ion  o f  the Governor o f  the 
s ta tes  concerned, t o  meet the c r i t e r i a  established in t h i s  Act. These 
l a t e r  would be permanently administered as wild, scenic, or recrea- 
t i o n a l  r i v e r s  by -agencies or p o l i t t c a l  subdivisions o f  the states 
concerned without expenses t o  the United States. 

9. Coastal Zone Management Act  of 1972 (86 Stat. 1280, 16 U.S.C. 
1451 -1 464 1 

Establ lshes national pol i cy  (a) t o  preserve, protect, develop, and 
where possible, t o  res to re  or enhance, the resources of  the Nation's 
coastal zone f o r  t h i s  and succeeding generations, (b) t o  encourage and 
ass i s t  the states t o  exercise e f f e c t i v e l y  t h e i r  responsibi 1 i t i e s  i n  the 
coastal zone t o  achieve wise use of land and water resources, and (c) 
f o r  a l l  Federal agencies engaged in  programs a f f e c t i n g  the coastal zone 
t o  cooperate and pa r t i c i pa te  wi th s ta te and local governments and 
regional agencies i n  the development o f  coastal zone management 
programs. 

10. Forest and Rangeland Renewable Resources Planning Act of 1974 (RPA) (88 
Stat. 476, as amended; 16 U.S.C. 1600-1614) 

This Act, as amended by the National Forest Management Act of 1976, 
seeks t o  insure t h a t  Americans recognize the importance of the Nation's 
renewable resources and the necessity for long-term planning for 
management and use o f  these resources. To achieve this,  RPA requires 
t h e  Secretary o f  Agr icu l tu re  t o  prepare: 

( 1  1 An Assessment o f  long-term demands and suppl ies o f  renewable re- 
sources on Nation's 1.6 b i l l i o n  acres of fo res t  and rangeland, 
under a l l  ownerships, and the opportuni t ies t o  bet ter  use these 
resources. The f i r s t  Assessment was submitted t o  Congress i n  ea r l y  
1976 and w i l l  be updated in  1980 and every 10 years a f t e r  that. 

(2) A Long-range Program--based on the Assessment--of Forest Service 
a c t i v i t i e s ,  including management of the National Forest System, 
State and Pr iva te  Forestry Programs, and Research. The i n i t i a l '  
Program was submitted to Congress i n  ea r l y  1976 and w i l l  be updated 
I n  1980 and every 5 years a f t e r  that. 

One o f  the prime purposes of the law i s  t o  insure t h a t  annual deci- 
sions on funding for Forest Service programs are re la ted to the 
long-range Program. F i r s t ,  the Act requlres a President ia l  State- 
ment o f  Policy, along w i th  the Assessment and Program, t o  express 
how the President intends t o  shape the Forest Service budget re- 
quest f o r  the next 5- to 10-year period. Secondly, the President 
must include ,in h i s  annual budget a repo r t  t h a t  explains t h a t  pro- 
gress t h a t  has been made in  implementing the Program. 

11. National Forest Management Act o f  1976 (90 Stat. 2949, 16 U.S.C. 472a, 
476, 476 (note) 500, 513-516, 521b, 528 (note) 576b 594-2 (note) 1600 
(note) 1600-1602, 1604, 1606, 1608-1614) 
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This Act amends the Forest and Rangeland Renewable Resources Planning 
Act o f  1974 by adding new subsections on f iber  potent ia l ,  wood u t i  I iza- 
t i o n  and recycl ing, reforestat ion,  National Forest System resource 
planning, I imi ta t ions on timber removal from the National Forests, 
publ ic  involvement, and advisory boards. In addition, the Act repeals 
a paragraph in  the Organic Act of 1897 r e l a t i n g  t o  timber sales, and 
adds new au tho r i t y  for  sale o f  timber on National Forest System lands 
i n  accordance with po l i c i es  set  f o r t h  i n  the M u l t i p l e  Use - Sustained 
Yield Act o f  1960. 

U -  

12. Federal Land Po l i cy  and Management Act o f  1976 (90 Stat. 2743; 43 
U.S.C. 1701 (note), 1701, 1702, 1712, 1714-1717, 1732, 1740, 1744, 
1745, 1751-1753, 1761, T763-1771, 1781; 7 U.S.C. 1012a: 16 U.S.C. 478a, 
1 338a 1 

This Act estabf ishes uniform procedures f o r  any disposal o f  pub1 i c  
land, acqu is i t ion  o f  non-Federal land f o r  publ ic purposes, and the ex- 
change o f  such lands be established by statute, requ i r i ng  each dis- 
posal, acqu is i t i on  and exchange t o  be consistent wi th  the prescribed 
mission o f  the department o r  agency involved, and reserving t o  the 
Congress review o f  disposals i n  excess o f  a speci f ied acreage. The Act 
del ineates the extent t o  which the-Executive may withdraw lands without 
l e g i s l a t i v e  action; and provides f o r  payments t o  compensate states and 
local governments f o r  burdens created as a r e s u l t  o f  the immunity of 
Federal lands from state and local taxation. 

I t  a lso  contains sections on range management, rights-of-way, and 
des i g nated management areas. 

13. Soi l  and Water Resource Conservation Act of 1977 (RCA) (91 Stat. 1407, 
16 U.S.C. 2001 note, 2001-2009) 

The purpose of FCA i s  t o  ensure t h a t  programs administered by the 
Secretary o f  Agr icu l tu re  f o r  the conservation o f  so i l ,  water, and re- 
lated resources shal l  respond t o  the Nation's long-term needs. (The 
term tlsoil, water and related resources,11 as used in  t h i s  Act, means 
those resources which come wi th in  the scope of the programs adminis- 
tered i n  by the Secretary through the Soi l  Conservation Service.) 

The law requires f i v e  reports t o  Congress: 

(I) An appraisal o f  the soil, water, and re la ted resources o f  the 
Nation, t o  be completed by December 31, 1979. A second appraisal 
i s  due 5 years later.  

(2) A nat ional  s o i l  and water conservation program t h a t  guides SCS 
a c t i v i t i e s  t o  fur ther  soi l  and water conservation on the p r i va te  
and non-Federal lands of the  Nation, t o  be completed by 
December 31, 1979. A second appraisal i s  due 5 years later.  

(3 )  A de ta i led  statement o f  pol icy  i s  t o  accompany the appraisal and 
program reports. 
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( 4 )  Beginning wi th  the  FY 1982 budget and annually t h e r e a f t e r ,  a 
budget comparative report t h a t  compares the annual budget t o  the W statement of policy. 

( 5 )  Beginning with the FY 1982 budget and annually t h e r e a f t e r ,  a 
program evaluat ion r e p o r t  t h a t  evaluates the  program's e f fec t lve -  
ness i n  a t t a i n i n g  the  purposes of the  Act. 

. .  
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Ill LAWS WHICH REGULATE USE OF FOREST AND RELATED LANDS 

A. STATE LAWS: 

I. Cal i f o rn ia  Land Conservation Act o f  1%5 ( W i  I I iamson Act) 
2. Porter-Cologne Water Q u a l i t y  Control Act (1%9) 
3. Cal i fo rn ia  Environmental Q u a l i t y  Act o f  1970 
4 . Ca I i forn l a  Spec ies Preservation Act o f  1970 
5. Ca l i f o rn ia  Endangered Species Act of 1970 
6. Z'berg-Nejedly Forest Pract ices Act of 1973 
7. Nat ive Species-Conservation and Enhancement Act (1974) 
8. Z'berg-Warren-Keene-CoIIier Forest Taxation Reform Act o f  1976 

8. FEDERAL LAWS: 

b -  

1 . Fish and W i  Id I i f e  Coordination Act ( 1  934) 
2. National Environmental Pol i c y  Act o f  1%9 
3. Endangered Species Conservation Act of 1%9 
4. Anadromous Fish Conservation Act (1970) 
5. W i  Id Horses and Burros Protect ion Act (1971) 
6. Bald and Golden Eagle Act (1972) 
7. Federal Water Po l l u t i on  Control Act  (1976) (as amended) 
8. Clean Water Act o f  1977 
9. Clean A i r  Act  (1%3) (as amended) 

'XII-12 



II. LAWS WHICH REGULATE USE OF FOREST AND RELATED LANDS 

A. STATE LAWS 

1 . Cal i f o r n i a  Land Conservation Act of 1965 ( W i  I I iamson Act) and re la ted 
open space leg is la t ion  (Sec. 51200, G.C.) 

This Act was adopted p r imar i l y  as a means o f  keeping prime agr icu l tu ra l  
land in agr icu l ture by the u t i  1 i za t ion  o f  tax incentives t o  landowners. 
I n i t i a l l y ,  the Act included only  prime agr icu l tu ra l  land and there was 
no guarantee tha t  the owner o f  the land under contract  o r  agreement 
would receive a reduction in property taxes because o f  a cons t i tu t iona l  
requirement t h a t  a l l  lands be assessed a t  market value. 

I n  1%7, Sections 423 and 423.5 were added to the Revenue and Taxation 
Code to p roh ib i t  the State Board o f  Equalization and local assessors 
from using comparable sales data in valuing open space lands subject 
t o  enforceable r e s t r i c t i o n s  and assess these lands on the basis o f  cap- 
i t a l  ized income. In the case of timber land, the value would be deter- 
mined t o  be the present worth of the income which the future harvest 
t imber crops from the land can reasonable be expected t o  yield- , 
Where the land belng valued i s  no t  capable of producing income or  i s  
n o t  used to  produce income, or where s u f f i c i e n t  information i s  not  
ava i lab le  by which income can be determined, the law d i rec ts  the asses- 
sor t o  impute t o  the land a reasonable amount t o  be considered as in-  
come . 

I Yf  

This change i s  assessment pract ices led to a rap id increase in p a r t i c i -  
pat ion in the Act. Par t i c ipa t ion  in the Act i s  voluntary on the par t  
o f  'both local government and the landowner. The Act enables an owner 
o f  agr icu l tu ra l  land to enter i n to  a contract  wi th local government t o  
permit h i s  land t o  be taxed as agr icu l tu ra l  land in re turn for fore- 
going development of t h a t  land fo r  a minimum o f  10 years, wi th  auto- 
matic annual renewal a f te r  t ha t  period. 

I n  1971, the State Legis la ture approved the Open Space Subvention Pro- 
gram. The stated purpose o f  the Program i s  to provide replacement rev- 
enues t o  local government by reason of the reduction of the property 

. t a x  on open space lands assessed under Sections 423 and 423.5 of the 
Revenue and Taxation Code. Open space lands include agr icu l tu ra l  ' 

lands, fo res t  lands, and other lands such as grazing lands, w i l d l i f e  
habitats, wetlands, saltponds, scenic highway corr idors, submerged 
lands, and recreat ional  areas, 

I/ Pursuant t o  the Z~berg-Warren-Keene-Col I ie r  Forest Taxation Reform A c t  
of  1976, the counties must provide for the zoning of land used for  growing and har- 
vest ing timber as timber I and preserve zones (TPZ's) . A TPZ . i s  a 10-year ' r e s t r i c t i o n  
on the use o f  land, and w i  I1 replace the use of agr icu l tu ra l  preserves ( W i l l  iamson 
Act contracts) on timber I and. W 
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A p a r t i c u l a r l y  important aspect o f  the Williamson Act and re la ted open 
space legis lat ion,  from the standpoint o f  land w e  planning, i s  a re-  
quirement tha t  c i t i e s  and counties prepare open space plans and submit 
them fo r  review t o  the Secretary o f  Resources. 

Lt - 

Local governments are required t o  adopt an open space act ion program 
and zoning ordinances consistent with the i r  open space plan. 

2. Porter-Cologne Water Qual i t y  Act (Stats. 1969, Ch. 482) 

This Act establ ishes pol i c y  tha t  the qual i t y  o f  a l  I the waters in the 
State t o  be protected t o  a t ta in  the highest water q u a l i t y  which i s  rea- 
sonable, considering a l l  demands being made and t o  be made on those 
waters and the t o t a l  values involved, benef ic ia l  and detrimental, eco- 
nomic and social, tangib le  and intangible. 

The Act provides a Statewide program for  water q u a l i t y  control  t o  be 
administered regional I y, wi th in  a framework o f  Statewide coordination 
and pol icy. Organization, membership, powers, duties, and enforcement 
powers are establ ished fo r  both State and regional boards. 

Regional boards are required t o  formulate and adopt water qual i t y  con- 
t r o l  plans fo r  a l l  areas wi th in  the regions in conformance with the 
above state pol icy. These plans w i  I I include object ives for  protect ion 
o f  water qual i t y  resu l t i ng  from forest  management a c t i v i t y .  

Although provisions o f  the Ca l i fo rn ia  Forest Pract ices Act should be 
adequate t o  assure compl iance with regional water qual i t y  object ives 
during most logging operations, the regional boards may, for any par- 
t i c u l a r  operations, requi re  timber operators t o  comply wi th Section 
13260 of the Act. This Section requires any person discharging waste 
o r  proposing t o  discharge waste ( includes debris or eroded earth from 
logging operations) t h a t  could a f f e c t  the q u a l i t y  o f  the waters o f  the 
State t o  f i  l e  wi th the regional board a repor t  o f  the discharge. The 
board, a f te r  any necessary hearing, shal I prescribe requirements as to 
the nature o f  any proposed discharge, or may request the Attorney 
General t o  pe t i t i on  the court  for  the issuance of a res t ra in ing  order 
o r  injunction, as appropriate, t o  p roh ib i t  the discharge o f  waste. 

The regional board, in  reviewing any water control  plan or waste d is -  
charge requirements, may invest igate the qual i t y  o f  any waters wi th in 

. the region. In  such an investigation, the board may requi re tha t  any 
person discharging waste t o  furnish such technical or monitoring pro- 
gram reports as the board may spec i f  y. 

3. Ca l i f o rn ia  Environmental Q u a l i t y  Act of 1970 (Chap. 1433, Div. 13, Sec. 
21 000, P.R.C. 1 

This 
I a te  
c ies  
regu 
vent 

Act requires tha t  a l l  agencies o f  the State Government which regu- 
a c t i v i t i e s  of pr ivate individuals, corporations, and pub1 i c  agen- 
which are found t o  a f f e c t  the qual i t y  of the environment, shal l  
ate such a c t i v i t i e s  so tha t  major consideration i s  given t o  pre- 
ng env ironmenta I damage. 
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State E IR  guidel ines have been developed by the Of f i ce  o f  Planning and 
Research for  adoption by the Secretary o f  Resources, in accordance with 
Pub1 i c  Resources Code Section 21083, for  the purpose in implementing 
t h i s  Act. These guidel ines are binding on al I pub1 i c  agencies and pro- 
v ide them wi th  pr inciples,  objectives, c r i t e r i a ,  and de f i n i t i ons  o f  
Statewide appl icat ion t o  be used in deal ing w i th  environmental qual i t y ,  
the evaluation of projects, and the preparation and evaluation o f  envi- 
ronmental impact reports. 

b, 

4. Ca l i f o rn ia  Species Preservation Act o f  1970 (Stats. 1970, Chap. 1036, 
P. 1847) 

This Act d i rec ts  the Ca l i fo rn ia  Department o f  Fish and Game t o  inven- 
t o r y  a l l  threatened f i sh  and w i l d l i f e ,  develop c r i t e r i a  for  rare and 
endangered species, and repor t  t o  the Governor and the leg is la tu re  
every 2 years on the status o f  these animals. The Department's repor t  
e n t i t l e d  " A t  the Crossroads,'f pub1 ished b ienn ia l l y  since 1972 i n  re -  
sponse t o  t h i s  Act, recomnended actions for the protect ion and preser- 
vat ion o f  ra re  and endangered species. 

I . These recommendations impact land use po l i c i es  since the protect ion of - 
hab i ta t  i s  key t o  the su rv i v ia l  o f  these species. On pub1 i c  lands 
necesary protect ion o f  habi ta t  can usual ly  be arranged through the co- 
operat ive e f f o r t s  o f  government agencies. Where the habi ta t  of threat -  
ened f i s h  and w i l d l i f e  i s  in  pr ivate ownership, the State and Federal 
endangered species acts are v i r t u a l  I y ine f fec t i ve  in preventing i t s  
mod i f i ca t  ion or  destr u c t i  on. 

I 
I 

i 
5. Cat i f o r n i a  Endangered Species Act of 1970 

P. 2998) 
(Stats . 1 970, Chap . 1510, 

LJ I 

This Act expresses l e g i s l a t i v e  concern over Ca l i fo rn ia 's  threatened 
w i  Id1 i fe, defines ra re  and endangered w i  Id1 i fe ,  and gives au thor i ty  t o  
the Fish ana Game Commission t o  deem what animals i n  Ca l i fo rn ia  are 
r a r e  and endangered. Proh ib i ts  importation in to  the State, o r  taking, 
possessing, or se l l  ing w i th in  the State any endangered or rare animal. 
Authorizes the Commission to permit the importation o f .  endangered or* 
r a r e  animals subject t o  such terms and condi-tions as it may prescribe. 

6. Z'berg-Nejedly Forest Prac t ice  Act of 1973 (Div. 4, Chap. 8, Sec. 4511, 
P.R.C. 1 

The in ten t  o f  t h i s  Act i s  t o  create and maintain an e f fec t i ve  and com- 
prehensive system t o  regulate the use of a l l  timberlands so as to as- 
sure that, where feasible, the produc t iv i t y  o f  timberlands i s  restored, 
enhanced, and maintained. The goal o f  maximum sustained production of 
high qual i t y  timber products i s  achieved whi le.  g iv ing consideration to 
values r e l a t i n g  t o  recreation, watershed, w i  Id1 i fe, range and forage, 
f isher ies,  and aesthet ic enjoynent. 

The Act provides d i rec t ion  t o  the Board of Forestry in  the establ ish- 
ment o f  forest  d i s t r i c t s ,  the appointment and dut ies o f  d i s t r i c t  tech- 
n i ca l  advisory comnittee members, and procedures adoption o f  d i s t r i c t  
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forest  pract ice ru les  t h a t  are in  accordance with the in tent  o f  the 
Act. 

The Act establ ishes appl icat ion requirements and procedures for the 
issuance o f  revocation o f  timber operations1 licenses; and requires a 
timber harvesting plan be prepared by a registered professional for -  
ester before the s t a r t  of each timber operation. Timber harvest plan 
procedures include requirements fo r  completion reports and harvesting 
inspections when a1 I work except stocking has been completed, and 
stocking reports and stocking inspections wi th in  5 years a f t e r  comple- 
t i o n  cf the timber operation. 

The Act a lso requires any person who owns timberland t o  be devoted t o  
uses other than the growing o f  timber t o  f i l e  an appl icat ion for  con- 
version with the Board o f  Forestry. The Board i s  djrected to, by regu- 
lat ion,  prescribe procedures for form and content o f  such appl icat ions 
i n  accordance with cer ta in  c r i t e r i a .  

7. Native Species Conservation and Enhancement Act (1974) (Stats. 1974, 
Chap. 898, p. 1900) 

This Act declares the pol i c y  o f  the State t o  maintain s u f f i c i e n t  popu- 
la t ions  of a l l  species o f  w i l d l i f e  and habi ta t  necessary t o  insure 
t h e i r  continued existence a t  the highest levels possible to ( 1 )  provide 
f o r  the benef ic ia l  use and enjoynent o f  w i  Id1 i f e  by a l l  c i t i zens  o f  the 
State; (2) perpetuate a l l  species o f  w i l d 1  i f e  for  t h e i r  i n t r i n s i c  and 
ecological values, as well as for  t h e i r  d i r e c t  benef i ts  t o  man; and (3)  
provide for aesthetic, educational , and nonappropriative uses o f  the 
various w i  Id1 i f e  species. 

The Act creates a Native Species Conservation and Enhancement Account 
t o  be maintained by the Department o f  Fish and Game wi th in  the Fish and 
Game Preservation Fund, t o  permit separate accountabl i I i t y  for the re-  
ce ip t  and expenditure o f  monies derived through donations from persons 
or organizations for  the support of  nongame species conservation and 
enhancement programs. Appropriations from t h i s  account fo r  nongame 
species conservation and enhancement programs would be in addi t ion t o  
other appropriat ions from the Fish and Game Preservation Fund fo r  the 
same pur pose. 

8. Ztberg-Warren-Keene-Collier Forest Taxation Reform Act o f  1976 (A.B. 
1258, Chap. 176, 1976 as amended by A.B. 100 Chap. 853, l q 7 )  

This Act replaces the present annual ad valorum tax on timber wi th a 
y ie ld  tax system t o  be paid a t  the time of harvest. I t  provides fo r  
the establ ishment o f  ffTimberland Preserve Zonesff (TPZ) t o  be composed 
o f  lands assessed for growing and harvesting o f  timber as the highest 
and best land use. A TPZ i s  a 10-year r e s t r i c t i o n  on the use o f  land 
and w i l l  replace the use o f  agr icu l tu ra l  preserves (Williamson A c t  con- 
t rac ts )  on timberland. Land use under a TPZ w i l l  be r e s t r i c t e d  to 
growing and harvesting t i m b e r  and t o  compatible uses approved by the 
county. In return, e f f e c t i v e  Ju ly  1, 1977, timber owners wi th TPZIs id 
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w i  I I m longer pay an ad valorum tax on standing timber and taxat ion o f  
t h e i r  timberland w i l l  be based only  on such r e s t r i c t i o n s  of use. 

A timber y ie ld tax i s  imposed on every timber owner who harvests h i s  
timber on or  a f t e r  A p r i l  1,  1977, and on every timber owner o f  f e l l ed  
or downed timber who acquires l i t t l e  t o  such fe l l ed  or downed timber 
from an exempt person or  agency a f te r  tha t  date. 

The Act a lso imposes a Timber Reserve Fund tax to be paid by the timber 
owner who harvests h i s  timber on or  a f t e r  Ap r i l  I, 1977 through 
December 31, 1982. The fund w i l l  be used t o  compensate counties for  
any loss i n  revenues through the change from the former annual ad 
valorum tax on timber to  the t i m b e r  y ie ld  tax system. 

Parcels not  Included in TPZ's w i l l  be taxed on the basis of comparable 
value of simi la r  property s i m i l a r l y  s i tuated for  purposes other than 
timber growing and compatible uses. Any trees growing on such parcels 
may be taxed fo r  aesthet ic and amenity values. Any trees harvested 
from lands outside TPZ's are also subject to the timber y ie ld  tax and 
the  Timber Reserve Fund Tax. 

Lid 

8. FEDERAL LAWS: 

1. F ish and W i l d l i f e  Coordination Act (19341, as amended (48 Stat. 401, 16 
U.S.C. 661 667e) 

The purpose of t h i s  Act i s  t o  provide tha t  w i l d l i f e  conservation shal l  
receive equal consideration and be coordinated with other features of 
water-resource development programs through the ef fectua l  and harmoni - 
ous planning, development, maintenance, and coordination of . w i  Id1 i f e  
conservation and rehabi I i ta t ion .  The Act authorizes the Secretary o f  
t he  I n t e r i o r  ( 1 )  t o  provide assistance to, and cooperate with, 
Federal, State, and pub1 i c  or pr ivate agencies and organizations in  
various f i s h  and w i  Id1 i f e  management measures; (2) t o  make surveys and 
invest igat ions of the w i l d l i f e  o f  the pub1 i c  domain, including lands 
and waters contro l led by any Federal agency; and (3) t o  accept dona- 
t i o n s  of land and contr ibut ions of funds for these purposes. 

2. National Environmental P o l i c y  Act of 1969 (83 Sta. 852 as amended; 42 
U.S.C. 4321, 4331 -4335, 4341 -4347) 

The purposes o f  t h i s  Act are: t o  declare a national pol i c y  which w i  I I  
encourage-productive and enjoyable harmony between man and h i s  environ- 
ment; t o  promote e f f o r t s  which w i  I I prevent o r  e l  iminate damage t o  the 
environment and st imutate the health and welfare of  man; t o  enr ich the 
understanding o f  the ecological systems and natura I resources important 
t o  the Nation; and t o  establ ish a Council on Environmental Q u a l i t y  
(CEO) . 
It d i rec ts  t h a t  a l  I Federal agencies shal I i d e n t i f y  and develop methods 
and procedures which w i  I I insure t h a t  present1 y unqual i f  ied environ- 
mental amenities and values may be given appropriate consideration in  h.' 
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decision-making along w i th  economic and technical considerations. For 
each proposal for l eg i s la t i on  or other major Federal action, the Act 
requires a deta i I ed environmenta I impact statement by the responsi b l  e 
o f f i c i a l .  Copies o f  such statements and the comments and views of the 
appropriate Federal, State, and local agencies, which are authorized to 
develop and enforce environmental standards, shal I be made ava i lab le  to 
the  President, the CEO, and to  the pub1 ic, and shal I accompany the pro- 
posa I through the ex i s t i ng  agency review processes. 

Li- 

3. Endangered Species Conservation Act of 1969 (80 Stat. 926, 16 U.S.C. 
668aa-666cc-6) 

This Act provides a program for the conservation, protection, restora- 
t ion,  and propagation of selected species o f  na t ive  f i s h  and w i l d l i f e ,  
inc lud ing migratory birds, t h a t  are threatened w i th  ext inct ion.  I t  
d i r e c t s  t h a t  the Secretaries of the In te r  lor, Agriculture, and Defense, 
together wi th  the agency heads w i th in  those Departments, sha l l  seek to 
pro tec t  species of na t ive  f i s h  and w i l d l i f e  t h a t  are threatened wi th  
ext inct ion,  and insofar as i s  pract icable and consistent wi th  the agen- 
c ies '  primary purpose, shal I preserve the habi ta ts  o f  such species on 
lands under t h e i r  j u r i sd i c t i on .  The Act sets the procedure by which 
species shal I be regarded as threatened, and c i t e s  s ta tu to ry  authori - 
t i e s  to  be u t i l i z e d  by the Secretary o f  the I n t e r i o r  for carry ing out  
endangered spec ies programs. 

4. Anadromous F ish  Conservation Act (1970) (84 Stat. 214, 16 U.S. C. 
757a) 

Authorizes the Secretary of the  I n t e r i o r  to  enter i n to  cooperative 
agreements wi th  States, o r  wherever he deems it appropriate, wi th  other 
non-federa I interests, for the purpose of conserving, developing, and 
enhancing the anadromous f i she ry  resources t h a t  are subject to deple- 
t i o n  from water resources development and other causes. Such agree- 
ments describe actions t o  be taken by the Secretary and the cooperating 
part ies, benef i t s  expected, estimated cost, and the share of the cost  
t o  be borne by the  Federal Government and other parties. The Federal 
share sha I I not  exceed 50 percent o f  the  to ta  I cost excl usive of the 
value of any Federal land involved. Authorized a c t i v i t i e s  under the 
Act include investigations, surveys, research, stream clearance, con- 
servation devices and structures, f i s h  hatcher ies, and land acquisi - 
t ion .  

5 .  Wild Horses and Burros Pro tec t ion  Act (1971) (85 Stat. 649, as amended; 
16 U.S.C. 1331-1338, 1338a, 1339, 13401 

This Act establ ishes pol i c y  t h a t  w i  Id, f ree roaming horses and burros 
w i  I I be protected from capture, branding, harassment, or death; and to  
accompl ish th is ,  they are to  be considered in the area where present ly 
found, as an in tegra l  pa r t  of the natural system o f  the publ ic  lands. 
Such animals shal l  be under the j u r i s d i c t i o n  o f  the Secretary of the 
Imter ior  when on publ ic  lands administered by the Bureau of Land 
Management, and the Secretary of Agr icul ture on lands administered by 
the  Forest Service. u 
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A l l  management a c t i v i t i e s  shal l  be a t  the minimal feasible level and 
sha l l  be carr ied out in consultat ion wi th the w i l d l i f e  agency o f  the 
State wherein such lands are loca ted i in  order t o  protect  the natural 
ecologidal balance o f  a l  I w i  Id1 i f e  species which inhabi t  such lands, 
pa r t i cu la r  I y endangered w i  I d  I i f e  species. The Act establ ishes proce- 
dures for  disposal o f  excess animals, removal from pr ivate lands, and 
a r res t  and prosecution for  v io la t ions  under the Act. 

/ L i  

i 

I 

6. Bald and Golden Eagle Act (1972) (86 S t a t .  1064, 16 U.S.C. 6684684) 

Prohi b i t s  the taking, possession, sel I ing, transport ing, export, o r  im- 
p o r t  of any bald eagle, comnonly known as the American eagle, o r  any 
golden eagle, a l i v e  or dead, o r  any part, nest, o r  egg thereof. In 
addi t ion t o  cr iminal  penal t ies for v io lat ions,  the Act also provides 
for the cancel l a t i on  of agreements author iz ing the grazing o f  domestic 
l ivestock on Federal lands t o  any person convicted o f  a v io la t i on  of 
the  Act. The Act also prescribes procedures by which the Secretary o f  
the  I n t e r i o r  may, when determined t o  be compatible wi th the preserva- 
t i o n  of these species, permit the taking, possession, o r  t ransportat ion 
o f  specimens for  s c i e n t i f i c  or  exhi b i t i o n  purposes o f  pub1 i c  museums, 
zoos, o r  for  re1 igious purposes of Indian tr ibes,  o r  when necessary fo r  
protect ion o f  w i  Id1 i f e  o r  o f  agr icu l tu ra l  or other interests in  a par- 
t i c u l a r  local i t y ,  under regulat ions he i s  authorized t o  prescribe. 

7. Federal Water P o l l u t i o n  Control Act  o f  1972 (33 U.S.C. 1251 e t  seq.) 

Section 208 o f  t h i s  Act requires t h a t  an areawide waste treatment man- 
agement plan be prepared, c e r t i f i e d  by the Governor, and submitted to  
the Administrator o f  the Environmental Protect ion Agency. Such plans 
are t o  be prepared by regional agencies fo r  areas designated by the 
Governor as having substantial water qual i t y  problems, and by the State 
f o r  a l l  port ions o f  the State not  so designated. The Administrator i s  
authorized t o  make grants t o  such agencies for  the reasonable costs o f  
developing and administering the planning process. The i n i t i a l  plans 
are  t o  be submitted t o  the Administrator wi th in  3 years a f te r  the re -  
c e i p t  of the i n i t i a l  grant. The agr icu l tu ra l  port ion o f  such a Section 
208 plan would ( 1 )  i d e n t i f y  a g r i c u l t u r a l l y  and s i l v i c u l t u r a l l y  re la ted 
nonpoint sources o f  pol l u t i on  includ ing runoff  from land used fo r  I ive- 
stock and crop production, and (2) set  f o r th  procedures and methods 
( inc lud ing land use requirements) t o  control  t o  the extent feas ib le  
such sources. 

8. C lean Water Act of 1977 (PL 95-2171 

Th i s Act author i zed the Secretary of Agr i cu  I ture, wi th the concurrence 
o f  the Admin l s t r a t o r  of . the Environmental Protect ion Agency, to estab- 
l i s h  and administer a program of long-term contracts wi th r u r a l  land- 
owners and operators fo r  the purpose of ins ta l  I ing and maintaining mea- 
sures incotporat lng "best managementtt pract ices fo r  agr icu l tu re  in  
order to control  nonpoint source pol I u t ion  for  improved water qual i ty .  
States or areas having an approved agr icu l tu ra l  port ion of  a Section 
208 plan under the Federal Water Pol l u t i on  Control Act o f  1972 may 
qual i f y  for  cost-sharing assistance. Responsibi I i t y  fo r  t h i s  program 
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has been delegated t o  the So i l  Conservation Service. National and 
State Rural Clean Water Coordinating Committees, chaired by the SCS and 
including the Forest Service along w i th  other involved agencies, and 
have been established t o  a id  in carry ing out programs with States and 
other cooperators. This cost-sharing program appl ies t o  " rura l  lands,tt 
which are defined as privately-owned ag r i cu l tu ra l  lands, including 
cropland, pasture land, fo res t  land, range land, and associated lands. 

~ 

~ 

9. Clean A i r  Act o f  1963, as amended (42 U.S.C. 7401 e t  seq.) 

This Act and i t s  amendments through 1974, were designed t o  achieve four 
major objectives: ( 1 )  protect  and enhance the qual i t y  of the Nation's 
a i r  resources in  order t o  promote the pub1 i c  health and welfare, (2) 
i n i t i a t e  and accelerate a nat ional  research and development program in 
order t o  achieve the prevention and control  o f  a i r  po l lu t ion,  ( 3 )  pro- 
v ide technical and f inanc ia l  assistance t o  State and local governments 
f o r  a i r  po l l u t i on  control  programs, and (4) encourage and ass is t  the 
development and operation of regional programs. 

The 1977 amendments were intended t o  achieve several addi t ional  objec- 
t ives.  One i s  t o  provide a greater r o l e  fo r  State and local govern- 
ments in the administrat ion o f  the Act. Another ob jec t ive  i s  t o  pro- 
v ide l eg i s la t i ve  guidance and clearer l e g i s l a t i v e  in ten t  t o  the preven- 
t i o n  o f  s i g n i f i c a n t  de ter io ra t ion  o f  a i r  q u a l i t y  i n  areas where a i r  
pol l u t i o n  levels are cu r ren t l y  below the National Standards. A i r  qual- 
i t y  classes have been speci f ied and cer ta in  Federal areas designated 
f o r  protect ion under them. In  addition, the protect ion of v i s i b i  I i t y  
over National Parks and W i  ldernesses has been declared a nat ional  
goal. 

~ 
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111. LAWS WHICH AUTHORIZE PUBLIC ASSISTANCE (INCENTIVES) 
TO THE PRIVATE FOREST LANDOWNER 

A. STATE L A W S  

I .  Cali fornia Forest Improvement Act of 1978 and California Urban Forestry 
Act of 1978 (both Acts were created by AB 3304). 

B.FEDERA4 LAWS: 

I .  
2. 
3. 

Cooperative Forestry Assistance Act of 1978 (P.L. 95-313) 
Soil Conservation and Domestic Allotment Act of 1936 (ACP) 
Watershed Protection and Flood Prevention Act of 1954 (P.L. 566) 
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Ill. LAWS WHICH AUTHORIZE PUBLIC ASSISTANCE (INCENTIVES) TO THE PRlVE FOREST LANDOWNER 

A. STATE LAWS: 

1. Ca l i f o rn ia  ,Forest Improvement Act of 1978 and the Ca l i f o rn ia  Urban 
Forestry Act o f  1978 (AB 3304, Chap. 1181, 1978). 

This l eg i s la t i on  sets i n  motion a far-reaching plan t o  restore 
Cal i f o r n i a  fo res t  lands t o  f u l  I produc t iv i t y  and increase employment i n  
the forest  products industry, establ ishes a new llurban forestryt1 plan, 
and encourages the u t i  I iza t ion  o f  wood for energy production. I t a lso 
creates the Forest Resources Improvement Fund which would become opera- 
t i v e  t o  the extent funding i s  avai lab le from the Federal Government, 
p r iva te  i n s t i t u t i o n s  o r  organization, or any source other than the 
State General Fund. 

This B i l l  grants author izat ion to  the Di rector  of Forestry for a 
va r ie t y  o f  means t o  br ing about improvement and re fo res ta t ion  of 
understocked fo res t  land. b o n g  them: enter ing i n t o  cost-shar ing 
agreements f o r  fo res t  improvement works; making grants t o  qual i f i e d  
landowners fo r  payment o f  inher i tance taxes; making loans for forest  
resource improvement work; provid ing techn i ca l  assi stance, seed and 
seed I ings, and contract ing for seed and seed I ing production. 

The Di rector  i s  required t o  submit a repo r t  t o  the State b a r d  of 
Forestry and the leg is la tu re  by December 31, 1980 and annual I y there- 
a f t e r  concerning the progress of the program, 

The B i l l  a lso requires the Department o f  Forestry t o  provide technical 
assistance to  urban areas for urban reforestat ion.  A grant  and. loan 
program i s  authorized for making grants to  c i t i e s ,  counties, d i s t r i c t s ,  
and nonpro f i t  organizations. The Board of Forestry is  t o  establ ish 
guide1 ines fo r  these purposes by December 31, 1979. 

6. FEDERAL LAWS 

1. Cooperative Forestry Assistance Act o f  1978 (P.L. 95-313) [92 Stat. 
365; 16 U.S.C. 2101-2111, 2101 (note l l '  

Th is  Act repeals the fo l lowing laws, and port ions o f  laws: Sec, 1,2,3, 
and 4 o f  the Clark-McNary Act o f  1924; White Pine BI i s t e r  Rust Protec- 
t i o n  Act; Forest Pest Control Act; Cooperative Forest Management Act; 
Sec. 401 of the Agr icu l tura l  Act of 1956; T i t l e  IV o f  the  Rural Devel- 
opment Act of 1972; and Sec. 1009 and the proviso to Sec. 1010 o f  the 
Agr lcu l fu ra l  Act o f  1970, as added by the Agr icu l ture and Consumer 
Protect ion Act o f  1973. 

The purpose o f  the Act i s  t o  consol idate and update au tho r i t i es  of the 
Secretary of Agr icu l ture wi th  respect t o  non-Federal fo res t  lands, and 
to  ,complement the pol i c i e s  and d i rec t i on  se t  f o r t h  i n  the Forest and 
Range Land Renewable Resource Planning Act o f  1974. The Act rea f f i rms 
ex i s t i ng  po l i cy  t h a t  it i s  i n  the nat ional  in te res t  for the Secretary d.i 

I 
I 

I 
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t o  work through and in cooperation wi th State Foresters or equivalent 
State o f f i c i a l s  i n  implementing Federal programs a f fec t i ng  non-Federal 
f o res t  lands. 

Major sections o f  the Act deal wi th the fo l lowing issues: Advancement 
o f  forest  resources management; the encouragement o f  the production o f  
timber; the prevention and control o f  insects and diseases a f f e c t i n g  
t rees  and forests; the planning and conduct of urban forest ry  programs; 
the  prevention and control o f  r u r a l  f i res;  and management and planning 
assistance t o  State Foresters, and technology implementations. 

A summary o f  these sections follows: 

Section 3 - Rural f o r e s t r y  Assistance. The Secretary i s  authorized to 
provide f inancial ,  technical, and related assistance t o  State foresters 
t o  ( 1 ) develop genetical I y ,improved t ree  seeds; (2) procure, produce, 
and d i s t r i b u t e  t ree  seeds +and trees; (3) p lan t  t ree  seeds and trees 
for the re fo res ta t ion  o f  non-Federal forest  lands; (4 )  plan, organize, . 
and imp1 ement measures on non-Federal forest  lands for improv ing the 
q u a l i t y  and quant i ty o f  timber, f i s h  and w i l d l i f e  habitat, and water 
yield; (5) p ro tec t  o r  improve soi l  f e r $ i l i t y  and the qual i ty,  
quantity, and t iming of water yields; and ( 6 )  provide technical infor-  
mation, advice, and related assistance t o  p r i va te  forest  landowners and 
managers, vendors, f o res t  operators, wood processors, publ i c  agencies, 
and ind iv iduals  regarding - 
(A)  harvesting, processing, and marketing o f  timber and other forest  

resources and the marketing and u t i  I i za t i on  o f  wood and wood 
products; 

(B) conversion of  wood t o  energy; 

(C) management planning and treatment o f  f o res t  land t o  increase the 
quant i t y  and Improve the q u a l i t y  o f  timber and other forest  re- 
sources; 

(D) pro tec t ion  and improvement o f  f o res t  s o i l  f e r t i l i t y  and the 

( E )  the e f f e c t s  o f  f o res t r y  pract ices on f i s h  and w i  Id1 i f e  and t h e i r  

Section 4 - Forestry incentives. The Secretary i s  authorized t o  
develop and implement a forestry. incentives program t o  encourage the 
development, management, and pro tec t ion  o f  nonindustr ia l  p r i va te  forest  
lands so as t o  provide f o r  the production o f  tlmber and other forest  
resources .associated therewith. 

qual i ty ,  quantity, and t iming of  water yields; and 

ha b I t a t s  . 
I 

1 
I 
~ 

! 

W 

Provide cost sharing of up to  75 percent o f  the actual costs incurred 
by the landowners if they own 1,000 acres or less of p r i va te  forest  
tand (up to  5,000 acres i f  approved by Secretary, where s i g n i f i c a n t  
pub l i c  benef i ts  w i l l  accrue). The Act requires t h a t  indiv idual  forest  
management plans developed by the landowner, i n  cooperation wi th  and 

I 
I 
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approved by the State Forester, w i l l  be basis f o r  such cost-sharing 
agreements. Regulations f o r  administrat ion o f  t h i s  sect ion are devel- 
oped by the Secretary i n  consul tat ion wi th  a committee of no t  less than 
f i v e  State Foresters selected by the major i t y  of State Foresters 
pa r t i c i pa t i ng  i n  t h i s  Act. 

($1 

Section 5 - Insect and Disease Control - authorizes the Secretary to  
protect  from insects and diseased forests  and wood products, stored 
wood; and wood in  use d i r e c t l y  on the National Forest System and in  
cooperation w i th  others on other lands. 

Section 6 - Urban Forestry Assistance - authorizes the Secretary t o  
provide f inanc ia l ,  technical,  and re la ted assistance t o  State 
Foresters t o  provide information and technical assistance to un i t s  of 
local government and others t h a t  w i  I I encourage cooperative e f f o r t s  to  
plan urban fo res t ry  programs and t o  plant, protect, maintain, and 
u t i  I ize wood from t rees i n  open spaces, greenbelts, roadside screens, 
parks, etc., i n  urban areas. 

Section 7 - Rural F i r e  Prevention and Control - provides au thor i ty  to  
the Secretary t o  ( 1 )  cooperate wi th State Foresters i n  developing 
systems and methods f o r  the prevention, control ,  suppression, and 
prescribed use o f  f i r e s  on r u r a l  lands and in  r u r a l  communities; (2) 
provide f inanc ia l ,  technical,  and re la ted assistance t o  State 
Foresters, and through them t o  other agencies fo r  the above a c t i v i t i e s  
on non-Federal fo res t  lands and other non-Federal lands; and (3)  pro- 
v ide f inancial ,  technical,  and re la ted assistance to State Foresters i n  
cooperative e f f o r t s  t o  organize, t ra in ,  and equip local f i r e  f i gh t i ng  
forces, including those of Indian t r i b e s  and other nat ive groups, t o  
prevent, control ,  and suppress f i r e s  threatening hunan l ives, crops, 
I ivestock, farmsteads, pastures, orchards, w i  Id1 i fe ,  range land, wood- 
land, and other resources i n  r u r a l  areas. The Act a lso established in  
the Treasury a special r u r a l  f i r e  disaster fund t h a t  shal I be immedi- 
a t e l y  avai lab le and used t o  supplement any other money t o  carry  out  
t h i s  section w i th  respect to  ru ra l  f i r e  emergencies. 

Section 8 - Management Assistance, Planning Assistance, and Technology 
Implementation. 

( a )  To a id  i n  achieving maximum effect iveness i n  the programs and 
a c t i v i t i e s  conducted under t h i s  Act, the Secretary i s  authorized 
t o  provide f inanc ia l ,  technical,  and re la ted  assistance to State 
Foresters f o r  the deve I opmen t o f  stronger and more e f  f i c  l e n t  
organizations t h a t  w i l l  enable them t o  f u l f i l l  be t te r  t h e i r  
responsibi I i t i e s  for the protect ion and management of non-Federal 
fo res t  lands. 

(b) To ensure t h a t  data regarding ' forest  lands are avai lab le for and ' 

are e f f e c t i v e l y  presented i n  State and Federal natural resources 
planning, the  Secretary i s  authorized to  provide f inanc ia l ,  
technical,  and re la ted  assistance t o  State Foresters i n  the 
assembly, analysis, display, and repor t ing o f  State fo res t  re- 
sources data, i n  the t ra in ing  of State fo res t  resources planners, 
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2. 

3. 

and i n  pa r t i c i pa t i ng  In natural resources planning a t  the State 
and Federal levels. 

(c )  To ensure t h a t  new technology I s  introduced, new information i s  
integrated i n to  ex is t ing  technology, and fo res t  resources research 
f indlngs are promptly made aval lab le  to  State fo res t ry  personnel, 
p r i va te  fo res t  landowners and managers, vendors, fo res t  operators, 
wood processors, pub1 IC agencies, and individuals, the Secretary 
I s  authorized t o  car ry  o u t  a program of technology implementa- 
t ion.  

Section 9 - Consolidated Payments. To provide f l e x i b i l i t y  i n  funding 
a c t i v i t i e s  authorized under t h i s  Act, the Secretary may, upon request 
o f  any state, consol idate the anual f inanc ia l  assistance payments t o  
t h a t  s ta te under the Act (except Section 4 )  i n  l i e u  of funct ional  cost 
sharing mechan isms, formulas, or agreements. Such consol idated pay- 
ments would be based upon State fo res t  resource programs developed by 
the State Forester and reviewed by the Secretary. 

So i l  Conservation and Domestic Al lotment Act of 1936 (ACP) - 
Establ ishes the Agr icu l tura l  Conservation Program which provides cost- 
sharing funds t o  p r iva te  fo res t  landowners fo r  t ree  p lant ing and fo res t  
improvement measures. Administered by the Agricul t u r a l  Stabi I iza t ion  
and Conservation Service wi th  technical  assistance f o r  landowners 
rece i v i ng cost-shar i ng prov i ded by Forest Serv i ce  through State 
fo res t ry  agencies. 

Watershed Protect ion and Flood Prevention Act of 1954 (P.L. - 566.) 68 
Stat. 666, as amended; U.S.C. 1001-1008, 33 U.S.C. 701b (note) 

This  Act authorizes and d i rec ts  the Secretary o f  Agr icu l ture t o  co- 
operate wi th  qua l i f i ed  State and local agencies i n  planning and carry- 
ing out  watershed protect ion and f lood prevention measures on approved 
watersheds. Overall program respons ib i l i t y  res ts  w i th  the  Soil 
Conservation Service. In carry ing ou t  i t s  responsibi I I t y  for the 
fo res t ry  phase o f  the program, the Forest Service works through State 
fo res t ry  agencies whenever possible. River basin program planning i s  
car r ied  ou t  under Section 6 of the Act. Certain provis ions of the Act 
have been extended t o  apply. to  the 11 f lood  prevention pro jects  autho- 
r i z e d  by the  Flood Control Act of 1944, inc luding the Los Angeles and 
Santa Ynez Rivers i n  Cal i forn ia .  
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GLOSSARY 

ANGLER-DAY - Part ic ipat ion by one person In angling a c t i v i t y  for  a i l  or a portion of one 24-hour 
period . 

APeROPRlATlVE FISH AM) WILDLIFE USE - A use of the f Ish and wild1 I f e  resources which resui ts In the 
HuntIng, trapping, angling and ammer- user gaining personal possession of  a part  of the resource. 

cia1 f ish lng are the primary.examples of  appropriative use. 

AUM - Defined as the amount o f  forage necessary to sustain a c o w  with calf for  one month. Normally 
t h i s  amounts to 1,000 pounds of forage, however, the amount can vary between d i f ferent  references 
from 800 t o  1,200 pounds per month. 

BLM - Bureau of  Land Management, Department o f  interfor.  

BTU - B r I t i s h  Thermal Unit, Is a standard unI t  o f  heat energy. One Btu Is the heat necessary ID 
ralse  the temperature of  one pound of  water I°F, and Is roughly equivalent to the heat produced by 

W 

a kltchen match. 

CALVEG - Class l f lcat ion and Assessment wi th Landsat o f  VIs ib le  Ecoiogica 
Service project  used as a basis for developing the forest land base map. 

CDF - Cal i forn ia  Department o f  Forestry. 

CHAPARFtAL - A dense shrub oonnunlty, normally a permanent type, dominated 

GroupIngs. A Forest 

by evergreen shrubs cx 
dwarf trees; areas covered with heavily branched dwarfed trees or shrubs, usually evergreen, the 
crown canopy of  whlch at maturlty covers more than 50 percent of the ground, and whose primary 
va I ue Is watershed protection . 

CLIMAX FOREST - A forest  that  has reached Its f i n a l  stage of  b io logical  succession. Beyond t h i s  
%i imaf l  po in t  the same plant ecosystem w i l l  continue to occupy an area as long as there Is no dIs- 
turbance and climate or so11 conditions remain unchanged. 

COGENERATION - The generation of process steam, process heat cr space conditioning combined with the 
generation of e lec t r i ca l  p o w e r  whlch leads to an efficiency of  fuel u t I I i z a t i o n  greater than that 
resu l t ing  from the Independent generation of equivalent un i ts  of process steam, process heat, space 
conditioning, and e iec t r i ca l  power. 

COWERCIAL FOREST LAM) Icomnercial timberland) - Land tha t  is capable of producing In excess of  20 
cubic feet  per acre per year of Industr la l  wood  in f u l l y  stocked even-aged stands a t  culmlnation of 
mean k n u a l  Increment and is not developed for other uses OT wfthdrawn from timber use by statute 
o r  adm In  I s t r a t  1 ve regu ta t  Ion . I nc I udes both access 1 b I e and prospect 1 vel y access 1 b I e areas and both 
operable and prospectively operable areas. 

CONSIJWTION - see Demand and Supply 

6-1 

I 



Figwe (3-1 and 0-2 i 

CONTROLLED BURNS - see Prescri bed Burns 

DEMAND AND SUPPLY - Unfortunately, these terms have been widely used i n  resources f ie lds  to imply 
condltlons related to, but very d i f f e ren t  from, t h e i r  accepted economic meanings. The o r i g l n  of 
th i s  s i tua t ion  i s  easy to understand because the d i f f i c u l t i e s  asscclated w i th  developing supply and 
demand curves are considerable. Nevertheiess, the resu l t  cer ta in ly  f a i l s  to  enhance understanding 
and leads many to make statements which are economic nonsense. To avoid these p i t f a l l s ,  these 
terms have been used throughout th i s  report i n  the i r  economic senses. 

Demand i s  a schedule of quanti t ies of  a 
given good and the corresponding prices 
a t  which buyers would purchase the par t i -  
cu lar  quantity. Demand curves (Figure 
G-1) are ord inar l i y  viewed as sloping 
downward and to the r i g h t  because as the 
pr ice fa l ls ,  the amount people wish to 
have Increases. As the prices rise, they 
desire fewer units. We assume there are 
many buyers of  .the good and tha t  they 
understand both the market and the good's 
attr ibutes. An increwed demand i s  re- 
presented by a new curve above and to  the 
r i g h t  of tha t  i n i t l a l l y  present; I&.,  
more of  the good would be desired a t  any 
glven pr lce or a l te rna t ive ly  a higher 
pr ice would be commanded bf the same qua- 
l i t y .  A s h i f t  of  output and pr ice  along 
the curve does not represent a change i n  
demand. Demand is said to  be ine las t ic  
i f  the quanti ty i s  unresponsive t o  
changes In  price; 1.8.. I f  the curve be- 
comes re la t i ve l y  vert ical.  The curve may 
be e las t i c  i n  some region and inelast ic 
i n  another. 

Supply i s  s im i la r i y  a schedule of  the 
amounts producers are w i  I I lng t o  o f fe r  a t  
various prices. Supply curves (Figure 
6-21 are general I y conceived as sloping 
upward and t o  the r l g h t  because the "Iaw 
o f  diminishlng returns" reduces the addi- 
t iona l  amount of  a good tha t  can be pro- 
duced f o r  each added u n i t  of  some Imput. 
Therefore, as one attempts t o  produce 
more, his u n i t  costs r i s e  and he must be 
compensated by a higher set I Ing price. An 
increase i n  suply I s  represented by a 
s h i f t  of the curve to the right. Supply 
also Is said t o  be ine last ic  I f  the curve 
becomes ver t i ca l  . 
The intersection of  the supply and de- 
mand cuwes fo r  any good yields a quan- 

PRICE 

P 

PRICR 

P 

I iQ QUANTITY 

I 
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t i t y ,  q, and price, p, ( I n  Figures G-1 and 6 2 )  which Is  said to be in equii ibrium in the sense 
t h a t  suppliers are w i l i i n g  to produce as much as buyers w i l l  consume a t  the Same price. This 
quant i ty i s  termed consumption and Is the amount traded in .the nmarket.*f Determining consumption 
may be d i f f i c u l t  but i t s  level and pr ice Is the most readf iy ' iden t i f ied  point of e i ther  the supply 
o r  demand schedules. Determining what could have been produced OT purchased a t  ather prices Is 
much more d i f f i c u l t .  Since the consumption point is  perhaps the most Interest ing one and the 
individual schedules are d i f f i c u l t  t o  project, attempts are of ten made to estimate future 
consumption d i rec t l y  from correlat ions with such variables as popuiatlon, GNP, etc. The pr lncipal  
d i f f i c u l t y  with the approach Is that  pr ice tends to be divorced from the analysis. Whether a given 
level of a good w i l l  be consumed depends on i t s  pr ice r e l a t i v e  to substitutes. As substitutes are 
developed - often because of  r i s i n g  prices - demand may s h i f t  in ways not included in a consumption 
project ion d e l .  By attempting to develop both supply and demand schedules, pr ice ef fects  w i l l  
tend to  be prominently displayed. 

DEVELOPED RECREATION - Outdoor recreation requir ing s i g n i f i c a n t  capi ta l  Investment i n  f a c i l i t i e s  t o  
handle a concentration of  v i s i t o r s  on a re la t i ve ly  small area. 

DISPERSED RECREATION -,Outdoor recreation In  which v i s i t o r s  are diffused over r e l a t i v e l y  large areas. 
Where f a c i l i t i e s  or developments are provlded, they are m r e  f o r  access and protect ion o f  the envi- 
ronment than fo r  the comfort or convenience of  the people. 

ELASTIC - (see Demand and Supply) 

ENDANGERED SPECIES - Any species which i s  legal ly  classed as I n  danger of  ext inct ion throughout a l l  
o r  a s i g n i f i c a n t  port ion of its range. 

FOREST INOUSTRY - Lands managed f o r  timber production. The Forest Survey attempts to d i f fe ren t ia te  
lands owned by firms which own wood processing facilities from those which do not. FRAP combines 
these categories. i n  ear l  i e r  reports company ownerships, without wood processing fac i l  i t f e s  but 
which were managed f o r  timber production, were Included i n  the nother private" category & the 
Forest Survey. Where older data have been used-by FRAP, adjustments have been made t o  s h i f t  lands 
from the  %ther private" t o  the "industry" category& 

FOREST UND - Land wi th  a t  least  a 10 percent t ree canopy cover a t  maturity, including land formerly 
having such t ree cover, t h a t  could be natura l ly  or a r t i f l c i e l l y  reforested, includes land withdrawn 
from harvest o f  timber or other wood products. Minimum area o f  land recognized as forest  1s one 
f l )  acre and a t  least  100 feet  wide. This acreage must l i e  wi th in  o r  Immediately adjacent to  a re- 
cognized fo res t  vegetatlon type map boundary and outside lands pr imar i ly  devoted to food agr icui-  
ture. (This de f in i t ion  Is pointed toward aer ia l  photo forest  land delineation rather than a stock- 
ing percentage def in i t ion,  and It eliminates potent ia l  forest  land w i th in  the recognized productive 
agr icu l ture regions of  CalIfornia.1 

FORESTED RANGELANDS - Forested rangelands of Cat l f o r n l a  are defined, for  the purosoe .of t h l s  report, 
as areas which contain a t  least  a 10 percent t ree canopy and has grass, forbs and shrubs su i tab ie 
f o r  I ivestock and w l  Id1 I f e  grazing. 

FOREST RESIDUE - Material not  harvested or removed from logging s l t e s  I n  commercial hardwood and 
softwood stands. This category also Includes material resut t l n g  from forest  management operations 
such as p r e c o m r c l a l  th innlng and removal of dead and/or dylng trees. 

FOREST SURVEY - Renewable Resources Evaluation Research Unit, ,Forest Service, Pac i f i c  Northwest Forest 
and Range Experiment Station. 

I 
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FOREST TYPES - are determlned on the bask of species p l u r a l i t y  o f  a l l  l l v e  trees that  contr lbute to 
stocklng, conslderlng both s i t e  and spaclng. For example, a nlxed conl fer  stand tha t  contalns 40 
percent Douglas-flr, 35 percent ponderosa plne, and 25 percent whlte flr would be c lass i f led  as 
Douglas-flr type because t h i s  specles has the p l u r a l l t y  o f  stocklng. 

FRAP - Forest Resources Assessment Program. 

FRAPA - Forest Resources Assessment Program and Pol Icy Act. 

FS - U.S. Forest Servlce, Department of  Agrlcul ture. 

6RID - A ut11 lty's power generatlon, transmlsslon and d ls t r lbu t lon  system, Includfng transmlsslon 
I Ines, transformer statlons, etc. 

HEAT RATE - A measure of  generatlng s ta t l on  thermal efflclency, generally expressed In BTU% per net 
kllowatt-hour. It Is computed by d lv ld lng the to ta l  BTU content o f  fuel burned f o r  e lec t r l c  
generatlon by the resul t lng net kilowatt-hour generatlon. 

HOGGED FUEL - Wood resldues processed through a chfpper or hamnermll I to produce coarse chlps 
fuel . for 

HUNTER-DAY - Part lc lpat lon by one person In  hunting a c t l v l t y  fo r  a l l  or a port lon of  one 24 ..3ur 
period. 

INELASTIC - (see Demand and Supply) 

LOAD FACTOR - The r a t i o  of  the average load of kl lowatts supplled durlng a deslgnated perlod to the 
peak or  maxlmum load occurrlng I n  tha t  perlod. 

6 MEGAWATT - An e lec t r i ca l  generatlon u n l t  of  one m l l l l on  watts ( 1  x 10 watts) or  1000 kil lowats. 

MULTIPLE-USE OBJECTIVES - Three somewhat d l f fe ren t  Ideas are Involved: ( 1 )  d l f f e ren t  uses of adja- 
cent subareas which together form a composlte ml t lp le-use area, (2) the a l ternat ion In t l m e  of  
d i f f e ren t  uses on the same area, and (3) more than one use of an area a t  one tlme. 

I n  the f i r s t  two Ideas It Is l m p l l c l t  tha t  d i rec t  competltlon between uses Is avolded by alternat- 
ing them I n  space or In tlme. The t h l r d  Idea Involves n u l t l p l e  use In the sense of slmultaneous 
use of one space and m s t  concern I t s e l f  wlth complementary versus con f l l c t l ng  ac t lv l t les ,  compat- 
i b l e  and incompatible uses. 

Where spatlal l y  colncldent uses are Involved a t  a glven tlme, conf l  l c t s  between resource users w l l  I 
almost always occur and the concept of  such forms of  n u l t l p l e  use should be r e a l l s t l c a l l y  Inter- 
preted as a domlnant use wl th  secondary uses Integrated only Insofar as they are compatlble wl th  
the flrst. However where the Idea of lncompatlbllty relates to the economlcs of  product iv i ty  
maxlmlzatlon of s lng le resource y l e l d s ,  management and m l t l p l ~ u s e  can perhaps be val ldated In 
terms other than slngle-resource production efflclency. (After Roue and McCormack 1968) 

MULTIPLIERS - I n  economlc theory, these are functlons re la t ing  a change In  some to ta l  measure to a 
change In some component o f  the to ta l  (the derlvatlve of  the to ta l  wl th  respect to the component). 
Knowlng *he "mul t lp l ler "  and the amount of  a small change In  the component, a slmple mul t lp l l ca t lon  
glves a predlct lon of  the change Ih the total.  Thls predlct lon w l l l  be accurate I f  the baslc equl- 
I lbrlum equatlons used to derlve the mult lp l  ler accurately descrlbe the economic processes Involved. 
(After Samuelson 1948) 



MW - (see Megawatt) 

sj NON-APPROPRIATIVE FISH AND WILDLIFE USE - A use of the f l s h  and w l ld l  i f e  resources whlch does not re- 
duce any part o f  It t o  personal possesslon - looking a t  deer or l is ten lng t o  blrds, etc. 

NOMCOMMERCIAL FOREST U N O  - Forest land Incapable of ~ l e l d l n g  crops of  lndustr lal w o o d  because of  
adverse s l t e  conditlons and commercial forest  land wlthdrawn from commerclal timber productlon 
through statute or admlnlstratlve regulatlon. 

OTHER PRIVATE - land are owned by operators of  f a r m  and ranches, miscellaneous noncorporate entl-  
t l e s  and companles tha t  do not manage forest  fo r  tlmber production. 

OXIDANT - A maJor group o f  secondary pol lutants p r lnc lpa l i y  consist ing o f  ozone (Ojl, peroxyacyl 
n l t ra tes  (PAN), and other organlc nltrogen compounds havlng ox ld lz lng reactlon formed from a 
photochemlcal process In  the atmosphere. Somet lm ozone and oxldant are used Interchangeably. 

PACIFIC SOUWfEST REGION - Formerly the Ca l l fo rn la  Region of  the Forest Servlce, U.S. Department of  
Agriculture. It includes cooperative relatlonships In  Hawai I, Guam, Northern Marlana Islands, 
American Samoa, and the Trust Ter r l to r les  as we1 I as Cat Ifornia, In  al I phases of  s ta te and pr lvate 
forest ry  and human resource programs. 

PAN - Peroxyacetyl nltrate; an a i r  contamlnant. 

PARIS - The Park and Recreaton Information System - computer fac l l l t a ted  data base used by Department 
o f  Parks and Recreation fo r  plannlng purposes. 

POLETIMBER TREES - Trees from 5 inches In dlameter a t  b e a s t  height to sawtlmber slze, and now, or 
prospectlvely, su l tab le fo r  Industr ial roundwood. 

pphm - Parts per hundred m l  I I ion 

PRESCRIBED BURN - 1) The planned appllcatlon of f l r e  t o  natural fuels, resldue l e f t  on a s i t e  a f te r  a 
logging operatlon and other slash, wi th  the In tent  to conflne It to  a predetermlned area, 2) Any 
dellberate appl lcat lon of  f i r e  to an area where control is exercised In some par t i cu la r  respect, 
also see prescrlbed burn. 

PROCESS HEAT - Heat used f o r  the Industr ial process o f  a plant and not the housekeeping chores such 
as space heat. 

PROCESS STEAM - Steam generated I n  a bo1 er  fo r  use In  dry k i lns  and other manufacturing act iv l t ies .  

PRODUCTIVE FOREST LAND - Is capable of producing 20 cublc feet  per acre per year of  Industr ial wood 
and Is manageable fo r  contlnuous tlmber crops. 

PRODUCTIVERESERVED FOREST LAND - Is wlthdrawn from timber u t l l l z a t l o n  through statute, ordlnance, or  
administratfve order but otherwlse qual l f l e s  as commerclal forest  land. 

PUBLIC RESERVED - lands are federal, State, and local lands withdrawn from t l m b e r  production such as 
parks, wilderness and other reservations4 These Include lands administered by almost a l l  publ lc 
agencies. 

PUBLIC UNRESERVED - lands are federal, State and local areas available from tlmber'productlon. Most 
of these lands are adminlstered by the Forest Servlce. 
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QUAD - ~,OOO,OOO,OOO,OOO,~OO Btu's o r  I x 1 0 ' ~  Btuis. 

RANGE - Forage fo r  grazing o r  browsing animals i s  produced by nat ive plants and I f  the forage Is pro- 
duced by introduced species, the plants are managed as I f  they were nat ive species. 

RANGELAND - Land on which the potential natural vegetation (climax1 I s  predominately grasses, grass- 
I Ike plants, forbs o r  shrubs. It includes land revegetated natural l y  or  a r t f f i c i a l  i y  tha t  Is man- 
aged I Ike nat lve vegetation. Rangelands Include natural grass-lands, savannas, shrublands, most. 
deserts, tundra, a lp ine communities, coastal marshes and wet meadows. It includes land wi th  less 
than 25 percent t ree canopy or less than 10 percent stocking wi th  forest  trees o f  any size. 

RARE I I  - Roadless Area Review and Evaluation. 

RARE SPECIES - Any species which has legal ly  been classed by the State as l i k e l y  to 
endangered species wi th in  the foreseeable future throughout a i l  o r  a s ign i f i can t  port  
range. 

become an 
on o f  i t s  

RECREATION VISITOR DAY - Twelve v i s i t o r  hours, which may be aggregated continuously, intermittently, 
o r  s 1 mu1 taneous I y by one o r  m r e  persons. 

REMOTE SENSING - Observing, photographing, o r  recording information about an object  from a distance. 
Especially used In  reference to aer ia l  photography, s a t e l l i t e  Imagery, radar imagery, etc. 

RESOURCE AREAS - Aggregates of counties f o r  which data are compiled by FRAP and the Forest Survey. 
See Figure 1-3. 

RIM - The Recreation and lnformatlon Management system. Provides current recreation Information for 
National forest  lands; a Forest Service System. 

RPA - Resources Planning A c t  o r  Forest and Rangeland Renewable Resources Planning A c t  of 1974. 

SAW KERF - Narrow s l o t  cu t  by a saw i n  advancing through wood; the width of a saw cut. 

SAWTIMBER - A l i v e  t ree of  comnercial species that  contains a t  least one merchantable log as defined 
by regional practices and specif Ications. 

SCS - Soi l  Conservation Service, Department of Agriculture. 

SILVICULTURE - The theory and practice of  control I ing the establ Ishment, composition, const i tut ion 
and growth of  forests. 

SITE - Capabi l i ty  o f  land to produce forest resource outputs. See Figure 3-1. A iocation, 8.g. a 
camps I te. 

SOIL ASSOCIATIot.IS - 153 soil associations Statewide of  which 26 are recognized on the forested lands 
of California. Each association contains two or more s o i l  series that  normally occur together. 

SSA - Smoke Sensitive Areas. 

SfoacER CATTLE - Those animals that  have been weaned but are placed on rangeland to gain weight p r i o r  
to-going to  a feed lot. 
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STOCKING - The degree of occupancy of land by trees, measured by basal area and/or number of trees by 
s lze or age and spacfng compared t o  a stocklng standard, I.e., the basal areas and/or number of 
trees requlted 'to f u l l y  u t l l l z e  the growth potentlal of the land. 

SUPPLY - (see Demand and Supply) 

THfEATENEO SPECIES - Any specles whlch has been legal ly c lass l f led by the federal government as. I lke- 
l y  t o  become an endangered specles wf th ln  the foreseeable future throughout a l l  of a s lgn l f l can t  
port ion of I t s  range. 

TIMBER SITE CLASS - The amount of  wood measured In cublc feet that  forest land Is capable of produo 
Ing I f  f u l l y  stocked wl th  sultable trees and grown to the age of mean annual culmlnatlon (70 t o  80 
years for m s t  specles on most s l tes l .  For a l l  ownershlps, estlmated blologlcal potentlal w a s  
based on tree helght and age relat ionshlps and normal y le ld  tables for natural even-aged stands of 
s ing le specles. For lands outslde Natlonal Forests, y le ld table values were further discounted for 
shallow and/or rocky s o l  Is. lntenslve forest managment a c t l v l t l e s  such as f e r t l  I lzatlon, genetlc 
t ree  Improvement, and stocklng control may resu l t  In y le lds that  exceed the blologlcal potentlal of 
natura 1 stands. 

TIMBERLAND - (see Forest Resources Assessment and Pol Icy Act 1977 In the Appendlx) 

TREE - Woody plants havlng a well-developed stem and usually more than 12 feet In helght a t  maturlty, 
Includlng both growlng stock and c u l l  trees. 

TPZ - Tlmber Land Preserve Zone. A s ta te  zonlng c lass l f l ca t l on  (see the Tlnber Resources Chapter). 

UM#OWCTIVE FOREST M D  - Forest land Incapable of  y le ld lng crops of  lndustr lal w o o d  because of  ad- 
verse s l t e  condltlons, Includes s t e r l l e  or poorly ,drained forest  land, subalpfne forests, and 
steep, rocky areas where topographlc condltlons are l i k e l y  to prevent management fo r  timber produc- 
tion. Is Incapable of  y le ld ing a t  least  20 cublc feet  per year. 

VlSlfoRIoAY - 12 hour period o f  a glven recreatlonal ac t l v l t y .  

WHEELING - The use of  the transmlsslon f a c l l l t l e s  of  one system t o  transmlt power of  and for another 
s ys tern. 

YW-YARU€D UEM-IBLE MATERIAL - A feature of  somo U.S. Forest Servlce tfmber sale contracts, re- 
qu i r lng  the purchaser t o  yard logglng residues, greater than ten Inches i n  diameter and ten feet  In  
length, t o  the landlng o r  other speclf led locatlon. 
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