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The o b j e c t i v e  o f  t h e  P a c i f i c  Northwest Regional  Assessment Program i s  t o  

es t ima te  changes i n  t h e  Region 's  env i ronmenta l ,  socioeconomic, and h e a l t h  

s t a t u s  t h a t  cou ld  r e s u l t  f rom v a r i o u s  energy development o r  conserva t ion  sce- 

n a r i o s .  B a t t e l  l e ,  P a c i f i c  Northwest Labo ra to r i es ,  uses a  dynamic s i m u l a t i o n  

model t o  he1 p  eva lua te  p e r t i n e n t  issues i n  t he  l lo r thwest  (Alaska, Idaho, 

Montana, Oregon, Washington, and Wyoming). One o f  t h e  p r imary  sec to rs  o f  t h i s  

model i s  t h e  demographic sec to r ,  which p rov i des  t h e  needed demographic in fo rma-  

t i o n  t o  o t h e r  model sec to rs .  S p e c i f i c a l l y ,  i t  t r aces  t h e  e f f e c t s  o f  va r i ous  

energy development scenar ios  on employment and p o p u l a t i o n  growth. The demo- 

g raph ic  s e c t o r  s imu la tes  t h e  i n t e r a c t i o n s  among t he  popu la t ion ,  b i r t h  r a t e ,  

death r a t e ,  n e t  m i g r a t i o n  r a t e ,  and jobs  a v a i l a b l e  i n  t h e  Region f rom 1960 t o  

2020. The popu la t i on  i s  d isaggregated so t h a t  age -spec i f i c  b i r t h  and death 

r a t e s ,  age -spec i f i c  p ropens i t y  t o  m ig ra te ,  and age -spec i f i c  l a b o r  f o r c e  par -  

t i c i p a t i o n  r a t e s  can be used. 

The f o l l o w i n g  f a c t o r s  r e l a t i v e  t o  the  t rends  i n  t h e  P a c i f i c  Northwest 

a r e  i nco rpo ra ted  i n  the  demographic sec to r  o f  t h e  ~ i iode l :  

The popu la t i on  i s  expected t o  inc rease  due t o  t he  h i gh  percentage of  

people who w i l l  e n t e r  t he  ages o f  h i ghes t  b i r t h  r a t e s  and a l s o  because 

of increases i n  employment o p p o r t u n i t i e s .  

I n  response t o  t h e  increases i n  en~ployment o p p o r t u n i t i e s  t h e  l a b o r  sup- 

p l y  w i l l  i nc rease  i n  t h e  n e x t  20 years .  

Death r a t e s  w i l l  remain cons tan t .  

The o u t p u t  f o r  t he  demographic sec to r  of t h e  model i s  a  r e p o r t  generated 

every  5 years .  I t  i nc l udes  t h e  t h r e e  components o f  popu la t i on  change: b i r t h s ,  

deaths, and n e t  m i g r a t i o n  f o r  t he  p rev ious  5 years .  It a l s o  notes t h e  pe rcen t  

change i n  popu la t i on ,  b i r t h s  and deaths per  1000 people,  age d i s t r i b u t i o n ,  

l a b o r  f o r ce ,  unernploynient r a t e ,  and number o f  households. 

The demographic s e c t o r  i s  s t i l l  i n  i t s  developmental stage. Fu r t he r  work 

may i n c l  ude making b i r t h  r a t e s  and l a b o r  f o r c e  p a r t i c i p a t i o n  f unc t i ons  of 



regional unemployment. The number of household s ize classif icat ions may be 

reduced from s ix  t o  two or three; and the demographic sector of the model 

should be disaggregated to include s t a t e  subregions. 
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SYSTEMS METHODOLOGY FOR ASSESSING THE 

DEMOGRAPHIC IMPLICATIONS OF ENERGY DEVELOPMENT 

INTRODUCTION 

The P a c i f i c  Nor thwes t  ( d e f i n e d  i n  t h i s  r e p o r t  t o  i n c l u d e  t h e  s t a t e s  o f  

A laska,  Montana, a ~ d  Wyoming as w e l l  as Washington, Oregon and Idaho)  c o n t a i n s  

a  l a r g e  share  o f  t h e  domest ic  f o s s i l  energy  resources  o f  t h e  U n i t e d  S t a t e s .  

The i n c r e a s i n g  u t i l i z a t i o n  o f  f o s s i l  f u e l s  p r i o r  t o  development o f  more 

advanced energy  supp ly  t e c h n o l o g i e s  w i l l  change t h e  Reg ion ' s  n a t u r a l  e n v i -  

ronment,  economic development p a t t e r n s ,  and l i f e  s t y l e .  The o b j e c t i v e  o f  t h e  

P a c i f i c  Nor thwes t  Reg iona l  Assessment Program i s  t o  e s t a b l i s h  and implement an 

i n t e g r a t e d  a n a l y t i c a l  assessment program t o  e v a l u a t e  changes t h a t  c o u l d  r e s u l t  

f r o m  v a r i o u s  energy  development o r  c o n s e r v a t i o n  s c e n a r i o s .  

The m a j o r i t y  o f  such e n e r g y - r e l a t e d  a c t i o n s  c h a r a c t e r i s t i c a l l y  have t i m e  

s c a l e s  measured i n  decades-- long p l a n n i n g  and implement ing  p e r i o d s  a r e  i n v o l v e d  

and t h e  l i f e  c y c l e  o f  such a c t i o n s  span s e v e r a l  decades. S i m i l a r  t i m e  s c a l e s  

t h e r e f o r e  a p p l y  t o  t h e  magni tude o f  t h e  env i ronmen ta l  , hea l  t h y  socioeconomic 

and demographic consequences. The c u m u l a t i v e  e f f e c t  o f  sma l l  increments  o f  

s t r e s s  undoubted ly  ex tend  t h i s  t i m e  even f u r t h e r .  Fo r  t h e s e  reasons,  t h e  t i m e  

h o r i z o n  o f  t h e  a n a l y s i s  ex tends t o  t h e  y e a r  2020. 

A f t e r  c o n s i d e r i n g  v a r i o u s  approaches t o  i n t e g r a t e d  assessment o f  a c t i o n s  

w i t h  l o n g - t e r m  consequences a t  a  r e g i o n a l  l e v e l  , B a t t e l l  e, P a c i f i c  Nor thwest  

L a b o r a t o r i e s ,  has i n c l u d e d  a  dynamic s i m u l a t i o n  model as p a r t  of i t s  o v e r a l l  

Reg iona l  Assessment Program. T h i s  model has been s t r u c t u r e d  w i t h i n  a  f rame- 

work o f  t e n  s e c t o r s  ( F i g u r e  1 ) .  Each s e c t o r  i n v o l v e s  i t s  own submodels t h a t  

r e c e i v e  i n f o r m a t i o n  e i t h e r  from o u t s i d e  t h e  model as "exogenous i n p u t s "  o r  

f rom o t h e r  s e c t o r  submodels. 

As shown i n  F i g u r e  1, t h e r e  a r e  t h r e e  p r i m a r y  " d r i v i n g "  sectors--economics,  

energy  and demography. The dynamic r e s u l t s  f r o m  these s e c t o r s  i n  t u r n  cause 

t h e  p r i m a r y  changes i n  " d r i v e n "  s e c t o r s  a t  t h e  r i g h t  o f  t h e  f i g u r e .  These 

s e c t o r s  can a l s o  genera te  c o n s t r a i n t s  (e .g . ,  a i r  q u a l i t y  1  i m i  t s )  t h a t  would 

cons t r a i  n  deve l  opmen t s  . 
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FIGURE 1. A n a l y t i c a l  Framework o f  t he  P a c i f i c  Northwest Regional  
Assessment Program S imu la t i on  Model 

Energy - re la ted  development a c t i v i t i e s  i n  t h e  r e l a t i v e l y  spa rse l y  popu- 

l a t e d  areas o f  t h e  P a c i f i c  Northwest may r e s u l t  i n  s i g n i f i c a n t  demographic 

changes, p a r t i c u l a r l y  a t  a  subreg ional  sca le .  A l though demographic f o recas t s  

a r e  r o u t i n e l y  prepared by s t a t e  and Federal  agencies,  few, i f  any, o f  these 

cons ider  p o s s i b l e  p e r t u r b a t i o n s  o f  major energy development a c t i v i t i e s  and 

changes i n  t h e  r e l a t i v e  a v a i l a b i l  i t y  o r  p r i c e  o f  energy. I n  a d d i t i o n ,  demo- 

g raph ic  changes may more s i g n i f i c a n t l y  s t r e s s  t he  env i ronmenta l  q u a l i t y  and 

t he  socioeconomic c o n d i t i o n s  o f  an area than t he  energy f a c i l i t y  p e r  se. As 

a  r e s u l t ,  t he  P a c i f i c  Northwest s i m u l a t i o n  model bo th  d r i v e s  and, i n  t u r n ,  i s  

d r i v e n  by t h e  demographic sec to r .  

There a r e  t h r e e  purposes f o r  t h e  demographic sec to r :  

1 .  To p rov i de  c o n s i s t e n t  demographic i n f o rma t i on  t o  o t h e r  model sec to r s  t o  

h e l p  determine energy demand, water  usage, l and  requi rements  and h e a l t h  

irnpacts . 
2. To p rov i de  i n f o r m a t i o n  about  t h e  s i z e  and occupa t iona l  d i s t r i b u t i o n  o f  

t h e  l a b o r  f o r c e  t o  t he  economic sector .  

3 .  To t r a c e  t he  e f f e c t s  o f  va r i ous  energy development scenar ios  on r e g i o n a l  

unemployment, unemployment w i t h i n  va r i ous  i n d u s t r i a l  ca tego r i es ,  and 

r e g i o n a l  popu la t i on  growth. 



A t  t h e  p r e s e n t  t i m e  t h e  demographic s e c t o r  o f  t h e  model i s  coded and 

o p e r a t i n g  us ing  t h e  GASP I V  s i m u l a t i o n  language i n  c o n j u n c t i o n  w i t h  t h e  o t h e r  

s e c t o r s  o f  t h e  model which a r e  coded. However, t h e  demographic s e c t o r  does 

n o t  i n t e r a c t  d i r e c t l y  w i t h  any o f  these s e c t o r s .  As a  r e s u l t ,  a l l  i n p u t s  

r e q u i r e d  f r o m  these o t h e r  s e c t o r s  a r e  s i m u l a t e d  u s i n g  exogenous t ime-dependent 

t a b l e  f u n c t i o n s .  Consequently, t h e  demographic s e c t o r  has been de-emphasized 

u n t i l  t h e  o t h e r  s e c t o r s  a r e  more f u l l y  s t r u c t u r e d  and t h e  i n p u t s  r e q u i r e d  by 

them a r e  b e t t e r  understood. As a  r e s u l t ,  some o f  t h e  d a t a  i n  t h e  demographic 

s e c t o r  a r e  f o r  t h e  N a t i o n  as a  whole and have n o t  been v e r i f i e d  f o r  t h e  Region. 

I n  o t h e r  cases, exogeneous da ta  a r e  c o n s t a n t  over  t i m e  a1 though t h e y  shou ld  be 

v a r i e d  w i t h  t ime  t o  g i v e  accura te  r e s u l t s .  For these reasons, t h e  demographic 

s e c t o r  o f  t h e  model i s  s t i l l  i n  i t s  developmental s tage.  

The f o l l o w i n g  pages c o n s i d e r  t h e  major  f a c t o r s  i n  t h e  demographic system 

of t h e  P a c i f i c  Northwest,  a  genera l  d e s c r i p t i o n  o f  t h e  demographic s e c t o r  of  

t h e  dynamics s i m u l a t i o n  model, t h e  equa t ions  used, and a  sample o f  t h e  demo- 

g raph ic  s e c t o r  ou tpu t .  The f i n a l  s e c t i o n  d e a l s  w i t h  suggest ions f o r  f u r t h e r  

work. Appendix A i s  a  c o m p i l a t i o n  o f  p o p u l a t i o n  da ta  f o r  t h e  P a c i f i c  Nor th -  

west Region. 



FACTORS I N  THE DEMOGRAPHIC SYSTEM 

Before d e s c r i b i n g  t he  demographic s e c t o r  o f  t h e  dynamic s i m u l a t i o n  model, 

fea tu res  and t r ends  o f  t he  P a c i f i c  Northwest Region a r e  d iscussed.  These 

i n c l u d e  p o p u l a t i o n  growth,  b i r t h  and dea th  r a t e s ,  age d i s t r i b u t i o n ,  l a b o r  

f o r c e  and employment. 

POPULATION GROWTH 

Dur ing  t he  p e r i o d  f rom 1970 t o  1975, t h e  p o p u l a t i o n  o f  s t a t e s  i n  t h e  

P a c i f i c  Northwest Region g e n e r a l l y  grew a t  a  r a t e  s i g n i f i c a n t l y  above t h e  

n a t i o n a l  average. As shown i n  Table  1, a l l  s t a t e s  i n  t h e  Region, except  

Washington, ranked among t h e  t op  15 based on percen t  change f r om 1970 t o  

1975. 

TABLE 1  . Popu la t i on  Change 1970-1 975 

Popu la t i on  
Popu la t ion  J u l y  1, 1975 Percent  Change 

S t a t e  A p r i l  1, 1970 ( P r o v i s i o n a l )  1970-1 975 

A1 as ka 303,000 352,000 20.8 

Idaho 713,000 820,000 14.9 

Montana 694,000 748,000 7.7 

Oregon 2,092,000 2,288,000 9.5 

Washington 3,413,000 3,544,000 4.5 

Wyoming 332,000 374,000 12.5 

Na t iona l  
Ranking by 

Percent  Change 

4  

U.S. 203,304,000 213,121,000 5.1 

Source: Bureau o f  t h e  Census, 1975 (Reference 1 ) .  

The p o p u l a t i o n  o f  t h e  P a c i f i c  Northwest s t a t e s  i s  expected t o  con t i nue  t o  

grow th roughou t  the  t ime  ho r i zon  o f  t h e  niodel a n a l y s i s .  F i gu re  2  shows a  low, q 

h igh,  and average popu la t i on  f o r e c a s t  de r i ved  f rom the  most r e c e n t  p o p u l a t i o n  

da ta  prepared by  t h e  i n d i v i d u a l  s t a t e s  i n  t he  r e g i o n  and t h e  B o n n e v i l l e  Power 

Adm in i s t r a t i on .  The da ta  f o r  F i gu re  2 a r e  presented i n  Appendix A, a long  w i t h  d 

s i m i l a r  graphs f o r  each s t a t e  i n  t he  Region. The es t imated  1975 p o p u l a t i o n  



FIGURE 2. Der ived Low, High, and Average Popu la t ion  P r o j e c t i o n  
and E x t r a p o l a t i o n  f o r  P a c i f i c  Northwest S ta tes  

f o r  t h e  s i x - s t a t e  Region was 8,126,000. ) As shown i n  F igu re  2, t he  popula- 

t i o n  i s  l i k e l y  t o  inc rease  t o  between 12 and 13.5 m i l l i o n  by t he  yea r  2020. 

Whi le some o f  t h i s  w i l l  come f rom n a t u r a l  inc rease  (approx imate ly  1% per yea r ) ,  

the  l a r g e r  percentage w i l l  be due t o  m ig ra t i on .  

A  number o f  f a c t o r s  a r e  respons ib l e  f o r  t h i s  a n t i c i p a t e d  i n -m ig ra t i on .  

I n  a d d i t i o n  t o  t h e  energy resources which a r e  l i k e l y  t o  be developed, t h e  Nor th-  

west en joys r e l a t i v e l y  inexpensive e l e c t r i c a l  power, has g r e a t  p o t e n t i a l  f o r  

expanded a g r i c u l t u r a l  product ion,  and o f f e r s  a g e n e r a l l y  r u r a l  l i f e s t y l e  t h a t  

has become an a t t r a c t i v e  a l t e r n a t i v e  t o  more urbanized reg ions .  

BIRTH RATES 

The b i r t h  r a t e  i n  t he  Un i ted  S ta tes  and t he  P a c i f i c  IVorthwest Region has 

shown a  steady dec l  i n e  f o r  t he  pas t  15 years.  As shown i n  Table 2, t he  



n a t i o n a l  r a t e  o f  l i v e  b i r t h s  p e r  1000 p o p u l a t i o n  has dropped f r o m  23.7 i n  

1960 t o  14.8 i n  1975 w i t h  t h e  s t a t e s  i n  t h e  Region showing a  s i m i l a r  decrease. 

TABLE 2. L i v e  B i r t h  Rate Per 1000 P o p u l a t i o n  

S t a t e  1960 - 1965 1970 1971 1975 

A laska  33.4 27.9 24.5 22.9 - 
Idaho 25.7 19.3 19.5 19.1 - 
Montana 25.9 19.3 17.9 17.2 - 
Oregon 21.7 17.4 17.3 15.8 - 
Washington 22.9 17.7 17.9 15.7 - 
Wyoming 25.8 19.3 19.1 17.4 - 
U.S. 23.7 19.4 18.2 17.3 14.8  

Sources: S t a t i s t i c a l  A b s t r a c t s  1973, p. 53 (Reference 2 ) .  
V i t a l  S t a t i s t i c s  1976, p. 1  (Reference 3 ) .  

Recent r e s e a r c h  has suggested t h a t  t h e  h i s t o r i c a l  d e c l i n e  shown i n  

Tab le  2  may be reversed  i n  t h e  y e a r s  ahead. It has been suggested i n  a  r e c e n t  

s tudy  t h a t  t h e  c o u n t r y  w i l l  exper ience a  b i r t h  r a t e  i n c r e a s e  i n  t h e  n e x t  few 

years .  Accord ing t o  t h e  s tudy  t h e  low b i r t h  r a t e s  i n  t h e  1 9 6 0 ' s  and e a r l y  

1 9 7 0 ' s  were caused i n  l a r g e  p a r t  by a  t r e n d  t o  postpone mar r iage  and c h i l d -  

b e a r i n g .  I n  a d d i t i o n ,  t h e  women b o r n  d u r i n g  t h e  peak baby boom years  o f  t h e  

m i d d l e  and l a t e  1950 's  w i l l  be r e a c h i n g  t h e i r  pr ime r e p r o d u c t i o n  ages. (4, p.693) 

DEATH RATES 

I n  c o n t r a s t  t o  b i r t h  r a t e s ,  death  r a t e s  have remained r e l a t i v e l y  c o n s t a n t  

d u r i n g  t h e  p a s t  15 years .  As shown i n  Table  3, n a t i o n a l l y  t h e  death  r a t e  p e r  

1000 p o p u l a t i o n  has dropped f rom 9.5 i n  1960 t o  9.3 i n  1970, w i t h  t h e  P a c i f i c  

Nor thwest  s t a t e s  showing s i m i l a r  behav io r .  

AGE DISTRIBUTION 

An age-sex pyramid p r o v i d e s  much i n f o r m a t i o n  about  t h e  s o c i a l  a t t r i  bu tes  

o f  t h e  i n h a b i t a n t s  concerned. The age d i s t r i b u t i o n  f o r  t h e  P a c i f i c  Northwest 

s t a t e s  i s  i l l u s t r a t e d  i n  t h e  age-sex pyramid shown i n  F i g u r e  3. 



TABLE 3. Death Rate Per 1000 Popu la t ion  

S t a t e  

Alaska 

Idaho 

Montana 

Oregon 

Washington 

Wyoming 

U.S. 

Source: S t a t i s t i c a l  Abs t rac t s  1973, p. 61 
(Reference 2) . 
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FIGURE 3. 1970 Age D i s t r i b u t i o n  f o r  P a c i f i c  Northwest States.  
Source: Bureau o f  t he  Census, 1970 (Reference 7 ) .  



The most n o t a b l e  f e a t u r e  o f  t h i s  pyramid i s  t h e  r e l a t i v e l y  h i g h  p e r c e n t -  

age o f  peop le  i n  t h e  l o w e r  age c a t e g o r i e s .  D u r i n g  t h e  p e r i o d  f r o m  1970 t o  

1990, peop le  i n  t h e  f o u r  lower  age groups a r e  e n t e r i n g  t h e  ages o f  h i g h e s t  

b i r t h  r a t e s  and h i g h e s t  household f o r m a t i o n  r a t e s .  I f  b i r t h r a t e s  and f a m i l y  

f o r m a t i o n  r a t e s  remain  c o n s t a n t  o r  i nc rease ,  t h e r e  w i l l  be an i n c r e a s e  i n  

b i r t h s  and new f a m i l i e s  i n  t h e  Region. 

T h i s  i n c r e a s e  i n  young peop le  a l s o  p o i n t s  t o  an i n c r e a s e  i n  t h e  r e g i o n a l  

l a b o r  supp ly .  A t  t h e  same t i m e  t h e  peop le  aged 1  th rough  20 a r e  e n t e r i n g  t h e  

p e r i o d  o f  h i g h e s t  l a b o r  f o r c e  p a r t i c i p a t i o n  t h e  peop le  aged 45 t o  65 a r e  gener- 

a l l y  r e t i r i n g  and l e a v i n g  t h e  l a b o r  f o r c e .  As shown i n  F i g u r e  3, i n  t h e  n e x t  

20 years ,  t h e  number o f  peop le  e n t e r i n g  t h e  l a b o r  f o r c e  w i l l  exceed t h e  number 

o f  o l d e r  peop le  l e a v i n g ,  f u r t h e r  i n c r e a s i n g  t h e  l a b o r  supp ly  i n  t h e  Region. 

LABOR FORCE PARTICIPATION 

An i n c r e a s i n g  percentage o f  women a r e  e n t e r i n g  t h e  l a b o r  marke t  and f i n d -  

i n g  j o b s .  T h i s  t r e n d  i s  e s p e c i a l l y  s t r o n g  among t h e  younger age groups.  

N a t i o n a l l y  t h i s  t r e n d  has been e v o l v i n g  s i n c e  World War 11. F i g u r e  4  shows 

t h e  n a t i o n a l  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  f o r  wives w i t h  schoo l  age c h i l d r e n  

f o r  t h e  p a s t  30 y e a r s .  The female  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  f o r  Washing- 

t o n  f o r  1960 and 1970 i s  shown i n  F i g u r e  5. T h i s  behav io r  i s  t y p i c a l  f o r  a l l  

t h e  Nor thwest  s t a t e s .  

On t h e  o t h e r  hand, t h e  male l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  has remained 

q u i t e  s t a b l e  d u r i n g  t h i s  p e r i o d .  There has been a  s l i g h t  t r e n d  toward e a r l i e r  

r e t i r e m e n t  wh ich has reduced t h e  l a b o r  f o r c e  p a r t i c i p a t i o n  f o r  t h e  ages 50 

t h r o u g h  65. F i g u r e  6  p resen ts  t h e  behav io r  o f  t h e  male l a b o r  f o r c e  p a r t i c i p a -  

t i o n  r a t e  i n  Washington f o r  1960 and 1970. 

EMPLOYMENT 

The employed c i v i l i a n  l a b o r  f o r c e  f o r  t h e  s i x  s t a t e s  i n  t h e  Region f o r  

1960 and 1970 a r e  l i s t e d  i n  Tab le  4  a long  w i t h  t h e  r e s u l t i n g  pe rcen tage  

change. 



FIGURE 4. N a t i o n a l  Labor Force P a r t i c i p a t i o n  Rate f o r  Wives 
w i t h  School -Age C h i l d r e n .  Source: Wal l  S t r e e t  
Journa l  1976 (Reference 5 )  

SOURCE: 
--- 1960 - CENSUS 1960 

1970 - CENSUS 1970 

AGE GROUP 

FIGURE 5. Washington 1960 and 1970 Female Labor Force 
P a r t i c i p a t i o n  



SOURCE: 

--- 1960 - CENSUS 1960 

1970 - CENSUS 1970 

I 

AGE GROUP 

FIGURE 6.  Washington 1960 and 1970 Male Labor  Fo rce  
P a r t i c i p a t i o n  

TABLE 4. Employed C i v i l  i a n  Labor Force 

Percen t  Change 
S t a t e  1960 1970 1960-1 970 

A laska  58,243 90,723 55.7 

Idaho  232,858 262,277 12.6 

Montana 236,562 248,342 4.9 

Oregon 638,824 788,475 23.4 

Washington 1,001,909 1,250,270 24.7 

Wyoming 120,812 125,558 3.9 

T o t a l  2,289,208 2,765,645 20.8 

Source: Bureau o f  t h e  Census, 1960 and 1970 
(References 6 and 7)  



The data shown i n  Table 4 do n o t  r e f l e c t  changes i n  the  s t a t e s '  economic 

a c t i v i t y  from 1970 through 1975. Energy development i n  Montana, Wyoming and 

Alaska increased employment oppor tun i t i es  i n  these states,  whi 1 e  Washington 

su f fe red  a  reduct ion  i n  employment oppor tun i t i es  i n  t he  aerospace i n d u s t r y  

beginning i n  1969. 



DESCRI PTICIN OF DEMOGRAPHIC SECTOR 

The demographic s e c t o r  o f  t h e  dynamics s - in iu la t i on  model s- in iu lates t h e  

i n t e r a c t i o n s  among t h e  p o p u l a t i o n ,  b i r t h  r a t e ,  death  r a t e ,  n e t  m i g r a t i o n  r a t e ,  

and j o b s  a v a i l a b l e  i n  t h e  Region f r o m  1960 th rough  2020. These elements and 

some o f  t h e i r  i n t e r a c t i o n s  a r e  shown i n  F i g u r e  7. B i r t h s ,  deaths ,  m i g r a t i o n ,  

and l a b o r  f o r c e  p a r t i c i p a t i o n  a r e  s t r o n g l y  i n f l u e n c e d  by t h e  age s t r u c t u r e  o f  

t h e  p o p u l a t i o n .  F o r  t h i s  reason t h e  p o p u l a t i o n  i s  d i saggrega ted  so t h a t  age- 

s p e c i f i c  b i r t h  r a t e s  and death  r a t e s ,  age-speci  f i c  p r o p e n s i t y  t o  m i g r a t e ,  and 

a g e - s p e c i f i c  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e s  can be employed. There a r e  s i x  

age c l a s s i f i c a t i o n s  used: 0  t o  17, 18 t o  24, 25 t o  29, 30 t o  44, 45 t o  64, and 

65 and over .  The r a t i o n a l e  f o r  s e l e c t i n g  these  c l a s s i f i c a t i o n s  i s  based on 

arguments s i m i l a r  t o  those  p resen ted  i n  t h e  f i n a l  r e p o r t  on "A Dynamic Model 

o f  t h e  Economy o f  t h e  Susquehanna R i v e r  Basin," i n c l u d e d  as Appendix B. ( 8 )  

The p o p u l a t i o n  i s  a l s o  d i saggrega ted  by household s i z e  t o  a l l o w  t h e  e f f e c t s  

o f  chang ing f a m i l y  s i z e  on energy use t o  be eva lua ted .  There a r e  s i x  household  

s i z e  c l a s s i f i c a t i o n s :  s i n g l e ,  m a r r i e d  w i t h o u t  c h i  l d r e n ,  and m a r r i e d  w i t h  one, 

two, t h r e e ,  o r  f o u r  o r  more c h i l d r e n .  As shown i n  F i g u r e  7  t h i s  c a t e g o r i z a t i o n  

scheme can be v iewed as a  two-d imens iona l  a r r a y ,  t h e  axes b e i n g  age and house- 

h o l d  s i z e .  

As shown by t h e  t h r e e  arrows p o i n t i n g  toward t h e  p o p u l a t i o n  a r r a y ,  change 

i n  t h e  p o p u l a t i o n  o v e r  t i m e  i s  determined by t h r e e  f a c t o r s :  t h e  number o f  b i r t h s  

and t h e  number o f  deaths ,  wh ich combine t o  g i v e  t h e  n a t u r a l  i nc rease ,  and t h e  

n e t  m i g r a t i o n .  The t o t a l  number o f  b i r t h s  i s  computed by m u l t i p l y i n g  t h e  age- 

s p e c i f i c  b i r t h  r a t e s  by  t h e  number o f  women i n  each age group and summing t h e  

b i r t h s  f r o m  a1 1  age groups. S i m i l a r l y ,  t h e  t o t a l  number o f  deaths i s  corr~puted 

by m u l t i p l y i n g  t h e  a g e - s p e c i f i c  death  r a t e s  by  t h e  number o f  peop le  i n  each age 

group and summing. 

De te rm in ing  t h e  n e t  m i g r a t i o n  i s  a  more complex procedure.  The research  

1  i t e r a t u r e  d e a l i n g  w i t h  de te rm inan ts  o f  m i g r a t i o n  i s  q u i t e  e x t e n s i v e .  Fac- 

t o r s  t h a t  have i n f l u e n c e d  m i g r a t i o n  i n c l u d e  j o b  o p p o r t u n i t i e s ,  p e r c e i v e d  j o b  

o p p o r t u n i t i e s ,  wages, age, e d u c a t i o n a l  achievement, race,  and c l i m a t e .  A lso,  

f a c t o r s  t h a t  i n f l u e n c e  i n - m i g r a t i o n  may be d i f f e r e n t  f r o m  those d e t e r m i n i n g  

o u t - m i g r a t i o n  : 
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FIGURE 7. I n t e r a c t i o n s  W i t h i n  t h e  Demographic S e c t o r  

" A  f i n d i n g  common t o  a  number o f  g ross  m i g r a t i o n  s t u d i e s  i s  t h a t  

income (and j o b )  o p p o r t u n i t i e s  p r o v i d e  a  b e t t e r  e x p l a n a t i o n  o f  

i n - m i g r a t i o n  t h a n  t h e y  do o f  o u t - m i g r a t i o n .  H. S. P e r l o f f  

argues t h a t  l o c a l i t i e s  w i t h  a t t r a c t i v e  economic c o n d i t i o n s  can 

draw s i z e a b l e  numbers o f  m i g r a n t s  f r o m  o t h e r  l o c a l i t i e s ,  though 

o n l y  sma l l  nurr~bers may come f r o m  any s i n g l e  l o c a l  i t y .  ( a )  On t h e  

o t h e r  hand, what i s  i m p o r t a n t  i n  d e t e r m i n i n g  o u t - m i g r a t i o n  f r o m  

a l o c a l i t y  s u f f e r i n g  f r o m  economic d i s t r e s s  i s  t h e  percentage 

o f  t h e  l a b o r  f o r c e  t h a t  i s  w i l l i n g  t o  l e a v e  i n  o r d e r  t o  search 

f o r  o p p o r t u n i t i e s  e lsewhere.  T h i s  percentage,  argues P e r l o f f ,  i s  

s e n s i t i v e  t o  t h e  persona l  c h a r a c t e r i s t i c s  o f  t h e  r e s i d e n t s  o f  t h e  

l o c a l i t y ,  such as t h e i r  age and t h e i r  l e v e l  o f  educa t ion .  1 ~ ( 9 )  

( a )  H. S. P e r l o f f ,  E.  S. Dunn, J r . ,  E .  E .  Lampard and R. F. Muth, 
Regions , Resources, and Economic Growth. Ba l  t i  more : Johns 
Hopkins Press,  177, 1960. 



Before t h e  f i n a l  demographic s e c t o r  o f  t h e  model can be implemented, t h e  

s i g n i f i c a n t  causes o f  b o t h  i n -  and o u t - m i g r a t i o n  i n  t h e  P a c i f i c  Nor thwest  must 

be determined and i n c l u d e d  e i t h e r  imp1 i c i t l y  o r  e x p l i c i t l y .  A t  t h e  p r e s e n t  

t i m e  a  s imp le  r e p r e s e n t a t i o n  o f  t h e  de te rm inan ts  o f  m i g r a t i o n  i s  used, namely, 

t h e  r e l a t i v e  j o b  o p p o r t u n i t i e s  i n  t h e  Region compared t o  employment o p p o r t u n i -  

t i e s  i n  t h e  su r round ing  Regions. The r e 1  a t i  ve employment o p p o r t u n i t i e s  a r e  

used t o  de te rm ine  b o t h  i n -  and o u t - m i g r a t i  on and, as a  r e s u l  t, b o t h  i n -  and o u t -  

m i g r a t i o n  a r e  combined and n e t  r e g i o n a l  m i g r a t i o n  i s  used. 

D e f i n i n g  m i g r a t i o n  r a t e s  as a  f u n c t i o n  o f  employment o p p o r t u n i t i e s  i s  t h e  

most common approach used i n  r e g i o n a l  s i m u l a t i o n  models. (  )  TO d e t e r -  

mine t h e  r e g i o n a l  employment o p p o r t u n i t i e s  t h e  demand and supp ly  o f  l a b o r e r s  

i n  t h e  Region ~ i i u s t  be known. The r e g i o n a l  l a b o r  f o r c e  supp ly  i s  computed by 

mu1 t i p l y i n g  t h e  male and female a g e - s p e c i f i c  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e s  

by t h e  number o f  males and females i n  each age group i n  t h e  l a b o r  f o r c e .  

I n f o r m a t i o n  about  t h e  r e g i o n a l  l a b o r  f o r c e  demand i s  p r o v i d e d  by t h e  economics/ 

i n d u s t r i a l  s e c t o r  o f  t h e  model. Comparing t h i s  i n f o r m a t i o n  w i t h  t h e  employ- 

ment o p p o r t u n i t i e s  i n  t h e  su r round ing  r e g i o n s  i n d i c a t e s  t h e  r e l a t i v e  r e g i o n a l  

employment o p p o r t u n i t i e s  and, i n  t u r n ,  t h e  n e t  r e g i o n a l  m i g r a t i o n .  

The dashed l i n e s  i n  F i g u r e  7 i n d i c a t e  t h r e e  a d d i t i o n a l  feedback l i n k s  

t h a t  have been shown t o  e x i s t  i n  o t h e r  demographic model ing e f f o r t s .  (8)  These 

i n c l u d e  t h e  e f f e c t  o f  unemployment o r  economic f a c t o r s  on t h e  b i r t h  r a t e  and 

t h e  e f f e c t  o f  unemploynient on l a b o r  f o r c e  p a r t i c i p a t i o n .  A summary o f  t h e  

reasons why t h e  l i n k  between l a b o r  f o r c e  p a r t i c i p a t i o n  and unemployment was 

i n c o r p o r a t e d  i n t o  t h e  Susquehanna R i v e r  Bas in  model s t a t e s :  

"Dur ing  Phase I 1 1  a  feedback connec t ion  was i n t r o d u c e d  between employ- 

ment c o n d i t i o n s  and l a b o r - f o r c e - p a r t i c i p a t i o n  r a t e s .  The e x i s t e n c e  

o f  such a  r e l a t i o n s h i p  i s  suppor ted by a t  l e a s t  t h r e e  d i f f e r e n t  and 

independent e m p i r i c a l  s t u d i e s .  A t e s t  o f  t h e  new f o r m u l a t i o n  shows 

t h a t  i t  h e l p s  t o  e x p l a i n  a  c o n s i d e r a b l e  amount o f  t h e  v a r i a t i o n  i n  

p a r t i c i p a t i o n  r a t e s  among t h e  Susquehanna subreg ions.  There i s  

fur thennore,  f rom a  comparison of  t h e  Susquehanna f i n d i n g s  w i t h  

those of t h e  o t h e r  s t u d i e s ,  some ev idence t h a t  t h e  l a b o r - f o r c e - p a r -  

t i c i p a t i o n  r a t e s  respond more d r a m a t i c a l l y  t o  employment c o n d i t i o n s  

i n  l o c a l  economies than f o r  t h e  n a t i o n  as a  whole. ,,(8, p. G-13) 



The b i r t h  r a t e s  change l i n e a r l y  w i t h  t h e  smoothed l o c a l  unemployment r a t e  

i n  t he  Susquehanna R i ve r  Basin model; t h e  h igher  t h e  unemployment r a t e ,  the 

lower  t h e  b i r t h  r a t e .  The r e l a t i o n s h i p  between b i r t h  r a t e s  and t h e  unemploy- 

ment r a t e  f o r  the  20 through 24 year  age group f o r  t he  Susquehanna R i ve r  Basin 

Model i s  shown i n  F igu re  8. 

No e f f o r t  has y e t  been made t o  i nco rpo ra te  these r e l a t i o n s h i p s  between 

unemployment and the  b i r t h  r a t e  and unemployment and l a b o r  f o r c e  p a r t i c i p a -  

t i o n  i n t o  the  model. I t  i s  n o t  c l e a r  t h a t  the  e f f o r t  r e q u i r e d  t o  v e r i f y  and 

parameter ize them would be j u s t i f i e d  cons ider ing  t he  o v e r a l l  purpose o f  t h e  

ana l ys i s .  

Unemployment Rote 

FIGURE 8. B i r t h  Rate Versus Unemployment Rate 
f o r  20 t o  24 Year Age Group 
Source: H. R. Hamil ton, e t  a l . ,  

1966 (Reference 8)  



As ment ioned i n  t h e  p r e v i o u s  s e c t i o n  t h e  p o p u l a t i o n  aged 1 8  and o v e r  i s  

d i s a g g r e g a t e d  i n t o  f i v e  age c l a s s i f i c a t i o n s  and s i x  househo ld  s i z e  groups.  The 

p o p u l a t i o n  aged 0  t h r o u g h  17 i s  c a t e g o r i z e d  i n  a  s i n g l e  group r e f l e c t i n g  t h e  

assumpt ion  t h a t  a  n e g l i g i b l y  sma l l  pe rcen tage  o f  t h e  peop le  i n  t h i s  age b r a c k e t  

a r e  m a r r i e d  o r  have c h i l d r e n .  These c l a s s i f i c a t i o n s  a r e  shown i n  F i g u r e  9. 
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FIGURE 9. Age-Household S i  ze A r r a y  

As shown, t h e  age o f  t h e  household heads i s  c l a s s i f i e d  a l o n g  t h e  h o r i z o n -  

t a l  a x i s  (i = 1  t o  5 )  and t h e  s i z e  o f  t h e  household i s  c l a s s i f i e d  a l o n g  t h e  

v e r t i c a l  a x i s  ( j  = 1  t o  6 ) .  I t i s  assumed t h a t  each m a r r i e d  househo ld  e i t h e r  

w i t h  o r  w i t h o u t  c h i l d r e n  c o n s i s t s  o f  two peop le  o f  t h e  same age. 

I n  genera l  t h e r e  a r e  e i g h t  mechanisms o r  f l o w s  by  wh ich  househo lds  move 

w i t h i n  t h i s  c l a s s i f i c a t i o n  scheme. Aging,  b i r t h s ,  deaths ,  y o u t h s  m a t u r i n g  and 

f o r ~ n i n g  t h e i r  own households,  and m i g r a t i o n  a l l  combine t o  change t h e  cha rac -  

t e r i s t i c s  o f  a  r e g i o n a l  p o p u l a t i o n  o v e r  t i m e .  These f l o w s  a r e  shown i n  

F i g u r e  10. 



i n c r e a s i n g  p e o p l e  
i n  househo ld  f r o m  

FIGURE 10. Rates R e g u l a t i n g  t h e  Movement o f  People W i t h i n  
t h e  Age-Household A r r a y  

d e c r e a s i n g  p e o p l e  (1,J)  t o  (I ,J+1) 

i n  househo ld  f r o m  
( b i r t h s  o r  m a r r i a g e s )  

( I ,J+1) t o  (1,J)  
( y o u t h s  m a t u r i n g )  - 

l a b o r e r s  age ing  y- l a b o r e r s  a g e i n g  

The number o f  peop le  l e a v i n g  a  c l a s s i f i c a t i o n  each y e a r  due t o  a g i n g  i s  

computed by d i v i d i n g  t h e  t o t a l  households i n  each c l a s s i f i c a t i o n  by  t h e  number 

o f  y e a r s  i n  t h a t  c l a s s i f i c a t i o n .  Fo r  example, t h e  peop le  a g i n g  o u t  o f  a  c l a s s i -  

f i c a t i o n  i n  t h e  25 t o  29 age g roup  w i l l  be t h e  number o f  households i n  t h a t  

c a t e g o r y  d i v i d e d  by f i v e ,  t h e  number o f  y e a r s  t h e y  spend i n  t h a t  c a t e g o r y .  I n  

g e n e r a l ,  

i n t o  (1,J) f rom 
(1-1 ,J) A 

where 

DLHARi = household a g i n g  r a t e ;  households a g i n g  o u t  of 

c a t e g o r y  (i j )  

DLHAMi = household a g i n g  m u l t i p l i e r ;  ] / d u r a t i o n  o f  I t h  age 

c l a s s i f i c a t i o n  

DLHi = households;  number of households i n  c a t e g o r y  ( i j )  

C. o u t  o f  (1,J)  t o  
( I + 1  ,J) 

The number o f  b i r t h s  i n  any age c a t e g o r y  i s  computed by  m u l t i p l y i n g  t h e  

a p p l i c a b l e  b i r t h  r a t e  by  t h e  number o f  women i n  t h a t  c a t e g o r y .  I t  i s  assumed 

t h a t  t h e r e  a r e  an equal  number o f  males and females  i n  a l l  c a t e g o r i e s ,  i . e . ,  

t h e  sex r a t i o  o f  t h e  p o p u l a t i o n  i s  equa l  t o  100.  The b i r t h  r a t e  i s  assumed 

n e t  m i g r a t i o n  o f  
l a b o r e r s  i n t o ~ o u t  _=/P, - 
of (1,J) ,- 1. I i n c r e a s i n g  p e o p l e  i n  

d e c r e a s i n g  peop l  e  househo ld  from ( I  ,J-1) 
i n  househo ld  f r o m  t o  (1,J) ( b i r t h s  o r  m a r r i a g e s )  
(1,J) t o  (1,J-1) 
( y o u t h s  m a t u r i n g )  



t o  be a  f u n c t i o n  o f  n o t  o n l y  t he  age o f  t h e  mother b u t  a l s o  i s  a  f u n c t i o n  of 

how many c h i l d r e n  t h e  mother a l r eady  has. 

A  s p e c i a l  case e x i s t s  f o r  t h e  movement o f  households f rom t h e  j = 1  

( s i n g l e )  g roup ing  t o  t h e  j = 2 (mar r ied  w i t h o u t  c h i l d r e n )  grouping.  T h i s  move- 

ment i s  caused n o t  by b i r t h s  b u t  by mar r iages .  As a  r e s u l t  t h e  mu1 t i p l i e r  used 

t o  compute t h e  number o f  households making t h i s  t r a n s i t i o n  r ep resen t s  t h e  proba- 

b i l i t y  t h a t  an i n d i v i d u a l  i n  a  s p e c i f i c  age c l a s s i f i c a t i o n  w i l l  g e t  ma r r i ed .  

By v a r y i n g  t h i s  parameter t he  e f f e c t s  o f  changing mar r iage  ages on t h e  p o p u l a t i o n  

can be eva lua ted .  The movement o f  households due t o  b i r t h s  o r  mar r iages  can be 

represen ted  i n  equa t ion  form by: 

where 

DLHMBRij = household m a r r i a g e l b i r t h  r a t e ;  number o f  b i r t h s  o r  

marr iages i n  each g roup ing  

DLHMBMij = household m a r r i a g e l b i r t h  m u l t i p l i e r ;  p r o b a b i l i t y  o f  

marr iages f o r  j = 1, p r o b a b i l i t y  o f  b i r t h s  f o r  

j = 2 t o 6  

A t  p resen t  t h e  p r o b a b i l i t i e s  o f  b i r t h s ,  o r  more s imp ly  the  b i r t h  r a t e s ,  

a r e  exogeneous t o  t he  model and remain cons tan t  f o r  a l l  t ime  pe r i ods .  S ince 

t h e r e  has been a  s i g n i f i c a n t  d rop  i n  t he  b i r t h  r a t e s  i n  t h e  Un i t ed  S ta tes  and 

t h e  P a c i f i c  Northwest d u r i n g  t he  pas t  10 years ,  f u t u r e  work should  i n c l u d e  

making t h e  b i r t h  r a t e  v a r i a b l e  e i t h e r  as a  f u n c t i o n  o f  t i m e  o r  as a  f u n c t i o n  

of socioeconomic v a r i a b l e s .  

The deaths a r e  c a l c u l a t e d  i n  a  s i m i l a r  manner: t h e  deaths i n  each c e l l  

be i ng  t he  number of households i n  t he  c e l l  m u l t i p l i e d  by p r o b a b i l i t y  o f  death 

i n  t h a t  age group. 

where 

DLHDRij = household death r a t e ;  number o f  people dy i ng  i n  

g roup ing  ( i  j) 

DLHDMi = household death mu1 t i p 1  i e r ;  p r o b a b i l i t y  o f  death 

f o r  age ( i )  



The age -spec i f i c  death r a t e s  a r e  c u r r e n t l y  s e t  exogeneously t o  t h e  model and 

a r e  constant .  L i t t l e  accuracy would be gained by making t h e  death r a t e s  v a r i -  

ab l e  s i nce  dea th  r a t e s  have remained r e l a t i v e l y  cons tan t  d u r i n g  r e c e n t  years .  

The movement o f  households f rom a  j t o  a  j - 1  grouping i s  due t o  t h e  matu- 

r a t i o n  o f  youths,  i . e . ,  youths reach ing  18 years  of age. Assuming a  cons tan t  

age d i s t r i b u t i o n  o f  youths i n  a l l  c l a s s i f i c a t i o n s ,  t h e  number o f  households 

making t h e  t r a n s i t i o n  f rom a  j t o  a  j - 1  grouping w i l l  be t h e  number of people 

i n  t h a t  grouping d i v i d e d  by 18. I n  equa t ion  form: 

where 

DLHMRij = household ma tu ra t i on  r a t e ;  number o f  households 

moving f r om j t o  j - 1  

DLCMRMi = c h i l d  ma tu ra t i on  r a t e  m u l t i p l i e r ;  1/18 

I t  i s  impo r tan t  t o  have a  c l e a r  d e f i n i t i o n  o f  t h e  r e l a t i o n s h i p s  among t h e  

popu la t ion ,  t h e  l a b o r  f o r ce ,  t h e  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e ,  employed per-  

sons, and t h e  unemployment r a t e  t o  understand t h e  equat ions used t o  determine 

m i g r a t i o n .  F i gu re  11 g raph ica l  l y  de f i nes  these terms and t h e i r  r e 1  a t i o n s h i p s .  

The t o t a l  l a b o r  f o r c e  i s  compi led by adding t h e  youths aged 14 through 17 

i n  t he  l a b o r  f o r c e  t o  t he  a d u l t s  i n  t he  l a b o r  force.  Again, t h e  t o t a l  popula- 

t i o n  i s  assumed t o  be h a l f  female and h a l f  male. 
5  6 

DTL = DC*DCLFD*DCLFPR + I L (DLFLPi *0. 5*DLHi + DLMLP~*O. 5*DLHi j )  
i = 1  j = 1  

where 

DTL = To ta l  l a b o r  f o r c e  

D C = T o t a l  youths (ages 1  through 17)  

DCLFD = Youth l a b o r  f o r c e  du ra t i on ;  a l l  persons 14 and over 

a r e  de f i ned  as be ing a b l e  t o  work, = (18-14)/18 

DCLFPR = Youth 1  abor f o r c e  p a r t i c i p a t i o n ,  pe r cen t  

DLFLPi = Female l a b o r  f o r c e  p a r t i c i p a t i o n  i n  age 

c l a s s i f i c a t i o n  ( i  ) 

DLMLPi = Male l a b o r  f o r c e  p a r t i c i p a t i o n  i n  age c l a s s i f i c a t i o n  ( i )  



Labor  Fo rce  - Labor  Force 
p a r t i c i p a t i o n  p ate- 

T o t a l  P o p u l a t i o n  

Unemployment - Labor  Force-Jobs 
Rate 

Labor  Fo rce  

FIGURE 11. Terms Used t o  D e f i n e  Compos i t ion  
o f  P o p u l a t i o n  

As shown e a r l i e r  i n  F i g u r e  6, t h e  a g e - s p e c i f i c  male l a b o r  f o r c e  p a r t i c i -  

p a t i o n  r a t e s  have been r e l a t i v e l y  c o n s t a n t  s i n c e  1960 i n  t h e  P a c i f i c  Nor thwes t  

and a r e  c o n s t a n t  i n  t h e  model. I n  c o n t r a s t ,  f ema le  l a b o r  f o r c e  p a r t i c i p a t i o n  

r a t e s  have i n c r e a s e d  i n  r e c e n t  y e a r s  and changed as a  f u n c t i o n  o f  t i m e .  The 

female  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e s  f o r  v a r i o u s  ages i n  Washington S t a t e  

f o r  1960 and 1970 were shown i n  F i g u r e  5 .  

To compute t h e  n e t  m i g r a t i o n  i n t o  o r  o u t  o f  a  c l a s s i f i c a t i o n ,  t h e  t o t a l  

n e t  m i g r a t i o n  i s  f i r s t  found and t h e n  a p p o r t i o n e d  among t h e  v a r i o u s  g roup ings .  

The t o t a l  m i g r a t i o n  i s  c a l c u l a t e d  as f o l l o w s :  

DLTMR = [JOBS * (1 .0  + SRLINE) - DTL]/MDT 

where 

DLTMR = t o t a l  n e t  m i g r a t i o n  r a t e  

JOBS = t o t a l  j o b s  a v a i l a b l e  i n  t h e  r e g i o n  

SRUNE = unemployment r a t e  i n  t h e  s u r r o u n d i n g  r e g i o n s  

DTL = t o t a l  l a b o r e r s  i n  t h e  r e g i o n  

MDT = m i g r a t i o n  d e l a y  t i m e  



Not i ce  t h a t  t h e  n e t  m i g r a t i o n  r a t e  w i l l  be p o s i t i v e  ( i n d i c a t i n g  n e t  i n -  

m i g r a t i o n )  i f  t h e  r e g i o n a l  unemployment r a t e  i s  lower  than  t h e  unemployment i n  

t h e  sur rounding reg ions  and nega t i ve  ( i n d i c a t i n g  n e t  ou t -m ig ra t i on )  i f  t h e  

r e g i o n a l  unemployment r a t e  i s  h i g h e r  than  t h e  unemployment i n  t h e  sur rounding 

reg ions .  The n e t  m i g r a t i o n  r a t e  w i l l  be ze ro  i f  t h e  two unemployment r a t e s  

a r e  t h e  same. The n e t  m i g r a t i o n  f o r  each g roup ing  i s  then  c a l c u l a t e d  us i ng  t h e  

t o t a l  n e t  m i g r a t i o n  r a t e .  As ment ioned e a r l  i e r  t h e  p ropens i t y  t o  m i g r a t e  i s  

dependent on age, people  aged 18 th rough  30 be ing more l i k e l y  t o  m i g r a t e  than  

t h e  o l d e r  ages. T h i s  f a c t  i s  i n co rpo ra ted  i n t o  t h e  model by a  normal i z e d  

" n e t  m i g r a t i o n  age f a c t o r "  which i s  h i ghe r  f o r  t h e  younger age groups than  f o r  

t h e  o l d e r  c l a s s i f i c a t i o n s .  I t  i s  assumed t h a t  people  m i g r a t i n g  a l l  have t h e  

same household s i z e  d i s t r i b u t i o n  as t h e  e x i s t i n g  popu la t i on  w i t h i n  any age 

category .  

where 

DLHNMRi = household n e t  m i g r a t i o n  r a t e  i n t o  group ( i  j )  

DLNMAFi = n e t  m i g r a t i o n  age f a c t o r  

DLHATi = t o t a l  households i n  age c l a s s i f i c a t i o n  ( i )  

The you ths  aged 0 through 17 a r e  assumed t o  m ig ra te  w i t h  t h e i r  assoc ia ted  

househol ds. 



MODEL OUTPUT 

As exp la i ned  i n  t he  i n t r o d u c t i o n  t he  demographic s e c t o r  o f  t he  model i s  

i n  i t s  p r e l i m i n a r y  s tage o f  development. As a  r e s u l t ,  demographic s e c t o r  ou t -  

p u t  shown i n  t h i s  s e c t i o n  s imp ly  i n d i c a t e s  t h e  type  o f  i n f o r m a t i o n  t h a t  w i l l  

be p rov i ded  r a t h e r  than  p r o j e c t i o n s  o f  a c t u a l  behav ior .  A  r e p o r t  such as t h e  

one shown i n  F i gu re  12 i s  generated every  5 years .  The 5-year r e p o r t i n g  

i n t e r v a l  was a r b i t r a r i l y  se l ec ted  s i nce  t h e  i n f o r m a t i o n  p rov i ded  i s  updated 

and a v a i l a b l e  every  q u a r t e r .  

The t h r e e  components o f  change o f  t h e  p o p u l a t i o n - - b i r t h s ,  deaths and n e t  

m i g r a t i o n - - f o r  t h e  p rev i ous  5 years  a r e  l i s t e d  across t h e  t o p  o f  F i g u r e  12. 

The pe rcen t  change i n  popu la t i on  over  t h i s  p e r i o d  as w e l l  as t h e  b i r t h  and 

dea th  r a t e s  pe r  1000 people a re  a l s o  computed. The age d i s t r i b u t i o n  f o r  t h e  

p o p u l a t i o n  i s  g i v e n  i n  t h e  lower  r i g h t  hand p o r t i o n  o f  t he  r e p o r t .  Several  

s t a t i s t i c s  about  t h e  p o p u l a t i o n  a r e  l i s t e d  a long  t h e  lower  l e f t .  The informa- 

t i o n  presented here  i nc l udes  t h e  number o f  people i n  t h e  l a b o r  f o r c e ,  t h e  

unemployment r a t e ,  and t h e  number o f  households. 

The behav io r  of some o f  t h e  same v a r i a b l e s  i s  shown as a  f u n c t i o n  o f  t ime  

i n  F i gu re  13. The o u t p u t  shown i n  F i gu re  13 was generated by exogeneously 

s e t t i n g  t h e  number o f  j obs  a v a i l a b l e  i n  t h e  Region so t h a t  t h e  p o p u l a t i o n  would 

match t he  average p r o j e c t i o n  g i ven  i n  F i g u r e  2. The l a b o r  f o r c e  t o  j o b  r a t i o  

remains cons tan t  th roughou t  t he  r u n  s i n c e  t he  unemployment i n  t h e  su r round ing  

r e g i o n  i s  assumed t o  be cons tan t  and t h e  unernployrnent r a t e  i n  t h e  Region seeks 

t o  match t h e  unemployment i n  t h e  su r round ing  reg ion .  O f  course, t h e  r e l a t i o n -  

s h i p  between these parameters wi  11 be v a r i a b l e  when t h e  demographics s e c t o r  i s  

i n t e g r a t e d  w i t h  o t h e r  sec to r s  o f  t he  model. 
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FURTHER WORK 

F u r t h e r  work w i t h  t h e  demographic s e c t o r  w i l l  i n v o l v e  t h r e e  b a s i c  tasks :  

(1 ) improvement o f  t h e  e x i s t i n g  s t r u c t u r e ,  ( 2 )  i n t e g r a t i o n  and a d a p t i o n  w i t h  

t h e  energy supp ly  and demand and economic a c t i v i t y  s e c t o r s ,  and ( 3 )  c o l l e c t i n g  

and v e r i f y i n g  t h e  a d d i t i o n a l  d a t a  r e q u i r e d .  S ince  t h e  d a t a  c o l l e c t i o n  t a s k  

w i l l  l a r g e l y  be determined by  t h e  course o f  t h e  i n t e g r a t i o n  and a d a p t i o n  t a s k ,  

da ta  c o l l e c t i o n  i s  i m p l i c i t  i n  t h e  f o l l o w i n g  d i s c u s s i o n .  The l i s t  o f  p o s s i b l e  

m o d i f i c a t i o n s  t o  t h e  demographic s e c t o r  o f  t h e  model i n c l u d e :  

1. Making b o t h  b i r t h  r a t e s  and l a b o r  f o r c e  p a r t i c i p a t i o n  f u n c t i o n s  o f  

r e g i o n a l  unemployment. (These m o d i f i c a t i o n s  were d i scussed  e a r l  i e r  i n  

t h e  r e p o r t .  ) 

2. Reducing t h e  number o f  household s i z e  c l a s s i f i c a t i o n s  f r o m  s i x  t o  two o r  

t h r e e .  The p r i m a r y  reason f o r  hav ing  s i x  household s i z e  c l a s s i f i c a t i o n s  

was t o  a1 low t h e  e f f e c t s  o f  household s i z e  on energy demand t o  be e v a l u -  

a ted .  E x i s t i n g  energy demand models rev iewed f o r  a d a p t i o n  i n t o  t h e  model 

framework do n o t  r e q u i r e  such d e t a i l e d  household s i z e  i n f o r m a t i o n .  Unless 

f u r t h e r  r e s e a r c h  shows a  requ i rement  f o r  such i n f o r m a t i o n  t h e  number of  

household s i z e  c l a s s i f i c a t i o n s  shou ld  be reduced. 

D i s a g g r e g a t i n g  t h e  demographic s e c t o r  o f  t h e  model t o  i n c l u d e  s t a t e  sub- 

reg ions .  There i s  a  t r a d e o f f  between g r e a t e r  d i s a g g r e g a t i o n  t o  ach ieve  

r e a l i s m  and c r e d i b i l i t y  and t h e  a s s o c i a t e d  p e n a l t i e s  t h i s  b r i n g s  w i t h  

r e s p e c t  t o  a d d i t i o n a l  da ta  requ i rements ,  c o m p l e x i t y ,  and inc reased  

computer c o s t s .  A f t e r  c o n s i d e r i n g  t h e  above t r a d e o f f s  i t  was dec ided  t h a t  

t h e  i n i t i a l  model would be aggregated t o  combine a1 1  s i x  s t a t e s  i n t o  a  

s i n g l e  r e g i o n .  The e x i s t i n g  demographic s e c t o r  o f  t h e  model r e f l e c t s  t h i s  

d e c i s i o n .  

Over t h e  course o f  t h e  p a s t  yea r ,  two u n d e r l y i n g  reasons i n  f a v o r  o f  

g r e a t e r  d i s a g g r e g a t i o n  have developed. One reason stems f r o m  t h e  f a c t  

t h a t  t h e  most a p p l i c a b l e  i n d u s t r i a l  energy demand equa t ions  a l l o c a t e  

t o t a l  U.S. i n d u s t r i a l  energy use aniong t h e  v a r i o u s  s t a t e s  p a r t i a l  l y  as a  

f u n c t i o n  o f  i n d i v i d u a l  s t a t e  p o p u l a t i o n .  ( l  T h i s  f o r m u l a t i o n  r e q u i r e s  

t h a t  t h e  p o p u l a t i o n  o f  i n d i v i d u a l  s t a t e s  be known. 



The other reason for disaggregating the model re f lec ts  the desire of 

s t a t e  decision makers t o  expl ic i t ly  see the effects  of various national 

and regional pol ic ies  on their  individual s t a t e .  Whi 1 e statewide effects  

could be imp1 ic i  t l y  assumed from a more aggregated model , the model and 

associated analysis gains in c redib i l i ty  and realism i f  individual s ta tes  

are represented. 

There seems to be l i t t l e  need to disaggregate the regional model to  the 

substate level.  
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APPENDIX A  

PAC1 FIC NORTHWEST REGION POPLILATION DATA 

Appendix A  i s  a  c o m p i l a t i o n  o f  p o p u l a t i o n  da ta  f o r  t h e  s i x  s t a t e s  which 

a r e  d e f i n e d  as composing t h e  P a c i f i c  Nor thwest  Region i n  t h i s  s tudy.  

Tables A1 and A2 l i s t  t h e  a c t u a l  1960 and 1970 p o p u l a t i o n  o f  t h e  va r ious  

s t a t e s  accord ing  t o  t h e  U.S. Bureau o f  t h e  Census. Tab le  A3 g i v e s  t h e  e s t i -  

mated(a)  1975 p o p u l a t i o n  o f  t h e  s t a t e s  i ssued  by t h e  Bureau o f  t h e  Census i n  

November 1975. 

Tables A4 th rough  A9 l i s t  t h e  most r e c e n t  s t a t e  p o p u l a t i o n  p r o j e c t i o n s  

f o r  t h e  s i x  s t a t e s  prepared by agencies i n  each o f  t h e  r e s p e c t i v e  s t a t e s .  

Tab le  A10 presents  p r o j e c t i o n s  o f  p o p u l a t i o n  f o r  Idaho, Oregon and Washington 

prepared by t h e  Bonnevi 1  l e  Power A d m i n i s t r a t i o n  (BPA) . (13)  

The data  o b t a i n e d  f rom t h e  i n d i v i d u a l  s t a t e s  and t h e  BPA a long  w i t h  t h e  

Bureau o f  Census da ta  f o r  1960, 1970 and 1975 a r e  p l o t t e d  f o r  each s t a t e  i n  

F igu res  A1 through A6. For each p r o j e c t i o n  t h e  d a t a  were e x t r a p o l a t e d  t o  t h e  

y e a r  2020. I n  each case t h e  e x t r a p o l a t i o n  was made assuming p o p u l a t i o n  growth 

w i l l  l e v e l  o f f .  

The p o p u l a t i o n  f o r e c a s t  shown i n  F i g u r e  A7 (which i s  t h e  same as F i g u r e  2) 

was d e r i v e d  f rom F igures  A1 through A6. 

The upper dashed l i n e  i n  F i g u r e  A7 was o b t a i n e d  by summing t h e  h i g h e s t  

p o p u l a t i o n  projection/extrapolation f r o m  each o f  t h e  s t a t e s  f o r  a  g i ven  year .  

The lower  dashed l i n e  was o b t a i n e d  i n  a  s i m i l a r  manner except  u s i n g  t h e  l o w e s t  

(a )  I t  i s  u s e f u l  t o  n o t e  t h e  d i f f e r e n c e s  i n  t h e  d e f i n i t i o n  o f  es t ima te ,  p ro -  
j e c t i o n ,  f o r e c a s t ,  and e x t r a p o l a t i o n  as used i n  t h i s  r e p o r t .  A  f o r e c a s t  
i s  any a t tempt  t o  f o r e t e l l  t h e  p o p u l a t i o n .  Est imates,  p r o j e c t i o n s  and 
e x t r a p o l a t i o n s  a r e  a l l  d i f f e r e n t  methods o f  making a  f o r e c a s t .  An e s t i -  
mate i s  a  s h o r t  t e r m  f o r e c a s t  (1-5 y e a r s )  which i s  u s u a l l y  developed u s i n g  
r e g r e s s i o n  techn iques on p a s t  d a t a  as w e l l  as assumptions r e g a r d i n g  f e r -  
t i 1  i t y ,  m o r t a l i t y  and m i g r a t i o n .  P r o j e c t i o n s  a r e  l o n g e r  tern1 f o r e c a s t s  
(5-20 y e a r s )  which a r e  prepared u s i n g  f e r t i l  i t y ,  m o r t a l i t y  and m i g r a t i o n  
assumptions b u t  n o t  r e g r e s s i o n  techn iques . Ex t rapo l  a t i  ons a r e  f o r e c a s t s  
prepared u s i n g  g r a p h i c a l  t r e n d  e x t r a p o l a t i o n .  They a r e  used i n  t h i s  
r e p o r t  t o  extend t h e  t i m e  h o r i z o n  o f  e x i s t i n g  p r o j e c t i o n s .  



projection/extrapolation. I n  t h e  cases o f  A laska,  Montana and Wyoming, where 

o n l y  a s i n g l e  f o r e c a s t  was o b t a i n e d ,  t h e  same f o r e c a s t  i s  summed i n t o  b o t h  t h e  

h i g h  and low  cu rves .  The s o l i d  c u r v e  r e p r e s e n t s  t h e  a r i t h m e t i c  average o f  

t h e  two dashed cu rves .  

Tab les  A l l  t h r o u g h  A19 l i s t  t h e  low,  h i g h  and average p o p u l a t i o n  p r o j e c -  

t i o n s  and e x t r a p o l a t i o n s  wh ich  were used i n  F i g u r e  A7. 

TABLE A l .  A c t u a l  1960 P o p u l a t i o n s  f o r  TABLE A2. A c t u a l  1970 P o p u l a t i o n s  f o r  
Pac i  f i c  Nor thwes t  S t a t e s  P a c i f i c  N o r t h w e s t  S t a t e s  

Source:  Census 1960 
(Reference 6 )  

A laska  226,167 

Idaho  667,191 

Montana 674,767 

Oregon 1,768,675 

Washington 2,853,214 

Wyomi ng 330,066 

T o t a l  6,520,080 

Source:  Census 1970 
(Re fe rence  7 )  

A1 as ka 300,382 

Idaho  71 2,567 

Plontana 694,409 

Oregon 2,091,385 

Was h i  n g t o n  3,409,169 

Wyomi ng 332,416 

T o t a l  7,540,328 

TABLE A3. E s t i m a t e d  1975 P o p u l a t i o n s  f o r  
P a c i f i c  Nor thwes t  S t a t e s  

Source:  Census 1975 
(Re fe rence  1 ) 

A laska  352,000 

Idaho  820,000 

Montana 748,000 

Oregon 2,288,000 

Was h i  ng ton  3,544,000 

Wyom i ng  374,000 

T o t a l  9,126,000 



TABLE A4. P r o j e c t e d  A laska P o p u l a t i o n  TABLE A5. P r o j e c t e d  Idaho P o p u l a t i o n  
1980- 1 983 1980-2000 

Source: A laska 1975 
(Reference 14)  

Year 

1980 471,300 

1983 542,600 

Source: Idaho 1976 
(Reference 15) 

Year - 
1980 970,700 

1985 1,119,320 

1990 1,256,200 

1995 1,362,780 

2000 1,467,270 

TABLE A6. P r o j e c t e d  Montana P o p u l a t i o n  TABLE A7. P r o j e c t e d  Washington 
1970-1 990 Popul a t i  on 1980-2000 

Source: Montana 1975 
(Reference 16) 

Year 

Source: Washington 1972 
(Reference 17)  

Year 

1980 3,672,100 

1985 3,915,100 

1990 4,168,600 

1995 4,372,800 

2000 4,571,900 

TABLE A8. P r o j e c t e d  Wyoming P o p u l a t i o n  
1 980- 2000 

Source: Wyomi ng 1976 
(Reference 18)  

Year 

1980 443,411 

1985 474,694 

1986 472,045 



TABLE A9. P ro j ec ted  Oregon Popul a t i o n  1980-2000 

Source: Oregon 1975 
(Reference 19) 

M i g r a t i o n  Assumption 
Year Low Med i um High  

TABLE A10. P ro j ec ted  Idaho, Oregon, and Washington 
Popu la t ions  1980-1 995 

Source: BPA 1976 
(Reference 13) 

Year Idaho Oregon Washington 



The s u p e r s c r i p t  numbers i n  t h e  f o l l o w i n g  t a b l e s  r e f e r  t o  these  sources:  

1. A laska 1975 3. Montana 1975 5. Washington 1972 7. BPA 1976 

2. Idaho 1976 4. Oregon 1975 6. Wyoniing 1976 8. E x t r a p o l a t e d  
TABLE A l l .  P r o j e c t e d  Low, High,  and Average 1980 

P o p u l a t i o n s  f o r  P a c i f i c  Nor thwest  S t a t e s  

Low 

Alaska 471,300~ 

Idaho 91 1 , 9 0 0 ~  

Montana 81 6, 06o3 

Oregon 2,469, 5007 

Washington 3,672,100~ 

Wyoming $43,41 l6 

T o t a l  8,784,271 

H i g h  Average* 

471,300 

941,300 

81 6,060 

2,506,511 

3,724,300 
443,411 

TABLE A12. P r o j e c t e d  and E x t r a p o l a t e d  Low, High,  and Average 
1985 P o p u l a t i o n s  f o r  P a c i f i c  IVorthwest S t a t e s  

Low H igh  Average* 

A laska 580, 0008 580, 0008 580,000 

Idaho  1 ,003,000~ 1,119,320~ 1,061,160 

Montana 8 9 3 , 6 ~ 4 ~  8 9 3 , 6 ~ 4 ~  893,624 

Oregon 2,636,700~ 2 , 8 ~ 2 , 5 8 6 ~  2,729,643 

Washington 3.915.100~ 4,054,800~ 3,984,950 

Wyomi n g 474 ,6946 474 ,6946 474,694' 

T o t a l  9,503,118 9,945,024 9,724,071 

TABLE A1 3. P r o j e c t e d  and E x t r a p o l a t e d  Low, High,  and Average 
1990 P o p u l a t i o n s  f o r  P a c i f i c  Nor thwest  S t a t e s  

Low H igh  Average* 

A laska 6 7 0 , 0 0 0 ~  670, 0008 670,000 

Idaho l , 088 ,800~  1 ,256,200~ 1 ,I 72,500 

Montana 970,770~ 970,770~ 970,770 

Oregon 2,797,800~ 3,126,3674 2,962,083 

Washington 4,168,600~ 4,333,700~ 4,251,150 

Wyomi ng 472 ,045~  472 ,045~  4 7 2 , 0 4 5 ~  

T o t a l  1031 68,015 10,829,082 10,498,548 



TP,ZLE A14. P r o j e c t e d  and E x t r a p o l a t e d  Low, H igh ,  and Average 
1995 P o p u l a t i o n s  f o r  P a c i f i c  Nor thwest  S t a t e s  

Low High 

A laska 7  50, 0008 7  50, 0008 

I d a h o  1 ,163,300~ 1,362,780' 

Montana 1 ,025 ,000~  1 ,025,000~ 

Oregon 2 ,944,400~ - 3 ,442 ,042~  - 

Washington 4 ,372,800~ 4 ,583,200~ 

 yom mi ng 47 2, O O O ~  47 2, O O O ~  

Average* 

TABLE A1 - 5. P r o j e c t e d  and E x t r a p o l a t e d  Low, High,  and Average 
2000 P o p u l a t i o n s  f o r  P a c i f i c  Nor thwest  S t a t e s  

Low t l i  qh Average* 

A1 aska 8 0 0 , 0 0 0 ~  800, 0008 800,000 

Idaho  1 ,230,000~ 1 ,467,270~ 1,348,635 

Montana 1 ,150 ,000~  1 ,150 ,000~  1,150,000 

Oregon 3 ,020,208~ 3,761,4654 3,390,836 

Washington 4,571,900 4,800,000~ 4,685,950 

Wyomi ng 4 7 2 , 0 0 0 ~  47 2,000' 472,000" 

T o t a l  11,244,108 12,450,735 11,847,421 

TABLE A16. 

A laska  

Idaho  

Montana 

Oregon 

Washington 

Wyomi ng 

T o t a l  

E x t r a p o l a t e d  Low, High,  and Average 2005 
P o p u l a t i o n s  f o r  Paci  fi c Nor thwest  S t a t e s  

Low H igh  Average* 



TABLE A1 7. Extrapolated Low, High, and Average 201 0 
Populat ions f o r  P a c i f i c  Northwest States 

Low High Average* 

A1 as ka 870,000 870,000 870,000 

Idaho 1 ,320,000 1 ,600,000 1 ,460,000 

Montana 1,350,000 1,350,000 1,350,000 

Oregon 3,050,000 4,350,000 3,700,000 

Washington 4,900,000 591 50,000 5,025,000 
Wyomi ng 472,000 472,000 472,000 

~ot-1 11,962,000 13,792,000 12,877,000 

TABLE A1 8. Extrapolated Low, High, and Average 201 5 
P o ~ u l a t i o n s  f o r  P a c i f i c  Northwest States 

Low High Average* 

A1 as ka 890,000 590,000 890,000 

Idaho 1,360,000 1,650,000 1,505,000 

Montana 1,420,000 1,420,000 1,420,000 

Oregon 3,080,000 4,550,000 3,815,000 

Washington 5,000,000 5,250,000 5,125,000 
Wyoming 472,000 47 2,000 472,000 

Tota l  12,222,000 14,232,000 13,227,000 

TABLE A 19. Extrapolated Low, H i  gh, and Average 2020 
Populat ions f o r  Pac i f i c  Northwest States 

Low High Average* 

A1 as ka 900,000 900,000 900,000 

Idaho 1,400,000 1,720,000 1 ,560,000 

Montana 1,480,000 1 ,480,000 1 ,480,000 

Oregon 3,100,000 4,750,000 3,925,000 

Washington 5,050,000 5,360,000 5,205,000 

Wyomi rlg 472,000 472,000 472,000 

To ta l  12,402,000 14,682,000 13,542,000 
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FIGURE A7. D e r i v e d  Low, High,  and Average P o p u l a t i o n  
Fo recas t  f o r  P a c i f i c  Nor thwes t  S t a t e s  



APPENDIX B 

AGE  GROUPING(^) 

( a )  Repr in ted from: H. R. Hamil ton, e t  a l . ,  A Dynamic Model o f  t he  
Economy o f  the  Susquehanna R i ve r  Basin. A r e p o r t  t o  Susquehanna 
R i ve r  Basin U t i l  i t y  Group by B a t t e l  l e  Memorial I n s t i t u t e ,  Columbus 
Laborator ies,  Coll~mbus, OH, pp. D-2 t o  D-8, August 1, 1966. 



APPENDIX B 

AGE GROUPING 
Once the  dec is ion  i s  m a d e  to divide into age  groups ,  t h e r e  i s  the problem of how 

m a n y  and what g roups  to use.  The  p rob l em i s  c r e a t e d  in p a r t  because  of p r ac t i c a l  
diff icul t ies  caused  by mode l  s i z e .  L a r g e r  mode l s  na tura l ly  r equ i r e  longer  computer  
running t imes  and a r e  to be avoided fo r  this  r e a son .  P e r h a p s  of a m o r e  s e r i ous  na tu r e  
is  the f e a r  that the  compu te r  capac i ty  will be r e ached  before  a model  i s  complete.  In 
r e t r o spec t  it a p p e a r s  that  t h e r e  m a y  have  been a deg ree  of ove rconce rn  fo r  these  
eventualities in this  s tudy s i nce  the demographic  s ec to r  was  formula ted  f i r s t  and turned 
out to be  very  l a r g e  in t e r m s  of number s  of equat ions.  A s  a m a t t e r  of fac t ,  the other  
s ec to r s  requi red  f ewer  equations than or ig ina l ly  ant icipated and the potential p roblem 
became somewhat  of a s t r a w  man.  I t  i s  of i n t e r e s t ,  n eve r the l e s s ,  to review the age-  
grouping procedures .  

T h e  number of a g e  groups  depends on two f a c t o r s ;  f i r s t ,  the re la t ive  emphas i s  
to be placed upon demography in the problem being studied,  and second,  the  deg ree  of 
homogeneity that  i s  exhibi ted by var ious  age c l a s s e s  with r e s p e c t  to  var iab les  such  a s  
fe r t i l i ty ,  death r a t e s ,  migra t ion ,  and  l abo r - fo r ce  part icipat ion.  Ages  with s i m i l a r  
charac te r i s t ics  in relat ion t o  t he se  va r i ab l e s  can  be  grouped,  s ince  people of a l l  ages  
in the group respond to the changing environment  in a s i m i l a r  fashion. F o r  example ,  
chi ldren f rom 1 year  of age  through the e a r l y  teens  a r e  a homogeneous group in many 
ways. Death r a t e s  a r e  low, fe r t i l i ty  i s  v i r tua l ly  nonexistent ,  they mig ra t e  with their  
paren ts ,  and t h e r e  i s  v i r tua l ly  no l abo r - fo r ce  part icipat ion.  Other  age s  m a y  be  a s -  
sembled into groups  with s im i l a r  cha r ac t e r i s t i c s ,  though few will exhibit a s  much 
homogeneity a s  do ch i ldren .  T h e  main  p rob l ems  in grouping s e e m  to be re la ted  t o  what 
might  be cal led the  t rans i t iona l  age s ,  those a g e s  when individuals a r e  apt  to  change 
their  r o l e  in society. A good example  i s  the l a t e  teens ,  when young people have  the 
a l te rna t ives  of continuing t he i r  education, par t ic ipa t ing  in the labor  f o r ce ,  and m a r r y -  
ing. The  cha rac t e r i s t i c s  of t he se  ages  change rapidly with age and r equ i r e  r a t he r  
smal l  age groupings of 5 y e a r s  o r  l e s s .  F u r t h e r ,  the choices those  in  the age group 
make with r ega rd  to en te r ing  the labor  f o r ce ,  e t c . ,  a r e  not s ta t ic  and often change in 
relation to expectat ions,  a f a c to r  not near ly  a s  impor tan t  to  the older  age groups who, 
in fact ,  often have few r ea l  a l te rna t ives  open to them. 

Tables  D-1, D-2,  and D-3 p r e sen t  da t a  that  a r e  re levant  to  an  initial grouping 
of ages.  Some of the  m o r e  obvious groupings a r e  indicated on the tab les .  The  data a r e  
certainly suggest ive of o thers .  In deriving such  age  groups ,  two f ac to r s  w e r e  con- 
s idered:  f i r s t ,  the percentage  change in re levant  va r i ab l e s  between groups on which 
data we re  avai lable,  and,  second,  the impor tance  of the  abso lu te  magnitudes of the 
var iab les  themselves.  F o r  instance,  if a r a t e  doubles f r o m  one a g e  category to the  
next, such a m a r k e d  shif t  will be impor tan t  un less  the  number s  themselves  a r e  s o  
sma l l  a s  to be  insignificant. 

TABLE D- 1. LIVE-BIRTH RATES 

( P e r  1000 f ema le  population pe r  yea r )  

Age of Mother  
Year 10-14 ( 15-19 20-24 25-29 30-34 35-39 40-44 1 45-49 
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TABLE D-2 .  DBATI-I RATES 

( P e r  1000 population p e r  y e a r )  

Age 1940 1950 1960 - 
Under  1 54. 9 33 .0  27. 0 

45- 54 10. 6 8. 5 7. 6 
55-64 22. 2 19. 0 17. 4 
65- 74 48. 4 41. 0 38. 2 
75-84 112 .0  93. 3 87. 5 
8 5  and  o v e r  235. 7 202 .0  1 9 8 . 6  

Source: U. S. Bureau of the Census. Statistical Abstract of the United 
States: 1963, U. S. Department of Commerce (Eighty-Founh 
Edition) ( 1963), Table 61, p 62. 

T A B L E  D- 3. LABOR- FORCE-PARTICIPATION 
RATES 

By A g e  and  S e x  

( P e r c e n t )  

Age 1960 1975 ( E s t . )  

M a l e  
' 14-17 

F e m a l e  
14-17 

18- 19 
20-44 (excep t )  
25- 34 
45-54 
55-64 

Source: U. S. Bureau of the Census, Statistical Abstract of the U. S., 
1963, L!. S. Department of Commerce (Eighty -Fourth - 
Ed~tion) (1963). Table 288. p 220. 
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In re la t ion  to l ive-b i r th  r a t e s ,  t h r e e  o b v i o ~ s  groupings a r e  apparen t .  B i r t h s  in 
the g roup  under 14 y e a r s  of a g e  a r e  negl igible ,  a s  they a r e  among women over  45 y e a r s  
of age .  Other  groupings a r e  not s o  obvious. 

Death r a t e s  a r e  seemingly  r e l a t e d  to  t h r e e  g r o u p s ,  under  1 (infant mor ta l i ty ) ,  
1-44,  and 45 and oXrer. Some divis ion of the o v e r - 4 5  group  s e e m s  d e s i r a b l e  but the 
breakdown i s  not obvious. T h e  e n t i r e  population can  be broken  into two groups  (0-44,  
4 5 t ) ,  by sub t rac t ing  infant dea ths  f r o m  l i v e  b i r t h s ,  thus lower ing  the "effective" b i r t h  
r a t e .  

Labor - force-par t i c ipa t ion  r a t e s  a r e  ano ther  i m p o r t a n t  considerat ion.  Table  D- 3 
i l l u s t r a t e s  t h r e e  obvious breakouts:  14-17,  18-64,  and 6 5 t .  T h i s  table  a l s o  i l l u s t r a t e s  

why, f o r  the  ana lys i s  of s o m e  p r o b l e m s ,  s e x  dis t inct ions m a y  be impor tan t  - not only 
w e r e  m a l e  and f e m a l e  par t i c ipa t ion  r a t e s  d i f fe ren t  in 1960, but t h e i r  p ro jec ted  t r e n d s  
a r e  different .  

T h e  m i g r a t i o n  c h a r a c t e r i s t i c s  of s e v e r a l  potent ial  a g e  groups  w e r e  a l s o  consid-  
e r e d ,  and a r e  shown in T a b l e  D-4. T h e s e  da ta  a r e  not p a r t i c u l a r l y  suggest ive of any 
c l e a r - c u t  g roups .  However ,  i t  m a y  be  a s s u m e d  that  the m a j o r i t y  of those  under  17 wil l  
m i g r a t e  with t h e i r  p a r e n t s .  

Tab le  D - 5  shows the obvious groups  sugges ted  by the  f i r s t  four  tables .  Apparent ly,  
a t  l e a s t  four  a g e  groups a r e  needed. Af te r  f u r t h e r  cons idera t ion ,  s i x  a g e  groups  w e r e  
se lec ted .  T h e s e  w e r e  0-13, 14-19, 20-24, 25-44, 45-64, and 6 5 t .  Tab le  D-6 shows  
the number  of people in e a c h  of t h e s e  a g e  g r o u p s  by subreg ion  in 1960. 

The  0-13 group  is  quite homogeneous.  Mos t  of the few b i r t h s  falling in  the  0-14 
a g e  ca tegory  shown i n  Table  D-1 a r e  p robably  those  of 14-year-olds.  A f iner  b reakout  
of m i g r a t i o n  da ta  within the 7-17 c a t e g o r y  would probably show the 0- 1 3  group  a s  a  good 
choice,  p a r t i c u l a r l y  in l ight  of t h e  f a c t  that  th i s  g roup  s u r e l y  m i g r a t e s  with i t s  p a r e n t s .  
With r e g a r d  to deaths,  the  breakout  i s  super f luous  but not harmful .  A s  f a r  a s  l a b o r -  
f o r c e  part ic ipat ion,  it is  a n  obviously homogeneous group.  

Groupings beyond the 0-13 c a t e g o r y  w e r e  not a s  c l e a r  cut.  B i r t h - r a t e  da ta  sug- 
ges ted  a  b r e a k  s o m e w h e r e  p r i o r  to  a g e  20, a s  did l a b o r  fo rce-par t i c ipa t ion  da ta ;  19 w a s  
se lec ted  f o r  the b reak .  

Migra t ion  da ta  suggested the  20-24 a g e  grouping,  though s u r e l y  not in  a  c l e a r - c u t  
fashion.  B i r t h  d a t a  a l s o  sugges ted  th i s  a s  a  re levan t  a g e  group ,  aga in  not c l e a r l y ,  
however. Never the less  20-24 w a s  se lec ted .  T h e  s h o r t  a g e  s p a n  of the  14-19 and 20-24 
a g e  groups  r e f l e c t s  the i r  t rans i t iona l  c h a r a c t e r .  

No c l e a r  r e a s o n  was a p p a r e n t  f o r  not se lec t ing  the e n t i r e  25-44 a g e  ca tegory  a s  a  
useful  grouping.  Bir th r a t e s  dictated that  44 be  about  the upper l i m i t  of th i s  next group.::: 
Also ,  dea th  r a t e s  begin to i n c r e a s e  a t  th i s  point. 

In a  s i m i l a r  fashion,  the 45-64 a g e  group  s e e m e d  viable .  L a b o r - f o r c e  par t i c ipa-  
tion d ic ta tes  tha t  those over  65 y e a r s  of a g e  be t r e a t e d  s e p a r a t e l y .  

. . t:cl,~:.rrr~~!), b l r r l ~  r'ircs are s u g g ~ r r l \  L. of c:iruq1113i n r t 11111  tk., " , - : . I  spa11 
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T A B L E  D-4.  h1ICI:ANTS B E T W E E X  S'YATES, BY AGE, 
MARCII 1959 - M R C H  1960 

P e r c e n t  of C iv i l i an  
Popu la t ion  T h a t  Moved  

Be tween  S t a t e s ,  

A g e  M a r c h  1959-March  1960 

4 5 t  s lowly  d e c r e a s e s  msith a g e  f r o m  1. 3 

Source: C .  S. Bureau of the Census, Current Populalion Reports, Ser~es P-20. No. 113 
(January 22. 1962). Table 4. p 15. 

T A B L E  D-5. PRELIMINARY A G E  GROUPINGS 

F i n a l  
G r o u p  B i r t h s  M i g r a t i o n  Dea ths  L a b o r - F o r c e  P a r t i c i p a t i o n  Se lec t ions  
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TABLE D-6. TOTAL POPULATION BY AGE GROUP, SUSQUEHANNA RIVER BASIN, 1960 

Age ,  years  
Subregion 0-13 14-19 20-24 25-44  45-64  6 5 t  Total  

H 532, 363 154, 645 112,668 513, 160 354 ,569  136, 340 1 , 8 0 3 , 7 4 5  

TOTAL 1 ,481 ,  511 4 6 2 , 9 9 6  307, 862 1 , 3 8 4 , 9 6 2  1 , 0 8 4 , 0 4 1  4 9 9 , 4 8 0  5 , 2 2 0 , 8 5 2  

So:~rccs: U .  S. Bureau of the Census..U. S. Census of Populat~on: 1960, General Populatlon Characteristics. Maryland. U. S. Department of Commerce. Final 
Rcport PC(1)-22B (1961). Table 27. 22-58-22-64. 

U .  S .  Bureau of the Census, U. S. Census of Population: 1960, General Population Characterist~c;. N e w  York. U. S. Department of Commerce. Final 
Rcport l'C(1)-34B (1961). Table 27. 35-155-34-173. 

U.  S. Bureau of the Census. U. S .  Census of Population: 1960, General Population Character~stics. Pennsylvania. U. S. Department of Commerce. Final 
Report PC(1)-40B (1961). Table 27. 40-230-40-247. 



A ll~lrnhcr  of prob1e:ns re la ted  to the s e t  of a g c  groups se lec ted  a r e  read i ly  
apparen t .  'l'he da ta  ~ i s c d  to de r i ve  tnern a r e  a l s o  suggesti:.c of othcr  groupings and  
tliese rnay be jus t  LLS valid,  Xowever,  vzl iai ty i s  a difficuit concept to dcfinc in this  
s i tuat ion,  s i nce  not even I -  yea r  breakouts  wil l  be absolutely perfect .  Usefulness,  is 
a  be t te r  c r i t e r i on .  Since the above grouping was  not a l t e r e d  during the Susquehanna 
p r o g r a m ,  i t  was  obviously judged useful  by the r e s e a r c h  team.  This  is  not t o  s a y  that  
the t e a m  would u s e  exact ly the s a m e  breakout  again,  but that the payoff f r o m  the changes 
thought useful  w a s  lower  than might  b e  de r i ved  f r o m  r e s e a r c h  devoted to o the r  p a r t s  
of t he  model .  It i s ,  a f t e r  a l l ,  a  s izab le  t a s k  to  a s s e m b l e  the da ta  and m a k e  p a r a m e t e r  
e s t ima t e s  f o r  new age  c l a s s e s  for  eight subreg ions .  

If one w e r e  highly i n t e r e s t ed  in the population dynamics  of a  par t icu la r  reg iona l  
economy,  a  m o r e  detai led breakout  of age  g roups  might  be of value in re la t ion  to two 
kinds of a g e  ca t ego r i e s .  F i r s t ,  the t rans i t ion  groups  such  a s  the middle and l a t e  teens ,  
a s  well  a s  the younger s egmen t s  of the 24-44 group,  a r e  p r i m e  t a rge t s  f o r  f u r t h e r  
disaggregat ion.  Also ,  the groups  with longer  age  spans  such  a s  the 25-44, 45-65, and 
possibly,  the 0-13 groups  m a y  be somewhat  too l a r g e ,  such that the effects  of c e r t a i n  
population dynamics  wil l  be  masked .  T o  i l l u s t r a t e ,  suppose  a  region exper ienced  a 
10- yea r  per iod  of heavy outmigrat ion.  T h i s  m ig ra t i on  would affect the a g e  groups  
d i i fe ren t ia l ly ,  the younger a g e  groups  feel ing the impac t  t o  the  g r ea t e s t  deg ree .  
T h e r e f o r e ,  a  t rough In the a g e  s t r u c t u r e  such  a s  that shown in the lef t-hand graph  i n  
F i g u r e  D-3  would be c rea ted .  A model  with a  v e r y  definitive age  s t r u c t u r e  would move 
this  t rough of de le ted  a g e s  through the population s t r u c t u r e  over  t ime  v i r tua l ly  intact ,  
a s  shown by the sol id l ine  on the r ight-hand g r aph  in F i g u r e  D-3. However,  the  model  
a s s u m e s  that the d i s t r ibu t ion  of age s  within a n  a g e  grouping i s  rec tangular ,  that  i s ,  the 
number  of people each  yea r  of age  in the group  i s  the  s ame .  Each  year  it then ages  a  
definite f rac t ion  of the a g e  group  into the following age  group;  for  instance,  if the age  
span  of the group  i s  20 y e a r s ,  1120th a r e  aged.  Understanding this  mechan i sm  m a k e s  
the  p rob l em c l e a r .  A s  a  t rough r eaches  an age  group,  i t  " sp r eads  out" o v e r  the age  
g roup  immedia te ly ,  a l s o  affecting those  aged  to  the next  o lder  group immediately.  

Age Age 

FIGURE D-3. THE MOVEMENT O F  A TROUGH IN THE AGE STRUCTURE 
THROUGH THE POPULATION OVER TIME 

Recognizing the p rob l em caused  by a g e  groups  covering a l a rge  number  of yea r s ,  
a  l im i t ed  nuniber  of sens i t iv i ty  expe r imen t s  w e r e  pe r fo rmed  to  judge the s eve r i t y  of 
the diff icul t ies  c r ea t ed .  The  dynamic effects  w e r e  much l e s s  than might be expected 
intuitively, and the problem was  not judged of suff icient  magnitude to w a r r a n t  f u r t he r  
effort  in re la t ion  to  the Susquehanna r e s e a r c h .  
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