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ABSTRACT--Walker Branch Watershed, a 97.5 ha deciduous f o r e s t  catchment on 

dolomit ic  g e r r a i n ,  received annual p r e c i p i t a t i o n  averaging 151.1 cm over a 

six-year per iod from 1970-1976. Approximately 57% o f  t h i s  p r e c i p i t a t i n  l e f t  

t h e  watershed as s treamflow . S o i l  evaporat ion and canopk i n t e r c e p t i o n  with 

subsequent evaporat ion loss were well r e p r e  

f o r  e a s t e r n  hardwoods and amounted t o  about 

Transp i ra t ion  accounted f o r  t h e  remainder (31%) of  the  water l o s s  from t h e  

watershed. Seasonal  precipi ta t ion-s t reamflow balances show t h a t  

p r e c i p i t a t i o n  is P e l a t i v e l y  uniformly d i s t r i b u t e d  throughout 

st;reamflow v a r i e s  seasona l ly  with high f l o  
# 

low flaws from June through November. Baseflow discharge  pat  

two subcatchments a r e  d i f f e r e n t ,  t h e  smal le r  bas in  y ie ld ing  r 

n than t h e  l a r g e r  one. This d i f f e r e n c e  is thought t o  be due to 
' - . ; ' exkhange between t h e  two through channels  i n  thk dolomitic b 
L- ,  :. , 

- , I -  - 
,+ hydrologic d a t a  base is used ex tens ive ly  i n  n u t r i e n t  and t r a c e  element ., 

cyc l ing  s t u d i e s  and i n  development of mechanist ic  hydrologic models. 
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Expei ' imenta l  w a t e r s h e d s  have been i n  e x i s t e n c e  f o r  o v e r  50 y e a r s  and 

o r i g i n a l l y  were  used t o  g a i n  a n  u n d e r s t a n d i n g  of w a t e r  y i e l d  and e r o s i o n  i n  

n a t u r a l  and managed e c o s y s t e m s .  Today t h e  r o l e  of exper . imenta1 w a t e r s h e d s  

i n  u n d e r s t a n d i n g  ecosys iem f u n c t i o n  is much b r o a d e r ,  and w i t h i n  t h e  p a s t  

decade  many w a t e r s h e d  r e s e a r c h  programs have i n c l u d e d  s t u d i e s  o f  n u t r i e n t  

and t o x i c  e l e m e n t  movement. The Walker Bilanch Watershed p r o j e c t  h a s  . 

a d d r e s s e d  many a s p e c t s  o f  ' e c o s y s t e m  f u n c t i o n ,  e s p e c i a l l y  w i t h  r e g a r d  t o  

b iogeochemi c a l  c y c l i n g  o f  e l e m e n t s  . These  h a v e .  been sumnar ized  e a r l i e r  i n  

t h i s  volume by H a r r i s  ( 1977) .  

Water is t h e  dolninant c a r r i e r  o f  e l e m e n t s  froin a  cal;.chment as w e l l  as 

b e i n g  a m a j o r  f a c t o r  c o n t r o l l i n g  b i o l o g i c a l  a c t i v i t y  w i t h i n  an  ecosystem;  

. T h e r e f o r e ,  a n  a s s e s s m e n t  o f  b i o g e o c h e m i c a l  c y c l e s  o f  w a t e r s h e d s  r e q u i r e s  a 

q u a n t i f i e d ,  u n d e r s t a n d i n g  o f  t h e  h y d r o l o g i c  cyc1.e. I n  f a c t ,  t h e  p r i m a r y  

r e a s o n  f o r  c o n d u c t i n g  e l e m e n t  c y c l i n g  r e s e a r c h  on e x p e r i m e n t a l  w a t e r s h e d s  is 

b e c a u s e  h y d r o l o g i c  d a t a  a r e  a v a i l a b l e  and e l e m e n t  c o n c e n t r a t i o n s  can be' 

a p p l i e d  t o  t h e s e  d a t a  t o  g e n e r a t e  e l e m e n t  b a l a n c e s  f o r  t h e  l a n d s c a p e .  While 

t h i s  is an i m p o r t a n t  u s e  o f  t h e  h y d r o l o g i c  d a t a  f o r  ~ H l k e r  Branch,  t h e  

i n f o r m a t i o n  is a l s o  used i n  f o r m u l a t i o n  and v a l i d a t i o n  o f  m a t h e m a t i c a l  

models  o f  w a t e r  u s e  and t r a n s p o r t  w i t h i n  f o r e s t e d  ecosys tems .  T h i s  p a p e r  

d i s c u s s e s  t h e  h y d r o l o g i c  c h a r z c t e r i s t i c s  o f  Walker Branch and summarizes 

hydro logy  d a t a  f o r  t h e  p e r i o d  f rom 1970-1 376.  O t h e r  p a p e r s  c o n t a i n e d  i n  

t h i s  p r o c e e d i n g s  have u t i l i z e d  t h i s  d a t a  b a s e  f o r  s t u d i e s  - o f  t r a c e  e lement  

i n p u t s  ( L i n d b e r g  e t  a l .  19771, t r a c e  e l e m e n t  e x p o r t  ( T u r n e r  e t  a l .  19771, 

n u t r i e n t  d i s c h a r g e  (Henderson e t  a l .  19771, o r g a n i c  m a t t e r  t r a n s p o r t  

(Corniskey e t  a l .  19771 and h y d r o l o g i c  mode l ing  (Huff e t  a l .  1977) .  
i 

I 
I 

WATERSHED DESCRIPTION AND INSTRUMENTATION 

A d e t a i l e d  d e s c r i p t i o n  o f  Walker Branch is g i v e n  e a r l i e r  i n  t h i s  volume 

a by H a r r i s  ( 1 9 7 7 ) .  B r i e f l y ,  t h e  w a t e r s h e d  is 97 .5  h e c t a r e s  i n  a r e a  and 

c o n s i s t s  o f  two s u b c a t c h m e n t s .  The b e d r o c k  is d o l o m i t e ,  v e g e t a t i o n  is 
, . < 

p r e d o m i n a n t l y  decj.duous fo re s t  and s o i l s  a r e  d e e p l y  wea the red  t y p i c  
. .:. . . - .  ....- :I .. . - 

p a l e u d u l t s . .  The w a t e r s h e d  h a s  reluained r e l . a t i v e l y  u n d i s t u r b e d  o v e r  t h e  p a s t  

35 y e a r s .  St reambed morphology d i f f e r s  between t h e  two s u b c a t c h m e n t s  . The 
. . .. . 
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s m a l l e r  Mest Branch (38.4 h a )  f  1o;as aboveground thi-ougkiout t h e  e n t i r e  e x t e n t  

e ' ( 3 7 0  m) o f  its p e r e n n i a l  f low and much o f  t h i s  is o v e r  exposed bedrock.  I n  

I c o n t r a s t ,  between t h e  l i m i t s  o f  p e r e n n i a l  f low and t h e  w e i r  (760 m )  t h e  E a s t  

I  r ranch f low is compLetely s u b t e r r a n e a n  i n  two r e a c h e s  (somet imes t o t a l i n g  

: 335 m) a t  l v g r  f l o w  r a t e s .  The E a s t  Branch s t r e a m  c h a n n e l  is c h a r a & t e r i z e d  

.by e x t e n s i v e  s a n d  and g r a v e l  d e p o s i t s  and l i t t l e  exposed bedrock  is e v i d e n t .  

I . . P r e c i p i t a t i n  g a u g e s ,  F i s h e r  and P o r t e r  Model 1548 a u t o m a t i c  r e c o r d e r s ,  

: a ' re  l o c a t e d  a t  f i v e  s i tes  on t h e  wa te r shed  (F:L~.  1 ) . The r a i n  gauge network 

1 : p e r m i t s  t h e  i n p u t  t o  a g i v e n  s u b w a t e r s h e d ,  weighed by t h e  T h i e s s e n  t e c h n i q u e  

I 1 ( C u r l i n ,  and   el son 1968),  t o  b e  de te rmined  by a t  l e a s t  t h r e e  s t a t i o n s  on 

I ' t h a t  s u b w a t e r s h e d .  Data a r e  r e c o r d e d  a t  f i v e - m i n u t e  i n t e r v a l s ;  w h i l e  t h e  
i 

I i , i n s t r u m e n t s  de'iech changes  oi' 0 .025  i n .  ( 0 . 0 6 4  cm) o f  p r e c i p i t a t i n ,  t h e  d a t a  
i 
' a re  r e c o r d e d  i n  0 .7 - in .  .(-0.25 cm) j .ncrements.  I . , 

. . .  -- . . .  - . . . . . . . . . . . . . . .  - . - ... . . . . . . . . .  - .... . .  - -- - . . . . . . . . . - . .  
I -  - 

I 45,000 46,000 47,000 40,000 . 49,000 50,000 
I .  

i 

F i g .  1. Topograp11i.c Map of Itlal.ker Drancll Watershed on t h e  ERDA R e s e r v a t i o n ,  
Oak Ridge ,  Tennessee  showing t h e  l o c a t i o n  o f  gauging s t a t i o n s  on t h e  two 

:,'sub catchnlents  . 1 
. . 



. . . . . . . . . . .. . . . . . . . . . -, . .. . . - - . .. . - .  
Streamflo\i froui each subwatershed is monitored by shai-p-edged, s t a i n l e s s  

s t e e l  120° V-notched weirs (Nelson 19'70'). The height  of the  weir blade is 
3 0.76 m so  t.hat streamflo~.: a s  high a s  1.2 m /sec can be measured. While 

t h i s  c apab i l i t y  is adequate f o r  normal condi t ions  on Walker Branch, the 

, concrete s t i l l i n g  bzsin forms a sharp-cres ted,  1-ectangular weir above t h e  

V-notch tihich is used t o  extend e s t im i t e s  of streamflow during extreme storm 

condi t ions .  The s tage  height  above each weii- is monitored continuously by 

Fisher  and Por ter  water l e v e l  recorders  with a reso lu t ion  of 0.001 f t .  Data 

a r e  recorded a t  five.-minute i n t e r v a l s .  The s tage  height  recorders a r e  

pe r i od i ca l l y  r e ca l i b r a t ed  with hook gauge measurements t o  minimize efqects  

of instrument d r i f t , .  

Streamflaq is  cal.culated from the s tage  heights. and thc equation of 

Mertzler (1938) f o r  120" V-notch  reit it-s, 

Q = 4.43I-l 2 .449  f o r  H < 2.5 f t  ( 1 )  
1 - 
I 

or  Q=41.779+66.81-1. f o r  H > 2.5 f t  ( 2 )  . 
I 3 i where Q is di.schat3ge i n .  f t  /sec when the s tage  he igh t ,  H ,  i s  i n  f e e t .  

1 Accuracy i n  the s t r e a n  flow determination is dependnt on both the 
I 

I 'measurement of sta.ge height  and the  ex ten t  t o  which t he  e.qu.ations descllibe 
- . - - . - - . - -- . - . - . . - - . -- .- - . . - - -- . - --- . . . . . - -- - - - 

t h e  weir discharge.  Weir c a l i b r a t i o n  a t  low discharge r a t e s  (1: < 0 .5  f t )  

was cons i s t en t  with equation ( 1 )  with a maximum devia t ion of ' 5%. While 

t he  s t age  height  is monito~'ed t o  the  neares t  0.001 f t . , the  accuracy of ' the 
I 

recorder cannot be s tandardized c lose r  than ' 0.002 f t .  r e l a t i v e  t o  the hook 

kauge ceasurements. For a 1-f t  (0.305 M) s tage  height  the  uncer ta inty  i n  
E 

the  s t age  height  recorder represen t s  only 0.5% e r r o r  i n  streamflow, but a t  
3 0.1-ft  s t age  height  (equivalent  t o  a discharge of 0.015 f t  /sec = 0.0042 

m/sec) the  uncer ta in ty  i n  streamflow is 5%. 

! 

RESULTS AND DISCUSSION 
I 

Annual \later Ral.ance ----- 
, The annual water balance has been quant i f ied  fo r  Wal.ker Branch Watershed 

f o r  t he  period from September 1 ,  1970, t o  August 31, 19.76 (Table 1 ) .  During 

these  s i x  water years  p r ec ip i t a t i on  averaged 151.1 cm, about 8% g rea t e r  than . 

the  long-term annual mean.of 140.1 cm f o r  t he  Oak Ridge, Tennessee, area  , 

(ORATDL, 19'72, and Supplements). Streamflow averaged 85.8 cm/yr during the 

period r e s u l t i n g  i n  a net input ;  (prc?c.ipit.a.l:.ion - stroamflow) of 65.3 cm . . , 

, .; :... , %  . . . ' . '  ' ! , .  . . .. . , I . . . . .  , .  . . .. , . ... I' .:I . $ . '  . , .::.i.l ,..II:.,'. . . 



f a n n u a l l y .  Th i s  va lue  is an est;&natc o f  t h e  t o t a l  e v a p o t r a n s p i r a t i o n  (ET) 

'from t h e  watershed p rov id ing  our  assump t i o n  t h a t  t h e  watershed w a s  n e i t h e r  i 
? g a i n i n g  water  fro111 o u t s i d e  j-ts boundar ies  o r  l o s i n g  i t  through .deep seepage 

!is c o r r e c t .  Th i s  a s s u b p t i o n  appea r s  v a l i d  based on t h e  modeling ar la lyses  
! 
iconducted by IJuff e t  a l .  (1  977) .  

i . The 6 5 . 3  cm annual  e v a p o t r a n s p i r a t i o n  is l e s s  than t h e  76 .5  cm p o t e n t i a l  
2 

i e ~ r a p o t r a n s p i r a t i o n  va lue  e s t ima ted  u s i n g  Thorne thwa i t e i s  methodol.ogy. 
I 
:However, t h e r e  is  c o n s i d e r a b l e  v a r i a t i o n  i n  ET among water  y e a r s .  ET f o r .  
i 
; t h e  1972-73 and 1975-76 water  y e a r s  f e l l  w i t h i n  14 cm of  t h e  po t en t i a l .  ET 

/ w h i l e  d u r i n g  1971-72 and 1973-74 ET was n e a r l y  20 cm l e s s  than  t h e  p o t e n t i a l ,  

! va lue .  The amount by which a c t u a l  ET f a l l s  s h o r t  o f  p o t e n t i a l  ET depends on 
j 
l t h e  amount of  p r e c i p f  t a t i o n  from June t1;rougil September.  For t h e  tkjo water  

jyears  when a c t u a l  ET approached p o t z n t i a l ,  p . r e c i p i t a t i o n  w a s  3  t o  6  cm above 

' i t he  long-term average  d u r i n g  t h e s e  months. On t h e  o t h e r  hand, June through 
I ;September- p ree j .p i ta t , ion  was l e s s  t h a n  normal f o r  t h e  o t h e r  water  y e a r s ,  and . . . . . .  .. . . .  . - - -.--?s:- .< -.. -- --- 

!by 12 cm d u r i n g  1973-74. Thus i n .  s p i t e  of' t h e  f a c t  t h a t  on an annual  b a s i s  , . . .  

' p r e c i p i t a t i o n  du r ing  t h e  1973-'74 water  y e a r  was 25% g r e a t e r  tl?an ~ i o r m a l ,  i t  

i v ~ a s  ,defic:ient d u r i n g  summer months a d  t h i s  r e s u l t e d  i n  one o f  t h e  lowes t  

:.amounts o f  ET du r ing  t h e  s ix -yea r  p e r i o d .  

' ' j I n  Tab le  1 s e p a r a t i o n  o f  ET i n t o  i ts component t e rms ,  evapora t ion  and 

: t r a n s p i r a t i o n ,  has  been accomplished u s i n g  t h e  r a l t i o n s h i p s  o f  Helvey and 

i P a t r i c  ( 1965). Using expei9iment;al d a t a  froin numerous hat-dwood s i t e s  i n  t h e  

' e a s t e r n  Uni ted  S t a t e s  , Welvey and P a t r i c  developed e q u a t i o n s  t o  p r e d i c t  t h e  

: q u a n t i t i e s  o f .  t h r o u g h f a l l ,  stemflotr.  and canopy and l i t t e r  ( f o r e s t  f l o o r )  

. i n t e r c e p t i o n  f o r  bo th  t h e  growing and dormant s ea sons .  These e q u a t i o n s  

r e q u i r e  on ly  i n p u t s  o f  t o t a l  p r e c i p i t a t i o n  and t h e  number o f  . i n d i v i d u a l  

: p r e c i p i t a t i o n  e v e n t s .  On Walker Branch we compared t h e  r e l a t i o n s h i p s  w i th  

. t h e  amount , o f  t h r o u g h f a l l '  i n  t h e  f o u r  f o r e s t  t ypes  found on t h e  watershed.  

A ' s u m a r y  o f  t h i s  comparison is shown i n  Table  2  and a  more d e t a i l e d  

' p r e s e n t a t i o n  o f  tile experiment  is  g iven  by I-lenderson e t  a l .  (1977) .  We 

. found  t h a t  du r ing  bo th  t h e  growing and dormant s ea sons  t h e r e  was no . , 

s i g n i f i c a n t '  d i f f e r e n c e  among the f o u r  f o r e s t  t ypes  i n  t h e  amount of  

i t h r o u g h f a l l .  F u r t h e r  t h e  c a l c u l a t e d  throughfal .1  was i n  c l o s e  agreement wi th  
I 

lmeasured q u a n t i t i e s .  Therel:'ore, s i n c e  canopy i n t e r c e p t i o n  accoun t s  f o ~  

b g r e a t e r  t han  80% o f  t h e  evapora t ion  ' l o s s e s  from f o r e s t e d  watersheds ,  we 

! .consider  t h e  Helvey and P a t r i c  (1965)  e q u a t i o n s  f o r  t o t a l  i n t e r c e p t i o n  t o  be  

, v a l i d  f o r  Walker Branch. . . ,. 
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Table 1. Anilual Water Belance on Walker Branch Watershed from Septeder 1, 1970 to August 31, 
. I ' 1976. 

. , 

a Water Yezr b c Precipi.Lation Strea~f low Net Input Evaporation Transpirati~n 
(P> (S) (2-S) ( E l  (TI .................................... cnlyear----------------------------------- 

j 151.1 85.8 65.3 18.7 46.6 Six-year Average ' 

a A water year.extends froin Septezber 1 to August 31 of the following calendar year, 

; b~stimated with equations of Helvey and Patric (1965). 

C . . 
Calculated as net input minus evaporation. . I 

~. . . . . -  ..- - . . . . . . . . . . . . .  .- - -  -. ...... . . . . . . . . . . .  - ..... . , 
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T a b l e  2. Comparj-sor~ o f  c a l c u l a t c d  and measured . '  1 

t h r o u g h f a l l  f o r  Walker Branch Watershed I 
j d u r i n g  g1-ovling and dormant. s e a s o n s  J n . I 

. . I 
: . . 1971 t h r o u g h  1973. ! 
! I 

P r e c i p i t a t i o n  C a l ~ u l a t e d . ~  Measured i 
T h r o u g h f a l l  T h r o u g h f a l l  

Growing Season  
(May - 1\rov) 72.1  

Dormant Season  
(,Dee - Apr) 80 .7  

I . -. -. MCN---- - .e-- . .---..L--C 
i 

3:Based on t h e  r e l a t i o n s h i p s  o f , H e l v e y  and P a t r i c  (1965) :  
TF = 0.901! P - 0.079 N (Growing S e a s o n )  i 

' 8 .! ! '  

TI? = 0.914 P.- 0 .038  N (Dormant . . .  S e a s o n )  .. . ... . . .  .. . . . . . . . . . .  .. - . i - - -. -- -. ,- - - - 
j_ 

! 
i 

. . . _ . . . _ . . . . .  . . . . . . .  . . . . . . .  .. . . >  . . . . . . . . . . . . .  .- - ' - .  ! 

. Using  t h e  e q u a t i o n s  t o  s e p a r a t e  e v a p o r a t i o n  and t r a n s p i . r a t i ' o n ,  i t  was 
I 

e s t i m a t e d  ' t h a t  a b o u t  70% o f  t h e  e v a p o t r a n s p i r a t i v e  1-osses  from Walker .Branch " 

o c c u r  as t r a n s p i r a t i o n ;  t h e  remainder  b e i n g  e v a p o r a t i o n .  Year t o  y e a r  
. . 

v a r i a t i o n s  were  l a r g e  f o r  t r a n s p i r a t i o n  and i n  t h e  same p a t t e r n  as d i s c u s s e d  
t 

eaillier f o r  t o t a l  ET. . I 

Annual D i s c h a r g e s  from E a s t  and .Nes t  Branches  - -- 
A s  ment ioned  e a r l i e r ,  t h e r e  is a d i s t i n c t  d i f f e r e n c e  i n  channel. 

I c h a r a c t e r i s t i c s  between t h e  E a s t  and West Branches  o f  t h e  w a t e r s h e d .  There  I 
is a l s o  a d i f f e r e n c e  i n  t h e  w a t e r  y i e l d  from t h e s e  subca tchrnen t s .  Even I 
though t h e  Eas! Branch c o n t a i n s  50% more a r e a ,  i ts a n n u a l  d i s c h a r g e  i s  o n l y  

'. . .  

h a l f  t h a t  o f  t h e  West Branch  able 3 ) .  L a t e r  i n  t h i s  vol.ume, Huff e t  
I 

a 1 . ( 1 9 7 7 )  d e m o n s t r a t e  t h a t  t h i s  d i s c r e p a n c y  c a n  be accounted  f o r  by an  I 
exchange o f  b a s e f l o w  from t h e  e a s t  t o  t h e  wes t  s u b c a t c h m e n t s ,  p o s s i b l y  I 
t h r o u g h  s o l u t i o n  c h a n n e l s  i n  t h e  dol-omite bedrocl<.  

I 

S e a s o n a l  P r e c i p i t a t i o n  a n d  St,?-earnf low 
--. 

The s e a s o n a l  d i s t r i b u t i o n s  o f  p r e c i p i t a t i o n  and s t r e a m f l o w  f o r  Walker 

Branch Watershed ( F i g .  2)  a r e  t h o s e  which would be  e x p e c t e d  i n  warm subhumid 
. . . . . . . . .  . . . . . . .  +,..i..-- . - . .  - .  . . . .  . . . . 
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. T a b l e  3. Comparison o f  a r e a - e q u i v a l e n t  s t r e a n 1 f 1 . 0 ~  (cm) -from 

I 
I t h e  e a s t  and west b r a n c h e s  o f  blalker Branch Water- 
j s h e d  f o r  1970-1 976. 
! 

I a  
I 

; Water Year 
j 

St reamf low d i s c h a r g e  
E a s t  Branch West Branch 

! a 
: A water y e a r  e x t e n d s  from September  1 t o  Augus,t. 31 o f  t h e  

! . f o l l o w i r ~ g  c a l e n d a r  y e a r .  
. ...... . . . .  . . . . . . . .  . ... .. .. ... . . .  . . .- - .- -- - -- - - .- - - - -. 

j 

. . .  . . . . . .  - .  . . . .  

p o r t i o n s  o f  t h e  U n i t e d  S t a t e s  ( S a t t e r l a n d  1972) .  P r e c i p i t a t i o n  is g e n e r a l l y  

w e l l  d i s t u r b e d  t h r o u g h o u t  t h e  y e a r  w i t h  s l i g h t l y  g r e a t e r  amounts d u r i n g  

w i n t e r  a;ld s e a s o n a l l y  lower  arnounts i n  l a t e  summer and e a r l y  autumn. Wi th in  

any y e a r ,  however,  p r e c i p i t a t i o n  is q u i t e  v a r i a b l e ,  and i t  is n o t  uncommon 

f o r  t h e  p r e c i p i t a t i o n  f o r  a g i v e n  month t o  be e i t h e r  h a l f  o r  d o u b l e  t h e  

a v e r a g e  p r e c i p i t a t i o n  f o r  t h a t  p e r i o d .  Snow a c c o u n t s  f o r  a n e g l i g i b l e  

f r a c t i o n  o f  t h e  a n n u a l  p r e c i p i t a t i o n .  . 

' P r e c i p i t a t i o n  o c c u r s  on o n e - t h i r d  o f  t h e  days  i n  a y e a r .  Most o f  t h e s e  

days. have . r e l a t i v e l y  l i t t l e  r a i n f a l l .  Of t h e  days  w i t h  r a i n ,  55% t o t a l  l e s s  

t h a n  1  cm and 90% o f  t h e  d a y s  e x p e r i e n c e  l e s s  t h a n  3 cm ( F i g .  31, a l t h o u g h  

d a i l y  p r e c i p i t a t i o n  o f  a l m o s t  14 cm has  been r e c o r d e d  d u r i n g  t h e  s i x - y e a r  

p e r i o d .  N n i l e  l a r g e  s t o r m s  o c c u r  i n f r e q u e n t l y ,  t h e y  do a c c o u n t  f o r  a 

s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  t o t a l  a n n u a l  p r e c i p i t a t i o n  ( F i g .  3 ) .  For 

I . i n s t a n c e ,  d a i l y  p r e c i p i t a t i o n  i n  amounts g r e a t e r  t h a n  3 cm (10% f r e q u e n c y )  

I a c c o u n t s  f o r '  35'% o f  t h e  a n n u a l  amount.  C o n v e r s e l y ,  d a i l y  p r e c i p i t a t i . o n  o f  

~ l e s s  t h a n  1 cm (55% f r e q u e n c y )  a c c o u n t s  f o r  l e s s  t h a n  20% o f  t h e  a n n u a l  
i .: t o t a l .  The p r e c i p 3 . t a t i o n  p a t t e r n  is t h u s  c h a r a c ' t e r i z e d  by numerous days  ! 
! 

w i t h  low d a i l y  amounts and a few l a r g e r  s t o r m s  which are i m p o r t a n t  i n  

I d e t e r m i n i n g  t h e  amount o f  a n n u a l  p r e c i p i L a t i o n  and t h e r e f o r e  t h e  amount o f  . -  ! 

s t r e a m f  low. 
. . . . -  . . . . . .  .- - . . . 
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r i g .  2. S e a s o n a l  d i s t r i b u t i o n s  by four-week i n t e r v a l s  (13/year )  of  p r e c i p i t a t i o n  and s t r e q f l o w  1 

f o r  Walker 8raach Uarershed fro. Septenber  1, 1 9 7 0 t h r o u g h  August 31, 1976.  Values a r e  expressed  as 
cn cf wate r  ove r  t h e  t o t a l  a r e a  of t h e  c a t c h m ~ n t .  I 

! 



DAILY  PRECIPITATION(Ci'lI 

' F i g .  3 .  
p r e c i p i t a t i o n  
Walker Branch 

Cumulative d i s t r i b u t i o n  of f requency  and p r o p o r t i o n  of annual  
accounted  f o r  by d a i l y  p rec ip i t a t i o11 ,o f  g iven  amounts o r  less on 
Watershed f o r  t h e  p e r i o d  from September 1, 1970, through August 

31, 1976. 
. . .  . . . I '  

. . 
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. Dai ly  weighted ave rage  s t reamflow d i s c h a r g e  r a t e s  ranged from. 0.005 1 
3 3 I m / s ec  t;o n e a r l y  1.1 111 / s ec  f o r  t h e  s i x - y e a r  pe r iod  from 1970 t o  1976 ! ! 

g .  I ) .  However, t h e  i n s t a n t a n e o u s  peak d i s c h a r g e  r a t e  du r ing  t h i s  per iod  I 

3 3 3 I 
was n e a r l y  4 .0  m / s ec  ( 2 . 3  m /set f o r  t l ~ e  ,East Branch and 1.7 m / s ec  ... ' ! 

.-. . . . . ... 8 . - - - . - - . - - . - . - , 
3 f o r  t h e  West BrancI>). P e r i o d s  o f  low flow ( < 0.05 m /set) occur  about  90% j 

o f  t h e  t i m e  and account  f o r  50Z o f  t h e  t o t a l  wa.'cer y i e l d .  Dai ly  f low r a t e s  
3 .  between 0 .05  and 0 .2  m / s ec  a l s o  c o n t r i b u t e d  an iniportant  percentage  of  i 

1 

t h e  annual. y i e l d  (Q  35%) ,  even though they  occur red  on ly  abou t  10% o f  t h e  i 
3 I 

time. Da i ly  f low r a t e s  g r e a t e r  than  0 . 2  m / s ec  occur  cons ide rab ly  l e s s  ! 

! 
f r e q u e n t l y  (on ly  abou t  3 times a  y e a r )  b u t  account  f o r  172 of  t h e  annual  ! 

d i s c h a r g e .  As Henderson et ax .  ( 1977) d i s c u s s ,  t h e s e  r e1 . a t i ve ly  i n f r e q u e n t  j 
. 'flow rate occu r r ences  a r e  o f  p a r t i c u l a r  importance i n  t h e  t ranspoi- t  of  some i .,. . . I 

i 
n u t r i e n t s  f i-om t h e  watershed .  ! 

When s t reamflo t r  d i s c h a r g e  is expi-essed on a  p r e c i p i t a t i o n '  e q u i v a l e n t  
! 

b a s i s  ( r a t e  x time +- r-zrea), t h e  p a t t e r n  shown i n  F ig .  2  emerges. S t r e a m f l o ~ i  .: 

. is less v a r i a b l e  than  p r e c i p i t a t i o n  and i s  c h a r a c t e r i s t i c  o f  t h e  subhuinid " . 
I 
i 

r eg ion  which does no t  e x p e r i e n c e  a  sno\.~paclc accumula t ion .  It is g r e a t e s t  
! 

d u r i n g  w i n t e r  and s p r i n g  months and  lowes t  du r ing  summer and autumn ( F i g .  

2 ) .  Th i s  p a t t e r n  i s . r e p e a t e d  anrlual ly  w i t h  on ly  minor d e v i a t i o n s ,  and t h e s e  
' 

. . 
: a r e  p r i m a r i l y  a s s o c i a t e d  w i t h  t h e  amount of  p r e c i p i t a t i o n  du r ing  any month. 

~ k i s  p a t t e r n  is c o n t r o l l e d  l a r g e l y  by t h e  p r e c i p j - t a t i o n ,  evapot ransp i lna t ion  . ' 

and water  s t o r a g e  c a p a c i t y  o f  t h e  s o i l s  a s  shown i n  F i g .  5. The low 

s t r e a m f l o v  du r ing  summer and e a r l y  autumn is due t o  deplet i 'on of  s t o r e d  s o i l  

water  by e v a p o t r a n s p i r a t i o n .  Based on t h e  s t u d i e s  o f  P e t e r s  e t  a l .  (1970) 

t h i s  s t o r a g e  amounts t o  on ly  4 . 6  cm i l l  t h e  u.pper 100 cm o f  t h e  s o i l  p r o f i l e  

( r o o t i n g  zone ) .  A s  a  r e s u l t  o f  t h i s  d e p l e t i o n ,  most of  t h e  p r e c i p i t a t i o n  

du r ing  su:nmer and f a l l  s a t i s f i e s  s o i l  )rater d e f i c i t s .  l i h i l e  s o i l  water  

r e d i s t r i b u t i o n . o c c u r s  c o n t i n u a l l y  d u r i n g  t h i s  p e r i o d ,  it does no t  move 

through t h e  s o i l  p r o f i l e  t o  become streamflow but  is r e t a i n e d  w i t h i n  t h e  

r o o t i n g  zone u n t i l  adsorbed by v e g e t a t i o n  and subsequen t ly  t r a n s p i r e d .  S o i l  

water  r echa rge  t a k e s  p l a c e  g r a d u a l l y  du r ing  September and October a s  

t r a n s p i r a t i b n  demands d e c r e a s e .  T h e r e a f t e r  s t ~ ~ e a l i ~ f l o w  responds t o  ' 

p r e c i p i t a t i o n  because l i t t l e  s t o r a g e  c a p a c i t y  e x i s t s  w i t h i n  t h e  watershed.  

Thus d u r i n g  win t e r  and s p r i n g  t h e  amount of  str-eamflow l a r g e l y  depends on 

t h e  amount of' p r e c i p i t a t i o n .  S ince  most o f  t h e  w:i.nter p r e c i - p i t a t i o n  occurs  

as r a i n  r a t h e r  than snow, high s t reamflow occu r s  throughout  t he  w in t e r  season 



LEGEND 
0 - Frc3quency o f '  Strenrnf Low 
x - Propor t i on  o f  RnnuoL Discharge 

I 
. , 

Fig. 4 .  Cumulative d i s t r i b u t i o n  of f requency  and p r o p o r t i o n  of annual  
streanlflo1.7 accounted f o r  by d a i l y  s treamflow d i s c h a r g e  r a t e s  of  g iven  amounts 
o r  l e s s  on Walker 13ranch Watershed f o r  t h e  p e r i o d  from September 1, 1970, 
through August 31, 1976. 

- I 

I 
t 



: ra t ;her  t h a n  b e i n g  c o n c e n t r a t e d  i n  s p r i n g  as is c h a r a c t e r i s t i c  o f  .i17eas which ' 
t 

j accumula te  snowpacks .  I / F i g u r e  5 a l s o  shows why t h e  J u n e  t h r o u g h  September p r e c i p i t a t i o n  is  s o  i I 
I i i m p o r t a n t  i n  d e t e r m i n i n g  t h e  a c t u a l  amount o f  ET d u r i n g  i n d i v i d u a l  y e a r s .  ! 

. . . .. , . . -. 
1 I 

- 
' . J F M A h / l J J A S O r \ l  D 

. .. 
. - 
i F i g .  5. S e a s o n a l  r e l a t i o n s h i p  between p r e c i p i t a t i o n  and p o t e n t i a l  
i e v a p o t r a n s p i r a t i o n  f o r  Wa.l.1cer Br,mch Waters l~ecl  showing p e r i o d s  o f  s o i l  w a t e r  
! u t i l i z a t i o n ,  w a t e r  d e f i c i t ,  and s o i l .  w a t e r  r-echarge, P r e c j - p i t a t i - o n  v a l u e s  
] are a v e r a g e s  o v e r  t h e  September  1, 1970 t o  August  31, 1.976 p e r i o d  p o t e n t i a l  
! e v a p o t r m s p i r a t : i o n  v a l u e s  a r e  ~-on.~- t ;ernl  ave1:ages u s i n g  T b o n l e t h \ ; ~ a i t e ' s  
I' X4ethodo.lo.gy. 



, . 

- .  
ion t h e  a v e r a g e  p r e ~ i p i t ~ a t i o n  is l e s s  t h a n  p o t e n t i a l  ET d u r i n g  t h i s '  p e r i o d  I . . 
; and  t h u s  t h e  s i r - y e a r  ET e s t i m a t e  f a l l s  s h o r t  o f  t h e  p o t e n t i a l .  v a l u e  ( T a b l e  1 : 
: I ) .  However, i f  p i 9 e c i p i t a t ; i o n  j.s g~-eal;er~ than  normal  f o r  any  one y e a r  I 
/ d u r i n g  sununer t h e  d i f f e r e n c e  between t h e  p r e c i p i t a t i o n  and p o t e n t i a l  ET 
i l i n e s  w i i l  d e c r e a s e  ( l e s s  w a t e r  d e f i c i t )  w i t h  t h e  r e s u l t  b e i n g  g r e a t e r  
I 
j a c t . u a l  ET. C o n v e r s e l y ,  l e s s  t h a n  normal. p r e c i p i t a t i o n  resu l .  ts i n  l a r g e r  

I 
; w a t e r  d e f i c i t s  and lower  actual ET d u r i n g  i n d i v i d u a l  y e a r s .  T h i s  f i g u r e  i , I 

I j a l s o  shows o u r  r a t i o n a l e  f o r  d e l i n e a t i o n  o f  a September  1 t o  August  31 water i 
I j 

i year. 
The September  d a t e  is c h a r a c t e r i z e d  by low p r e c i p i t a t i o n  and masimum 

i 
! . 

i s o i l  w a t e r  d e f i c i t s .  T h e r e f o r e ,  f rom y e a r  t o  y e a r  a t  t h i s  d a t e  t h e  s o i l  I . 
I I 
j ~ i a t e r  s t a t u s  w i l l  b e  c o n s i s t e n t l y  a t  a  minimum and s t a b l e  compared t o  o t h e r  ! 
t imes  of t h e  y e a r  which 1-.eceAe lndre p iyec i ;p i t a . t ion .  Year t o .  y e w  v a r i a t i o n s  ! 

.>...,,-a 
. .  i . . 

/ i n  tile amount o f  k:tei3 s t o r e d  i n  t h e  s o i l  p r o f i l e  a r e  rninj-ma1 d u r i n g  th i s  
I ! 
( p e r i o d ,  ' l e a d i n g  t o  i ts  s e l e c t i o n  as t h e  ' s t a r t  o f  t h e  w a t e r  y e a r .  

I I . . . .  - -. . . 
! 

- i  
I 

I 
i 
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