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RIOGR4I)I!IC !!I, SIiLTCII OF THE AUTIIOR 

Dnri-yJ Jerlon~c D a v i s  was bo rn  i n  Los  Angcles,  C a l i f o r n i a  

on Flay 14 ,  1958. D u r i n ~  t h c  p e r i o d  1958-1960 he  w a s  e n r o l l e d  

i r z  f i e s n o  C i t y  Col l e g e  and F'resno S t z t e  Collcg-e where he 

completecl most o f  h i s  g e n e r a l  ed t lca t ion  cou r se s .  ho rn  

1961 t o  1965 he  was a p a r t i c i p z n t  i n  a n  i n t e r n e t i o n a l  s e r v i c e  

p i -o jcc t  i n  a r u r a l  a r e a  o f  s o u t h e r n  Fiexico w i t h  t h e  h e i - i -  

c an  F r i e n d s  S e r v i c e  Committee. 

A f t e r  l e a v i n g  i.lexico h e  r e t u r n e d  t o  C a l i f o r n i a  - to  

work w i t h  t h e  U.S. F o r e s t  S e r v i c e .  I n  196? he  enrol.?i.d 
8 

i n  t h c  Co1lep.e o f  A g r i c u l t u r e  n t  t h e  Za..Liforni.s S t z t e  

P o l y t  eclrnic Col:.egc, S?n ~ u i s  Obispo,  Ca.Lil"o17riia. h'e 

r e c e i v e d  h i s  s a c h e l o r  o f  S c i e n c e  d e g r e e  i n  A g r i c u l t u r a l  

Engi 12eerj nf. j.11 Aup:i.:cl- 1969. Dur ing  t h e  ncadcnlic y e a r  

3959--70 he v:;;s en;ployc:!l as a L ~ c t u r e r  i n  t h e  san,e depar tment .  

lie e n t  e r cd  t h e  U J ~ - i v e r s i t y  o f  I d a h o  and wzs e n r o l l e d  

i n  t h e  Ch-nd~astc Scllcol i.n Septeniber 1970. T h i s  t h e s i s  i s  

a p a r t  o f  h i s  wo;-l< f;o:trnrd o $ h s t c r  o f  S c i e n c e  d e c r e e  i n  



The a u t h o r  ~ ; i s f i c s  t o  ac,lirlo\:-lc.dp;c ];:is : ~ p p r e c i n t i o n  t o  
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suppo1.t: f o r  t h e  p r o j e c t  , and P~:i)f e s s o r s  C n l v i n  Warnicli o f  

t h e  Ida-ter Resources  111s'cj.tute and  Llelhci-t !I'itzsi.rnmor,s o f  

t h e  A g r i c u l - t u r a l  E n g i ~ l c c r i n g  Dcpi3rCment f o r  a d m i n i s t e r i n g  

t h e  p r o j e c t  a n d  t h e  aes i s tnn t . s l ! jp .  
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p r o j e c t  and t h i s  t h e s i s ,  

Tjiznks p r e  d u e  ; - l e ~ ~ s r s  : Flnr-vin Zenscn,  E a r l  Xei'f', 
# 
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p r o j e c t .  
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J ~ S ' I ' R : ~ C ' ~ '  

During t h c  1969-70 !.,ntcr- yc:)im i n s t r u n ~ c l ~ t a t i o n  \;.as i n -  

stalled t o  b e k i n  a \ iatet7 b a l a n c e  s iudy  on t h e  TI!ornpson wa te r -  

shed  n e a r  ?:osco~:-, Idaho.  A v;atcr b a l a n c e  was made f o r  t h i s  

i n i t i  a1 y e a r  u s ing  m a n y  rough e s t i r r ~ n t e s  f o r  some o f  t h e  v;ater 

b a l a n c e  f a c t o r s .  D u r i n ~  t h e  1970-71 w a t e r  y e a r  a b e t t e r  w a t e r  

b a l a n c e  was made that;  i n c l u d e d  a c t u a l  rneasureinent,~ f o r  a l l  

f a c t o r s  excep t  cIcep p e r c o l a t i o n  x l ~ i c h  was t h e  unkno\brn f a c t o r  

i n  t h e  \%rater b a l a n c e  equa t ion .  

The o v e r a l l  w a t e r  b a l a n c e  f o r  1970-71 i n d i c a t e d  t h a t  o f  

t h e  t o t a l  p r e c i p i t a t i o n  2796 \+.cnt t o  r u n o f f ,  57% t o  e v a p o t r a n s -  

p i r a t i ~ n  2nd 16:; t o  deep p e r c o l a t i o n .  These  p e r c e n t a g e s  a r e  

c l o s e  t o  t h o s e  o b t a i n e 6  f r o m  p r z v i o u s  s t u d i e s .  

Sev e r a 1  methods lb7er e  used  Co desermine  evago t rax l sp l ra -  

t i o l ~ .  :4easul-ement o f  changes  i n  s o i l  m o i s t u r e  s t  oilage was 

c o n s i d e r e d  t i l e  most a c c ~ ~ a t  o :nethod used. C o r r e l a t i o n  a n a l -  

y s i s  sl~o\ced bo th  t h e  je l l sen-I la ise  ,?nr'l Penmarl m e  tllods w i l l  

g i \ , c  ood  v3l  u e s  for .  c h ' i t l ~ o  t r a n s p i r a t  i c n  when t!lc c r o p  cocf -  

f i c i e n t s  used  Lalie in tc j  c a n s i d e r r ~ t i o z i  c r o p  s t r e s s .  Pan evap- 

o r : t t i on  i n  i t s  p r c ~ e n t  f o r m  was  foi~nc! t o  b e  n p v o r  method fox- 

d e t  ern1ir:ing evapn t:-nnspir:it i c n  a t  t h e  Tllompson ~v-at e r s h e d .  

A n a l y s i s  o f  t i lc  r ' e s u l t s  o f  t h e  wstet' be1 ance f o r  t h e  

1970-71 -;ratcll yunr. \(as r a d e  t o  d~!, C ~ G ! ~ ~ Z C  :ihc~t f u r t h e r  s t u d y  

was necr izd on t h e  water ba1.7r:ce. It I ~ Z S  round t h a t  t h e  

f a c t o r s  o f  ~ r e c i l ~ i . - i a t l o : !  arid 2ccp p e r c c r l a t i o n  1..-~11 rqequire  

a d d i t  io l ln l  s t a d y ,  
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~ ~ N T ! ~ O I I I ' C r i  LON 

Tlic f i r s i  1 itw o  f t !-,er%o(lynn:~iics st n t c s  t h a t  t l ic  energy 

en t e r j -ng  n system e:iu:ll:; t h e  sum o f  t h e  change i n  ene rgy  o f  

t l ie  systcrn p l ~ t s  t h e  enci.{.y l e a v i n g  t h e  systern. T h i s  i s  an 

enc rcy  ba lnncc .  A G ~ F S S  b a l a n c e  i s  i d e n t i c a l  i n  forin except  

mass i s  uscd. i n  p l a c e  o f  energy  a s  a u n i t  o f  measure. The 

wa te r  b a l a n c e  i s  one z p p l i c a . t i o n  of  t l ~ c  mass b a l a n c e ,  S i n c e  

t h e  d e n s i t y  o f  l ~ ~ a t e r  r e n ~ n i n s  n e a r l y  c o n s t a n t  over  t h e  normal 

r a n r e  o f  t ern:)erntwes and p r e s s u r e s  encounte red  i n  n a t u r e  

t h e  ~ m t c r  b a l a n c e  can  b e  ~ n e n s u r c d  c i t he r -  i n  u n i t s  o f  mass 

o r  voluiile, Customari l ) .  t h c  u n i t s  o f  volume have been used. as 

t h e  pr imary  e x p r e s s i o n  i n  t h e  i.:nter ba la i lce ,  a l t h o u p h  many 

of  t l ~ c  actu~1.J l ' ic ld  ncssm-cn;cl;ts a r c  rnacle i l l  t e r ~ n s  o f  mass. 

The hydl-ologic  c y c l e  can b e  dcscl- ibed usSng t i le  water1 

ba l ancc .  One sood plcice t o  s t u d y  silcil a c y c l e  i s  on a 

waters1~t .d.  The surf;:cc o f  a writ ersl ied a c t s  t o  d i v i d e  t h e  

s u b s u r f a c e  \"-at er  rnoverile:lt acci e v n p o t r n n s p i r ~ t  ~ G I I ,  Once 

t h e  magnitude oi' t h e s e  cornpone~lt p a r t s  I lns  becll  detc~>ni i r~eci  

(measured o r  calculated) x i  i ~ l t i i c i - l t i ~ n  o f  t h e  d i s t r i b u t i o n  of  

\fatel '  i n  t h e  hydroio6, ic  c y c l e  i s  obt.nir?el;t. S t u d i e s  o f  t h i s  

r e s u l t s  o f  t h e s e  studier; .  ! l ave  h ~ c i ~  v , ? l u n h l e  i n  p l n n ~ i n g  f u t u r e  

develop~!lent 3 f iqat ~' i"  I - . c s ~ \ I I - c ~ . ~ ; .  

;)rlcd,.c:t: l . ~ c . i . ~ i ~ . i L  !u:dtc.:. ~ -c~- , l j rc . ; ! : cn~s  i :\LC! t o  ;ckci.iule i r r i g a t i o n s .  



C o ! ~ ~ p u t e r  pt-ol;r;lnls arc? now z v n i l n b l e  t a u  a s s i s t  I h c  f a r r n c . ~ - -  

i n  p1anni.n:;: i rr i  pja t ions .  111cr cnsecl g.5. e l r l s  ,Cronl irnproveil 

w n t c r  u s e  e f f ' i c i c i i c y  nnrl 1,lie 1-csul t j .1-IF i r l c r c ; t s c  i n  p r o 1 i . t ~  

h a v e  bee11 s t ~ - o n g  illcel.:tj.ves t o  a p p l y  t1;c v,rzter b ; ~ l n n c e  t o  

i i - r i g a t  e d  ag . r i . cu l t  UI-c. 

Dry f,?ri;iinf: depends  oil p r c c i p j . t a t j . o n  f o r  s o i l  moj - s tu r  e 

ucr.r! -. r - 3 ~  c::-o:) r L .  ".rl~:.:t l . i , .  r+l:ccj.;':i.t;atj_m i s ,  Ilo\.;ever, d i f f i c u l t  

t.o p r e d i c t  a n d  n e a r l y  i m p o s s i . b l e  t o  c o n - i r o l .  \srl~en - the  

water b a l a n c e  i s  a p p l i e d  t o  i r r i g a t e d  a g , r i c u l t u r e ,  i t  

i s  ~ i s u a l l y  assurnecl. t h a t  adeclunte  soi:L riloistul-c j.s a v a i l a b l e  

a t  a l l  t i m e s  and t l l r i ' c  t h e  r a t e  o f  \,ra-tcr u s e  i s  l ~ . i ~ n i t c c l  o n l y  

by t h e  c r o p  a n d  t h e  c l i m a t e .  T h i s  a s ~ u m p t i o i ;  i s  n o t  v ~ l i d  

f o r  d r y  f a r n i i n t ~  s i n c e  t h e  s o i l  n l o i s t u r e  i s  u s u : l l i y  ?lot  
> 

r.cpl:xccc? i.r-,:-1c::'i.2tt'3.!~3' .z? co;vS r;!;ely nxd s c i l  nlo:i.s-I;til-e C C C -  

s i o n s  o f t  ell rer:.ch I l i i .  ii  val . i ics .  Under concli  t i o n r :  s u c h  

a s  t h e s e  the : i \rai . l<:lj l~ s o i l  n : o i s t u r e  b e c o n e s  a l i r n i t i i l g  

f a c t o r  i n  \ \ r n t e r  u s e  by t h c  c r o p .  

I n  a r i d  r e g i o n s ,  the n1a~i:i tud.e o f  t l i c  consumj) t ive  

use t e r m  i n  t h e  \ \ : n t o ~ -  1,nl .ancc e q u a t i o n  i s  u s u a l l y  g r e a t e r  

t h a n .  any  other t ellm, o f t  en  e s c c c c l i ~ l g  t h e  o t l l e r  outf loibr  terlxls 

co!:!l_,ined, a n d  t h e r e f o r e  must  be a c c u l - a t c l y  l.cno~\~n. T h e r e  i s  

cr n e e d  t o  i.ml)rove t h e  n c c u r n c j r  o f  p re r l i c t ec l  v a l u e s  o f  coil- 

sumpi; ivc ~ i s e  by c r o p s  i n  d r y  I ' i . , r m i n ~  1;cgions. 

The p i i rpose  o f  t h e  r l ' I l o ~ ~ i p ~ o ~ ~  \ : .a tershed p r o j e c t  i s  t o  

stuciy t lie \I-.:I~ PI- b;ll.:tnce o f  CI r i : i l a l l  c?ry-f 21-med l.;.at c r s l l c d .  

T ' o p o g r n p l ~ i c a l l y  :?rid cI.i.~nni;ic,:~l.Ly j.t i s  simi..L;lr t o  much o f  



. , 

3 

t l l c  su: - l lo :~rrdi l lc :  re&i.orl. T h e  c.l-oppj.rlg- p a t t e r n  o f  s n i n l l  g r a i n s  

i s  typ i . ca l  of ' ,  t l ic  Pa.l.ouse I -egion .  

The pur-pose o f  ttl-1i.s t h e s i s  i s  t o  p r o v i d e  a n  i n d i c a t i o n  

o f  tt!lc r e l a t i v e  n:agnitadc. o f  t h e  v a r i o u s  components  o f  t h e  

hydro  J o g i c  c,ycl.e a t  tlrc T!i.onipsoll !ca ter  s h e d ,  and  t o  j - r i d i c a l e  

t h e  p r o b a b l e  e r r o r  o f  tiet c r ~ i i n a t i o n  o f  t h e s e  c o m p o ~ l e n t s .  

Piost o f  t h e  components  o f  t h e  h y d r o l o g i c  c y c l e  c a n  b e  

m e a s u r e d  d i r e c t l y  w.i.th i n s t r u m e n t  s a t  t h e  w a t e r s h e d .  

Ho\+rever two co:nporlent s , e v a p o t r a n s p i r a t i o i l  ancl d e e p  p e r c o l a - .  

t i o n ,  c a n  oi2J.y be measured  i r l c l i r e c t l y  by o b s e r v i n g  c h a n g e s  

i n  s o i l  m o i s t u r e .  An n d d i t i o n a l  p u r p o s e  o f  t h i s  t h e s i s  

i s  t o  i n d i c a t e  the  na?n i  t u d e  cf t h e  e v a p o t r a n s p i r a t i - o n  

component as r=: t1 .~ula t  ed b y  severa.1 of  t h e  rnore chn~rnon f o r - ~ u l t l s  

r e l a t i f i g  e v a p o t ~ z z s p i r - a t i o n  t o  v a r i o u s  c l i m a t i c  p z r a m e i e r s .  



Tlle \ i rntcr  ba1 ance  f o r  a 7,v.atersticd call be \brritLcn i n  

t h r e e  g;e:leraJ. t e rms :  I11f.low = Ci-i:~l~g:e i n  S t o r a g e  + Outflow. 

P r e c i p i t a t i o n  i s  of ' tcn  t h e  o n l y  s i g n i f i c a n t  s o u r c e  o f  

infJ.o\,v t o  n \ \ ratershed.  Otl-ler possib1.e s o u r c e s  of  i n f l o w  a r e  

s u r f a c e  :?-ater tliat; flo:,rs o n t o  t l ic  l,:.ntershed from a hri-p-her 

e l e v a t i o n  and wa te r  t h a t  i s  t r anspo l - t  ed o n t o  t h e  vtnt e r s h e d  

f o r  a p a r t i c u l a r  r e a s o n  such a s  t o  i r r i g a t e  n  c rop .  

The second te rm o f  t h e  !.:atel- b a l a n c e  d e s c r i b e s  t h e  changes  

o f  m o i s t u r e  s t 0 r a t . e  i n  tkie s o i l  man t l e  and wate r  con te l i t  

o f  snow cover .  Evapot ransp i . rc? t t io~ l  by t.he c r o p  and s u b s u r f a c e  

f low o u t  o f  t h e  s o i l  man t l e  u s u a J . 1 ~  ciccount f c r  m o s t  o f  t h e  

~ u t f l o : ~ :  f:-em n r;ntc:-shed. ! i 'ater i i i s t  i s  pun;ped f r o m  ? < e l l s  

a n d  t r a n s p o r t e d  2:irZ\j7 f r o m  t h e  :catel-slied i s  al.!other. form 

o f  outl"lo?.r. 

4. 
The wa te r  b a l a n c e  i s  a  v e r y  brooci t o p i c  t o  c o n s i d e r .  

of t l ~ e  facto.1.s i n  t h e  :v-ater bc?l;?r;ce e q ~ z a t i o n ,  s o i l  

!noi:st u r  e sto1-8 ge arid evapo $1-anspil*at . icn,  have Seen t h e  

s u b j e c t s  f o r 3  :iiany i n v e s t i g ~ . . - L i o n s .  R i  j tema (1965) sncl Ward 

(1971) revie!; much o f  t h o  \;i~r.Li d e a l i n p  w i t h  e v a p o t r n ~ ~ a p i r a -  

t i o n ,  ancl Car-dl- r~~- .  (1953) p r z s c n t s  a!i e x t e n s i v e  l i s t  of  r e f e r -  

ences  de:ti.inc; l i i t h  s o i l  moi.stuime. To t h e  l ;no~+~ledge o f  the 

aut!lol* t h e r e  has hzen no si :I: l c  r e v i  e\ i  t l r2 . i ;  c o n l p l c t  e l y  , 

covet-s t h e  s u L j c c i  o f  t l le  \ c a t e r  5::l::nce. ;\Ian;. $-cod sum- 

11l;l;'i. C:S,  il:)?:.2vc~', ii:ive ijc~i.! i.,,lli t::c]i ~ ; - l i i . ~ ] )  i f j - ~ c u s s  t h e  u s e  

o; -tile ;.-.-:,t c.1' ; ; ; i : .<ir i~ e .IS :L c. 1. c1:lt.c:; t o  cacl? o f  i t s  co~ iponen t  s .  



It i.s llot w j . t l ~ . i . n  t h c  .c;cope o f  t1li.s pa:)crX t o  u n i 1 y  a l .1  t h c s e  

suir~mnrics .  An a"itcm1)-l: II:I,Y b e e n  111ade t o  p o i n t  t o  n fcw 

cxnmpl. c s  o.f tyj:i c n  1 ~.;o:..!c t h a t  17:~ s been dc ne 1 1 s i i 1 g  t l l c  .cent c r  

b a l n l ~ c e  pr i .1 ;~  i p a l .  ;?I s o ,  a fc\$- r e f  ercrlces a r c  c i t  cri w h i c h  

d e s c i - i l ~ e  mctito tfs r'or t h e  d e t  ci-ri~i  lat ti on o f c v n p o t r n n s p i r a t i o n  

and a concept o f  s o i l  r : ~ o i s t u r c  ir;oveincnt. These  h z v e  b e e n  

Some I J s  cts c f -I-!? c I:';) t PI- Prr l :lnc c 

E a r l y  \\.n :cr bal.nr;ce s t ~ d i e . ~ ;  b e c a n  wit11 n r c a s l ~ r e ~ n e n t  

o f  mt er u s c  by sing1.c p l a n t s .  ;\icicDougal a n d  S p n l G i n g  

(1910)  r e l a t e d  cl~r~n;:es i n  s i z e  o f  sa11.uaro ( c a c t u s )  t run lcs  

t o  : i vn - i~ lnb le  t-;l~istt:i-~ i l l  t h e  cicscl-i; ol" Sonorn ,  P lo t ico .  
> 

They i l l s o  tr.i.cc1 t o  rcl-ai- c v;?t P?: n s c  t o  c l i 9 a t j . c  c o ! ; d i t i o n s  

by ~~re.igliin{r: :;~n:+ 1 I c n c t  i j.n pol;.?. 13r-j. ggs and Sl~zr i t  z (.L91G) 

u s e d  p o t t e d  pL ,?~ i t s  t o  show t h a t  c l i n a t e  and w a t e r  u s e  by 

; .  p l a n t s  c o u l d  11 e r c l n t ?  cc'i. T h e i r  r i~casurc!ncnts  were  su f  f i- 

c i e ~ l t l y  p r e c i s e  t-o i11ciicrti;e lloul-ly m o i s t ~ r r - c  l o s s .  

The u s e  of  t h e  w a t e r  h a l a n c e  \\,as l a t e r  expnncled t o  

l a r g e  wni: crs l l cds .  Lo\:rl-y arid J o h n s o n  (194 5 )  usccl t l i c  w a t e r  

bn1nnc:c i n  l a r g e  b a s i n s  t o  d e v e l o p  a cumuI.nt ive h e a t  

e q u a t i o n  f o r  p i - e c l i c t i n g  c v a j ~ o t r ~ : ! n s p i r - a t i o n .  Solorrinli (19G7) 

used t,lre \<at ctr b a l a n c e  t o  d e t e l - n ~ i n e  t h e  a c t u a l  e v a j ~ o i ; r r ? n s p i ~ - ~ -  

t i o n  i n  a l n r g c  basin i n  a t r o p i c a l  c l i m a t e .  A s  p a r t  o f  

t h e  I n t c r n n t i o n ~ i l .  liyd1:ol.:){:;j.ca3. I ~ c c n d c  t h e  ~,i:atc bal.:unce i s  

being; :applic:d i.0 ~ i n t c l - s h c t l s  r i l l  ,71..L n a t i o n s  ol: t1l.e i,;o~-LcT 

i n  a11 :ii;tc~~lpi, i.0 I I L C ~ I S ~ ~ L - C  i:Ile t o t i l l   rat^^- ~ - c . c , o I I ~ - c ~ ~ :  o.f t h e  



6 

c a l ~ t h  ( \ i ' : i r c i ,  1.96'7). 

13la1-1ey and Cr:i.rldle (1950)  u s e d  t h e  \:rrct cl- ba lnnce  i.11 

i . r r i g a t  cd  a r e z s  t o  de\reJ.op t11cj.r \ , r a t  c r  u s e  coef  . f i c i e n t  s f o r  

vnilj.ous c130ps. 'I'llcir \,rorlc I l ns  been cont inue t l  th1-oufhc11t 

t o r 1  T l ~ o l ~ r ~ t l i ~ \ ~ n i t e  and ;.iather (1955) sl~o\,red t h a t  cvapo- 

t r a n s p i - r n t i o n  can 11c cal.cu.J.;ltcd f r o i n  cJ.iinat.ic dnt,n 2nd c211 

1 I .  i r I . I c j r I I .  Jensen 

a176 o t l l e ~ ~ s  (1970)  r7cvelopeci t~ cotnputcl. pr-og.ram, based  Dn t h e  

\ i7ater  b a l a n c e ,  t o  be  used  f o r  irril!:;t i o n  sche611.J.ing. 

The w a t e r  b a J a ~ ~ c e  ha:; bce1-I used i n  r e c e r t  y e a r s  t o  

s t u d y  spec< Cic a s p c c t s  o f  s ~ i l - \ ~ : n t c ~ ~ - - j ~ l . a n t  r e ? a t i u : ~ s i ; i l ~ s .  

Sha~: (1962) ilsed i t Co d c t  er1:linc -I;:ic: so i l .  m3.i s t u r e  r e q u i r e -  

~ n e n t s  f o r  cor-n i n  O!:io. Z n i c l -  and I:c;-,,ijct-tson ( l $ ? G G )  used j.C 

~ ~ t r a c t i o n  c o e f f i c j  c n t s  i n  d i r f e r e i l t  ~~~~~~s o f  s o i l .  Zizck,  

Gal-dncr :LI~CI  Tnnnc?r (1970) usc.c; t h e  \:r:lier bn3.nl1cc t o  c!c.~"Lcrmine 
.L . 

\,rater stot-,-,ye ant1 ( ! ra inape f o l -  rz row of' snap  hcails and found 

usei! j.t t o  i c l e n t i f y  t h e  s o u r c n s  of 1:rater u s e d  by- clcsert s l i rubs  

i n  Dca-Lh V c l l e y ,  Cn.Li,'ornia.. 

Rcce;:t stuc;i.cs (S t evens  1959,  ? i o s s  1.965, 1,i.n. 1967)  used 

t i l e  water b a l a n c e  t o  s tuGy ?:ro~~ilcl :;ratzr s~! ; ipJ~ ics  i n  t h e  

b a s i n  o f  ?.;osco:..r, Idaho 21:d I'nll~rfian, \gz:;hin@,on. These 

s-i;ucli.cs llave s?lo\.rn t 11a.l; r c.cl,:i~-ge i11t.o t h e  n q u i f i  er. i s  l e s s  



\\.auld be c ? i . s t r i b ~ i t  CCI n p p r o s i r i ~ n t  e l y  ( i i i?;  i o  e ~ ~ a ~ ~ ~ ~ t r ~ ~ r ~ s ~ ? i r ~ i ~ t i . o n ,  

2576 t o  rur loff '  alltl 15;; t o  dcejl  per-coJ:~ti.on. 

>:c~thoc!s !,':;cc' t o  I3ci cr.31-i.nc Il:\-:ir:gti t-;!!!:;!:i r r t t . i o n  - - _  
I n  most , ? r i d  r e g i o n s  t l ic l a r g e s t  5,irigl.c co;l~poncnt- o f  

t h e  itrat e r  b a l n n c c  rtlu;iti.on S .F: evnpoti-t- lnspir~?-tio11. Dir -cc t  

t i~eas l~ re rncn t  oj.' e e v n p o t r a n s p i r n t  i o n  i s  n o t  p o s s i b i  e a t  p r e s e n t ,  

bu t  i n d i r e c t  measurement i s  vci-y colnrnon u s i r l ~  c h a n p c s  i n  

s o i l  m o i s t u r e  s t o r n , r e .  Xany i n v e s t i r a t o r s  have  dcvclopccl  

f o r m u l a s  t h a t .  r e l a t e  e \ r a . p o t r g ~ l s p - j ~ r a t i o n  t o  o n e  o r  more 

r 1  c l - i m a t i c  p a r n r n e t e r s .  I h e s e  Tor rnu las  a r e  e a s y  t o  u s e ,  how- 

e v e r ,  b e s t  r e s u l t s  a.re o b t  n i .ncd  f o r  mor i~ l i ly  o r  aizlzual 

" bzjances. I l l e r e  arc: a few f o r t x u l a s  t h a t  r i v e  good r c s u l t s  

f o r  s h o r t e r  t i m e  ~ c r i o d s .  
> 

The e q u a t i o n  d e v c l c p e d  by Pellma!! (i9.13) zntl l a t c r  ~i iodi-  

f i c d  by Walker  ( ' l 'o r ra ;~cc  13G:_') i s  g c l ~ c r s l l y  a:-ccl;teC as t h e  

mos t  a c c u r a h  e q u a t i o n  a v a i l a b l e  f o r  pr eclictirl-E evapot;-ans- 

.# . . p i r a t i o n .  It takes  i l l t o  c o n s i d e r a t i o r !  t he  encrgy  f a c t o r s  

t h a t  char;.ge ;,:ata- f rom a 1 ic ;u id  t o  a g a s  and t h e  mass t r a n s -  

, f e r  f a c t o r s  that, rno\.e the gas away f rom i h e  e ~ ' a p o r z t i r , g  

s u r f a c e .  

Jc r l sen  on6 I I a i s e  (! 965)  d e c l d r d  t h a t  s o l z r  r a d i a t i o a  

was t i l e  s i n g l e  ! i~os t  in lpcz- tzn t  f a - t o r  oi' the e n c r g y  b a l a n c e .  

The e q u a t i o r ,  t11e-y cIevcloy,ea (:as f o u n d  t o  g i v e  f a i r l y  e:ood 

p r e c i i c t ~ o ~ i s ,  even  f o r  re.l .nli-~rcl:-  s h o r t p e r i o d s  o f  t i m e .  

Considerable woi-l<. h a s  i~ceri clone i,c r e l  2t e p;7n evapo- 

/r. . . rat I t o  PV : -po tr.rb.!!;;;~:i. 1*:7t in!! [ ~ ! i l ' 1 ~ ' i ~ . ; l p ~  E:.I? . l ( \ ~ t j ) .  ~ e v ~ r : - ! l  



cor r~ple tc  c l i n i n t o l o p i c n l  s t n t i o n s  ha\rc been s c t  up i n  C a l i -  

f o r n j a  t o  s t u d y  pan cvapol.ntion as a f u r ~ c t i o n  of  c l i m a t e  

f o r  t h e  m o r c  i rnpo~. tsnt  n c r i c ~ r i t t ~ r a l  r c p i o n s .  

Pn I m p o r t ~ n t  Conce l~ i  Ilcnli ri.- 1:-i t h  Soi 1 ' i o i s t u r e  

A cor i t roversy  ove r  t h e  1 - e l a t i o n s h j p  between c r o p  s t r c s s  

and evapo t i -nnsp i r a t  i o n  h a s  o c c u r r e d  f o r  many y e a r s .  Sam@ 

i n v e s t i g a t o r s  f e l t  t h a t  t h e  r a t e  o f  w a t e r  u s e  by a c r o p  was 

no t  e f f e c t e d  by t h e  t e n s i o n  a t  which \,.ater i s  h e l d  by t h e  

s o i l .  O t h e r s  f e l t  t h a t  t h e r e  was an e f f e c t  a t  v e r y  high 

t e n s i o n ,  h u t  t h a t  t h i s  was no t  important s i n c e  n i o i s t u r e  

r a r e l y :  i f  e v e r ,  was allo\<ecl t o  r e a c h  t h e s e  t e n s i o n s .  

Another group thougil t  t h a t  t h c r  e  was a c o n t i n u o u s  d e c r e a s e  

i n  t h e  r ~ t e  o f  w a t e r  u s e  a s  p r o p - z s s i v e l y  h i g h e i - ' t e n s i o ; l z  
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were r eached .  

The b a s i s  f o r  t h e  c o n f u s i o n  among t h e s e  c p i n i a n s  scems 

t o  b e  c e n t e r e d  z round  t h e  c ,onccpts  r c i a t e d  t o  s t a t i c  mois- 

*A .  t u r e  c o n d i t i o n s .  The t e rms  f i e l d  c a p a c i t y  and wi l t i ~ g  

p o i n t  were  c s e d  t o  imply a  s t a t i c  s t a t e  o f  i no i s tu r e  i n  t h e  

f i e l d ,  a s t a t e  t h a t  se ldom e x i s t s .  R e s e a r c h e r s  ~ T ' C  therefc)x-e 

becoming more 11esi.t.azli; t o  u s e  t h e s e  terrns t oday ,  

Veihmeyer ~113 Zicndrickson (1955 j ~ i t t  eaipteil t o  show t h a t  

s o i l  moistui-e t c n s i o : ~  has  no  ef  l 'ect on e i r a p o t r a n s p i r a t i o n .  

Den~iead and Shav ( 1 9 6 2 )  rcvir-I..[ much o f  -:he ev idence  t h a t  

shows t h e r e  i s  u d e f i n i t e  dccre:!re i n  evnpot rn i i sp . i . r a t ion  

11.i-th incr.ec:;S.ng moi stl.lre te!ls-ioi-r. C;:~~.c?l?-er ( 1 . 5 G C i )  i n t r o -  

ciucer! t h c  c$:~:~i:lics or s o i l  FIW st:1rhc r: l1 ; ;  d ~ \ ~ e l c p e c I  n model 

tcr j)l,e--ili z t tlii: ~ . e i  c:I;-L' oi.' S O ;  1. m o i s t . a ~ ' c  I:? t h e  p i  a n t  rooi; s .  



Ct11-x.cxltly t i r e  l ' ~ ~ o m ~ ~ : : o ~ ~  \\rat el-sllcd i s  b e i n g  o p e r a t  eci 

unc?er a  dua.1 I c z s e .  The A g r i c u l t u l - n l  Engixleerj.11.g c lcpar tment  

i s  u s i n p .  i t  t o  conCuct  . \ l a t e r  r e s o i l r c e  r e l n ' c e d  s t u d i e s ,  a n d  

r .  David  Eu.11, n l o c a l  g;rnin g:roli:cl-, i s  u s i n g  i t  f o r  p r o -  

d u c t i o n  o f  barle; .~.  

The \qr:tershecI i.s 1ocntc.d o n  t h e  e z s t e r n  cd{j.e o f  t h e  

P a l o u s e  a ~ ; ~ - i c u . l t u r a l  r e g i o n  a b o u t  G 111j.les n o r t h e a s t  . o f  :iioscol\r, 

r.7 I d n l ~ o .  Lhe watei-slleci i s  r o u ~ h l y  o v n l  .in s h a p e  a n d  c o v e r s  

a p p r o x i r n ~ t e l y  8 n c l l c s .  S l o p c s  rnng:e up  t o  20%. No p e r r : ~ n n e n t  

s t r e a m  c l i : l t ~ ~ e I  c x i s t s  bcca i l se  o f  c o n t i n u o u s  crop pi:^^ d u r i n g  

t h e  I n s t  t h r e e  ycai-s .  IIo~irc\rcr, 15rl-1cn l e f t  i n  f3l lo1;-  p r e v i o a s l y  

i t  ciid devel-op n ~ , ~ - G I ; ~ u ~ c c : c ~  ~ ~ ~ l l l e j r  t!:[:t made t i l l a g e  

d i f f  i c l r l t  . 
T h c r e  a r e  f o u r  w z t e r  b e a r i n p :  1,atnIr h o r i z o l l s  i n  t h e  

F:o:;covi b a s i n  .~~rlli.ch 21-c s c y , c ~ r n t c i l  by t h r e e  l a y e r s  o f  Coluinbia 

-, 1Zivc;- ~ ~ r j s u i  t . 'The uppci- 11ori.zun i s  c o v e r c d  by t h e  P z l o u s e  

f o r m a t i o n  ~ ; ih ic i l  i s  a l o e s s  (3,in 1 9 6 7 ) .  S e i s m i c  1,;or.L done  

by Gor.c!o:1 S . l c ~ ! : l e ! ~ s e l ~  (pcl.>sona: c o n i m ~ ~ ~ ~ f . c n t i o l ~ )  a t  t h e  

~:.tat;cl?shcd i i l d i c z t e s  t h e  P n l o u s e  I o i - ~ ~ l a t i o ~ ~  1-anp:cs from 20 i;o 

70 f e e t  i.n i l e 2 t h  nl ld t h e  u p p e r  1,c:taIl liori:r,on e x t e n d s  dol..r~l 1 5 9  f - t .  

1 ,  I llc d ~ . > i . l l . i  n g  1.ogs f o r  f ollr o l ~ s c r v a t  i c n  11.cl1s s~Io: .~ t h a t  

t11ct1.c ;:t-c: r!lany 3.ayer.r: t i l ~ ~ t  ;;lt c r n a l  e be-t1:;cen s a n d s  ant1 c l a y s .  

'I'lle . s o i l  i.s b a s i c n l . l j r  :t s i l t  ~ i h i . c l l  ranc;cs  frUor!~ a sni-~cly 

1  c I c si I .  S o i l .  ~1cns.i.t.y !;.as r n c a s ~ ~ r e t l  at. G-inch 

i11tc:rvnl.s ~lo\,iri t o  T, i!epttl o f  8 i'c\ct : ~ t  sj.x cl r i . I i ' c~~ent  1 . o c n t i o n s  





t i o n s  o f  t1ic:;c s i x  s i t e s .  Tlle :-tvcrae:cs o f  t l ~ e  d e n s i t i e s  f o r  

C ? R C ~ ~  i . ~ ? t ~ ~ - v r ? l  were  ~lsecl  t o  dcvc lop  t h e  c u r v e  p r e s e n t e d  i n  

i Z .  '1 '11~ uppcr. p o r t i o n  o f  t h i s  c u r v e  i lppra rs  t o  agyee  

f ~ t i r i y  ~ ~ 1 . 1  wi t11  t h e  c u r v e  developed Zrom d a t a  o b t n i r ~ z d  

by Kef'f (19SCj) for- t l ie  same \.intcrsilecI. The dcnse  r e g i o n  

i .ndic;! ter l  -"or9 t h e  so:i.L r!c11th~; f r ~ r n  3 t o  6 f e e t  r . e s u 1 . t ~  from 

a coapzct(:d c l a y  l ~ y c r .  T h i s  l a y e r  i s  bc l ievec l  t o  r e s t l - i c t  
; , .. 

deep p c l l c o l n t i o n  and  c o n f i : ~ e  t h e  r o o t  zone.  

Tilere i s  oile percllecl :,-nter t a b l e  I;noi~m t o  e x i s t  

\ i r l~ici l  i s  1-~1?ob2'uly ccriused by a dense  c la j r  l a y e r  i n  t h e  sub-  

s o i l .  Ai; 2,\:'0 l o c a t i o n s  on t h e  \ , ratershed c . lcy  l n y c r s  a r e  

e x p ~ s e c i  a:: t h c  s u r f a c c  2nd t h c  c r o p  g;ro::ith h e r e  i s  
b 

r!ol::i.c:.egl~ly 1.17,5,5 f,!1,-in 0 x 1  .I;l~e r9errn,?indcr o r  t h e  f3e_!-r?,  Th.e 

cleira.Lion o f  I r e c  1,iratcr was h c a s u r e d  c s i n g  t h r c c  o b ~ c r \ ~ i t t i o : :  

\ , le.lls.  A l l  t h r e e  \ , j e l l s  had h i g h  ~ ~ ~ a t ; c ~ -  l e v e l s  d u r i n g  Janu-ary  

t)1ro:1~11 J u n e  \,-?tic11 c o r ~ ~ c s p o n c l s  t,o t h e  p e r i o d  o f  rcchar.p;e. 

Ll::-i,a co1l.ectc.d f r o ~ n  t . l~cse  :;rclls i s  p r e s e n t e d  In Appendix E. 

Neff (19GG) fci-md t h n t  t h e  s o i l  on the  \:.atc19.<lled cou ld  

holcl. a n  ~ i ~ i 3 ; ' ~ ~ ~ c  o f  5.7 i n c h e s  G S  ~ l o i s t u r c  perb l o o t  o f  s o i i  

a t  ,? ~ n o i s i u l - c  tcn.si  O i l  oi' J./3 ntrnospllcre, a11d 2 .  ;5 i n c l l r s  st 

m o i s t u r e  pc-:r Coot o f  s o i l  a r c  a v a i . l a b l c  f o r  pl;?:lS u se .  T h i s  

v z l u e  i s  cst,;-cnrcly lri-rll f o r  an)- t y p e  oS s o i l .  The i3efore  

ca;)::city o f  5 . 2  i n c h e s  p e r  f o o t  a t  1/3 n~tmosphcre.  T h i s  





Soil dens i t y ,  grams per cub ic  c e n t i m e t e r  

FIGURE 3 : Average soil dznsitY prof ili? for 

TI-iornp:on w ~ t e r s h e d  near Moscow, 
ldcr170. 



t h a t  t h i s  s o i l  j l i . r)bnbly doc.-, have a hi$:h m o i s t u r e  h o l d i n g  

c n p ~ c i t y .  170r t hc j)ur-~tosc:.  o f  t l l  i s s t u d y  i t  iiill b e  n s -  

surncsci t l l n t  5.0 ri:!clics of  m o i s t u r e  p e r  f o o t  o f  s o i l  a r e  

availah1 e f o r  c.lsop u s e  a-t t h e  sti11-t o f  t h e  ( ro l : ing  season.  



4-11 o f  t h e  c1af.n o b t a i n c t i  duri nr t11c lOii9-'70 and 19'70-71 

\,rnter ycn1-s a r e  ir-lclucled i n  .!ppe~ldix 13. ;*It:r:ll o f  t h e  d a t a  

were pu:~cltcd on c a r r i s  t o  f u c i  ] . i t a t  c roi.lt i n c  cr?l c u l a t  i.ons 

w i t h  t h e  1131  360 computct-. 

\i'a?.er Eud-l.c;l.. !Jn.i:tr1l;~,s!~t;lt i o n  -- - - A - - u . - - . . - ^ - - - - - . -  

Pr cci.?)i. t a t  i o n  1::s mcnsti!,'ecl usring a st c?~lclc.!i-cl 8 - inc l l  -- ...- 

p r e c i p i t a t i o n  gauge l o c n t e d  n t  t h e  i n s t r u m e n t  c l u s t e r .  

The re  i s  a l s o  a dun1 i - :~ingr~ag;c s y s t e m  J.ocnteci a t  t h e  c r e s t  

01 t h e  v,r~. tcrsl led.  In t h e o r y  t h e  d u a l  gauge s1;ould g i v e  2 

r e a s o n a b l y  C I C C U ~ - ~ ~ ~ C  -iralue o f  n ~ o i s t u r e  cc?,up-h-t zt t h e  s o i l  

s u r r a c e  n f  t c r  t l l  e ulc:rtsui*ed g r 5 c c i p i  t a t i  cn  has  l~cc-rl adjus-i; c d  

u s i n g  t h e  nict,hod Zc-vc-lupcd by Si;litll c711ci. 1-I~nion (1959) .  S i i i c c  

t h e  c r e s t  o f  t h e  ~~:ni .c i . s i~ed r c p r - e s c n t s  v e r y  l i t t l e  o f  t h e  

t o t a l  a r e a  invo lvec i ,  i t  i s  b c l i e v e d  t h a t  t h i s  ~ n e n s ~ ~ . r e m e r l t  

would p i v e  a p o o r  i.:-1i:li.catj.on o f  t h e  avorazie a r e a l  d is t r - i .b i l i . ion  

o f  p r e c i p i i . a t i o i i  011 t l ~ c  ~,:nf.c!i~s;l?ed. The s tnnda l -c !  ~ 'c:ugc at 

t h c  i n s t r u n ~ e n t .  cl .r tster i s  1 .oczted  o n  n lor lg p - a d t ~ u l  s lol ;c .  

For t h i s  lqe:isoi> i t  1,:r;ts deciclcci t h a t  p r e c i p i t a t i o n  v n l u e s  

o b t a i n e d  ~ro1;l  this Falige \i'ouJ.cl be  more r c p r e s e ~ l t ; l t i \ ~ e  of  t h e  

a\rcrr \ge a r e a l  cl is t1- . ibuJi ion t.ira:l t h o s o  ob.tnincc1 f r o m  t h c  d u a l  

p-nu[.:e. Neff (1.9G?) ~; : ;~~;~es tc?c!  "i12t a c o r ' r c c t i o ~ ~  oC 1-airr gauge  

ciain s h ~ u l . t l  o n l y  b c  :ilt:dc as c!i~c;tat.ed by a c c u r a c y  o f  t h e  

o i ; l ~ e r  pnr:xict crs o f  tllc 111-0 j c c i .  IIc C r ~ ~ l i i i !  t l l t i t  a gauge 

l o c a t e d  on  n 532: .sl ol;=t ~ % ~ o ~ . ~ l r l  c a t c l i  10:: .Less t h a n  t l l c  s o i  l~ 

a n d  a p'zu::-f:: on  t h e  c;i:c:;t o f  a ~-ic!t:.e \%.oir.ld ~ - c c c i . \ l c  1.676 Jess 



co r l - cc t i on  \irns nppl ic i l  t o  t ! ~ e  rr;c:isu!.-ed v a l u e s .  AII a v e r a p e  

a c c u r a c y  o f  10;: i s  reasonnl:le f 01- an1:ual p r  c c i p i  t 2 t  i o n .  

accompanied by \.:incl t h e  n c c c r a c y  o f  rr.ensuremc11t is p r o b a b l y  

2076 t o  5976 a t  best . .  

S u r f a c e  1-unof f  !,-as nlcnsui-ed !<-it11 a S tevens  w a t e r  l e v e l  --- ----- 
r e c o r d e r  on n drop-bos  w e i r .  Tl-re s t a g c - d i s c h a r g e  r e l a t i o n -  

s h i p  \,,as cI-recI;ecl u s i n g  n I~ucl ' iet o f  Iino\~.:n volume 2nd n s t o p  

niensul~eri f lo~ t r s .  Accuracy of '  thS s paran:eCc!- i s  l i m i t e d  

by a 1cA: i n  t h e  c t l t o f f  ~i-a3.1. T h i s  1 1 7 2 l l  c s t e n d s  ] l ine  f e e t  

be1 o!:~ Ct; c cI~ : ! j l t l~ l  l~o t ton l  t o  i.nl.er-cc:,'i. and brj.ilg t o  t h e  

s u r f a c c  any s i ~ i i s ~ l r f a c e  f lo?; . . '  Tile l e a k  i s  o n l y  n t r i c k l e .  

The I ' lo~,.  passing: ove r  t h ?  v;eir on Feb rua ry  24 ,  1971. 1~2s 

rnensui-cd a t  0.00Z j:.ncl-tcs p e r  day and appcsrccl  t o  l:;:ve 3pprcxi.- 

rnatcly Cllc s::nle d i  ,rch::rt,c a s  t l l c  l e a k .  Dai-i 112 a nlorith t h i s  

lcnl i  cou ld  c?r!iount t o  0.1 i n c h e s  oC unmcasu~-cd i r r t c r  €1 o\\f 

o r  1-unoCf. S i ~ i c c  2 t o  3 j ~ ~ c h e s  o f  s u r f a c e  ruraoCf v e r e  

n~cnsurcr l  f o r  t i le  two n~ont l is  t h t  !izd flov: n e a r l y  n. l l  ~noi~i;h, 

a n  e r r o r  of a b o u t  5:; cnn be  a t t r i b u t e d  due  t o  t l l c  lea l<.  

S o i l  r n o i ~ t u l - e  v a s  n~easi r rcd t o  n depi-11 o f  3 f c c t  by t h e  - 
gravirtict r i c  ri~ctilorl cluri 11:: t lie su!rir;lcr. c?f 1970. I n  October  

3 979 s i x  n c c c r s  t u b c s  l:crSe i l l s t n l l  ed t o  a1 3 0.;~ measurement o f  

s o i l  n!oi st:lr-e t o  a 6cptl l  of' 7 i'ec?t , s i n p  n n c u t r o ~ ~  p r o b e .  

2 Nucl t a u - C l i j  c ; ~  rSo p1-011c :jn:i s cn  1 cl- \:.as used froin Octohcr  



1970 t o  J anua ry  1971,  and a T r o x l e r  u r i i t  a f t e r  J a n u a r y  1971. 

1 ' 1 1 ~  calri.hr:jtion o f  b o t h  p robes  \\-as cl~eclcccl d u r i n g  t h e  y e a r  

i - n t e r v z l s  tlown t o  5 1/2 f e e t  and a t  1:-inch i n t e r v a l s  on 

dol~ln t o  a dep th  of  7 f e e t .  ~~ lcasu ren ien t s  were rnade nionthly 

d u r i n g  t h e  \;-i.nt e r  and 1srcekl.y d u r i n g  t h e  summer. I lccuracy 

shou ld  bc  c l o s e  t o  57:. 

Energy 211cl~:et 1nstrr::nent a t  i o n  

A i r  t ,em!~cratui%c - a n d  h u m i d i t y  were measured w i t h  a hy- 

p ro thern~oy-nph .  Recorded t empera tu r  ~s were checked usi i?g 

maximum and minimum t h e r n o n e t e r s .  The a v e r a g e  d a i l y  

tempera1;ur.e i s  t h e  a v e r a g e  of t h e  d a i l y  maximum and niinirnum 

te :npcra tures .  Rezorded humidi ty  was checked u s i n g  ail 

asp i . ra tc6  psychrometer  each  t i m e  t h e J  c h a r t  w a s  c;i-ianged, 

except  v:l~nn t h e  t empcrature .  w a s  below f r  eez5ng. The mean 

u a i l y  h~r ; l . i .d i ty  was o b t a i n e d  by a v e r a g i n g  t h e  2rc2 under  

t h e  I-ecorcled c u r v e  f o r  ezch  r lny. A 1 1  v a l u e s  f o r  h u n i d i t y  were 

r e a d  t o  t h e  n e a r e s t  2:;. Air t e m p e r a t u r e  i s  pro3abl-y a c c u r a t e  

t o  i l~ i t l i i n  21;'" and hun~ici i ty  Co w i t h i n  36. 

a r e  ,711 usetI f o r  cletcr:lrinnlion or^ evapotranspira t , io11 

u s i n g  actllocis o f  e n e r f v  La iance  and mass t r a n s f e r .  Evapora-  

t i o n  was mci;surcd i l l  a st,>ndar'cl 4 - fco t  d i ame te r  pan conl lccted 

t o  a St c v c ~ , ;  \ i n t e ~ -  l e u e l  r 'ccortler f o r  a cont i f iuous  r e c o r d i n g  

- of  t h e  ;+r::ter7 l e v e l .   he r e c o r d e r  f l o a t  was l o c a t e d  i n  a 



t h c  c u l v e r t  t o  p r c v c n t  c v : ~ p o r a t  i o n  from t h i s  \gat e r  s u r f a c e .  

There i s  a  c o n s i s t a ~ ~ t  e r r o r  i n  t h i s  s y s t e m  o f  measurement  

t h a t  r:lust be  tor-rccted. The volume of' l t r a t e r  removed from 

t h e  p a n  v,.:let~ E i n c h e s  o f  e \ . r a p o r a t i o ~ l  occul-s  i s :  

2 V = (1r/4)(4S) E c u b i c  i n c h e s .  

But w h i l e  e v a p o r a t i o n  i s  o c c u r r i n ~  f rom t h e  w a t e r  s u r f a c e  

o f  t h e  p a n  a d r i i t i o n a l  w n t c r  moves t o  t h e  pan  frorn s t o r a g e  

i n  t h e  1 G  i n c h  c u l v e r t  p i g e  t o  rnai.rltnin e q u a l  w a t e r  

e l e v a t i o n s  z t  b a t h  s u r f a c e s .  - i f t e r  E i n c h e s  o f  e v a p o r a -  

t i o n  have o c c u r r e d  t h e  \.:c?ter l e v e l  in b o t h  t h e  pan and  t h e  

c u l v c i - t  p i p e  w i l l  b e  .s!lo\\rn by t h e  w a t e r  l e v e l  r e c o r d e r  t o  

have  d r o p p e d  d i n c h e s .  The volume o f  w a t e r  removed ~2;. 

now b e  c a l c u l a t e t l  a s :  
I 

S i n c e  b o t h  xTolurncs a r e  t h e  same lie c a n  e q u a t e  t h e s e  two 

e x p r e s s i o r ~ s  and s o l v e  f o r  t h e  a c t u a l  e v a p o r a t i o n  E ,  

T h e r e f o r e  i f  t h e  rricasurcd v a l u e  i s  inti-eased by 1 0 ~ ;  t h e  

,2 2 4 - p ~ i n t  f!oriey:rc-ll r e c o r d e r  v i i  t h  Type-J thcrr!~r?cc~u.ples  

w a s  u s e d  f o r  h o u r l y  measurenicnts  o f  water t z ~ n p e r a t u r e  i n  

t h e  e v o p o r a . t i o ~ i  ~?.?II.  Recart led v n l u c s  w e r e  p e r i o r l i c a l l y  

checlred w i t h  a n~nximul;l.-n;i~lj.r:li~n t h e r m o m e t e r  i n  t h e  pan. 

T t  was found  t h z t  a n  avcr1ag,e c o r r e c . t i o n  o f  3i;" must  b z  

a d d e d  t o  the  r e c o r d e d  v a l u e s  t o  mnlcc t h e n  c o r r c s p o n d  t o  

t h e  1.11 cr11:ornct cr- r1 c z d i n ;  s . '1':1c r:~nsi m~!:~~-ini l l i rnu!t!  i; hc\r-n;ur~!c.t c r  
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i n  t h e  p a n  1~~2s f o u n d  t o  r e a d  t o  wi th i11  iI few t c n t l l s  o f  

a dep,i>ce o f  a r lo t l~e i -  r:lci3cury i:licrn:nrncter u s e d  f o r  c h e c k i n p .  

S t l i . e l d i r 1 ~  c!ir,cct s o l a r  r a d i a t i o n  frorn t h e  t e m p e r a t u r e  

s c n s o r s  d i d  n o t  hnve  a n  a f f e c t  on  t h e  l r a l u c s  r e c o r d e d .  

Thcrcfor-e  i t  \.!as d c c i d c d  t o  a p p l y  t h e  c o r r e c t i o i i  t o  the 

r e c o r d e d  t c n l p e r z t u r c s .  W r r t  e r  t e i n p e r n t u r e s  a r e  p r o b a b l y  

Dai1.y wind  itiovemcnt i s  s i n l p l y  . t h e  \ ~ i n d  s p e e d  i n t  e -  

g i > a t e d  o v e r  a 2.1 h o u r  p e r i o d .  The s t a n d a r d  3-cup anerno1;letcr 

c o n v e r t s  \:rind movement i n t o  r o t a t i o n a l  mot ion .  The  r o t a t  i o n  

o f  t h e  s p i ~ l c i l e  d r i v e s  t h e  c o u l ~ t e r  o r  r e a d o u t  d e v i c e  t h r o u c h  

a c c a r  t r a i n .  I n  t h c  c - ~ 9  o f  a r e c o r d i n p  anemor2eter 

t h e  r c a d o u t  d c v i c z  i s  a p a P r  o r  e l e c t r i c a l  c o n t a c t s  t h a t  

usj.11:: t h c  p r o p e r  F e a r s  i n  t h e  r e a r  t r a i n  i t  i s  p o s s i b l e  

t o  c a l - i b r a t e  t h c  c o u n t e r  t o  r e a d  m i l e s  o r  o t h e r  u n i t s  a s  

dcs.i.r.~ecl. P , l c c t r i c n  l ; ) r ~  1 s c s  w e r e  f  ed  i n t o  a n  L1:st e r l . i n e -  

P n g u s  e v e n t  r e c o r r l c i ~  \;11ich made a marl< o n  t h e  c l > ~ u - t  c o r r c s -  

por~clinp: t o  e a c h  m i l e  c f  ~,.,~incl ~novement .  T h e s e  mal-E;s w e r e  

c o u l ~ t e d  f o r  e a c h  24 I-lour p c r i o c l  t o  0 b t a j . a  \ r~?,Lues o f  d a i l y  

S o l a r  I-nr'li.ntion ~III:! s o i l  heat f 1.11~ a r e  i~eedec i  f o r  -- 
conlputnt  i o n  o f  evnpo t l - ; : ; ? sp i rn t  i o n  by t be '  Jensen- t Ia j -se  

and  Peninnri ec luat  i o n s .  D u r i n l :  t l l c  sumriier o f  1070 r:n 



a t  tllc \ i a t c ~ + s l l c ~ !  t o  rnc>;l:iulXe s o :  :11- 1-ndin! ; 1 - 1 r 1 .  Dri1.i 11:. t h e  

t o  h c  c l~ecl ic t l  :!ntl cnli1,r.a L e d .  l-'ur. t i le  ~ro!:i 1 1 ~  sc.i:so~l o f  

1971 t h i s  pyrnliornct e r  \,-as cocplcct t o  2 1 . i n t r o n i c  ?I2rli \' 

d i g i t a l  v o l t - t  irnc inte;ir , :rtor 311~1 10c . l t~ : I  OI I  t h e  r o o f  

campus. It i s  bel ieuec!  t h a t  evc!l t h o u c h  t h e  pyr2norneter  

i s  l o c a t e d  6 m i l e s  from t h e  ~va tc l - s l i ed ,  t h e  r e a d i n ;  s a r e  

r e p r e s e n t a t i v e  o f  b o t h  l o c a t i o n s .  J.ccurncy o f  r a d i a t i o c  

v a l u e s  shou1.d b e  w i t h i n  5%. 

S o i l  h e a t  f l u x  \(as measured  u s i n c .  tl.:.o Thori1ti;:i:iit e 

h e a t  f l u x  d i s c s  v:i.red i n  s e r i e s  t o  a 3 r i s t o l  r ecorc ic r .  

The d i s c s  r-rere p l .aced 1 - i n c h  Seloi;  t h e  s o i . 1  sur!,-.cc i n  

t h e  3 a r l e y  ficl?. ?.ccur,icj  o f  s o j l  ile3.L f l u x  v n l u e s  i s  

TT p r o b a b l y  PO:'; at b e s t .  nowever,  311 error o f  t h i s  rnacnituile 

fo r  n e t  h e a t  f l u x  p r e s e n t s  n o  pl-obl e m  s i n c e  t 2 e  m a ~ r i l t u d e  

o f  t h e  n e t  heat  flex i;u:-.i.ng a \t?ccli wi  l l  bc; l e s s  t h a n  196 

o f  t h e  t o t a l  rnd in1 ; ion  i n v o l v e d .  

C o r : * e l ~ t . i ~ : l  :'r,sl:.isi .s o f  C l i -mnt ic  P a r a m e t e r s  
- - Y - - -  - -- 

O c c a s i @ n ; ? i l y  I t  j.s d e s i r a b l e  t o  e>ctend c l i n a t o l o g i . c a i  

r e c o r d s  a t .  a $c7.r'iicular '1 or~.at , ior i  us in^ d a t a  I r o n  st zf,iox:s 

i n  t h e  s u r r c ~ i ~ d i u g  arbea. ,',s a t c s t  o f  t h e  f e ~ s i b i l i t y  

of  d o i n g  t h i s  x.hc Tilampson w a t e r s h e d ,  s e v e r a l .  c 1 i . m a t . i ~  

p a r n n i e t c r s  w c ~ t :  c i~c ; se r~  f o r  ~ * c p . r c s s i o n  a n a l y s i s .  The t h r e e  

ririranleters c h a s c n  f o r  t h i s  a n a l - y s i s  were a i r  te r ; !pe~-z ture ,  



!?cprcss i  o n  .!nalys-i.s o  l' c1im;l t i .c  pnrni11et.ers f o r  
t h e  '1'11c::npson \:';lt.cl-:;bed ; ; ~ l c l  t - n i v c r s i t y  farm.  

Wccltly Tci:ipcl-~?,\ir e  '1" = -1.89 -t 1 . 0 2  l', 0.990 I L 

Weelily Pr  c c i p i t  a i  i o n  F1 = i O . O 1  + O . E 8  P, 0.305 
Z. 

Iieelily Evaporn  ion El - -0 .52  + 1.1.1 E, 0.697 
C 

D a i l y  E v a p o r a t i o n  E = i0.10 + 0.31 E2 0.i72 1 

S u b s c r i p t s  a r c  u s e d  as  f o l l o w s :  

1 f o r  gauge l o c a t e d  a t  Thompson wat ervslled 

n 
L f o r  gzuge locatec! a t  U n i v e r s i t y  farm 

3 f o r  t h e  s11i.c.icIed p r e c i p i t a t i o n  gnudc a t  ,Thonpson Watershed 

2 The R t e r m  :in o ; - eg re s s ion  a n a l y s i s  i s  zn i n d i c a t o r 3  

o f  t h e  f r a c t i o n  o f  t h e  v a r j - a n c c  ,?,ccounteri f o r  i)y t h e  r e g r a c s -  

t h a n  h a l f  o f  tlle v a r i ~ ; ~ i c e  c a n  be e x p l a i n e d  2nd a v a l u e  

of t h e  rjepel?dent-. v a r i a b l e  c g i c u l a t e d  ~ s j . n g  t h e  r e g r e s s i o n  

e q u a t i c n  i t r i l l  ! ) robably S c  sj f , n i F i c n n t  1 y .  d i f f e r e n t  fro19 t h e  

mcasured  va3.uc, kl lethc+~- o r  n o t  t h i s  diffcz-eilce i s  a c c e p t a b l e  

depencis p r e a t l y  on  t h e  .rtcCiij'acy c f  t h e  m e n s u r e d  d a t a  u s e d  

i n  t h e  e q u a t i o n  a n d  t h e  ( I c s i r e d  r e s u l t s .  

n r h2 \crecl:iji t en~pcr.;) t urc  a t  t h e  Thompson w a t c r s k c d  

a n d  t h c  i Jn i \ ; c r s i ty  farrn ;,:~o\ied a cond c o r r c l a t i o n .  T h i s  

c f  :CPC!C i.q ?;?I!;:. erll.>z;li tc: srl;l:)ot h o u t .  :!r?y e r r - s r c  ir, 
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dn.iljr m e ~ s u r c r r ~ c i ~ t s .  S e r o n d ,  t h c  \,-cc~l;ly rilean v a l u c s  a t  b o t h  

l o c a t  i o n s  co:ne J'iXom re1)t.e.-.c:lt a t  i l r c  p o p u l n t  i 011s r l l i c h  s!loulcl 

linvc t h e  same s t a t i s t i c ; r l  t r e n d s .  

.- 7 l h e  r e g r e s s i o n  n n , ? i y s i s  o f  \,.celily p r e c i p i t a t i o n  f o r  

t h e  stci~ltlar-d f:luFe a t  t!lc 'i'llo:npson \:.atersllecl \\.as do:le t w i c e ,  

o n c e  us in^ d a t a  f rom t l l c  s t n n d c ~ r c l  Cauce a t  t h e  University 

farm a s  t h c  i n d c p c ~ l d c n t  v i?r iz ib le  and  t h e n  us ing;  dnt i :  f r o m  

t h e  s h i e l d e d  r.ecordi.np, ~ ' a u e c  a t  t h e  Thompson w a t e r s h e d  a s  

t h e  indeperldexlt  v a r i ~ b l e .  S o t h  r e ~ r e s s i o n s  r e s u l t  ec! i r l  

h i g h  c o r r e l a t i o n s .  P r o b a b l y  t h e  s n n p l e s  t a k e n  i n  t h e s e  t e s t s  

w e r e  r c p r - e s e n t a t i v e  o f  s j c l i l a r  s t n t i s t i c a l  p o p u l a t i o n s .  

Bot11 w e e k l y  a n d  d s i l y  c v z c o r a t i o n  h a d  a laic d e c r e e  o f  

c ~ r r e l  a t i o n .  T h e r e  a r c  twz n lz jor  f a c t o r s  t h a t  ::.o~.lld ca l ? se  
J 

a p o o r  c o r r e l a t i o n  f c r  E;zn e v n p o r : ~  t i o ~ l  beir~rceri t h e  t:.rc, 

l o c a t  i o n s .  F i ~ s  I , c l i f f  er.i_.;lt t cchL:j clccs \:ere ~lsec! t~ a c c o u n t  

f o r  r a i n f a l l  c h i c l l r i l e ~ ~ t  i l l  l l i c  e v n p o r a t i c r ~  pan. A t  t h c  

U n i v c r s i  t ; ~  f a r m  t h e  p r e c )  p i  t : i t i  on i ~ ~ c . n s ~ ~ r e c l  ir, t h e  str?nctctrd 

p r e c j - p i t a t i o i l  g s u l : ~ .  \<as c s e d  :or t h e  nmollnt o l  w a i e r  a d z e d  

t o  the  p a n  by rai!?.  2-'liis j s t h e  s tandarn=:  u l e t s o r o l o y l c n l  

p r a c t i c e  u s e d  a t  most  stat S-ons. -It t h e  Tilonlpson w ~ t t e r s h e d  

t h e  w a t e r  l e v e l  \Iras C C ) I I : ~ I ~ ~ ~ O L ~ S ~ ~  r e c o r d e d  or, a c h e r t  .\rhich 

allorc:ed d i r e c t  rncnsu~:~einci;t. s c f  r.airi.fel.1 c a t c h m e n t  by t h e  

pan. An exnmi .na t ion  o  f t h c ~  itnt 2 f i > z . m  k l ) t ! - ~  s t a t  i a n s  i n d i c a t e s  

n e a r l y  e q u a l  c v a p o r n t j - o n  or1 c13y.s o f  no  r , -1 . infn11 b u t  c o n s i s -  

t e n t l y  l a r g e  d i f f ' e r c n c e s  i.il c v n p ~ r - a t i o n  c,n clays w i t h  rnezs- 

U I * C ~ ! ; ~  2 ~ t l l l l .  y!:i 5; 1:; p i '~ ) l l ? . /> j  y- LI!e i T i i l j ( > t .  C.<?il.5t? l o t 1  101f 



v a l u e s  o f  112 f o r  wcel<ly c v a p o r n t j o n .  A r e g r e s s i o n  a n a l y s i s  

o f  wcc-lcly evnpo l -a t ion  f o r  ~ c c k s  \ i i t h  and  w i  t l i ou t  r a i n f a l l  

wouS.d b e  d e s i r e a b l e  t o  i l . l u s t r n t e  t h i s  p o i n t .  Such a n  

a n a l . y s i s ,  usin;. t h e  s m a l l  amount o f  d n t n  a v a i l a b l e ,  \trould 

b e  v e r y  d i f f i c u 1 . t  d u e  t o  t h e  f a c t  t ,ha i  most weeks con- 

s i s t e d  o f  b o t h  d a y s  w i t h  a n d  d a y s  w i t h o u t  r a i n i ' a l l .  ?Zo\$- 

e v e r  a  r e g r e s s i o n  a n a l y s i s  o f  d a i l y  e v a p o r a t i o n  s h o u l d  

i l l - u s t r a t e  t h e  f a c t  t h a t  t h e  metbod o f  a c c o u n t i n g  f o r  

r a i n f a l l  a d d e d  t o  t h e  e v a p o r a t i o n  pan h a d  an  i n f l u e n c e  on 

t h e  v a l u e s  o f  measured  e v a p o r a t i o n .  Sucll a n a l y s i s  w a s  

and t h e  v a l u e s  o f  l?' w e r e  0.0Z5 a n d  3.25'1 f o r  d a y s  -- 

a n d  c:ajrs w i t h o u t  r a i n f a l l  r c ? s p e c t i v c l y .  The l a r g e  d i f I e r e n c e  

2 - bet::.cen t h e s e  v a l u e s  o f  R 1 l l u s t 1 - a t e s  t h e  i m p o r t a n c e  
> 

o f  rairri 'all  nieasurement tecllnl.qlrle on  pan  e v a p o r a t i ~ n .  

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

b e t w e c i ~  t h e  t\do l o c n t i o n s  was t h e  d i f f e r e n c e  i n  t h e  h o u r  

o f  r r i~asurement .  .ji t l ! c .  Z n i v e r s i t y  f a r m  most  p n r a i n e t e r s  

nrlc mcnsured  a t  5 : 0 0  p.m. l o c a l  t i m e  e a c h  day ,  b u t  a t  

t h e  Thompson !.:at. e r shed  c ; i 1  r e c o r d e d  d a t a  w e r e  measuraed f rom 

rn idn iph t  t o  ! i i idnipht  s t a n d a r d  t i m e  e a c h  dny. T h i s  d i f f e r e n c e  

i n  t ime o f  mc:tsurement s11oul.d i n t r o G u c e  a c o n s i s t a n t  e r r o r  

of c o ; ? s i d e r a k l  e sF:sc  s i n c e  wr?rin t e m p e r a t u r e s  and s t r ~ n g  

wir~cl u s x a l l y  c o n t  i n u c  c!,~rinp. t h e  l n t c  a f t e r n o o n  and e v e n i n g .  

1 1  I h c  l!~:l[r:j t u d e  0 t h i s  e r l - 3 r  \rrill v a r y  froin o n e  day  t o  t h e  

next .  The rt.L..l.es:;j on :!nnLysis f o r  d a i l y  e v a p o r i ; t i o z  i n d i -  
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cvnl)orat:io:1. T l~ i t :  i r l c l i cn tcs  t h n t  t l ~ c  : I n t a  I 'or d a i l y  cvnpo- 

r a t i o n  a r c  i ndepc.nclcl~t a n d  t ! l e rc fo l \ c  r - c p r e s c n t  c1iF'f el-ent 

p o p u l a t i o l l s .  



7'hc b n s j  c \ , ; i t  ct- 'ua1;:rlce c(ju,lti(>il c a n  b e  \ i r i t t c ~ i  as 

P = SS -t Q -t El' -t S'I + DP 

where  P i s  p ~ . e c i p i t a t i o n ,  SS i s  t h e  c h a n f c  i n  s u r f a c e  

s t o r \ a p e ,  Q i s  s u r  f z c e  d i s c h a r ~ e ,  KT i s  evnpotranspj.1-a- 

t i o n ,  S>I i s  t h e  change  i:i s o i l  m o i s t u r e  s t o r a r e  a n d  DP 

i s  l o s s  t c  deep  p e r c o l a t i o n .  

P r e c i p i t n t i o r l  comes i n  t h e  form o f  r a i n  d u r i n ?  t h e  

f a l l ,  s~lo-. ,~ i l i l r ing  t h e  v i n t  c r  a n d  r e s u m e s  as r a i n  d u r i n g  

t h e  spri1-1;. a n d  enr1.y surnner. F a i r l y  h i ~ l i  i n t e n s i t i e s  o f  

l - i n c h  per. h o u r  l a s t i n g  5 t o  19 n i l l u t e s  somet imes  o c c u r  

froni t l ~ c r r n a l  c o n v z c t i o ~ ~  s t  o r r s  i n  t h e  surn:ner . - 4 c c ~ r a c y  
4 

o f  alensurcment,' is p r o b a b l y  i ~ i t h i n  10:; d u r i n f  n o s t  c f  t h e  

year .  D i ~ r i n g  t h e  w i n t e r  t h e  p r o b n b l e  e r r o l >  w i l l  i n c r e a s e  

t o  as  much a s  20% d u e  t o  t h e  s e n s i t i v i t j r  o f  snow c a t c h  

t o  wind.  

Sur f ' acc  s t . o r n f . e  o f  snow i s  a n  i rcpor t  al?t  f a c t 3 r  

durinc: i l ~ e  w i n t e r  a.nd can  amoilnt t o  more t h a n  I--itch (of 

w a t e r .  Snow i s  o f t e n  n o t  uni.fol-mly u ' i s t r i b u . ~ e c ;  cver t h e  

f i e l d .  O f t e n  t l ier-e  w i l l  b e  o n l y  n few i n c h e s  o f  srlclw $11 

t!lc c r e s t  o f '  t l i c  h i l l  at tllc ~%ratersht .d  bcunciary when 

' there  i s  more ~!I:ITI  a f o o t  a t  t i l e  ir:s'i;.uner,t c l i l s t e i - .  Gy 

inenslrlricy: t h e  d e p t h  and  cler ls i ty  o f  t h e  snow a t  s e v e r a l  

l o c a t i o n s  a r e p r e s e n t a t i v e  v a l u e  for .  s u r f z c c  s t o r a p ' e  c a n  

b e  o ? l l ~ i n e d  f o r  t h e  !:.:.tcl;-s:!-:c?. T h i  s me,?surerneilt call 5 e  



i ~ ~ n d e  a t  encll s i t e  \:.hc?rn9c s o i l  m o i s t u r e  i s  b e i n g  rnensul-ed. 

Accuracy  o f  rnensuretl h u r f x c c  s l . o r ~ g e  i s  w i t h i n  107; i . f  

t h e  c l e ~ l s i t y  deter.mirl:~tiurl o f  t h e  sno:tl i s  made c a r e f u l l y .  

Surf':>cc d i  sch::r: c u s u a l 1  y beg ills i n  J a n u a r y  dui l inp ---- 
t h e  f i r s t  b r e a k  i n  c o l d  ~veathcr . .  D u ~ - . i r l ~ ,  t l i e  f i r s t  d a y  

o r  two t.hc m e l t  i s  a b s o r b e d  by t h e  s n o ~ , ~  o r  i n f i l t r a t e s  

i n t o  t h e  s o i l .  Runoff: b e g i n s  when s a t u r a t i o n  o f  t h e  s o i l  

i s  r e a c h e d  a n d  c o n t i n u e s  u n t i l  t h e  s u r f a c e  s t o r a g e  a n d  

i n t  e r f  low a r e  d e p l e t e c l ,  u s u a l l y  i n  ? larch .  Flows d u r i n g  

t h i s  p e r i o d  a r e  s t e a d y  a n d  m o d e r a t e  t o  low,  u s u a l l y  l e s s  

t l inn C .  1 c f s .  I f ,  holsiever, a r a i n  o f  n o d c r a t c  t o  

i n t , e n s i i ; y  comes d u r i n g  t h e  p e r i o d  o f  snow m e l t  r u n o r f ,  

t h e n  c o ~ ~ s i d e r . a . b l y  g r e a t e r  f l  o x  IV-i.11, o c c u r .  The '  s iorrn o f  

?iar.ch 23, 1.97i cane ct  s u c i ~  a t i m e  anc! i - e s u l t c r i  i r l  a peak 

disclla1,ge o f  0 .7  cf 's .  Runoff  \<ill accas io_r ,a l l ,v  o c c u r  from 

a heavy r a i n  i n  J u n e ,  b u t  t h e  r a i n . f a F i  must  be  o f  h i g h  

i : , t  :t:lsity w i t h  n r-el ,:t i v c l y  hi;.h a n t e c e d e n t  rnoi s t u r e  

c o r l d i t i o n  i n  t h e  s o i i .  I:srrally t h e  r'(~zrrlt,i.on o f  t;!?esc 

s t o r m s  i s  t o o  s h o r t  f o r  r u n o f f  t o  r z s ~ 1 1 ~ ~  Acc1~;.-acy o f  

rncasur e d  s!ll-iaace dischat-,.-e i s  l:.ii;hin lo)(?. XuCh ~ f  t h l s  

e r r o r  i s  c a u s e d  by s c e p a p e  t h r o u g h  tile c l i t o f f  wal i .  

E v n p o t r n r , l ; r ~ ~ . r i ? t : i o n  - - - - -  i s  ass lJ .ned  t o  h,e n r g l i g a S l e  d u r i n g  

n u c h  o f  t h e  win te r -  d u c  t o  low l :e !npcr*a t l~ re  a n d  hi?.!? h u m i d i t y .  

Dur-.i r . 1 ~ .  t h e  .four m a ~ t  11:; o.i' Dec ernher thl-..oug.n I'la1.ci1 t h e  n e a n  

m o n t h l y  t e m p e r * n t u r s  was a t  sr bclo\+r 3 2 ° F  zn6 t h z  mean moil thly 

- .- , ];l:;!giL!it\: u !;?,;: ~ ~ v : ~ ~ j :  (J,'~,. I : \ r : i ~ ; > c ; i  t . , ? : ~ . ~ ~ \ ' i . ~  n i  li ( , I )  d i i r ' i l ~ , ?  t j l e  suin:;:er, 



hov.rcvcr, becor;~cs Clle .I.:ir.p.est co!;~ponellt i.n t l le  wa te r  b a l a n c e  

equa t ion .  I n  J u n e  i t  i.s model-ntcd by heavy c l o u d s ,  i n  

J u l y  i t  r e a c h e s  a peak and i n  August i t  drops  due t o  c r o p  

n n t u r i  t y .  Four d i f  f c r c n t  methods k:er e  used t o  tlct ermine 

evapo t r ansp i r aCion .  These methods i r l c lude  ( 1 )  measurement 

of  t h e  change i t ]  s o i l  m o i s t u r c ,  ( 2 )  e s t i m a t i o n  from pan 

e v a p o r a t i o n ,  and ca l cu l . n t i on  frorr~ c l i m a t i c  d a t a  u s i n g  t h e  

( 3 )  Penman and ( 4 )  Jensen-IIaise e q u a t i o n s .  

S o i l  m o i s t u r e  measurements,  s t a r t i n g  a t  a d e p t h  o f  

6 - i ~ c h e s  and c o n t i n u i n g  clownward a t  12- inch  i n t e r v a l s ,  

were averaged  f o r  a l l  s i x  s i . t e s  on t h e  ~<iatersZlc-d. These 

data were punched on IDi c a r 6 5  and ana lyzed  on t h e  c ~ z g u t e r .  

The p r i n - t o u t  c o n s i s t e d  o f  a summzry,of s o i l  m o i s t u r e  i n  

i n c h e s  p e r  f c o t .  t'i copy o f  t h e  cornputer prop?-c?m i s  i n c l u d e d  

a s  Appendix C . 'These r e s u l t s  ?\.ere used  t o  pTepare F i g u r e  

4 ~;rhich i l 3 . u s t r e . t e s  t h e  a v e r a g e  d i s t r i b u t i o n  o f  s o i l  mois- 

t u r e '  f u r  t h 2  watt-rs‘n~d on s e v e r a l  d a l e s .  Soi l .  a o i s t u r e  

s t o r e d  i n  t h e  r o o t  z o ~ l c  \%;as a t  n mi~iirnuin d u r i n g  l a t e  summer 

and ear-ly f a l l .  Rechc?rgce began  j.11 Latc f a l l  allci c o n t i n u e d  

t h r o u ~ ! i  3pri:lg. 3:aximurn t c t a l  st  o r a g e  c~ccur r rc l  e a r l y  i n  

June.  D u r i n g  t h e  g-rowjnp: seasor? t h e  s o i l  n ~ o i s t u r e  w a s  

r z p i d l y  d e p l e t e d  by t h c  c r o p  a s  i l l u s i r a t e d  by Fig , i -~r-e  5. 

'rh5 computed changes i n  s o i l .  m o i s t u r e  nhatlld b e  \: . i thin 5:/0 

o f  t h e  a c t ~ a l  v a l u e s .  '?he accilrn(:y o f  1 ; ; c ~ s u r e r i ~ i l ~ s  u s i n g  

t h e  P I ~ c l e n r - C h i . c v o  a n d  7'ro:cI.e~ ? robes  is 614 and 3?6 

r e ~ ) ) e c i  i v e l j - ,  bc>.t,nd ci2 v;;r:i;ltl 0r.s S. t :  t h e  strlnd:!rd count..  







Deep J C ~ I ' C O  I ;!I i o t ~  i s tile ~loit'rl\~.arc; i i l ~ ~ ~ ~ ~ e l l t  of '  I ~ O ~ S C U I ' C  .. ----.-..,-.-- 

o u t  o f  t h e  uj?l)cr s o j  1 ,  TIie n ~ r l g n i  tucic o r  t h i s  clo:,rni,-3rd 

mo\remerit of' \ ~ . a t e r  \:.;is riot I !~c; I : ;~~I 'cc~,  ; i ~ l ( l  i t  i s  t l i c r e f o r e  t h e  

~111ino!in v a l  u c  i n  t h e  \s.:~t e r  bnlnr-icc d c i  et-mintit i O i l .  13ecc?usc 

no measured  v a l u e  i s  a v a i l a b l e  i t s  ;xc,curncy depends  on 

Chc n e t  t o t a l  c f f c c t  o f  t h e  e r r o r s  Icx, t j l c  o t i ~ c r  components 

o f  t h e  w a t e r  b a l a n c e .  B e f o r e  n d e f i i : i t c  v a l u e  c a n  b e  a s s i g n e d  

t o  deep  p e r c o l a t i o n  su l" f ic ier1 t  d a t a  5s needed  t o  e v a l u a t e  

t h e  h y d r a u l i c  p r o p e r t i c s  o f  t h i s  c o i l . .  T h e s e  ciata c a n  

b e  o b t a i n e d  frXoln sarnples  t alien a t  d i f  I e r z i i t  dcp t l i s  a n d  

s i t e s .  Fr01 i1  t h i s  in l ' o r i l~a t io r i  a f l o w  :code: c o u l d  be  d e v e l o p e d  

t h a t  i s  t y p i c a l  f o r  t h e  w n t e r s l ~ c d .  ' ?h i s  :node:. c o u l d  t h e n  

D ~ i c l - m i t i a i i o ~ ?  o f  F:vi.!poi;~-?!lsljii-:nt i o n  - ---..-....- 
One o f  t h e  nlozt, nccurnl ;e  a e t h c d s  f o r  c l e t e r ~ i n i n g  

e v a p o t r a n s p 3 . r a t i o n  i s  by rnezsur ing  c:l~!nces i n  s o i l  n a i s t u r e  

s t o r a g e .  Dur-in~:  t.he sunrner months  olr J-une, 2uLy, August, 

a n d  September I t  .i.s u s u ~ l l : ;  t r u e  t h a t  SS = Q .I GP = 0. 

I1 t h i s  a s s u m p t i o n  c z u  b e  a c c e y t e d  t!leli t h e  i : r ~ ; t e r .  5 r l a : ; cc  

e q u z t i o n  niay h e  s h o r t e n e d  t o  ? - ZT t 'S?.I ,  T h i s  e q c a t i o n  

car1 b e  sol\rc!ct f o r  cval~r- t , r t i~ l . s : .p i ra t ion t o  g i v e  

IZT = P - S'1. 

Both  th2 p r - e c i P i t s t i o n  3 r d  s o j l  m o i s t u r t c  ~ 2 1 1  5c  r i e a s u r e d ,  

t h e  e v z p o i r a r l s p i r a t i o n  c.7~1 b e  c a l c u l n t  ed. D l ~ r ; . r ? z  milch 

o f  t l i e  summci- t , l : e ~ ~ e  i s  no p r e c i p i t a t i o n ,  t h u s  t h e  e q u a t i o n  

ca!: bc fur1-1 !I;.:. ..;:;.xp 1 i J.'i cc! Lo 



Erf = - S)I- 

I n  t h i s  I n s t  c ;?sc  t l i e  ncci.ir-:ICY 01 tlic c ; ~ J . c u l n t c d  e v n p o t r n n s -  

p i r a t i o i l  1 t r i l . 1  bct as good a s  t l l c  a c c u r a c y  o f  t h c  mcasurement  

o f  changes  i n  s9i.L mois tu l -c ,  n l~oul ,  59;. 

Anoihel  ~iletl lod I~SCC!  t o  d e t  er ; ; i ine c i r a p o t . r a n s p i r a t i o n  

employs t h c  s t a n d a r d  c v n p o r a t i  on p m .  ,fn e s t i m a t e  o f  t h e  

e v a p o t r ~ a n s p i r n t i o r l  cnn  b e  ob ta . ined  by m u l t i p l y i n g  t h e  

measured  evaporadt ion by a c o e f f i c i e n t  o f  c r o p  groitlth. T h i s  

e q u a t i o n  can  b e  1 % - r i t t e n .  

ET = Iic ( E p )  

where  FT i s  t h e  e s t i m a t e d  e v a p o t r n n s p i r a t i o n ,  Tic i s  a c r o p  

grrowth c o e f f i c i e n t  and Ep i s  t h e  measured  pan  e v a p o r f i t i o n .  

A c u r v e  o f  c r o p  c c r e f f i c i e i ~ t s  f o r  u s e  \sit11 pan evapornt io : ;  
4 

fl'hi i s  i l i u s - t r n t c d  i n  !~igursc 6 .  s rrlctliocl i s c o t  a s  a c c u r a t e  

a s  t h e  o t h e r  mc t !~ods  s i n c e  r ~ n l y  onc me2sured  p a r e m e t e r ,  

pan  e v a p o r a t i c n ,  i.s u.eed. The ase o f  t h i . s  illethod i s  

. , . . q u e s t  i o n a b l e  f o r  dr_v l a n d  f a r r ~ i n g  b e c a u s e  ccr~I\~cct ed 

energ ,y  i s  n o t  p ro2e l - ly  a c c o u n t e d  1Co1, p a r t i c u l a r l y  \;.hen 

s o i l  mof s i ;u re  t e ; l s ions  a r e  ;li,qll. 

Tile Jense~l -1 ln i . se  met llod 11sc.s tjr-o par:).net s ~ s ,  s o l a r  

r a d i a t i o r l  a n d  a i r  t ernpcr3ni;u?e, t o  cc:nput e - c v a ~ o t r a ~ i s p i i ~ a -  

t i o n .  The e q u a t i o n  i s  

PET = C t  (T-l'u) R s  

\?rner.e PIC7 i s  t h e  p o t e n t i : ~ l  e v a p o t r ~ n s p i r a t i o n ,  C-i; i s  a 

t e m p e r a t u r e  c o e f l i c i e n t ,  T i s  a i r  t e r n p ~ r a t u r e ,  'i'x i s  a 

base i ; c i ; i p ~ r t ~ - t ~ ~ ? e  ; ~ t  . : - t l i  cil ~ ; ~ ; : : : ~ ~ ; - ; - l i o ; ~  i.!i! L cease  a~?:cl  12s 





i s  s o l a r  r n t i i a t i o n .  ;i c r o p  coc i ' f i c i ; . n t  i s  rlecdetil t o  i ~ d j u s t  

t h e  p o t  c ? : ~ t i a l  t o  t llc a c t u n l  e v a p o t r a n s p i r a t i o n .  The c u r v e  

o f  c r o p  c o e f f i c j  e n t s  usecl i n  t h i s  t l1esi.s f o r  b o t h  t h e  

J e n s c n - l l a i s e  and Cllc I'enxclrl e a u n t i o i l s  i s  i l l l z s ' i r n t  e d  i n  

F i g u r e  '9. 

Ttic Penr;!nn c!ei hocl ( J c n s e n  clrlcl  c t k c r s  , 1.970) i s  con- 

s i d c r c d  t h e  most  a c c u r a t e  method for. d e t e ~ m i n i n g  p o t e n t i a l  

e v a p o t r n n s p i r a t i o l ~  u s i n g  c i i n ~ a t i c  dnta .  The form o f  t h e  

Penman ec lua t ion  most  o f t e l l  user!  i n v c l v e s  a c o r n b i n a t i o n  o f  

t h e  c o n c e p t s  o f  t h e  e n e r g y  b a l a n c e  and  inass t r a n s f e r .  

The e q u a t i o n  c a n  b e  e x p r e s s e d  2 s  

PET = Iie (Rn-G) + Kt f ( u )  ( e s - e d )  

w h e r e  Ice i s  a c o e f f i c i e n t  f o r  t h e  c h e r g y  t e r r , i s ,  Rn i.s 

n e t  r a d i a t i o n ,  C i s  s o i l  i l ~ 3 . t  f l u x ,  T:t i s  a c o e f ' f i c i e i l t  

101- t h e  t r a n s f e r  t e r n s :  f  (a) is 8 f u n c t i o n  o f  ii7iild speed: 

anit e s -ed  is t h e  v a p o r  p r e s su re  d e f i c i t  i n  t h e  atrnosphci-e.. 

!jot:; o f  t h e  c o e l f i c i . e : ? t s ,  I(e and  :it, i n v o l v e  s c v e r a i  

o t h e r  terrr,::. Tne  e x a c t  t e r a s  f o r  t h i s  e q u a t i o ~ l  i n  a l l  i t s  

f o r a s  c a n  52  found  iri lnnny r c s e a r c h  1;z;l;er.s d ~ c l i j - n g  w i t h  

t h i s  s u b j e c t  (War-d i i J ' 7 i ,  R i  j t e n l n  1965) .  The F'enmsn equa-  

t i o n  at , tcmj?ta  t o  gist n c o m p l e t e  e x p l a n a t i o n  f o r  t h e  e v z ~ o - -  

r ~ t i - o n  p r o c e s s  1 1 q i n ~ :  tile s i .g~ : j . f i cnn t  11l-i)-sica!. p n r z x e t e r s .  

?'hi: corn;;l cxi  t?- o f  t l ~ c  ~ ' e l n t S o n . s h i p  i s  e v i d e n c e d  by t h z  

nuiilber o f  p::ll~rrInetel-s lbequir .cd.  The same c r o p  c ~ e f f i c i e n i ;  

v .  ~i,set! f o r  the .;'eri.:;e:1-1Ic.:~e equnt  i o n  rnust b e  n ~ ~ l i e c l  t o  

, . 
t I l 2  1-'oi:inzn CC!~.;;) L l ( i l >  ;'.I) or'i1~1'. to o b t n i  11 t!lc a c t i r n l  cvzpc- 

t.r:!nt.pj. rnt. i <:I:. 





-r 3 3  

A l l  01 t h e  equa'i i .ons f u r -  ~ ; l l c u l ; l i i  ng e v n p o t ~ . - i ~ n s p i r a t i o n  

c a n  bc r e d u c e d  t o  n form i . n v o l v i n g  o n l y  i.\;.o f a c t o r s .  

ET = K(PE) 

where PI3 i s  ?I m e a s u r e  o.f t h e  po t ;en t  i a l  cv: lpor*at ive c l i t i l a t i c  

demand. T h i s  t e r m  can  be a s  simpl.c a s  mcasured evapora -  

t i o n  f rom L? free i i7Cl t~ l?  S U I - ~ G C S  o r  as complex a s  I J c n ~ n a n ' s  

e q u a t i o n  f o r  p o t  c n t i a l  c ~ a p o t r a n s p i r n t ~ i o n .  Tn 211 c a s e s  

t h i s  e v a p o r a t i v e  p o t e n t i a l  must  b e  m o d i f i e d  by a  c r o p  

c o e f f i c i e n t  (!i) t o  acccur t t  for- t h e  c h ~ n , r : i n g  t r n r ~ z p i r a t i o n  

c a p a b i l i t y  cf  t h e  c r o p  d u r i n g  i t s  gro~.:th. Xany inves1; i~:a-  

t i ~ n s  d u r i n g  t h e  l as t  t1.tio decacies have u s e d ,  mad i f i zc !  ar,d 

p e r f e c , t  ed  b o t h  t llc c r o p  c o e f f i . c i t ? n t  a n d  t h e  ev;ipoi-.alive 

p o t  c n t  La1 t e r m s .  J 

Tilere i s  a t h i r d  c s e f  f i c . i e n t  t h a t  rnr~st b c  inciu2eed 

when c o n s i d e r i i ~ g  e v a p o i . r a r ! e p i r a t i o n  i n  Cily l a l ~ i i  c?gr ic! l l -  

tu l -e .  T h i s  i s  a scjil m a i s t ~ ~ r e  c o e f f i c i e i ~ t .  _?rXrr!yv a n d  O s t l e  

(1957) founri t h a t  d u r i n g  y e a r s  o f  lobr r a i n f a l l  t h e r e  itT:~s 

a n ~ g n t  j.ve c o r r e l n t i ~ n  bei;\.reel: p a n  evnpG:.akion 2nd evapc- 

t r n x l s ~ ~ i ~ - a t i o n .  I n  t i l e  P a l o u s c ,  whel -c?  dr>- fa i -n l i~ lg  p r e -  

v a i l s  t h e  s o i l  rn\; istul-c c l ~ i l - i ~ ~ g  J u l y  .is 22; a l o x  l e v e l .  

The h i g h  s o i l  m o i s t u r e  t e ~ s i o n s  t h a t  ?,ye i m p l i e i t  fz-o!n 

such 1 . ~ i d  l c v e l s  o f  s o l 1  : coLs tu re ,  coul r l  ? ~ e  a l i ~ , i i t i . n g  

I I. fac.tol-  f o r  e v a p u t . r i ~ n s p j . r . : ~ ~ i o r l .  ,v~. th hi ~ 1 1  t c ~ c ~ c i ~ : : t ~ ; r c  - 

a n d  l.o\+~ h u m i d i t y  t h e  c l i r n z t i  c  dc:n,:rlc? c a u s e s  r zp ic l  evapo- 

r z t i o n  f r o m  t h e  .Tree \%-nl;er s u r f g c e  of t i ~ c  evaporzt.i .or! 



Piany o f  t l i e  cc;tratj ons asctl  l o  c::l c u l a t c  c \ r n p o t r a n s -  

u o u s l y  ndcci:~at c supply  o f  s c i l  mois-Lr-ct-e. !$hcrc d r y  l a n d  

d ~ z r i n g  t h e  p e r i o d  o f  e a r l y  [::'o;:th \.:1~311 j llc0111plet c c r o p  

cover  i n v a l i d a t e s  e f f e c t i v e  u s e  01 ma:y e q u a t i o n s .  . .. P i c r c e  
. . 

(1958) develope(! z mcthod fcl- "ndjus'i.in:y" t h e  'i'11o;~ni;l~v;aite 

equnt j -on  t o  a c c o u n t  f o r  s o i j  61-yi:ess. Jelzse11 z;?d o t h e r s  

t u r c  i n  a f o r m u l a  f o r  con l~~ui i l - lg  t h e  c r o p  c o e f f i c i e n t  . ' i ' i l i s  
> 

wllere Kc i s  t h c  ci-01) coeff j . r . ie! i t  u s e d  l o  a d j u s t  t h e  p o t c n -  

s o i l  m o i s t u r e  sCol-c?~c w1licI1 is used l o  adjust i l l c  r l o n l i m i t i n p  

s o i l  m o i s t u r e  c r o p  c o c f f i c i c n t  (Icco) t o  nccou:lt for- t h e  

l i r i i i t i n g  c f f c c t s  o f  s o i l  rnoit;t.ui-e tei ls iorz.  lis i s  a c o e f -  

f i c i ~  c i ~ t  t o  nccou~~-l;  f o r  ur?uc;unlly 113. ~ : I I  c ~ n p o r n - ~ i . o n  froi:l t h e  

s o i l .  s l l r f n c c  f c l  lol.,ring a rrtf i :~ o r  i r r i . ? a l ; i o n .  T h i s  l a s t  

tcrun c n n  b c  igno~-cc i  i  C l i t t l c  o r  no r n i n  o c c u r s  d u r i n g  t h e  



arc? p r e s e n t  cti i 11 I c 2 'rlic d;i ta  fro111 l'ab1.e 2 \t7ns used 

t o  develop t l ~ c  cul-vc5 01'  i ' i ~ u r > c  8. The  i d e a l  c u r v e  depicting 

\+rat cr- c onsurri;~? i o n  b : ~  a c r o p  1.i 1.1 have a shape  s i m i  1-ar 

t o  t h e  c r o p  c o c f f i c i  ci,?, c.urves i t ?  1 7 i p ~ r e s  G and  7. The 

c u r v e s  i n  F ~ ~ , I I I - c  8 f o l l o ~ . :  t l i i  s sllnpe :?pproximat e l y  and  

t h e r e  nppea r s  t o  ~JE? coed agreement Seti'een s e v e r a l  o f  t h e  

cu rves .  'I"he:,e a r e  t11 o impel-tan t d i f  f erer lces  amone, t i l e  

c u r v e s  t h a t  a r e  r e a d i l y  a p p a r e n t .  F i r s t ,  t!le peak f o r  

t h e  pa11 e v a p o r a t i o n  rncthod occuri-cd :i'oouC, one ;ieek l a t e r  

-, t h a n  t h e  peal; for- t h e  o t h e r  method:;. ln i s  c l e a r l y  i n c l i c a t e s  

t h e  in lpor tance of cons ic ie r ing  t l l ~  c f f t ? c t  c f  s c i l  m c i s t u r e  

as  a 1 i n i t i n p  f a c t o r  f o r  e v n p o t r a n s p i r - e t i o n .  T h i s  f a c t o r  

';Fas not  i n c l u d c d  i n  t l ie  C i - D p  c c 2 f f i c i e n t  applicl?,  t o  t h e  
- ,. 

I L  J 

evapol%i?.i.io~i. S,:concl, "Li!~re i s  u not  i c c : ~ l ~ i c  Zceroase  i n  

t h e  evn?o t r ansp j r a - t i zn  d u r i n g  t h e  f i r s t  p a r t  o f  J ~ i y .  

D u r - i n ~ .  t h i s  p e r i o d  t h e r e  \krei-e hcnvy c l o u d s ,  ncar' f r e c z i r l g  

~ i n j r n u a  te~:iper.atu:-es. l l j  l.11 numidi l y  and s t l -onc  wi.rl~ls 

vv~hich cnr?sci! sonic lotip.;il?p o f  t h e  g r a i n .  The ccn;bij?cd ef f ec.t 

of al :  t h e s e  cou ld  hc :v~  caused  ;3 rseducsd r a t e  ~f evapotl-311s- 

The r e n i l l i  ;: cf  t h c  c z i - r e l n t i o n  a n a l y s i s  f o r  tile tcethods 

of de tc r in in i l lg  c i r a p o t i - ; ~ n s p i r a i :  i o n  a r e  p r e s e n t e d  a.t t h e  

bottom o f  ?'a?)!.> 3. It i.s; rensc?!lable t o  assume t h a t  t h e  

oha r ,~e .  i n  s o i l  ~ ~ o i s t u r e  s i ~ o u l d  [:.ive t h e  most a c c u r a t e  

p ic tu1 .c  sir!ce i t  i s  a di.rhcct mensurcment o f  m o i s t u r e  

rc:::o\rc I. f l .cn I,;;(: . : o i l  bj- t!ic ~ 1 ~ 0 1 3  c! ;~ring.  111osi o f  t i l e  ~ . ~ ! m ~ e r .  



TABLE 2 

hapotl-nnspi . i - : i t i .ol i  i.11 i . n c l ~ c s  per1 dsy 
f o r  t h e  'i'llompson \ . int  e r s h e d ,  197.1 

S o i l  
Xoj. s t u r  e 

S o i l  r r t o i s ~ u r c >  a.nt1 Pail I2.-a;,ci-ati.on 0,384 
S o i l  m0rs tu l - c  Jen~_'-ir.n-T-'ai L - - -  51-1 - 0 .686  
S o i l  n ~ c - i s t ~ l r c  : 7 r l ~ ! .  Pc::I;;;II'; 0.748 
J e n s  en-!lni .\; e a;ld Per~,lc?n 0 , g " ~  





By C O I - r c l a t  t h c  chan;;-e i n  s o i  l n i o i s t u r e  ic i t l l  oncl: o f  t h e  

o t h e r  mc thods  ;r g:ood i d c a  o f  t1:e-ir c o r r c l . a t . i o n  i b r i  t;ll a c t u a l  

e v a p o t r : t r ~ s p i r a t i . o n  i s  o b t a i n e d .  ?i::tny goocl books  on  s t a t i s -  

t i c s  l i s t  t h c  r:.inirnurn a c c e p t a b l e  v a l u e s  o.f t h e  c o r . r . c l a t i o n  

c o e f r i c i e n t  (2) lor- n g i v e n  1.eveI. o f  s i g n i f i c a n c e .  For  

t h e  cur-rel .atio!-1s o f  c v n y o t r - a n s p i r : t i . o n  t h e r c  w e r e  8 ileg;rees 

o f  frecilorn a n d  t h e  r n i n i n ~ m  al.l.o!;.ab1e v a l u e s  o f  R a r e  0 .765 

and 0 . 6 5 2  f o r  t h e  1% and 576 1 . e v e l s  o r  s i g n i f i c c ? , n c e  r e s p e c -  

t i v e l y .  Thc c o r ~ ~ c s p o n d i n g  v a l u e s  o f  Il2 w i l l  be  0.585 a n d  

0.399 r i ? s p e c t i . v e l y .  The p a n  e v n p o r a t  i o n  nlcthod hncl ail 

2 R v a l u e  t h z t  i s  t o o  l o w  ( l e s s  t h a n  t h a t  allorb-ed a t  t h e  

5q6 l e v e l . ) .  T h e r e f o r e ,  t h i s  method i s  n o t  a c c e p t a b l e  ir, 

i t s  p r e sez t  form a s  a method f o r  i i c<crmin ing  evapotrans- 

p i r a t i o n  o n  t h e  ~ t ~ a t e r s i ~ e d .  I f  t h e  c r o p  ca ibve  w a s  act^j~is ' ied 

w i t h  l e s s  skew t o  t h c  l.e;.ft, i t  pi 'obubly \t~oulc! g i v e  li?tich 

b e t t e r  r e s u l t s .  T h e  Jexlsen-i~Inise 2nd t h c  Pcriman nethoc-ls 

2 hnd v a l u e s  o f  R s i ~ l l i  f-icr;n.tly h i g h e r  5hrin t h e  ; n i r l S . r ~ ? u r n  re-  

q u i r e d  n t  t h e  1 7 6  l e v e l . ,  a n d  t h e r e f o r e  t l i e s e  r ~ c i h o d s  a re  

accep tab le  f o r  t h e  p r e s e n t  watpr hainnce. Tile g.ooc? a&x*ee- 

n ~ e n t  Let1vee:l t h e s e  t;m r ~ c t l l o d s  i s  i l l u s t r a i c c l  by t h e  Iiigh 

v a l u e  o r  R ~ .  Cotir t h e s e  iilethods coo1.d p r o b a b l y  b e  i-mproved 

by i n c l u d i ~ ~ g  J e n s e n  ' s coe f  f . i c i en f ;  1;:s t o  a c c c ~ n t  f ~ r  e x c e s -  

s i v e  s t r r f a c c  evapol-at; i o n  c'luring t h e  i -n iny  p a r t  o.C J a n e .  

?'>e e v n p o t r a n s : ~ i . r z t j . o n  . ~ ~ ? l i l e s  used i n  t h e  w a t e r  bn:..n.;tce 

p o r t i o n  o f  this s t u d y  1.11i.L: be  t l-lose obt.airlec1 by  me~surc.n!en.t 

0:' cll;ti!:.tc,5 1i.11 . : o i l  lnoi..:li.i?:c. 
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\<at c r  133 I nnc  c for-  19G9-70 

D u r i n g  t h e  [ i a i c r  year- 1969-70 a  r o u g h  \b.rlter b a l a n c e  

\<as made on t h e  'i'!lom;~son \ , ,ater*shcd. T h e  p r i m a r y  p u r p o s e  

o f  t h i s  w a t e r  bal .ance was t o  t e s t  t h e  equipment  t h a t  had  

b e e n  s e t  up d u r i n g  t h a t  y e a r .  The r e p o r t  o f  C h i s  i n i t i a l  

stucly (? io lnau  ancl D a v i s  19'71) shoiv-c-d t h a t  t h e  a n n u a l  p r e -  

c i p i t a t i o r l  \,;as d i v i d e d  s o  t h a t  53% went  t o  e v a p o t r a n s p i r a -  

t i o n ,  179: t o  r u n o f f  a n d  a b o u t  50% t o  d e e p  p e r c o l a t i o n .  

'l 'hese v a l u e s  i n d i c a t e  t h a t  normal  c r o p p i n g  p r z c t i c e s  r e -  

s u l t  i n  l e s s  r u n o f f  and  more  deep p e r c o l a t i o n  t h a n  

3loo:nslsurg (19.59) found  o n  z d j a c e n t  l a n d  t h a t  \,:as m o s t l y  

T o r e s t e d  and, a t  a. h i g h e r  e l e v a t i o n . ,  

Water  F a l a n c e  f o r  1970-71 . 
7 

Tlle w a t e r  b a l a n c e  f o r  t h e  1970-71 w a t ~ r  y e a r  was 

ended on A s g u s t  2 0 ,  1 9 7 1  b e c a u s e  t h s  s o i l  m a n t l e  had 

inenchcd i t s  minimurii i n o i s t u r e  c o n t e n t  a t  t h a t  t i n e .  Each 

g e r i o d  het?,;een dc?tes  wher, s o i l  mo.is-Lure mec?s'clrements were 

rnnde c o n s t i t u t e s  a sllcri; p e r i o d  w z t e r  113lance. A s l r m m a r y  

o f  t h e  s h o ~ t  p e r i o d  w a t e r  b n l a x c e ,  i s  s h o ~ c n  n s  T a b l e  3. 

A l l  cf' t h . e  sh0r.t yeraj.od :v-ater ' o a l a ~ i c e s  p r e s e n t e d  

i n  T a b l c  3, w i t h  o n e  e s c e ? t j - o n ,  a r e  f rom a c t u a l  u n a d j u s t e d  

f i e l c l  d a t a .  T h e  vn l i l e s  f o r  t a c ! ~  ? a l - a ~ ~ e t e r -  arc? c l e a r l y  o f  

r c a s o n : ~ b l . c  rn r t~ r~ i tu i l r i  nnct c ~ b ! ~  S e  ossc:ncd t o  f a l l  ??+- th in  

a n  r:ccurary rnrige or" 20'6. T!ie o n c  e x c e p t i o n  o c c u r r e d  

- 7- n n ~ J C ~ \ ~ : C ! ~ ? I I  I]< C'<!l:;[jt!~' , l.!??:j '-11;(.1 ~,:,:i:i=::-;,~ - [ I ,  l ! ; y l .  SOTle 

i l  . . . 
g~l .c~ j . ! j . i I  ' ~ i , ~ i ~ l l  \::-: L:i c c t i A . ; i i  '. ,L . 5 J s i i  1 ,  t!;e?-c- 



\{at er- bnlrirlc CIS at t h e  'J'!lo:~ipson \;xt cl ,s!~cd n e a r  )foscow Icinho 
Tor period: ,  i ni! icnt  cc'l tl:~r-i rip t.113 1C,)'i0-71 water y e a r .  

TOTALS 25 .72  = 0.0 

*Tht+!-.~ lbb.,is 32trt  r r , j  : s i n ; r  f o r  t h i  s p ~ r a n e t c r  d u r i r , ~  +,h:i.s 9 e r -  
i o d .  'L'iie vail-rt: :;1io:i1~ : \as o!~tai.nccl u s s i n g  i l l 2  r e z r e s s i o n  
cqu: : t lo i~  .':'!;r- T!io ~ ! i l  r:ltlcc', !>I-ecij;ii;ai;ion cnup.e nt t h e  water- 

r I slicci. l 1 -1~  ~ l i i t 3  1 d ~ t i  :.:ltip;i\ \ \- i lS C - I ~ O S C I I  f o r  C h i s  conl~i~t : : t  i o n  
I)Pc:;~?-::c o f  tl!': I? j  :I ~ ~ P L T I ' : : ~  o f  c o t * r c l ; l l - i o n  hetl\:ct?~i t h t  
~ t : l : ~ c ! ; : t ~ c ~ .  :i:!c1 511; 2l(!?.:! !-:::: ,-:1>5 i l t   ti;^ 'Tl~cr~!j~.:on ~,~.-:~~ict~:~,l;cs'. 



f o r e ,  t l l c  rcgr.e.c-5. i 011 ccjuat i o n  was used t o  o h t a i n  a  r e n s o n -  

A more s c r i o i l s  problem e x i s t s  f o r  t h e  s h o r t  p e r i o d  

m e n t i o n e d  above .  A nee-ativc v n l u e  i s  i n d i c a t e d  f o r  d e e p  

s i t u a t j  or1 d u r i n g  t h i s  p e r j  ccl \;hen g r e a t  csC r c c h z r g e  i s  

o c c u r r i n g .  Therefore, o n e  o r  s e v e r 2 1  o f  Chc o t h e r  p n r n -  

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

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

c o l a t i o n  ciuring t h i s  p e r i o d  w2s a d o p l e d  from a c o m p a r i s o n  

w i t h  o t h e r  sirnila- p e r i o d s .  The i;wfi f o l l o r i ~ i n g  p e r i o d s  \:.ere 

c i losen  s i n c e  t h e y  a l s o  :$ere c h a r a c t  e l - i e e d  by l o n g  i n t e r v a l s  

o l  t o t z l  s u r f a c e  s a t u r a t i o n  a n d  nenl -?y ci?rltin;rous r u n o f f .  

'I'he ave r -a re  d a i l y  r ~ ~ i  es o f  deep  p c r c c i a i i c n  f o r  t h e  l a t e r  

t i Y . 0  p e r i o d s  b o t h  f a l l  w i t h i n  15$6 o f  t h e i r  a v e r a g e  v a l u e  o f  

0 . 0 2  i n c h e s  p e r  day .  If' this r a t e  o f  rec!~a:,ge i s  a p p l i e d  

t o  t h e  28 day pel . iod  i? q u e s t i o n  a v a l u e  o f  0 . 5 6  i n c h e s  

i s  ob tn inec i  For cieep p e r c o l a t i o n .  For  t h i s  v a l u e  t o  e x i s t  

t h e r e  must  be nn cr1.or o f  1.36 Lnchcs i n  t h e  o t h c r  t e r w s  

T h e r c  a r e  f i v e  t e r n i s ,  n o t  i n c l u d i n g  deep  p e r c o l a t i o z ,  

i r i  t t i e  i-,:iter b a l n n c c  e q u a t i o n .  Each o r  t h e s e  f i v e  t e r :ns  

h a s  a r;iaxima!n p r s o b r \ b l e  e r r o r ,  a n d  t h e  magni.tude o f  t l i e s c  

err2r.s i r i  i n c h e s  For t h i s  p e r i o d  a r e :  



:\ssurnc t l l n t  a l .1  of' these e r r o r s  ncctlri!r:lntcc! i n  s u c h  rt 

nlanner t h a t  thc: n~:!sin~uni ~ , ! -ob:~ble  toi.::l cr:l-or o f  0. 3 i n c h e s  

occurrcc l .  1'hj.s \,-cruld !lave ;~ccou:l te i i  f o r  o n l y  p a - t  o f  t h e  

1.56 i n c l i c s  ueedc!~! t,o a c c e p t  t h e  d o c p  p e ~ . c o l n t i o n  vci lue o f  

0.56  i n c h e s  o b t a i n e d  by u s i n ? .  t h e  a v c r n F c  r a t e  o f  d e e p  p e r -  

c o l a t i o n  f o r  t h e  fo l101~r i .n~ .  months.  I f  t l i c  in:?si.n~um p r o b a b l e  

e r r o r  o f  0.8 i n c h e s  i s  incluc!ed j.n t l i e  \ i n t e r  b a l a i l c e  t h e  

r e s u l t  v o u l d  b e  no deep p e r . c o l n . t i ~ n  d a r i r : ~  t h i s  peilj.od. 

Deep p e r c o l a t . i o r i  must h a v e  occurr- .cd,  l i ~ ) \ \ ~ c v e r ,  s i n c e  s o i l  

m o i s t u r e  m c a s u r e n ~ e n t s  and o t s e r v a i i o r l  w e l l  r e c o r d s  i ~ d i c a t e  

t h a t  t h i s  bras 8 p e r i o u  c f  rec11ar:e. I f  f u r t h e r  a s s u m p t i o n s  

a r e  made t h a t  a l l o w  d i s t r i b u t i o n  o f  z c l d i t i o n a l  e r r o r  t o  

t h e  f i v e  t e r m s ,  t h e r e  i s  a 6;ood chnr?cc that by d o i n g  t h i s  

t h e  water S ~ ~ l a n c c s  f o r  thc o t h e r  sho1:t p r : r i o d s  -\l;oulci b e  

d i s t u r b e d .  S i n c e  t h e  o t h e r  . . shor t  p e r i o d s  l lsve r e a s o n a b l e  

v a l u e s  f o r  each  c o ~ p o n e n t ,  a d d i t i o r i  o f  more e r r c r  t o  t h e  

f i v e  t e rn i s  c a n  n o t  b e  j l - l s t i f i e d .  The t;e13rr,s f o r  t h e  s h o r t  

s c r i o d  i n  ' ~ a n u 3 . r ~  do p o t  h a l a n c e .  F u r t h e r  s t u d y  must b e  

made du:- in^ succeeding yearas t o  det ,errnine hot,; i ~ u c h  dcep 

p e r c o l a t i o r 1  c a n  o c c u r  3t t i i i s  t i m e  o f  y e a r .  

The r e s u l t s  o f  t h e  t01:i:l w a t e r  b a l a n c e  i11dicat .e  

t h a t  t h e  p r e c i p i t z t i o n  I\~,IS i ' l i s t r i b u t e d  a s  27.y; r u n o f f ,  57c' / o  

e v a p o t r n n s p i r n t i o r ,  nnd 1576 dcep  p e r l c o l a t i o r , .  Tliecc f i g u r e s  

r.+re v e r y  c l o s e  t o  t h o s e  o b t a i n e d  by i3loomsburg. ( 1 9 5 9 ) .  

~ l n a i y s i s  o f  P rao t -~nb lc  Er*~.or . s  -- 
rn .ill~ I ;i~!nl!:il tc?t: . l~ I'(>;. <lie . v ~ I . ~ o u : ;  f , ? ~ t o r - s  o f  t . l l t 3  ?:'c?ter 
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a t  l'llon~pson \ : . :~ tc rshed  f o r  1969-70 and by i3l.oornsbur~ (1959)  

f o r  Crunlerine C1-celi. 'I'his i r n p 1 . i ~ ~  t h a t  t,hc: rneas~ircd v a l u e s  

of t l i e  f a c t o r s  a r e  prob: .~bly  no t  t o o  f a r  frorn the i r '  a c t u a l  

v a l u e s .  Cy ho\;r I I ~ L ~ C ~ I  tlley d i f f e r  i.s a n  impor tan t  q u c s t i c n .  

A11 estirn:?le o f  t h e  pr .o~)nblc  accu racy  of  t h e  measured 

val.ue f o r  eclcli f a c t o r  of' t h e  wa te r  b a l a n c e  e q u a t i o n  was 

s t a t e d  e a r l i e r .  S i n c e  t h e s e  me:~su.r-cment a c c u r a c i e s  a r e  

not  t h e  same, i t  can  be  expec t ed  t h a t  t h c  p r o b a b l e  e r r o r  

o f  t h e  v a l u e s  a s s i g n e d  t o  t h e  f a c t o r s  \ , r i l l  riot be t h e  same. 

Also,  t h e  s i g n i f i c a n c e  of  t h e s e  e r r o r s  w i l l  v a r y  a c c o r d i n g  

t o  t h e  ~ ~ e l a t i v c  rnnpnitude of  t h e  v a l u e  o f  each f a c t o r .  

T h e r e f o r e ,  t h e  rneasure!nc!~t accl;rc?cy o f  each f a c t o r  must 

be  w e i g i ~ t e d  b e f o r e  t h e  r e l a t i v e  zccuracy  bcconles c l e a r ,  

There  i s  no ineasurement nccilracy f o r  dscp  perco lc? t ion  

because  i t  was no t  mensurei!. Sincc? i t s  r e l a t i v e  a c c u r a c y  

i s  dependent  on t h e  c o n ~ h i n a t i o n  01 t h e  o t h e r  f a c t a r s :  

i t s  p r o b a l ~ l e  e r r o r  car, bc  z t  l e o s t  as 1ar;:c a s  t h e  l a r g e s t  

e r r o r  o f  any o t h c r  f a c t o r .  Table 4 i s  a surnlnnry o f  t h e  

weight  eci r e l a t i v e  a c c u r a c l a s  and mc?~n i  t u 6 e s  o f  errrJr  f o r  

t h e  f o u r  f a c t o r s  t h a t  remained  s i c n i f 5 c a n ' i  t h r cughou t  t h e  

wa te r  y e a r ,  

Re la t , i vc  accu racy  and rnaC-!litilc!e of'  e r r s= .  f o r  t h e  ~ , - a t e r  b a l -  
ance  f a c t o r s  3t  t!le l'l:o!,;l:r;on v:.c?t e r shcd :  1370-'ii, 

X e I a t i v e  ;sleas:ir erncilt I a  FIagnitude 
Faz to r  ?it> !mi %i.lr!,> . ~ c c u I - - ~ ~ , ~  . -Jccurlzcy of  e r r o r  - .-. ---- - -cL- - -- 

1 {)..(. - 1'1-ec i ;ii i;:;: i.0;1 1 :.););:: 1. !I ,':I , . 3.0 incl ics  
' 2 ~ l ~ ~ , ~ ' ; ~  c, t z i  ;<,:;;..a:- ,. p , c 7 
iil ; I 1.0 2.7  - 9  

. . .  
J~ :VPVO L ~ ~ ~ . ! ~ ! - ~ ~ ~ l . i ~ ~ ~ i  1 3 i 2 2 . 3  . 9  
9cep j)i:;.coJ.:if,i ~ 1 :  1.0 1 9  3.0 * 
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Thc r c l n t i v c  {rccuracy i s  sin1pl.y t l l e  procluct o f  t h e  

1-cl a t  i v c  r n n c n i t u d e  nncl t h e  mcnsurernent a c c u r a c y .  il v a l u e  

o f '  50 i nc l l c s  f o r  n n ~ ~ u n l  p ~ . c c i p i t a t i o n  ca;l b c  zs;sumcd f o r  

;I  t ypicr~.L 1;-et t c r  t h a n  ~~or.r;lal  y e a r .   he mnf.ni tude o f  maxi- 

rnttm p r o b a b l e  e r r o r  f o r  e ach  f a c t o r  fol. s u c h  a y e a r  i.s 

equa l  t o  t h e  p r o d u c t  o f  39 inci les  atlcl t h e  r e l a t i v e  a c c u r a c y .  

L e t  u s  assus ie  t h a t  a n  a c c u r a c y  w i t h i n  1 - i nch  f o r  e a c h  

f a c t o r  o f  a \Vrater ' u~ i l a l l ce  stucly o f  t h e  t y p e  a t  t h e  Thompson 

~ ~ ~ a t e r s h e c i  i s  a reasonable c-021. Then,  as  shown i n  Table 4 ,  

t h e  a l l o ~ \ ; n b l c  e r r o r  i s  ~ x c e e d c d  f o r  p 1 , c c i p i t a t i o n  and  deep  

p e r c o l a t i o n  measurUeinon"i. These two f a c t o r s ,  t h e r e f o r e ,  

s h o u l d  b e  s t u d i e d  i n  more d e t a i l .  

The  two f a c t o r s ,  s a r f n c e  and s o i l  m o i s t u r e  stcjrag:e, 
> 

a p p e a r e d  o n l y  i n  t h e  s ! ~ o r t  p e r i o d  itrat el- b a l a n c e s .  Frot.tlb!.e 

e r r o r s  f o r  b ~ t h  o f  ~ ~ C S C  Q Y C  low 2nd f u r t h e r  s t u d y  t o  

improve the i r -  acc l l rncy i s  n o t  p r a c t i c a l  a t  t h i s  ti:ne. 



IZi~~O?PIICSD~~'I'TOTS 

The re  ar-c*sevcr-a1 I-cco111:ncndi-itions t h a t  shou ld  b e  made 

f o r  f u t u r e  s lud i . e s  a t  t h e  Tl~ori~pson \$ratershecl. The f o l l o ~ $ ~ i n g  

l i s t  enumerat  c s  t h e s e  recom::~cr~cl~;l ions.  

1. A wore a c c u r a t c  c~casurement  o f  a c t u a l  c a t c h  o f  p r e c i p i -  

t a t i o n  on t h e  \,rat ei-slied J s neecied. This shou ld  t a k e  

i n t o  account  t h e  d i f  f e r c i ~ c e s  betv;ec!l yauge c a t c h  and  

s o i l  c a t c h ,  and t h e  a r e a l  d i s t r i b u t i o n  o f  mo i s tu re .  

A s t u d y  o f  d a t a  collected by t h e  ilue,l gauge sys tem 

s h o u l d  be  made t o  dcterr l l ine t h e  c a t c l i  a t  t h e  s o i l  

s u r f a c e  a long  t l ie  c r e s t  o f  t h e  brat erslieci. To cietermine 

m o i s t u r e  c a t c h  on t h e l a r g e r -  s l o p i n g  p o r t i o n  o f  t h e  

watershecl  t h e  stnncinrBd ( o r  o t h e r j  gzii&e shou ld  he 

p l a c e d  about  100 f c c t  s o u t h  o f  th i :  instri1r:leat c l u s t e r  

i n  o r d e r  t o  a v o i d  unusua l  wind c u r r e n t s .  A$ t h i s  

l o c a t i o n  i t  s h ~ u l d  b e  p o s s i b l e  t o  a p p l y  a s imp le  

c o r r e c t i o n  t o  t h e  gauge c a t c h  t o  o b t a i c  a good v a l u e  

f o r  s u r f ~ c e  c a t c h .  

2. Deep p e r c o l a t i o n  must be  considel -ed i n  more d e t n l l  t o  

de t e rmine  a  r e z s o l ~ n b l e  r a t e  o f  r e c h a r g e .  S o i l  samples  

s!iould b z  t a k e n  i'i.om s e v e r a l  s i t e s  t o  a n a l y z e  t i l e  

hydrau l  i.c p r o p c i - t i e s  o f  t h e  s o i l  mant le .  A r e c h a r g e  

model can t ? ~ e r :  h e  d c v c l o p c d .  T h i s  m o d e l  can be com- 

p a r e d  :\.it11 deep percolation ncasu rcd  by  t h e  w a t e r  

ha1 znce  cq:rzt i o n .  



5. 'l'he assumption t h a t  ~ a u ~ c  p r c c j p i t n t i o n  c a n  b e  used  a s  

a measure  o f  r a i n f r ~ l l  uddcd  t o  t h e  e v a p o r a t i o n  pan 

appears  t o  b c  i n v a l i d ,  s t u d y  js ncec!ed t o  chcclc t h e  

v a l i d i t y  o f  t h i s  assurnpt.io!l. 

4. Compar ison o f  t h e  w a t e r  ba l -ance  a t  t h e  Thon~pson w a t e r s h e d  

w i t h  o t h e r  w a t e r  b a l a n c e s :  i n  t h e  P a l o u s e  r e g i o n  i s  

needed.  Only a l t e r  s u c h  a  compai-ison i s  made w i l l  i t  

b e  p o s s i b l e  t o  draw c o n c l u s i o n s  a b o u t  w a t e r  u s e  i n  

t h i s  r e p i o n .  



CONCJ ,iTSI.O.'JS 

Duri11g t l l c  19S9-;'3 bvat e r  j-cnl- i;~:ct!-umcnt::tri.o:i ~:.:?s 

j - n s t a l l e d  t.o bc~ i .11  a. water' S>:-llznce ::itlciy on tils T11onlpso:l 

\ intersheci  n e a r  I:osco\c, Icla!.!o. 11 w a t e r -  b a l a n c e  :tTas m x d e  

f o r  t h i s  i n i t i a l  J ~ C ~ I -  usi.r lg mc>.ny ro1r;:ll es'ti.nl;.:Les f o r  

some of  t h e  w a t e r  b n l n n c 2  f n c t o r s .  

The re  a r e  s e v e r a l  c o n c l u s i o n s  t h a t  c a n  h e  drav;n from 

the w a t e r  b a l a n c e  s t u d y  a t  t l i e  Thompson wa te r shed  d u r i n g  

t h e  w a t e r  y e a r s  ol' 19C9-70 2nd 1970-71-. Thcse  c o r ~ c l u s i o n s  

can  b e  suntnnrized a s  fo l l o ! \~ s ,  

1. The r e l a t i v e  ma$-ni tudes  f o r  t h e  v a r i o u s  comi)onents o f  

t h e  l ~ y c i r o l o g i c  c y c l e  \:;crse de te r ;n ined  foi- tile 1970-73. 

water yea?. The preci1:i-Lati on 1$:2+, ddisLx-r:i b u h d  57% t o  

e v a p o t r a n s p j . r a t i o n ,  27St' t o  su r f ace  runoTf crid 16% t o  c i e e ~  

p e r c o l a t i o n .  

. ;.I. 2. The r e l a t i v e  a c c u r n c i e s  f o r  the  components o f  t.he 

w a t e r  b a l a n c e  e q u a t i o n ,  expressed  as  a pctrc:enl;ag? o f  

t h e  t o t a l  p r e c i p i t a t i o n ,  Itrere d e t e r ~ n i n e d ,  It was 

found ths t coriiponent s o f  p r c c i p i t  a t  i o n  ar~:! d e e p  per-  

co l a t i 011  c o u l a  each  have nn e r rc r  as  g,.;-eat es 1096 and 

t h a t  t h e  compor~e~~Cs  o f  stir f a c e  dj-schar pie asd cvzpotrans- .  

p i r n t i o n  1,-ouid each 11nve :i p ~ > o b n b l e  e r r o r  oT l z s s  

t.han 59; . 
3 .  S e v e r a l  rnethods f o r  cnlcu1fi.t i n g  evapot r -a r l sp i ra t  i o n  u s i n p  

c l - inn t  i c p; l~~:?l~:  ~t crs :: '~t-e c013p:lr 26 wi t.h c ~ - a j ~ o t ~ r , " , ~ ~ ~ p i r a -  

t j cl,n;-il:c? t j  , ' l - ~ ) l : ;  w- , -  . ~ . . . ~ c . ~ ~ L ~ p : ~ ~ ~ ~ ~ ~ ~ . ! ~ i  '. r.3 ~ 1 -  (71: ; !11; ;2~ i n  : ; o i l  



r l 
I I s t o : .  I l lc!  ~c!~~sen-li:tj . : . ;c ant1 Pci11rin11 erjua- 

t i o n s  \ ,Tere founci t.0 g i v c  n goor1 cstimnte o f  c v a p o t r a n s -  

pir t t t i .011 a n d  c ; ~ n  b e  useti  t o  p r c r i i c t  evapol ; i~ ;~nspj . ra t i .on  

if co!-)s- i r lcr :~t ion i s  ~ ' : ~ V C T I  t o  s o i l  m o i s t ~ l r - e  zs a 

l i m i t i n g  factor- .  i l l  t h e  ci-op cocf ' f i -cieni ; .  
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APPENDIX A 

Glossary o f  Terxs 



.Aile:nornct crb - ail instruincr:t ,  u:;ec! t o  rnen:;u:-e t h e  ~!:ovcrr,ent 
o f  a j  r ,  usu:i 113. tllc ?io~'izo~lt: lJ.  c o r ~ i p o r ~ c n t ,  c v e r  ;I 
f i c l d  o r  a wnCcr s u r f a c e .  

A q u i f e r  - a lL,a tcr  becli-in,rr s t r a t a  i n  t h e  s o i l .  

!~.vai . lable soj.1. m o i s t u r e  - p o r t i o n  o f  t h e  t o t a l  m o j - s t u r e  
c o r l t e a t  o f  tile s o i l  t h a t  ca r )  be  e x t r a c t e d  by t h e  p . l a n t .  

Conshriiptive 1:s~ - so:nc a s  c:r;i.,~otl-r?n_rpS r a t i o n ,  

Crop coeL'f icicn-i ;  - t h e  f r . a c t i o n n l  r c l . n t i o n s h i p  bet1,ireen t h e  
a c t u a l  and p o t  e11l;inl evapotr ; tnspi rn t io11 \:;hich is 
a f f e c t e d  by t h e  s t a g e  o f  gr-owtli o f  t h e  c r o p .  

Drop box w e i r  - a wei r  t l i n t  1~2s c?esi.~:iletI s o  t h a t  all. 
s e d i r ~ t c u t . ~  \:.roald p a s s  t l i i - ~ i ~ ~ h  a n d  i;1lerqcby 1n2-intai l?  a 
c o ~ l s t t i n t  si;a:,-e-d-i s c l l n i y e  1-el.a',ior:s!lip. 

Dry fn]?ming - o r  d r y  .?.and ngy.ri.cultui-e u s e s  p r e c i p i t a t i . o n  
as  t h e  o n l y  SOUP-cc of' moi . s ture  f o r  c ~ o p  p;rov:th. 

> 

Ev~potm*anspir ,?t i .on -- i s  t . h c  al!m o f  thr?  c lvapgra t ion  o f  
k.r. . i;c.ra . C t  i ' r o n ~  ~ : i : ; r l i ,  n n ~ l  sq.i.l s u r I : ! c e s ,  ;111d '-!- b i :c :  + i r a ~ i ~ - -  
]l.ir;i-ti.on oi' \.::?.i;er c::tracteci frcrll Ll?c  SO^ 1. 1 ~ y  
1 I C O ~ J S L ~ [ I I I > ~ ~ . V C   US^ is ; I ~ I O  t l l ~ ) ~ ~  ~;CYEI  

u s e d  t o  e x p r e s s  t i l e  same tnczning. 

F i e l ~ r l  c n ~ ) a c i . t y  - n tcr.!:! t hn . t  \;r:is usec! - 1 : ~  g i v e  n m e a s u r e  
o f  t h e  u p p e ~  s i . o ~ . ; ~ : i c  l i . ! ; i i - L  o f  t h e  s o i l  n l ' t c r  a l l  
i t  1 \ i 1 a i c  a .  1110 t !I c r  t, ertnl, 
\c i l t in:-  poiil l ; ,  l.iTas ~ l sec t  t o  esploct:;s t h e  I .o!. . -c~ l i m i t  
o f  s o i l  1;toisI:ur-c stor.r,:c:e c s t l x n c t n b l . c  by  p l a n i s .  
l?et~;.cen. th r?sc  tnoistu.r .e l e v e l s  l ; ic~s t h e  t o t s 1  nva i l -  
ab1.c mois tu l -e  foi- p . l a i ~ t  f:rowi:,h, 

IIyclrol.og:ic cyc3.c - n c o n c e n t  r~x:;cd t o  d c s c r i h e  a l l  t h e  
possi?:, l .e pn~ihs t-,I-lul- 1::::tcr rn:ifl~.t talco v:iien ~f- ianyiiu:~ 
from s t a t  c t o  s ~ . ; I ~ . c  2116. 1liovii1;. .Cror~! p l z c c  t o  pl::co 
o r  i n  t h e  en i - th .  So:!!c 01 -l;:?e rn:,ixe it;ipurt;.!i.it tc rn ls  used 
t o  describe t l ~ c  r ~ ! n ~ ~ c m ( ~ ~ l t  oi' l i -a ter  i r i  t!lc 1 l y t i r o l o ~ : i c  
c y c l c  are p r c c l ~ ; . i  t.;!tio11, sul*f:~.cc 1-unoi'f, c v r ; p o t r n n s -  
i t o ,  ticel; j>c1-cola t i .o11,  grou:ld\;r;lier FLlo\t7. 

L o e s s  - i s  2 f i l ~ c ?  t o r iu r -c t i  s o i l  t l l a t  was t rnns l3or teG a11r1 
dcposi tcc!  l)y \\.i i l t l .  

1,y:;i.mol.cr- - a n  .in,si-~-:?lnc>;it, uscci t o  1rleasur.c t h e  nc . tu :~ l  mois- 
t u r c  ~ . (? i i io~; i l .  i'l.or~i t l i o  soi.1. b y  p l a n i  s , 



I ' o C c ~ l t i a l  c ! v n p o t r a ; ~ r : ; l i ~ - n t i o ~ i  -- t h e  m i ? : ~ . i ~ i ~ ~ ~ r n  p o s : ; i l ~ J c  r a t e  
o f  ~\~;~l~oi;rar~~;i , . i .~. . ; - i  I,ir;n t I1 ; i . t  c o u l  r i  occ t r r  i f  so i .1  
r n o i s l u r . ~  was r~!)- i .  limit i.xli:: nxitl t lie c r o p  cc!ilopy co~npl .el ;ely 
covel-ctl t l l c  soil . 

I ~ j r ~ - a n o r ~ ~ e C c ~ -  - an  i n s t r u m e n t  u s e d  t o  measure  t h e  i o t a 1  
r a d i n t i o i l  Irorn t h e  sky.  

;loot z o n e  - t h e  layel .  o f  s o i l  :in which n o s t  o f  i l l c  p l a n t  
r o o t s  Fire loca toc ;  2nd f'~*orn ~ i - h i c ! ~  t l l c  ma jo r  ] > a r t  o f  
t h e  e s t l - a c t e d  soj..l. i n o i s t u r c  comcs. 

S o i l  ~ n o i s t u l . ~  stor::;:: - i s  -(.!kc a~~loilnl; o;C rnoj .s turc f i 1 l i . n ~  
t h e  v o i d  s p a c c s  i n  t h e  s o i l .  

S c i l  m o i s t u r c  t e n s i o n  - a mc;?sure o f  l;l)e e f f o r t  r e q u i r e d  
e x t r a c t  rnoistur-e i'rom s o i l  moistu.r-e  siorc-lp-e. i?s 
t h e  a11:ounl; o f  ~~~~~~~~~~e s t o r e d  i l l  t h e  s o i l  decreases 
i t  beco~i:cs i n c r  c3;i s.ilr;p~ly more d i l r i ' j -cul t  t o  re:llove a d d i -  
t ion:?]-  nrnounts o:l' m o i s t u r c .  

Thernlocouplc - a n  in:;trt:r!~ent tl13t rnenstrl-cs t h e  cl lcnge i n  
c u r r e n t  yroduccc! by c7 c l l z ~ ~ ;  c i ~ r i  t c m p c r a t u r e  a t  t h c  
jtlnci-.nr%e o f  t:;ro C1is.sircil.ar. l i l ~ t a i ~ .  

hrz-l,er year.  - h e p i n s  0 2 1  Octo1;cr 1 nxd 'yc)cs t o  Sen tember  50 
t l l c  ~~.~-.ii; l-c,,i:-ji-is o f  t j l c  I l i~i i .cr i  ,3i;aies. ,.-. . L ~ L L : ;  . i + l l o ~ : s  

d e l a y e d  s t r e a m  flo:;; dur-ii-1;;: t h e  1.nl:e: su!n;;lcr t o  b e  i n c l u d e d  
i l l  t h e  same year  t h a t  t h e  t i i a j o ~ ~  prcsci1: ir ;~Cicn s o u r c e  
occur-r ed.  

\tlui c r s h c d  - t h e  d r c i  !In f X c  bnsi11 o r  caCc1~1:1~11t a]-ea. 

\;'nCcr u s e  c o e f f j . c i c i l t  - snmc as c r o p  c ~ e l " f j . c ~ i e ~ l t ,  



APPEXDIX I3 

Pro jec t  -Data f o r  1969-70 and l973-?i 



TABLE B-1 

IdATEI? LEVELS i1.l OBSER\IATIOl'i \,JELLS' 

-Thon~pson Watershed, Moscow, Idaho (1 970) 

Well Number 1 3 4 
Elevation of Soil Surface, f ee t  2790 2835 2840 
Depth of Well, f ee t  7 4 29 2 6 

n3f-o r E  L ' r . - r l r v - c , - n  
iiir-L .,, ,..- n t  Depth  t o  Free G!ater Surface, Feet 

J ~ R .  2 
Jan. 20 
Mar. 5 
Apr. 2 
Apr. 9 
Apr. 16 
Apr. 22 
May 3 
May 14 
May 28 
Jun. 11 
Jun. 18 
Jun. 25 
J u l .  2 
J u l .  9 
Jt i l .  16 
31.11. 23 
J u ? .  30 
A u 4 .  20 
Aug .  27 
Oct. 1 

*There wzs no f ree  water*  i n  t h i s  w e i l  on t h i s  day and cfzring 
succeeding weeks. 



TABLE B - 2  

IvIEAN DAI1.Y RELATIVE HU i~ I ID ITY ,  PERCEIIT 

T h o ~ n p s o n  \&latershed, I.4oscow I d a h o  (1  9 7 0 - 7 1  ) 

DAY OCT NOV DEC J A N  FEB MAR APR MAY JUN J U L  P,UG SEP 

SUMS 1393 2369 2435 2555 2174 2437 1965 1833 2144 1725 1323 1555 



TAGLE E - 2  ( C o n t i n r r ~ d )  

1969-70 

O C T  113V DEC JAi4 FEB bZAR APR MAY JUN J U L  AUG SEP 



TABLE 6-3 

AVERAGE D A I L Y  A I R  TEXPERATURE, OF 

~ 6 o r n ~ s o t i  ~ ! a  t e rs i -~ed  , Moscow Ida 1-10 (1 970-71 ) 

D,:Y OCT NOV DEC JAN FEB MAR APR l4AY J U N  JUL P.'JG SEP 



TABLE L-3 (Con t i  ~ ~ L I C C I )  

1969-70 

-- - - 
, OCT DEC Jil:! F E B  fikR APR lii.iiY 3lii.l JUL AUG SEP 



AVER:\GE i,,'\ I L ' i  E17,~~FO2i tT  I $;I Piill 
PIAl'tk TEi!PEitAT?li:E, O F  

DAY OCT N O V  DEZ JAN FEB MAR ,",PA MAY 51114 JLlL AUG SEP 



-- ~ 

1 GCT NOV DCC JAN FEB :4AR APR MAY JUN J U L  AUG SEP 

T A B L E  8-4 (Cont inued)  

1969-70 



TABLE B-5  

D A I L Y  SL;RFACE RL::iOFF, I N C H E S  

Thonpson Watershed, Moscow I d a h o  (1970-71 ) 

DAY OCT NOV DEC JAN F E B  I4AR APR MAY JUN J U L  AUG SEP 

SUMS 



TABLE U-5 (Continued) 

1969- 70 

_--- - - --- -- 
, OCT NOV DEC JAN FED 14AR APf? b l A Y  JUN JUL AUG SEP 

* Some ri11-10ff SCCUI-red d u r i n g  t h e  l a s t  t:aro \ ,~eeks in February b [ r t  t h e  
records a r e  i-liss-i!lg. l'licl-cforc a vc;lire of  two i ~ ~ c l l c s  i s e5t.i t:lated 
f o r  t h e  moti"Lil. 



T A B L E  B-6 

D A I L Y  SOLAf? R A D I A T I O N ,  LANGLEY S 

Thompson Watershed, Moscorl Idaho (1 970-71 ) 

* Daily measurements were not  made during t h i s  period and t h e r e f o r e  
average va lues  f o r  t h e  period a r e  shown. 

DAY O C T  NOV D E C  JAN F E B  MAR APR MAY J U N  J U L  AUG SEF 



1'A[;I-E E-6 (Continued) 

I..!' OCT N9V [>LC JAP! FEB A APR MAY JUN JUL A U G  SEP 
---*..- -- -- - 

e- 



l'fieiu 13-.7 

DA1L.Y NET SOII.. tiEF1.,'I' !-'I.-IJX , LANGLEY S* 

Thompson !da.tersiicd, Moscoei I d a h o  (1970-71 ) 

~ 2 o s i t i v e  va;ues i ~ u ' i c a t e  a n e t  c,c..it~ of' h2;tt  i n  t h e  s o i l .  

:.:\Y OCT NOV DEC JAN FEE MAR APiI !4AY JlIN JUL AUG SEP 
. . . . .  



T A B L E  B-8 

D A I L Y  IdIII.ID /)lOVEMENT, l i l I L E S  

Thompson \datershed, I4oscow Idaho ( 1  970-71 ) 

k ~ a i l y  measurerrents \/ere not made during t h i s  period and therefore  
average vsl ues fo r  the  period a re  shown. 

D A Y  O C T  NOil DEC JAN F E B  FlAR APR MAY JUN J U L  A U G  SEP 



TABL.E E-8 ( C o n t i n u e d )  

1969-70  

-- ---- ------ - 
* y  OCT NO\/ K C  JAN FEB MAR APR t.1AY JUFI JUL. AUG SEP 

.+I \'G 65.7 9 1 . 6  

'Total miles f o r  t h i s  period was c1istr.i b u t e d  unifornlly over these days .  



TABLE B-9 

DAILY P A N  E V A P O R A T I O N ,  INCHES 

Thompson Watershed, M o s c o ~ ~  Idaho (1 970-71 ) 

DAY OCT NOV DEC J A N  FEB MAR A P R  MAY JUN JUL AUG SEP 

SUMS 

M E A N S  



,..-- 

DCT PJOV DEC JAN F E B  MAR APR MAY JUN JUL AUG SEP 

' '"poration pan was cixi~tied f o r  winter  on t h i s  day. 



APPENDIX C 

Computer Pro  grams 
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-Table C-2. (continued) 

T E S T  F 3 2  c.1.rISSING D A T A  

1 1 ' ( t f l ~ i - 1 I I ) ~ , N C a O a A N D ~ d I N U - N E . O . A N I ) - t i E A T o f \ l E o O I G C  T O  I0 
W R I T C ( . ? , , ' > I P I L ; N 1  l ! , L 3 A Y r L Y t A R v E T P J .  
I F 0 1 ' : t . i A T ( 1 2 X f A 3 (  1 3 9  1 5 r 1 3 X  7F5.3 ( 1 6 x 9  ' D A T A  t 4 1 S S I N G q  1 
GL? T CI 2 

C A L C U L A T E  P E T  U S I N G  PENIYAN 

D E V E L O P  M A S S  T R A N S F E K  T E R M  * 



- 
* a  * . . 0 0  4 

@.l 
u *  r- - c. 

I 
3 

m r l  4 U t-* 4 0 

Q 
N x m 9  J + $  .- cx 

4 43 9 0 - 0 a ln u\ c- c - 
~3 m sn; - u: L? 
i c .  r 0 3 -  rc\ z 0  Q t-0 .-I C\1 r\! • !l 

I- k ii F C  0 0 .4 0 X n  - - z m d  .-l 4 I -I u j ~ ~  
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> S r l l t - w , 2  - - C  ---- - w C I : u I - I W C  
L; k ~ c - 1 ~  II C L ~ L -  !I ~ O L L  1 1  < ~ L L  11 . z _ J ~ :  11 L U Z C  
5 f l i 3 ~ f f : H u , y ( 3 C 4 ~ ~ ~ w L L ~ C 7 - u C L ' I : z C ' ) t l ~ L L  

0 .-l N u 0 - 
0 0 0 0 Ln 
.-I .-I "4 h' 



e m 
a 
I- fl. 
LULL 
L C 

3 X '  
n 0 
I- ('.I 
W - 
* m 



D A T E  

FlAY 1 1 0 7 1  
4 1 Y 2 1  9 '7 1  
14AY 3 1971  
MAY 4 1971  
M A Y  5 1 3 7 1  
M A Y  6 1971  
:4AY 7 1 9 7 1  
b t A Y  S 1 ~ 7 1  
M A Y  9 1971 
MAY 10 lG7: 
MAY 11 1971  
MAY 1 2  1971  
M A Y  1 3  1 9 7 1  
M A Y  1'1 1971  
MAY i 5  1971 
KAY l h  1971  
M A Y  1 7  1 9 7 1  
M A Y  18  197: 
M A Y  1 9  1971  
M C Y  20 1371  
MAY 2 1  1 9 7 1  
M A Y  2 2  1'971 
M A Y  2 3  l 9 j l  
Y A Y  2 4  1971 
t4AY 25 1971  
MAY 2 6  1 9 7 1  
MAY 2 7  1371  
MAY 2 3  i 9 7 1  
YAY 2 9  1971  
M A Y  3 0  1371 
M A Y  3 1  1 9 7 1  
.iUI'J 1 1971  
J U N  2 1C171 
JUN 3 1971  
J U N  4 :Q i l  
JUN 5 1 9 7 1  
J U N  6 1'371 
JUN 7  1971  
JUN 8 1971 
J U K  9 i 3 7 1  
J U N  1 0  1 q 7 1  
JLlN 11 1 3 7 1  
J U N  1 2  1'171 
J U N  1 3  1 9 7 1  
J U N  1 4  1971  
JUN 1 5  1971 
J U ''4 1 h 1 9 7 ! 
J U :< 1 7 1 :;/ '7 i 
.!L!'i 1 5  1 . 3 ? i  
J CI :Y l o  1  '1 ' I  1 

IPJC HE S  
DATA t4ISSING 
DATA XISSING 
DATA 11 I S S  ING 
DATA. YISSING 
O A T A  b!I S S I  N G  
OATA i'4!SSING 
DATA P \ I  SSING 
OATL. Y I S S I N G  
DATA !.IISSI?lG 
DATA MI S S I  hG 
DATA B I S S I N G  
DATA PI ISSIhG 
D A T A  MISSING 
D A T A  MISSING 
DATA HISSI l JG 
DATA M I S S I R G  
DATA MISSING 
DATA. .'4!SSIP:G 
D A T A  MISS I k G  
OATA r i i S S I N G  
DATA K I S S I h G  
O A T 4  M l S S i N G  
CAT!+ !4ICS:NG 
DATA :" 1ISSjl';iG 
OATA MISSING 
D A T A  M!SSIpiG 
GATA X I S S I N G  
D A T A  MISS I R G  

0,152 
0,119 
3 , 1 1 0  
O.190 
@ . I S 4  
C.108 
3.iZO 
U. 1 9 2  
3.200 

DATA MISSlP.!G 
0,207 
0 , 1 7 i  
0.126 
9. ZO'? 
0.195 
3.184 
0.218 
C.274 
I). L i  5 
9 . 2 :; -I' 

7 -  " . L s l  

0.222 



DAT E 

J U ; ~  2 0  1971 
J U ~  21 1971 
J I ) ~  22 1371 
JJI.1 23 l971 
JUN 2 4  1,371 
JU'4 25 1971 
JU;\I 26 1971 
JlJY 27 1971 
J O P ~  ? 4 1?71 
JUN 29 1371 
JUN 3 0  1971 
JUL 11971 
JUL 2 1971 
JUL 3 137i 
JUL 4 1971 
JUL 5 1371 
JUL 6 1971 
JUL 7 L971 
J U L  8 1971. 
J U L  9 1971 
JUC 1 0  1971 
J U L  11 1 ? 7 1  
JUL 12 1971 
JUL  13 1071 
J U I  14 1971 
J U L  15 1371 
JUL 16 1971 
J U L  17 i 371 

+,*,. J U L  18 1 3 7 1  
JUL  i9 I371 
JUL 20 1971 
JLlL 21  197 1 
J U L  2 2  1971 
dLlL 23 1971 
J U L  24 1?71 
J U L  25 1971 
J U L  26 1971 
JUL  27 1977 
JUL 23 1371 
J U L  29 1971 
JUC 30 1971 
J U L  31 1971 
AlJG 1 1972 
AUG 2 1971 
AUG 3 1971 
AUG 4 1971 
SUG 5 1 4 7 1  
AUG i) 1371 
:,G; 7 1 4 7 1  
AdC 0 197; 

INCHES 
0.240 
0.293 
0 .305  
0.167 
0.195 
0.174 
0.194 
Q.125 
0 .993  

DATA M I S S  I N G  
D A T A  MISSIh iG  
DATA H I S S I N G  

- 0.254 
0.239 
0.243 
O . i Q . 5  
0.183 
0 . 2 1 5  

. 0.267 

P E T (  P E N M A N )  
t 

INCHES 
0.214 

D A T A  K I S S I N G  
0.252 
0.159 
0.196 
0.189 
0.203 
0.158 
0.127 

DATA X I S S I N G  
D A T A  M I S S I N G  
D A T 4  WISSING 
0.243 
0.235 
0.234 

.. 0.189 
0.213 
il. 234 
04239 
0.213 
0.134 
0.19i 
0.261 
0.255 
0.268 
0.261 
0.296 
0.237 
3.251 
0.277 
0.250 
0.213 
0.276 
0 . 2 5 2  
0.234 
0.296 
0 1 2 7 4  

' 0.27-i 
0 .280  
Go273 
0,272 
0.278 
9.260 
0.280 
O e Z 7 1  
0.277 

D A T A  r i i s s i x ~  
2 . 1 7 T  
6,269 
(?. 2 4 7  

. . . .  . 



Table  C-F.  ( C o n t i n u e d )  

DAT E 

dUG 9 1371 
AUG 1 0  1971 
A U G  11 1971 
AUG 12 1771 
A U G  13 1071 
A U G  14  1q71 
L U G  15  1071 
A U G  16 1971 
A U G  17 1'371 
A U G  18 1971 
A U G  1 9  1371 
A U G  2 0  1971. 
A U G  21 1071 
AlJC 2 2  1271 
A U G  2 3  1971 
AL'G 2 4  1572 
A U G  25 1971 
AiJG 2 6  1971 
A U G  27 1971 
AUG 2 8  1971 
A U G  29  1971 
A U G  3 0  1371 
A U G  3 1  1 9 7 1  

I N C H E S  
0 .333  
0 .331 
0.331 
0.327 

' 0.309. - .- 
0. 2 5 2  
0.263 
0.2 53 
0.204 
0.163 
0.274 
0.200 

--.. ; 8-9- 

G.02i3 
: 0.156 . - 

0.197 
8.205 
0.199 , 
0. 193 

-3.202 
' 0.216 

O e l e 3  
0 .063 . 

I N C H E S  
D A T A  MISSING 
D A T A  MISSING 

0.270 
0.278 
0.258 
0.256 
0.235 
0.249 
0.204 
0.183 
0.235 

- 
L 0.221 0.177 

0.078 
0.162 
@ . Z G i  
0.2G2 
0.196 
3.222 - - 
0.187 
0.15'3 
0.215 
0 ,107 



APPENDIX D 

Development of Crop C o e f f i c i e n t s  



Devclol~rr~ent  o f  Crop Cocf f ' i c i e n t  

$1 p o t  entj.:il evrrpot .r : i l lspirat iol l  d e r i v e d  f rom t h e  

: ~ ~ l l - - l [ i ? i  s c  and Pcrlman ec jun t ions  p i i l l  g i v e  a  r o u ~ h  e s t i r n a t e  

: ,.v;\;)o t r n ~ l s p i r a t i o n  f o r  some c r o p s  unde r  s p e c i a l  c i rcum-  

r .l:lc.cs. 'T7::o of t h e  Inore i ~ i l p o r t a n t  c i r c u m s t a n c e s  r e q u i r e s  

; i i  ; t  fui.1 c r o p  CGVCI'  xis st an6 t h a t  so3.l m o i s t u r e  b e  

t1;~~i-lirnit3.11g. Fiost of t h e  t i m e  t h e s e  c o n d i t i o n s  do n o t  

r . , . . i ~ t  2nd  i t  i s  t h c r c f o r e  n e c e s s a r y  t o  a d j u s t  t h e  v a l u e  o f  

j , : r t c~ l t i a l  c v a p o t r ~ ~ n ~ p i r c c l t j ~ o n  t o  a c c o u n t  f o r  t h e i r  e f f e c t  

( a t 1  cvnpotrnnspil-at ion o f  t h e  c r o p .  

A n  e s l ~ r ~ e s s i o n  112s. bee11 deve loped  t o  a c c o u n t .  f o r  t h e  

i ' ; lc.tors,  ot.Iler t h n n  c l i m n t i c  demand, t h a t  call e z f  e c t  
I 

t .~ . ; rpot ra lzspi~~aI : j .o i - i  ( 2  c;is c:l , Rob;, anti Fr.c"lnzoy 1970)  . 'Phi. s 

e s l ~ r e s s i o n  i s  

I(c = Kc0 (lia) + 1;s. 

'I'llc t e rm  i s  t h e  c o c f ' f ' i c i c n t  u s c d  t o  a d j u s t  t h e  p o t e n t i a l  

?irilpo t l - nnsp i . r a t  i o n .  .'The cr-op c o e f f i c i e n t  I ~ C O  a c c o u n t s  f o r  

tllc c f f c c t s  o f  c r o p  deveJ.op:nent w h e n  s o i l  m o i s t u r e  i s  non- 

i i .  To a d j u s t  t h e  c r o p  coe f f . i . c i en t  f o r  t h e  e f f e c t  o f  

s o i l  ~ i ~ o i s t u r e  l i ~ n i t a t i o n s  t .he t e r m  !;a i s  u s c d ,  and call b e  

tlutcrmincd by 

l(a = I n  PJ;/ln TA4ili*i 

lb'ilcre A!: i s  l;hc e x i s t i n [ ] .  nvai~iab1.c  s o i l  m o i s t u r e  and  I'A2.I 

is t h e  t o t a l  p o s s i l ~ l e  a v a i l - a b l e  m o i s t u r e  t h a t  t h e  s o i l  c an  

l icr l t l .  'I'lle t elm :;s i~s useti  t o  nccou.iit f o r  t l lc i n c r e a s c  

1 J I  s u r T 2 c c  c v n p o r a t  i on i ~ r ~ i i ~ c i i i . ; ~ t ~ S . y  :is-tcr a n  ir-r:i. ~,at.i.:)il 0 3 '  

~ ' : I - ~ . I I  :;LOX.+,II. 



The following example calculation (for the period 
June 11 to July 2, 1971) will illustrate the procedure 
used to develop crop coefficients for the Thompson water-
shed. 

The following assumptions were made: 
1. The effective root zone is contained in the 

upper 4-feet of the soil mantle. 
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2. Ench foot of soil contains 1.5 inches of moisture 
that the plant is unable to remove. 

3. Each foot of soil can hold a maximum of 4.5 inches 
of moisture apajnst fi'avitntional forces. 

4. The value of Ks is small by comparison to the value 
Kco Ka. 

The avera[e crop coefficient for June 11 to July 2 is 
obtained from Fi[ure 7: 

Kco = 0.96 (averag-e betveen 65 and 100% effective cover) 

The adjustinr factor for soil moisture limitations is 
based on data for in the computer printout of soil 
moisture content for this period and for the 4-foot 
upper soil layer: 

OJ June 1! ~~~(3.~7+1.53+4.77+4.6~)-6.00 = 
On July ~· "~.0:=(1.95+3.82+4.4.5+4.59)-G.OO 

AI'·I = 1/:? (11.4 8.8) = 10.1 inches 

11~4 inches 
8.8 inches 

ln M·I = 2.31 
'I' At I ( ~ f) . l• I p t ) n."· = ._)., lnC leS _,_oo (4.0 feet) 12.0 inches 
l n T At'1 = 2 • 4 9 
Ka = 2.31/2.49 = 0.93 

Assuming Ks = 0 the value of the adjusted crop coefficient 
can be determined: 

Kc = Kco (Ka) = 0.96 x 0.93 = 0.89 
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Table D-1 summarizes the calculations of the crop 
coefficients for all the short periods during the 1971 
growing season. 

TABLE D-1 

Crop coefficients to use with the Jensen-Raise and Penman 
equations for potential evapotranspiration. 

Date % AM ATI lnAM Ka Kco Kc 
-

May 3 0 10.8 
10.15 2 .. 32 0.93 0.19 0.18 

May 14 18 9.5 
9.85 2.29 0.92 0.25 0. 23 

May 28 42 10.2 
10.8 2.38 0.96 0.54 0.5:2 

Jun ll 65 11.4 
10.1 2.31 0.90 0.06 0.89 

Jul 2 100 8.8 
Days 8. 25 2.11 0.85 1.04 0.88 

Jul 9 7 7.7 
7.55 2.02 0.81 1.02 0.83 

Jul 16 14 7.4 
6.6 1.89 0.76 O.S7 0.74 

Jul 23 n1 5.8 .:. .... 
5.15 :!:.64 0~66 0.87 0.57 

Jul 38 28 4.5 
4.35 1.47 0.59 0~ 72 0.42 

Aug 6 35 4 .. 2 
3.9 1.36 0.55 0.49 0. 27 

Aug lG 42 3.6 
3.4 1.:?2 0.49 0.22 0.10 

Aug 20 ·49 3.2 
3.4 1.22 0.49 0.15 0.07 

Aug :27 56 3.6 




