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ABSTRACT 

In fo rmat ion  on e v a p o t r a n s p i r a t i o n  i n  t h e  Upper Green R i v e r  Basin of 
Wyoming has been developed. The s u i t a b i l i t y  o f  v a r i o u s  e v a p o t r a n s p i r a t i o n  * 

models f o r  e s t i m a t i n g  water  use o f  a g r i c u l t u r a l  crops has been i n v e s t i g a t e d .  
Measurements of w a t e r  use and c l i m a t o l o g i c a l  da ta  were taken i n  t h e  Green 
R i v e r  Basin t o  p r o v i d e  a source o f  data f o r  c a l i b r a t i o n  o f  e v a p o t r a n s p i r a t i o n  
model s 

Fourteen non-weighing water  balance l y s i m e t e r s  were i n s t a l l e d  i n  t h e  Basin 
d u r i n g  t h e  f a l l  of 1982 and s p r i n g  o f  1983. The l y s i m e t e r s  cons is ted  of 3 
w i t h  a l f a l f a ,  3 w i t h  a l t a  fescue, and 8 w i t h  mountain meadow vegetat ion.  
Weekly measurements o f  maximum water  use were taken w i th  these l y s i m e t e r s  
d u r i n g  t h e  1984 and 1985 growing seasons, The a l f a l f a  and mountain meadow 
l y s i m e t e r s  p rov ided d i r e c t  measurements f o r  t h e  pr imary  v e g e t a t i o n  i n  t h e  
Basin w h i l e  t h e  a l t a  fescue served as a re fe rence crop. I n  a d d i t i o n ,  t h r e e  
evapora t ion  pans were operated t o  p r o v i d e  measurements o f  f r e e  water  surface 

. evapora t ion  as wel l  as p r o v i d e  another re fe rence f o r  c rop  water  use ra tes .  
Seven automated weather s t a t i o n s  were i n s t a l l e d  t o  g i v e  c l i m a t i c  data through- 
o u t  t h e  Basin. 

C a l i b r a t i o n  o f  a number o f  e v a p o t r a n s p i r a t i o n  formulas,  based on c l i m a t i c  
data;  was performed. The formulas ranged from those based o n l y  on temperature 
data t o  combinat ion formulas which r e q u i r e  tempera twe,  r a d i a t i o n ,  wind, and 
h u m i d i t y  data,  The a b i l i t y  o f  t h e  models t o  es t imate  water  use r a t e s  through- 
o u t  t h e  Basin was analyzed. Crop c o e f f i c i e n t s  h r  a l f a l f a  and mountain 
meadows were developed, Resu l ts  i n d i c a t e d  t h a t  no : i e  equat ion  prov ided t h e  
b e s t  r e s u l t s  under a l l  c o n d i t i o n s ,  However, t h e  te i -Zerature based equat ions 
d i d  permi t ,  w i t h  c a l i b r a t i o n ,  est imates o f  water use comparable t o  est imates 
ob ta ined u s i n g  t h e  more complex equat ions.  
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Chapter 1 

INTRODUCTION 

The Upper Green R i v e r  Basin of Wyoming conta ins  t h e  headwaters o f  t h e  
Green R iver ,  one o f  f o u r  major  t r i b u t a r i e s  t o  t h e  Colorado R iver .  The Basin 
encompasses approx imate ly  17% o f  t h e  l a n d  area i n  Wyoming and produces approx- 
i m a t e l y  12% o f  t h e  15.8 m i l l i o n  acre f e e t  o f  water produced by the  State.  The 
water,  o r i g i n a t i n g  main ly  f rom snowfa l l ,  i s  v i t a l  t o  a g r i c u l t u r e ,  tour ism,  
m u n i c i p a l i t i e s ,  and i n d u s t r y .  

Water produced w i t h i n  t h e  Green R i v e r  Basin o f  Wyoming i s  a l s o  impor tan t  
from a r e g i o n a l  s tandpo in t  because downstream s t a t e s ,  and even the  Republ ic of 
Mexico, depend on a share o f  t h e  water. The water  o r i g i n a t i n g  w i t h i n  t h e  
Green R i v e r  Basin of Wyoming i s  s u b j e c t  t o  t h e  terms o f  t h e  Upper Colorado 
R i v e r  Basin Compact of 1948. Under the  terms o f  t h e  compact, each s t a t e  i s  t o  
assess i t s  water  uses d i r e c t l y  a t t r i b u t a b l e  t o  t h e  "works of  man." Consump- 
t i v e  uses f rom n a t u r a l l y  o c c u r r i n g  vegeta t ion  a r e  n o t  cons idered a d e p l e t i o n  
accord ing  t o  t h e  terms o f  t h e  c o n t r a c t .  In a d d i t i o n ,  c o l l e c t i o n  and a n a l y s i s  
of water  use data p rov ides  e s s e n t i a l  i n f o r m a t i o n  f o r  d e c i s i o n s  regard ing  t h e  
v a r i o u s  proposals  f o r  a l t e r n a t e  uses of t h e  water  w i t h i n  t h e  State,  

A g r i c u l t u r e  i s  t h e  l a r g e s t  l a n d  and water user  w i t h i n  t h e  Green R iver .  
Basin w i t h  t h e  major  crops be ing  i r r i g a t e d  a l f a l f a  and mountain meadows. 
I n f o r m a t i o n  concern ing t h e  i r r i g a t i o n  requirements o f  these crops i n  t h e  Basin 
has been l i m i t e d .  Est imated water  use r a t e s  a r e  a v a i l a b l e  (Tre lease,  e t  a l . ,  
1970) b u t  have n o t  been conf i rmed through ex tp .?s ive  f i e l d  measurements, 
E x i s t i n g  water  use measurements w i t h i n  the  Basin at-' severa l  years o l d  and a r e  
l i m i t e d  t o  one area (Burman and Loudon, 1967).  

0b.i ec t i ve s 

The o v e r a l l  o b j e c t i v e  o f  t h i s  study was t o  develop t e c h n i c a l  data and 
models on e v a p o t r a n s p i r a t i o n  f o r  t h e  Upper Green R i v e r  Basin. The s p e c i f i c  
o b j e c t i v e s  were : 

1. To develop grass and a l f a l f a  re fe rence crop C o e f f i c i e n t s  a t  Farson 
and Fontene l le ,  Wyoming. 

2. To develop grass and a l f a l f a  re fe rence crop x e f f i c i e n t s ,  and crop 
c o e f f i c i e n t s  f o r  mountain meadow grasses a t  r a n i e l ,  Wyoming. 

3. To c o l l e c t  s o l a r  r a d i a t i o n ,  wind, humid i ty ,  -emperature, and 
p r e c i p i t a t i o n  data f rom a network o f  seven v t e s  i n  t h e  Upper Green 
R i v e r  Basin. 

4 ,  To develop methods f o r  t r a n s f e r r i n g  crop c o e f f i c i e n t s  f rom 
l o c a t i o n  t o  l o c a t i o n .  

5. To use e x i s t i n g  El models t o  es t imate  consumptive use o f  
a g r i c u l t u r e ,  r e s e r v o i r  evaporat ion,  and phreatophyte use w i t h i n  t h e  
Upper Green R i v e r  Basin. 

6. To develop a b a s i n  wide model f o r  e s t i m a t i n g  maximum consumptive use. 
7 ,  To o b t a i n  e x i s t i n g  ET data a p p l i c a b l e  t o  t h e  Upper Green R i v e r  

Basin. 

1 



Descr ip t ion  o f  the  Basin 

The Green R ive r  Basin, s i t ua ted  i n  the Southwest corner  of Wyoming (F igure 
1 ) ,  i s  considered c l i m a t i c a l l y  t o  be semi-arid. Typica l  annual p r e c i p i t a t i o n  
normals are 7.61 inches a t  Farson, 8.60 inches a t  B ig  Piney, 8,79 inches a t  
Rock Springs, 9.53 inches a t  K e m r e r ,  and 11.23 inches a t  Pinedale (U: S.  
Dept. Corn., 1973). Annual temperature normals inc lude 3 4 . 5 O F  a t  B ig  Piney,, 
35.5OF a t  Pinedale, 36.9'F a t  Farson, 3 9 , Z O F  a t  Kemmerer, and 42.5'F a t  Rock 
Springs. Average number o f  days between the  l a s t  spr ing  and f i r s t  f a l l  occur- 
rence o f  low temperatures ranges d ramat i ca l l y  across the  Basin (Becker, 
e t  a l .  , 1977). The average number o f  days between the l a s t  and f i r s t  occur- 
rence of 32" temperatures i s  34, 60, 73, and 117 days a t  Pinedale, Farson, 
Kemerer,  and Rock Springs, respec t ive ly ,  wh i l e  f o r  28°F temperatures the 
average number of days are 69, 92, 98, and 140 a t  Pinedale, Farson, Kemmerer, 
and Rock Springs, respec t i ve l y .  

High consumptive use ra tes  w i t h i n  the  Basin can be expected due t o  the  
dry-windy cond i t ions ,  h igh  r a d i a t i o n  inputs  as a r e s u l t  o f  the  h igh  eleva- 
t ions ,  and the  oas is  e f fec t  o f  i r r i g a t e d  a g r i c u l t u r e  and reservo i rs .  One o r  
two c u t t i n g s  o f  a l f a l f a  are u s u a l l y  obtained w i t h  i r r i g a t i o n  cont inu ing  
throughout most of t h e  growing season. Nat ive hay i s  grown e i t h e r  f o r  pasture 
o r  hay. The i r r i g a t i o n  o f  the hay i s  o f t e n  dependent upon water suppl ies,  but  
u s u a l l y  cont inues u n t i l  s h o r t l y  before harvest.  

General Approach 

Development o f  evapot ransp i ra t ion  (ET) data arid models w i t h i n  the  Green 
R ive r  Basin was approached f r o m  the s tandpoint  o f  i nco rpo ra t i ng  both d i r e c t  
measurement and modeling techniques t o  de f ine  cons A m p t h e  use rates.  D i r e c t  
measurements prov ided a data base t o  conf i rm the  T -de l i ng  e f f o r t s  and permi t  
c a l i b r a t i o n  o f  d i f f e r e n t  models, However, d i r e c t  measurements were l i m i t e d  
w i t h i n  cos t  and t ime r e s t r a i n t s .  Measurements inc luded weekly ET ra tes  dur ing  
the  growing season us ing  non-weighing lys imeters  w i t h  a l f a l f a ,  mountain 
meadow, and a1 t a  fescue vegetat ion.  The lys imeters  were i n s t a l l e d  dur ing  the  
f a l l  o f  1982 and sp r ing  o f  1983 w i t h  measurements taken dur ing  1983, 1984, and 
1985. The 1983 season was considered t o  be an establ ishment year f o r  the  
vegetat ion i n  t h e  l ys ime te rs  as f a r  as c a l i b r a t i o n  and ana lys is  were COR- 
cerned. Since the  l oca t i ons  and t ime per iods f o r  which d i r e c t  measurements 
could be taken were l i m i t e d ,  add i t i ona l  data was taken throughout the Basin i n  
the  fo rm o f  i n t e n s i v e  c l i m a t i c  data. This  was used as a supplement t o  the  
d i r e c t  ET measurements and as an i n p u t  t o  c a l i b r a t e d  ET models t o  prov ide 
maximum ET est imates ex t rapo la ted  over the  e n t i r e  basin,  

2 
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FIGURE 1. Map of Wyoming w i t h  the Green River Bas in  Shown. 
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Chapter 2 

CLIMATOLOGICAL DATA 

The a v a f l a b i l i t y  o f  c l i m a t i c  data i s  a major  c o n s i d e r a t i o n  i n  s e l e c t i n g  a 
model f o r  c a l c u l a t i n g  ET. Data i n p u t  requirements f o r  t h e  d i f f e r e n t  models 
vary,  rang ing  i n  complex i ty  f rom those t h a t  use o n l y  temperature data t o  those. 
t h a t  r e q u i r e  temperature, wind, humid i ty ,  and r a d i a t i o n  data. H i s t o r i c a l  
records o f  weather da ta  have been a v a i l a b l e  f o r  t h e  Upper Green R i v e r  Basin 
p r i m a r i l y  f rom t h e  Nat iona l  Weather S e r v i c e ' s  Cooperat ive Network. The network 
c o n s i s t s  ma in ly  of s t a t i o n s  record ing  maximum and minimum d a i l y  temperatures 
and p r e c i p i t a t i o n .  Depending upon the  p e r i o d  o f  i n t e r e s t ,  approx imate ly  12 of 
these s t a t i o n s  e x i s t  i n  t h e  Basin. I n  a d d i t i o n ,  t h e  s t a t i o n  a t  Rock Spr ings 
has data on wind, humid i ty ,  and s o l a r  r a d i a t i o n .  Other h i s t o r i c a l  weather data 
of i n t e r e s t  i n c l u d e s  records o f  evapora t ion  r a t e s  f rom pans l o c a t e d  a t  Green 
R i v e r  and Farson, a l though t h e  pan a t  Farson i s  no l o n g e r  i n  operat ion.  I t  i s  
apparent t h a t  h i s t o r i c a l  weather data f o r  use i n  ET models a r e  n o t  w i d e l y  
a v a i l a b l e  i n  t h e  Basin f o r  parameters o t h e r  than temperature. Thus, one 
o b j e c t i v e  of t h i s  p r o j e c t  was t o  acqu i re  and analyze a d d i t i o n a l  c l i m a t i c  data. 

Weather S t a t i o n s  and S i t e s  

Seven weather s t a t i o n s  u t i l i z i n g  C R - 2 1  m ic ro loggers  manufactured by Camp- 
b e l l  S c i e n t i f i c *  o f  Logan, Utah f o r  r e c o r d i n g  weather da ta  were installed i n  
t h e  Green R i v e r  Basin ( F i g u r e  2 ) .  The s t a t i o n s  were i n s t a l l e d  d u r i n g  A p r i l  
and May 1983. S i t e s  were se lec ted  t o  p r o v i d e  as el/en a d i s t r i b u t i o n  o f  area 
as p o s s i b l e  and i n c l u d e d  Rock Spr ings, Farson, "erna, Danie l ,  B i g  Piney, 
Seedskadee, and Mountain View. However, t h e  M e v a  and Danie l  s i t e s  were 
s e l e c t e d  t o  p r o v i d e  s t a t i o n s  a t  b o t h  t h e  upper a d  lower  p o r t i o n s  o f  Horse 
Creek which was t h e  area o f  i n t e n s i v e  measuremer-s o f  mountain meadow ET. 
D e t a i l e d  d e s c r i p t i o n s  o f  each s i t e  a r e  g iven i n  Appendix A. 

The i n s t a l l e d  weather s t a t i o n s  recorded temperature,  p r e c i p i t a t i o n ,  wind, 
The s t a t i o n s '  da ta  loggers  were r e l a t i v e  humid i ty ,  and s o l a r  r a d i a t i o n  data. 

programmed t o  p r o v i d e  va lues a t  t h e  f o l l o w i n g  s p e c i f i e d  t i m e  i n t e r v a l s :  

a.  A i r  temperature-Average d a i l y  temperature,  the  magnitudes and 

b. P r e c i p i t a t i o n - - D a i l y  t o t a l .  
c. 

d .  

e. S o l a r  r a d i a t i o n - - D a i l y  t o t a l .  

t imes o f  occurrences o f  d a i l y  maximum and mWrnum temperatures,  
and temperatures a t  4 hour i n t e r v a l s .  

Wind-Total wind run  a t  6.5 f t  f o r  each 4 h u r  p e r i o d  ( t h i s  
p e r m i t t e d  the day-n ight  wind r a t i o s  t o  be c a k u l a t e d ) .  
R e l a t i v e  humidity-Average d a i l y  r e l a t i v e  h u m i d i t y ,  t h e  magnitudes 
and t fmes o f  occurrences of d a i l y  maximum and minimum r e l a t i v e  
humid i ty ,  and r e l a t i v e  h u m i d i t i e s  a t  4 hour i n t e r v a l s .  

*The ment ion o f  brand names does n o t  imp ly  endorsement. 
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I n  a d d i t i o n  t o  t h e  automated weather s t a t i o n s ,  i n s t r u m e n t a t i o n  a t  each 
s i t e  i n c l u d e d  a’ 4 i n c h  p l a s t i c  r a i n  gauge. These gauges were monitored weekly 
and were used as a check on t h e  p r e c i p i t a t i o n  recorded by t h e  automated 
weather s t a t i o n s .  Two a d d i t i o n a l  4- inch p l a s t i c  r a i n  gauges were operated 
near t h e  mountain meadow l y s i m e t e r s  a long Horse Creek. These were l o c a t e d  
a long t h e  road immediately below t h e  Br idger-Teton N a t i o n a l  Fores t  Boundary 
near l y s i m e t e r s  3A and 38 and below Merna between l y s i m e t e r s  3 C  and 30. These 
r a i n  gauges were used t o  determine t h e  amount o f  p r e c i p i t a t i o n  rece ived by 
l y s i m e t e r s  3A through 3F. 

Evaporat ion pans p r o v i d e  one o f  t h e  s imp les t ,  inexpensive,  and most w i d e l y  
used methods o f  e s t i m a t i n g  evapora t ive  losses and a r e  o f t e n  used as a r e f e r -  
ence f o r  ETr r a t e s .  Thus, t h r e p  standard c l a s s  A evapora t ion  pans, w i t h  
automated r e s e r v o i r s ,  were i n s t a l l e d  and operated d u r i n g  1984 and 1985. The 
pans were l o c a t e d  ad jacent  t o  t h e  weather s t a t i o n s  a t  Merna, Dan ie l ,  and 
Seedskadee. The pans were moni tored weekly. 

C l i m a t i c  Data C o l l e c t i o n  and Reduction 

The C R - 2 1  data loggers  were programmed t o  a l l o w  a maximum o f  15 days 
between v i s i t s ,  The data s t o r e d  on t h e  mic ro loggers  were t r a n s f e r r e d  t o  a 
p o r t a b l e  ’ c a s s e t t e  tape through a recorder ,  The c a s s e t t e  tape was used t o  
t r a n s p o r t  t h e  data t o  Laramie where i t  was t r a n s f e r r e d  t o  t h e  U n i v e r s i t y  of 
Wyoming Cyber computer system f o r  permanent s torage,  r e d u c t i o n ,  and a n a l y s i s .  
Dur ing t h e  1985 season t h e  Mountain View s t a t i o n  was i n t e r r o g a t e d  v i a  phone. 

Monthly summaries o f  t h e  weather data are g ’ m  i n  Tables 1 through 3 
w h i l e  weekly summaries a r e  g iven i n  Appendix 8. 3 n c e  a l l  ET measurements 
were made on a weekly schedule, c l i m a t i c  data f o r  d a i l y  and s h o r t e r  per iods  
a r e  n o t  g iven  i n  t h i s  r e p o r t  b u t  a r e  s t o r e d  a t  t h e  q i v e r s i t y  of Wyoming. 

Ana lys is  of C l i m a t i c  Data 

Analyses o f  long- term records were done t o  ccnpare c l i m a t i c  c o n d i t i o n s  
d u r i n g  1984 and 1985 w i t h  long- term averages and v a r i a t i o n s  (Tables 4 and 5 ) .  
Data f o r  t h e  long- te rm averages and v a r i a t i o n s  were d e r i v e d  f rom t h e  pub l ished 
records o f  t h e  N a t i o n a l  Weather Serv ice cooperat ive network (NOAA, 1965. . .) . 
The long- term averages used f o r  these comparisons a r e  n o t  t h e  publ ished 30- 
y e a r  normals, which would i n c l u d e  t h e  years 1951-130,  b u t  a r e  based on t h e  
years 1965-1984. 

I n  genera l ,  1984 i s  shown t o  have been a r e l a t i v e l y  wet summer w i t h  the  
May through October accumulated p r e c i p i t a t i o n  a t  5 o f  6 s t a t i o n s  be ing  g r e a t e r  
than t h e  long- term average f o r  each s t a t i o n  w h i l e  1985 was a r e l a t i v e l y  d r y  
summer w i t h  t h e  May through October accumulated p r e c i p i t a t i o n  a t  a l l  6 o f  t h e  
s t a t i o n s  be ing  l e s s  than t h e  long- term average f o r  these s t a t i o n s  (Table 5 ) .  
Temperatures f o r  i n d i v i d u a l  months o c c a s i o n a l l y  were cons iderab ly  l e s s  than o r  
g r e a t e r  than the  long- term monthly values and a r e  shown i n  Table 4 .  However, 
average temperatures f o r  t h e  e n t i r e  May through Oct p e r i o d  d u r i n g  1984 and 
1985 were n o t  g r e a t l y  d i f f e r e n t  than t h e  long- term normal values, except f o r  
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FARSON 

MERNA 

TABLE 1. MONTHLY SUMMARY OF CLIMATIC DATA - 1983 
~ ~ ~ ~ ~ ~ t ~ ~ o o o o ~ ~ ~ ~ o ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - - - - - ~ ~ - ~ ~ - - - - - - - - - - - - ~ - - - - - - - - -  _ _ _ _ _ _  ---oo----g--------------------------------o--------------------------- 

MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D / N  

( F )  ( F )  ( % )  ( % )  ( F )  ( L Y / D Y )  (IN/MO) ( M I / D Y )  RATIO 
STATION MONTH TEMP TEMP RH RH PT RADTN P R E C I P  FlUN WIND 

g g g g g g g ~ ~ I ~ ~ . ~ g g ~ g ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ 9 ~ ~ - ~ ~ ~ - - - ~ - - - - - - . - - 9 - . ~ - . = = - - - - - - - - ~ ~ - ~ - - - - - - -  

178. 1.47 APR 55. 30. 98. 42. 32.7 458. .16 202. 1.50 MAY 60. 32. 96. 34. 31.2 590. 1.34 
96. 28. 40.1 640. 1.34 153. L 7 1  JUN 73. 41. 

150. 1.62 RCK SPR J U L  84. 46. 91. 18. 39.5 621. .87 136. 1.42 AUG 88. 51. 93. 17. 44.9 582. . 59 175. 1.71 SEP 74. 40. 87. 21. 33.5 492. . 35 
176. 1.79 APR 53. 26. 100. 44. 31.4 316. . 75 

MAY 59. 28. 97. 35. 30.7 361. .a3 193. 1.86 
154. 1.98 JUN 72. 38. 97. 28. 40.7 430. 1.10 
140. 1.75 J U L  80. 43. 94. 18. 38.9 428. . 67 

AUG 84. 47. 94. 15. 40.8 456. 2.05 113. 1.55 
SEP 71. 32. 91. 18. 28.9 346. 091 141. 2.11 

MAY 56. 25. 95. 33. -99.0 587. .98 -99 . - . 99 
JUN 66. 34. 99. 36. 38.4 538. . 87 117. 1.67 
J U L  72. 37. 98. 36. 43.3 545. 1.65 105. 1.51 . 
AlJG 75. 43. 99. 39. 47.9 455. 2.36 86. 1.41 - 
SEP 65. 31. 97. 32, 33.6 400. 1.46 98. 1.95 

122. 1.58 MAY 60. 27. 99. 31. 30.7 592. . 39 
J U N  68. 36. 99. 32. 39.5 553. 091 109. 1.60 

101. 1.61 D A N I E L  J U L  75. 39. 100. 29. 43.4 535. 1.14 
AUG 79. 43. 100. 29. 47.6 462. 1.97 82. 1.34 

104. 1.70 SEP 67. 29. 99. 29. 34.6 38% 1.69 

MAY 61. 26. 99. 32. 30.9 713. 1.22 127. 1.77 
JUN 71. 38. 99. 29. 40.1 700. . 43 126. 1.76 

128. 1.70 B. P I N E Y  J U L  78. 40. 100. 23. 42.4 705. .63 
AUG 82. 47. 100. 26. 48.5 605. 1.85 103. 1.61 121. 1.92 SEP 70. 32. 95. 26. 34.7 493. 1.34 

APR 53. 28. 99. 41. 30.5 424. 1.57 168. 1.62 
MAY 59. 31. 96. 33. 30.2 548. 1 . 34 179. 1.64 132. 1.83 J U N  73. 41. 93. 26. 38.8 572. 

AUG 88. 52. 89. 16. 43.8 521. .83 110. 1.44 
SEP 73, 38. 90. 21. 33.2 437. 1.57 150. 1.97 

124. 1.38 APR 52. 27. 99. 53. 32.4 448. . 43 
170. 1.33 MAY 58. 30. 95. 42. 32.6 584. 1.81 

JUN 69. 39. 99. 41. 43.8 631, . 98 151. 1.47 
MTN VIEW J U L  77. 43. 97. 33. 47.1 600- . 28 130. 1.33 

AUG 81. 48. 99. 37. 53.7 534. 3.39 107. 1.09 
SEP 72. 34. 95. 26. 37.2 498. 1.38 160. 1.57 

~ ~ g g ~ 9 ~ 9 ~ . ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ . ~ ~ - - - ~ o . - - - . - - - - - - - - ~ ~ - - - - ~ ~ ~ - - -  

. ~ ~ ~ g ~ I ~ ~ ~ g ~ ~ o g o ~ g . o ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ g ~ ~ ~ . ~ ~ ~ . ~ . - - - . - . = ~ ~ - - - - - - - - - - - - - ~  

~ g g g g 9 9 9 9 I ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ ~ ~ ~ ~ o - ~ ~ ~ - - o ~ ~ - - - - ~ - ~ ~ ~ - - - - o - . . 9 - - - - - - - - - - - - - = - - - - - - - - -  

~ ~ ~ ~ ~ ~ ~ g ~ ~ . g g g ~ ~ ~ ~ ~ . ~ ~ o . - ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ o ~ - - - . - - - - . ~ - - - - - - - - ~ - = - - - ~ ~ ~ - - - - = = - - ~  

~ ~ ~ - g ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ o ~ g - ~ 9 ~ ~ ~ ~ - ~ ~ o ~ ~ ~ ~ - - - ~ - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ - ~ ~ - - - - - - - - -  

1.26 
SEEDSK, JUL 84. 46. 87. 17. 37.8 575. .63 . 121. 1.68 

I ~ o o ~ g o ~ g ~ g ~ o ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ o o 9 . . ~ ~ ~ o 9 ~ . ~ ~ - - ~ = - - o - - - - o - - = - - - ~ - = . 9 - . ~ ~ - - = - - = - -  

--------og~o--------o-------------------------------------------------------- __________-_____o--------------------------------------------------o--------- * 
-99.0 INDICATES MISSING DATA 
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TABLE 2. MONTHLY SUMMARY OF C L I M A T I C  DATA - 1984 
- - - - - -oooII----- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ~ ~ ~ ~ g g o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - - - - - - ~ - ~ ~ ~ ~ ~ ~ ~ - - - . - - - - - - - - - - - - - - - - -  

MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D/N  

( F )  (F) ( % )  ( % )  ( F )  ( L Y / D Y )  (IN/MO) ( M I / D Y )  R A T I O  
STATION MONTH TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

0 ~ 0 ~ .  o~oooo.~.oo~o......~oo~~o.~ooooo-o.o-o..ooo..~~.=.~~=~-~-~~~~~==~~-~-~-~ 

200. 1.36 APR 50. 24. 93. 42. 24.5 428. . 55 
MAY 69. 36. 81. 23. 29.3 568. .43 233. 1.67 

172. 1.67 JUN 75. 41. 80. 21. 33.2 573. . 83 
J U L  86. 50. 83. 17. 40.7 615. . 79 153. 1.57 

139. 1.61 RCK SPR AUG 84. 50. 83. 18. 41.1 526. . 94 
SEP 69. 37. 86. 24. 32.8 451. 1.57 169. 1.55 

163. 1.46 OCT 54. 26. 90. 28. 23.3 319. . 24 203. 1.29 NOV 47. 23. 96. 38. 24.3 214. .24 

FARSON 

..o~o~..~~~ooo~~.oooooo~-o.~~~~...~..oooo--.~.~~o.-.-~=~~-~-~~-~~---~~------~ 

177. 1.63 APR 48. 19. 84. 27. 17.3 421. . 79 220. 2.16 MAY 68. 28. 7 7 .  15. 19.0 549. . 75 
JUN 72. 33. 77. 16. 22.8 573. . 94 175. 1.73 
JUL 82. 35. 87. 20. 36.6 605. 3.58 121. 1.66 

108. 1.82 AUG 81. 37. 93. 19. 39.8 530. . 43 
SEP 68. 28. 94. 20. 28.0 433. 1.34 139. 1.72 
OCT 56. 17. 91. 20. 16.7 321. . 00 115. 1.73 
NOV 42. 11. 96. 39. 16.1 197. . 20 139. 1.56 _. 

. o . ~ ~ ~ . ~ . o ~ o o o o o o o ~ ~ ~ ~ ~ . . ~ ~ ~ . ~ ~ ~ ~ . . ~ o ~ . ~ ~ - ~ . ~ ~ . ~ . . ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = - ~ ~ ~ ~ ~ ~ - -  

APR 45. 16. 91. 44. 19.1 487. 1.30 109. 1.65 
MAY 57. 28. 93. 37. 28.6 548. 1.18 130. 1.97 

116. 1.84 JUN 63. 32. 93. 35. 34.8 582. 2.17 
92. 1.82 J U L  74. 41. 92. 35. 44.3 5 7 C .  2.99 

AUG 72. 40. 96. 39. 45.3 492.  2.44  88. 1.55 
101. 1.66 2.28 SEP 61. 29. 95. 35. 32.2 4CC. 
102. 1.66 OCT 49. 19. 94. 35. 21.8 292.  . 63 

NOV 39. 10. 96. 51. 18.3 164. .71 99. 1.33 

MERNA 

~ooo.~~.oo~~~o~oooooo..oooo~.~-o..o...-..o~oooo-.o--.o~~~~-=--~~-~~~~~~~~~-=~ 

136. 1.53 APR 44. 17. 95. 48. 22.0 494. . 75 
MAY 59. 27. 96. 35. 30.7 549. 1.14 146. 2.18 

143. 1.61 J U N  66. 34. 94. 32. 36.8 599. . 94 
J U L  77. 42. 95. 30. 45.6 590, 2.09 106. 1.44 
AUG 76. 39. 96. 29. 44.1 502. 1.57 104. 1.59 
SEP 63. 26. 96. 29. 31.0 404. 2.09 121. 1.71 

126. 1.46 OCT 50. 19. 95. 31. 21.7 305. .28 
112. 1.49 NOV 39. 11. 96. 48. 18.2 200. .31 

DAN I E L  

~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ o ~ o o ~ ~ o o . ~ ~ . ~ o ~ ~ o ~ ~ - = - ~ o - . . o . o o . ~ - - - - . - - - = ~ ~ ~ ~ ~ ~ - - ~ = - ~ = ~ ~ = ~  

134. 1.81 APR 47. 19. 95. 43. 23.0 452. .83 
MAY 64, 28. 93. 27. 29.5 546. .83 158. 2.09 

137. 1.77 J U N  71. 34. 93. 24. 34.5 570. . 94 
J U L  83. 44. 94. 21. 42.9 563. 1.69 115. 1.65 

105. 1.66 5. PINEY AUG 81. 42. 95. 22. 43.1 476. . 28 
SEP 67. 28. 96. 25. 31.5 403. 2.09 117. 1.66 

102. 1.83 OCT 53. 17. 94. 24. 19.9 304. . 04 
96. 1.51 NOV 42. 12. 96. 46. 18.7 197. 0 39 

I 
I 

Continued 
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TABLE 2. MONTHLY. SUMMARY OF CLIMATIC DATA - 1984 ( c o n t . )  _ _ _ _ _ _ _ _  ,,,,----o-f-o-------------"""""""o--------------------------- ---,----------------------------------------------------- 

MAX M I N  MAX M I N  DEW SOLAR TOTAL W I N D  D/N 
STATION MONTH TEMP TEMP RH RH PT RADTN P R W P  R U N  

(F )  ( F )  ( % )  ( % )  ( F )  ( L Y / D Y )  ( I N / M O )  ( M I / D Y )  RATIO 
~gg~gog,g~~~~.o.go.gg,~.g~.g~~o~~~~~,~~~~-~.~--~~~~~.o--~~----=-..-.~-------- 

WIND 

APR 49. 24. 91. 44. 23.3 443. .83 168. 1.57 
MAY 66. 30. 86. 28. 29.4 573. . 55 208. 2.01 
JUN 75. 35. 84. 22. 33.0 576. .75 167. 1.75 
JUL 85. 48. 87. 22. 43.8 592. 2.13 125. 1.70 

SEEDSK. AUG 84.  48. 86. 22 .  42.6 506. . 63 121. 1.67 
SEP 69. 36. 89. 26. 34.1 427. 1.85 136. 1.84 
OCT 55, 24. 90. 27. 22.7 310. b 08 133. 1.61 
NOV 43.  19. 94. 56. 23.3 211. . 43 171. 1.33 

. 63 191. 1.22 APR 48. 21. 92. 48. 24.5 456. 
MAY 64. 32. 88. 33. 33.1 568. . 55 224. 1.76 
JUN 69. 37. 93. 30. 38.9 577. . 67 174. 1.33 

127. 1.22 JUL 80. 46. 90. 29. 46.5 561. 1.34 123. 1.10 MTN VIEW AUG 78. 46. 89. 30. 46.6 472. 1.02 157. 1.29 SEP 68. 34. 90. 30. 35.0 427. 1.50 . 28 158. 1.16 OCT 52. 25. 91, 33. 25.2 321. 
.24 165. 1.38 NOV 45. 17. 92. 47. 22.4 208. 

____________,________________________L__---------------------------- ---___--_-----_-__-_----_-------------------------------------------~======= 

o ~ . ~ o ~ o g ~ ~ , ~ ~ . ~ . . g ~ o ~ , g ~ ~ ~ ~ ~ ~ ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ g ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ - = - - - - - ~ - . ~ - - - ~ - - . - -  



FARSON 

TABLE 3. 
--------,---------,---------------------------------------------------------- ---.--------------------------------------------------------=-w--------------- 

STATION MONTH TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

APR 60. 28. 80. 20. 18.9 546. . 12 196. 1.74 
MAY 72. 36. 7 8 . -  15. 24.2 615. . 43 164, 1.74 
JUN 81. 45. 56. 16. 24.0 687. .63 170. 1.60 

R C K  SPR JUL 89. 52. 73. 11. 34.3 617. . 39 131. 1.78 
AUG 85. 45. 43, 11. 20.0 628. .04 115. 1.81 
SEP 68. 35. 82. 18. 24.3 -439.  091 139. 1.26 
OCT 59. 27. 86. 25. 21.0 355. . 47 148. 1.76 

- APR 61. 20. 90, 18. 17,3 534. .16 175. 2.02 
MAY 70. 27. 96. 17. 25.3 605. . 91 174. 1.79 
JUN 77. 34. 85. 18. 27.8 646. 1.77 163. 1.91 
JUC 86. 40. 93. 12. 36.2 574. .39 119. 1.67 
AUG 82. 37. 75. 11. 22.7 607. .08 163. 2.16 
SEP 66. 25. 95. 18. 23.2 446. 1.26 162. 1.97 
OCT 58. 18. 92. 21. 16.4 342. 043 151. 1.65 

APR 5 3 .  21. 9 2 .  23. 17.1 565. .16 116. 1.73 
MAY 69. 27. 91. 25. 25.5 541. .67 
JUN 68. 33. 90. 23. 30.5 640. . 83 117. 1.76 

MERNA JUL 77. 41. 87. 22. 38.7. 591. 1.97 100. 1.57 
115. 1.72 AUG 72. 34. 80. 17. 27.3 582.  . 12 

SEP 58. 25. 93. 28. 26.0 389. 2.44 110. 1.91 
OCT 51. 20. 90. 28. 19.8 333 .  . 79 109. 1.67 

147. 1.94 APR 56. 20. 96. 22. 20.0 530. . 20 
MAY 64. 26. 95. 23. 27.8 534. .67 142. 1.87 
JUN 69. 34. 92. 29. 37.3 622. . 94 138. 1.74 

DANIEL JUL 79. 43. 97. 33. 47.4 583. 1.57 110. 1.45 
AUG 76. 31. 97. 20, 33.5 564. .16 131. 1.70 
SEP 60. 25. 9 8 . ’  31. 29.6 398. 2.09 134. 2.06 
OCT 54. 17. 97. 30. 21.9 321. . 28 130. 1.65 

MONTHLY SUMMARY OF CLIMATIC DATA - 1985 

MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D / N  

(F) .(F) ( % )  ( X )  (F) (LY/DY) (IN/MO) ( M I / D Y )  RATIO r 

. . . . . . . ~ ~ - . . o ~ - - . - ~ . - ~ . . g . . - ~ - . - . . ~ 9 ~ ~ . . - - - . . . ~ - - - - . - . . - . . . = . ~ - ~ = . - ~ . . - ~ . - ~ ~ -  

.... 0 - . - ~ ~ - * . - - ~ 0 - - - . . . . . 0 ~ - ~ ~ - ~ . 0 ~ . 0 . ~ . . ~ . ~ . . . ~ - - ~ ~ - . . ~ . - - - ~ - . 9 = = . - - . . . . ~ = - ~  

..-...-.----. o . ~ o ~ ~ ~ ~ ~ o o ~ ~ . . ~ . o ~ ~ ~ . . . ~ ~ . ~ ~ ~ . D . . . . ~ o D . ~ ~ - . ~ = ~ - ~ ~ = . ~ = ~ ~ ~ - - ~ ~ - ~ -  

121. 1.77 -- 

..--...---- o~--.1.1--.~~--.1..--~-~--.o.o..---...------=...--...--=.-==-=-o-~ 

- - D . - - - . - ~ - ~ I I . - - - . ~ ~ ~ . ~ ~ - - . . o - . ~ . - . ~ - o . o . ~ - o . . - - . . . - - . . ~ = - . - - - - . - . - = ~ - - - ~ - - ~  

131. 2.19 
MAY 67. 28. 95. 20. 26.5 560, .67 134. 2.11 
JUN 77. 36. 90. 17. 30.3 625, . 55 126. 2.06 

6. PINEY JUL 86. 44. 97. 13. 39.1 566. .98 96. 1.78 
AUG 81. 34. 86. 12. 26.1 583. .04 124. 2.18 
SEP 63. ’ 27. 98. - 22. 27.4 419. 1.50 126. 2.36 
OCT 57. 18. 97. 21. 19.3 329, . 12 110. 2.04 

APR 61. 25.- 76. 17. 16.6 540. - 0 4  188. 1.92 
MAY‘ 71. 36. 78. 16. 24.2 591. . 83 176. 1.64 

SIEEDSK. JUL 89. 5 2 .  67. 11. 33.0 590. . 55 132. 1.57 
AUG 84. 44. 49. 11. 21.1 608. . 12 168. 2.05 
SEP 67. 34. 82. 18. 24.4 433. .98 161. 1.77 
OCT 60. 24. 82. 19. 17.0 345. . 08 160. 1.48 

I APR 59.  21. 95. 18. 18.6 536. . 00 

--~.~**~o-~-~..o-.o-o.-~-..----... 00.-.-.---.-..--=---..-.=..0.-...===~=---=- 

JUN 80. 43. 63. 14. 25.8 650. . 59 161. 1.87 

. ~ . ~ o . ~ . ~ I - ~ . ~ . ~ ~ ~ . ~ . . D ~ . . . ~ . ~ ~ - ~ . o . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = - - ~ - - ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ - ~ = ~ - a = ~ -  

Con t i nued 
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STATION YEAR APR MAY JUNE JULY AUG SEPT OCT MAY-OCT 
....L.oI...~..I.~oo.o.~~.o.~~.~~,.~..............~~~..~~-..=~..o......-- 

1985 44.0 54.0 63.0 70.5 65.0 51.5 43.0 57.8 
RCK SPR 1984 37.0 52.5 58.0 68.0 67.0 53.0 40.0 56.4 

NORMAL 39.9 50 .1  59.7 67.9 65.6 55.5 43.6 57.1 
S. DEV. 3.28 2.70 3.05 1.23 2.69 3.40 3.58 

0-  =.oo=o ..-.. 0~.1~0.~~,0.-.....-.~~~~~.0--~....~~~-,-.--.....-==~..---.~ 

1985 40.5 48.5 55.5 63.0 59.5 45.5 38.0 51.7 
FARSON 1984 33.5 48.0 52.5 58.5 59.0 48.0 36.5 50.4 

NORMAL 36.9 47.0 56.0 63.2 61.0 51.0 39.4 52.9 
S. OEV. 3.36 2.35 2.69 1.65 2.21 2.95 3.60 

oo~~~~.~.o.o..~..~oo.o~.o..o....~~.~...~...~~...~~.~~.o~oo-=.o....-.-..- 

1985 37.0 43.5 50.5 59.0 53.0 41.5 35.5 47.2 
MERNA 1984 30.5 42.5 47.5 57.5 56.0 45.0 34.0 47.1 

NORMAL 30.1 41.1 49.1 56.2 55.1 46.9 37.1 47.6 
S. DEV. 3.39 2.14 2.10 1.28 2.24 2.98 3.21 

1985 38.0 45.0 51.5 61.0 53.5 42.5 35.5 48.2 
DAN I EL 1984 30.5 43.0 50.0 59.5 57.5 44.5 34.5 48.2 
=.o~==.o= ~ 0 . 0  =..o===.,=.o ....-.---. o..~....~.~.o~.~~~.oo...--~=......~-. 

1985 40.0 47.5 56.5 65.0 57.5 45.0 37.5 51.5 
8. P INEY 1984 33.0 46.0 52.5 63.5 61.5 47.5 35.0 51.0 

NORMAL 33.8 44.7 53.7 60.1 57.0 47.3 37.0 50.0 
S. DEV. 2.80 2.39 2.49 1.23 1.96 2.97 3.02 

.~.~~ooo~~..~~.~.o~1.~~.~.~.o..~.,.~~~....~.~.~.~~~-~~~~o~-..=o=.o.o.-.o 

1985 43.0 53.5 61.5 70.5 64.0 50.5 42.0 57.0 
SEEDSK. 1984 36.5 48.0 55.0 66.5 66.C 52.5 39.5 54.6 

NORMAL 37.5 47.3 56.8 64.4 62.7 51.9 40.0 53.9 
S. DEV. 3.06 2.44 2.34 1.54 2.60 2.66 3.04 

=goo 0 -  . - = o w  0 ~ 0 .  o-~.~--o~.-~...-=...--~.....-...o.~.~--.--.=-~~-..=..=~~. 

1985 39.0 50.5 56.5 65.0 59.5 47.5 41.0 53.3 
MTN VIEW 1984 34.5 48.0 53.0 63.0 62.0 51.0 38.5 52.6 

NORMAL 37.5 47.9 56.1 63.2 61.8 53.5 42.6 54.2 
S. DEV. 3.57 2.27 2.42 1.15 2.28 2.55 3.57 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* ALL TEMPERATURES ARE I N  DEGREES F. NORMAL INCLUDES YEARS 1965 

-0 -  ~.~~-~.o.1.~.~---~o~....~.~...~.~=-.~,,..~~..-....-o....~.~...-.-. 

1984 
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t h e  1985 temperature a t  Seedskadee. The seasonal temperature comparisons a r e  
ext remely c l o s e  c o n s i d e r i n g  t h a t  t h e  s i t e s  of t h e  p r o j e c t  weather s t a t i o n s  and 
t h e  N a t i o n a l  Weather Service coopera t ive  s t a t i o n s  a r e  n o t  a t  t h e  exact  same 
l o c a t i o n s  (Appendix A g ives  information on s p e c i f i c  l o c a t i o n s ) .  

I n  general  i r r i g a t i o n  requirements of a g r i c u l t u r a l  crops might  be expect-  
ed t o  be g r e a t e r  d u r i n g  h o t  d r y  years as compared t o  average years. Low 
p r e c i p i t a t i o n  leads n o t  o n l y  t o  g r e a t e r  i r r i g a t i o n  a p p l i c a t i o n s  b u t  tends t o  
cause lower h u m i d i t y  c o n d i t i o n s  w h i c h  u s u a l l y  inc rease water  use ra tes .  
Increased consumptive use r a t e s  a1 so are  usual l y  associated w i t h  h i g h e r  
temperatures. Thus, 1984 might  be expected t o  be a y e a r  o f  lower  than normal 
i r r i g a t i o n  requirements w h i l e  1985 would be expected t o  be a year  o f  g r e a t e r  
than normal i r r i g a t i o n  requirements,  
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Chapter 3 

EVAPOTRANSPIRATION MEASUREMENTS 

Many methods e x i s t  f o r  measuring e v a p o t r a n s p i r a t i o n  r a t e s .  These i n c l u d e  
i n f l o w - o u t f l o w  procedures, s o i l - m o i s t u r e  and r a i n f a l l  balance methods, eddy 
c o r r e l a t i o n  techniques, l y s i m e t e r s ,  and var ious  b i o l o g i c a l  approaches. Lysim- 
e t e r s  a r e  t h e  most d i r e c t  and a r e  u s u a l l y  considered t o  be t h e  most accurate 
method. Lysimeters,  i n  general  , can be de f ined as weighing and non-weighing. 
Weighing l y s i m e t e r s  a r e  t h e  most p rec ise ,  b u t  a re  expensive t o  i n s t a l l  and 
operate.  Non-weighing l y s i m e t e r s ,  i n  which water use r a t e s  are  determined 
through maintenance o f  a water  budget, a r e  l e s s  expensive and a r e  u s u a l l y  
cons idered accurate f o r  per iods  o f  one month o r  more. For  s h o r t e r  per iods,  
t h e  accuracy becomes more ques t iooab le  a s  t h e  per iods  become s h o r t e r ,  Non- 
weighing l y s i m e t e r s  were s e l e c t e d  f o r  t h i s  p r o j e c t  because of t h e  remote 
l o c a t i o n s  invo lved,  t h e  numerous l y s i m e t e r s  r e q u i r e d  due t o  t h e  v a r i a b l e  
c o n d i t i o n s ,  and t h e  lower  c o s t  compared t o  weighing l y s i m e t e r s .  

Previous measurements o f  water use r a t e s  i n  t h e  Green R i v e r  Basin a r e  
l i m i t e d  t o  measurements by Burman and Louden (1967) f o r  a l f a l f a  i n  t h e  Farson 
area. The s o i l - m o i s t u r e  water  balance procedure was used f o r  those measure- 
ments. Other measurements o f  a g r i c u l t u r a l  water use r a t e s  i n  Wyoming c o n s i s t  
o f  l y s i m e t e r  measurements o f  mountain meadow water  use a long t h e  L i t t l e  _. 
Laramie R i v e r  ( B o r r e l l  i and Burman, 1982; Burman and B o r r e l l  i , 1984) . 
Methods and Locat ions  

Fourteen non-weighing water  balance l y s i m e t e r s  - i g u r e  3 )  were i n s t a l l e d  
i n  t h e  Green R i v e r  Basin and operated f o r  t h r e e  j 7 d r s  t o  o b t a i n  water use 
measurements f o r  mountain meadows, a l f a l f a ,  and a1 t 2  fescue. The l y s i m e t e r s  
were i n s t a l l e d  d u r i n g  t h e  f a l l  of 1982 and s p r i n g  o f  1983. Ten o f  t h e  lys ime-  
t e r s  were l o c a t e d  a long a 20 m i l e  s t r e t c h  o f  Horse Creek between t h e  B r i d g e r -  
Teton N a t i o n a l  F o r e s t  boundary and Danie l .  These l y s i m e t e r s  cons is ted  of  
e i g h t  w i t h  mountain meadow v e g e t a t i o n  and one each o f  a l f a l f a  and a l t a  fescue. 
The o t h e r  f o u r  l y s i m e t e r s  were one each o f  a l f a l f a  a r d  a l t a  fescue l o c a t e d  a t  
b o t h  Farson and Seedskadee. Mountain meadow vegeta:ion and a l f a l f a  a re  t h e  
major  a g r i c u l t u r a l  crops i n  t h e  Basin ‘ w h i l e  a l t a  fescue  was used as a r e f e r -  
ence crop. 

The l y s i m e t e r s  were cons t ruc ted  u s i n g  one-eightb i n c h  t h i c k  s t e e l  p l a t e  
and measured 39.4 inches square by 60 inches deep C i g u r e  3 ) .  An aluminum 
tube, 1.5 inches i n  d iameter  by 60 inches long w i t h  the lower  end sealed was 
i n s t a l l e d  i n  t h e  c e n t e r  t o  p r o v i d e  access for  t h e  measurement o f  s o i l  mo is tu re  
by use o f  a neut ron  probe. A 4 i n c h  diameter by 60 il-iches l o n g  p e r f o r a t e d  PVC 
p i p e  w i t h  a removable l i d  was i n s t a l l e d  f o r  use as an access t o  measure water  
t a b l e  depths and t o  remove water  from t h e  l y s i m e t e r s  when needed. The p i p e  
was wrapped i n  f i n e  mesh screen t o  prevent  s o i l  f rom e n t e r i n g  t h e  p e r f o r a -  
t i o n s .  A s m a l l ,  3 /4  i n c h  d iameter  by 60 inches l o n g  p e r f o r a t e d  P V C  p i p e  was 
i n s t a l l e d  o u t s i d e  t h e  l y s i m e t e r  t o  m o n i t o r  surrounding water  t a b l e  depths. 

S i t e s  f o r  t h e  mountain meadow l y s i m e t e r s  were s e l e c t e d  t o  represent  as 
much as p o s s i b l e  t h e  v a r i a b l e  c o n d i t i o n s  o f  vegeta t ion ,  l o c a t i o n ,  and s o i l s .  
The d i f f e r e n c e s  i n  s o i l  a r e  i n d i c a t e d  by s p e c i f i c  y i e l d s  and f i e l d  c a p a c i t i e s  
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(Table D7). The a l f a l f a  s i t e s  were se lec ted  t o  represent  average t o  extreme 
c o n d i t i o n s  w i th in  t h e  Basin, The Seedskadee s i t e  represented a very  d r y  oas is  
type  l o c a t i o n .  The h i g h  e l e v a t i o n  a t  t h e  Daniel  s i t e  probably  c rea ted  near 
marg ina l  c o n d i t i o n s  f o r  a l f a l f a  growth s ince  l i t t l e  a l f a l f a  i s  grown i n  t h e  
imned ia te ly  surrounding area, The a l t a  fescue was i n s t a l l e d  a t  each a l f a l f a  
s i t e .  

I n s t a l l a t i o n  was performed t o  i n s u r e  minimal d i s r u p t i o n  of s o i l  s t r a t i f i -  
c a t i o n  w i t h  each l a y e r  rep laced i n  reverse o r d e r  o f  remova’l. To develop a 
v e g e t a t i v e  cover,  t h e  sod was rep laced i n  t h e  mountain meadow l y s i m e t e r s  w h i l e  
t h e  a l f a l f a  and a l t a  fescue were p l a n t e d  from seed. Thus, 1983 i s  considered 
t o  be an es tab l i shment  year f o r  a l l  l y s i m e t e r s  because o f  t h e  t ime r e q u i r e d  t o  
develop t h e  crops. 

Data C o l l e c t i o n  and Reduct ion 

Weekly water  use measurements were made throughout  t h e  growing season. 
Actual  dates of t h e  s t a r t - u p  and c lose-out  o f  t h e  l y s i m e t e r s  were dependent 
upon c l i m a t i c  c o n d i t i o n s ,  e s p e c i a l l y  s o i l  temperatures and snowfal l  I F r o s t  
had t o  be comple te ly  o u t  o f  t h e  s o i l  b e f o r e  s ta r t -up .  It was a l s o  d e s i r a b l e  
t o  de lay  s t a r t i n g  t h e  l y s i m e t e r s  u n t i l  a f t e r  t h e  l a s t  snowfal l  because i t  was 
d i f f i c u l t  t o  measure t h e  t r u e  amount o f  p r e c i p i t a t i o n  t h a t  was rece ived by t h e  
l y s i m e t e r s ,  e s p e c i a l l y  i n  t h e  presence o f  wind. The same c o n d i t i o n s  were 
considered i n  t h e  f a l l ,  except snowfa l l  was t h e  pr imary  concern a t  t h a t  time. 
Therefore,  t h e  p e r i o d  o f  l y s i m e t e r  o p e r a t i o n  was somewhat s h o r t e r  than t h e  
a c t u a l  growing season. S t a r t - u p  and c lose-out  were l e n e r a l l y  scheduled S O  t h a t  
water  use measurements were made f o r  a t  l e a s t  t h e  E C t i r e  months o f  June, J u l y ,  
August, and September. 

S t a r t - u p  and c lose-out  o f  t h e  l y s i m e t e r s  f: l lowed somewhat t h e  same 
procedures and were conducted t o  p r o v i d e  a check on seasonal water  use values. 
T h i s  procedure c o n s i s t e d  o f  water  be ing added t o  t h e  l y s i m e t e r s  u n t i l  they 
were complete ly  s a t u r a t e d  t o  t h e  s o i l  sur face.  Dur ing t h e  s t a r t - u p  procedure 
a measured amount o f  water  was then removed and t h e  r e s u l t i n g  water t a b l e  
depth 24 hours l a t e r  was measured. These measurements p rov ided an es t imate  o f  
t h e  s p e c i f i c  y i e l d  o f  each l y s i m e t e r .  Dur ing the  c lose-out  procedure, water  
was added and t h e  amount r e q u i r e d  t o  complete ly  s x u r a t e  each l y s i m e t e r  was 
measured. The t o t a l  seasonal water  use was then c a l c u l a t e d  by cons ider ing  t h e  
amount removed d u r i n g  s t a r t - u p ,  the  amount added d u r i n g  c lose-out  and t h e  
amounts added and/or removed each week d u r i n g  t h e  o w r a t i o n a l  per iod .  

Operat ion o f  t h e  l y s i m e t e r s  inc luded r e g u l a r  weekly i r r i g a t i o n s  and 
maintenance o f  a water  t a b l e  depth approx imate ly  t h e  same as t h a t  o f  t h e  
surrounding f i e l d s .  D e t a i l e d  d e s c r i p t i o n s  o f  the  procedures are  g iven i n  
Appendix H. Weekly i r r i g a t i o n  g e n e r a l l y  prevented s o i l  m o i s t u r e  d e p l e t i o n s  i n  
t h e  l a y e r  above t h e  water  t a b l e  f rom exceeding 50% (Appendix D3). The amount 
o f  water  added was s l i g h t l y  i n  excess o f  t h e  a n t i c i p a t e d  weekly ET. All water  
was added t o  t h e  sur face  t o  s imu la te  f l o o d  i r r i g a t i o n .  Maintenance o f  the 
h i g h  water  t a b l e s  and sur face  i r r i g a t i n g  t h e  l y s i m e t e r s  served t o  g i v e  mea- 
surements which should s imu la te  maximum water  use r a t e s .  
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Determinat ion  o f  t h e  ET f rom each s i t e  was accomplished by use o f  a water 
balance c o n s i d e r i n g  p r e c i p i t a t i o n ,  water  added andfor removed, and t h e  t o t a l  
change i n  s o i l  mois ture.  The t o t a l  change i n  s o i l  mo is tu re  inc luded the  
weekly f l u c t u a t i o n  i n  water  t a b l e  depth and t h e  change i n  t h e  s o i l  mo is tu re  i n  
t h e  l a y e r  above t h e  water  t a b l e ,  which was measured by use of  a neutron probe. 
Occas iona l l y ,  f o l l o w i n g  a heavy r a i n ,  i t  was necessary t o  remove water  f rom 
t h e  l y s i m e t e r s .  Th is  was done u s i n g  a hand operated diaphragm pump. 

Water use e f f i c i e n c i e s  measured i n  terms o f  y i e l d / E T  r a t i o s  i n  u n i t s  of 
tons p e r  acre  p e r  i n c h  o f  water  were determined f o r  t h e  mountain meadow and 
a l f a l f a  l y s i m e t e r s .  The crops were harvested a t  approx imate ly  t h e  same t ime 
t h a t  t h e  surrounding f i e l d s  were harvested. The c u t t i n g s  were d r i e d  and 
weighed and used t o  determine crop y i e l d s  as w e l l  a s  water  use e f f i c i e n c i e s .  
Harves t ing  was a l s o  done d u r i n g  c lose-out  even though t h e  surrounding f i e l d s  
were n o t  harvested a t  t h a t  t ime. This  h a r v e s t i n g  p e r m i t t e d  de terminat ion  of 
seasonal water  use e f f i c i e n c i e s .  The a l t a  fescue was c l i p p e d  once every week 
t o  m a i n t a i n  a h e i g h t  o f  3 t o  6 inches, Because of t h e  d i f f i c u l t y  i n  c o l l e c t -  
i n g  t h e  a l t a  fescue c l i p p i n g s ,  no record  o f  y i e l d s  a r e  a v a i l a b l e  f o r  t h e  a l t a  
fescue l y s i m e t e r s .  Also,  d u r i n g  1983 t h e  a l t a  feskue and a l f a l f a  s i t e s  were 
a l lowed t o  grow w i t h o u t  c u t t i n g  d u r i n g  t h e  e n t i r e  season. T h i s  p e r m i t t e d  t h e  
newly seeded a l t a  fescue and a l f a l f a  t o  b e t t e r  e s t a b l i s h  themselves. 

Operat ion o f  t h e  l y s i m e t e r s  d u r i n g  1983 d i f f e r e d  s l i g h t l y  from t h a t  of 
1984 and 1985. I n  1983, a l l  l y s i m e t e r s  were we l l -watered  i n  o r d e r  t o  min imize  
s o i l  mo is tu re  d e p l e t i o n s  and o b t a i n  measurements s i m u l a t i n g  maximum water  use 
ra tes .  T h i s  procedure was a l s o  used d u r i n g  1984 and 1985 f o r  a71 l y s i m e t e r s  
except f o u r  of t h e  mountain meadow lys imeters .  D w i n g  1984 and 1985, four  o f  
t h e  mountain meadow l y s i m e t e r s  were operated i n  a r 2 i n e r  s i m i l a r  t o  c o n d i t i o n s  
o u t s i d e  t h e  l y s i m e t e r .  In t h i s  mode o f  o p e r a t i o n .  i r r i g a t i o n  o f  t h e  lys ime-  
t e r s  was d i s c o n t i n u e d  f o r  t h e  season a t  t h e  same ti-? i r r i g a t i o n  o f  t h e  sur -  
rounding f i e l d s  was d iscont inued.  Th is  u s u a l l y  o c c x r e d  a t  t h e  t ime of har-  
v e s t  o f  t h e  hay meadows. Th is  opera t ion  p e r m i t t e d  measurement o f  what w i l l  be 
termed a c t u a l  water  use as compared t o  maximum water use which was determined 
when c o n t i n u i n g  i r r i g a t i o n s  throughout  t h e  e n t i r e  growing season. 

Month ly  summaries o f  t h e  l y s i m e t e r  and evapora?on pan data taken a t  t h e  
v a r i o u s  s i t e s  a r e  g iven i n  Tables 6 through 8, Weekly summaries a r e  g iven i n  
Appendix C. Table 6 inc ludes  a c l a s s i f i c a t i o n  o f  ir-nproved meadows, (grasses 
which have been sown). Water use r a t e s  (Table F and species composi t ion 
(Tab le  11) f o r  t h e  improved meadows d i d  n o t  d i f f e r  ; r e a t l y  f rom those f o r  t h e  
mountain meadow vegeta t ion .  Thus, t h e  analyses o f  d ? t a  have been done w i t h o u t  
a d i s t i n c t i o n  be ing  made between these two types o f  vegeta t ion ,  However, t h e  
raw data i s  l i s t e d  by v e g e t a t i o n  type  f o r  anycne w i s h i n g  t o  t r e a t  t h e  
" improved meadows" and t h e  "mountain meadows" separa te ly ,  The f i r s t  measure- 
ments i n d i c a t e  t h e  approximate beginning o f  t h e  growing season, al though, 
t h e r e  was o b v i o u s l y  some water  loss d u r i n g  t h e  p e r i o d  o f  t h e  y e a r  when mea- 
surements were n o t  taken. The dates l i s t e d  f o r  t h e  weekly per iods  i n  Appendix 
C a r e  g iven so t h a t  7 day weeks a r e  used. Measurements o f  ET were n o t  always 
on a 7 day schedule, and were n o t  on the  same date for a l l  l y s i m e t e r s  f o r  t h e  
same week. In o r d e r  t o  have data t h a t  can more e a s i l y  be compared, t h e  
measurements have been i n t e r p o l a t e d  t o  t h e  dates shown i n  Appendix C, thus  
a c t u a l  measurement dates may d i f f e r  f rom l i s t e d  dates by as much as 3 o r  4 
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days. Since most analyses which f o l l o w  a r e  based on monthly and/or seasonal 
per iods,  t h i s  i n t e r p o l a t i o n  o f  weekly data should n o t  be of p r a c t i c a l  concern. 

ANALYSIS OF EVAPOTRANSPIRATION DATA 

I n  c o n j u n c t i o n  w i t h  t h e  c a l i b r a t i o n  o f  ET models and t h e  e s t i m a t i o n  o f  
water  use f o r  t h e  Green R i v e r  Basin, i t  i s  u s e f u l  t o  eva lua te  t h e  magnitudes 
of t h e  ET measurements w i t h  respect  t o  expected values. Var ious approaches 
migh t  be considered f o r  t h i s  v e r i f i c a t i o n .  Techniques used i n  t h i s  r e p o r t  a re  
comparisons of water  use r a t e s  between crops w i t h i n  t h e  s tudy area, f rom o t h e r  
s tud ies ,  and t o  va lues of  evapora t ion  f rom evaporat ion pans. I n  a d d i t i o n ,  an 
a n a l y s i s  of t h e  consis tency o f  measurements between years  and s i t e s  should be 
o f  i n t e r e s t .  

The v a r i a t i o n  of water  use w i t h  l o c a t i o n  can b e s t  be dep ic ted  by comparing 
water  use measurements a t  Dan ie l ,  Farson, and Seedskadee f o r  a l t a  fescue, 
a l f a l f a ,  and pan evapora t ion  (Table 9 ) .  Resul ts  o f  accumulated ET and pan 
evapora t ion  r a t e s  show t h e  h i g h e s t  values a t  Seedskadee and t h e  lowest  a t  
Danie l .  Comparisons of measurements a long Horse Creek f o r  mountain meadows and 
evapora t ion  pans show, a t  bes t ,  o n l y  a s l i g h t  d i f f e r e n c e  based on l o c a t i o n  
(Table 10) .  The r a t e s  f o r  bo th  pan evaporat ion and mountain meadow ET a r e  
s l i g h t l y  g r e a t e r  a t  Danie l  than a t  Merna. 

Comparisons between crops show a much g r e a t e r  ET r a t e  f o r  a l f a l f a  than f o r  
a l t a  fescue and a s l i g h t l y  g r e a t e r  r a t e  f o r  a l f a l f a  than f o r  mountain meadows 
when comparing r a t e s  a t  t h e  same l o c a t i o n s .  I n  = d d i t i o n ,  t h e  measured ET 
r a t e s  f o r  a l f a l f a  a r e  c o n s i s t e n t l y  g r e a t e r  than e v a - w a t i o n  r a t e s  f rom c l a s s  A 
evapora t ion  pans, I t  should be r e c a l l e d  t h a t  mea:xed ET r a t e s  were maximum 
ra tes ,  Tovey (1963) has shown t h a t  t h e  consumptiv- use o f  a l f a l f a  grown w i t h  
surface i r r i g a t i o n  b u t  w i t h o u t  a water t a b l e  i s  l e - . ;  than w i t h  a s t a t i c  water  
t a b l e .  H i s  r e s u l t s  i n d i c a t e  a water  use r a t e  o f  approx imate ly  22% l e s s  w i t h o u t  
t h e  water  t a b l e ,  A r e d u c t i o n  o f  a l f a l f a  ET r a t e s  t o  approx imate ly  80% o f  . 

measured va lues g i v e s  r a t e s  s l i g h t l y  l e s s  than measured r a t e s  f rom evaporat ion 
pans, Such c o n d i t i o n s  ( w e l l  watered a l f a l f a  w i t h o u t  a water t a b l e ) ,  a re  
u s u a l l y  cons idered when comparing a l f a l f a  ET r a t e s  w i t h  evaporat ion f rom a 
Class A evapora t ion  pan, Measured ET r a t e s  f o r  t r e  mountain meadows v a r i e d  
somewhat between l y s i m e t e r s .  Reasons f o r  t h i s  d i f f e r e n c e  are  n o t  apparent, 
a l though some d i f f e r e n c e s  d i d  e x i s t  i n  p l a n t  compcs i t ion  i n  t h e  l y s i m e t e r s  
(Table 11). 

R e s u l t s  o f  water  use e f f i c i e n c y  c a l c u l a t i o n s  s k w  t h a t  a l f a l f a  had h i g h e r  
y i e l d / w a t e r  use r a t i o s  than d i d  t h e  mountain meadcis (Tables 12-14). Consid- 
e r i n g  o n l y  the f i r s t  h a r v e s t  g ives average y i e l d / w a t e r  use r a t i o s  o f  0.142 
tons p e r  acre  p e r  i n c h  o f  water  used f o r  a l f a l f a  ( l y s i m e t e r s  28 ,  4A, and 6A) 
and 0.126 tons per  acre  per  o f  i n c h  water  used f o r  mountain meadows. Water 
use e f f i c i e n c i e s  beyond t h e  f i r s t  harves t  a re  e r r a t i c .  
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2 A  

28 

3 A  

36 

3c 

30 

3 E  

3F 

4 A  

4 B  

4c 

40 

6A 

6 B  

FARSON 

FARSON 

MERNA 

MERNA 

MERNA 

MERNA 

MERNA 

MERNA 

DAN I E L  

DAN I EL 

DAN I E L  

DAN I EL 

SEEDSKAOEE 

SEEDSKADEE 

ALTA FESCUE 

ALFALFA 

MOUNTAIN MEADOWS 

MOUNTAIN MEADOWS 

IMPROVED MEADOWS 

MOUNTA I N MEADOWS 

IMPROVED MEADOWS 

IMPROVED MEADOWS 

ALFALFA 

ALTA FESCUE 

MOUNTAIN MEADOWS 

MOUNTAIN MEADOWS 

ALFALFA 

ALTA FESCUE 

MAX IMUM 

MAXIMUM 

MAX I MUM 

ACTUAL 

ACTUAL 

MAX I MUM 

ACTUAL 

MAXIMUM 

MAX IMUM 

MAX IMUM 

MAX I MUM 

ACTUAL 

MAXIMUM 

MAX IMUM 

NO 

NO 

YES 

YES 

* 

* 
* 
* 

YES 

YES 

YES 

YES 

YES 

YES 
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2A 

28 

3A 

38 

3c 

30 

3E 

3F 

4A 

40 

4c 

40 

Con t i nued 

1983 
1984 
1985 

1983 
1984 
1985 

1983 
1984 
1985 

1983 
1984 
1985 

1983 

1985 

1983 
1984 
1985 

1983 
1984 
1985 

1983 
1984 
1985 

1983 
1984 
1985 

1984 

1983 
1984 
1985 

1983 
1984 
1985 

1983 
1984 
1985 

0 -  

3.39 
1.266 

0 0  

5.16 
1 . 60B 

0 0  

1 . 970 
1 . 188 

0. 

1.080 
0 . 686 

0. 

1 . 66E 
0.73B 

I0 

1 . 16E 
1.16B 

0 -  

1.44E 
1 . 146 

- 0  

1.81E 
1 . 318 

0 0  

1 . 59F 
1.798 

- 0  

0.98F 
1.61B 

-0  

2.53F 
2.95B 

0 0  

2.44F 
1 . 728 

-- 
4.68 
6.42 

-0  

9.55 
8.50 

II 

6.78 
6.27 

0 -  

6.03 
6.11 

0 9  

4-14 
4.38 

00 

4.04 
5.41 

- 0  

4.35 
5.86 

- 0  

4.26 
6.19 

0. 

6.45 
9.13 

00 

3.54 
6.37 

I 0  

6.07 
8.60 

-- 
6.19 
6.27 

3 . 98A 
6.38 
6.25 

5 . 47A 
8.81 
9.96 

2 . 12c 
7.32 
5.97 

2 . 56C 
7.48 
6.22 

2.33C 
4.94 
4.96 

3.19C 
5.34 
6.50 

2.84 
5.26 
6.48 

4 . 30C 
5.92 
7-11 

2.43C 
8.83 
11.98 

2 . 04C 
5.96 
5.39 

4.15C 
7.12 
8.59 

3 . 43c 
6.89 
6.84 

7.66 
5.28 
7.52 

10 . 43 
11.09 
10.24 

3.32 

5.67 

5.21 
6.40 
2.43 

4.26 
2.22 
1.49 

4.44 
4.18 
3.47 

4 . 2 6  
3 * 23 
1.76 

4.06 
4.96 
4.50 

6.10 
5 . 5 5  
6 . 7 1  

4 ,  I 1  
5 . 2 8  
5.94  

5.83 
5.58 
5.40 

4.89 
2.94 
1.80 

8.38 

7.18 
4.48 
4.65 

4.86 
5.27 
5.23 

5.01 

2.05 

3.87 
1.56 
1.71 

3.77 
1.51 
1.36 

3.99 
4.04 
2.73 

4.29 
1.12 
1 . 18 
4.36 
2.02 
2.01 

4.80 
3.98 
5.17 

4.03 
4.91 
3.33 

3.77 
4.21 
3.17 

4.04 
2.13 
1.56 

- 0  
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I A  EVAPORATION 
MONTH v m  

MONTH 
LY S IFIETER SITE 

3A 30 3F 46 
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3 A  Phleum pratense 
M e l i l o t u s  
Taraxacum o f f i c i n a l  e 
A g r o s t i  s s t o l  o n i f e r a  
Poa p r a t e n s i s  

30 Me1 i 1 otus 
Phleum pratense 
Taraxacurn o f f i c i a n l e  

3F Phleum pratense 
Taraxacum o f f  i c i n a l  e 
Hordeum p u s i  7 7 urn 

4c Me1 i 1 otus 
Poa p r a t e n s i  s 
Agropyron t rachycau l  urn 
Hordeum p u s i l l u m  
Phl eum pra  tense 
Taraxacurn o f f  i c i  nal e 
Poa f e n d l e r i a n a  

TIMOTHY 
SWEET CLOVER 
DANOEL ION 
RED TOP BENTGRASS 
KENTUCKY BLUEGRASS 
SWEET CLOVER 
TIMOTHY 
OANDEL I O N  
TIMOTHY 
OANDEL I O N  
LITTLE BARLEY 
SWEET CLOVER 
KENTUCKY BLUEGRASS 
SLENDER WHEATGRASS 
LITTLE BARLEY 
TIMOTHY 
DANDYL ION 
MUTTON BLUEGRASS 

30 
25 
25 
15 

5 
50 
40 
10 
92 

5 
3 

25 
25 
20 
10 
5 
5 
5 

TABLE 12. HARVEST DATES OF LYSIMETERS FOR 1984 AND 1385 
------------------------------w---------------------------------------------- --------.------o---------------------------------------------.-------------o. 

1984 1985 
0 0 0 0 0 . 0 0 . . ~ 9 0 0 . 0 ~ ~ 0 0 ~ ~ . ~  ~ ~ ~ ~ ~ 0 . . 0 0 . 0 0 . 0 0 . 0 0 0 ~ 0 . .  

LYSIMETER SITE FIRST SECOND CLOSE OUT FIRST SECOND CLOSE OUT 
LOCATION I. 0, CROP HARVEST HARVEST HARVEST HARVEST HARVEST HARVEST 

FARSON 2A ALT,FES. 
FARSON 28 ALFALFA JUL 12 SEP 06 OCT 17 2 U t  17 AUG 28 OCT 07 
MERNA 3A MTN.MED, AUG 29 AUG 29 OCT 09 
MERNA 38 MTN.MED, AUG 29 JUG 29 OCT 07 
HORSE CR, 3C IMP,MEO. AUG 09 JUG 08 OCT 09 
HORSE CR, 30 MTN.MED. AUG 09 AUG 08 OCT 09 
HORSE CR, 3E 1MP.MED. AUG 30 AUG 08 OCT 09 
HORSE CR, 3F 1MP.MED. SEP 06 AUG 08 OCT 08 
DAN I EL 4A ALFALFA JUL 18 OCT 19 AUG 07 OCT 08 
DAN I EL 4B ALT . FES . 
DAN I EL 4C MTN.MED. JUL 19 OCT 19 AUG 07 OCT 08 
DAN I EL 40 MTN.MED. JUL 19 OCT 19 AUG 07 OCT 08 
SEEDSKAOEE 6A ALFALFA JUL 11 AUG 28 OCT 19 JUL 10 SEP 06 OCT 08 
SEEDSKADEE 6B ALT. FES, 

ooooooooo.~oo.~oom.o...~o~o..m..o9~~~.oo..~.~...~~o~~----~.-oo..o....oo...o~o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 13, HARVEST Y I E L D S  AND Y I E L D / E T  RATIOS OF LYSIMETERS FOR 1984" 
=====r====f=P==1='==fOI======================================================= 

F I R S T  HARVEST SECOND HARVEST CLOSE OUT HARVEST 
. ~ ~ 0 0 ~ , ~ . - . 0 0 0 ~ 9 0 0  -.--=-,.o.,.....-. ..0,..0..00..0..~. 

LYSIMETER S I T E  S I T E  CROP Y I E L D / E T  S I T E  CROP Y I E L D / E T  S I T E  CROP Y I E L D / E T  
LOCATION I D  E T  Y I E L D  R A T I O  ET Y I E L D  R A T I O  ET Y I E L D  RATIO 

FARSON 2 B  16.7 1.97 .118 17.1 1.92 .112 4.2 0.54 .128 
MERNA 3 A  24.3 2.17 .089 
MERNA 38 21 .o 2.00 . 095 
HORSE CR. 3c 11.5 1.64 . 143 
HORSE CR. 30 11.7 1.84 . 157 
HORSE CR . 3 E  14.0 2.22 . 159 
HORSE CR. 3F 17.3 2.15 .124 
DAN I E L  4A 13.8 2.40 -174 14.0 0.53 .038 
DAN I E L  4C 12.9 2.29 ,178 14.0 1.30 .093 
DAN I E L  40 13.2 2.27 .172 7.1 0.45 .063 
SEEDSKADEE 6A 19.0 2.23 .117 21.8 1.69 ,078 7.3 1.22 .167 

* CROP Y I E L D  I S  ABOUT 12% MOISTURE CONTENT, 

~~o.~.~~~...~~~~~.o~o.~.~..o.~o....,~~...~.~o.9.~...~~~..o.~-.--=.....~.... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Y I E L D / E T  I S  IN U N I T S  OF,TONS PER ACRE PER INCH. 

TABLE 14. HARVEST Y I E L D S  AND Y I E L D / E T  RATIOS OF LYSIMETERS FOR 1985* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I R S T  HARVEST SECOND HARVEST CLOSE OUT HARVEST 
0 -  oo.oo..-.....--. .-o--.-..,-,.----. ~0.9....,00...-090 

LYSIMETER S I T E  S I T E  CROP Y I E L D / E T  S I T E  CROP Y I E - Y E T  S I T E  CROP Y I E L D / E T  
LOCATION I D  ET Y I E L D  R A T I O  ET Y I E L D  F3'-'T0 ET Y I E L D  R A T I O  

FARSON 2B 17.0 3.00 ,176 

SEEDSKAOEE 6A 20.8 4.45 .214 

MERNA 3 A  
MERNA 36 
MORSE CR. 3C 
HORSE CR. 30 
HORSE CR. 3 E  
HORSE CR. 3F 
DAN I E L  4A 
DAN I E L  4c 
DAN I E L  40 

18.2 
15.3 
10.3 
14.2 
14.4 
16.1 

24.5 
21.8 
15.5 

1.01 
1.42 
0.83 
1.57 
1.05 
2.32 

1.86 
4.92 
2.16 

.055 

.093 
.081 . 111 
.073 
.144 
,076 . 226 . 139 

12.5 0.67 .054 6.7 
3 .1  
2.1 
2.3 
5.4 
2.3 
4.9 

10.6 
7.6 
2.9 

27.2 2.23 .C32 3.6 

0.24 .036 
0.10 .032 
0.06 .029 
0.03 ,013 
0.02 ,004 
0.06 ,026 
0.11 .022 
1.25 .118 
0.64 .084 
0.07 .024 
0 3 5  .153 
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Chapter 4 

PROCEDURES FOR ESTIMATING EVAPOTRANSPIRATION 

Among the most w i d e l y  used methods f o r  e s t i m a t i n g  e v a p o t r a n s p i r a t i o n  r a t e s  
a r e  t h e  methods based on c l i m a t o l o g i c a l  data.  The models range from those 
u s i n g  o n l y  temperature data t o  those t h a t  r e q u i r e  temperature,  wind, humid i ty ,  
and r a d i a t i o n  data. Methods o f  e s t i m a t i n g  ET f rom c l i m a t i c  data may be 
c l a s s i f i e d  i n  var ious  ways w i t h  H i l l ,  e t  a l . ,  (1983) s t a t i n g  t h a t  there  are  a s  
many as 50 methods o r  v a r i a t i o n s  f o r  t h e  e s t i m a t i o n  o f  ET. Three general  
c lasses w i l l  be considered i n  t h i s  r e p o r t .  These i n c l u d e  ( a )  temperature, ( b )  
r a d i a t i o n ,  and ( c )  combinat ion methods. Some o f  t h e  methods have been modi- 
f i e d  t o  i n c l u d e  c rop  and s o i l  parameters as w e l l  as c l i m a t o l o g i c a l  parameters, 
Al though improv ing t h e  t h e o r e t i c a l  b a s i s  o f  t h e  models, t h e  crop and s o i l  
parameters a r e  u s u a l l y  f a i r l y  d i f f i c u l t  t o  def ine,  An a p p l i c a t i o n  which o f t e n  
leads t o  some m o d i f i c a t i o n  o f  t h e  methods i s  t h a t  of e s t i m a t i n g  wide area o r  
r e g i o n a l  ET. These, a p p l i c a t i o n s  however, a r e  u s u a l l y  more t h e  m o d i f i c a t i o n  
of t h e  methodology o f  a p p l i c a t i o n  o f  t h e  models than m o d i f i c a t i o n  o f  t h e  
a c t u a l  models. 

S e l e c t i o n  o f  t h e  a p p r o p r i a t e  ET model f o r  a s p e c i f i c  s i t u a t i o n  i s  d i f f i -  
cu1 t. Est imates can vary  w i d e l y  among t h e  var ious  methods and, un for tunate ly ,  
no d e f i n i t e  g u i d e l i n e s  a r e  a v a i l a b l e  f o r  d e f i n i n g  t h e  model o r  method of -. 
a p p l i c a t i o n  most l i k e l y  t o  g i v e  t h e  b e s t  est imates.  A r e c e n t  study by H i l l ,  
e t  a l , ,  (1983) c l e a r l y  d e p i c t s  t h e  d i f f i c u l t y  i n  d e f i n i n g  t h e  accuracy and/or 
representa t iveness  o f  t h e  v a r i o u s  ET models, Th is  can l e a d  t o  a t  l e a s t  two 
p o s s i b i l i t i e s .  One i s  t h a t ,  due t o  t h e  l a c k  o f  neces5ary c l i m a t o l o g i c a l  data,  
a s imple technique might  be used when a more complef model may p r o v i d e  more 
accura te  est imates.  Another i s  t h a t  t h e  more compler l o d e l s  may be used even 
when t h e  s i m p l e r  models a r e  adequate, due t o  t h e  m i x i k e n  impress ion t h a t  t h e  
more complex models a r e  always t h e  best .  

I t  does appear t h a t  as t h e  t ime p e r i o d  o f  i n t e r e s t  becomes s h o r t e r  t h e  
complex d a t a - i n t e n s i v e  models g e n e r a l l y  p rov ide  t h e  b e t t e r  est imates,  Thus, 
these methods a r e  probably  p r e f e r r e d  f o r  a p p l i c a t i o n s  such as i r r i g a t i o n  
schedul ing.  On t h e  o t h e r  hand, t h e  temperature-based models may be e n t i r e l y  
s a t i s f a c t o r y  f o r  month ly  o r  annual ET est imates,  e s p e c i a l l y  i f  l o c a l l y  c a l i -  
b ra ted ,  Another advantage o f  t h e  d a t a - i n t e n s i v e  models a r e  t h e i r  apparent 
a b i l i t y  t o  b e t t e r  d e f i n e  t h e  v a r i a t i o n  o f  ET r a t e s  ( i l l e n  and Wright,  1983). 
Therefore,  another  c o n s i d e r a t i o n  i n  s e l e c t i n g  t h e  ET Todel t o  use i s  whether 
t h e  main i n t e r e s t  i s  i n  ET averages o r  i n  bo th  t h e  3verage and v a r i a t i o n s .  
F i n a l l y ,  a major  c o n s i d e r a t i o n  i s  t h a t  o f  a c c e p t a b i l i c j  and precedence. I t  i s  
we1 1 -known t h a t  t h e  B1 aney-Cri dd l  e method has gener-3 1 l y  been t h e  accepted 
procedure i n  l e g a l  n e g o t i a t i o n s .  However, even w i t h  +qe B laney-Cr idd le  model, 
t h e r e  a r e  a number o f  vers ions  and t h e  exac t  model be ing  considered must be 
c l  e a r l y  spec i  f i ed . 

Three e v a p o t r a n s p i r a t i o n  r a t e s  a r e  u s u a l l y  o f  i n t e r e s t .  These i n c l u d e  
re fe rence c rop  e v a p o t r a n s p i r a t i o n  (ET ) maximum e v a p o t r a n s p i r a t i o n  (ET ) , and 
a c t u a l  e v a p o t r a n s p i r a t i o n  (ET ) ,  RePerence crop e v a p o t r a n s p i r a t i o n  nvrmal l y  
has been d e f i n e d  based e i t h e r % p o n  wel l -watered a l f a l f a  o r  grass as be ing  t h e  
re fe rence crop. Maximum e v a p o t r a n s p i r a t i o n  r e f e r s  t o  c o n d i t i o n s  when water  i s  
adequate f o r  u n r e s t r i c t e d  growth and development of a s p e c i f i c  c rop  and 
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represents  t h e  r a t e  o f  ET o f  a h e a l t h y  crop, grown i n  l a r g e  f i e l d s  under 
optimum agronomic' and i r r i g a t i o n  management. Actual  e v a p o t r a n s p i r a t i o n  i s  t h e  
r a t e  o f  ET t h a t  occurs i n  t h e  f i e l d  under l i m i t e d  s o i l  mo is tu re  c o n d i t i o n s  and 
o t h e r  f a c t o r s .  

C a l c u l a t i o n s  o f  water  use r a t e s  are  normal ly  ob ta ined f rom est imates based 
on c l i m a t o l o g i c a l  and f i e l d  data.  The f i r s t  s tep i s  t o  determine re fe rence 
c rop  ET f rom e i t h e r  f i e l d  measurements o r  equat ions r e q u i r i n g  c l i m a t o l o g i c a l  
data. F i e l d  measurements a t  se lec ted  l o c a t i o n s  are  r e q u i r e d  t o  c a l i b r a t e  t h e  
equat ions which may then be used t o  es t imate  ET a t  o t h e r  l o c a t i o n s  u s i n g  
c l  i m a t o l o g i c a l  data.  Maximum e v a p o t r a n s p i r a t i o n  d t e s  f o r  s p e c i f i c  crops a r e  
then determined by a p p l i c a t i o n  o f  a p p r o p r i a t e  crop c o e f f i c i e n t s  ( kc) .  The 
crop c o e f f i c i e n t s  represent  t h e  e f f e c t  o f  t h e  crop c h a r a c t e r i s t i c s  on crop 
water  requirements and a r e  e m p i r i c a l l y  determined values r e l a t i n g  ET t o  ET . 
C a l c u l a t i o n  o f  a c t u a l  e v a p o t r a n s p i r a t i o n  i s  very  complex when s o i l  moqsture Ts  
l i m i t e d ,  ET va lues a r e  es t imated  f rom ET based upon soil  moisture,  o v e r a l l  
c l i m a t i c  c o n d i t i o n s ,  s o i l  s a l i n i t y ,  depth 8 ground water  t a b l e ,  and agronomic 
and i r r i g a t i o n  p r a c t i c e s .  

Reference c rop  ET must be compat ib le  w i t h  t h e  crop c o e f f i c i e n t s  t h a t  a r e  
t o  be used. I n  t h e  Western U n i t e d  States a l f a l f a  has n o r m a l l y  been used as 
t h e  re fe rence crop, However, a l f a l f a  i s  a crop which i s  harvested and major  
adjustments must be made f o r  t h e  per iods  immediately p r i o r  t o  and f o l l o w i n g  
harvest .  Also, t h e  n a t u r a l  growth c y c l e  g ives  a re fe rence c rop  f o r  which t h e  -. 

h e i g h t  i s  n o t  constant.  Genera l l y  when a l f a l f a  i s  used as a reference crop, 
i t  i s  assumed t h a t  t h e  crop i s  a t  a growth stage t h a t  i t  occupies an ex tens ive  
sur face,  i s  a c t i v e l y  growing, and i s  approximately 7 50 8 incbes i n  h e i g h t  o r  
t a l l e r .  

C l ipped grass i s  o f t e n  used as  a re fe rence cr-3.  Grass, such as  a l t a  
fescue, may be mainta ined a t  a near constant  heigP: throughout  t h e  growing 
season. A disadvantage o f t e n  a t t r i b u t e d  t o  c l i p p e d  grass i s  t h a t  under the  
d r y  windy c o n d i t i o n s  t y p i c a l  o f  a r i d  reg ions,  t h e  c l i p p e d  grass i s  n o t  capable 
o f  ET r a t e s  as h i g h  as those reached by a l f a l f a  and many o t h e r  crops. T h i s  
may r e s u l t  i n  t h e  c l i p p e d  grasses be ing  somewhat i n s e n s i t i v e  t o  the  increased 
evapora t ive  p o t e n t i a l  caused by advec t ion  o f  energy f rom d r y  t o  i r r i g a t e d  
areas. 

Other  approaches t o  t h e  re fe rence crop concept i n c l u d e  ( a )  the use of 
e m p i r i c a l  formulas,  w i t h o u t  l o c a l  c a l i b r a t i o n ,  as  a r e f e r e n c e  and ( b )  t h e  use 
o f  pan evaporat ion,  N e i t h e r  o f  these a c t u a l l y  use a :rop as a re ference b u t  
do p r o v i d e  r e f e r e n c e  ET t o  which crop c o e f f i c i e n t s  may be a p p l i e d  t o  es t imate  
ET and/or ET , A major  disadvantage i n  us ing  e i t h e r  a l f a l f a  o r  grass as a 
reFerence f o r a s t i m a t i n g  ET r a t e s  o f  mountain meadows i s  t h a t  c l i m a t i c  condi -  
t i o n s  u s u a l l y  l i m i t  and/or p r o h i b i t  t h e  growth of  a l f a l f a  and re fe rence 
grasses i n  areas where mountain meadows a r e  loca ted .  Thus, pan data and/or 
est imates f rom evapora t ion  formulas may prov ide  t h e  b e s t  re ference f o r  
mountain meadows , 



Evapot ransp i ra t ion  F o m u l  as 

Because o f  t h e  l a r g e  number o f  ET formulas and m o d i f i c a t i o n s  which e x i s t ,  
any at tempt  t o  analyze t h e  most s u i t a b l e  f o r  a p a r t i c u l a r  use r e q u i r e s  some 
s e l e c t i o n  t o  l i m i t  t h e  cases considered. Th is  s e l e c t i o n  process i s ,  admit-  
t e d l y ,  r a t h e r  a r b i t r a r y  and may be dependent as much upon personal  exper ience 
as s c i e n t i f i c  c r i t e r i a .  The formulas considered h e r e i n  i n c l u d e  those ranging 
f rom temperature based methods t o  t h e  more data i n t e n s i v e  combinat ion methods. 
I n  general  , those which appear t o  be most popular  i n  t h e  Western Un i ted  States 
a r e  emphasized. Those descr ibed h e r e i n  i n c l u d e  t h e  o r i g i n a l  B laney-Cr idd le,  
t h e  SCS Blaney-Cr idd le,  t h e  o r i g i n a l  Jensen-Haise, t h e  mod i f ied  Jensen-Haise, 
t h e  ASCE Penman m o d i f i c a t i o n ,  t h e  FA0 Blaney-Criddle,  t h e  FA0 Radiat ion,  t h e  
FA0 Penman, and t h e  Kohler-Nordenson-Fox formulas.  The formulas a r e  presented 
as t h e y  were taken from t h e  o r i g i n a l  re ferences which i n  many cases i n c l u d e  
m e t r i c  u n i t s  f o r  t h e  v a r i o u s  parameters. No at tempt  has been made t o  conver t  
these u n i t s  f o r  t h i s  p resenta t ion .  Rather, i t  i s  recommended t h a t ,  if t h e  
equat ions a r e  used, convers ion o f  i n p u t  and o u t p u t  da ta  be performed t o  
achieve d e s i r e d  u n i t s .  The p r e s e n t a t i o n  which f o l l o w s  i n c l u d e s  a d e f i n i t i o n  
of each parameter, however, more complete d e t a i l s  f o r  c a l c u l a t i n g  t h e  var ious  
parameters a r e  g i v e n  i n  Appendix G. 

The 
form: 

where: 
u =  
K =  

F =  
f =  
t =  
P =  

The 

where: 

o r i g i n a l  B laney-Cr idd le formula (Blaney and C r i d d l e ,  1950) i s  o f  t h e  

U = KF 

consumptive use over  t h e  per iod,  inches 
an e m p i r i c a l  c o e f f i c i e n t  f o r  t h e  per iod ,  u s u O y  t h e  growing 
season 
t h e  sum of monthly consumptive use f a c t o r s  f 
monthly consumptive use f a c t o r ,  tP/100 
mean month ly  temperature , O F  

percentage o f  t h e  d a y l i g h t  hours o f  t h e  y e a r  o c c u r r i n g  d u r i n g  a 
g iven  month. 

SCS (SCS, 1970) m o d i f i e d  t h e  o r i g i n a l  B laney-Cr idd le  formula so t h a t :  

U = kt kc (tP/100) 

= a month ly  c rop  growth stage c o e f f i c i e n t  kt = a c l i m a t i c  c o e f f i c i e n t  r e l a t e d  t o  t h e  mean a i r  temperature, 

The SCS gave a r e l a t i o n s h i p  f o r  k t  = 0,0173t - 0.314, w i t h  a 
minimum va lue  o f  0.300. 

Doorenbos and P r u i t t  (1977)  p rov ided another m o d i f i c a t i o n  o f  t h e  Blaney- 
C r i d d l e ,  which i s  g e n e r a l l y  r e f e r r e d  t o  as t h e  FA0 Blaney-Cr idd le:  

28 



where: 
ETo = re fe rence crop,  c l i p p e d  grass,  e v a p o t r a n s p i r a t i o n  i n  mmlday 
T 
p 

= mean temperature over  t h e  p e r i o d  i n  degrees C 
= mean d a i l y  percentage o f  t o t a l  annual d a y l i g h t  hours f o r  t h e  

p e r i o d  
= adjustment f a c t o r s  based on minimum r e l a t i v e  humid i ty ,  sunshine 

and dayt ime windspeed est imates.  
parameters a r e  n o t  requ i red .  F r e v e r t  e t  a l .  (1983) have g iven 
an equat ion  t o  c a l c u l a t e  BB w h i l e  Ooorenbos and P r u i t t  (1977) 
gave an equat ion  f o r  AB. 

The Jensen-Haise (Jensen and Haise, 1963) formula i s  considered t o  be a 
r a d i a t i o n  formula.  It was d e r i v e d  f rom data c o l l e c t e d  i n  t h e  western U n i t e d  
Sta tes  and i s  commonly considered t o  c a l c u l a t e  re fe rence c rop  ET f o r  a l f a l f a .  
I t  takes t h e  form: 

AB,BB Exact values o f  t h e  i n p u t  

ETr = CT (T 0 Tx) R, 

where: 
ETr = re fe rence e v a p o t r a n s p i r a t i o n  i n  lang leys  p e r  day ( m u l t i p l y  by 

R = s o l a r  r a d i a t i o n  i n  u n i t s  o f  lang leys  p e r  day 
T’ = mean a i r  temperature i n  degrees F 

= a temperature a x i s  i n t e r c e p t  w i t h  a va lue o f  26.4 F; = an e m p i r i c a l  c o e f f i c i e n t  w i t h  a value o f  0.014. 

The formula was l a t e r  m o d i f i e d  (Jensen, 1966 and lensen e t .a l . ,  1970) 

0.000673 t o  conver t  t o  inches per  day) 

through d e f i n i n g  t h e  c o e f f i c i e n t s  C T  and T, as: 

Tx = 27.5 - 0.25 (e2 - el) - (e lev/1000)  

where: 
= 68 - (3.6)(elev/ lOOO) where e l e v a t i o n  i s  i n  f e e t  

) where e and el a r e  t h e  s a t u r a t i o n  vapor pressures 
maximum a6d mean minimum temperatures,  r e s p e c t i v e l y ,  

f o r  t h e  warmest month o f  t h e  y e a r  

The FA0 r a d i a t i o n  method (Doorenbos and P r u i t t ,  1977) i s  b a s i c a l l y  a 
m o d i f i c a t i o n  o f  t h e  Makkink formula (1957):  

ETo = AR + BR(W Rse) 

where: 
ET, = re fe rence crop, c l i p p e d  grass,  e v a p o t r a n s p i r a t i o n  i n  mmlday 

ise = a w e i g h t i n g  f a c t o r  dependent on temperature and a l t i t u d e  and 
= s o l a r  r a d i a t i o n  i n  e q u i v a l e n t  evaporat ion i n  mm/day 

equal t o  t h e  s lope o f  t h e  s a t u r a t i o n  vapor pressure-temperature 
curve  a t  t h e  a i r  temperature i n  mb/degree C d i v i d e d  by t h e  sum 
o f  t h e  s lope and t h e  psychrometer constant  a l s o  i n  mb/degree C 
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= adjustment f a c t o r s  based on mean humid i ty  and dayt ime windspeed. 
F r e v e r t  e t  a l .  (1983) have g iven equat ions t o  c a l c u l a t e  6' 
w h i l e  Doorenbos and P r u i t t  (1977) recommend -0.3 f o r  AR. 

Many m o d i f i c a t i o n s  o f  t h e  o r i g i n a l  Penman (1948) formula have been 
proposed, 
more ex tens ive  m o d i f i c a t i o n s  have a l s o  been presented (e.g. Wright,  1982). 
The v e r s i o n  used h e r e i n  i s  t h a t  l i s t e d  by Jensen e t ,a l .  (1973) and which i s  
sometimes r e f e r r e d  t o  as t h e  ASCE Penman: 

Most a r e  adjustments o f  t h e  c o e f f i c i e n t s  i n  t h e  wind term, a l though 

ETr = (A/(A+y))(Rn + G )  + (y/(A+y))(15.36)(1.0 + 0.0062u2)(eSo - ea)  

where: 
ET, = re ference e v a p o t r a n s p i r a t i o n  i n  lang leys  per  day. 
A 

a i r  temperature i n  mb p e r  degree C 
y 
Rn G = s o i l  hea t  f l u x  i n  l a n g l e y s  per  day 

= s lope o f  t h e  s a t u r a t i o n  vapor pressure-temperature curve a t  t h e  

= psychrometer cons tan t  i n  mb per  degree C 
= n e t  r a d i a t i o n  i n  l a n g l e y s  per  day 

= wind speed a t  2 meters h e i g h t  i n  km per  day 
= t h e  s a t u r a t i o n  vapor pressure obta ined as t h e  average of t h e  

= mean a c t u a l  vapor pressure obta ined as t h e  s a t u r a t i o n  vapor 

u$ so s a t u r a t i o n  vapor pressures a t  t h e  mean maximum and mean minimum 
temperatures, i n  mb 

pressure a t  t h e  d a i l y  average dewpoint, i n  mb e, 

The FA0 Penman (Doorenbos and P r u i t t ,  1977) u t i l ' z e s  t h e  same general  f o r -  
mat as g iven above w i t h  the a d d i t i o n  o f  an a d j u s t g e n t  f a c t o r  and d i f f e r e n t  
wind c o e f f i c i e n t s .  Also,  t h e  s o i l  heat  f lux  term i s  'ropped g i v i n g :  

ETo = C ( W  Rn + (1 - W)(0 .27) (1  + U/lOO):?, - ea) 
P 

where: 
€To = r e f e r e n c e  crop, c l i p p e d  grass, e v a p o t r a n s p i r a t i o n  i n  mm/day 

= n e t  r a d i a t i o n  i n  e q u i v a l e n t  evaporat ion i n  mn/day ine = t h e  same f a c t o r  as g iven p r e v i o u s l y  i n  t h e  3 0  R a d i a t i o n  method 
U = t h e  24 hour  wind run  a t  2 meters h e i g h t  i n  4 d a y  

es = t h e  s a t u r a t i o n  vapor pressure ob ta ined a t  W e  mean temperature, 

ea = t h e  same as i n  t h e  prev ious  equat ion above 
= an adjustment  f a c t o r  dependent on maximum r e l a t i v e  humid i ty ,  

cp 

i n  mb 

s o l a r  r a d i a t i o n ,  dayt ime windspeed, and t h e  r a t i o  o f  daytime t o  
n i g h t t i m e  windspeed. F r e v e r t  e t  a l .  (1983) nave g i v e n  an equat ion 
t o  c a l c u l a t e  C 

P O  

A commonly used equat ion  f o r  p r e d i c t i o n  of evapora t ion  f rom lakes  and 
r e s e r v o i  r s  i s t h e  Kohler-Nordenson-Fox formula (Kohl e r  e t .  a1 . , 1955) : 

E = 0 .70(Rne~ + y ((e,-ea)*88)(0.37 + 0.0041U P ) ) / ( A  + y )  
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. .  . . .  where: 
c = - -  ' 

I 

L - 

0.70 = 
h =  

Y =  - - 
eS 

ea 
- - 
- - 

"P 

Rne = R =  
1 s  z 

a 

iaice evaporat ion i n  incnes per aay 
a c o e f f i c i e n t  ad jus t i ng  pan evaporat ion t o  lake  evaporat ion 
s lope o f  t he  sa tu ra t i on  vapor pressure-temperature curve a t  the 
a i r  temperature i n  inches of mercury per degree F 
psychrometric constant i n  inches o f  mercury per degree F 
saturated vapor pressure eval uated a t  the  mean a i r  temperature , 
i n  inches o f  mercury 
actual  vapor pressure evaluated a t  the  mean dewpoint, i n  inches 
o f  mercury 
the  wind speed 6 inches above the  r i m  o f  a Class A evaporat ion 
pan i n  m i les  per  day 
exp((T - 212)(0.1024 - 0.0166 l n ( R S ) ) )  - 0.0001 
s o l a r  Pad ia t ion  i n  langleys per  day 
the  mean a i r  temperature i n  degrees F. 

Uncal ibrated Equation Estimates v s  Measurements 

The need f o r  c a l i b r a t i n g  the  var ious evapot ransp i ra t ion  formulas can be 
shown by comparing est imates obtained from the  uncal i b r a t e d  equations t o  
measured ET rates.  For the  Green River  Basin, f o u r  types of water use ra tes  
were a v a i l a b l e  dur ing  the  study per iod.  These inc lude  a l t a  fescue and a l f a l f a  
water use measurements a t  Daniel ,  Farson , and Seedskadee; mountain meadow. 
water use measurements i n  e i g h t  l ys imeters  along Horse Creek from j u s t  above 
Merna t o  Daniel ;  and evaporat ion pan measurements a t  Merna, Daniel  , and 
Seedskadee. The formulas which w i l l  be considered i n  t h i s  sec t ion  inc lude the 
o r i g i n a l  Blaney-Criddle, the  SCS Blaney-Criddle, :be o r i g i n a l  Jensen-Haise, 
t he  mod i f ied  Jensen-Haise, a modi f ied Penman, the  Kohler-Nordenson-Fox, the  
FA0 Blaney-Criddle,  the  FA0 Radiat ion,  and the FA0 ?man methods, 

A l l  water use est imates from the equations w i i '  be compared w i t h  80% of 
t he  measured a l f a l f a  water use ra tes  and 100% o f  the  measured mountain meadow 
and a l t a  fescue water use ra tes .  The reason f o r  t h i s  i s ,  as  mentioned i n  the  
l a s t  chapter,  water use ra tes  f o r  a l f a l f a  when sur face i r r i g a t e d  appear t o  be 
grea ter  i n  the  presence o f  a water t a b l e  (Tovey, 1963). A l l  measurements, 
except those taken t o  measure actual  water use, were taken from lys imeters  
which were surface i r r i g a t e d  and had water tab les,  I t ,  i s  no t  completely c l e a r  
i n  the  l i t e r a t u r e  bu t  i t  appears t h a t  previous app l i ca t i ons  o f  the  var ious 
formulas f o r  p r e d i c t i n g  a l f a l f a  water use were t c  cases which were w e l l -  
watered b u t  d i d  n o t  i nc lude  a water tab le ,  Thus, for comparison o f  measured 
versus est imated a l f a l f a  water use ra tes ,  values of 30% o f  measured appear t o  
be reasonable f o r  use i n  the  analyses. I n  the  c a w  o f  mountain meadows and 
a l t a  fescue, 100% o f  the  measured values w i l l  be used. Mountain meadows are, 
u s u a l l y  grown i n  t h e  presence o f  a water tab le.  A l s o ,  the  vegetat ion has no t  
been used as a re ference f o r  the  formulas as  has a l f a l f a ,  thus maximum water 
use ra tes ,  w i t h  a water t a b l e  w i l l  be used f o r  comparison. The e f f e c t  o f  the  
presence o f  a water t a b l e  w i t h  surface i r r i g a t i o n  f o r  a l t a  fescue seems t o  be 
unknown, however, a water t a b l e  o f  2 ft depth o r  more i s  beyond the  major 
in f luence o f  t he  roo ts  f o r  a l t a  fescue. 

SCS TR-21 (1967) gives crop growth stage c o e f f i c i e n t s  f o r  a l f a l f a  and 
pasture grass. Pasture grass is not  expected t o  apply d i r e c t l y  t o  mountain 
meadows, b u t  a comparison o f  the r e l a t i v e  water use ra tes  est imated f o r  
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pasture  grass versus those measured f o r  mountain meadows i s  s t i l l  given. 
Values g i v e n  i n  Table 15, show t h a t  average seasonal est imated water  use r a t e s  
were 56% and 49% o f  measured r a t e s  f o r  a l f a l f a  and mountain meadows, respect -  
i v e l y ,  when u s i n g  t h e  SCS Blaney-Cr idd le formula and crop growth stage c o e f f i -  
c i e n t s  and t h e  temperature c o e f f i c i e n t  g iven  i n  TR-21. 

Trelease, e t  a l .  (1970) pub l i shed water  use est imates f o r  severa l  Wyoming 
s t a t i o n s  i n c l u d i n g  Farson and Pinedale.  Est imates were c a l c u l a t e d  u s i n g  t h e  
o r i g i n a l  B laney-Cr idd le formula (1962) .  Comparison of t h e  pub1 ished est imates 
w i th  measured water  use r a t e s  f o r  a l f a l f a  a t  Farson and a l f a l f a  and mountain 
meadows measured a t  Danie l  compared w i t h  est imates a t  P inedale a re  g iven i n  
Table 16. P inedale est imates a r e  used t o  compare w i t h  Danie l  measurements 
s ince  Pinedale i s  t h e  c l o s e s t  s t a t i o n  f o r  which pub l ished est imates are  given. 
The comparisons show t h a t  t h e  pub l ished est imates are  s l i g h t l y  c l o s e r  t o  t h e  
measured va lues than est imates ob ta ined us ing  t h e  SCS Blaney-Cr idd le modi f ica-  
t i o n  as g iven i n  Table 15. However, t h e  est imates a r e  s t i l l  lower  than meas- 
u red  va lues and range f rom 72% t o  79% o f  t h e  measured ET values f o r  a l f a l f a .  

The r a d i a t i o n  based Jensen-Haise model and t h e  m o d i f i e d  Penman be ing  con- 
s i d e r e d  h e r e i n  use a l f a l f a  as a re fe rence crop. I n  t h e  case of t h e  Penman, a t  
l e a s t ,  t h e  re fe rence i s  f o r  a wel l -watered,  a c t i v e l y  growing a l f a l f a  of mini-  
mum h e i g h t ,  u s u a l l y  about 8 inches (Burman, e t  a l . ,  1980). A f t e r  p l a n t i n g ,  
e a r l y  i n  t h e  growing season, and a f t e r  c u t t i n g ,  a l f a l f a  does n o t  match t h e .  
above d e f i n i t i o n .  Thus, i t  i s  necessary t o  apply  crop c o e f f i c i e n t s  t o  t h e  
c a l c u l a t e d  re fe rence ET r a t e s  t o  es t imate  a l f a l f a  water  use a t  t imes when the 
above c o n d i t i o n s  do n o t  e x i s t .  The r e s u l t s  shown i n  Table 17 i n d i c a t e  t h a t  
est imated values u s i n g  t h e  o r i g i n a l  Jensen-Haise i r e  lower  than measured 
a l f a l f a  water  use w h i l e  those u s i n g  t h e  m o d i f i e d  Jer;en-Haise a r e  very  n e a r l y  
t h e  same a s  t h e  measured a l f a l f a  water use ra tes .  :;timated values u s i n g  t h e  
ASCE Penman range f rom g r e a t e r  than measured a l f a l f ?  va lues e a r l y  and l a t e  i n  
t h e  growing season t o  l e s s  than measured values d u r - n g  t h e  m i d - p o r t i o n  of t h e  
growing season (Tab le  18). The June and J u l y  values would be nearest  t h e  
d e f i n i t i o n  o f  an a c t i v e l y  growing wel l -developed a l f a l f a  crop. A p p l i c a t i o n  o f  
crop c o e f f i c i e n t s  e a r l y  i n  t h e  season and f o l l o w i n g  c u t t i n g  i s  necessary t o  
compare es t imated  and measured values a t  those t imes,  No e f f o r t  i s  made here 
t o  app ly  p roper  c rop  c o e f f i c i e n t s  s ince  the  i n t e n t  o F  t h i s  s e c t i o n  i s  s imply  
t o  g i v e  a general  comparison o f  measured vs estimate.(; ET r a t e s  w i t h o u t  l o c a l  
c a l i b r a t i o n  o f  t h e  v a r i o u s  equat ions.  The modi f ied Jensen-Haise, however, 
p r e d i c t s  measured a l f a l f a  water  use r a t h e r  we1 1 thrcl..ghout t h e  e n t i r e  growing 
season, w i t h  t h e  except ion  o f  May, w i t h o u t  a p p l i c a t i c r  o f  c rop  c o e f f i c i e n t s .  

The FA0 methods present  a s l i g h t l y  d i f f e r e n t  appv-gach t o  t h e  concept o f  a 
re fe rence crop (Doorenbos and P r u i t t ,  1977) .  FA0 U S ~ S  f o u r  methods t o  o b t a i n  
re fe rence crop e v a p o t r a n s p i r a t i o n ,  which i s  def ined 2 s  t h e  r a t e  o f  evapotrans- 
p i r a t i o n  f rom a wel l -watered c l i p p e d  grass. Three c f  t h e  methods, t h e  FA0 
Blaney-Cr idd le,  t h e  FA0 Radia t ion ,  and t h e  FA0 Penman are  considered here w i t h  
est imates f rom each compared w i t h  measured ET r a t e s  o f  a l t a  fescue (Table 19). 
The FA0 R a d i a t i o n  and FA0 Penman g i v e  s i m i l a r  r e s u l t s  w i t h  seasonal est imates 
o f  127% and 134%, r e s p e c t i v e l y ,  o f  measured a l t a  fescue ET. The FA0 Blaney- 
C r i d d l e  est imates a r e  c o n s i s t e n t l y  c l o s e r ,  w i t h  seasonal va lues averaging 107% 
o f  t h e  measured a l t a  fescue ET. An advantage of u s i n g  c l i p p e d  grass as 
opposed t o  a l f a l f a  i s  t h a t  i t  i s  n o t  necessary t o  app ly  c rop  c o e f f i c i e n t s  t o  
t h e  re fe rence c rop  t o  i n d i c a t e  i t s  growth stage. A disadvantage o f t e n  c i t e d  
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TABLE 15. UNCALIBRATED SCS BLANEY -CRIDDLE ESTIMATES VS MEASUREMENTS 
---.----.- --.-----.. ..-----.--------------------------------------------- ----,,---3---..,,.,,~----------------------------------------------------- 

ALFALFA VS ALFALFA PASTURE VS MOUNTAIN MEADOWS 
0 0 0 ~ ~ 1 ~ w 0 0 0 0 0 . 0 . 9 0 0 . 0 0 . 9 0 0 . . 0 . 0  -..o~o=o-~o.oo~.o.~~~~-~~.-.~-~.~ 

T R - 2 1  ESTIMATED MEASURED* % OF T R - 2 1  ESTIMATED MEASURED* % OF 
MONTH KC ( INCHES)  ( INCHES)  MEASURED KC ( INCHES)  ( I N C H E S )  MEASURED 
0 0 0 . . 0 0 0 0 0 . 0 w . . . 0 9 0 0 9 0 0 9 0 ~ 0 ~ ~ . ~ ~ 0 . . 0 . 0 0 0 ~ 0 0 0 . ~ - 0 . 0 . 0 . 0 . ~ - 0 ~ ~ ~ ~ ~ ~ ~ . ~ . . . . ~ ~ ~  

MAY 1.08 1.63 2.62 62 0.90 0.83 1.76 47 
JUN 1.13 3.98 7.69 52 0.92 2.54 5.95 43 
3UL 1.11 5.71 8.86 64 0.92 3.95 6.73 59 
AUG 1.06 4.45 8.51 52 0.91 3.06 5.27 58 
SEP 0.99 2.01 3.97 5 1  0.79 1.26 2.89 44 
OCT 0.91 0.66 1.47 45 0.79 0.46 2.05 22 

SEASON 18.44 33.12 56 12.10 24.65 49 

*ALFALFA VALUES ARE AVERAGES OF THE YEARS 1984 & 1985 AT DANIEL,  FARSON, 
PASTURE AND MOUNTAIN MEADOW VALUES ARE AVERAGES OF THE 

000.00900000.-0..0.00000..0000000~~~00~00~00~~~~...~~..000~~~~~.~~..0~~~-. 

========================================================================== 

AND SEEDSKADEE. 
YEARS 1984 & 1985 AT D A N I E L  AND MERNA. MAY AND OCTOBER ARE PARTIAL MONTHS. 
MEASURED VALUES SHOWN FOR ALFALFA ARE 80% OF THOSE ACTUALLY RECORDED CUE 
TO ADJUSTMENT FOR A WATER TABLE. 

33 



34 



f o r  c l i p p e d  grass i s  t h a t  i n  windy a r i d  areas t h e  water  use r a t e  o f  t h e  grass 
i s  l i m i t e d  b y " i t s  reduced canopy and thus t h e  crop is n o t  as capable o f  
responding t o  t h e  e f f e c t s  o f  advect ion.  F i n a l l y ,  t h e  r e s u l t s  presented i n  
Table 19 i n d i c a t e  t h a t  t h e  presence of a water  t a b l e  f o r  t h e  a l t a  fescue may 
n o t  have increased water  use r a t e s  above normal ly  expected values. I n  n e a r l y  
a l l  cases t h e  measured water  use r a t e s  were lower  than t h e  est imated FA0 
reference crop values. 

Est imates o f  water  losses from r e s e r v o i r s ,  and o t h e r  f r e e  water surfaces, 
a r e  g e n e r a l l y  c a l c u l a t e d  u s i n g  t h e  Kohler-Nordenson-Fox equat ion.  Warnaka 
(1985) has compared monthly evapora t ion  est imates throughout  Wyoming u s i n g  
seven c l  i m a t o l o g i c a l  equat ions.  The Kohler-Nordenson-fox method was shown t o  
g i v e  t h e  o v e r a l l  b e s t  r e s u l t s  i n  p r e d i c t i n g  pan evaporat ion.  Measured pan 
evapora t ion  r a t e s  vs Kohler-Nordenson-Fox est imates o f  evaporat ion i n  t h e  
Green R i v e r  Basin f o r  1984 and 1985 a r e  compared i n  Table 20. Measurements 
and est imates compare r a t h e r  c l o s e l y ,  w i t h  h i g h e r  es t imated  values i n  t h e  
Merna and Danie l  area and lower  est imated values a t  Seedskadee. The Seedska- 
dee va lues may be most r e p r e s e n t a t i v e  o f  responses expected from t h e  major  
r e s e r v o i r s  i n  t h e  Green R i v e r  Basin because o f  t h e  c l i m a t i c  c o n d i t i o n s  be ing  
most comparable. 

Model C a l i b r a t i o n s  

Resu l ts  shown i n  t h e  prev ious  s e c t i o n  i n d i c a t e  t h e  need f o r  c a l i b r a t i o n  Of 
t h e  var ious  e v a p o t r a n s p i r a t i o n  formulas. C a l i b r a t i o n  o f  t h e  formulas u s u a l l y  
i n v o l v e  e i t h e r  or both  o f  two steps. The method o f  c a l c u l a t i n g  reference crop 
ET may be c a l i b r a t e d  and/or t h e  crop c o e f f i c i e n t s  [ray be c a l i b r a t e d .  I n  most 
cases, t h e  approach used h e r e i n  cons is ted  o f  de termin ing  new crop c o e f f i -  
c i e n t s ,  except i n  t h e  case o f  t h e  Blaney-Cr idd le equat ion  which uses c rop  
growth stage c o e f f i c i e n t s ,  Only i n  t h e  cases f o r  vhich t h e  est imated r e f e r -  
ence ET was cons iderab ly  d i f f e r e n t  than measured E- was t h e  method o f  ca lcu-  
l a t i n g  re fe rence crop ET considered f o r  c a l i b r a t i o n .  A l a r g e  d i f f e r e n c e  
occur red  f o r  b o t h  t h e  SCS Blaney-Cr idd le and o r i g i n a l  Jensen-Haise formulas, 
b u t  o n l y  t h e  SCS Blaney-Cr idd le has been c a l i b r a t e d .  

The B laney-Cr idd le  fo rmula  does n o t  employ a re fe rence crop b u t  r a t h e r  
c rop  growth s tage c o e f f i c i e n t s  f o r  each type o f  c r o p ,  The o r i g i n a l  Blaney- 
C r i d d l e  uses o n l y  a c rop  growth stage c o e f f i c i e n t  while t h e  SCS v e r s i o n  o f  t h e  
B laney-Cr idd le  a l s o  i n c l u d e s  a temperature c o e f f i c i e n t  k . C a l i b r a t i o n s  o f  
bo th  t h e  o r i g i n a l  and SCS Blaney-Cr idd le formulas have heen performed f o r  
a l f a l f a  and mountain meadows i n  t h e  Green R i v e r  B a s i l  (Tab le  21 ) .  C a l i b r a t i o n  
o f  t h e  SCS Blaney-Cr idd le inc ludes  c a l c u l a t i o n  o f  k, f o r  each crop. The crop 
growth s tage c o e f f i c i e n t s  g iven i n  Table 21  must t h e r e f o r e  be used o n l y  w i t h  
t h e  a p p r o p r i a t e  k as g iven i n  t h e  t a b l e .  An advantage o f  t h e  SCS Blaney- 
C r i d d l e  i s  t h a t  the a l f a l f a  c r o p  growth stage c o e f f i c i e n t s  a r e  more u n i f o r m  
f o r  t h e  v a r i o u s  l o c a t i o n s  a t  which data was taken than they  a r e  f o r  the 
o r i g i n a l  Blaney-Criddle.  I n  each case, Danie l  has t h e  s m a l l e s t  c o e f f i c i e n t s  
and Seedskadee t h e  l a r g e s t .  For  t h e  o r i g i n a l  B laney-Cr idd le  t h e  va lues a t  
Danie l  a r e  about 16% below and a t  Seedskadee about 18% above t h e  average o f  
t h e  va lues f o r  t h e  t h r e e  s i t e s  w h i l e  f o r  t h e  SCS B laney-Cr idd le  t h e  va lues a r e  
about 5% below and 7% above a t  Danie l  and Seedskadee, r e s p e c t i v e l y .  Separate 
k values f o r  each c rop  i n d i c a t e  t h a t  t h e  c o e f f i c i e n t s  i n c l u d e  crop f a c t o r s  as 
w h  as c l i m a t i c  f a c t o r s .  
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Crop c o e f f i c i e n t s  f o r  t h e  o r i g i n a l  Jensen-Haise, t h e  m o d i f i e d  Jensen- 
Haise, and the m o d i f i e d  Penman equat ions are  g iven i n  Table 22 f o r  a l f a l f a  and 
mountain meadows. The r e s u l t s  show s i m i l a r  types o f  c o e f f i c i e n t s  f o r  the  
m o d i f i e d  Jensen-Haise and Penman equat ions w h i l e  t h e  magnitudes o f  t h e  crop 
c o e f f i c i e n t s  f o r  t h e  o r i g i n a l  Jensen-Haise a r e  r a t h e r  l a r g e .  The c o e f f i c i e n t s  
f o r  t h e  m o d i f i e d  Penman f o r m  a r e l a t i v e l y  smooth bel l -shaped curve f o r  t h e  
season, whereas t h i s  i s  n o t  t r u e  f o r  e i t h e r  o f  t h e  Jensen-Haise formulas. The 
e f f e c t s  o f  c u t t i n g  a r e  n o t  apparent i n  any o f  t h e  c o e f f i c i e n t s ,  a l though 
seasonal c y c l e s  do e x i s t  which r e f l e c t  t h e  development o f  t h e  crops d u r i n g  t h e  
season. 

Resu l ts  for  t h e  t h r e e  FA0 methods show t h a t  t h e  crop c o e f f i c i e n t s  f o r  t h e  
FA0 R a d i a t i o n  and Penman methods are  o f  n e a r l y  t h e  same magnitude w h i l e  those 
f o r  t h e  FA0 Blaney-Cr idd le method are somewhat l a r g e r  (Tab le  2 3 ) .  The b a s i c  
concept o f  t h e  FA0 procedures i s  t h a t  each o f  t h e  t h r e e  methods w i l l  produce 
t h e  same re fe rence crop e v a p o t r a n s p i r a t i o n  values, which i s  obv ious ly  n o t  
q u i t e  t h e  case f o r  t h i s  s e t  o f  data. The crop c o e f f i c i e n t s  g iven i n  Table 23, 
however, a r e  o f  approx imate ly  t h e  same magnitude as those g iven by Doorenbos 
and P r u i t t  (1977) f o r  bo th  a l f a l f a  and pas ture  and/or grass harvested f o r  hay. 
There i s n ' t  a good e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e s  which occur  between t h e  
crop c o e f f i c i e n t s  i n  Table 23 f o r  t h e  FA0 Rad ia t ion  and Penman methods versus 
t h e  FA0 Blaney-Cr idd le method. Note, however, t h a t  t h e  FA0 Blaney-Cr idd le gave 
reference crop El est imates neares t  t o  measured a l t a  fescue ET r a t e s  (Table+. 
19). 
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A L F A L F A  MTN MEADOWS ALFALFA*  MTN MEADOWS** MONTH 

MAY 
JUN 
J U L  
AUG 
SEP 

1.05 
1.37 
1.34 
1.45 
1.01 

0.92 
1.17 
1.10 
1.00 
0.79 

0.91 
1.12 
0.91 
1.04 
0.99 

- 
1.19 
0.96 
0.92 
0.91 

* C o e f f i c i e n t s  are t o  be used only w i t h  kt = -0.2950 + 0.028t 
** C o e f f i c i e n t s  are t o  be used only w i t h  k t  = 0.1138 + 0 .0175t  
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Chapter 5 

B A S I N  ESTIMATES 

Data c o l l e c t e d  d u r i n g  t h i s  s tudy inc luded water use measurements f o r  
mountain meadows a long Horse Creek, water  use measurements f o r  a l t a  fescue and 
a l f a l f a  a t  t h r e e  s i t e s  i n  t h e  Green R i v e r  Basin, and c l i m a t o l o g i c a l  data a t  
seven s i t e s  i n  t h e  Basin. A major  reason f o r  o b t a i n i n g  water  use measurements 
was t o  p e r m i t  c a l i b r a t i o n  o f  e v a p o t r a n s p i r a t i o n  models which cou ld  then be 
used w i t h  c l i m a t o l o g i c a l  data f rom l o c a t i o n s  where water  use measurements were 
no t  taken t o  es t imate  e v a p o t r a n s p i r a t i o n  r a t e s  throughout  t h e  Basin. I n  
addition, c a l i b r a t e d  models can be used w i t h  h i s t o r i c a l  c l i m a t i c  data t o  
es t imate  long- term water  use r a t e s .  

T r a n s f e r a b i l i t y  o f  Est imates 

The t r a n s f e r a b i l i t y  o f  t h e  var ious  models can be considered f rom t h e  
s t a n d p o i n t  o f  t h e  comparisons presented i n  t h e  prev ious chapter  i n  t h e  s e c t i o n  
e n t i t l e d  " u n c a l i b r a t e d  equat ion  est imates vs measurements". The r e s u l t s  of 
t h a t  s e c t i o n  i n d i c a t e  t h a t  l o c a l  c a l i b r a t i o n  o f  t h e  equat ions are  d e s i r a b l e .  
However, t h e  t r a n s f e r a b i l i t y  o f  c a l i b r a t e d  models w i t h i n  and between bas ins  
f o r  s i m i l a r  v e g e t a t i o n  and c l i m a t i c  c o n d i t i o n s  i s  s t i l l  o f  concern. The -. 
ques t ion  o f  t h e  t r a n s f e r a b i l i t y  o f  models can be considered o n l y  f o r  those 
models f o r  which r e q u i r e d  c l i m a t i c  and ET data a r e  a v a i l a b l e  a t  o t h e r  10ca- 
t iorrs.  I n  most cases, t h i s  l i m i t s  t h e  analyses t o  models based on temperature 
data,  un less  s p e c i a l  c l i m a t o l o g i c a l  measurements have been taken as was done 
i n  t h e  Green R i v e r  Basin d u r i n g  the  p e r i o d  o f  t h i s  study. 

Analyses o f  v a r i a t i o n s  w i t h i n  t h e  Green R i v e r  3 a s i n  can b e s t  be done by 
c o n s i d e r i n g  a l f a l f a  and a l t a  fescue, s i n c e  ET r a t e s  c f  a l f a l f a  and a l t a  fescue 
were measured a t  t h r e e  w i d e l y  spaced s i t e s  w h i l e  ET r a t e s  o f  mountain meadows 
were measured a t  s i t e s  which were r a t h e r  c l o s e l y  spaced. Analyses o f  v a r i a -  
t i o n s  between bas ins  i s  much more d i f f i c u l t .  I n  Wyoming, for  example, t h e  
o n l y  r e c e n t  measurements o f  water  use c o n s i s t  o f  mountain meadow water  use 
a long t h e  L i t t l e  Laramie R i v e r  ( B o r r e l l i ,  e t  a l . ,  1982) and Kentucky b luegrass 
water  use on lawns i n  Laramie and Wheatland ( B o r r e l l  i , e t  a l .  , 1981). 

As a l r e a d y  mentioned i n  t h e  prev ious chapter,  a c a l i b r a t e d  v e r s i o n  o f  t h e  
SCS Blaney-Cr idd le  b e t t e r  accounted f o r  v a r i a t i o n s  i n  water  use between 
l o c a t i o n s  w i t h i n  t h e  Green R i v e r  Basin than d i d  t h e  o r i g i n a l  B laney-Cr idd le 
formula (Table 2 4 ) .  The d i f f i c u l t y  w i t h  t h e  c a l i b r a t 2 d  SCS Blaney-Cr idd le i s  
t h a t  a d i f f e r e n t  k i s  r e q u i r e d  f o r  each crop, which makes t h e  a p p l i c a t i o n  of 
t h e  formula somewhit cumbersome b u t  s t i l l  less compl icated than methods such 
a s  t h e  combinat ion formulas. The l a r g e r  s p a t i a l  v a r i a t i o n  o f  t h e  c o e f f i c i e n t s  
i n  t h e  o r i g i n a l  ' fo rmula i n d i c a t e s  t h a t  t h e  c l i m a t i c  d i f f e r e n c e s  between 
l o c a t i o n s  a r e  n o t  as w e l l  accounted f o r  as i n  t h e  SCS v e r s i o n  o f  t h e  Blaney- 
C r i d d l e ,  except through i n c l u s i o n  i n  t h e  c o e f f i c i e n t s  themselves. T h i s  was, 
i n  f a c t ,  t h e  reason f o r  i n t r o d u c t i o n  o f  t h e  kt  va lue  in t h e  SCS Blaney-Cr idd le 
m o d i f i c a t i o n .  
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Consider ing some o f  t h e  o t h e r  equat ions and t h e i r  a b i l i t y  t o  account f o r  
s p a t i a l  v a r i a t i o n s  w i th in  t h e  Green R i v e r  Basin, t h e r e  was n o t  a g r e a t  amount 
o f  d i f f e r e n c e  between t h e  ASCE Penman , t h e  FA0 81 aney-Criddl  e , t h e  FA0 Penman , 
and t h e  m o d i f i e d  Jensen-Haise (Table 25) .  I n  a l l  cases, a c o n s i s t e n t  p a t t e r n  
e x i s t s ,  w i th  l a r g e s t  va lues o f  t h e  crop c o e f f i c i e n t s  a t  Seedskadee and srnal- 
l e s t  va lues a t  Danie l .  Th is  p a t t e r n  can probably  be a t t r i b u t e d  t o  t h e  amount 
o f  advec t ion  t h a t  occurs a t  t h e  v a r i o u s  s i t e s .  Seedskadee has by f a r  t h e  
g r e a t e r  o a s i s  c o n d i t i o n  w i th  Danie l  t h e  l e a s t .  

Mountain meadow water  use measurements f o r  t h e  Green R i v e r  Basin and 
L i t t l e  Lararnie R i v e r  V a l l e y  ( B o r r e l l i ,  e t  a l . ,  1981) a r e  shown i n  Table 26. 
Comparison o f  t h e  use r a t e s  i n d i c a t e  seasonal values t h a t  a re  very c l o s e  f o r  
t h e  two Basins. Average temperatures, however, i n  t h e  L i t t l e  Laramie R i v e r  
V a l l e y  a r e  about 7.5OF h igher .  A p p l i c a t i o n  o f  t h e  SCS Blaney-Cr idd le formula, 
c a l i b r a t e d  u s i n g  Green R i v e r  data (Table 21) ,  t o  e s t i m a t e  mountain meadow 
water  use i n  t h e  L i t t l e  Laramie R i v e r  V a l l e y  r e f l e c t  these comparisons. The 
es t imated va lues a r e  about 20% h i g h e r  than measured va lues i n  t h e  L i t t l e  
Laramie R i v e r  Val 1 ey. 

Comparisons f o r  c l i p p e d  grass i n  t h e  Green R i v e r  Bas in  and t h e  eas tern  
p o r t i o n  o f  Wyoming ( B o r r e l l i ,  e t  a l . ,  1981) are g iven i n  Table 27.  Again, 
a p p l i c a t i o n  o f  t h e  c a l i b r a t e d  SCS Blaney-Cr idd le fo rmula  t o  es t imate  the 
Lararnie and Wheatland seasonal values gave overest imates o f  10% and 24%, f o r  -. 
Laramie and Wheatland, r e s p e c t i v e l y .  The same t rends,  between water  use r a t e s  
and temperatures a t  t h e  v a r i o u s  s i t e s ,  which were present  f o r  mountain meadows 
a r e  e v i d e n t  f o r  t h e  c l i p p e d  grass. The SCS Blaney-Cr idd le formula was used 
f o r  t h e  comparisons i n  bo th  cases s ince  t h e  o n l y  a v a i l a b l e  c l i m a t i c  data was 
temperature. A c t u a l l y ,  some d i f f e r e n c e s  might  be expected due t o  the d i f f e r e n t  
grasses invo lved,  which were Kentucky b luegrass i n  Laramie and Wheatland and 
a l t a  fescue i n  t h e  Green R i v e r  Basin. The bluegrass 'did show an apparent h i g h  
temperature s t r e s s  d u r i n g  t h e  m i d - p o r t i o n  o f  t h e  sumrer a t  Wheatland. 

Water Use Rates 

Analyses o f  water  use data and models f o r  e s t i m a t i n g  ET i n d i c a t e  t h a t  
water  use r a t e s  v a r y  cons iderab ly  across t h e  Green R i v e r  Basin. Thus, f o r  
most accura te  es t imates  o f  the  water  use r a t e s ,  l o c a l  c a l c u l a t i o n s  a r e  
des i red.  Local  c a l c u l a t i o n s  r e q u i r e  l o c a l  c l i m a t i c  data as w e l l  as use o f  a 
model tha t  accounts f o r  t h e  d i f f e r e n c e s  i n  c o n d i t i o n s  across t h e  basin.  
Resu l ts  f rom t h e  analyses o f  t h e  prev ious  s e c t i o n  i W i c a t e  t h a t  some formulas 
are  b e t t e r  s u i t e d  than o t h e r s  f o r  c a l c u l a t i o n  ET a t  severa l  l o c a t i o n s  w i t h i n  
t h e  Green R i v e r  Basin. Because long- term c l i m a t i c  data c o n s i s t  o f  o n l y  
temperature and p r e c i p i t a t i o n ,  t h e  temperature based 2quat ions must be used t o  
determine es t imates  o f  long- term water  use ra tes .  I n  general  , analyses showed 
t h a t  es t imates  u s i n g  t h e  c a l i b r a t e d  SCS Blaney-Cr idd le were as accurate as 
est imates from t h e  more da ta  i n t e n s i v e  formulas. T h i s  i s  probably  because a l l  
es t imates  were f o r  month ly  per iods.  I f  s h o r t e r  term es t imates  were requi red,  
then t h e  data i n t e n s i v e  equat ions migh t  perform b e t t e r .  



FA0 8-C 1.08 1.11 1.16 1.12 

FA0 PENMAN 0.88 0,93 1.05 0.96 
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Comparisons o f  est imates u s i n g  t h e  c a l i b r a t e d  vers ions  o f  t h e  SCS Blaney- 
C r i d d l e ,  ASCE Penman, m o d i f i e d  Jensen-Haise, and FA0 Blaney-Cr idd le and Penman 
formulas for the seven s i t e s  a t  which i n t e n s i v e  weather data were measured 
d u r i n g  1984 and 1985 a r e  g iven i n  t h e  Appendix E, The r e s u l t s  show t h a t  t h e  
est imates u s i n g  t h e  c a l i b r a t e d  SCS Blaney-Cr idd le formula compare f a v o r a b l y  
wi th  those f rom t h e  o t h e r  equat ions.  However, as shown i n  Table 15 o f  Chapter 
4 ,  water  use est imates  u s i n g  t h e  SCS Blaney-Cr idd le w i t h o u t  c a l i b r a t i o n  f o r  
mountain meadow v e g e t a t i o n  may be cons iderab ly  lower  than the  est imates 
ob ta ined h e r e i n  u s i n g  a c a l i b r a t e d  v e r s i o n  of  t h e  formula.  

Measurements o f  water  use taken d u r i n g  1984 and 1985 i n  the Green R i v e r  
Basin were taken t o  p e r m i t  c a l i b r a t i o n  o f  ET formulas fo r  e s t i m a t i n g  maximum 
consumptive use r a t e s .  Actual  consumptive use r a t e s  under i r r i g a t i o n  a r e  
expected t o  be l e s s  than t h e  est imated maximum ra tes .  Some of the  f a c t o r s  
t h a t  need t o  be d e f i n e d  t o  es t imate  ac tua l  i r r i g a t i o n  water  use i n c l u d e  t h e  
t o t a l  i r r i g a t e d  acreages, l e n g t h s  o f  i r r i g a t i o n  season, agronomic and i r r i g a -  
t i o n  p r a c t i c e s ,  depth o f  ground water  t a b l e s ,  and s o i l  f e r t i l i t y  and s a l i n i t y  
l e v e l s .  In a d d i t i o n ,  i r r i g a t i o n  water  use i s  a l s o  a f f e c t e d  by t h e  amount of 
p r e c i p i t a t i o n  received.  
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Chapter 6 

SUMMARY 

The pr imary  purpose o f  t h i s  study has been t o  c o l l e c t  consumptive use data 
and t o  assess models f o r  e s t i m a t i n g  e v a p o t r a n s p i r a t i o n  i n  t h e  Green R i v e r  
Basin o f  Wyoming. The b a s i n  i s  a headwaters bas in  o f  t h e  Colorado R i v e r  and 
i s  s u b j e c t  t o  t h e  terms o f  t h e  Upper Colorado R i v e r  Basin Compact o f  1948. 
The s tudy has been concerned main ly  w i t h  water use as i t  r e l a t e s  t o  t h e  
compact. The main concern, t h e r e f o r e ,  has been t o  develop water  use informa- 
t i o n  concern ing crop water  use requirements. 

Measurements o f  water  use and c l i m a t i c  data were c o l l e c t e d  t o  p rov ide  a 
data base f o r  d e f i n i n g  e v a p o t r a n s p i r a t i o n  r a t e s  and model assessment. Water 
use measurements c o n s i s t e d  o f  l y s i m e t e r  and evaporat ion pan data. Fourteen 
water  balance l y s i m e t e r s  were i n s t a l l e d  i n  t h e  bas in  and operated f o r  a t h r e e  
y e a r  per iod ,  w i th  t h e  f i r s t  y e a r  considered a s  a s t a r t - u p  per iod.  The 14 
l y s i m e t e r s  c o n s i s t e d  o f  8 w i t h  mountain meadow vegeta t ion ,  t h e  main crop grown 
i n  t h e  basin;  3 w i th  a l f a l f a ,  t h e  o t h e r  major crop i n  t h e  basin;  and 3 w i th  
a l t a  fescue as a reference crop. The major  water  use measurement ob ta ined was 
t h a t  of maximum water  use, w i t h  t h e  i n t e n t  o f  s i m u l a t i n g  w a t e r  use c o n d i t i o n s  
under i n t e n s i v e  i r r i g a t i o n  p r a c t i c e s .  Weekly water  use measurements were 
taken, b u t  most analyses were completed u s i n g  monthly sumnaries o f  t h e  water  -. 
use r a t e s  s i n c e  t h i s  was an assessment study where annual t o t a l s ,  and n o t  
s h o r t  te rm v a r i a t i o n s ,  were o f  concern. Three evapora t ion  pans were operated 
t o  o b t a i n  measurements o f  f r e e  water  evaporat ion r a t e s  and t o  p r o v i d e  a second 
re fe rence f o r  t h e  c rop  water  use ra tes .  Seven autornzted weather s t a t i o n s  were 
operated w i t h  s t a t i o n s  l o c a t e d  t o  p r o v i d e  as complete coverage o f  t h e  b a s i n  as 
poss ib le .  The s t a t i o n s  measured weather parameter; n o t  a v a i l a b l e  through 
o t h e r  sources and prov ided data r e q u i r e d  f o r  t h e  m c i t  complex o f  t h e  evapo- 
t r a n s p i r a t i o n  formulas.  Measured water  use r a t e s  = o r  a l f a l f a  and mountain 
meadows were h i g h  and were c l o s e  t o  t h e  evaporat ion r a t e s  f rom Class A evapor- 
a t i o n  pans. 

E i g h t  e v a p o t r a n s p i r a t i o n  formulas,  o r  v a r i a t i o n s  thereof ,  and one evapora- 
t i o n  fo rmula  were eva lua ted  f o r  t h e i r  a b i l i t y  t o  p r e d i c t  water  use r a t e s  i n  
t h e  Green R i v e r  Basin. The e v a p o t r a n s p i r a t i o n  formulas i n c l u d e d  t h e  o r i g i n a l  
Rlaney-Cr idd le,  t h e  SCS Blaney-Cr idd le,  t h e  o r i g i n a l  Jensen-Haise, t h e  modi- 
f i e d  Jensen-Haise, t h e  ASCE Penman, t h e  FA0 Blaney-Cr idd le,  t h e  FA0 Radiat ion,  
and t h e  FA0 Penman. The Kohler-Nordenson-Fox f o r r d  a was t h e  evaporat ion 
fo rmula  considered. Analyses i n d i c a t e d  a need f o r  z a l  i b r a t i n g  a l l  formulas 
f o r  Green R i v e r  Bas in  c o n d i t i o n s .  Upon c a l i b r a t i o n ,  t h e  SCS Blaney-Cr idd le,  
t h e  m o d i f i e d  Jensen-Haise, t h e  ASCE Penman, and t h e  FA0 formulas a l l  performed 
about the same i n  terms o f  p r e d i c t i n g  v a r i a t i o n s  i n  water  use across t h e  
basin.  The o t h e r  formulas,  f o r  one reason or another ,  d i d  n o t  per form as w e l l  
as these equat ions.  The c a l i b r a t i o n s  cons is ted  o f  develop ing c rop  c o e f f i c i e n t s  
f o r  each equat ion,  except  i n  t h e  case o f  t h e  SCS B laney-Cr idd le  f o r  which t h e  
temperature c o e f f i c i e n t  was a1 so c a l  i b r a t e d .  The Kohler-Nordenson-Fox equa- 
t i o n  was compared w i th  pan data,  w i t h  est imated va lues comparing c l o s e l y  w i t h  
measured pan evaporat ion.  Cal i b r a t e d  vers ions  o f  t h e  temperature based formu- 
l a s  were found t o  per fo rm as w e l l  as t h e  more d a t a - i n t e n s i v e  formulas f o r  the 
monthly and/or annual es t imates  r e q u i r e d  f o r  water  use assessment s tud ies .  
The t r a n s f e r  o f  t h e  c a l i b r a t e d  models t o  o t h e r  bas ins  was shown t o  be o n l y  
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moderately successful a1 though d i f fe rences  between d a t a  taken i n  the  Green 
R iver  Basin  and other sources may have contr ibuted t o  the t r a n s f e r a b i l i t y  
question. 
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TABLE 81. WEEKLY C L I M A T I C  DATA FOR ROCK SPRINGS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WEEK MAX M I N  MAX MIN DEW SOLAR TOTAL WIND D/N 
ENDING TEMP TEMP RH RH PT RADTN PRECIP  RUN WIND 

MO DY YR ( F )  ( F )  (%)  (%)  ( F )  ( L Y / D Y )  ( IN /WK)  ( M I / D Y )  R A T I O  

5 3 83 53.3 31.5 100. 48. 34.8 456. . 59 174 . 1.7 
5 10 83 59.3 31.1 88. 26. 26.4 601. . 00 235. 1.5 
5 17 83 46.8 26.3 99. 53. 28.8 493. . 39 234. 1.4 
5 24 83 63.7 31.6 100. 32. 33.1 641. . 24 195 . 1.5 
5 31 83 75.6 38.3 95. 19. 35.1 686. . 28 145 . 1.6 

~~~~oo~.oo~~~~.oo..o~oooo.~o.ooo~~o.o~.~o.~~.~.o.~.o~~...~..~-~..---oo--- 

6 7 83 64.6 39.9 100. 50. 45.2 528. 1.06 124. 1.6 
6 14 83 68.9 40.3 99. 29. 40.2 650. . 28 178. 1.6 
6 21 83 77.5 40.4 88. 16. 33.2 778. . 00 171. 1.9 
6 28 83 79.2 45.2 95. 21. 41.5 622. . 00 147. 1.7 

7 5 83 76.4 40.8 99. 23. 38.2 594. . 12 149. 1.5 
7 12 83 82.7 45.2 95. 18. 40.0 669. . 16 174. 1.6 
7 19 83 86.1 43.5 79. 12. 31.0 679. . 04 156. 1.9 
7 26 83 83.6 51.0 94. 23. 48.2 511. . 55 131. 1.5 

8 2 83 88.6 51.7 89. 15. 43.7 631. . 00 136. 1.6 
8 9 83 93.4 52.7 90, 12. 43.5 633. . 00 119. 1.4 
8 16 83 88.3 56.0 95. 18. 49.5 576. . 20 142. 1.5 
8 23 83 83.1 51.4 99. 24. 49b4 555. .39 144. 1.3 
8 30 83 86.0 43.3 88. 12. 34.4 549. .oo 137. 1.3 

9 6 83 78.9 45.9 89. 26. 41.7 497. .16 175 . 1.5 
9 13 83 78.2 40.3 95. 17. 36.2 553. .04 160. 1.9 
9 20 83 71.8 36.5 73. 14. 21.8 539. 00 233 . 1.9 
9 27 83 72.0 35.2 88. 21. 31.1 458. . 16 136. 1.7 

10 4 83 63.3 38.7 96. 37. 39.6 339. .20 183. 1,4 

4 12 84 47.7 26.1 91. 44. 24.7 389. 08 263. 1.2 
4 19 84 61.3 25.1 91. 25. 24.0 515. .04 167. 1.4 
4 26 84 46.1 24.1 92. 52. 25.9 356. .28 224. 1.4 

o.~o.o~.oo.o~....oo.~~~~.~..o..o~~~o.oo~~~~~~.~.~~~~---------oo.-o-o-.o- 

5 3 84 47.6 25.5 96. 44. 26,4 486. 12 219. 1.8 
5 10 84 60.2 28.6 78. 21. 21.3 552. .oo 240. 2.0 
5 17 84 74.0 35.9 87. 24. 34.6 552. .16 213. 1.7 
5 24 84 72.7 42.4 77. 20. 31.6 594. ’ .20 241. 1.5 
5 31 84 74.7 37.0 74. 18. 28.9 608. .04 211. 1.4 

6 7 84 64.9 35.4 89. 32. 33.3 512. .31 212. 1.6 
6 14 84 69.7 37.3 91. 22. 32.9 566. 43 177. 1.6 
6 21 84 79.3 44.0 80. 14. 34.3 563. 00 159. 1.8 
6 28 84 83.7 44.4 64. 12. 29.6 706. . 00 143. 1.9 

Continued 
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8 2 84  84.0 54.9 92. 26. 50.5 546. . 16 138 . 1.6 
8 9 8 4  86.8 47.0 84. 13. 37.0 592. . 00 115. 1.7 
8 16 84  86.5 52,6 83. 19. 44.9 479. . 16 120 . 1.5 
8 23 84 81.4 51.4 93. 22. 44.7 509. . 59 126. 1.5 
8 30 84 81.9 49.3 72. 18. 35.6 532. .08 182. 1.5 

9 6 84  78.9 41.4 79. 17. 31.5 494. . 63 195. 1.7 
9 13 8 4  71.4 45.7 74. 29. 37.6 430. .28 244. 1.7 
9 20 84  77.5 39.9 92. 17. 37.6 463. . 24 115, 1.6 
9 27 84  56,3 29.9 94. 34. 29.9 408. . 47 170. 1.4 

10 4 8 4  63.4 28.9 92. 24. 28.7 375. . 00 100. 1.5 
10 11 84 69.3 33.1 85. 16. 26.0 388. . 00 136. 1.6 
10 18 8 4  43.8 22.9 88. 34. 18.5 278. . 08 240. 1.5 
10 25 84 37.5 10.3 96. 37. 14.8 303. .04 113. 1.2 

11 1 84 43.1 22.5 97. 37. 20.6 258. .12 175. 1.2 
11 8 84 49.2 24.2 96. 36. 25.1 210. ,24 214. 1.3 

5 3 85 74.9 30.5 69. 13. 19.8 

5 17 85 64.6 34.6 75. 16. 20.5 
5 24 85  75.9 36.9 91. 13. 29.2 
5 3 1  85 77.5 38.2 85. 12. 27.0 

5 - 1 0  85 70.4 36.8 69. 18. 21.4 

6 7 85 93.6 41.3 96. 9. 28.7 
6 14 85 81.9 46.4 39. 11. 19.8 
6 2 1  85  84.2 48.6 34. 11. 20.6 
6 28 85  75.0 39.8 80. 27. 30.2 

7 5 85 91.5 47.2 66. 9. 25.7 
7 12 85 94.4 56.1 51. 9. 28.9 
7 19 85 88.8 53.5 81. 11. 38.5 
7 26 85 82.9 52.1 95. 15. 41.5 

467. 

663 . 
565 . 
598 . 
663 . 
633 . 
755 . 
749 . 
761. 
571. 

689. 
626 . 
582 . 
585 . 

.oo 

.08 

.16 

.16 

.04 

.oo 

.oo 
,oo 
.oo 
.63  

.oo 

.04 
00 

.35 

261. 1.7 

105. 1.6 
178. 1.9 
205. 1.3 
119. 1.6 
178. 2.2 

164. 1.3 
193. 1.5 
176. 1.6 
145. 1.7 

138. 1.9 
127. 1.6 
131. 1.6 
134. 1.9 
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TABLE 81. WEEKLY C L I M A T I C  DATA FOR ROCK SPRINGS (cont.)  
_________--------_______________L_______--------------------------------- ......................................................................... 

WEEK MAX M I N  MAX M I N  DEW SOLAR TOTAL W I N D  D/N 
ENDING TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

M O  DY YR (F)  ( F )  ( % )  (%)  ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  RATIO 

8 2 85 84.3 50.2 70. 12. 31.9 607. . 00 127. 1.9 
8 9 85 85.2 45.5 39, 11. 19.6 684. . 00 179. 2.0 
8 16 85 79,2 42.0 46. 12. 18.8 647. .04 156. 2.0 
8 23 85 85.7 44.2 52. 10. 20.6 614. . 00 108. 2.4 
8 30 85 91.4 45.5 35. 9. 19.9 558. . 00 33. 0.9 

~ . . ~ ~ ~ . . ~ ~ . ~ o ~ ~ ~ ~ ~ ~ ~ g . ~ ~ ~ ~ o ~ ~ ~ g g ~ g ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ o ~ ~ . ~ ~ ~ ~ . o - - - - - - - o o o - ~  

9 6 85 81.1 46.5 65. 13. 28.3 521. .08 112. 1.7 
9 13 85  70.1 35.9 81. 16. 25.3 438. 047 127. 3.0 

136. 2.2 9 20 85 69.5 36.7 84. 20. 27.8 402. .24 
9 27 85 60.6 29.3 87. 20. 20.5 420. . 12 186. 2.0 

165. 1.6 10 4 85 56.2 23.1 63. 19. 11.3 448. . 00 
129. 2.0 10 11 85 55.1 27.9 90. 39. 24.0 315. . 47 

10 18 85 57.6 27.4 84. 21. 17.7 385. . 00 131 . 1.8 
10 25 85 59.6 27.3 95. 27. 25.7 323. . 00 189. 1.7 
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5 3 8 3  
5 10 83 
5 17 83  
5 24 83  
5 3 1  83  

6 7 8 3  
6 14  83  
6 2 1  8 3  
6 28 83  

7 5 8 3  
7 12 83  
7 19 83  
7 26 83  

8 2 8 3  
8 9 8 3  
8 16  83  
8 23 83  
8 30 83  

9 6 8 3  
9 13  83  
9 20 83 
9 27 83  

10 4 83 

4 12 84  

4 19 84  
4 26 84  

5 3 8 4  
5 10 84 
5 17 8 4  
5 24 84 
5 3 1  84  

6 7 8 4  
6 14 8 4  
6 21  84  
6 28 84  

52.0 
56.8 
45.3 
60.9 
74.5 

65.1 
68.7 
75.7 
78.0 

73.6 
79.9 
81.7 
80.7 

85.8 
92.2 
85.8 
78.4 
81.4 

74.9 
74.9 
69.1 
69.7 

62.4 

45.5 

59.7 
46.8 

46.5 
61.9 
71.6 
70.8 
72.9 

61.3 
66.2 
77.3 
80.6 

28.1 
26.2 
21.0 
29.4 
34.3 

36.9 
34.6 
37.1 
43.2 

39.5 
43.9 
39.3 
47.4 

48.8 
51.1 
50.7 
44.3 
40.5 

38.8 
34.4 
27.8 
28.5 

25.3 

19.3 

23.6 
19.5 

18.7 
19.6 
29.6 
32.6 
31.8 

27.3 
30.9 
38.1 
35.3 

100 . 
95 . 

100 . 
97 . 
96 . 

100 . 
100. 
90 
97 . 
99 . 
99 . 
92 . 
98 . 
84. 
89 . 
95 . 

100 . 
94 . 
98 . 
96 . 
85 . 
84 . 
99 . 
8 4  . 
83 . 
83 . 
83 . 
78 . 
8 1  . 
76 . 
69 . 
83 . 
80. 
70. 
74 . 

48 . 
29 . 
51  . 
33 . 
21  . 
46 . 
29 . 
16 . 
22 . 
25 
19 . 
14 . 
22 . 
13. 
10 . 
14. 
23. 
12 . 
25 . 
15 . 
14 . 
16 . 
28. 

27 . 
18. 
28 . 
22 . 
16 . 
14. 
14. 
13. 

20 . 
17 . 
12 . 
12 . 

33.3 
26.3 
26.9 
33.6 
35,O 

44.4 
40.5 
33.4 
42.7 

40.4 
43.2 
33.1 
44.2 

37.4 
39.1 
43.0 
48.3 
33.2 

37.5 
31.9 
19.4 
25.1 

29.9 

18.5 

19.2 
17 .O 

16.3 
11.9 
23.5 
20.1 
19.3 

23.2 
21.7 
20.9 
22.2 

325 . 
384 . 
329 . 
319. 
426 . 
373. 
426 . 
508. 
422 . 
431 . 
448. 
454 . 
354 . 
433 . 
437 . 
365 . 
356 . 
620 . 
453 . 
369. 
349 . 
330. 

238. 

425. 

445 . 
382 . 
471. 
516. 
529. 
582 . 
606 . 
507 . 
588. 
542 . 
679 . 

079 . 00 . 39 . 24 . 12 

. 16 . 59 . 00 

.35 

. 20 . 28 . 12 . 08 

. 00 . 00 . 04 
2.01 

.oo 

.08 
b 39 
.oo . 35 

.43 

.28 

.04 
28 

3 1  
,oo 
.16 
.20 
.16 

. 47 
0 35 . 00 . 04 

172 
245 . 
225 . 
148 . 
162 . 
137 . 
157 . 
185 . 
143. 

146. 
155 . 
139. 
118. 

131  . 
106 . 
124. 
110. 
113. 

139. 
140 . 
176 . 
114. 

138. 

175 . 
154. 
196 . 
221 . 
215. 
209. 
230 . 
205 . 
199. 
199. 
174 . 
140 . 

2.0 
1.9 
1.8 
2.2 
1.4 

1.7 
1b9 
1.5 
1.8 

1.7 
1.8 
1.7 
1.8 

1.9 
1.3 
1.7 
1.4 
1.6 

2.0 
2.3 
2.7 
1.9 

1.6 

1.5 

1.5 
1.7 

2.3 
2.5 
2 . 2  
2.2 
1.7 

1.9 
1.4 
1.8 
1.9 
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7 5 84 82.0 37.3 78. 15. 28.8 676. .08 141. 1.9 
7 12 84 82.7 36.8 82. 13. 32.8 627. .51 133. 1.8 
7 19 84 83.8 37.8 81. 13, 32.8 634. . 24 102. 1.7 
7 26 84 80.0 31.5 96. 31. 44.6 514. 1.30 119. 1.2 

8 2 84 79.4 33.3 97. 32. 46.1 521. 1.54 105. 1.8 
8 9 84 82.6 36.2 93. 16. 38.9 579. . 00 100. 1.5 
8 16 84 83.7 42.1 93. 19. 43.3 516. . 04 97. 1.6 
8 23 84 81.0 37.6 94. 19. 39.6 515. .28 101. 1.8 
8 30 84 78.2 34.0 94. 19. 35.6 527. .04 129. 1.2 

9 6 84 75.9 33.3 91. 17. 29.5 478. . 59 148. 1.9 
9 13 84 69.2 32.1 94. 22. 32.2 433. . 43 185. 2.1 
9 20 84 76.0 32.6 94. 15. 32.7 451. .08 102. 1.5 
9 27 84 54.2 19.1 97. 27. 24.0 363. .31 141. 1.6 

10 4 84 63.5 22.2 94. 20. 23.5 373. . 00 100. 1.2 . 00 100. 1.8 10 11 84 70.5 25.3 91. 14. 21.9 378. 
10 18 84 45.6 12.7 91. 23. 12.1 292. .oo 153. 2.1 
10 25 84 37.8 2.7 88, 22. 4.3 269. .oo 90. 1.5 

11 1 84 -99.0 -99.0 -99. -99. -99.0 -99. - .99 -99. -99.0* 
11 8 84 44.8 13.6 96. 35. 16.2 196. .16 152. 1.6 
11 15 84 40.0 7.7 97. 43. 16.1 198. . 04 126. 1.5 

4 26 85 47.1 15.1 94. 24. 14.4 485. . 04 222. 2.4 
o o ~ o o ~ ~ o o . o o ~ ~ o o o o o o o o . o ~ ~ o ~ o o ~ ~ . o ~ ~ ~ o o o ~ ~ . o o o ~ o o ~ o o ~ ~ ~ ~ o - o - . o . ~ - - ~ ~ ~ ~ - ~  

5 3 85 73.8 26.1 82. 14. 21.6 627. . 3 1  117. 1.5 
5 10 85 66.6 25.8 97, 26. 23.6 537. .28 173. 2.0 
5 17 85 63.6 26.6 96. 17. 20.8 611. 00 218. 1.6 
5 24 85 76.6 27.0 99. 13. 27.6 643. * 00 137. 1.7 
5 31  85 70.7 26.2 98. 15. 28.5 641. -I 35 192. 2.0 

6 7 85 72.5 29.0 100. 19. 36.3 540. 
6 14 85 79.1 37.8 80. 12. 23.6 738. 
6 2 1  85 81.9 43.3 62. 11. 23.0 731. 
6 28 85 72.4 26.5 96. 30. 28.2 584. 

7 5 85 88.1 42.0 84. 10. 29.1 672. 
7 12 85 90.6 45.6 87. 10. 35.5 557. 
7 19 85 87.5 40.2 98. 11. 36.8 547. 
7 26 85 82.2 37.2 100. 17. 39.0 557. 

.94 

.oo 

.oo 

.83 

.oo . 08 
,04 
.08 

150. 2.1 
177. 2.0 
185. 1.8 
143. 1.9 

132, 1.7 
119. 1.5 
116. 1.6 
118. 1.8 
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a 2 85 80.7 
8 9 85 82.6 
8 16 85  75.0 
8 23 85 82.8 
8 30 85 88.2 

9 6 85 78.2 
9 13 85 68.5 
9 20 85  68.3 
9 27 85 59.5 

10 4 85 56.0 
10 11 85 55.3 
10 18 85 58.3 
10 25 85 58.2 

11 1 85 58.5 

35.3 99. 
37.2 71. 
32.0 84. 
38.0 76. 
39.2 67. 

34.6 880 
26.7 92. 
25.6 98, 
19.3 95. 

16.5 81. 
17.1 92. 
16.5 96. 
18.3 91. 

16.6 100. 

14 . 
11. 
13. 
11. 
10 . 
16. 
18. 
18. 
20 . 
18 . 
25 . 
26. 

17 . 

i a  . 

36.4 576. 
22.0 666. 
21.6 581. 
23.1 616. 
22.6 553. 

29.7 534. 
26.0 423. 
25.0 441. 
17.8 417. 

9.8 430. 
15.8 315. 
13.8 364. 
20.4 312, 

18.9 312. 

0 20 . 00 . 00 . 08 . 00 

. 28 . 59 

.31 . 08 

0 00 
.43  
0 00 . 00 
. 00 

142. 2.0 
161. 2.1 

162. 2.2 
126. 1.6 

188. 2.4 

165. 2.0 
161. 1.8 
145. 2.3 
178. 2.2 

169. 1.6 
156. 1.7 
129. 1 3  
186. 1.8 

127. 1.6 
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5 17 8 3  
5 24 8 3  
5 3 1  83  

-99 . -99 . o* 
-99 . -99 . 0 
-99 . -99 . 0 

-99.0 -99.0 -99. -99. -99.0 -99. -099 
-99.0 -99.0 -99. -99. -99.0 -99. -099 
-99.0 -99.0 -99. -99. -99.0 -99. -099 

. 

6 7 8 3  
6 14 83  
6 2 1  83  
6 28 83 

-99.0 -99.0 -99. -99. -99.0 -99. -.99 
-99.0 -99.0 -99. -99. -99.0 -99. -099 
63.6 29.8 99. 28. 32.5 622. . 00 
70.7 36.2 96. 29. 39.8 549. . 39 

-99 0 -99 b 0 
-99. -99.0 
125. 1.9 
116. 1.6 

7 5 8 3  
7 12 83  
7 19 83  
7 26 83  

65.2 34.6 100. 46. 41.5 544. .51 
71.4 36.7 100. 39. 44.5 577. 043 
73.6 34.3 95. 26. 38.8 580. . 04 
72.2 40.7 99. 40. 47.6 455. .71 

106. 1.5 
115. 1.8 
114. 1.4 
92. 1.5 

8 2 8 3  
8 9 8 3  
8 16 83  
8 23 83  
8 30 83  

76.5 41.7 98. 32. 46.5 544. - 0 4  
83.8 46.6 99. 27. 50.8 538. .16 
75.7 44.7 99. 43. 50.6 432. .51 
66.6 43.8 100. 64, 50.2 318. 1.65 
75.1 36.8 98. 22. 39.3 535. . 00 

91. 1.4 
85. 1.1 
88. 1.5 
81. 1.6 
92. 1.4 

9 6 8 3  
9 13 83  
9 20 83  
9 27 83  

69.3 35.8 98. 36. 41.3 440. .24 
66.6 30.7 100. 29. 36.7 452. . 55 
62.6 25.9 95. 24. 24.9 428. .08 
65.4 28.9 93. 29. 30.1 356. 28 

83. 2.1 
97. 1.9 

120. 2.1 
88. 1.6 

10 4 83 52.5 32.0 100. 59. 37.0 213. 075 91. 1.6 

1.7 
1.1 
1.9 

4 12 84  38.2 15.9 93. 57. 19.3 452. 
4 19 8 4  53.7 20.9 88. 35. 22.8 523. 
4 26 84  45.2 18.1 92. 43. 19.5 464. 

122. 
92. 

122. 

. 31  

.59 

.20 

5 3 84 43.9 18.2 96. 43. 19.4 522. 

5 17 84 59.9 29.0 97. 41. 33.5 427. 
5 10 84 47.4 20.1 88. 35, 20.8 595. 

5 24 84 59.6 29.9 94. 36. 30.9 578. 
5 3 1  84  63.2 32.2 88. 31. 30.8 614. 

.47 

.08 
* 20 
.35 
.16 

118. 
119. 
114. 
147. 
136. 

2.3 
2.2 
2.0 
1.7 
1.9 

6 7 8 4  52.5 26.9 94. 45. 29.8 520. 
6 14  8 4  57.4 28.9 96. 44. 33.2 471. 
6 2 1  84  68.1 36.0 93. 25. 37.1 637. 
6 28 84  72.6 36.1 90. 24. 36.6 716. 

1.10 
.79 
00 

.oo 

119. 
99 . 

123. 
121. 

2.1 
2.2 
1.6 
1.5 

Con t i nued 
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7 5 84 72.0 36.2 89. 28. 38.8 676. . 28 124. 1.7 
7 12 84 75.0 38.9 95. 28. 41.8 599. . 47 97. 1.5 
7 19 84 78.3 40.1 82. 22. 39.3 625. . 00 92 . 1.7 
7 26 84 72.4 45.9 97. 51. 51.9 446. . 98 72. 2-3 

8 2 84 71.5 44.6 97. 54. 51.2 480. 2.24 
8 9 84 74.6 41.1 95. 35. 46.2 569. . 47 
8 16 84 74.1 42.4 95. 40. 47.1 466. . 00 
8 23 84 72.3 39.5 97. 36. 44.9 493. . 67 
8 30 84 71.0 37.5 97. 35. 42.7 473. .51 

79. 1.8 
84. 1.5 
89, 1.4 
84. 1.4 
97. 1.7 

9 6 84 67.5 33.1 94. 33. 36.7 437. . 28 107. 1.6 
9 13 84 61.0 32.2 96. 40. 35.1 442. . 35 130. 1.8 
9 20 84 70.4 33.1 93. 29. 36.5 428. . 08 95. 1.5 
9 27 84 47.3 20.9 97. 44. 25.5 307. 1.57 81. 1.9 

10 4 84 59.0 25.3 96. 31. 28.3 346. . 35 85. 1.6 
10 1.1 84 63.0 28.7 94. 23. 29.7 349. . 04 104. 1.9 
10 18 84 37.1 14.0 94. 44. 16.7 261. .16 122. 1.6 
10 25 84 36.1 4,4 93. 38. 9.4 241. .08 82 . 1.3 

11 1 84 44.5 1.4 90. 23. 8.6 306. .08 81 . 1.0 
11 8 84 39.9 11.6 96. 50. 19.1 166. . 24 109. 1.2 

- 5 3 85 65.9 27.9 84. 18. 21.7 624. .24 114. 1.5 
5 10 85 57.3 27.4 87. 30. 21.2 509. .20 126. 1.8 
5 17 85 53.2 22.1 89. 26. 19.9 518. .24 128. 1.9 
5 24 85 67.5 29.7 96. 17. 29.6 601. .04 107. 1.8 
5 31 85 60.4 27.2 97. 28. 30.6 538. .12 126. 1.8 

6 7 85 63.6 30.8 97. 34. 35.5 518. .28 105. 1.9 
6 14 85 68.6 31.4 90. 17. 26.6 734. .oo 126. 1.9 
6 21 85 73.0 36.6 84. 15. 28.8 752. .oo 136. 1.5 
6 28 85 66.4 31.3 91. 28. 30.8 588. .55 104. 1.8 

7 5 85 79.3 39.3 73. 13. 30.2 648. . 00 108. 1.5 
7 12 85 81.4 45.5 80. 19. 40.2 596. .oo 105. 1.5 
7 19 85 76.1 40.3 95. 23. 40.5 584. .31 97. 1.7 
7 26 85 76.1 39.9 93. 25. 40.1 607. . 79 100. 1.5 

Con t i nued 
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8 2 85 70.3 35.3 95. 29. 39.7 508. . 87 96 . 1.7 
8 9 85 71.3 34.7 82. 18. 28.9 647. . 00 120 . 1.6 
8 16 85 66.3 29.0 88. 17. 25.0 622. . 00 128. 2.0 

114. 1.8 8 23 85 74.4 33.0 7 5 .  14. 24.3 593. . 04 
8 30 85 78.9 37.1 73. 17. 28.5 482. . 08 97. 1,4 

9 6 85 68.4 34.4 92. 25. 34.4 421. . 24 102 . 1.5 
9 13 85 60.8 27.5 94. 27. 29.2 340. 1.26 112. 2.0 
9 20 85 60.4 26.9 94. 27. 27.1 409, . 28 105. 1.8 
9 27 85 50.8 21.3 90. 28. 19.5 389. . 43 126. 2.5 

122. 1.5 10 4 85 49.3 15.5 85. 28. 13.3 404. . 24 
1.7 102 . 10 11 85 47.7 16.5 90. 32. 19.4 318. 0 79 

105. 1.8 10 18 85 50.6 18.0 92. 23. 17.6 380. . 00 
10 25 85 50.5 23.6 93. 35. 23.7 283. . 00 111. 1.6 
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5 24 83 
5 31 83 

6 783 
6 14 83 
6 21 83 
6 28 83 

7 583 
7 12 83 
7 19 83 
7 26 83 

8 283 
8 9 8 3  
8 16 83 
8 23 83 
8 30 83 

9 6 8 3  
9 13 83 
9 20 83 
9 27 83 

10 4 83 

59.4 
71.6 

63.1 
64.4 
68.2 
74.4 

67.8 
74.7 
76.6 
74.5 

80.9 
87.5 
79.8 
70.1 
78.3 

72.6 
69.8 
64.3 
67 . 1 
55.1 

28.5 
33.8 

34.9 
34.1 
34.3 
38.4 

38.0 
40.7 
34.5 
42.2 

40.9 
453 
45.9 
45.7 
34,O 

35.4 
29.8 
25.3 
25.3 

31.9 

100 . 
99 . 
100. 
100 . 
98 . 
100. 

100 . 
100 . 
99 . 
100 . 
100 . 
100. 
100 . 
100 . 
100 

100 . 
100. 
96 . 
99 . 
100 . 

34 . 
22 . 
40 . 
37 . 
24 . 
26 . 
37 . 
31 . 
23 . 
36 . 
23. 
17 , 
27 . 
54 . 
17 . 
32 . 
26 . 
22 . 
27 . 
53 . 

32,4 
34.2 

41.2 
38.6 
35.0 
41.7 

42.2 
45.4 
39.8 
47.1 

45.4 
48.7 
50.1 
52.0 
39.6 

42.0 
37.2 
25.8 
31.0 

37,9 

564 . 
587 . 
504 . 
553 . 
606 . 
553 . 
528 . 
577 . 
550. 
451 . 
541 . 
543 . 
448 . 
346 . 
513. 

423 . 
443 . 
426 . 
354 . 
209 . 

. 16 . 00 

.63 . 12 . 00 . 12 

. 28 
a 5 5  

04 . 20 
. 16 . 00 
1.02 
.91 . 00 
.59 
.63 
00 

* 12 

.59 

127 . 
113. 

102 . 
120 . 
120. 
97 . 
106 . 
116. 
97 . 
93 . 
86 . 
83 . 
90 . 
82 . 
75 . 
87 . 
108 . 
130. 
89. 

90 I 

1.9 
1.6 

1.7 
1.6 
1.7 
1.5 

1,5 
1.7 
1.5 
1.7 

1.5 
1.2 
1.3 
1.5 
1.4 

1.7 
1.5 
2.3 
1.5 

1.6 

4 12 84 
4 19 84 
4 26 84 

5 3 8 4  
5 10 84 
5 17 84 
5 24 84 
5 31 84 

6 7 8 4  
6 14 84 
6 21 84 
6 28 84 

7 584 
7 12 84 
7 19 84 
7 26 84 

39.2 
52.4 
43.9 

42.7 
50.9 
63.0 
62.4 
65.6 

54.2 
61.0 
70.5 
74.3 

74.3 
78.7 
80.5 
76.8 

16,3 
19.1 
19.3 

20.7 
20.3 
28.9 
29.1 
31.2 

28.3 
31.3 
38.8 
36.1 

36.9 
41.4 
41.1 
46.0 

96 . 
95 . 
96 . 
98 . 
96 . 
99 . 
95 
93 

95 . 
97 . 
89 . 
95 . 
97 . 
96 . 
89 . 
97 . 

63 
39 . 
45 . 
46 . 
32 . 
41 , 
34 . 
29 . 
44 . 
36 . 
25 . 
21 . 
25 . 
25 . 
22 . 
40 . 

22.5 
24.5 
22.6 

22.. 9 
22.5 
35.7 
32.6 
33.4 

32.9 
34.7 
38.5 
38.9 

41.3 
44.3 
42.2 
51.0 

490 . 
528. 
437 . 
483 
572. 
451 . 
592 . 
616 . 
518. 
543 . 
640 . 
726 . 
674 . 
617. 
633 . 
479 . 

08 
.24 
.31 

.24 
04 
.47 
.16 
.31 

.63 

.24 . 00 

.oo 

. 08 . 35 . 00 . 90 

147 . 
116. 
166 . 
154. 
151 . 
121 . 
159 . 
142 . 
163. 
134. 
147 . 
125. 

129 . 
105 . 
101. 
95 

1.6 
1.3 
1.8 

1.7 
2.7 
2.1 
2.1 
1.9 

1.8 
1.7 
1.6 
1.4 

1.5 
1.2 
1.2 
1.7 

Cont i nued 
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8 2 8 4  
8 9 8 4  
8 16 84  
8 23 8 4  
8 30 84  

9 6 8 4  
9 13 8 4  
9 20 84 
9 27 84  

10 4 84  
10 11 84 
10 18 84 
10 25 84  

11 1 8 4  
11 8 84 

74.3 
77.8 
76.1 
75.1 
74.3 

70.7 
64.0 
73.0 
49.8 

60.0 
64.9 
37.8 
35.2 

43.1 
38.9 

46 a 8  
41.0 
41.6 
39.8 
34.3 

31.6 
28.5 
29.7 
20.7 

23.4 
26.7 
15.1 
6.2 

7 07 
13.4 

96 . 
95 . 
96 . 
96 . 
97 . 
96 . 
96. 
95 . 
97 . 
96 . 
94 . 
95 . 
93 . 
92 . 
95 . 

42 . 
23 . 
36. 
27 . 
27 . 
25 . 
33 . 
22 . 
39 . 
26 . 
20 . 
42. 
32 . 
20 . 
50. 

50.3 
43.5 
47.0 
43.6 
41.2 

35.3 
33.9 
34.9 
25.5 

27.4 
28.2 
17.4 
10.3 

8.2 
19.8 

489 . 
448 . 
522. 
475. 

453. 
408. 
443 . 
321 . 
355 . 
359 . 
252 . 
284. 

295. 
183 . 

583 a 

1.22 . 00 . 59 . 39 
.16 

.31 . 39 . 20 
1.22 

. 12 

.08 . 08 
a 00 

. 00 . 16 

111. 
108 . 
101 . 
96. 

107. 

139. 
132 . 
114. 
107 . 
104. 
133. 
146 a 

99 . 
96. 

118. 

1.6 
1.3 
1.4 
1.5 
2.1 

1.6 
2.3 
1.3 
1.8 

1.3 
1.5 
1.7 
1.3 

1a0 
1.4 

4 26 85 

5 3 85 
5 10 85 
5 17 85 
5 24 85 
5 3 1  85 

6 7 8 5  
6 14 85 
6 2 1  85 
6 28 85 

7 5 8 5  
7 12 85 
7 19 85 
7 26 85 

8 2 8 5  
8 9 8 5  
8 16 85 
8 23 85 
8 30 85 

43.9 

68.5 
61.1 

70.9 
63.5 

65.7 
67.9 
74.0 
67.1 

80.5 
82.0 
77.7 
77.9 

74.4 
75.3 
70.5 
78.0 
82.4 

56.2 

14.8 

26.9 
24.4 
21.9 
27.5 
28.1 

30.0 
31.8 
38.5 
33.8 

37.0 
46.3 
44.1 
43.5 

38.2 
31.4 
28.1 
28.8 
31.6 

97. 

89. 
95 . 
94 . 
99 . 
95 . 
84. 
98. 
88  . 
98 . 
97 . 
94 . 
98. 
97 . 
99 . 
98 a 

97 a 

96 . 
95 . 

29 . 
17 . 
26. 
25. 
16 . 
26. 

27 a 

20 . 
30 . 
4 1  . 
22 . 
34 a 

36. 
34 . 
35 . 
22 . 
2 1  . 
15. 
17. 

15.7 

24.3 
24.0 
22.9 

32.5 

36.4 
32.5 
39.4 
39.1 

43.1 
49.7 
48.9 
47.3 

44.4 

31.4 

34.6 
31.0 
30.5 
35.8 

479 . 
592. 

525 . 
584 . 
527 . 
520 . 
710. 
721 a 

555 . 
647. 
596 . 
570 . 
595 . 
500 a 

626 . 
594 . 
594 . 
467 . 

511. 

* 20 

- 0 4  
.28 
.08 
.oo . 28 

.12 

.oo 

.oo 
83 

.oo 
59 

L 39 
.12 

.47 

.oo 
00 . 00 

.16 

154. 

132 . 
138. 
160 . 
122 . 
158. 

122 . 
163 . 
153. 
124. 

110. 
116. 
108 . 
111. 

110. 
139. 
144 . 
127 . 
112. 

1.9 

1.6 
1a8 
2.0 
1.8 
1.9 

2.1 
1.9 
1.5 
1 a6 

1.4 
1.5 
1.6 
1.3 

1.8 
1.8 
2.0 
1.6 
1a3 
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TABLE 84. WEEKLY CLIMATIC DATA FOR D A N I E L  (cont.) 
========================================================================= 

WEEK MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D/N 
ENDING TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

MO DY YR ( F )  ( F )  (%)  ( % )  ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  RATIO 

9 6 85 71.5 34.2 99. 30. 38.1 429. .24 123. 2.1 
9 13 85 64.0 27.3 99. 31. 32.5 380. .83 127. 2.2 
9 20 85 62.3 25.0 100. 30. 30.8 394. . 55 127 . 1.8 
9 27 85 53.2 20.2 97. 33. 24.2 399. . 39 166. 2,4 

0 0 9 0 9 0 9 9 9 9 ~ ~ ~ 1 0 ~ 0 0 0 ~ . . . ~ ~ ~ ~ 0 ~ 0 ~ ~ ~ ~ ~ ~ 0 . ~ ~ . ~ - - ~ . . - . 0 - - ~ 0 ~ . 0 0 - 0 - - - ~ - - - - ~ - - - -  

10 4 85 51.0 17.1 94. 29. 17.4 392. b 08 151 . 1.7 
10 11 85 50.9 14.8 96. 32. 21.2 318. .28 I27 . 1.9 
10 18 85 53.1 16.3 97. 28. 20.8 343. 00 136 . 1.8 
10 25 85 54.1 19.7 98. 36. 25.1 275. . 00 123. 1.4 

, 
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TABLE B5. WEEKLY CLIMATIC DATA FOR B I G  PINEY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WEEK MAX MIN MAX M I N  DEW SOLAR TOTAL WIND D/N 
ENDING TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

MO DY YR ( F )  ( F )  (%) ( % )  ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  RATIO 

5 17 83  51.5 17.5 99. 42. 25.0 723. 091 109. 2.0 
5 24 83 62.6 27.5 100, 33. 33.9 692. . 24 119. 2.0 

~ ~ o . . ~ . . o o . . o o ~ o . . . o o ~ ~ . ~ ~ ~ o o o o . o ~ ~ ~ ~ ~ ~ . ~ ~ w ~ w ~ ~ . ~ ~ . w ~ ~ . ~ ~ ~ o ~ - - ~ . w ~ w o - ~ ~ ~ ~  

5 3 1  83  73.6 34.5 99. 23. 36.8 745. .08 126. 1.5 

6 7 83  64.6 36.4 100. 43. 42.5 619. . 08 111. 1.5 
6 14 83  67.8 35.1 100. 33. 38.9 685. . 12 127. 1.7 
6 2 1  83 73.1 37.0 96. 17. 34.4 822. . 00 146. 2.1 
6 28 83  76.9 40.0 100. 22. 42.8 695. . 24 121. 1.8 

7 5 83  71.6 39.8 100. 32. 42.1 678. . 20 126 . 1.5 
7 12 83  79.6 41.3 100. 22. 44.8 772. . 16 144. 1.9 
7 19 83  79.5 35.8 100. 18. 38.2 724. .04 130. 1.7 
7 26 83  77.4 44.0 100. 29. 46.5 589. .16 121. 1.7 

8 2 83  83.6 42.8 100. 20. 44.3 693. . 12 107. 1.5 
8 9 8 3  89.9 48.2 99. 15. 47.8 726. . 00 100. 1.3 
8 16 83  83.0 48.2 100. 25. 49.3 606. 035 102. 1.7 
8 23 83  73.7 49.0 100. 45. 53.7 494. 1.34 105. 1.7 
8 30 83  79.8 38.3 100. 15. 39.2 594. . 12 111. 1.9 

117. 2.0 9 6 83  74.1 39.3 98. 32. 43.3 475. .98 
9 13 83  73.4 32.6 100. 25. 37.8 554. 12 118. 1.9 
9 20 83 68.4 28.9 86. 17. 24.2 580. .04 150. 1.8 
9 27 83 69.5 28.5 97. 24. 31.3 459. .08 102. 1.8 

. 20 102. 2.4 

4 12 84  44.0 18.5 97. 52. 23.7 438. .12 149. 2.1 
.16 125. 1.7 4 19 8 4  57.7 21.6 94. 28. 25.0 512. 

4 26 84  45.0 19.9 96. 45. 23.4 388. 39 162. 2.0 

10 4 83 58.4 32.1 100. 44. 37.7 332. 
~~~o~oo.~o~o.~~o.~~..o..oo.~o.o.~~~~~~~.~~~~~.~ooo~-~-o--~~.---~~---.--- 

5 3 84 46.1 19.6 96. 37. 22.6 450. .12 143. 2.1 
5 10 8 4  56.0 20.5 89. 24. 20.6 551. .oo 153. 2.4 
5 17 8 4  67.5 31.3 95. 30. 35.0 497. . 3 1  157. 2.1 
5 24 84  67.5 30.9 93. 26. 32.2 575. . 3 1  162. 2.0 
5 3 1  84 70.4 33.0 91. 24. 31.6 609. 12 156. 1.7 

.47 150. 2.0 6 7 84  59.8 29.0 93. 36. 32.0 505. 
6 14 84  65.5 31.6 94. 28. 33.6 512. 24 140. 1.7 
6 2 1  84 75.9 36.7 94. 16. 35.1 621. .oo 143. 2.0 
6 28 84  81.0 36.8 91. 14. 34.0 678. .oo 118. 1.5 
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7 5 8 4  
7 12 84  
7 19 84  
7 26 84 

8 2 8 4  
8 9 8 4  
8 16 84  
8 23 84  
8 30 84  

9 6 8 4  
9 13 84 
9 20 84  
9 27 84  

10 4 8 4  
10 11 84 
10 18 8 4  
10 25 84  

11 1 84 
11 8 84 

81.4 
84.2 
86.7 
81.2 

78.2 
82.6 
83.4 
79.8 
78.9 

76.3 
69.4 
76.0 
51.8 

62.2 
68.6 
43.2 
37.4 

45.9 
42.8 

38.2 
41.3 
41.5 
49.4 

49.3 
41.0 
45.3 
41.7 
37.4 

32.8 
32.4 
31.9 
22.3 

23.3 
24.5 
14.9 

5.6 

5.2 
15.5 

95 . 
93 . 
88 . 
96 . 
96 . 
96. 
95 . 
96 . 
95 . 
95 . 
95 . 
96 . 
97 . 
97 . 
96 . 
92 . 
92. 

93 . 
97 . 

19. 
14. 
15. 
29 . 
36 . 
20 . 
23 . 
21. 
20 . 
17 . 
26 . 
19. 
37 . 
26 . 
17 . 
29 . 
27 . 
20 . 
44 . 

38.5 
38.8 
37.7 
51.3 

51.8 
43.0 
45.4 
42.9 
39.3 

33.2 
34.7 
35.5 
27.0 

28.6 
27.1 
14.4 
8.8 

9.2 
20.2 

634. 
601 . 
605. 
451. 

470. 
537 . 
408 . 
502 . 
459 . 
474 . 
406 . 
432 . 
308 . 
347 . 
345 . 
284. 
274 . 
279 . 
187. 

. 24 . 08 
00 . 47 

1.14 . 00 . 00 . 20 . 08 

. 00 
1.14 

.04 

.91  

. 00 . 00 

.04 

.oo 

.oo 

.24 

123. 
137 . 
107 . 
105 . 
100. 
102 . 

95 . 
96 . 

124 . 
143 . 
142 . 
93 . 

108 . 
85 . 

101  . 
129. 

78 . 
101  . 
107 . 

1.6 
1.7 
1.5 
1.7 

1.7 
1.5 
1.4 
1.4 
2.2 

1.8 
2.0 
1.6 
1.5 

1.5 
1.9 
2.0 
1.5 

2.0 
1.5 

4 26 85 45.9 

5 3 85 72.5 
5 10 85 64.4 
5 17 85 60.8 
5 24 85 74.8 
5 3 1  85 67.0 

6 7 85 71.9 
6 14 85 77.9 
6 2 1  85 82.4 
6 28 85 72.6 

7 5 85 88.7 
7 12 85 89.9 
7 19 85 85.1 
7 26 85 84.0 

16.1 

26.7 
26.1 
25.2 
30.1 
31.2 

34.2 
34.0 
41.7 
34.6 

37.7 
48.2 
44.5 
43.0 

94 . 
96 . 
91. 
88 . 

100 . 
100 . 
99 . 
87 . 
74 . 
99 . 
96. 
90 . 
99 . 
99 . 

23 . 
16 . 
25 . 
20 . 
13 . 
22 

22 . 
13. 
12 . 
25. 

10 . 
11. 
14 . 
15. 

13.8 484. 

22.7 588. 
22.7 530. 
20.0 557. 
30.5 629. 
32-8 554. 

35.5 545. 
27.1 713. 
26.5 708. 
32.7 543. 

30.3 642. 
38.6 577. 
40.8 548. 
40.8 563. 

.oo 

. 04 
12 

.08 

.04 
39 

,oo 
.oo 
.oo 
.55 

00 
.24 
.16 
04 

148. 

105 . 
141  . 
158. 
110, 
139. 

124 . 
134. 
140 . 
111. 

99 . 
95 . 

102 . 
96 . 

2.2 

1.8 
2.1 
2.6 
1.8 
2.1 

2.5 
2.2 
1.6 
2.1 

1.8 
1.7 
1.9 
1.7 
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TABLE 85. WEEKLY CLIMATIC DATA FOR B I G  P I N E Y  (cont,)  ------------------------------------------------------------------------- ......................................................................... 
WEEK MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D/N 
ENDING TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 

MO DY YR ( F )  (F )  (%)  (%) ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  RATIO 

8 2 85 79.0 41.5 100. 16. 39.8 529. . 55 110. 2.1 
8 9 85 81.4 35.2 88. 12. 26.9 633. . 00 128. 2.2 
8 16 85 75.3 29.7 87. 13. 23.5 600. 00 135. 2.3 
8 23 85 82.0 32.7 81. 11. 23.3 578. . 00 123. 2.1 
8 30 85 86.3 34.7 86. 11. 28.4 505. .04 103 . 1.8 

. 0 ~ 0 0 0 . . . 0 0 0 . 0 0 . 0 0 . ~ ~ ~ 0 0 0 ~ ~ 9 0 0 0 0 0 ~ 0 . . . . 0 0 0 ~ . ~ 0 . . . ~ ~ ~ . 0 0 - ~ 0 ~ . ~ . ~ . ~ ~ ~ ~ . - ~ . .  

125. 2.7 
133. 2.0 
122. 2.5 
129. 2.8 

9 6 85 74.5 37.7 93. 19. 34.4 464. a 20 
9 13 85 65.6 29.0 98. 23. 30.6 409. .51 
9 20 85 64.2 28.2 100. 23. 28.6 429. .51  
9 27 85 58.0 21.8 99. 22. 21.4 407. . 20 

10 4 85 54.6 15.8 94. 21. 15.1 409. . 08 119, 1.7 
10 11 85 52.8 17.5 96. 25. 19.8 309. . 12 113. 1.8 
10 18 85 56.8 16.6 97. 18. 17.2 351. . 00 97. 2.0 

131. 2.2 10 25 85 56.5 20.3 100. 25. 23.3 302. . 00 
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5 3 83  52.7 29.7 99. 48. 33.6 414. 1.89 169. 1.7 
5 10 83  56.4 28.4 93. 25. 25.7 542. .04 223. 1.8 
5 17 83  44.6 21.9 99. 55. 26.9 539. .63 186. 1.7 
5 24 83  63.0 32.4 99. 30. 33.1 567. .31 168. 1.7 
5 3 1  83  76.0 38.9 91. 16. 33.5 601. . 00 130. 1.5 

6 7 83  66.2 38.8 99. 44. 43.9 500. .63 116. 1.5 
6 14 83  68.3 38.5 98. 29. 38.5 563. .31 152 . 1.5 

156. 2.3 6 2 1  83 75.5 40.9 82. 15. 30.9 685. . 00 
6 28 83  80.2 45.8 92. 19. 40.9 558. .24 114. 1.8 

7 5 83  76.3 42.3 97. 23. 39.1 560. 
7 12 83 82.9 45.4 96. 19. 42.8 585. 
7 19 83  85.0 41.8 80. 13. 31.0 620. 
7 26 83  84.2 50.8 90. 19. 42.1 499. 

8 2 8 3  89.4 52.3 78. 13. 37.9 569. 
8 9 83  97.1 56.2 78. 9. 41.2 572. 
8 16 83  88.5 53.2 90. 16. 45.1 509. 
8 23 83 81.7 51.3 98. 27. 52.1 479. 
8 30 83 85.4 46.1 91. 12. 37.4 526. 

.24 . 47 . 00 . 00 

. 00 

.08 . 24 

.51  

.oo 

120. 
133. 
124. 
109 . 
113. 
100. 
118. 
105. 
114. 

1.6 
1.6 
1.8 
1.8 

9 6 83  77.5 45.5 97. 28. 42.3 429. !,14 138. 1.9 
9 13 83  76.0 40.1 97. 16. 36.3 503. * 20 147. 2.4 
9 20 8 3  69.9 33.7 76. 15. 21.5 475. .oo 200. 2.0 
9 27 83  72.3 34.7 85. 19. 30.2 416. .08 127. 1.9 

10 4 83  61.8 35.0 99. 37. 37.7 308. .20 153. 1.4 

4 12 84  44.7 23.8 90. 47. 23.2 415. .16 193. 1.4 
4 19  84  59.1 28.0 87. 28. 20.7 512. 04 141. 1.4 
4 26 84  48.1 24.0 92. 50. 25.2 378.. .43 172. 1.7 

o o ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o - - ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ - ~ ~ - ~ ~ . - - - - - - - - - - - - - ~ ~ ~ - ~ - - - . ~ . - ~ - ~  

5 3 84  46.3 23.2 92. 46. 25.5 488. * 3 1  210. 2.2 
5 10 84 56.4 24.2 87. 26. 20.0 568. .oo 215. 2.3 
5 17 84 70.6 33.8 91. 30. 35.4 541. .16 188. 2.1 
5 24 84  70.0 32.6 86. 27. 33.1 590. .12 209. 2.1 

193. 1.6 5 3 1  84  73.2 31.3 78. 21. 29.6 630. 12 

1.7 
1.2 
1.7 
1.3 
1.5 

6 7 84  62.3 33.2 93. 34. 33.3 524. .12 212. 1.7 
6 14  8 4  69.3 29.6 90. 23. 30.6 559. . 04 178. 1.4 
6 2 1  84  80.1 33.4 81. 15. 32.8 557. s 00 155. 1.9 
6 28 84  84.2 41.3 74. 12. 31.8 684. . 00 133. 2.0 

Continued 
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TABLE 86. WEEKLY C L I M A T I C  DATA FOR SEEDSKADEE ( c o n t . )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENDING TEMP TEMP RH RH PT RADTN PRECIP  RUN WIND 
MO DY YR (F )  (F )  (%)  (%)  ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  R A T I O  

7 5 84  82.9 43.5 86. 18. 37.5 662. . 59 152. . 2.0 
7 12 84  85.7 46.0 85. 18. 41.1 614. . 75 131. 1.6 
7 19 8 4  87.6 46.8 78. 15. 36.4 630. . 00 116. 1.7 
7 26 84 84.0 52.5 93. 33. 54.6 497. .71  108. 1.5 

WEEK MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND D/N  

...,g,,,g...~...~.~.~9.,..~~~~..~...9o~.....~~o~..o.o..o~9---.~.....--.-~ 

8 2 84  83.3 52.7 93. 30. 52.2 526. .71  117. 1.7 
8 9 84  85.6 48.9 84. 17, 40.6 56'4. . 00 103. 1.5 
8 16 84 87.2 52.7 81. 20, 44.3 476. . 00 115. 1.5 

110. 1.6 8 23 8 4  82.4 47.8 89. 24. 44.1 491. . 20 . 08 151. 2.0 8 30 84  80.2 43.6 86. 22. 38.7 499. 

9 6 84  79.3 40.8 86. 19. 34.8 475. . 87 169. 1.7 
9 13 84 69.4 42.2 88. 31. 39.0 408. . 35 214. 2.2 
9 20 84 78.3 42.4 89. 20. 39.2 440. - 5 1  61. 1.7 

.43 137. 2.0 9 27 84  54.2 27.4 94. 37. 29.8 366. 

10 4 84  63,9 29.5 93. 26. 29.7 362. . 00 74. 1.5 
10 11 84 70.2 30,8 91. 16. 27.7 375. . 00 101. 1.7 
10 18 84 43.3 20.1 85. 34. 17.5 292. . 04 204. 1.7 

00 89. 1,4 10 25 84  38.9 9.1 92. 30. 11.2 259. 

11 1 84 43.5 15.9 91. 33. 17.3 258. . 04 205. 1.3 
11 8 84  43.9 20.7 94. 52. 24.3 211. .35 181. 1.4 

4 26 85 46.8 20.3 84. 22. 13.6 488. .04 227. 2.2 
.,..ogg1...,,~....~~,.o...~~~,,...~~.~~~~~,.~..~.~--~.-.~~~=~.~.-...-~-- 

5 3 85 75.7 32.5 58. 13. 19.2 615. . 00 126. 1.4 
5 10 85 67.4 34.4 68. 23. 20.9 529. .75 181. 1.8 
5 17 85 63.3 32.8 83. 17. 21.7 573. .oo 204. 1.4 
5 24 85 76.4 37.3 84. 13. 28.3 649. .oo 142. 1.5 
5 3 1  85 72.2 36.4 87. 14. 26.4 626. .08 192. 2.0 

. 0 4 .  156. 2.2 6 7 85 75.2 39.5 85. 15. 32.1 590. 
6 14  85 82.2 44.4 45. 11. 20.1 724. .oo 169. 1.9 
6 2 1  85 85.1 47.2 45. 11. 21.4 720. .oo 175. 1.7 
6 28 85 76.9 38.6 79. 21. 29.8 575. .55 147. 1.7 

7 5 85 92.8 48.3 46. 9. 23.3 676. , 00 127. 1.7 
7 12 85 93.7 57.4 51. 9. 29.3 603. .12 146. 1.4 
7 19 85 88.7 52.2 77. 10. 36.5 569. .04 131. 1.5 
7 26 85 84.9 50.3 76. 13. 35.3 580. .oo 138. 1.8 

C o n t i n u e d  

67 



159. 1.7 9 6 85 79.2 44.7 74. 14. 30.7 520. . 28 
9 13 85 68.3 36.3 84. 20. 27.8 379. . 43 162. 1.6 
9 20 85 68.5 35.4 85. 18. 26.6 434. .16 153. 2.0 

192. 1.9 9 27 85 60.6 28.3 77. 19. 18.0 428. 0 12 

10 4 85 58.8 21.6 67. 17. 11.1 429, . 00 159. 1.5 
10 11 85 56.6 21.8 85. 22. 18.1 318. .08 164. 1.5 
10 18 85 59.4 21.5 80. 18. 13.2 381. . 00 144. 1.6 
10 25 85 60.0 26.9 87. 24. 21.9 299. 0 00 184. 1.4 
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TABLE 67. WEEKLY C L I M A T I C  DATA FOR MOUNTAIN VIEW _________-______________________________--------------------------------- _______________-________________________--------------------------------- 
D / N  

ENDING TEMP TEMP RH RH P T  RADTN PRECIP  RUN WIND 
MO DY YR (F) ( F )  (%)  (%)  ( F )  (LY/DY)  ( I N / W K )  ( M I / D Y )  R A T I O  

5 3 83  49.1 28.8 100. 62. 34.5 376, . 28 147. 1.5 
5 10 83 45.9 18.8 99. 35. 22.7 482. . 00 217. 2.0 
5 17 83 45.4 23.2 100. 58. 28.4 537. 055 159. 1.4 
5 24 83 60.4 32.0 96. 42. 34.9 607. . 47 185. 1.4 

WEEK MAX M I N  MAX M I N  DEW SOLAR TOTAL WIND 

o ~ ~ L o o ~ I o . ~ ~ ~ o o o ~ o ~ o ~ ~ ~ o o . ~ o ~ o ~ ~ ~ o o ~ - o ~ ~ - - ~ - ~ o ~ o o . o - o o ~ - o o ~ ~ ~ - ~ = ~ ~ ~ . - - ~ ~ -  

5 3 1  83  73.3 38.3 89. 23. 37.1 677. .67 154. 1.0 

6 7 83 62.5 37.6 100. 56. 44.4 566. . 63 130. 1.4 
6 14 8 3  64.0 38.4 100. 45. 42.1 596. .31  180. 1.3 
6 2 1  83  72.1 37.8 97. 30. 41.0 765. . 00 167. 1.8 
6 28 83  74.0 42.8 98. 33. 46.9 603. . 0 4  135. 1.6 

131. 1.3 7 5 83  71.9 39.5 99. 36. 44.6 603. .08 
7 12 83  76.8 44.1 98. 35. 48.1 618. .04 147 . 1.4 
7 19 83  79.4 39.8 95. 24. 41.7 668. .04 132. 1.3 

116. 1.4 7 26 83 76.2 46.1 99. 43. 52.2 510. . 12 

118. 1.2 8 2 83  81.3 47.9 97. 33. 51.3 577. .67 
8 9 83 87.1 51.4 99. 30. 55.7 598. . 59 104, 0.9 
8 16 83  79.8 52.7 99. 43. 57.4 505. 079 114. 1.1 

1.3 8 23 83 76.7 45.1 100, 50. 54.0 483. 1.02 
121 . 1.0 8 30 83 80.6 43.2 99. 24. 47.7 555. . 31  

9 1  . 
139. 1.3 

1.6 

1.3 

9 6 83  75.6 41.2 98. 37. 46.6 485. 98 
9 13 83  75.1 36.0 98, 24. 40.2 558. 28 164. 

147 . 9 27 83  70.8 31.0 97. 21. 34.0 479. 04 
9 20 83  68.3 31.2 88. 18. 28.4 535. I00 210. 1.9 

10 4 83 60.4 31.8 100. 47. 38.2 331. . 3 1  144 . 1.6 
~ ~ o o ~ o o ~ ~ o ~ ~ ~ ~ o ~ ~ o o " ~ ~ ~ o o ~ o ~ ~ o o ~ ~ . ~ ~ ~ o o o ~ o ~ ~ ~ ~ = ~ - o o ~ ~ ~ - - - - o - = - ~ o ~ - ~ ~ = - - -  

4 12 84 42.4 21.0 97. 57. 24.3 405. .04  225. 1.2 
163. 1.1 
218. 1.4 

4 19 84  58.2 24.5 86. 33. 27.0 532. 04 
4 26 84 44.9 21.1 96. 56. 25.5 403. .28 

5 3 8 4  
5 10 8 4  
5 17 84  
5 24 84  
5 3 1  84 

6 7 8 4  
6 14 8 4  
6 2 1  84 
6 28 84  

47.9 22.5 95. 50. 26.2 483. 
55.4 26.4 87. 32. 25.7 587. 
69.9 32.7 90. 31. 36.7 539. 
68.0 36.1 88. 33. 36.3 598. 
70.7 35.4 85, 25, 33.7 602. 

58.2 31.3 94. 43. 36.3 519. 
65.4 33.0 94. 35. 36.0 577. 
72.2 38.3 93. 25. 40.3 572. 
78.2 41.2 91. 19. 39.7 653. 

.31  
12 

.12 

.12 

.oo 

. 35 

.12 

.oo . 04 

216. 
233. 
204, 
224. 
213. 

214. 
167. 
176. 
151. 

1.5 
2.0 
1.7 
2.0 
1.4 

1.5 
1.4 
1.4 
1.0 
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7 5 8 4  78.6 42.9 91. 22. 41.2 672. .16 160. 1.4 
142. 1.2 7 12 84  81.9 44.0 88. 21. I 43.8 602. . 35 

7 19 84  82.3 47.1 88. 20. 42.6 601. . 00 122. 0.9 
106. 1.4 7 26 84 78.5 48.9 93. 45. 54.0 445. . 47 

8 2 84  78.9 47.7 93. 39. 53.0 470. 075 105. 1.2 
111. 0.9 8 9 84  80.5 44.6 90. 24. 44.6 531. . 04 
117. 1.1 8 16 84  80.1 49.7 91. 34. 50.2 444. . 08 
110. 1.0 8 23 84 76.0 44.5 92. 35. 47.8 453. .31 
146. 1.2 8 30 8 4  76.6 43.9 85. 26. 42.7 457. . 20 

9 6 8 4  75.6 39.2 89. 22. 37.0 466. .71  178. 1.3 
9 13 8 4  69.0 41.5 85. 36. 40.8 413. . 24 188. 1.8 
9 20 84 76.0 40.4 91. 23. 40.8 431. . 16 143. 0.9 

148. 1.3 9 27 8 4  55.6 21.7 94. 38. 27.9 384. . 5 5  

10 4 84  62.6 27.1 93. 28. 29.9 381. . 00 114. 1.0 
10 11 84 67.3 33.3 87. 18. 29.1 372. 00 170. 0.9 
10 18 84 42.4 19.7 92. 36. 20.5 303. .04 189. 1.4 
10 25 84  35.1 10.7 93. 50. 17.0 247. 0 12 111. 1.1 

11 1 8 4  43.9 17.9 91. 42. 18.5 299. .12 170. 1.3 
11 8 84 47.2 17.6 92. 44. 23.1 210. .20 176. 1.5 

5 3 85 -99.0 -99.0 -99. -99. -99.0 -99. -.99 -99. -99.0* 
5 10 85 -99.0 -99.0 -99. -99. -99.0 -99. -.99 -99 . -99 . 0 
5 17 85 -99.0 -99.0 -99. -99. -99.0 -99. - ,99 -99. -99.0 
5 24 85 75.2 37.4 92. 15. 36s.2 579. .oo 144. 1.3 
5 3 1  85 68.2 30.8 92. 18. 28.2 651. 00 182. 1.5 

6 7 85 70.6 35.9 95. 27. 39.0 582. 00 152. 1.6 
154. 1.3 6 14  85 76.0 39.4 90. 15. 31.2 712. .oo 

6 2 1  85  79.4 41.0 86. 14. 32.9 734. .98 149. 1.3 
162. 1.3 6 28 85 71.9 36.3 92. 24. 32.5 596. 0 39 

7 5 85 85.4 43.5 84. 11. 34.6 666. 00 132. 1.0 
7 12 85 87.7 52.3 83. 14. 42.6 593. .24 137. 0.9 
7 19 85 81.8 48.9 92. 24. 47.4 519. . 31  114. 1.1 
7 26 85 77.3 47.4 91. 30. 45.3 554. - 8 7  124. 1.4 

Continued 
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TABLE B7. WEEKLY C L I M A T I C  DATA FOR MOUNTAIN VIEW (cont.) ......................................................................... ......................................................................... 
WEEK MAX MIN MAX MIN DEW SOLAR TOTAL WIND D/N 

ENDING TEMP TEMP RH RH PT RADTN PRECIP RUN WIND 
MO DY Y R  (F )  ( F )  (%)  ( % )  ( F )  ( L Y / D Y )  ( I N / W K )  ( M I / D Y )  RATIO 

8 2 85 77.0 42.8 92. 22. 41.7 531. .16 133. 1.4 
8 9 85 78.9 38.9 79. 13. 26.5 662. . 00 152. 1.4 
8 16 85 74.3 34.2 77. 14. 22.5 627. . 00 204. 1.6 
8 23 85 80.0 41.1 75. 12. 26.6 610. .05 175. 1.5 
8 30 85 85.4 43.6 70. 11. 30.1 545. . 00 153. 1.1 

~ ~ g ~ ~ ~ ~ ~ ~ ~ o o I I I I o o . ~ ~ I o o o ~ ~ ~ ~ o . o ~ ~ o ~ - . ~ - ~ - ~ . ~ . o ~ o o ~ ~ 9 o o . ~ - - - - ~ - - ~ . o o - . o - -  

143. 1.4 
149. 1.4 
157. 1.7 
208. 1.6 

9 6 85 74.9 39.8 89. 21. 37.6 490. .31  
9 13 85 68.5 31.4 93. 21. 32.5 388. . 12 
9 20 85 66.6 28.9 90. 21. 28.7 440. . 12 
9 27 85 60.1 25.3 88. 19. 18.7 431. .04 

10 4 85 58.1 20.2 74. 18. 14.2 429. . 00 162. 1.3 
10 11 85 53.8 22.5 93. 44. 25.3 313. . 55 154. 1.5 
10 18 85 57.3 23.1 90, 23. 19.5 369. . 12 139. 1.2 
10 25 85 58.7 25.9 93. 25. 26.1 315. . 28 180. 1.3 

7 1  



TABLE C1:  WEEKLY MEASURED EVAPOTRANSPIRATION FOR 1983* 

DATE** LY S IMETER NUMBER 

MO DY 2A 2B 3A 38 3C 3D 3E 3F 4A 4B 4C 4D 6A 68 

------.--------.-----.------------------------------------------------------- ............................................................................. 
-00-0 ~ o o o ~ o o ~ ~ ~ o ~ o . o ~ ~ o ~ ~ ~ o ~ o ~ o o - ~ . ~ ~ ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ o ~ ~ ~  

~ o o ~ ~ ~ ~ o o o o o . o ~ - ~ ~ ~ o ~ o o o ~ . ~ . o ~ . ~ o ~ ~ - ~ o o o ~ ~ ~ o ~ ~ ~ o ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ . o . ~ ~ ~ - - - . - ~ -  

7 12 0.78 1.46 0.87 1.67 1.52 1.36 1.49 1.45 -99. -99. -99. -99. 0.82 0.87 
7 19 1.34 1.78 1.36 1.59 0.98 1.39 1.18 1.41 1.19 0.85 2.39 1.71 2.40 1.93 
7 26 1.12 1.28 0-82  1.01 1.09 1.51 1.33 2.07 1.26 0.84 1.92 1.36 1.15 3.26 
8 2 1.44 1.64 0.92 1.10 1.07 1.33 1.36 1.82 0.38 1.11 0.94 1.39 2.15 2.44 
8 9 1.71 2.32 1.40 1.76 1.57 1.55 1.95 2.42 1.39 0.88 1.68 1.44 1.68 2.22 
8 16 2.12 3.19 0.06 0.07 0.96 1.12 0.53 1,17 0.84 0.63 1.81 1.44 2.21 1.97 
8 23 1.60 1.90 0.89 0.96 0.41 0.60 0.25 0.00 2.38 0.75 0.83 0,78 1.67 0.04 
8 30 1.52 2.13 0.58 1.80 0.93 0.74 1.00 0.16 1.30 1.34 1.16 0.72 2-05 2.76 
9 6 1.86 1.64 1.88 1.73 0.99 0.94 1.42 1.09 1.44 0.91 1.05 1.22 0.70 1.40 
9 13 2.31 1.11 1.75 0.27 0.97 1.21 1.35 1.34 1.21 1.44 0.60 1.23 0.00 2 - 4 1  
9 20 1.57 1.02 1.17 0.57 0.58 0.71 0.65 0.86 1.15 1.20 1.34 0.84 2.48 2.79 
9 27 1.17 1.00 1.20 1.20 0.98 0.90 0.75 0.85 0.97 0.55 0.90 0.69 1.52 0.81 

10 4 0.92 0.86 -99. -99. -99. -99. -99. -99. -99. -99. -99. -99. 0.61 0.00 -------------------------------------------------------~--------------------- ............................................................................. 
* ALL MEASUREMENTS ARE LISTED I N  INCHES 

** DATES INDICATED ARE ENDS OF WEEKS 
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, 

5 10 
5 17 
5 24 
5 31  
6 7  
6 14 
6 21 
6 28 
7 5  
7 12 
7 19 
7 26 
8 2  
8 9  
8 16 
8 23 
8 30 
9 6  
9 13 
9 20 
9 27 

10 4 
10 11 
10 18 

0.67 1.11 -99. -99. -99. -99. -99. -99. -99. -99. -99. -99. 1.00 0.95 
0.74 1.18 -99. -99. -99. -99. -99. -99. -99. -99. -99. -99. 1.21 1.09 
0.70 1.03 1.18 0.55 0.44 0.38 0.35 0.69 0.69 0.49 1.24 0.88 2.35 1.64 
0.90 1.42 0.90 0.56 1.15 1.02 0.99 1.04 0.96 0.77 1.36 1.37 2.10 1.33 
1.05 1.65 1.68 1.45 0.96 1.08 1.22 1.03 0.96 0.48 1.12 1.09 2.12 0.94 
0.86 1.63 0.21 0.26 0.54 0.52 0.56 0.42 1.00 0.64 1.20 1.12 2.11 1.17 
1.17 2.52 2.00 1.47 0.85 1.01 0.68 0.83 1.47 0.61 1.25 1.08 2.88 1.80 
1.24 2.85 2.85 2.65 1.49 1.09 1.61 1.60 2.48 1.45 2.08 2.42 3.54 2.10 
1.24 3.16 0.14 0.67 1.05 1.16 1.01 1.31 1.91 1.25 1.46 1.69 3.05 1.34 
1.64 3.39 3.43 1.87 1.71 1.36 1.91 1.68 2.79 1.80 2.39 2.57 3.39 1.29 
1.66 1.17 0.00 1.90 1.11 1.48 1.44 1.46 2.31 1.16 1.80 1.56 2.41 2.47 
1.45 1.14 2.23 1.64 0.52 0.93 0.63 0.90 1.36 1.21 1.19 0.85 2.38 1.49 
1.05 1.20 2.96 2.29 1.15 1.05 0.75 1.27 1.39 1.20 0.96 0.96 3.09 1.67 
1.32 2.23 2.55 2.26 0.65 0.86 0.88 0.83 1.25 1.06 1.13 0.64 2.99 1.13 
1.23 2.56 1.51 1.28 0.24 1.06 0.87 1.25 1.39 1.27 1.38 0.65 3.68 1.94 
0.93 2.86 2.04 1.20 0.58 0.89 0.71 1.35 1.15 1.16 1.23 0.90 3.52 1.52 
1.30 3.09 1.70 0.89 0.41 0.91 0.54 1.05 1.19 1.10 1.36 0.44 2.86 1.58 -. 
1.37 2.84 0.00 0.55 0.31 1.07 0.27 1.10 1.24 1.28 1.41 0.47 1.30 1.51 
1.37 1.02 1.30 0.44 0.41 0.76 0.38 0.84 1.14 1.05 1.15 0.57 1.21 1.19 
0.97 0.53 0.00 0.36 0.28 0.83 0.16 0.14 0.86 0.80 0.95 0.45 1.12 1.15 
0.67 0.70 0.40 0.11 0.49 0.44 0.31 0.01 0.65 0.59 0.62 0.60 0.88 0.55 
0.70 0.51 0.02 0.36 0.20 0.37 0.12 0.27 0.65 0.54 0.74 0.22 0.88 0.70 
0.67 0.90 0.62 0.00 0.31 0.43 0.23 0.45 0.66 0.59 0.89 0.25 0.75 0.71 
1.60 0.73 0.00 -99. 0.66 1.40 1.08 1.32 0.66 0.41 0.81 0.00 0.63 1.36 
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5 31 
6 7  
6 14 
6 21 
6 28 
7 5  
7 12 
7 19 
7 26 
8 2  
8 9  
8 16 
8 23 
8 30 
9 6  
9 13 
9 20 
9 27 
10 4 

1.10 1.36 1.04 0.62 0.59 0.92 0.92 1.05 1.45 1.31 2.31 1.42 2.12 1.59 
1.55 1.86 1.98 1.60 0.92 1.19 1.45 1.37 1.57 1.60 2.27 1.59 2,66 2.03 
1.33 1.64 0.77 1.66 0.99 1,14 1.46 1.31 1.70 1.60 2.14 1.37 2.13 1.96 
1.59 2.05 1.57 1.34 1.12 1.25 1.17 1.69 2.51 1.58 1.95 1.55 2.84 1.98 
1.65 2.47 1.77 1.21 1.11 1.45 1.40 1.64 2.70 1.31 1.72 1.39 3.82 1.46 
1.01 2.33 0.80 1.24 0.95 1.29 1.40 1.06 2.30 1.18 2.24 1.66 3.94 1.75 
1.36 3.14 1.33 1.57 1.26 1.33 1.75 1.90 2.75 1.44 2.41 1.63 3.82 2.09 

1.45 1.50 1.61 1-44 1.13 1.75 1.10 1.55 2.77 1.00 1.61 1.65 2.66 0.99 
1.35 1.55 1.31 1.06 0.76 1.24 1.03 1.81 2.14 1.16 1.73 1.20 2.89 1.23 
1.83 2.07 1.25 0.77 0.62 0.85 0.73 1.35 1.75 1.33 1.56 0.61 3.67 1.85 
1.92 2.52 1-19 0.64 0.29 0.45 0.24 0.86 1.42 1.28 0.83 0.28 4.57 1.80 
1.54 2.64 1.25 0.41 0.07 0.93 0.23 0.80 1.26 1.45 1.13 0.29 3.61 1.40 
1.58 2.27 1.34 0.35 0.29 0.83 0.27 0.95 1.51 1.35 1.19 0.38 3.21 1.26 
1.57 1.64 1.96 0.26 0.26 0.64 0.19 0.72 1.72 1.05 0.84 0.39 3.02 1.29 
1.45 1.68 0.00 0.88 0.39 1.07 0.40 0.61 1.55 1.06 0.81 0.77 1.37 1.61 

0.43 0.81 0.30 0.00 0.38 0.34 0.26 0.41 0.91 0.68 0.50 0.28 1.04 0.74 
0.89 0.42 0.20 0.26 0.12 0.25 0.18 0.00 0.23 0.47 0.59 0.14 0.69 0.89 

1.80 2.42 1.46 1.43 1.28 1.59 1.84 1.41 3.19 1.27 1.76 1.27 2.58 1.77 

0.98 1.35 0-58 0.51 0.31 0.68 0.30 0.40 1.12 0.45 0.85 0.07 0.13 0.64 -* 
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TABLE C4. WEEKLY MEASURED PAN EVAPORATION* 

DATE** MERNA DAN I EL SEEDSKADEE 

MO DY 1984 1985 1984 1985 1984 1985 

5 3 1  0 -  1.00 1.47 1.43 -0  2.03 
6 7  1.55 1.02 1.33 1.51 1.86 2.22 
6 14 1.17 1.86 1.05 2.05 1.76 2.87 
6 2 1  1.80 2.15 1.63 2.32 2.53 3.04 
6 28 2.00 2.04 1.79 1.72 2.91 2.58 
7 5  2.15 1.55 2.08 1.22 3.20 2.35 
7 12 1.71 1.78 2.21 1.82 2.62 2.94 
7 19 1.69 1.63 1.59 1.55 2.43 2.72 
7 26 1.01 1.71 1.43 1.31 1.89 2.27 
8 2  1.85 1.29 1.44 1.39 2.27 2.61 
8 9  1.15 1.47 1.38 1.68 1.88 3.01 
8 16 1.16 1.64 1.94 1.84 2.12 3.05 
8 23 1.29 1.73 1.43 1.71 1.78 2.74 
8 30 1.13 1.40 1.51 1.63 2.09 2.51 
9 6  1.42 0.95 1.36 1.33 2.19 2.40 
9 13 1.14 2.29 1.22 1.73 1.92 1.57 
9 20 1.01 0.34 0.97 0.76 1.14 1.32 
9 27 1.23 0.47 0.98 0.75 1.27 1.63 

10 4 0.92 0.65 0.68 1.73 0.89 1.26 
10 11 0.99 II 0.88 0 9  0.96 0. 

10 18 0.38 -- -- -- 0.75 == 

* ALL  MEASUREMENTS ARE I N  INCHES 
** DATES INDICATED ARE ENDS OF WEEKS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

==... ..=.-==.-..== 9-==.===-=--. .~~~.-- .9. .9.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................................................. ................................................................. 

75 



TABLE D1. DATES OF WATER BALANCE MEASUREMENTS* 

LYSIMETER S I T E  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 -  o...o~o..~..~oo.o..ooooo~..o..o.oo~~.~~..o.o~~...~..o.o..~.~o.o~~.o 

YEAR 2 A  2B 3 A  3B 3C 3D 3E 3F 4A 4B 4C 40 6A 6B 

1983 
o o ~ . o o o ~ ~ o o o . 9 . ~ o . ~ o o o . . o o . . . o . ~ o o . o ~ o . ~ o o o . o . o . o o o o ~ ~ o w o o o . ~ = o ~ - = . . o o w ~ - . -  

0602 0602 0602 0602 0602 0602 0602 0602 0601 0601 0601 0601 0602 0602 
0610 0610 0610 0610 0610 0610 0610 0610 0610 0610 0610 0610 0611 0611 
0618 0618 0618 0618 0618 0618 0618 0618 0617 0617 0617 0617 0617 0617 
0625 0625 0625 0625 0625 0625 0625 0625 0624 0624 0624 0624 0624 0624 
0702 0702 0702 0702 0702 0702 0702 0702 0701 0701 0701 0701 0701 0701 
0709 0709 0709 0709 0709 0709 0709 0709 0709 0709 0709 0709 0708 0708 
0715 0715 0716 0716 0716 0716 0716 0716 0715 0715 0715 0715 0716 0716 
0721 0721 0722 0722 0722 0722 0722 0722 0722 0722 0722 0722 0721 0721 
0730 0730 0730 0730 0730 0730 0730 0730 0729 0729 0729 0729 0729 0729 
0805 0805 0805 0805 0805 0805 0805 0805 0804 0804 0804 0804 0804 0804 
0812 0812 0811 0811 0811 0811 0811 0811 0810 0810 0810 0810 0810 0810 
0819 0819 0819 0819 0819 0819 0819 0819 0819 0819 0819 0819 0818 0818 
0825 0825 0825 0825 0825 0825 0825 0825 0824 0824 0824 0824 0824 0824 
0903 0903 0903 0903 0903 0903 0903 0903 0902 0902 0902 0902 0902 0902 

0916 0916 0916 0916 0916 0916 0916 0916 0916 0916 0916 0916 0916 0916 
0924 0924 0924 0924 0924 0924 0924 0924 0924 0924 0924 0924 0923 0923 
0930 0930 0930 0930 0930 0930 0930 0930 0930 0930 0930 0930 0930 0930 
1007 1007 1006 1006 

1984 0428 0428 0428 0428 
0509 0509 0507 0507 
0514 0514 0518 0518 0515 0515 0515 0516 0517 0517 0517 0517 0518 0518 
0524 0524 0523 0523 0523 0523 0523 0523 0523 0523 0523 0523 0522 0522 
0531 0531 0531 0531 0531 0531 0531 0531 0530 0530 0530 0530 0530 0530 
0607 0607 0606 0606 0606 0606 0606 0606 0606 0606 0606 0606 0605 0605 
0614 0614 0614 0614 0614 0614 0614 0614 0613 0613 0613 0613 0613 0613 
0621 0621 0621 0621 0621 0621 0621 0621 0621 0621 0621 0621 0620 0620 
0628 0628 0628 0628 0628 0628 0628 0628 0627 0627 0627 0627 0627 0627 
0706 0706 0706 0706 0706 0706 0706 0706 0706 0706 0706 0706 0705 0705 
0712 0712 0712 0712 0712 0712 0712 0712 0711 0711 0711 0711 0711 0711 
0720 0720 0719 0719 0719 0719 0719 0719 0718 0718 0718 0718 0718 0718 
0727 0727 0727 0727 0727 0727 0727 0727 0726 0726 0726 0726 0726 0726 
0803 0803 0802 0802 0802 0802 0802 0802 0802 0802 0802 0802 0801 0801 
0809 0809 0809 0809 0809 0809 0809 0809 0808 0808 0808 0808 0808 0808 
0817 0817 0816 0816 0816 0816 0816 0816 0816 0816 0816 0816 0815 0815 
0823 0823 0823 0823 0823 0823 0823 0823 0822 0822 0822 0822 0822 0822 
0830 0830 0829 0829 0830 0830 0830 0830 0829 0829 0829 0829 0828 0828 
0906 0906 0906 0906 0906 0906 0906 0906 0905 0905 0905 0905 0905 0905 
0913 0913 0913 0913 0913 0913 0913 0913 0912 0912 0912 0912 0912 0912 
0920 0920 0920 0920 0919 0919 0919 0919 0919 0919 0919 0919 0919 0919 
0927 0927 0927 0927 0927 0927 0927 0927 0926 0926 0926 0926 0926 0926 
1004 1004 1003 1003 1003 1003 1003 1003 1004 1004 1004 1004 1003 1003 
1012 1012 1011 1011 1012 1012 1012 1012 1011 1011 1011 1011 1010 1010 

1017 1017 1018 1018 1018 1018 1018 1018 1018 1017 1017 

0911 0911 0910 0910 0910 0910 0910 0910 0911 0911 0911 0911 0910 0910 
-' 

~~o~o~oog.~~.~ooo~ooo~ooo~~~~.~.~~..~~~~~o~~~~o.....~~..oo~~~.~oo~oo..~~-o= 

1012 

9o.~.o~...~.~.~o~o~9~.~~o~o.oo~oo~...o~~~o9o~.o..oo~~~o~g"o~~~oogoo~..~~ooo 

Continued 
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TABLE D1. DATES OF WATER BALANCE MEASUREMENTS* (cont.) ........................................................................ ........................................................................ 
LYSIMETER S I T E  

0 9 ~ ~ 0 ~ ~ ~ ~ 9 ~ 9 . 0 ~ ~ ~ 0 1 ~ ~ 0 ~ 0 ~ ~ ~ ~ ~ 0 ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 0 9 - - ~ - . - ~ . - . = - - . - - - -  

YEAR 2A 2B 3A 3B 3C 3D 3E 3F 4A 48 4C 40 6A 6B 

1985 
~ ~ ~ ~ ~ 9 9 9 ~ 1 ~ 0 ~ ~ 0 9 9 0 9 9 ~ ~ ~ . 9 0 0 0 ~ ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 9 0 - ~ 9 . ~ ~ - - - . - ~ - - ~ - -  

0522 0522 0523 0523 0523 0523 0523 0523 0523 0523 0523 0523 0522 0522 
0529 0529 0530 0530 0530 0530 0530 0530 0529 0529 0529 0529 0529 0529 
0605 0605 0606 0606 0606 0606 0606 0606 0605 0605 0605 0605 0605 0605 
0612 0612 0613 0613 0613 0613 0613 0613 0612 0612 0612 0612 0612 0612 
0619 0619 0620 0620 0620 0620 0620 0620 0619 0619 0619 0619 0619 0619 
0626 0626 0627 0627 0627 0627 0627 0627 0626 0626 0626 0626 0626 0626 
0703 0703 0704 0704 0704 0704 0704 0704 0703 0703 0703 0703 0703 0703 
0710 0710 0711 0711 0711 0711 0711 0711 0710 0710 0710 0710 0710 0710 
0717 0717 0718 0718 0718 0718 0718 0718 0717 0717 0717 0717 0717 0717 
0724 0724 0725 0725 0725 0725 0725 0725 0724 0724 0724 0724 0724 0724 
0731 0731 0801 0801 0801 0801 0801 0801 0731 0731 0731 0731 0731 0731 
0807 0807 0808 0808 0808 0808 0808 0808 0807 0807 0807 0807 0807 0807 
0814 0814 0815 0815 0815 0815 0815 0815 0814 0814 0814 0814 0814 0814 
0821 0821 0820 0820 0820 0820 0820 0820 0820 0820 0820 0820 0821 0821 
0828 0828 0829 0829 0829 0829 0829 0829 0828 0828 0828 0828 0828 0828 
0907 0907 0907 0907 0907 0907 0907 0907 0906 0906 0906 0906 0906 0906 
0913 0913 0912 0912 0912 0912 0912 0912 0912 0912 0912 0912 0913 0913 
0920 0920 0919 0919 0919 0919 0919 0919 0919 0919 0919 0919 0920 0920 
0927 0927 0926 0926 0926 0926 0926 0926 0926 0926 0926 0926 0927 0927 

' 1007 1007 1009 1009 1009 1009 1009 1009 1008 1008 1008 1008 1008 1007 

-. 

-------------c------------------------------------------------------------- ........................................................................... 
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5-03-84 
5-10-84 
5-17-84 
5-24-84 
5-31-84 
6-07 -84 
6-14-84 
6-21-84 
6-28-84 
7-05-84 
7-12-84 
7-19-84 
7-26-84 
8-02-84 
8-09-84 
8-16-84 
8-23-84 
8-30-84 
9-06-84 
9-13-84 
9-20-84 
9-27 -84 

10-04-84 
10- 11 -84 
10-18-84 

13.5 15.1 25.5 19.3 
20.0 23.8 35.9 32.6 
27.8 31.5 11.8 22.1 56.6 52.5 53.1 38.8 28.1 33.0 25.5 28.9 44.8 45.0 
30.8 36.0 20.5 27.6 47.0 42.6 39.4 45.5 35.4 37.8 34.6 36.5 51.0 49.6 
31.0 37.9 21.6 17.0 52.1 46.5 45.0 50.8 39.3 41.6 35.8 37.4 52.1 51.9 
30.4 40.5 27.6 27.4 40.9 40.5 38.9 41.6 30.3 30.1 30.4 31.1 53.1 49.0 
31.8 45.5 25.1 25.9 40.5 40.5 38.9 42.2 37.6 35.8 36.6 39.0 53.0 40.3 
33.8 45.0 32.9 32.1 35.1 35.3 30.6 28.3 36.5 29.5 35.4 34.8 50.0 37.5 
16.9 46.3 45.1 53.1 41.5 39.8 39.4 37.1 38.9 26.7 36.4 37.0 51.0 40.8 
24.8 48.8 38.8 43.9 44.3 40.6 42.4 40.1 43.9 32.3 38.9 41.1 53.5 43.5 
28.6 48.3 50.4 45.4 45.1 42.8 49.5 36.6 46.8 35.5 39.9 43.3 54.4 41.0 
31.3 40.0 33.4 44.9 40.0 38.4 39.4 40.8 46.3 39.8 39.9 52.5 53.5 43.6 
26.8 27.9 37.8 43.9 53.0 35.4 51,9 38.1 43.3 35.9 33.9 56.3 49.5 40.6 
20.6 23.0 16.3 46.1 55.5 38.9 54.0 41.6 36.9 29.0 26.8 57.0 49.3 44.5 
26.0 31.8 30.8 54.9 55.3 38.1 54.0 42.4 35.9 30.9 25.4 57.0 52.0 37.5 
25.8 30.7 32.6 58.1 55.1 35.1 54.1 37.8 35.1 30.4 26.4 57.0 53.9 00.0 
30.1 34.4 35.4 58.1 55.0 38.8 54.3 33.3 31.6 27.3 17.8 57.0 54.0 27.5 
34.8 39.5 45.5 58.1 55.0 37.4 54.5 39.6 28.3 32.9 25.6 57.0 57.9 35.5 
37.3 42.0 27.8 58.1 55.0 32.8 54.6 34.6 32.1 35.0 29.3 57.0 53.5 35.6 
33.5 39.3 35.4 58.1 55.3 36.3 54.9 41.6 32.6 35.6 24.6 57.0 40.4 25.6 
33.3 33.5 18.3 58.1 55.3 35.0 54.9 37.1 31 .4  34.0 25.8 57.0 42.9 36.5 
31.4 32.4 5.9 58.1 55.3 30.0 54.9 25.3 19.4 26.1 13.6 57.0 36.4 17.8 
29.6 30.8 18.8 58.1 55.3 29.8 55.0 25.4 24.9 28.6 20.8 57.0 39.9 27.0 
30.4 32.0 22.3 58.1 56.6 31.6 55.1 26.9 29.5 32.6 26.5 57.0 40.0 28.0 
27.8 29.8 24.8 55.5 34.8 55.1 29.6 36.3 33.3 28.1 57.0 40.3 24.8 

5-24-85 
5-31-85 
6-07-85 
6-14-85 
6-21-85 
6-28-85 
7-05-85 
7-12-85 
7-19-85 
7-26-85 
8-02-85 
8-09-85 
8-16-85 
8-23-85 
8-3 0 -8 5 
9-06-85 
9-13-85 
9-20-85 
9-27-85 

10 -04-85 

27.5 26.9 22.5 31.0 48.5 42.1 38.8 38.3 29.5 31.8’22.0 20.8 34.0 26.0 
30.5 34.0 22.0 24.0 46.5 40.9 37.3 37.3 34.5 34.0 29.0 25.0 39.5 38.6 
27.8 36.5 24.5 28.5 45.8 40.1 37.8 37.3 40.0 38.0 35.0 30.5 46.5 46.5 
35.3 41.1 30.5 40.8 47.5 42.1 41.8 42.0 46.3 46.0 42.0 37.5 53.0 53.0 
41.5 47.5 35.5 51.5 49.8 42.6 48.3 47.5 51.5 47.5 45.0 37.5 54.5 26.3 
36.5 43.5 46.0 46.5 48.8 42.6 52.0 48.0 52.0 41.0 43.5 30.5 54.5 41.0 
27.5 39.5 18.0 27.0 39.8 36.4 37.8 36.0 40.8 29.8 34.0 36.0 51.0 33.5 
34.3 40.5 27.5 43.0 42.0 38.1 44.8 41.5 5 0 . 5  38.5 38.5 41.5 53.5 44.5 
30.5 40.5 32.8 40.3 41.3 38.1 47.0 40.3 48.5 30.0 32.5 38.5 45.5 37.3 
29.5 31.5 24.5 52.5 47.0 35.1 53.8 34.3 46.5 34.5 32.5 48.5 39.3 36.0 
27.8 30.5 15.5 52.5 47.0 32.1 54.3 28.8 46.5 39.0 31.5 54.5 47.5 30.0 
28.0 39.5 29.5 54.0 56.0 30.6 54.8 35.8 39.0 41.5 32.8 53.5 51.0 47.0 
29.5 46.5 30.5 54.5 56.5 30.9 55.3 32.8 36.8 39.5 30.0 54.5 51.5 28.3 
30.5 45.0 28.8 54.5 56.0 33.1 55.3 34.5 32.0 37.5 26.5 54.5 47.8 43.3 
29.5 45.5 26.8 54.5 55.5 33.1 55.8 34.3 37.5 44.3 30.5 55.5 48.5 36.0 
32.3 45.0 44.5 54.5 55.5 32.6 55.8 33.3 39.8 41.0 27.5 55.5 52.5 33.5 
29.0 41.3 17.8 54.5 54.5 33.0 55.5 30.5 38.6 44.1 25.0 55.5 48.4 22.5 
28.9 36.0 20.9 54.5 54.3 31.5 55.6 28.9 36.3 35.0 27.5 55.5 37.0 32.9 
27.4 34.4 20.0 54.5 54.4 31.8 55.8 36.5 37.4 36.9 26.1 55.5 40.1 40.9 
28.9 34.2 17.6 54.5 54.5 32.2 55.8 32.6 39.7 39.9 30.8 55.5 44.0 43.0 
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TABLE 03. PERCENT MOISTURE DEPLETION I N  LYSIMETERS FOR 1984 AND 1985 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LYSIMETER SITE 
0 . ~ 0 .  ~ . . ~ . ~ . ~ - ~ ~ 1 ~ ~ 1 . . ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ - - - ~ ~  

DATE* 2A 2B 3A 3B 3C 3D 3E 3F 4A 48 4C 40 6A 6B 

4-28-84 0 0 0 0  
5-08-84 0 0 15 3 
5-16-84 0 12 0 0 0 0 0 0 0 0 0 0 29 15 
5-23-84 0 16 3 6 28 16 22 8 11 8 10 9 32 18 
5-31-84 0 21  6 12 28 20 23 11 18 14 17 16 37 25 
6-07-84 0 19 9 8 23 18 23 14 10 1 8 7 38 20 
6-14-84 0 2 1  8 7 24 17 23 10 16 10 17 15 36 18 
6-21-84 1 26 12 13 3 1  20 26 14 17 3 16 13 37 1 3 ,  
6-28-84 0 30 2 1  17 36 27 34 24 26 5 22 23 43 20 
7-05-84 0 3 1  19  18 32 32 3 1  27 31  10 23 25 42 16 
7-12-84 0 30 19 20 25 27 24 29 29 10 20 24 43 13 
7-19-84 3 24 20 24 34 34 33 32 35 15 25 38 33 16 
7-27-84 0 5 15 2 1  24 17 25 12 24 9 15 36 29 13 
8-02-84 0 0 7 7 23 5 20 4 18 0 2 37 28 12 
8-09-84 0 8 12 14 32 17 29 13 18 6 0 39 34 11 
8-16-84 0 10 14 2 1  35 17 39 20 20 5 0 45 39 0 
8-23-84 0 16 12 24 34 12 39 16 13 0 0 45 38 1 
8-29-84 0 22 13 26 36 11 42 14 8 5 0 49 40 6 
9-06-84 0 24 11 28 38 13 43 16 11 12 5 52 3 1  7 
9-13-84 0 13 10 28 36 9 4 1  9 8 5 0 53 25 1 
9-20-84 0 14 8 30 38 13 42 8 11 10 3 55 25 7 
9-27-84 0 9 0 24 3 1  0 34 0 0 0 C 49 18 0 

10-04-84 0 8 4 23 3 1  2 33 0 3 0 Q 50 23 0 
10-11-84 0 10 6 25 34 6 34 3 11 4 0 53 23 0 

0 ~ 0 .  ~ ~ . ~ ~ ~ ~ w ~ ~ . o . ~ ~ ~ . ~ ~ . ~ ~ ~ - ~ ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . . . ~ ~ ~ ~ ~ ~ - ~ - - = - - - - =  

10-18-84 0 12 7 33 5 34 4 15 2 1 54 22 0 
1 ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . 1 ~ ~ ~ w ~ . o ~ - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ o ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ . ~ ~ . . .  

5-23-85 0 0 0 1 0  0 0 0 0 0 0 0 4 1 
5-30-85 0 0 6 11 8 8 11 9 7 5 16 6 18 2 
6-06-85 18 12 39 23 28 27 34 34 27 26 40 3 1  37 18 
6-13-85 28 34 33 25 32 36 48 40 33 3 1  40 36 45 23 
6-20-85 35 4 1  33 22 32 44 36 38 34 32 51 37 49 16 
6-27-85 17 26 26 20 20 40 19 36 3 1  20 36 26 49 14 
7-04-85 10 28 43 36 33 44 37 4 1  30 27 45 36 39 15 

7-18-85 14 28 3 1  29 21  37 29 37 3 1  20 38 32 27 14 
7-25-85 17 18 29 24 18 39 24 33 32 25 36 38 29 10 
8-01-85 10 12 39 27 22 32 30 30 26 24 33 4 1  29 13 
8-08-85 9 24 3 1  33 30 47 4 1  40 20 29 38 5 1  28 16 
8-15-85 24 36 34 38 37 5 1  45 39 28 30 38 54 42 16 
8-21-85 20 33 31 40 36 40 45 24 27 27 32 55 40 16 
8-29-85 18 32 32 43 39 43 46 32 27 27 33 57 32 10 
9-06-85 2 1  30 20 -43 4 1  40 46 33 3 1  27 3 1  58 39 6 
9-13-85 12 14 36 39 34 21  38 15 16 12 18 59 25 20 
9-20-85 13 18 33 42 35 22 38 23 17 14 20 52 22 11 
9-27-85 4 22 35 38 37 22 38 22 3 1  17 27 52 28 8 

10-08-85 17 23 35 36 32 20 35 19 30 23 30 53 34 13 

7-11-85 8 27 36 28 34 48 38 49 35 30 5 1  46 42 16 

---------------------------------------------------------------------- ...................................................................... 
* ACTUAL DATES OF MEASUREMENTS MAY VARY BY ONE DAY FROM THOSE LISTED 

FOR ANY SPECIFIC VALUE. 
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TABLE D4. AVERAGE CROP HEIGHT IN LYSIMETERS* ---------------------------------------------------------------- ---------------------------------------------------------------- 
LYSIMETER SITE 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ . - - - -  

DATE 2A 26 3A 38 3C 3D 3E 3F 4A 4B 4C 4D 6A 68 
. ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - . -  

6-14-83 6 
6-21-83 1 1  3 3 4 2 5 6 1 1  4 4 1 1  
6-28-83 1 1  5 7 6 3 7 7 1 1  5 7 1 2  
7-05-83 3 3 2  2 3  
7-12-83 5 8 9 8 6 8 1 3  3 3 
7-19-83 4 6 2 
7-26-83 
8-02-83 5 7 12 12 6 7 13 12 2 2 9 10 7 8 
8-09-83 6 10 17 18 16 16 20 18 2 3 4 3 9 10 
8-16-83 8 10 19 20 2 20 24 21  2 2 3 3 14 14 
8-23-83 12 15 3 3 3 3 3 4 4 2 3 3 
8-30-83 17 17 4 3 5 3 2 4 5 3 3 3 19 20 
9-06-83 20 19 4 2 5 3 2 4 2 4 4 4 28 23 
9-13-83 18 3 3 3 4 4 3 5 6 4 3 3 6 25 
9-20-83 25 3 3 3 4 4 3 5 6 4 3 3 6 27 
9-27-83 22 4 4 3 2 3 3 3 5 3 2 3 5 26 

10-04-83 3 3 3 3 2 3 3 2 2 3 3 3 3 4 
10-11-83 4 3 4 5  

5-03-84 2 2 2 2  
5-10-84 1 1 1 2  
5-17-84 2 3 2 2 2 1 2  2 1 1  1 1  5 4 
5-24-84 4 4 3 2 3 3 3 4 2 3 2 2 5 4 
5-31-84 4 5 3 4 3 3 3 5 3 4 3 3 9 4 
6-07-84 4 6 4 4 4 3 4 5 5 4 3 4 10 4 
6-14-84 4 7 5 4 5 3 4 6 4 1 3 6 12  6 
6-21-84 4 11 9 9 8 5 6 9 7 3 6 9 15 4 
6-28-84 5 15 10 11 12 6 7 13 11 3 10 12 18 7 
7-05-84 5 20 15 15 16 13 13 16 16 4 15 20 23 7 
7-12-84 5 27 20 19 22 18 17 21  18 5 18 22 2 1  5 
7-19-84 5 5 27 28 27 23 24 .28 24 4 24 26 6 6 
7-26-84 4 8 35 36 39 32 3 1  40 5 6 5 4 12 6 
8-02-84 4 12 37 4 1  44 36 37 45 9 5 6 5 16 6 
8-09-84 6 17 44 42 46 38 42 46 11 5 7 5 22 6 
8-16-84 3 2 1  42 45 3 4 42 46 8 5 8 6 25 7 
8-23-84 4 23 42 45 3 5 42 47 8 6 7 8 26 6 
8-30-84 4 25 43 44 3 5 3 48 9 4 7 6 27 6 
9-06-84 4 4 4 3 3 6 3 4 9 5 8 6 5 6 
9-13-84 4 3 4 3 3 5 4 5 7 4 10 5 7 5 
9-20-84 5 5 4 3 3 5 3 5 7 5 9 6 9 6 
9-27-84 4 4 3 3 3 3 3 5 7 4 9 6 9 3 

10-04-84 3 5 3 3 3 3 3 5 6 4 5 7 7 5 
10-11-84 3 4 4 3 3 3 3 4 5 3 5 5 7 3 
10-18-84 3 3 5 4  7 3  

- - - 9 - I - - - - - - - - - - 9 . - I - - - - - - - - - ~ - ~ - - - - - - - - - - - - o - . ~ - - - ~ - o - - - - - - - - - -  

Continued 
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5-24-85 
5-31-85 
6-07-85 

6-14-85 
6-21-85 
6-28-85 
7-05-85 
7-12-85 
7-19-85 
7-26-85 
8-02-85 
8-09-85 
8-16-85 
8-23-85 
8-30-85 
9-06-85 
9-13-85 
9-20-85 
9-27-85 

2 
4 
4 

4 
5 
3 
4 
4 
5 
4 
6 
6 
5 
5 
5 
3 
5 
5 
5 

3 
4 
5 

8 
8 

12 
15 
18 
2 1  
5 

10 
10 
10 
13 
12 
4 
5 
5 
5 

3 
4 
5 

7 
8 
8 
9 

12 
12  
10 
14  
15 
15 
13 
15 
4 
4 
4 
4 

2 
4 
4 

6 

9 
10 
16 
13 
13 
12 
18 
15 
14 
12 
3 
4 
4 
4 

2 
3 
4 

6 
6 
7 

10 
10 
13 
15 
20 
20 

4 
3 
4 
4 
4 
4 
4 

1 
2 
2 

3 
5 
5 
7 

10 
10 
10 
15 
18 
4 
4 
4 
4 
4 
4 
4 

3 
5 
5 

6 
7 
7 
8 

11 
10 
12 
13 
15 
4 
4 

4 
4 
4 
4 

4 
5 
7 

8 
11 
12 
13 
20 
19 
19 
23 
22 

4 
4 
4 
4 
4 
4 
4 

3 4  
4 5  
5 6  

8 5  
13 5 
15 4 
20 5 
24 6 
26 4 
28 3 
29 6 
27 6 

4 3  
6 .  4 
6 4  
9 4  
9 5  
9 5  
9 5  

4 
6 
6 

8 
13 
16 
2 1  
25 
28 
27 
28 
28 

4 
5 
6 
7 
7 
7 
7 

3 
4 
6 

7 
8 

10 
14 
12 
15 
20 
17 
18 

3 
3 
3 
3 
3 
3 
3 

5 6  
10 7 
12 5 

15 5 
19 7 
22 6 
25 7 
27 7 

7 6  
12 5 
17 6 
17 7 
17 4 
20 4 
20 5 
2 1  5 

5 5  
5 5  
5 5  

8 1  



6-28-83 
7-05-83 
7 - 12-83 
7-19-83 
7 - 26-83 
8-02-83 
8-09-83 
8-16-83 
8-23-83 
8-30-83 
9-06-83 
9-13-83 
9-20-83 
9-27-83 

10-04-83 
10-1 1-83 

90 50 80 75 

60 25 100 
75 75 100 100 75 100 100 75 25 50 100 100 
75 75 100 100 50 100 75 75 25 100 100 100 75 100 
75 75 100 100 75 100 75 75 25 100 100 100 75 100 

100 100 100 100 75 100 100 75 50 100 100 100 100 100 
100 100 100 100 75 100 100 75 75 100 100 100 100 100 
100 100 100 100 75 100 100 75 75 100 100 100 100 100 
100 100 100 100 75 100 100 75 100 100 100 100 100 100 
100 50 100 100 75 100 100 75 75 100 100 100 50 100 
100 50 100 100 100 100 75 100 75 100 100 100 75 100 
100 75 100 100 75 100 100 75 50 100 100 100 75 100 
50 75 100 100 75 100 100 75 75 100 100 100 75 I 75 
50 75 75 75 

5-03-84 
5-10-84 
5 - 1  7 -84 
5-24-84 
5-31-84 
6-07-84 
6-14-84 
6-21-84 
6-28-84 
7-05-84 
7-12-84 
7-19-84 
7-26-84 
8-02 -84 
8-09-84 
8-16-84 
8-23-84 
8-30-84 
9-06-84 
9-13-84 
9-20-84 
9-27-84 

10-04-84 
10-1 1-84 
10-18-84 

75 75 75 75 
20 25 40 75 
60 50 100 100 75 100 100 75 50 25 100 100 75 100 
50 75 100 100 75 75 100 75 50 25 1 C C  100 75 75 
50 100 100 100 75 75 90 85 50 35 100 100 100 75 
50 75 100 100 75 100 100 75 50 25 100 100 100 75 
60 100 100 100 85 100 100 100 65 100 1 C O  100 100 85 

100 100 100 100 100 100 100 100 
75 100 100 100 100 100 100 100 100 100 100 100 100 100 
75 100 100 100 100 100 100 100 100 100 100 100 100 100 
75 100 100 100 100 100 100 100 100 100 100 100 100 100 
75 75 100 100 100 100 100 100 100 100 100 100 75 100 

100 75 100 100 100 100 100 100 75 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 75 100 100 100 100 100 
100 100 100 100 75 100 100 100 7 5  100 100 100 100 100 
100 100 100 100 75 100 100 100 75 100 100 100 100 100 
100 100 100 100 75 100 100 100 75 100 100 100 100 100 
100 100 100 75 75 100 100 100 100 100 100 100 50 100 
100 50 100 100 75 100 100 75 100 100 100 100 75 100 
100 75 100 100 75 100 100 75 75 100 100 100 100 100 
100 75 100 100 100 100 100 75 100 100 100 100 100 100 
100 75 100 100 100 100 100 75 100 100 100 100 100 100 
100 75 100 100 75 100 100 75 100 100 100 100 100 100 
100 75 100 100 100 100 75 100 100 100 100 100 

Continued 
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5 -24-85 
5-31-85 
6-07-85 
6-14-85 
6-21-85 

6-28-85 
7-05-85 
7-12-85 
7-19-85 
7-26-85 
8-02-85 
8-09-85 
8-16-85 
8-23-85 
8-30-85 
9-06-85 
9-13-85 
9-20-85 
9-27-85 

10-11-85 

87 60 98 50 85 72 83 80 90 98 100 98 55 90 
75 78 98 90 80 80 98 93 90 93 100 85 98 
75 80 98 85 70 80 98 95 98 90 100 98 98 96 
75 85 100 90 70 80 100 98 100 100 100 95 100 98 
75 80 100 80 85 90 98 100 100 100 98 98 95 

80 93 100 100 80 100 100 100 100 100 100 98 100 100 
80 98 100 100 80 100 100 100 100 100 100 100 100 100 
85 100 100 100 100 90 100 100 100 100 100 100 100 98 
90 100 100 100 90 100 100 100 100 98 100 100 85 100 
95 50 100 100 98 100 100 100 100 100 100 100 98 100 

100 80 100 100 95 100 100 100 100 100 100 100 100 100 
98 95 100 100 95 l o o  100 l o o  l o o  100 100 100 100 

100 98 100 85 98 100 95 95 100 100 98 100 100 
100 100 100 95 98 99 98 90 100 100 95 100 100 
100 90 100 98 90 85 98 98 95 100 100 100 100 100 
100 100 100 100 95 85 98 98 100 100 100 100 100 100 
100 100 100 100 100 85 98 98 100 100 100 100 100 100 
100 100 100 100 95 85 98 98 100 100 100 100 100 100 
100 100 100 100 100 100 

100 95 100 100 95 100 100 98 100 100 
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0 0 ~ . 0 . ~ 0 0 ~ ~ 0 0 0 0 0 0 0 0 0 0 ~ ~ ~ ~ ~ 0 0 0 0 ~ ~ 0 - - - 0 0 ~ ~ 0 0 0 ~ - . 0 0 0 0 ~ - 0 1 0 . = ~ ~ ~ - 1 -  

38 MOUNTAIN MEADOW SWEET CLOVER 40 
TIMOTHY 3 5  
DANDELION 2 0  
RED TOP BENTGRASS 5 
TIMOTHY 60 
RED TOP BENTGRASS 1 5  
WESTERN YARROW 10 
DANDELION 10 
MUTTON BLUEGRASS 5 
DANDELION 45 
SWEET CLOVER 2 5  
TIMOTHY 20 
RED TOP BENTGRASS 5 
L I T T L E  BARLEY 5 
SLENDER WHEATGRASS 2 5  
SWEET CLOVER 2 5  
BLUEBURCH WHEATGRASS 20 
KENTUCKY BLUEGRASS 1 5  
TIMOTHY 5 
WESTERN YARROW 5 
L I T T L E  BARLEY 5 ............................................................... ............................................................... 

* TRACES OF OTHER VEGETATION MAY ALSO BE PRESENT. DATE OF THE 
SURVEY WAS AUG 8, 1985. VEGETATION C L A S S I F I C A T I O N S  FOR THE 
OTHER MOUNTAIN MEADOW LYSIMETERS ARE GIVEN rri TABLE 11. 

3c IMPROVED MEADOW 

3 E  IMPROVED MEADOW 

40 MOUNTAIN MEADOW 
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TABLE El. ESTIMATED ET USING CALIBRATED EQUATIONS FOR ALFALFA - 1984 .................................................................... .................................................................... 
FA0 scs O R I G  MODIFIED 

FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 
STATION MONTH PENMAN PENMAN CRIDDLE CRIDDLE CRIDDLE H A I S E  

( I N )  ( I N )  ( I N )  ( I N )  ( I N )  (IN) 
~ . 0 . 0 . 0 . 0 . 0 . ~ - . 0 . ~ ~ . . 0 . . 0 . 9 . 0 ~ 0 . ~ . . ~ 0 ~ 0 9 ~ 9 ~ . ~ ~ . ~ . ~ . . ~ ~ ~ ~ ~ ~ - 0 0 - = - ~ ~ ~ .  

MAY 4.99 6.36 5.12 5.61 5.60 5.00 
JUN 8.06 9.68 6.47 8.88 8.16 8.02 

ROCK JUL 10.30 12.07 10.71 10.41 9.46 10.40 
SPRINGS AUG 9.57 10.15 9.54 10.63 9.37 9.48 

SEP 4.74 5.63 4.89 5.31 4.50 5.04 
OCT 1.98 2.62 1.81 2.55 3.08 2.49 

SEASON 39.64 46.51 38.54 43.39 40.17 40.43 

MAY 4.89 6.70 4.79 4.60 5.12 4.36 
JUN 7.73 9.95 5.79 7.11 7.39 7.00 

FARSON JUL 8.39 10.15 8.27 7.46 8.14 8.55 
AUG 8.07 8.38 7.83 8.04 8.25 8.25 
SEP 4.10 4.89 4.06 4.11 4.07 4.21 
OCT 1.11 1.60 1.18 1.49 2.81 1.54 

SEASON 34.29 41.67 31.92 32.81 35.78 33.91 

MAY 1.85 2.09 1.75 2.00 4.53 1.85 
JUN 5.86 6.12 4.07 5.75 6.68 5.46 

MERNA JUL 6.95 7.26 6.60 7.17 8.00 6.94 
AUG 6.46 6.20 5.84 7.23 7.83 6.47 
SEP 3.03 3.38 2.83 3.55 3.82 3.10 
OCT 0.84 1.14 0.79 1.29 2.61 1.12 

SEASON 24.99 26.19 21.88 26.99 33.47 24.94 

MAY 2.19 2.48 2.16 2.51 4.59 2.31 
JUN 6.38 6.80 4.64 6.28 7.03 6.15 

DAN I EL JUL 7.62 8.13 7.53 7.80 8.28 7.80 
AUG 6.96 7.01 6.62 7.54 8.04 6.85 
SEP 3.26 3.85 3.14 3.59 3.78 3.26 
OCT 0.91 1.30 .0.88 1.32 2.65 1.18 

SEASON 27.32 29.57 24.97 29.04 34.37 27.55 

MAY 3.86 4.47 3.77 4.26 4.91 3.93 
JUN 6.79 7.63 5.19 7.08 7.39 6.63 

B I G  JUL 8.33 9.38 8.61 8.86 8.83 8.42 
PINEY AUG 7.51 7.84 7.44 8.67 8.60 7.41 

SEP 3.58 4.28 3.63 4.15 4.03 3.76 
OCT 1.46 1.98 1.28 1.88 2.69 1.87 

SEASON 31.53 35.58 29.92 34.90 36.45 32.02 

" . ~ 0 0 . - 0 w ~ 0 0 . . . 0 ~ . 0 . 9 ~ 0 . 0 . ~ . . 0 ~ . ~ . . . . . ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ . ~ . . ~ ~ ~ - - ~ . ~ . 0 0 0 0  

~1.o.-..o.o.~.o..~o.~m.~~~~~.~~..~~~~~~.o"~~....~~~o~~w~~o~oo9.~.o~. 

- - . - . - - ~ 0 . - . ~ ~ - . ~ . - 0 . ~ ~ ~ . ~ 9 ~ ~ 0 . ~ 0 ~ 0 ~ ~ ~ . ~ ~ ~ . ~ ~ ~ ~ . ~ 0 - ~ ~ ~ ~ ~ . 0 0 - 0 ~ ~ ~ ~ ~ ~ .  

w - ~ ~ ~ ~ - . 1 m . ~ ~ ~ ~ . ~ ~ o ~ . ~ . o . . o o . o ~ ~ ~ ~ ~ ~ ~ o . ~ ~ ~ ~ ~ ~ ~ . . o . ~ ~ ~ ~ ~ ~ . . ~ ~ . ~ o . ~ ~ o ~  

--- w 0 . . ~ . . ~ . 0 ~ . ~ . ~ ~ ~ ~ 0 0 . ~ ~ . ~ . ~ 0 ~ . . ~ . . 0 ~ . . 0 . ~ . . 9 - 0 ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ . ~ ~ . . . .  

Continued 
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TABLE E2. ESTIMATED ET U S I N G  CALIBRATED EQUATIONS FOR ALFALFA = 1985 .................................................................... .................................................................... 
FA0 scs ORIG.  MODIFIED 

FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 
STATION MONTH PENMAN PENMAN CRIDDLE CRIDDLE CRIDDLE H A I S E  

( I N )  ( I N )  ( I N )  ( I N )  ( I N )  (IN) 
= = = - - - - - = = - 9 - - - = . = ~ 0 - ~ ~ - - = = 9 ~ 9 . - - - - . ~ . - - - - . - ~ = ~ - - 9 . - - - . ~ . - = 9 . - - - - . ~ ~  

MAY 5.08 5.07 5.69 6.16 5.76 5.73 
JUN 9.34 10.13 8.28 10.66 8.86 10.49 

ROCK JUL 10.31 10.90 11.48 11.15 9.81 10.83 
SPRINGS AUG 9.51 10.35 10.83 9.93 9.09 10.89 

SEP 4.66 4.44 4.71 4.86 4.37 4.65 
OCT 2.11 2.19 2.32 3.00 3.31 3.07 

SEASON 41.01 43.08 43.31 45.76 41.20 45.66 

MAY 1.47 1.46 1.55 1.48 5.17 1.58 
JUN 8.74 8.65 6.62 8.06 7.81 8.51 

FARSON JUL 9.11 9.45 9.28 8.75 8.76 8.91 
AUG 10.94 10.34 9.91 8.21 8.32 9.56 
SEP 4.46 4.36 4.03 3.68 3.86 4.06 
OCT 1.94 2.19 1.90 2.26 2.92 2.52 

SEASON 36.66 36.45 33.29 32.44 36.84 35.14 

MAY 1.00 0.98 1.02 1.21 4.64 1.01 
JUN 7.01 6.66 5.25 6.50 7.11 6.49 

MERNA JUL 7.83 7.96 7.86 7.54 8.21 7.43 
AUG 8.24 7.70 7.39 6.33 7.41 6.91 
SEP 3.06 3.00 2.65 3.00 3.52 2.70 
OCT 1.45 1.54 1.33 1.89 2.73 1.86 

SEASON 28.59 27.84 25.50 26.47 33.62 26.40 

MAY 1.03 1.05 1.11 1.29 4.80 1.07 
JUN 6.71 6.41 5.10 6.75 7.25 6.68 

DAN I EL JUL 7.66 7.65 7.46 8.08 8.48 7.88 
AUG 8.36 7.85 7.22 6.40 7.48 6.98 
SEP 3.21 3.18 2.85 3.20 3.61 2.99 
OCT 1.46 1.66 1.32 1.92 2.73 1.88 

SEASON 28.43 27.80 25.06 27.64 34.35 27.48 

M A Y  4.07 3.99 4.19 4.61 5.07 4.23 
JUN 8.04 7.74 6.41 8.32 7.95 8.01 

B I G  JUL 8.70 8.91 9.23 9.26 9.04 8.68 
PINEY AUG 9.59 9.07 8.76 7.52 8.04 8.34 

SEP 3.73 3.56 3.55 3.63 3.82 3.59 
OCT 1.61 1.79 1.66 2.14 2.88 2.21 

SEASON 35.74 35.06 33.80 35.48 36.80 35.06 

= .====- . . - . . .== -= - - -= - - .= - -~ - - -~ .9~ .~ -~~9- , . . -~ ,~ - - - - - ,~~ - - -= - - . -~9~  

- ~ ~ ~ = ~ ~ . ~ = = = ~ ~ ~ . 9 0 ~ 0 ~ ~ ~ . ~ ~ 0 . ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ 0 ~ ~ ~ - ~ - - = ~ . ~ ~ .  

9--I=.0.-.--.09--.~----.~~~~~9---~~~--~--9---.~.~----~0.~0~--==-~..- 

- - - . - ~ . - . . - ~ 1 - ~ = = = - - ~ 0 ~ = - - - - - . 0 ~ ~ 9 . ~ - - - - - = ~ - . ~ . = . ~ ~ - - - ~ - - 9 - . . ~ . ~ 9 . . 9  

Cont i nued 
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TABLE E2. ESTIMATED I T  USING CALIBRATED EQUATIONS FOR ALFALFA - 1985 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FA0  scs ORIG. MODIFIED 
FA0  ASCE BLANEY BLANEY BLANEY JENSEN- 

STATION MONTH PENMAN PENMAN CRIDDLE CRIDDLE CRIDDLE HAISE 

MAY 1.61 1.55 1.79 1.87 5.71 1.77 
JUN 8.91 9.35 7.80 10.07 8.65 9.69 

SEEDSK. JUL  9.84 10.81 11.12 11.10 9.81 10.42 
AUG 10.53 11.06 10.92 9.56 8.95 10.41 
SEP 4.68 4.53 4.65 4.69 4.28 4.54 
OCT 2.15 2.36 2.32 2.82 3.23 2.90 

SEASON 37.72 39.66 38.60 40.11 40.63 39.73 

MAY 4.95 4.76 5.20 5.18 5.39 4.95 
JUN 8.31 7.94 6.53 8.34 7.95 7.96 

MOUNTAIN J U L  8.56 8.68 8.84 9.39 9.04 8.36 
VIEW AUG 10.65 9.93 9.65 8.16 8.32 8.76 

SEP 4.12 4.03 4.03 4.07 4.03 3.77 
OCT 1.94 2.08 2.02 2.68 3.15 2.51 

SEASON 38.53 37.42 36.27 37.82 37.88 36.31 

( I N )  ( I N )  ( I N )  ( I N )  ( I N )  ( I N )  
o..oo~~.o.,o.o~~ooo~oooo~o~..~,~..~~o~oo.o.~.o~~~~oo~~o.~~"-~=~.~~=- 

o ~ . o o ~ ~ ~ ~ o . o . o ~ o o o o o o . . ~ ~ ~ ~ ~ ~ , o ~ o . ~ o ~ ~ ~ ~ o . ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ o o ~ - ~ ~ ~ o o o . .  

(cont) 
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TABLE E3. ESTIMATED ET USING CALIBRATED EQUATIONS FOR MTN MOWS - 1984 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FA0 scs O R I G .  MODIFIED 
FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 

STATION MONTH PENMAN PENMAN CRIDDLE CRIDDLE CRIDDLE HAISE 

MAY 5.25 6.36 5.44 5.43 4.91 5.21 
JUN 7.46 8.91 8.14 8.01 6.97 7.86 

ROCK JUL 9.30 10.64 9.94 8.89 7.76 9.56 
SPRINGS AUG 6.93 7.68 7.70 7.65 6.46 7.46 

SEP 4.09 4.98 4.65 4.26 3.52 4.93 
OCT 3.67 5.24 2.23 2.51 3.08 2.65 

SEASON 36.70 43.81 38.10 36.75 32.70 37.67 

MAY 5.14 6.70 5.09 4.60 4.49 4.54 
JUN 7.15 9.15 7.29 6.64 6.31 6.86 

FARSON JUL 7.58 8.95 7.68 6.66 6.68 7.86 
AUG 5.85 6.35 6.32 6.00 5.69 6.49 
SEP 3.54 4.33 3.86 3.44 3.19 4.12 
OCT 2.05 3.20 1.46 1.47 2.81 1.64 

SEASON 31.31 38.68 31.70 28.81 29.17 31.51 

JUN 5.42 5.63 5.12 5.56 5.71 5.35 
MERNA JUL 6.28 6.40 6.13 6.43 6.57 6.38 

AUG 4.68 4.70 4.71 5.48 5.40 5.09 
SEP 2.62 2.99 2.69 3.06 2.99 3.03 
OCT 1.56 2.28 0.98 1.31 2.61 1.19 

SEASON 22.51 24.09 21.49 23.88 27.25 22.97 

MAY 2.31 2.48 2.29 2.54 4.02 2.41 
JUN 5.90 6.26 5.84 5.99 6.01 6.03 

DAN I EL JUL 6.88 7.17 6.99 6.91 6.79 7.17 
AUG 5.04 5.31 5.34 5.69 5.54 5.39 
SEP 2.82 3.41 2.98 3.08 2.95 3.19 
OCT 1.69 2.59 1.09 1.33 2.65 1.26 

MAY 4.06 4.47 4.01 4.32 4.30 4.10 
JUN 6.28 7.02 6.53 6.62 5 .31  6.50 

B I G  JUL 7.52 8.27 8.00 7.72 7.25 7.74 
PINEY AUG 5.43 5.94 6.00 6.41 5.93 5.83 

SEP 3.09 3.79 3.45 3.48 3.15 3.68 
OCT 2.70 3.96 1.58 1.98 2.69 1.99 

SEASON 29.08 33.45 29.57 30.53 29.63 29.84 

( I N )  ( I N )  ( I N )  ( I N )  ( I N )  ( I N )  
og~.~o11.o~~1o~~~~g~~.o~o~o~.~o~..~o~~9.~~9o~o~..~~o~--9-o.---o----- 

~ ~ . o . o o ~ o ~ o . ~ o o ~ ~ . o o o ~ ~ g ~ . o ~ ~ o ~ ~ o o ~ g o ~ o ~ ~ . o o ~ . o . o ~ ~ ~ o ~ ~ o o - - - - - - o . ~ - -  

~ ~ o ~ ~ . o ~ ~ ~ ~ ~ o I ~ ~ ~ ~ o o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ o ~ ~ o ~ o ~ - - - 9 - o o - ~ o - - o  

MAY 1.95 2.09 1.86 2.04 3.97 1.93 

o ~ ~ ~ ~ ~ ~ ~ o o ~ ~ o o ~ ~ ~ ~ o ~ ~ . ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~ ~ . ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ - - - o . - . - -  

SEASON 24.64 27.22 24.53 25.54 27.96 25.54 . 
o o . ~ ~ ~ 1 o o 1 ~ ~ ~ . o ~ ~ . ~ o o ~ ~ ~ o . ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ . ~ o ~ ~ ~ - ~ - ~ ~ o ~ ~ ~ - ~ ~ ~ ~ ~ o o  

Cont inued 
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TABLE E3. ESTIMATED ET USING CALIBRATED EQUATIONS FOR MTN MDWS-1984 (cont )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FA0 scs ORIG.  MODIFIED 
FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 

STATION MONTH PENMAN PENMAN CRIDDLE CRIDDLE CRIDDLE HAISE 
( I N )  ( I N )  ( I N )  ( I N )  ( I N )  ( I N )  

MAY 4.72 5.54 4.60 4.66 4.49 4.75 
JUN 6.99 8.47 7.36 7.20 6.61 7.27 

SEEDSK. JUL 8.22 9.03 8.85 8.47 7.59 8.99 
AUG 6.35 6.95 7.06 7.42 6.36 7.10 
SEP 3.66 4.32 4.21 4.17 3.48 4.64 
OCT 2.10 3.18 1.54 1.67 3.04 1.77 

SEASON 32.04 37.49 33.62 33.59 31.57 34.52 

MAY 4.53 5.22 4.39 4.70 4.49 4.30 
JUN 6.27 7.09 6.42 6.70 6.37 6.31 

MOUNTAIN JUL 7.17 7.82 7.45 7.68 7.19 7.33 
V I E W  AUG 5.26 5.72 5.61 6.56 5.98 5.58 

SEP 3.48 4.23 3.84 3.88 3.38 4.00 
OCT 3.28 4.68 1.88 2.34 2.96 2.28 

SEASON 29.99 34.76 29.59 31.86 30.37 29.80 

-..-.. ~ ~ ~ 1 ~ - ~ ~ - ~ ~ ~ ~ . . ~ ~ ~ ~ ~ . . . ~ ~ . 0 . ~ ~ . ~ ~ ~ 0 . . ~ ~ . . ~ . . 0 0 ~ ~ 0 ~ 0 ~ ~ 0 . 0 0 ~ - - ~ -  

.-~- L I I . - ~ - . ~ . ~ ~ ~ ~ . ~ ~ ~ ~ o . ~ ~ ~ ~ ~ ~ ~ . . o . ~ ~ ~ ~ ~ ~ ~ ~ ~ . o . ~ " . ~ o o ~ ~ ~ . . o - - - - ~ o o ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE E4. ESTIMATED ET USING CALIBRATED EQUATIONS FOR MTN MDWS - 1985 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FA0 scs ORIG.  MODIFIED 
FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 

STATION MONTH PENMAN ,PENMAN CRIDDLE CRIDDLE CRIDDLE HAISE 
( I N )  ( I N )  ( I N )  ( I N )  ( I N )  ( I N )  

ooo~~~~~o~,oooo~...~~~.~o~.o~o..~~ooo~o~o~oo~..o~..oooo~oo~o..--o.~o 

MAY 5.34 5.07 6.05 5.87 5.05 5.97 
JUN 8.63 9.32 10.42 9.38 7.57 10.28 

ROCK JUL 9.31 9.61 10.66 9.44 8.05 9.96 
SPRINGS AUG 6.89 7.84 8.74 7.21 6.27 8.57 

SEP 4.02 3.94 4.47 3.96 3.42 4.55 
OCT 3.90 4.38 2.87 2.86 3.31 3.27 

SEASON 38.09 40.16 43.21 38.72 33.67 42.60 

FARSON 

~ . ~ ~ ~ o . . o ~ ~ o ~ ~ ~ o o o o o o ~ o ~ ~ o o ~ , ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o ~ ~ . ~ o o - o ~ ~ ~ - ~ ~ - ~  

MAY 1.55 1.46 1.65 1.46 4.53 1.64 
JUN 8.08 7.96 8.33 7.38 6.67 8.34 
JUL 8.22 8.33 8.62 7.64 7.19 8.19 
AUG 7.92 7.83 8.00 6.11 5.74 7.52 
SEP 3.84 3.86 3.83 3.15 3.02 3.98 
OCT 3.60 4.37 2.34 2.28 2.92 2.68 

SEASON 33.21 33.81 32.77 28.02 30.07 32.35 

MERNA 

o o o o o ~ o ~ ~ ~ ~ o ~ o , ~ ~ , o o ~ o ~ ~ , . o ~ ~ ~ o ~ ~ ~ ~ ~ o o o o . ~ o o o o o o ~ o ~ o o o ~ o . ~ ~ - ~ ~ ~ ~ ~ - - -  

MAY 1.05 0.98 1.08 1.23 4.07 1.05 
JUN 6.48 6.13 6.61 6.15 6.07 6.36 
JUL 7.07 7.02 7.30 6.72 6.74 6.83 
AUG 5.96 5.83 5.96 4.90 5.11 5.44 
SEP 2.64 2.65 2.52 2.67 2.75 2.64 
OCT 2.68 3.07 1.64 1.99 2.73 1.98 

SEASON 25.88 25.68 25.11 23.66 27.47 24.30 

DAN I EL 

~ o o o . ~ . o o ~ . o ~ o ~ . o o o ~ . ~ ~ . o o o o ~ ~ . . ~ ~ ~ o o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ - ~ ~ o . o ~ o - o - o - - o ~  

MAY 1.08 1.05 1.18 1.30 4.21 1.11 
JUN 6.20 5.90 6.42 6.35 6.19 6.55 
JUL 6.92 6.74 6.93 7.13 6.96 7.24 
AUG 6.06 5.94 5.83 4.94 5.16 5.49 
SEP 2.77 2.81 2.71 2.81 2.82 2.92 
OCT 2.70 3.31 1.63 2.01 2.73 2.00 

SEASON 25.73 25.75 24.70 24.54 28.07 25.31 

B I G  
PINEY 

~ . 0 ~ ~ 0 0 0 ~ . ~ . ~ , . ~ 0 . ~ 0 0 0 0 ~ 0 0 ~ ~ ~ ~ ~ ~ ~ 0 0 0 . . ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ 0 . 0 ~ 0 ~ ~ ~ ~ 0 0 0 . 0  

MAY 4.28 3.99 4.46 4.62 4.44 4.41 
JUN 7.43 7.12 8.06 7.58 6.79 7.85 
JUL 7.86 7.86 8.57 8.03 7.42 7.98 
AUG 6.95 6.87 7.07 5.67 5.54 6.56 
SEP 3.22 3.16 3.37 3.11 2.99 3.51 
OCT 2.99 3.58 2.05 2.19 2.88 2.35 

SEASON 32.73 32.58 33.58 31.20 30.06 32.66 

Cont inued 
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TABLE E4. ESTIMATED E T  USING CALIBRATED EQUATIONS FOR MTN MDWS - 1985 (cont) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A 0  scs ORIG. MODIFIED 
FA0 ASCE BLANEY BLANEY BLANEY JENSEN- 

STATION MONTH PENMAN PENMAN CRIDDLE CRIDOLE CRIDDLE H A I S E  

MAY 1.70 1.55 1.90 1.77 5.00 1.84 
J U N  8.24 8.60 9.81 8.93 7.39 9.50 

SEEDSK. J U L  8.88 9.54 10.33 9.40 8.05 9.58 
AUG 7.63 8.38 8.81 6.97 6.17 8.19 
SEP 4.04 4.01 4.42 3.85 3.35 4.44 
OCT 3.99 4.71 2.86 2.72 3.23 3.08 

SEASON 34.48 36.79 38.13 33.64 33.19 36.63 

( I N )  ( I N )  ( I N )  ( I N )  ( I N )  ( I N )  
oo1o~..oooooooo~1o~o.oo9o..ooo.~oo~~ooo.o..o~~~9o.ooooo~oo.~.oooo9-o 

MAY 5.20 4.76 5.53 5.08 4.72 5.15 
JUN 7.69 7.30 8.22 7.59 6.79 7.80 

MOUNTAIN J U L  7.73 7.65 8.21 8.12 7.42 7.68 
VIEW AUG 7.71 7.52 7.79 6.08 5.74 6.89 

SEP 3.55 3.57 3.83 3.42 3.15 3.69 
OCT 3.59 4.15 2.49 2.62 3.15 2.67 

SEASON 35.47 34.95 36.07 32.91 30.97 33.88 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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LYSIMETERS 2AJB 42 0 7  109 28W 6600 
LYSIMETERS 3A,3B 4 2  5 7  110 22w 7800 
LYSIMETERS 3C,3D,3E93F 42 56 110 17W 7500 
LYSIMETERS 4A,4B,4C94D 42 52 110 04W 7 2 0 0  
LYSIMETERS 6A,6B 4 1  5 5  109 54W 6395 

6650 ROCK SPRINGS WEATHER STATION 41 3 6  109 04W 
FARSON WEATHER STATION 42 07 109 28W 6600 
MERNA WEATHER STATION 42 5 7  110 22w 7800 
DANIEL WEATHER STATION 42 5 2  110 04W 7200 

6800 B I G  PINEY WEATHER STATION 42 32 110 06W 
SEEDSKADEE WEATHER STATION 41  5 5  109 54w 6395 
MTN VIEW WEATHER STATION 4 1  2 0  110 21W 6650 
-------------------------------------------------~------o-- ........................................................... 
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Appendix G: 

The f o l l o w i n g  de f ines  the  methodology f o r  determining the  var ious parameters 
f o r  t he  ET formulas presented i n  Chapter 4. 

1. FA0 Blaney Cr idd le:  
€To = Ab + Bb (p(0.46T + 8 ) )  

a )  Ab = 0,0043 RHmin - SS-1.41, p. 110-FA024 
where: 

= minimum r e l a t i v e  humid i ty  (%) RH min 

Bb = B1 + B2 
Bl - - al + a2 RHmin + a3 SS1 
B2 = a U + a5 RHmin SS + a6 RHmin ud 4 d  

tld = daytime wind (m/s) 
al = 0.81917 

a3 = 1.0705 
a4 = 0,065649 
a5 = 0.0059684 

SS = mean monthly percent o f  poss ib le  sunshine 

b )  

where: 

= -0,0040922 a2 

a6 =-0 . 0005967 
c )  p = found i n  Table 6.4, p .  82 - ASCE r e p o r t  

2. FA0 Radia t ion  (Makkink) 
ETo = A, + Br ( W  Rse) 

a)  A, = - 0.3 

b )  B, = B1 + B2 
B1 = al  + a2 RHmean = a 3  ud 

B2 = a4 RHmean d 

RHmean 
Ud = daytime wind ( m / s )  
al = 1.0656 

a, = 0.044953 

+ RHmean 2 + a6 ud 2 

where: 
= mean r e l a t i v e  humid i ty  (%)  

= -0.0012795 a2 
3 A 

= -2.0033 x lo-' a4 r 

= -3,1508 x l o o 3  a5 
= -0 . 001 1026 a6 
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2. FA0 Radiat ion (cont.)  
C) w =A /A+y 

A = 33.8639(0.05904(0.00738 T i= 0.8072) 7-0.0000342) 
y = 0.240 P/(0.622A) 
P = 1013.0-0.1093 E 
X = 595.0-0.51 T 

where: 
T = mean temperature ("C) 
E = e leva t i on  (m) 
P = atmospheric pressure (mbar), p. 122-ASCE r e p o r t  
X = f u n c t i o n  o f  mean temperature, p. 122-ASCE r e p o r t  
y = psychrometr ic constant, p. 123-ASCE r e p o r t  
A = Slope of sa tu ra t i on  vapor pressure-temp. curve a t  temperature 

d) Rse = s o l a r  r a d i a t i o n  i n  equ iva len t  evaporat ion (m/day )  

o f  i n t e r e s t ,  p. 123-ASCE r e p o r t  

3. ASCE Penman 

ETr = (A/ (A+y) ) (Rn+G) i= ( Y/(A+Y)) (15.36) ( 1 .0+0.0062U2) (es-ea) 
a )  A,y = descr ibed i n  previous equat ion 
b) Rn = ( 1-0.23)Rs(58.5)-RB 

Rg = (ADOT(RS(58.5)/RSo) + BDOT)RBo 
= EDOT(SIG)(T+273.) 4 RBo 

EDOT = -0.02 + 0.261 EXP(-O.O00777(T 2 ) )  
where: 

Rg = n e t  longwave r a d i a t i o n  ( l y l d y ) ,  p.26-ASCE r e p o r t  

R60 

EDOT = n e t  e rn iss iv i t y ,  p.27-ASCE r e p o r t  
R, = s o l a r  r a d i a t i o n  (mm/day) 
ADOT = 1.2 
BOOT = -0.2, p. 27-ASCE r e p o r t  
R,, = mean s o l a r  r a d i a t i o n  f o r  c loudless sk ies  ( l y /dy ) ,  Table 3.1, p. 

SIG = Stefan-Bof tzmann Constant ( l y /day /k  

T = mean temperature ("C) 

= n e t  outgoing c l e a r  day .longwave r a d i a t i o n  ( l y / d y )  , p.26-ASCE 
r e p o r t  

22-ASCE r e p o r t  
4 

) 
= 1 1 . 7 1 ~ 1 0 - ~ ,  p.26-ASCE r e p o r t  
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) * 100 , p.32-ASCE repor t  
T i  , l -T i+ l  

c ,  = ( At 

3. ASCE Penman (cont.) 
Ti = mean temperature f o r  t ime per iod i ("C) 
A t  = time (days) between the midpoints o f  the two periods 

d) es = (emax + emin)/2 
Press (Val)  = 33.8639((0.00738 Val  + 0.8072) 8-0.000019 x 1.8 Val  + 

48 + 0.001316), p. 129-ASCE repor t  
where: 

emax = Press (Tmax) , (mbar) 

emi  n = Press (Tmin) (mbar) 

Tmax 
Tmi  n 

TdP 

= maximum temperature ("C) 
= minimum temperature ("C) 

e) ea = Press (Tdp) (mbar) 
where: 

= average d a i l y  dewpoint temperature ("C) 
4.  FA0 Penman: 

ETo = Cp(WRn + ( 1 - W )  ( 2 7 )  (l+U/lOO) (e,-ea) 

a) Cp = a, + alRHmax + a2Rs = a3Ud + a4 DNR + a5UdDNR + 
R DNR, A6RHmaxRsUd - a7RHmax s 

where: 
a. = 0.6817006 
al = 0,0027864 
a2 = 0.0181767 
a3 = 0.0682501 
aq = 0.0126514 
a5 = 0.0097297 
'6 = 0 . 4 3 0 2 5 ~ 1 0 - ~  
a7 = 0 .92118~10-~ 
DNR = Ud/Un 
Ud = daytime wind ( m / s )  
Un = n i g h t  wind (m/s) 

RHmax 
Rs = so la r  r a d i a t i o n  (mm/day) 

= maximum r e l a t i v e  humidity (%) 
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b )  

4. FA0 

R, = 0.75Rs-Rnl , p.19-FA0 24 
Rnl = FtFedFnn 
Ft 0Tk 4/58.5, p.27-FA024 
Tk = T+273 
Penman (cont .  ) 
CI = 1.171x10-' 
Fed = 0.34-0.044Jea, p.27-FA024 

Fnn 
nN = (Rs-Ra0.25)/(0.5Ra) 

= 0,1+0.9 nN 1, p.27-FA024 

where: 
Rs = s o l a r  r a d i a t i o n  (mm/day) 
Ra = e x t r a t e r r e s t r i a l  r a d i a t i o n  (mm/day), Table 10, p.25-FA024 
nN = percentage o f  sunshine data requ i red  

Fnn 
Fed = vapor pressure f u n c t i o n  
T = mean temperature ("C) 

, Ft = temperature f u n c t i o n  
Rnl = n e t  longwave r a d i a t i o n  (mm/day) 
ea = ac tua l  vapor pressure a t  dewpoint (mbar) 

c )  eS = press (T )  p. 129-ASCE r e p o r t  

where : 

= sunshine f u n c t i o n  

7 use same pressure equat ion as f o r  ASCE Penman method 

T = mean temperature ("C) 
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APPENDIX H 
i 

FIELD OPERATIONS 

: !  
' i  
' !  

The i n t e r p r e t a t i o n  o f  water use measurements appears t o  be dependent on 
the  procedures used t o  ob ta in  the  measurements. Because o f  t h i s  dependency, 
the  methods used i n  t h i s  study are  descr ibed i n  d e t a i l  below. The f i e l d  
operat ions o f  t h i s  study were conducted i n  a cons is ten t  and ca re fu l  manner. 
The d e s c r i p t i o n  o f  t he  f i e l d  operat ions was o r i g i n a l l y  prepared by Tom Crump. 
What fo l l ows  i s  an abbrev iated vers ion  o f  h i s  o r i g i n a l  descr ip t ion .  

Star t -uo and Shut-down Procedures 

The date o f  l ys ime te r  s ta r t -up  was dependent on two fac to rs .  These were 
f r o s t  i n  the  s o i l  and snowfa l l  condi t ions.  The f r o s t  had t o  be ou t  of t he  
s o i l  t o  enable the  vo ids t o  be sa tura ted  w i t h  water du r ing  s ta r t -up  and i t  was 
des i rab le  n o t  t o  s ta r t -up  u n t i l  a f t e r  the  l a s t  snowfa l l  because i t  was d i f f i -  
c u l t  t o  measure t h e  amount o f  p r e c i p i t a t i o n  t h a t  was caught, espec ia l l y  i n  the  
presence o f  wind. I n  p a r t i c u l a r ,  i t  was des i rab le  t o  avo id  d ryer  l i g h t  snow 
t h a t  could e a s i l y  be blown. The a l lowable s t a r t i n g  times, thus, were around 
the  l a s t  week i n  May f o r  t h e  lower e leva t ions  and about t h e  f i r s t  week i n  June 
f o r  t he  h igher  e leva t ions .  The s ta r t -up  procedure was as fo l l ows :  

1. Water was added t o  the  l ys ime te r  v i a  the  4 i nch  PVC corner  
access p ipe  u n t i l  the  water t a b l e  reached the  s o i l  surface. 

2. The l ys ime te r  was al lowed t o  s t a b i l i z e  fo r  a t  l e a s t  24 hours.' 
3. A f t e r  24 hours, water was added i f  necessary t o  assure t h a t  

t he  water t a b l e  was a t  the  s o i l  surface. 
4. Neutron probe readings a t  6 inch  increments were taken f o r  

the  f u l l  depth o f  the  l ys ime te r  w i t h  the  s o i l  i n  the  sa tur -  
a ted cond i t ion .  

5. Water was removed v i a  the  corner access tube us ing  a hand 
pump. 

6. Again t h e  lys i rneter  was al lowed t o  s e t  f o r  24 hours. 
7. A f t e r  24 hours, t h e  water t a b l e  depth was c a r e f u l l y  

recorded. 
f o r  each lys imeter .  
taken a t  6 inch  i n t e r v a l s .  
These readings were used t o  determine f i e l d  capac i ty  above 
t h e  water  tab le .  

The amount was measured and recorded. 

This  permi t ted  Ca lcu la t i on  o f  s p e c i f i c  y i e l d  
Neutron probe readings were then 

The shut-down procedure was s i m i l a r  t o  the  s t a r t - u p  procedure. Weather 
cond i t ions  again a f f e c t e d  the  date on which the  lys imeters  were shut-down. 
Th is  was u s u a l l y  near the  end o f  October. The procedure was as fo l lows:  

1. The crop was f i r s t  harvested. 
2.  Neutron probe readings were taken a t  6 i nch  i n t e r v a l s  and 

the  water t a b l e  depth c a r e f u l l y  recorded. 
3. Measured amounts o f  water were added u n t i l  t h e  water t a b l e  

was a t  t he  s o i l  surface. 
4. A f t e r  24 hours, add i t i ona l  water was added i f  necessary t o  

b r i n g  the  water t a b l e  t o  the  s o i l  surface. 
5. A l l  excess water was pumped from the  l ys ime te r  f o r  w in te r .  
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Weekly Operation. Procedure 

Two types o f  opera t ion  were maintained dur ing  the  season. To s i m p l i f y  
the  terminology, these w i l l  be r e f e r r e d  t o  as maximum and actual  water use 
measurements. The maximum water use measurements i nc l  uded: 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Regular sur face i r r i g a t i o n  f o r  the  e n t i r e  season. 
at tempt was made t o  mainta in  s o i l  mois ture dep le t i on  
l e v e l s  a t  no grea ter  than 50 percent. 
Water t a b l e  depths were maintained as c lose  as poss ib le  
t o  ou ts ide  l eve l s ,  o r  a t  3 t o  4 ft. when ou ts ide  water 
l e v e l s  dropped f o r  the  season. Water t a b l e  depths were 
recorded each week before any water was added or removed. 
S o i l  mois ture measurements were taken each week a t  6 inch  
increments us ing  a neutron probe. 
taken us ing a Campbell P a c i f i c  Nuclear neutron moisture 
probe (Model 503 , S e r i a l  Number H38122580). 
A1 1 water, i nc l  ud i  ng p r e c i p i t a t i o n ,  added t o  o r  removed 
from the  lys imeters  was measured. Water was added o r  
removed t o  ma in ta in  t h e  water t a b l e  a t  t he  des i red  l eve l .  
I f  water was removed, then some water was pumped through 
t h e  s o i l  p r o f i l e  t o  assure t h a t  t he  p r o f i l e  was near f i e l d  
capaci ty .  
sur face i r r i g a t i o n  which accomplished the  same ob jec t i ve :  
Average crop he igh t  was measured and recorded. 
crop coverage was estimated. 
The a l t a  fescue grass was maintained c l i pped  t o  a he igh t  
o f  3 t o  6 inches. The areas surrounding the  a l t a  fescue 
and a l f a l f a  s i t e s  was a l so  maintained c l i pped  t o  a d is tance 
o f  10 t o  15 ft. 
The a l f a l f a  and mountain meadow lys imeters  were harvested 
a t  t h e  t ime t h a t  the  surrounding f i e l d s  were harvested and 
a t  t he  end o f  the  season. 

An 

Probe readings were 

I f  water was added, i t  was added through 

Percent 

The ac tua l  water measurement inc luded the  above w i t h  the  except ion 
t h a t  i r r i g a t i o n  was d iscont inued when i r r i g a t i o n  ou ts ide  o f  t h e  l ys ime te r  was 
d iscont inued f o r  t he  season. 

Evaporat ion Pan Operat ion 

Three Class A evaporat ion pans were operated du r ing  t h i s  study. The 
procedures were standard f o r  Class A pans. Reservoirs were used t o  mainta in  
the  water level a t  approximately 2 inches below the l i p  o f  t he  pan. The 
surrounding areas were maintained c l i pped  and debr is  e tc .  , were removed from 
the  pans weekly. 
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