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INTRODUCTION 

A l l  equipment used i n  t h e  p r o j e c t  was i n s t a l l e d  i n  t h e  f a l l  o f  1982 o r  i n  

t h e  s p r i n g  o f  1983. The 1983 progress r e p o r t  descr ibes  i n s t a l l a t i o n  work and 

t h e  " s t a r t - u p "  o f  t h e  p r o j e c t .  Exper ience has shown t h a t  a season i s  

necessary f o r  t h e  es tab l i shment  o f  v e g e t a t i o n  grown i n  l y s i m e t e r s .  

F i g u r e  1 i s  a map showing l o c a t i o n s  o f  l y s i m e t e r s ,  weather s t a t i o n s  and 

o t h e r  fea tures  o f  t h e  upper Green R i v e r  Basin. Table 1 presents  l y s i m e t e r  

l o c a t i o n  numbers and t rea tment  d e s c r i p t i o n s .  

For  t h e  most p a r t ,  a c t i v i t i e s  i n  1984 i n v o l v e d  t h e  r o u t i n e  c o l l e c t i o n  o f  

f i e l d  data f rom b o t h  t h e  l y s i m e t e r s  and t h e  weather s t a t i o n s .  Large amounts 

o f  da ta  were c o l l e c t e d  i n  1984. W i t h i n  a week o f  b r i n g i n g  f i e l d  da ta  t o  

Laramie, i n i t i a l  process ing has u s u a l l y  been accomplished. D e t a i l e d  

comparisons and model ing w i l l  be done l a t e r .  

A second a c t i v i t y  has been t h e  a n a l y s i s  o f  h i s t o r i c  da ta  f rom t h e  upper 

Green R i v e r  area. Var ious c a l c u l a t i o n s  and comparisons have been made and 

work p lans  f o r  t h e  complet ion o f  t h e  p r o j e c t  a r e  discussed. 

Funding f o r  t h e  research p r o j e c t  descr ibed i n  t h i s  r e p o r t  i s  f rom t h e  

Wyoming Water Development Commission and by t h e  Wyoming Water Research Center 

o f  t h e  U n i v e r s i t y  o f  Wyoming. 

A l l  da ta  d iscussed i n  t h i s  r e p o r t  i s  b e l i e v e d  t o  be r e l i a b l e  and 

accurate,  b u t  should be regarded as be ing  p r o v i s i o n a l  u n t i l  t h e  p r o j e c t  i s  

complete and t h e  f i n a l  r e p o r t  has been publ ished.  

- 3 -  



WEATHER STATION OPERATION 

Introduction 
* 

Seven weather stations u t i l i z i n g  CR-21 microloggers manufactured by 

Campbell Scientific of Logan, Utah for  continuous recording of weather d a t a ,  

have been installed i n  the Green River Basin. The stations measure 

temperature, relative humidity,  solar r a d i a t i o n ,  w i n d  r u n  and precipitation. 

The C R - 2 1  m i  crol oggers have microprocessors programmed t o  record the 

aforementioned weather parameters a t  specified time intervals. See Figure 1 

fo r  locations o f  the weather stations and the 1983 progress report for  more 

i n f o rma t i on . 

Operation 

The weather stations were installed i n  early 1983. A t  t h a t  time, the 

weather stations were programmed for  da ta  accumulation as shown below: 

1) t o t a l  24 hour  precipitation 

2)  t o t a l  24 hour solar r a d i a t i o n  

3)  maximum and m i n i m u m  temperature and time of each over a 24 hour 

period 

4)  maximum and m i n i m u m  relative humidity and time of each over a 24 hour 

period 

5 )  average da i ly  temperature 

6 )  average d a i l y  relative humidity 

7 )  

8 )  

9 )  

t o t a l  wind r u n  each 4 hour period 

relative humidi ty  sampled a t  4 hour intervals 

temperature sampled a t  4 hour intervals 

The mention of brand names does n o t  imply endorsement. 
* 
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The number and frequency of  weather parameter readings being recorded 

allows for  a maximum interval of 15 days between v i s i t s  t o  service the 

stations and collect  data. 

The da ta  stored on the micrologger are "dumped" onto  a portable cassette 

tape recorder. The tape i s  then transported t o  Laramie and connected t o  the 

University computer system where the recorded d a t a  are transferred, stored, 

and analyzed.See the 1983 progress report f o r  examples of climatic d a t a  

accumulated using the automatic weather stations.  

Beginning in October 1983 when lysimeter operations ended, the weather 

stations were reprogrammed for  winter operation and were operated a t  a reduced 

data accumulation rate  until April of 1984, (see the 1983 report f o r  more 

information). 

The d a t a  accumulation from the stations has been very satisfactory,  

during summer months with only minimal isolated problems with a few sensors. 

However, diff icul ty  was encountered with extreme cold weather operation of the 

tape recorder used t o  transfer da ta  t o  the UW computer and considerable winter 

d a t a  was los t .  For th i s  reason, the microloggers and sensors have been 

removed and taken t o  Laramie for servicing and wintertime climatic d a t a  will 

no t  be collected during 1984-1985 winter period. 

i s  not important for  th i s  study. 

Wintertime d a t a  collection 

LYSIMETER OPERATION 

The operation during the summer of 1984 was slightly modified from the 

operation procedures used during the summer of 1983. In 1983, the a l t a  fescue 

grass and a l fa l fa  s i t e s  were allowed t o  grow without being cut  fo r  the ent i re  

season. This method was used t o  allow the newly seeded grass and a l fa l fa  

- 5 -  



crops t o  establish themselves within the lysimeters. The operation of the 

a l t a  fescue grass s i t e s  was changed in 1984 t o  make these s i t e s  compatible 

with the established method for  the determination of crop coefficients. To 

meet the requirements fo r  establishing these crop coefficients,  the a l t a  

fescue grass was clipped once every week t o  a height of  3 t o  6 inches. 

Because of the diff icul ty  in collection of the grass clippings, no record o f  

crop yields i s  available for  the three a l t a  fescue grass s i t e s .  Operation of 

the a l fa l fa  s i t e s  in 1984 was the same as 1983 with the exception of the 

frequency of harvesting. During the 1984 season, the alfal fa  crop inside the 

lysimeter was cut a t  the same time, within a day o r  two, as the surrounding 

a l fa l fa  f ie ld .  This method was used t o  insure uniformity between the alfal fa  

inside the lysimeter and t h a t  in the surrounding f ie ld .  The a l fa l fa  cut from 

the lysimeters was then returned t o  the University o f  Wyoming t o  be dried, 

weighed and recorded. 

The mountain meadow grass s i t e s  and improved meadow grass s i t e s  were also 

operated during the 1984 season in a manner similar t o  the 1983 season. In 

1984, one-half o f  these s i t e s ,  fou r  in number, were operated in a manner 

consistent with conditions outside the lysimeter. This method of operation 

i ncl udes : 

A. Regular weekly irrigation. 

B. 

C .  

D. 

E. Continuously monitor soil moisture and precipitation. 

Water table depth approximately the same as the outside f ie ld .  

S top  lysimeter irrigation when outside irrigation stops. 

Harvest lysimeter crop when outside crop i s  harvested. 

This particular method o f  operation shall be referred t o  as actual even 

t h o u g h  a l l  the lysimeter conditions are not  identical t o  the actual conditions 

t h a t  exis t  outside the lysimeter. The results obtained from th i s  method will 
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be u s e f u l  i n  de termin ing  an e s t i m a t e  o f  t h e  a c t u a l  consumptive water  use f o r  

mountain meadow and improved meadow grasses i n  t h e  Green R i v e r  Basin. 

The f o u r  remain ing mountain meadow and improved meadow grass l y s i m e t e r s  

were operated t o  s i m u l a t e  what we w i l l  c a l l  p o t e n t i a l  consumptive water  use. 

Again, i t  must be emphasized t h a t  t h e  use o f  t h e  term " p o t e n t i a l "  i n  t h i s  

r e p o r t  does n o t  a b s o l u t e l y  mean t h a t  a l l  t h e  f a c t o r s  t h a t  i n f l u e n c e  

e v a p o t r a n s p i r a t i o n  a r e  o p e r a t i n g  a t  t h e i r  p o t e n t i a l  l e v e l ,  b u t  o n l y  t h a t  t h e  

c o n d i t i o n s  under which these f o u r  l y s i m e t e r s  have been sub jec ted  approximates 

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

consumptive water  use f o r  t h e  c rop  invo lved.  The p o t e n t i a l  method c o n t a i n s  

t h e  f o l l o w i n g  elements: 

A. 

B. 

C. 

D. Cont inuously  m o n i t o r  s o i l  m o i s t u r e  and p r e c i p i t a t i o n .  

Regular weekly i r r i g a t i o n  f o r  e n t i r e  season. 

Water t a b l e  depth main ta ined between 3 and 4 f e e t .  

Harvest  l y s i m e t e r  c rop  when o u t s i d e  crop i s  harvested. 

Using t h e  p o t e n t i a l  method, as descr ibed above, a l l o w s  f o r  t h e  

development o f  e v a p o t r a n s p i r a t i o n  (ET) equat ions u s i n g  t h e  concept o f  a 

r e f e r e n c e  c rop  which s h a l l  be used t o  make est imates o f  consumptive water  use 

models f o r  t h e  Green R i v e r  Basin area i n  t h e  f u t u r e .  

I n  c o n j u n c t i o n  w i t h  t h e  development o f  t h e  above mentioned ET equat ions,  

i t  i s  u s e f u l  t o  compare t h e  crop ET w i t h  t h e  evapora t ion  f rom a Class A 

evapora t ion  pan. For  t h i s  reason, f o u r  Class A pans were i n s t a l l e d  and 

moni tored d u r i n g  t h e  1984 growing season i n  t h e  Green R i v e r  Basin. One pan i s  

l o c a t e d  a t  each o f  t h e  f o l l o w i n g  s i t e s ;  Seedskadee Hay Farm, Danie l  and Merna. 

Resu l ts  f rom these pans a r e  i n c l u d e d  i n  t h e  f o l l o w i n g  s e c t i o n  o f  t h i s  r e p o r t  

a long w i t h  t h e  l y s i m e t e r  r e s u l t s .  I n  a d d i t i o n ,  a pan was i n s t a l l e d  a t  t h e  

Rock Spr ings White Mountain G o l f  Course. Measurements f o r  t h i s  pan were taken 

by t h e  course personnel  d u r i n g  most o f  t h e  summer per iod .  
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W i t h  the exception of  the three a l t a  fescue grass s i t e s ,  a l l  the 

lysimeter crops were harvested and yield calculations were made. This 

information,  coupled w i t h  the water use i n  inches, enables the development o f  

the water use efficiency values for  each lysirneter crop. Water use efficiency 

i s  termed as the crop yield,  expressed i n  tons per acre, per water use i n  

inches. For th i s  approach, i t  i s  desirable t o  have h i g h  yields from low 

amounts of applied i r r i g a t i o n  water. Water use amounts, yields and water use 

efficiencies f o r  11 of  the lysimeter crops d u r i n g  1984 i n  the Green River 

Basin are shown i n  Table 2 .  A bar  g raph  i s  shown i n  Figure 2 for  use i n  the 

comparison of water use efficiencies from one crop t o  another and from one 

location t o  another. I t  i s  clear from Figure 2 t h a t  lysimeter 4A, located 

near Daniel, Wyoming, w i t h  a crop of  a l fa l fa  has the highest water use 

efficiency while lysimeter 3A, located near Merna, Wyoming, w i t h  a crop of 

mountain meadow grass has the lowest. 

Lysirneter and pan d a t a  taken a t  the various s i t e s  d u r i n g  1984 are shown 

i n  Figures 3 t h r o u g h  10. The water use da ta  are plotted as accumulated water 

use beginning w i t h  the f i r s t  measurements of the season. The f i r s t  

measurements indicate the approximate beginning of the growing season, 

however, there was obviously some water loss before measurements began as well 

as l a t e r  t h r o u g h o u t  the winter season. 

Results are shown for  water use a t  fou r  s i t e s  - Farson, Seedskadee, 

Daniel and Merna. Water use d a t a  are also shown t o  compare mountain meadow 

water use along Horse Creek from Daniel t o  Merna and t o  compare a l f a l f a  water 

use between the three locations of  Farson, Seedskadee, and  Daniel. No a l fa l fa  

d a t a  were taken a long  Horse Creek above Daniel because a l f a l f a  would n o t  be 

expected t o  grow a t  t h a t  location. 
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The mountain meadow d a t a  includes two types of water use. Dur ing  the 

early t o  mid portions of  the growing season, a l l  lysimeters were kept 

we1 1 -watered as were surrounding f ie lds .  Thus, potential water use was 

measured by a l l  of the mountain meadow lysimeters. D u r i n g  the l a t t e r  portions 

of the summer season, selected mountain meadow lysimeters were n o t  irr igated.  

T h u s ,  bo th  potential and actual water use were measured d u r i n g  th i s  period, 

w i t h  actual being defined as the water use under the dr ier  conditions. These 

periods are indicated on each of the Figures. Water use for  mountain meadows 

a t  Merna i s  plotted f o r  i n d i v i d u a l  lysimeters. A t  Daniel, the water use for  

two mountain meadow lysimeters i s  plotted as a single curve u n t i l  differences 

began t o  appear due t o  the lack  of i r r i g a t i o n  on one lysimeter. The water use 

fo r  mountain meadows below Merna i s  plotted as averages o f  two lysimeters for  

b o t h  the potential and actual water use. 

Water use fo r  b o t h  a l f a l f a  and mountain meadows exceeded o r  was near pan 

evaporation a t  a l l  s i t e s  h a v i n g  pan d a t a .  T h i s  indicates a h i g h  rate of  

vegetative water use. A t  Daniel, where bo th  a l f a l f a  and mountain meadow water 

use was measured, the potential ra te  of water use was nearly identical f o r  the 

two crops. 

Comparison of water use across the Basin shows t h a t  a l f a l f a  a t  Seedskadee 

had about  twice the accumulative consumptive use as a l f a l f a  a t  Daniel. 

DATA ANALYSIS AND MODELING 

Efforts on d a t a  extrapolation for  use i n  b a s i n  wide estimation of 

climatic information and consumptive use have continued. A thesis ,  

"Estimating Monthly Temperature and Precipitation Normals a t  Ungaged Sites i n  

the Upper Green River Basin" by Joan Schumaker has been completed. The use of 

the s t a t i s t i ca l  method known as " k r i g i n g "  has continued. This act ivi ty  has 

produced a .paper t i t l e d  "Estimation of Climatic Variables Using  Standard 
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Modeling Techniques and  Random Field Theory" by Bajusz, Shumaker, Pochop and 

Burman, and "Predicting Temperature and Precipitation a t  Ungaged Sites in the 

Upper Green River Basin" by Shumaker, Bajusz, Pochop and Borrelli.  The papers 

were presented a t  the Third Conference on Mountain Meteorology, 

October 16-19, 1984 a t  Portland, Oregon and appear i n  the Proceedings of t h a t  

conference . 
Figure 11 shows a comparison between the 1983 measured temperature and 

precipitation d a t a  for  Merna which i s  in the upper Horse Creek area and 

averages for  the same quantities. An inspection of Figure 11 shows t h a t  the 

1983 a i r  temperatures were below the 10% level o f  probability of receiving 

temperatures th i s  low o r  lower except in la te  f a l l  and t h a t  rainfall  was above 

normal except in June. Similar comparisons have n o t  been made fo r  1984. 

I t  i s  desirable t o  be able t o  separate climatic from vegetative effects 

in the analysis of evapotranspiration d a t a  from the lysimeters operated in the 

Green River area. The Penman-Montieth model largely removes the effects  of 

climate t h r o u g h  the calculation of various parameters used in the Penman 

method and also a term representing aerodynamic resistance. The methods also 

calculates a crop canopy resistance which then may be explained by plant 

variations. A computer program making calculations for  the resistance term 

has been prepared and carefully checked by a similar program written entirely 

by a graduate student. Pa r t  of the same computer model i s  a procedure for  

calculating evapotranspiration using most of the major methods used in the 

world a t  the present time. 

FUTURE PLANS 

Data collection from the lysimeters and weather stations will be stressed 

in the 1985 summer season. Only minor modifications in f ie ld  procedures will 

- 10 - 



be made. Weather s t a t i o n s  will be removed from the Green River area d u r i n g  

the winter o f  1984-1985 for  servicing and checkout. Minor replacements of 

sensor components wi l l  be made. 

Continuat ion o f  work on da ta  extrapolation and analysis o f  data u s i n g  the 

aerodynamic and crop resistance model of Montieth will  be given p r i o r i t y  

because the in i t i a l  promise of results and the fact  t h a t  b o t h  approaches are 

new w i t h  respect t o  determining water requirements i n  a b a s i n  l ike the Upper 

Green River. 

The collection o f  f ie ld  data using lysimeters and weather stations will 

be a major emphasis d u r i n g  the growing season o f  1985. According t o  the 

research contract between the Water Development Commission, the Agricultural 

Engineering Department and the Wyoming Water Research Center, there will  be no 

collection o f  f i e ld  d a t a  d u r i n g  the 1986 growing season. Instead, the major 

emphasis o f  the project will be the detailed analysis of d a t a ,  comparisons 

between methods o f  estimating evapotranspiration and f ie ld  measurements and 

the development and calibration o f  models. T h i s  work will be done d u r i n g  the 

winter of 1985 and u n t i l  the contract completion on July 31, 1986. A f i n a  

project report i s  due on November 1 o f  1986 and preparation o f  the report wil 

begin early i n  1986. 
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C1 i m a t i c  

11 

11 

II 

I I  

I 1  

I 1  

L o c a t i o n  D e s c r i D t i o n  Treatment 

Farson 

Farson 

Merna 

Merna 

Horse Creek 

Horse Creek 

Horse Creek 

Horse Creek 

Danie l  

Dan ie l  

Danie l  

Dan ie l  

Seedskadee 

Seedskadee 

Rock Spr ings 

Farson 

Merna 

Dan ie l  

B i g  Piney 

Seedskadee 

Lyman 

Table 1 

A l f a l f a  

A l t a  Fescue 

Mountain Meadow 

Mountain Meadow 

Improved Meadow 

Mountain Meadow 

Improved Meadow 

Improved Meadow 

A l f a l f a  

A l t a  Fescue 

Mountain Meadow 

Mountain Meadow 

A l f a l f a  

A l t a  Fescue 

CR-21 Recorder 

II II 

II II 

I 1  I1 

11 II 

I 1  I 1  

11 I I  

P o t e n t i  a1 

Ac tua l  

Ac tua l  

P o t e n t i a l  

Ac tua l  

P o t e n t i a l  

P o t e n t i  a1 

Ac tua l  

Evap. Pan 

II II 

Evap. Pan 



LYSIMETER 
LOCATION 

Farson 

Merna 

Merna 

Horse C r  . 

Horse Cr . 

Horse Cr. 

Horse Cr. 

Daniel 

Daniel 

Daniel 

Seedskadee 

- 
SITE 
1. D. 
28 

3A 

3B 

3c 

3D 

3E 

3F 

4A 

4c 

4D 

6A 

- 

- 

CROP 

Alfalfa 

Mtn. Md. 

Mtn. Md. 

Imp. Md. 

Mtn. lUd. 

Imp. MQ. 

Imp. Md. 

Alfalfa 

Mtn. Md. 

Mtn. Md. 

Alfalfa 

~~ 

OPERAT ION 
METHOD 
-~ ~ 

Potential 

Potential 

Actual 

Actual 

Pot en t i sl 

Actual 

Potential 

Potential 

Potential 

Actual 

Potential 

- 
WATER 
USE 
(IN) 
38.06 

25.13 

20.76 

11.6? 

11.54 

14.22 

17.77 

14.13 

1 3.67 

13.83 

44.67 

- 

- 

- 
CROP 
YIELD 
(TON /AC 1 

3.60 

1.91 

1.76 

f .4) 

1.62 

1.95 

1.89 

2.1 1 

2.02 

2 .w 
3.44 - 

WATER 
USE 
EFFICIENCY 

.095 

,076 

.085 

.124 

.140 

.13? 

.106 

.149 

.148 

A45 

. o n  

Table 2 


