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x2 - Material and energy costs per acre. This input includes 

the cost of materials used in the productive process and of energy 

(usually electricity) of pumping water from wells. A cost of 

energy per acre foot of water pumped was obtained for each we11.33 

This was multiplied by the number of acre inches per acre of water 

used fo r alfalfa on the particular farm, yielding an energy cost 

per acre for alfalf a grown on each farm. 

x3 -Machine and irrigation equipment value per acre. This 

input category includes several individual factors. (a) Machinery 

value charged to alfalfa is the sum of the values of each piece 

of equipment used in the production of alfalfa. When the 

equipment was used in the production of other crops as well as 

alfalfa, the value attributed to alfalfa was based on the approxi-

mate fraction alfalfa use was of the total use of the particular 

implement. This was an estimation made by the farmer during a 

personal interview. This means of valuing machinery used on 

alfalfa land was not needed for much of the equipment used i n the 

production of alfalfa. The primary investment in equipment for 

alfalfa is a swather (or a mower and side delivery rake) and a 

baler. These two items of machinery receive little use on any 

crop other than alfalfa. 
31+ Additionally, much of the plowing, 

tilling, leveling, and planting equipment used extensively in the 

production of other crops does not find frequent use in the pro-

3 3willard son. 

�3 �~�T�h�e� baler may also be used to bale straw, and the swather 
t o cut grain. 
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duction of alfalfa . Hauling equipment may be of more mutua l use 

between crops, but even here versatile trucks and wagon and tractor 

combinations are not always used . Much of the hay is ha uled and 

stacked with self propelled bale wagons operated by one man, which 

pick up, haul, and stack the hay automatically . 

Because of the rather clear cut differences in the type of 

equipment us ed in producing alfalfa and in producing other crops, 

the farmer's estimate of the value of machinery used in alfalfa 

production should be comparatively accurate. 

(b) Pump and cvell investment were also calculated for the 

production of alfalfa only . The total investment of the pump and 

wel l <vas prorated to various crops depending upon the number of 

ac r e fee t of water pumped which was used in the production of 

ea ch crop in 1964-. 

(c) Concrete ditches or pipelines for irrigation on parts of 

the ir farms were installed by 13 of the 26 cooperating farm ers. 

The value a ttributed to alfalfa of these facilities was in the 

same proportion to their total value as wa ter applied to alfalfa 

was to the total water applied to th e farm. Since zero magnitud es 

of inputs cannot be used in Cobb-Douglas analysis, the farms which 

had no cement ditches were assumed to have an investment of 10 

cents in lined ditches. 

X4- Machine use and labor is the fourth variable input 

category. Both are measured in hours, and intuitively are com­

plementary inputs. They include both farm owned and hired labor 

and machine useage . 



x5 - Length of life of the alfalfa stand was the final input 

variabl e . Life of the alfalfa stand was ascertained on individual 

f arms . The average for all f a rms was 6.9 years, and the range 

was from~ to 1~ years . 

Other combinations and variations of these variable inputs 

were a lso considered and tested in the model. Some gain in the 

R2 value can be obtained when the inputs are not aggregated into 

the above categories, but are each considered as separate inputs. 

However, the simplicity of the model is sacrificed and the degrees 

of fr eedom are lessened. More important, p roblems of inter-

correlation between independent variables become serious \vhen 

thes e inputs are not aggregated. 

Multipl e correlation analysis 

Multiple correlation techniques were used to estimate the 

pa rame ters of the function and to t est the significance of the 

ind epend ent variables in explaining the variation in gross returns 

per acre . Two of t he five variables were found to have little 

expl anatory power . Labor and machinery use in hours (X~) , and 

l ength of life of the alfalfa stand (X 5) did not add significantly 

to the over - all R2 of the model. When these two variables were 

deleted from the model th e multiple coefficient of d e t ermination 

decreased by less than one percentage point. 

Other studie s have failed to show s i gnifi cance between labor 

input per acre and yi e lds per acre . 35 A l ack of correlation 

35G. Tintner and 0. H. Brownlee, "Production Functions Derived 
from Farm Records," Journal of Farm Economics, 26:55 (19~4). 
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between the per acre use of machinery and yields per acre is no 

less surprising, because machinery use in hours and labor used 

are obviously so closely related. ~priori reasoning suggests 

explanations for this lack of correlation between hours of 

machine and labor useage and yields per acre. Notably, the 

capacity of a given machine used on a farm may determine in large 

measure the number of hours needed to perform a given operation. 

Since the capacity of machinery on different farms may vary 

greatly , the number of hours needed to produce a crop may also 

vary without having any effect on the per acre yields produced . 

The variable concerning the life of the alfalfa stand was 

originally included in the model in an attempt to measure variation 

due to the quality of the alfalfa stand. The variable did not 

prove significant in expl aining yields per acre, however, and was 

dropped from the model. 

The results of the regression ana lysis on the remaining three 

variables a r e suiTIITiar ized in Table l, where x
1 

is water applied 

per acre, x2 is material and ener gy costs per acre and x3 is 

machinery and irr igation equipment value p er acre. 

The mean square f or the model is .2279 and the mean square 

error (residual error) is .0248. This gives a ca l culated F value 

of 9.177. With 3 and 22 degrees of freedom this value is significant 

at the .01 level. The null hypothesis that all the partial re­

gression coefficients are equa l to 0 is thus rejected and the over­

al l model has a significant effect upon the dependent variable. 



Calculated F values for each of the X. va l ues in Table 1 
l 
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exceeds the tabul ar F at the .10 level . All three variables are 

therefore said to be significant at the .10 level of confidence . 

That is to say, the probability that the variables are significant 

because of ?Ure chance is less than 10 percent; each of the three 

variables probably have a significant influence on gross returns 

per acre. 

Table l . Calcula ted and tabular F values, and standard partial, 
and multiple correlation coefficients for three inde­
pendent variables 

(b) Partial (b ') Standard 
Independ ent Calculated correlation partial 
variable F value coefficients coefficients 

xl 3.89 .38 . 32 (2) a 

x2 4.23 .24 .36 (1) 

x3 4.00 .23 .31 (3) 

Multiple correlation coefficient (R) = .75 

Tabular F at .10 level and l and 22 D.F. 2.95 

aThe numbers in parentheses are relative rankings. 

The partial correlation coefficients (b values) indicate how 

gross returns vary with each of the ind ependent X. values. Since 
l 

the X values are not all in the same unit of measure, the b's are 

not comparable unless p ut in s tandard form. The standard partial 

correlation coefficients (b' values) are the b values in standard 

deviations form. A comparison of the b' values indicates the 
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number of standard deviations by which estimated gross returns 

would vary i f each of the Xi values considered separately were 

changed by one standard deviation. The relative influence of the 

independent variables can thus be observed in Table l. 

The fit ted equation is~= 1. 32 x1 · 38x 2 · 24x 3 · 23 e; where 

/1 
Y is estimated gross returns per acre, 

xl is water appl ied per acre in acre inches, 

x2 is mater i al and energy costs per acre, 

x3 is machiner y and irrigation value per acre, and 

e is the error due to the fa ct that the independent 

variables do not completely explain Y. 

The correla tion between the observed values of gross returns 

and th e corresponding esti mated gross returns (Y) is given by the 

multiple correlation coefficient, R = .75. Th e coefficient of 

multiple determination, R2 = . 56 , indicates the percentage of the 

variation in the observed values that is explained by the fitted 

regression equation. 

The s imple corr el a tion coefficients are given in Table 2. 

They show the relationship or intercorrelation between independent 

variables . 

The degree of intercorrelation between x
1 

and x
2 

( . 47) and 

between x 2 and x 3 (.40) rais e ques tions of multicollinearity. 

Multicollinearity is in general terms the tendency of ec onomic 

phenomenon to move together. It denotes excessive correl ation 

between the independent variables which introduces indeterminacy 

of the function. It is of especial importance if something is to 



Tabl e 2. Simpl e correlation coefficients for three independent 
vari a bles 

xl x2 x3 

xl 1.00 .47 .16 

x2 1.00 .40 

x 3 1.00 
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be said about individual independent variables rather than merely 

the over-all function . The marginal value products of this study 

must be e stimated from one variabl e under the assumption that 

othe r inputs remain constant. This clearly is not feasible if the 

inputs a re tied together in causal relationships. If the correlation 

among indep e ndent v a riables is high relative to the multiple cor-

r e l a tion c oe f ficient o f the model, multicollinearity is suspected. 

The highest correlation between independent variables in this 

analysis is .47 (Table 2), which is not high relative to the .75 

mul tipl.e R value. It is of sufficient magnitude to imply possible 

relationships between the independent variables, but excessive 

correlation is not indicated. 

The fitted function 

The b values est~imated in the correlation analysis are the 

parameters of the Cobb-Douglas f unction . In natural l ogarithmic 

form, the function is: 

logy= 1.32 -+ .38 l og xl + .24 log x2 + . 23 log x3 
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Marginal values of water can be found for any level of water 

input as the partial derivative of Y with respect to x
1

. 

Symbolically , 

MVP =__L_J_ 
J xl 

Since MVP = d Y and G p or b 
dX 

d y 
~ 

MVP can he calculated as b Y x 

X 
y 

At the mean levels of water (59. 26 acre inches ) and gross returns 

($104-. 97), the marginal value product of water is 

.38 $104 . 97 = $.68 per acre inch or $8 . 16 per acre foot . 
59 . 26 

This marginal value can be interpreted as follows : Ceteris paribus, 

the addition of one acre inch of water at the mean level of appli -

cation will increase gross returns by . 68 cents. Marginal values 

for other water levels are given in Table 3. 

Tabl e 3. Total value products and marginal value products of 
water at various levels of wa t er input, Milford area, 
Utah, 1964 

Total value product 
Water level per acre per acre Marginal value 

acre inch acre feet dollars acre inch acre fee t 

12 l 57 $1.82 $21.79 
2L~ 2 75 l. 20 ll~. 35 
36 3 87 .92 ll.lO 
48 4 97 . 77 9 . 24 
60 5 106 .67 8.04 
72 6 lll~ .61 7. 87 

______ _____ _ _____________ _ _ ___ ___ ___ ..... 
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Assuming the function to be continuous, the total value 

product and marginal value product of water can be graphed over 

the relevant range of water application as in Figure 5. 

Linear Programming Model 

All six of the crops grown in the Milford valley in 1964 were 

used in the linear programming model. Budgets of average costs 

and returns were established for each crop from the survey data 

collected. Prices, yields, and costs are per acre averages of 

all farms in the survey for the year 1964. The only exception to 

this is the price used for seed potatoes. Prices received for 

seed potatoes in 1964 were much higher than had been received 

during any other year. Therefore the price used in the potato 

budget was a 10 year wej_ghted average for seed potato prices . 36 

The prices received for all other crops in 1964 were comparable 

with the prices received during the previous five years and were 

used directly. 37 

The objective function 

Input-output coefficients from the crop budgets were used in 

maximizing the following linear function: 

Z0 ~ 74.8DX1 + 142 .66X2 + 44.3lX3 + 35 .44X
4 

+ 25 . 4BX
5 

+ l.67X
6 

36Facts and Figures, Prices of Selected Crops, Utah, 1917-1964 
(United States Department of Agriculture Statistical Reporting 
Service) . 

37Price, p. 28. 
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Figure 5. Cobb-Douglas production function and marginal value 
curve for irrigation water in the Milford area of 
Utah, 1964 
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where z is returns to fixed factors, 
0 

xl is acres of alfalfa, 

x2 is acres of seed potatoes, 

x3 is acres of wheat, 

x 4 is acres of corn silage, 

Xs is acres of barley, and 

x6 is acres of oats. 

The xi coefficients are the respective returns above variable 

costs received per acre from each crop. 

The returns used in the calculations are returns to fix ed 

factors. They are gross returns 38 less variable costs of power, 

materials, and interest on the money invested in the crop . Fixed 

costs such as interest on capital investment, building and machinery 

depreciation and repair, and taxes have not been deducted. 

Resource requirements and restrictions equations 

Resource requirements were taken from the cost and returns 

budgets. They represent the average quantities of resources used 

per acre in the production of each crop in the survey during 1964. 

The amount of total production is limited by the quantities of 

each resource available : 

(land) lX1 + 1x2 + 1x3 + lX4 + 1x5 + 1x6 ~ 160 acre 

38
Gross returns are the product of the prices received per 

unit of the commodity produced and the number of units produced 
per acre. 
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(capital) 9 .82x1 ' 20. 6DX2 + 17 .li-7X3 + 181. 7li-X4 + 15. 7li-X
5 

+ 

.::: 39 15. 08X6 :: $4,000 

(water) 59.3X1 + li-9.8Xz + 38.5X3 + li-0.6X4 + 53.5X5 + 55.li-X 6 ~ 

7680 ac. in. 
liD 

(labor) 7.79X1 + 5 .77X2 + 3.39X3 + l6.55X
4 

+ 2l.7X
5 

+ 8.55X 6 ~ 
1885 hrs. 

where xl is acres of alfalfa, 

xz is acres of potatoes, 

x3 is acres of wheat, 

XLI is acres of corn silage, 

xs is acres of barley, 

x6 is acres of oats, and where the productive resources 

are as follows: 

Land. The Xi coefficients for land are all ones . This 

merely indicates that it takes one acre of land to produce one 

acre of any crop. The quantity of land available is assumed to 

be 160 acres of irrigated land. This is near the 166 acre per 

farm average as found in the survey. 

Capital. Capital requirement coefficients for each crop are 

taken from the cost and return budgets. They represent the amount 

of capital needed to meet the variable expenses incurred in the 

39
Three levels of capital were used in the equations: $3,000, 

$4,000, and $5,000. 

4
°Five water levels were used in the equations. They ranged 

from three to five acre feet per acre in increments of .5 acre feet. 



production of each crop. The costs of power , fertilizer, wire, 

spray, seed, machine and labor hire, and interest on the money 

invested in the crop make up the capital requirements per acre. 
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Capital restrictions were set at $4,000 per farm. This was 

the amount of money assumed avai lable to the farmer to cover his 

costs of production during the 1964 growing season. It may either 

be owned by the farm operator or borrowed by him. 

Two additional levels of capital are also used in the analysis. 

Thre e thousand dollars and $5,000 capital availability provide 

results which show how returns change as the amount of capital 

available varies. 

Water. Water requirements per acre for each crop were computed 

from consumptive use requirements in the manner already explained 

on page 41. 

The water restricti on of four acre feet per acre of l and 

(7680 acre inches for the entire farm) is the limit set by the 

office of the state engineer . This limit was established in 1960 

in an effort to stabilize a gradually declining water table. 

Four other water levels (3. 0, 3. 5 , 4. 5, and 5. 0) were also 

used in the analysis . 

Labor. The hours of labor required to produce an acre of 

each crop was estimated from the cost and returns budgets. 

The average supply of farm labor was assumed to be 1,885 

hours for April through August . This consists of the operator 

supplying 250 hours per month and a 16 year old boy s upplying 

250 hours per month during the off - school months and 50 hours 

per month while attending school. Some . hired labor is used by 

most onerators, and was assumed to be available if needed. 
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Procedure and results 

A solution to the object function and the resource restriction 

equations may be found by solving the system of equations. This 

was done through use of the simplex method. Four slack variables 

were added to the equations, one for each resource used in production. 

This provided for the non-use of any part of any of the resources 

and converted the original equation to equality form. The require-

ment coefficients, resource restrictions, and returns per acre 

for each crop were entered in a simplex table. An I.B.M. 1620 

computer was used to find optimum solutions to the programming 

problems. The results, using five levels of water and three 

levels of capital are given in Table 4. 

Table 4. Optimum combinations, marginal values of restricting 
resources, and returns to fixed factors for varying 
levels of water and capital 

Crops, 
Capital marginal values, \Vater levels in acre feet 
levels and returns 3.0 3 . S 4.0 1+. s s.o 

$3,000 Percent alfalfa S6 5S 77 87 9S 
Percent potatoes 7 7 6 6 5 
MVP - water ($) 14.04 14 .04 14.04 14.04 0 
MVP - capital ($) .S2 .S2 .52 .52 .39 
MVP - land ($) 70.92 
Returns ($) 8,334 9,34S lO,S90 11,718 l2,S30 

$4 ,000 Percent alfalfa 53 63 74 8S 91 
Percent potatoes 11 10 10 9 9 
MVP - wa t er ($) 14.04 14.04 14.04 14.04 0 
MVP - capital ($) .52 .52 . S2 .S2 .39 
MVP - land ($) 70.92 
Returns ($) 8,857 9,868 11,113 12,240 12 ,92 6 

$5,000 Percent alfa lfa Sl 60 72 82 88 
Percent potatoes 14 14 l3 l3 12 
MVP - water ($) 14.04 14.04 14.04 14.04 0 
MVP - capital ($) .S2 .52 .S2 .52 .39 
MVP - land ($) 70.92 
Returns ($) 9,379 10,390 11,63 5 12,760 13,332 
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Only two crops, alfalfa and seed potatoes, were a part of any 

optimum plan. The acreages of crops were converted to percentage 

f igures for presentation. The percent of the land to be planted 

to alfalfa ranges from 51 to 95 percent and the percent to be 

planted to potatoes ranges from 5 to 14 percent. Of special interest 

is the optimum combination of activities when capital is varied and 

water is held constant at four acre feet per acre. This water 

level is the actual level established by decree in the pump area. 

The optimum organization of activities for these conditions requires 

that from 72 to 77 percent of the land be planted to alfalfa and 

from 6 to 13 percent be planted to potatoes, depending upon which 

capital level is assumed. The actual cropping pattern in 1964 fell 

within those narrow ranges, as 73 percent of the cropped acreage 

was planted to alfalfa and 6 percent was planted to potatoes. 

The linear programming model places all land other than that 

used in the production of alfalfa and potatoes in non-use activity. 

For four acre feet of water, this amounts to from 15 to 17 percent 

of the land . The remainder of the l and in the actual survey cases 

for 1964 was not left unused but was divided among other crops as 

follows. Corn for silage 4 percent, wheat 6 percent, barley 10 

percent, and oats l percent. Water for the production of these 

crops was obtained by using less than optimal amounts in the 

production of alfalfa and potatoes. Thus, the amount of land used 

in the production of alfalfa and potatoes in 1964 was very near 

that suggested by linear programming, but the use of the remaining 

land differed f rom the linear programming solution. 
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Three of the four resources were limiting at some combination 

of activities. (1) The resource which was most often a limiting 

resource was capital, which was restricting at all levels of water 

and capital. (2) Water was a restricting input at all combinations 

of resources except when five acre feet per acre were available . 

(3) Some land was in non-use for all combinations of resources 

except when five acre feet per acre of water were available. This 

water level was sufficiently high to bring all of the 160 acres 

of land into production. (4) Labor was in excess supply in all 

cases of resource availability. 

The marginal value of water given by this linear programming 

model was constant whenever water was a limiting resource. It 

remained at $1.17 per acre inch ($14.04 per acre foot) for all 

water levels up to five acre feet per acre. \\Then this level was 

reached, land replaced water as the limiting variable and excess 

water entered the water disposal activity. The rigidity of the 

marginal values of water at different levels resulted from the 

nature of the model . The requirements for each crop were establish­

ed independently of the linear programming model. They did not 

change as resources were varied in the program. Therefore, any 

increase in total returns to fixed factors following an increase 

in the quantity of water available was not a consequence of 

increased productivity per unit; instead, it reflected an increase 

in the quantity of other inputs used. As more water was assumed 

available, additional units of land and labor were shifted from 

non-use or disposal activities to the production of real activities 
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and total product increased. The value of the increase must be 

attributed to labor and land as well as to water, because additional 

units of all three inputs were used. 

The marginal value of capital was also constant for all 

resource combinations except when five acre feet of water were 

available per acre. At water levels between three and ~.5 acre 

feet per acre the marginal value of capital is $ . 52, and at 

five acre feet per acre its marginal value is $ . 39. 

This optimizing model was inadequate for arriving at several 

different marginal value estimates as water levels vary. The 

marginal value does not change as long as only two crops are used 

in the optimum combinations. Potatoes, which require large amounts 

of capital, were planted in the greatest amounts possible given 

the capital restrictions. Alfalfa came in as the next most profit­

able crop, and any additions to water after that point merely 

a llows for the production of additional acres of alfalfa. Since 

the amount of water required to produce an acre of alfalfa was 

constant, the marginal value of water did not change as water 

levels changed. 

An altered model. Alterations in the restriction equations 

of the model allowed the estimation of several marginal values 

rather than only one as in the original optimizing plan. The 

procedure was to restrict the number of acres of each crop that 

could be planted . The survey results were used to determine the 

maximum number of acres of each crop that could be produced . That 

is, the percent of the total acres planted to each crop was that 
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found to exist in the Milford area in l96ij. The percentages and 

results of the model are shown in Table 5. 

Table 5. Marginal values of water for six crops and for various 
levels of water availability, the Milford area of Utah, 
l96ij 

Crop 

Pota toes 
Alfalfa 
Wheat 
Corn 
Barley 
Oats 

Percent 
of 

cropland Acres 

6 9 
73 117 

7 ll 
3 5 

10 16 
l 2 

Total water 
in acre 

inches, accu­
mulative 

365 
7,303 
7,726 
8,0ij7 
8,844 
8,899 

Water per 
acre in 
acre feet, 
accumu-
lative MVP of water 

acre acre 
inch feet 

.19 $3.51 $ij2.12 
3.80 l. 26 15.12 
ij.02 1.15 l3 .80 
ij.l9 .66 7.92 
4.61 .51 6.12 
4.63 .03 .36 

The marginal value products of water used in the production 

of each of th e six crops were given by this model. For example , 

the total amount of water that could be used in the production of 

potatoes was 365 acre inches. At this level of water usage, the 

margina l value of water was $3.51 per acre inch ($42 .12 per acre 

foot) . At this level of production, the acreage constraint on 

potatoes restricted further use of irrigation water by potatoes, 

and alfalfa entered the program as a user of the water resource. 

The a lfalfa maximum restriction permitted the use of additional 

water, up to a total of 7,303 acre inches. At this level of 

useage the marginal value of water used on the farm was $1.26 per 

acre inch ($15 .12 per acre foot) . This process was continued until 
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each of the crops had entered the program to the maximum limit set 

by the acreage restrictions. 

To make the marginal values obtained from the crop restriction 

model more obviously comparable to the results of the other models, 

water application was put in terms of water per acre in acre feet 

and entered in Table 5. This was done by dividing the total acre 

feet of water used by 160 acres, the total number of acres in the 

representative farm. Thus, for example, the 7,303 acre inches of 

water that can be used in producing potatoes and alfalfa represents 

3.80 acre feet of water per acre for th e entire 160 acres. 

Empirical Conclusions 

Linear programming techniques and Cobb-Douglas analysis have 

been used to estimate marginal values of irrigation water in the 

Milford area. No infallible criteria are known for measuring how 

realistic these marginal value estimates are. Lacking this, the 

following four indicators will be used as imperfect standards of 

measure. 

Cobb- Douglass--linear programming comparison 

Marginal value estimates from each of the models are generally 

near each other in magnitude in the relevent range of two to four 

acre feet of water (Table 6) . This lends mutual support to the 

validity of the estimates from each model. 
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Table 6. Margina l value es timates of thre e mod els for various 
water levels, Milford area, Utah, 19 6~ 

Water l evel 
(acre feet) 

~ 

5 

Cobb-
Douglas 

$H .35 

11 . 10 

9.2~ 

8.2~ 

Comparisons with water costs 

Linear Linear 
program program 
original altered 

$1~ . 0~ $15.1 2 

1~.0~ 15.12 

14.0~ 13.80 

0 6.12 

Under conditions of perfect competition, farmers will seek to 

operate wher e the marginal value of wa t er is equal to its price . 

An es timate of marginal value is thus provided if the price of the 

factor is known. A marke t for wa t er is not defined in the Milford 

area, however . Some transfer of pumping rights does t ake place, 

but this is often on a yearly trade basis and no market price is 

established. The costs of obtaining water through pumping and of 

applying it to the land can be interpreted as being a price for 

water, and therefore an approximation of marginal value und er 

competitive and profit maximi zation conditions. 

Price found that the cost per acre foot of obtaining and 

applying wa t er to farm l and in the Milford area in 19 6~ was $~.26. 

The estimates for marginal value (Table 6) found in this invest igation 

are greater than these estimated costs of irrigation, suggesting one 

or more of the following phenomena. 
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(a) The estimated marginal values may not be realistic. 

Because of its assumptions of linearity, linear programming holds 

the marginal value of water at one level for the production of any 

particular crop if other resources are held constant. It stays at 

that level until water is no longer a limiting resource, and at 

that point marginal value of water is zero . This may bias the 

marginal estimate upward. 

The Cobb-Douglas function assumes constant elasticities of 

production, and a maximum total product is not defined. This 

effects an over estimation of the level of water input which 

equates marginal value and marginal cost.~1 

(b) Water costs may be invalid. These costs are averages for 

all farms in the survey. They represent the annual operating 

costs of pumping water, and are calculated directly from cost 

records. ~2 

(c) Farmers may not be operating at points of profit maximi­

zation or the market for irrigation water may not approach a perfect­

ly competitive market. The institutional restriction of four acre 

feet of water per acre retards the increase of water application 

rates toward an optimum level. A farmer can apply more than four 

acre feet of water per acre only by letting some of his land lie 

idle or by borrowing or renting additional pumping rights from 

other farmers or from his own water supply of the coming years. 

~1Heady and Dillon, p. 76. 

~2Price, p. 31. 
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Comparisons with results of other investigations 

Fullerton~3 
found average rental prices of irrigation water 

in the Delta area of Utah to be $3.21 per acre foot where inter­

company transfer was restricted and $9.60 per acre foot when inter-

company transfer was permitted. Under conditions of competition, 

these values would approximate marginal values. 

The $9.60 per acre foot value which Fullerton found to exist 

is in general terms, near the values found by this investigation 

for average levels of water application. 

In a study of farm organization and resource allocation in 

Piute County, Utah in 1961, Langford~~ found marginal values of 

water to vary between $19.08 and $20.~0 per acre foot when two 

feet of water were available per acre. These values were obtained 

through linear programming techniques. 

Intuitive assessments 

Water application levels in the study ranged from less than 

two acre feet per acre to more than six acre feet per acre. How-

ever, 23 of the 26 farms surveyed had application rates between 

three and five acre feet per acre. The marginal values estimated 

by the methods used in this section seem intuitively reasonable 

for the application range of from three to five acre feet per 

acre. Values for application rates of less than two acre feet 

~3 Fullerton, p. 106. 

~~Langford, p. 5~. 
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seem overestimated. It is not likely that any returns would be 

forthcoming if so little water were used. This observation does 

not apply to the linear programming estimates, since a constant 

amount of water per acre is applied to the various crops regardless 

of the amount of water available. The number of acres planted is 

greatly restricted by low water availability, however, and much 

land must be left idle. 

The marginal values estimated by the Cobb-Douglas function at 

water levels greater than five acre feet are also probably over­

estimated. 



SUMMARY 

If water is to be optimally allocated among its alternative 

us es, it must be used in such a manner as to satisfy the general 

allocative model of economic theory . Specifically , the quotient 

(
margina l value of water) 
marginal cost of water 

must be equal for all uses of water. 

The theory of marginality is essential to this model. It is a 

powe r f ul tool in economic analysis . Considerable progress has 

been made in methods of finding marginal values, and the paths of 

these procedures can be traced through carefully written literature. 

Problems in applying these methods to resources used in agriculture 

still remain, however, especially where water used for irrigation 

is conc e rned . 

Many problems come about because of a lack of controlled 

exp erimental data. Information must come from ex post decisions 

made by farm operators who vary greatly in age, goals, preferences, 

and management ability, and in the amounts and quality of resources 

used in producti on . Reliable knowledge concerning yields per acre 

and input - output coefficients are also difficult to obtain. In 

addition to these problems of heterogeneity, it is also difficult 

to specify the production process. The number of input - output 

re l ationships are too numerous to work wi th and are not a l ways 

measurable; and aggregation of these may lead to meaningless 

production function specification. 
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Another deterent to meaningful marginal value analysis for 

irrigation water results from the narrow range over which the 

predicting production function is relevant. This makes it difficult 

to establish a causal relationship between inputs and output. 

Two methods of marginal value estimation which are often used 

in agriculture are the Cobb-Douglas production function and linear 

programming analysis. A survey of the analytical properties of 

these methods gives reasons for their favored use. 

The Cobb-Douglas function has been the most popular algebraic 

form used in farm-firm production function analysis. It was 

originally developed from marginal productivity theory by Paul 

H. Douglas and Charles W. Cobb in 1928. As presently used by 

agricultural economists, the function permits diminishing marginal 

returns with a minimum usage of degrees of freedom . It is rather 

simply estimated through multiple regression techniques, and the 

estimated coefficients are the elasticities of production. The 

marginal product of the factors may be estimated at their means 

from the elasticities or regression coefficients, and t he function 

is linear in its logarithmic form. The residuals are assumed to 

be normal l y distributed, which permits the use of the t distribution 

for testing the significance of the marginal productivities . 

Linear programming is a form of activity analysis which was 

largely pioneered by Wassily W. Leontief in the 1920's. It 

facilitates precise problem formulation and its computational 

procedures are well defined and easily used. Large quantities of 

data can be processed, thus minimizing problems of aggregation. 
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The marginal value product of each limiting resource used in the 

production process are given directly in the solution. 

Both linear programming and Cobb-Douglas analyses seem 

theoretically capable of yielding fruitful marginal value estimates 

for irrigation water. A more conclusive test of their validity 

can be made by applying the two models to an empirical study area 

and assessing the reality of the resultant estimates. Such an 

empirical test was conducted by this study in the Milford area of 

Utah. In 1964 cooperation was established with 26 farmers, and 

schedules were completed. The data thus obtained was used in both 

of the models studies. 

The Cobb-Douglas function fitted to the data was in natural 

log form; 
A 

logy= 1.32 + . 38 log xl + .24 log x2 + .23 log x3, 
/' 

where Y is the es timated gross returns to alfalfa per acre, 

xl is water applied per acre, 

x 2 is material and energy costs, and 

x3 is machinery and irrigation value per acre. 

All of the parameters were found to be significant at the .10 

level, and the multiple correlation coefficient was .75. Marginal 

values of water were estimated as the partial derivative with 

respect to water. They were $11.10, $9.24, and $8.04, for 3, 4, 

and 5 acre feet of water respectively. 

The linear programming model included as activities, all six 

of the crops grown in the Milford area. However, only two crops, 

namely alfalfa and potatoes, entered the optimum solution. Marginal 



values of water were constant at $1~.0~ whenever water was a 

limiting resource. 
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Alterations in the restriction equations of the model allowed 

the estimation of several marginal values rather than only one as 

in the original optimizing plan. The number of acres of each crop 

which could be planted was restricted, thus requiring a marginal 

value estimate for each of the six activities. These predicted 

marginal values per acre foot of water were $15.12 for 3 .80 acre 

feet, and $13.80 for ~.02 acre feet. 

Estimates of marginal values of irrigation water were thus 

obtained through empirical application of the models. The remain­

ing task was to assess the reality of the estimates, and by that, 

the validity of the models themselves. Lacking infallible criteria 

for measuring how realistic thes e marginal value estimates are, 

some imperfect indicators were used as standards of measure . 

First, the estimates obtained by each method were near enough 

to each other over the relevent range of water application to lend 

mutual support to validity of the models. 

Second, marginal values as estimated by both methods are near 

the estimates of prices of water found by Fullerton in a nearby 

study area. 

Third , the marginal values estimated by both methods seem 

intuitively reasonable for the water application range of from 

three to five acre feet per acre . Twenty three of the 26 farms 

surveyed fell within this range of application. There is good 

reason to doubt the validity of the marginal value estimate for 

water levels both higher and lower than this range. 



CONCLUSIONS 

The results of this study indicate that Cobb-Douglas production 

function analysis and linear programming methods are both conceptually 

capable of yielding estimates of marginal values of irrigation water. 

The estimates do not share equiva l ent interpretations, however. 

The marginal value as estimated by the Cobb-Douglas function is 

forthcoming from an increment of water, with all other inputs held 

constant. Alternatively, the marginal value attributed to water 

through linear programming methods results from an increment of 

1vater and the additional use of other resources. Input-output 

relationships are constant, and a changing marginal product requires 

a change in the mix of inputs used in production. 

Empirical tests of the methods resulted in reasonable estimates 

of marginal values of irrigation water. Inviolable criteria for 

testing the reality of these predictions are l acking, but imperfect 

standards of measure imply that they are sound. 

It is therefore concluded that linear programming and Cobb­

Douglas production function analysis can be used to yield meaning­

ful estimates of marginal values of irrigation water. 

A more positive assessment of the fruitfulness of the two 

models awaits the development of more precise criteria for measuring 

the reality of the predictions. 
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