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ABSTRACT

Reliable estimates of the demand characteristics of irripation
water are crucial to successful water policy formulation in the West.
Although various studies concerning irrigation water demand exist in
the literature, most are somewhat limited in scope and present their
results in varied forms. Thus, comparison of results presents a
problem. This study follows a more comprehensive approach by determ-
ining the demand characteristics, viz., water value, demand elastic-
ities, etc., for major western irrigated regions. These results
should prove useful in water policy formulation and evaluation.

Eleven homogenecus regions were identified as major irrigated
areas of the West. Agricultural output {(in value terms) in each
region was hypothesized to take the form of a nultiplicative func-
tion with nine domain variables, i.e., irrigation water applied,
value of land and buildings, hired labor expenditures, fuel and
lubricant expenditures, fertilizer and lime expenditures, feed ex-
penditures, value of machinery inventory, value of livestock inven-
tory and miscellaneous expenditures.

Using 1969 Census of Agriculture data, each regional function
was statistically fit using both ordinary least squares (OLS) and
ridge regression. As expected, parameter estimates under OLS were
highly unstable due to high correlations among the explanatory
variables (multicollinearity). One-third of the estimated coef-
ficients took on nonsensical signs and the standard errors were

generally high.
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To circumvent the multicollinearity problem ridge regression
was employed. While admittedly a biased estimation technique, the
credibility of the estimates appeared to increase. All parameter
estimates, except for one out of 99, took on the expected positive
sign and the standard errors were decreased in every case. Returns
to scale were estimated to vary from a high of 1.200 in the North-
western Ogallala to a low of .887 in the Lower Rio Grande Basin.
Overall, the functions estimated with ridge regression were more
compatible with theoretical expectations than those based on OLS
estimates.

From the fitted production functions, the demand for irrigation
water was derived for the long run, two intermediate runs and the
short run. Generally, water demand was found to be slightly elastic
for all lengths of run considered with the more elastic demand in the
Desert Southwest and Upper Colorado Basin, and slightly less elastic
demand in the Snake-Columbia, Lower Rio Grande Basin and Northwestern
Ogallala. The quantity of water applied was found to be most sen—
sitive to product price in the Central California, Desert Southwest,
Upper Colorado Basin and Northwestern Ogallala Regions. In terms
of cross-factor effects, water application rates were found to be
most responsive to changes in the prices of land and labor for all
regions.

Marginal irrigation water values for each length of run considered
were estimated for 1969 at the respective regional mean values of
water usage, fixed input levels and variahle input prices. These
estimated values varied from a high of $27.79 for the long run

in Central California to a low of $1.71 in the short run for the



Snake-Columbia Basin. It appears that the value estimates may be
distorted in some instances due to the influence of livestock vari-
ables in the model. Subsequent research should attempt to correct
this deficiency.

Projections of values for 1974 (a census year) and 1978 were
made with the assumption of no change in technology and level of
"fixed" input and water -usage since 1969. Though a somewhat gross
projection, water values were found to increase until 1974 and then
decrease in 1978. These projections should serve as a basis for

possible later validation by other researchers.
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THE ECONOMIC VALUE OF IRRIGATION WATER IN THE WESTERN
UNITED STATES: AN APPLICATION OF RIDGE REGRESSION

Michael D. Frank and Bruce R. Beattie®
CHAPTER T
INTRODUCTION

During the mid-1970s there has been a resurgence of interest in
water and water related problems. Various factors~~increasing pumping
costs, drought conditions in the West and Midwest and declining aqui-~
fers-—emphasize the need for further evaluation of current water usage.
Such an evaluation requires reliable estimates of the economic para-
meters of water in each of its varied uses, viz., agriculture, residen-
tial, industry, recreation, etc.

Since agriculture is the single largest consumer of water supplies
in the United States (National Water Commission, pP- 7), there is a
need to understand more fully the economics of irrigated agriculture.
Numerous studies concerned with assessing the value of irrigation water
were conducted in the 1960s and early 1970s. Most of these studies
were limited in scope to a regional or local situation, and for the
most part, involved different estimation techniques and different data
sources making comparison of various results difficult:.1 Therefore,
it should be helpful for policy makers to have a comprehensive study
based on a single estimation technique and data source to discern

regional economic characteristics and differences of irrigation water

*Michael D. Frank is a research associate in agriculture eco-
nomics at Texas A&M University; Bruce R. Beattie is an associate

professor of agriculture economics at Texas A&M University.

lDifficulties, conceptual and otherwise, were noted in this re-
gard by Young and Gray in their background work on agricultural water
values for the National Water Commission.
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demand. These estimates should be more relevant for relative compari-

son of water demand characteristics among regions.

Basic Approaches to Water Valuation

Considerable economic research has.been concerned with the value
of water in irrigated agriculture. Previous studies can be categorized
as basically following one of four approaches, i.e., (1) use of water-
market price-quantity data, (2) linear programming, (3) budgeting and
(4) production function estimation with subsequent water value deriva-
tion. The following sections briefly discuss each approach and summar-

ize the results of these important previous studies.

Market Observations

$ince water for agricultural uses is rarely exchanged in a well
defined market, few instances of direct measurement of value are
available. Gardner and Fullerton studied the rental market for water
in the Sevier Basin of Utah. They reported an average price paid of
$9.50 per acre foot for a period from 1950-1964. Anderson also ana-—
lyzed prices paid data for six irrigation companies in the South Platte
Basin of Colorado. His findings revealed water prices (excluding de-

livery expenses) ranging from $3.50 to $4.85 per acre foot.

Linear Programming

Probably the most extensively used technique of discerning water
values is linear programming. In this approach, a profit (cost) func-
tion is maximized (minimized), subject to various economic and physical
constraints. A.solution of this type, in addition to optimal input com-
binations, yields estimates of the marginal value productivities (sha-
dow prices) of each input. Several studies of this type have been sum-

marized by Young and Gray in a report done for the National Water



Commission (table 1). In particular, they note research utilizing linear
programming methodology by Harman and Whittlesey; Anderson, et.al.;
McLeod; Lindeborg; Sorenson and Clark; and Young. These studies re-
ported irrigation water values ranging from $2.00 per acre foot for
Wyoming pastureland to $41.00 per cropland acre in the Lower Colorado

Basin.

Table 1. MVP Estimates for Irrigatiog Water from Selected
Linear Programming Studies.

Area MVP($/ac.ft.)
Western Colorado $.39—~$41b
Southeastern Wyoming (Meadow) $2.00
East Central Wyoming $12.50-%17.50°
Western Oklahoma $§7.50
Idaho $17.60
North Dakota $18.389

aSummarized from Young and Gray.

bHigh value is for high valued crops grown under near
"ideal conditions'".

C . . N
Values due to second and first acre foot applications,
respectively.

d
Includes return to management.

In addition to these early attempts, more recent work has been
published using linear programming. Griffin found the value of irri-
gation water in Southwestern North Dakota to range from $17.09 to $94.62
per acre foot under alternative output price assumptions. Butcher,

et.al., calculated the marginal value productivity of water for various



crops in the Yakima River Basin in Washington. Water values reported
in their study ranged from -$.36 per acre foot for corn to $43.68 per
acre foot for pears. Finally, Shumway found values ranging from $3
to $17.00 per acre foot for a subregion of the Western San Joaquin

Valley cof California.

Budgeting

Another widely used approach for evaluating the value of irriga-
tion water, which is essentially a simple linear program, is budgeting.
An example of estimation using this approach is a study by Grubb.

Grubb estimated the imputed residual value of irrigation water on the
Texas High Plains to be $27 per acre foot. Lacewell, Sprott and_Beattie
used budgeting methods to compute the ability-to-pay (value) for water
in all of the major irrigated regions of Texas, including the High
Plains. Individual estimates were made for 20 crops, assuming alterna-
tive product and input prices. Their findings for the High Plains
region revealed water values ranging from $47 to $121 per acre foot for

cotton and from $11 to $59 per acre foot for soybeans.

Production Function Anmalysis

Yet another approach to water value determination involves deriva-
tion from statistically fitted production functions. In this method,
a particular functional form of the agricultural production process is
specified and statistically estimated using regression procedures.
Marginal productivities for each input involved in the process are
calculated by differentiating the production function with respect to
each specific input. Using this approach on micro level data, Miller

and Boersma studied the value of irrigation water in Oregon. Fitting



data from controlled agronomic experiments, the marginal productivities
of various irrigation levels on corn were determined. Water was valued
in excess of $120 per acre foot for the first few inches applied, and
reached $0 at approximately 18 acre inches of water applied.

Taking a more comprehensive approach at a more aggregated level,
Ruttan used production function analysis to determine the value of an
irrigated acre from Census of Agriculture data. While Ruttan's theo-
retical framework was most appropriate, several statistical complica-
tions in his empirical methodology (regional heterogeneity, overaggrega-
tion and omission of relevant variables) were noted by Hock. No values
for water per se were given in Ruttan's study; however, the difference
between the marginal productivities of irrigated and nonirrigated land
may be imputed as a marginal return to water and management.

Applying a modified Ruttan framework, Beattie and co-workers
attempted to ascertain the value of irrigation water in the High Plains
of Texas and New Mexico based on 1964 Census of Agriculture data. Re-
sults of their study revealed water values of $33.32 per acre foot for

cotton and $20.29 per acre foot for all noncotton crops.

Relationship to Previous Research

This study involves direct estimation of production functions and
subsequent derivation of the value of water as a productive input in
agriculture. A Ruttan-Beattie framework was followed with several
methodological improvements. These include (1) improved variable defi-
nitions, (2} improved study region delineatiomn, (3) a Cobb-Douglas
model specification and (4) parameter estimation by ridge regression.

A brief discussion of each improvement follows.



Variable Definition

The use of secondary data in research almost always constrains the
analyst in the specification of variable definitions. Data in the
Cengus of Agriculture are repﬁrted in their least aggregated form for
counties. Thus, the reported data are quite aggregated. A problem
results in that certain expenditure (input) categories include both crop
and livestock components, e.g., the labor reported includes both labor
used in crop production and that used in livestock production. Beattie,
et.al. chose to explain the variation in crop output only by using
selected aggregated input categories as explanatory variables; some of
which included livestock production expenses. Such an approach could
lead to imprecise estimates if the livestock components of each input

are sufficiently large.

In contrast to the Beattle approach, an aggregate model specifica-
tion which includes both crop and livestock output and associated inputs
was formulated in this study. Even though increased aggregation makes
inferences to the firm level difficult, this aggregate model eased the

limitations due to the data source.

The Ruttan and Beattie works were further constrained by their data
sources in that certain significant inputs, e.g., machinery values and
water quantities, were not reported. To compensate for this deficiency
several approaches, i.e., proxy variables for the machinery input and/eor
indirect water productivity measurements, were used.

The 1969 Census of Agriculture offers an improved data base for the
present study, in that it reports directly both the value of machinery
and the acre feet of water applied. Thus, not only will the machinery

input be improved over the Beattie and Ruttan studies, but a direct



measurement of the effect of water applications can be deduced. In
these previous studies, water productivities were inferred from the
difference between the return from irrigated land versus nonirrigated
land. Having this direct measurement of the quantity of water applied
also allows for the expression of the land variable in value terms.
Using the value of land and buildings rather than acreage should account
for quality differences in land which no doubt exist within a study

region.

Study Region Delineation

Delineation of study regions is extremely crucial in estimating
production functions. Ideally, a study region should be made up of
counties having similar output mixes. The estimation of a single pro-
duction model for such a region should yield useful results by lessen-—
ing the aggregation bias relative to that for a heterogeneous region.

In the Ruttan work, study regions were chosen to conform to major
river basins of the United States (p. 35). Since these basins encompass
substantial acreages and cut across diverse type-of-farming areas, it
appears that regional heterogeniety was a problem. By contrast, the
criteria for study region delineation adopted in this study emphasized
homogeneity of type-—of-farming, e.g. similar crop-livestock mixes.

Thus,the ill-effects of regional heterogeniety should be lessened.

Cobb-Douglas Model Specification

Various functional specifications have been used in the estimation
of agricultural production functions. Omne approach has been to assume
a linear relationship (Knight; Beattie, e¢t. gl.). This assumption infers

that all inputs have a constant marginal productivity and that each is



technically independent of all other inputs. Alternatively, a multi-
plicative (Cobb-Douglas) specification allows decreasing marginal pro-
ductivity and input interaction. Onan a priori basis the Cobb-Douglas
function appears applicable to agricultural production, whereas a
linear function is deficient for many research purposes; e.g., factor
demand functions are undefined. Ruttan hypothesized a Cobb-Douglas

model in his work.

Estimation by Ridge Regression

Assuming rationality on the part of the individual entrepreneurs,
all coefficients in a Cobb-Douglas production function should have
positive signs, i.e., positive factor elasticities and marginal pro-
ductivities. However, most production input-output data is characterized
by high intercorrelations among the input data series (multicollinearity).
In this case estimation by ordinary least squares often gives results
which are contrary to g priori reasoning, e.g., negative values and
nonsignificant parameter estimates.

One commonly used approach to combat this problem is deletion of
nonsignificant variables, e.g., see Ruttan. However, assuming that
the model specification is correct, variable deletion will necessarily
cause increased specification bias (Kmenta). The potential magnitude
of this error in parameter estimation when ﬁariable deletion is used
to circumvent multicollinearity problems can be quite large (Brown).

For this reason, variable deletion was not considered as appropriate
procedure for purposes of this study.

Recently ridge regression (Hoerl and Kennard; Marquandt and Snee)

has been advanced to mitigate the effects of these intercorrelations



(large variances, over estimated coefficients and illogical signs) by
introducing nominal amounts of bias to the estimation procedure. This
technique appears to be applicable in economics as well as in engineering
where 1t was originally advanced (Brown and Beattie). As expected,
multicollinearity was a problem in this study and ridge regression

rather than variable selection was employed to circumvent this problem.

Purpose, Objectives and Outline of Study

The purpose of this study was to formulate an improved methodology
for estimating the ability-to-pay (economic value) for irrigation water
and to estimate these values for major irrigated regions in the western
United States. Four specific objectives were involved:

1. To identify and delineate major irrigated regions and sub-

regions for the 17 western states.

2. To postulate an appropriate aggregate economic model for pro-

duction in irrigated agriculture.

3. To estimate the parameters of the model using data from the

U.8. Census of Agriculture.

4., To determine factor demand, own—, cross- and product-price
‘elasticities and economic value for water as an input in
regional agricultural production processes.

These four objectives and results are addressed in the ensuing
chapters. Chapter II briefly discusses study region delineation criteria
and provides a description of each study region. Chapter III articulates
the underlying economic theory involved in the model specification. In

Chapter IV multicollinearity and ridge regression are discussed. Results
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are presented in Chapters V, VI and VII. The final chapter (Chap;
ter VIII) addresses conclusions and limitations of the study with

some implications for further research.
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CHAPTER 11

DELINEATION OF STUDY AREA

The selection of study areas stands as one of the more crucial
agpects of any functional analysis. If reliable results are to be
obtained, the production relationship for the entire region must
refer to factors and/or commodities which are homogeneous (Heady).
Therefore, especially in cross-sectional analysis, great care should
be given to the selection of an area which is relatively homogeneous,
but at the same time has sufficient variation in the explanatory
variables to yield accurate statistical results.

In this study, relative homogeneity was achieved by careful
definition of the term "major irrigated area." To be considered a
major irrigated area, a region must be comprised of counties which
have a minimum gross application of 5000 acre feet of irrigation
water. In addition, regions were delineated such that counties
within each region have relatively uniform crop and/or livestock
mixes, and somewhat similar topographies and climatic features.

A combination of these characteristics should yield a study area
which employs essentially the same technology for the production of

a relatively homogeneous product mix.

Study Areas

Utilizing the preceding criteria, eleven homogeneous regions

were identified for the 17 western states (figure 1). These include:
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1 Snake—Columbia Basin
2 Central California
3 Desert Southwest

4 Upper Colorado Basin
5 Upper Rio Grande Basin
6 Lower Rio Grande Basin
7 Upper Missouri Basin
8 Northwestern Ogallala

9 Northeastern Ogallala
10 Central Ogallala

11 Southern Ogallala

FIGURE 1. Major Irrigated Regions of the 17 Western States.
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(1) the Snake-Columbia Basin, (2) the Central California Region,

(3) the Desert Southwest, (4) the Upper Colorado Basin, (5) the Upper
Rio Grande Basin, (6) the Lower Rio Grande Basin, (7) the Upper
Missouri Basin, (8) the Northwestern Ogallala, (9) the Northeastern
Ogallala, (10) the Central Ogallala and (11) the Southern Ogallala.

The agricultural characteristics of each of these regions are discussed

in turn.2

Snake-Columbia Basin

Outlining the basins of the Columbia and Snake Rivers in Wash-
ington, Oregon and Idaho, the Snake-Columbia Basin is characterized
by a mountainous relief, a fine soil in the river valleys and annual
rainfall varying from 8 to 12 inches. Historically, dryland wheat and
livestock evolved as the main agricultural endeavors; however, a
series of river diversions have made irrigated agriculture very im-
portant. Utilizing this new technology, vast amounts of potatoes,
sugar beets, feed grains, vegetables and fruits are produced in the
inherently fertile river valleys. TFor an average county in this
area, 34.5% of the cropland, including irrigated pasture, is irri-
gated. The typical irrigated acre includes 35.3% hay, 17.27% pasture,
13.6% wheat, 12.4% small grains and 15.77% specialty crops. This

region is comprised of 30 counties.

Central California

Encompassing the highly productive San Joaquin and Sacramento

2The following discussion of the study regions draws importantly
on the writings of Bouge and Beale.
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Valleys, Central California is a highly mechanized and irrigation-
dependent region. Soil and climatic conditions (210-270 freeze-
free days) are near ideal for the production of a varied crop mix,
The principal crops of this region are vegetables, fruits, cotton,
small grains and pasture. In the northern portion, grapes are the
dominaut crop, with cotton becoming more important inm the southern
areas, Of the 31.4% of a typical county which is irrigated, 24.4%
is irrigated hay, 14.3% is irrigated pasture, 15.6% is small grains
and 26.47% is in specialty crops such as vegetables, fruits and vine-

yards. Fifteen counties are included in the Central California Regionm.

Desert Southwest

Composed of 12 counties in the southern parts of California,
Arizona and New Mexico, this region is typified by intensively irri-
gated and highly mechanized agricultural operations. With its sandy
soils, scant rainfall (2-15 inches per year), and moderate climate
(240-300 freeze-free days), the Desert Southwest Region is almost
sub~tropical in nature (U.S. Department of Interior). These climatic
conditions coupled with water supplies from the Colorado, Gila and
Salt Rivers allow various specialty crops to be produced nearly year-
around. The major crops of this area include winter vegetables,
cotton, hay and orchards, with limited grazing in the eastern-most
areas. A typical Desert Southwest farm has approximately 34.8% of
its total harvested acreage under irrigation. Of this, 25.9% is
irrigated hay, 29.0% is cotton, vegetables and orchards, with small

grains, sorghums and pasture accounting for the balance.
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Upper Colorado Basin

Outlining the Colorado River as it flows through the rugged
areas of Colorado, Wyoming and Utah, the Upper Coloradoc Basin is
characterized by a livestock economy with limited irrigation in the
scattered arable areas. These areas are used mainly to grow crops
related to the livestock industry. An average county In this region
has an irrigated acreage (18.2%) comprised of 51.6% hay, 38.5%
pasture, 5.3% oats-barley-rye, with the remainder in corn and spe-

cialty crops. This region includes 18 counties.

Upper Rio Grande Basin

Following the course of the Rio Grande River, this region
stretches from the San Luis Valley of Colorado to the two western-—
most counties of Texas. Fourteen counties are included in the region.
Fxemplified by its semi-arid environment and s?ndy solls, the Upper
Rio Grande Basin has essentially a livestock-oriented economy with
gsizable irrigated areas along the river's edge. Due to the relative
importance of the livestock industry, hay and pasture are the most
intensively irrigated with cotton and potatoes as secondary crops.

Of the 21.1% of an average county which is irrigated, 36% is irri-
gated hay, 23.4% irrigated pasture, with 22,6% accounted for by

cotton, potatoes and other vegetables.

Lower Rio Grande Basin

Situated in the southern-most portion of Texas, the Lower Rio
Grande Basin (14 counties) is a broad, nearly level plain which sup-

ports extensive agricultural operations. This naturally fertile
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region is characterized by loamy to clayey soils, variable rainfall
and an extremely long growing seasen (more than 300 days). Irri-
gation water is supplied from the Rio Grande, Nueches and other
tributaries. Although water quality and soil alkalinity have become
increasing problems in recent years, a highly productive irrigation-
based :ndustry thrives. Of the 30.3% of a typical county which is
irrigated, cotton, citrus and vegetables account for 50.9% of irrigated

acres with sorghum and pasture totaling 28.8% and 9,6%, respectively.

Upper Missouri Basin

This region is comprised of a large portion of the land (26
Montana counties) drained by the Missouri River and its tribu-
taries. The relief is predominately mountainous with little annual
precipitation. The grazing of livestock and dryland wheat and hay
operations prevail as the major agricultural endeavors. However,
in some areas of the Upper Yellowstone and Big Horm Rivers, appre-
ciable irrigated regions may be found yielding sugar beets, alfalfa,
canning peas and vegetable crops. Little of an average county
is irrigated (8.17%) with irrigated hay and‘basture comprising 51.6%

and 38.5%, respectively,

Northwestern Ogallala

Underlain by the northwestern portion of the expansive Ogallala
aquifer, this region encompasses 15 contigious counties in Colorado,
Nebraska and Wyoming. Characterized by a sandy, slightly undulating
relief and an average annual rainfall of 15-20 inches, the Northwestern

Ogallala is predominantly a grain-livestock region with limited irri-
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gation. A typical county within this reglon has approximately 12.7%
of its total harvested acreage (including pasture) classified as
irrigated land. This irrigated portion consists of corn (40.8%),

hay (38.2%), pasture (9.1%), oats-barley-rye (7.0%), wheat (2.3%)
with sorghum, sugar beets and other specialty crops accounting for
the remainder. The majority of these irrigated crops are grown using
diverted water from the northern and southern forks of the Platte
River, with a smaller acreage irrigated with subsurface water pri-

marily from the Ogallala formation.

Northeastern Ogallala

Comprised of 18 counties in Colorado, Kansas and Nebraska the
Northeastern Ogallala resembles a transitional region between the
_ Corn Belt and the Central Plains. Characterized by a gently sloping,
silty soil with an annual precipitation of 18-24 inches, it would
appear that a predominately corn-livestock industry could not thrive.
However, with extensive pumping operations, a corn belt-like economy
predominates. Of the 5.2%7 of an average county which is irrigated,
63.7% 1is irrigated corn with sorghum and hay representing 8.27%7 and

15.2%, respectively.

Central Ogallala

The Central Ogallala is a broad level plain representing a large
portion of the winter wheat belt. In general, this region is char-
acterized by a fine silty soil, variable rainfall from 15 to 26 inches
per year and extremely high evaporation potential. Historically, a

dryland wheat-livestock economy has been predominant. However, the
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development of a pump irrigation-based culture in recent times has
induced the introduction of higher valued crops. On average, a

Central Ogallala county has an irrigated acreage amounting to 24.6%
of the total harvested acres with irrigated sorghum accounting for

45.6% of this fraction, wheat 29.8% and corn 19.3%. Twenty-four

counties are included in this region.

Southern Ogallala

Lying directly south of the Canadian River, this region is com-
prised of 21 north Texas and three eastern New Mexico counties.
The region is typically high plains in nature, i.e., a broad level
relief, fine silty soils and limited rainfall. Normally dryland
farming and livestock would be the major agricultural enterprises.
However, by utilizing groundwater from the Ogallala aquifer, a highly
productive irrigation based economy has evolved with sorghum and
cotton production as the two major enterprises. Of the 39.1% of har-
vested land which is irrigated, sorghum accounts for 38.2% and

cotton 45.7%.

A Comment
The preceding descriptions provide some insight as to the type
of irrigated agriculture which predominates each region. As noted,
the agriculture of the study regions varies in disparate degree from
grazing with sparse acreages of specialty crops in the Upper Missouri
Basin to highly intensive farming enterprises with less emphasis on
livestock in Central California and the Lower Rio Grande. Although

the technical parameters and input levels may vary from region to
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region, certainly the same basic inputs (land, labor and capital)
are required, regardless of type of operation. Therefore, it seems
reasonable that a common technical specification (inputs included
and functional form) should suffice for estimating each regional

production function.
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CHAPTER III

THE PRODUCTION FUNCTION MODEL
AND FACTOR DEMAND

The problem of model specification for agricultural production is
somewhat perplexing. In addressing the two-fold problem of explanatory
variables to be included and the functional form to be fitted, one must
balance theoretical and empirical (statistical) considerations. Often-
times model specifications having desirable theoretical properties are
accompanied by statistical problems, or simply not supported by the data.
This problem is particularly prevelant when using aggregate secondary
data. Only with careful selection of relevant variables and functional
form can a model be specified that exhibits important theoretical pro-
perties, and at the same time yields statistically reliable estimates of

the structural coefficients.

Choice of Explanatory Variables

For meaningful results, a particular production function specifica-
tion should reflect all variables (inputs) relevant to the '"real world"
situation. The omission of any relevant variable will result in a
model which is biased in an economic sense. Certain inputs, though
variable in the sample, are impossible or too costly to measure. By
specifying a model which includes all essential measurable inputs, the
economic bias is lessened. Such a specification, though admittedly
incomplete, should yield estimates which are useful in policy-making

decisions (Heady and Dillion).
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The model specification in this study assumes that agricultural
production, like most production processes, is the result of the appli-
cation of land, labor and capital. These fundamental inputs, however,
are extremely aggregate for many policy questions; in particular, further
disaggregation of the capital input is needed. Specific inputs of
interest for full economic evaluation of irrigated agriculture are
land, labor, irrigation water, energy, fertilizer and lime, machinery
inventories, livestock inventories and other operating expenses. To
account for the effects of quality variation within the sample, the
value of, or expenditures on, each input (except water) is used. (Spe-
cific variable definitions and data sources are discussed in the final
section of this chapter and in appendix B.) Since the main objective
of this research is to ascertain the value of irrigation water, this

input is measured in physical units, viz., acre-feet.

Functional Form

In addition to guiding the choice of explanatory variables, theory
also provides insight in hypothesizing a suitable functional form(s).
An appropriate production function model should exhibit several techni-
cal characteristics generally believed true of production processes.

On an g priori basis, agricultural production can be hypothesized to
exhibit three essential chatacteristics. First, like most production
processes, inputs in an agricultural process will likely follow the law
of diminishing marginal productivity, i.e., as successive units of a
variable input are applied to a given quantity of other resources, the
resultant increments to output (marginal product) will decline.

Secondly, the marginal product forthcoming from a decision to increase
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or decrease a factor level depends on the available quantities of the
other factors; e.g., the additional product yielded by an additional
unit of fertilizer applied depends greatly upon the quantities of land,
labor, etc., combined with it. That is, one expects production inputs to
be technically interdependent; specifically, for normal inputs it 1s
expected that an increase in an input level increases the marginal and
average productivities of other inmputs in the production process.
Finally, if one of the requisites for production is absent (i.e., a zero
input level) the process would yield no output. This characteristic
infers that a production function should pass through the origin of the

input-output space.

Properties of a Cobb-Douglas Production Function

Technical

The Cobb-Douglas or power function appears to be quite applicable
in estimating agricultural production, in that it intercepts the origin,
displays decreasing marginal productivity of inputs and allows input

interdependence or interaction. 1In general, a Cobb-Douglas form is

n B
(3.1 y o= By gl 1

. h | :
where y is output, Xy denotes the it input, BO is a parameter reflecting

the production technology and the parameter, B is the elasticity of

i’

the ith factor.3 The mathematical operator, T, denotes the product over i.

3The factor elasticities for the Cobb-Douglas production function are
constant and equal to the exponent coefficients (Heady and Dillom, p. 75).
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We note first that when xi =0, y = 0, satisfying the condition

of a zero product intercept. Differentiating (3.1) with respect to

the kth input, the equation for the marginal productivity is given by
3y _ (Bl)n g,
(3.2) B BBt (I %y
i#k

For the usual case of Bo > 0 and 0< Bi < 1, it follows that decreasing
marginal productivity is exhibited. As Xy approaches zero, ay/axk
increases without bound. As Xp tends toward infinity, ay/axk approaches

zero. Alternatively, note that the sign of the derivative of the

marginal productivity of Xy with respect to Xy is negative. That is,

™

3

X

(8,-2)

m .
= - 1
(3.3) Bk(Bk 1)t30xk iI=Il xi < 0

i#k

=N

for Bo > 0 and 0 < Bi < 1, implying a negative slope and thus diminishing
marginal returns.

The third technical property of interest is that of technical com-
plementarity; i.e., we expect the marginal productivity of each input
to be increased as the level of each other input is increased for all
pairs of inputs. Taking the derivative of (3.2) with respect to the jth

input (second-order "mixed" derivative) yields

5 2
2 9%
2%y K (B-1) (B-Lm By
(3.4) N T S L S L P
: ] i#j,k

Again for Bo > 0 and 0 < Bi < 1, azy/axkaxj > 0 implying an increase in

the marginal productivity of x, as Xj is increased or technical comple-
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mentarity. The technical interdependence property is symmetric, i.e.,

t

2 2
3 y/axkaxj 3 y/ijBxk——see Chiang, p. 309.

Factor Demand

The demand for a specific input (xk) in a Cobb-Douglas function

can be specified by solving for x, in terms of its price, the product

k
price, the prices of other variable factors and the quantities of the
fixed factors. Underlying this rationale are the assumptions of factor
homogeneity and perfect competition (zero price flexibility) in both
product and factor markets, as well as a profit maximizing behavior

postulate # Letting p and r. denote the prices of the product and ith

factor, respectively, profit (m) may be expressed as
(3.5) m=pg I x 1

where Xy is an element of a vector of n factors, of which the first m

factors are variable and the remaining n-m are fixed, and CO denotes the
n

. . : )X
fixed cost owing to the fixed factors, i.e., 1Ene1 Fi%e
Setting each partial derivative of (3.5) equal to zero, the first

order conditions for profit maximization are

am (g,-1) n B8, _
(3.6a) “é—:'{-]—. = BlpBox1 1l igl X 1 - r, = 0
ifl

4The assumptions of factor homogeneity, profit maximization and
perfect competition in the kth factor market are essential to the theory
of derived demand. However, the assumptions of perfect competition in
the product market and in the other factor markets is a matter of con-
venience. The theory of derived factor demand can accomodate a relaxa-
tion of these two assumptions although doing so in effect eliminates pro-
duct and other price variables as explicit arguments in the resulting kt
factor demand equatiom.
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an (B,~1) n B,
- 2 i _ =
(3.6b) axz 82p80x2 151Xi T, 0
i#2
5 (B -1) m B,
(3.6m) —3;'"—:.3 pg x ™ T.x,'-r =0
m m om i=1 1 m
i#m

. - s 5
Assuming second order conditions are satisfied” and solving these
equations for XysntesX 0y @D expression for the demand for each input is
given in terms of own price, product price and quantities of other

inputs; i.e., 1

(3.7a)

"
[l

BiP8, 1l %y

(3.7b) X

szB

(3.7m)

W
]

5Second—order conditions are satisfied if 0 < Bi < 1 for all i and
ggi<l. These restrictions assure a non-zero Jacobian which guarantees
i

a solution to the system of first order conditions for profit maximization.
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These m equations (3.6a - 3.6m) involve the familiar requirement that
factor marginal value productivities (MVPi) must equal factor prices
(ri) for profit maximization. These equations have sometimes been
presented as factor demand equations in applied work (e.g., Ruttan).
Unfortunately they represent factor demands only in the limiting case
where all factors except one are considered fixed; i.e., assuming
m =1, then all X, for i = 2, ..., n are fixed and the system of
equations (3.7a -~ 3.7m) reduces a single equation.

When more than cne factor is assumed to be variable-—a longer
run case--the demand for a specific variable factor depends upon its
substitutability with other variable factors. That is, assuming economic
efficiency, an entrepreneur will substitute one factor for another
until a least-cost combination is attained. Therefore, in this case,
factor demand may be derived using the expansion path conditions in
conjunction with the first-order profit-maximizing condition of interest
or by solving equations (3.7a - 3.7m) simultaneously,6 yielding demand

equations of the general form:

6Consider the following profit function

B, B, B
- 1 2 3 - - -
n pBoxl Xy¢ Xq %) T X, ~T4Xq

where x, and %, are variable factors and x, is fixed at some level.

1 2 3
The first order conditions for profit maximization are
am ( B "‘]-) g B
—— [=4 1 2 3 - =
bx, ByPBoxy Xt X7 -1y =0
am Bl (82—1) 83 N .
e BZPBOXZ X, Xq7 - T, = 0 (continued)
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_ o 1
m
m
L, B.-1
Z - =
m m i=lei 1 m r, Bi 1511
- -3 i n (-1
12187t Aok By Bkl#k i=1 \ 63
R ik
(3.8) x =1y n B,
I 1
pB0 ism+1®

Note that the demand equations exhibit a characteristic downward (negative)

(continue footnote 6)

Assuming the second order conditions hold,

B3
3

Lx

o
=

3 B,pB ¥

Substituting the expression for x, into that for X1 and simplifying, the

demand for xl may be expressed as

- 1
8, Bl + 8, - 1
(8, - 1)(£g)
17 \TTE -8
1 2 33
1 p80x3 J
‘Similarly for the three variable-one fixed factor case, the demand for Xy is

[ ] 1
B 8 Bl+3 +B -1
(By + By - 1)(fg) 2 (r3) 3 27
x, = (32 Ayl ) By By B3
1 1-g.-B, -8 B
T "2 3 4
ry p80x4 J
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slope if the sum of the variable factor elasticities (g) is less than one.7
If ¢ » 1, second order conditions are not satisfied, and factor demand

functions are not defined given assumptions of perfect competition (see

p. 24).

WASHINGTON WATLR

RESEARCH CENTER LIBRARY
Price Elasticities of Factor Demand

An important characteristic of the demand for a factor (xk) is its
price elasticity. This entity is defined as the proportionate rate of change

in Xy demanded, divided by the proportionate rate of change in r,, all other

k)

factors constant (Henderson and Quandt, p. 27). Using this definition,
an expression for a change in a factor's own price, i.e., own-price

elasticity can be formed:

X r
=k k- 1,2,3...0)
Brk X

(3.9) Mk

The definition of elasticity can be further extended to express the
effect of the change in price of a different factor on the demand for

X, o i.e., its crogs-price elasticity:

(3.10) =T AW

Two factors of production (Xk, xj) may be considered economically comple-
mentary, independent or substitutable if the partial with resepct to the
jth factor price is less than zero, equal to zero, or greater than zero.

Yor the "cross effect” of a change in product price, equation (3.14)

7Though similar to the concept of '"returns to scale" the factor
elasticity sum, €, does not include the fixed factor elasticities. In
the long-run case, all factors are variable and ¢ reflects returns to
scale for a homogenous production function. Thus, the general shape of
the demand curve depends as much on the length of run considered as on
factor returns.



32

defines a product-price elasticity if rj is replaced with product price.
For the Cobb-Douglas production function, the implied demand elas-
ticities are constants and equal to the respective price coefficients of
the factor demand equations (Heady and Hexem). Thus, estimates of all
three kinds of elasticities (own, cross—factor and cross-product) may

be read directly from the demand functions.

The Hypothesized Production Function Model

At this juncture, the following Cobb-Douglas type model appears to

be an appropriate production function specification:

(3.11) y = 8 9x°1 (1=1,2,...,9
Oil

where
y = value of agricultural output--value of crops harvested and
livestock and livestock product sales (dollars/county)
%, = irrigation water applied (acre-feet/county)

X, = value of land and service buildings (dollars/county)

X4 = hired labor expenditures (dollars/county)
X, = fuel and lubricant expenditures (dollars/county)
X = fertilizer and lime expenditures (dollars/county)

Xg = feed expenditures (dollars/county)
X, = value of machinery inventory (dollars/county)
x, = value of livestock inventory (dollars/county)

xg = other operating expenses (dollars/county)

The principal data source for this study was the 1969 Census of Agriculture.
See appendix B for a detailed discussion of variable definitions and data

development.
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Ommitted-variable-specification-bias should not be a major problem
in this production function model as the inputs included virtually ex-
haust those factor services contributing to output. However, because of
the relatively large number of independent variables complications due
to multicollinearity will likely be significant. Recently, a method of
estimation called ridge regression (Hoerl and Kennard) has been proposed
to circumvent the multicollinearity problem. This method, although
admittedly a biased estimation technique, allows the formulation of a
more complete model (thereby avoiding ommitted variables bias) and re-
sults in parameter estimates which have substantially smaller variances
than those of ordinary least squares in the presence of multicollinearity.
The applicability of ridge regression for agricultural production function
estimation has been demonstrated by Brown and Beattie.

Chapter IV presents a brief discussion of multicollinearity, ridge
regression, and the empirical methodology used in this study. The reader
interested in only the results can move directly to Chapters V and VI

without serious disruption in the flow.
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CHAPTER IV

MULTICOLLINEARITY AND RIDGE REGRESSION

Multicollinearity, as defined by Silvey, is a "term used in econo-
metrics to denote the presence of linear relationships or 'mear linear
relationships' among explanatory variables in a linear regression" (p. 539).
Least squares estimators of the parameters of such a model are known to
posess the desirable properties of unbiasness and efficiency (Kmenta).
Unfortunately, with linear dependencies in the model, least squares esti-
mates are imprecise, i.e., highly variant. However, in practical applica-
tion, multicollinearity has little effect on the predictive qualities of
such a model, but due to these large variances greatly affect the quality
of the individual (structural) parameter estimates. When obtaining re-
liable estimates of structural parameters is an important aspect of the

research, multicollinearity becomes a crucial problem,

Estimation and Linear Dependencies8

Consider the following multiple linear regression model,
(4.1) Y = Byl + X8+

where Y is an n x 1 vector of dependent variables, 1 is an n x 1 vector

of ones, X is an n x k matrix of independent variables, BO is an unknown

8The following sections follow closely the writing of Mason, Gunst
and Webster.
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parameter, 8 is an kx 1 vector of parameters, and ¢ is an nx 1 vector of
stochastic disturbances. Also, assume that the x's have been standar-
dized, i.e., 1'X = 0 and Xéxj =1 for j = 1,2;...,k. For complete
specification we must further assume that ai(i=l,2,...,n) is normally
distributed, E(si) = 0, E(Ei) = 02, E(eism) = 0 (i#fm), nonstochasticity
of the independent variables, independence of Xis, and that the number

of observations is greater than the number of variables (Kmenta).

The effects of multicollinearity on the estimation of (4.1) can

be illustrated by examining the elements of the (X'X)_l in the following

form:
_ 2. -1
¢33 = (7Rp)
(4.2) ¢c= xR -
- _ 2, -1 2 -1
“13 7 8150 (e-2) TRY TSRS 0y)
" where
- (1] — (1] f . .
Sij-(k—Z) partial “co-varlance" o Xi and XJ, adjusted for the
remaining explanatory variables
Ri = coefficient of determination of the regression of Xi
on the remaining explanatory variables
Rj-(kuZ) = coefficient of determination of the regression of Xj

on the remaining k - 2 explanatory variables, excluding
X,
i
Note that if Xi is a member of the multicollinearity (linear dependent

set), Ri should be large, implying that iy is necessarily large.

. 2
Since Var(Bi) = €449 » it follows that the variance of the estimates
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are inflated in the presence of multicollinearity. Thus, t-values tend
to be nonsignificant. Also notice that if both Xi and X, are involved
in the multicollinearity, sij should be large and one or both of the
coefficients of dermination is.{are) large. Thus, Cov(éiﬁj) will also
be inflated.

The least squares estimates of the regression parameters may be

written as

k
c, . (XY) (i,j= 1,2,...,k)

(4.3) By = Iyeq

Now if Xi is a member of the multicollinearity, (4.2) infers that the
Cij may be large in magnitude, and will be either positive or negative,

dependent upon the sign of s Thus, the magnitude (absolute value)

ij*
of éi will likely be large and/or carry an incorrect sign.9 This
largeness is due mainly to the relationships among the regressor vari-
ables. Therefore, the true relationshiﬁ between dependent and ex-—
planatory variables can be distorted by a high degree of multicolli-
nearity. Before considering a procedure for mitigating the effect

of multicollinearity on structural parameter estimation, a brief

diversion will be taken to establish that the predictive qualities of

a model are unaffected by multicollinearity.

9For example, consider the function Y = f(Xl, X

1° X2 and X3

+ 1 ‘1 =
related, the first row of (X'X) will be C1 (cll’C12’c13)' From

9’ X3) where
Xl = f(Xz, X3). Now assuming that X are all positively
(4.2), €9 and ¢,, will be negative, and

13
= t - - !
Bl = cll(XlY) clz(XéY) c13(X3Y)

. T ] T
Now if c12(X2Y) + c13(X3Y) > cll(le)’ Bl will be negative.
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Prediction and Multicollinearity

Although individual estimates of the parameters are imprecise
multicollinearity does not necessarily affect the predictive qualities
of a model. Suppose the first p variables of (4.1) constitute a
linearly dependent set. Although the individual parameters may

be poor estimates, the linear combination

(4.4) j=1,2,...x

Z
121%15%5
may be estimated well. This may be illustrated by looking at the (X'X)_l

in an alternate form:

(4.5) c=@xnl- 1

LAV v
r=l'r rr r
ﬁhere
A= rth elgenvalue with *, <X, < ..., A .... < A
T 1-"2-— r -~k
Vr = eigenvector corresponding to Xr

If Al is assumed to be substantially less than Xk‘ multicollinearity is

an inherent problem (Silvey). WNow the individual estimate of
k k

u— i ¥ = ! -l ' i
Yi jélxijsj is Yi jglxij[(x X) "X'Y]. The variance of which is
(4.6) Var(Y,) = cz[x'( 15 v v v 'y X, 4+ 1]
) i i‘r2l'r r r i n

However, since_gégl & 0,19 the 111 effects of the small ll are can-

loBy definition XV = AV. If A = 0 then AV > 0 which in turn implies

that XV = (,
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celled.ll Thus,Var(?i) is not inflated and the individual Yi's are

predicted well within the range of the data.

Improved Estimation Under Multicollinearity

As shown in the preceding sections, least squares estimates of
highly collinear data are adequate predictors, but are usually very
imprecise. According to Kmenta, these complications are a feature of
the sample, not the population (p. 380). Therefore, the reliability
of the least squares estimates are improved with increased sample size.
However, iﬁéreasing gsample size is often imposéible or to costly.
Recently other techniques for circumventing multicollinearity in rel-
atively small samples have been introduced--one of which is ridge re-

gression.

Ridge Regression

The technique of ridge regression was developed by Hoerl and
Kennard (1970a, 1970b), and later applied to economic problems by
Brown and Beattie and Vinod, among others. This approach recognizes the

fact that data complications, specifically multicollinearity, often

11Consider the case of k = 2, n extremely large, and Rl * 0; thus

2 1 "‘1 ] _l
a [xi(Alvlvl + lz

o ]
Var(Yi) v, v 2) Xi]

2 -1 t 1 -1 [} 1 f
s [("1 xivlv.l + 1, xivzvz) xi]

. t ~
Now since XV, 0,

2,..-1 -r '
¢ IN, RV, Vo Xy

<

fo

H

~

>

=

~—

Ii
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2 t - 1
o] X__i(kzlvzvz)xi
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cause inflation of least squares estimates. For certain applied
problems there is a substantial a priori basis for believing this
inflation is severe enough to distort the true relationship. By
augmenting the X'X matrix with small constants (k), ridge regression
controls this inflation and vields estimates which, although biased,
have a smaller Mean Square Error (MSE) than least squares estimates
under multicollinearity (Dempster, et. al.; McDonald and Galarneau).

That is, MSE may be defined as
2 2 ., 2
4.7) E(® -~ 8)" = Vvar(9) + Bias

For the ridge estimator this expression may be rewritten as

2P 2
o iglki/(xi + KY" + k

2

o 2 P
(4.8) E@ -3)" = 1810 /Oy 1)

where o= P8 and P is a matrix of orthonormal eigenvectors (Hoerl
and Kennard, 1970a). For O < k < .3, it appears that Var (9)should
decrease at a greater rate than squared bias increases.l2
Although exhibiting a smaller total MSE than OLS estimates, vidge
estimates do lose the desirable property of zerc bias, i.e., as the
first increment of k is introduced, kziglaizl(li + k) takes on non-
zero value. The effect of biasness on the sampling distribution with

multicollinearity is graphically illustrated in figure 2. Notice that

with multicollinearity, the sampling distribution f(8) takes on an

12The choice of .3 as an upper bound has no theoretical basis
other than its squared value is less than .1. 1In practice it appears
that values up to this point seem to have the most effect. However,
this choice is somewhat arbitrary.



41

=90 ‘(o)

<D

FIGURE 2. Sampling Distributions for the Biased and Unbiased Cases.
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extremely "flattened" shape, denoting highly dispersed estimates. This
distribution, however, does exhibit the property of unbiasness in that
E(é) = 8. Note however, that with f(é) the probability of having
estimates which differ substantially from the true" parameter is
large. Conversely, g(é*) exhibits the sampling distribution of a
biased but less dispersed estimator. If bias is kept at a minimum

(as shown in figure 2), the probability of having an estimate which
differs greatly from © is lessened. An estimator with a distribution
of the second form would be desirable for certain applications, e.g.,
policy implications based on structural parameter estimates like

water MVPs.

A further advantage of ridge regression is that the analyst can
examine the sensitivity of estimates to slight changes 1in the data,
wherceas mathematical optimization techniques like least squares yield
only point estimates (Hoerl; Hoerl and Kennard 1970a). Before addres-
sing the mathematical properties of ridge regression, a quick review

of least scuares estimation may prove helpful.

13
Least Squares Estimators

Consider the multiple linear regression model defined by (4.1).

The least squares estimate of £ is
. - T ""1 ]
(4.9) 8 = (X'X) XY
which gives the minimum sum of squares of the residuals:

(4.10) ¢ = - X8)' (Y - XB)

mi

l3The following sections follow Hoerl and Kennard (1970a).
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An important property of 8 is its distance from its expected value.

Let

Il

w?
|

™

(4.11) L
and

(B -B)'(E -8

(4.12) L

. 2, . .
Notice that L~ is an equivalent expression for the mean square ervor of

B. Since B is unbiased,

(4.13) E(L2) = UzTrace(X'X)_l

and

(4.14) E(é'é) = 8'8 + dzTrace(X'X)_l

where the mathematical operator, Trace, denotes the sum of the diagonal

, . =1
elements of a matrix. Thus, as the diagonal elements of the (X'X)
increase, R'2 is increased accordingly.

Denote the eigenvalues of X'X as

(4.15) A = A > A, 2 o002 A=A >0

2 P min
Equation (4.13) may be written as

2

9 p
(4.16) E(LT) = o Z;(1/2)

since P'(X'X)_lP = Diag (1/Xx). Hence, for instances where there is a

significant spread in the eigenvalues, e.g., highly cellinear data, the dis-
tance from é to B will be large. The underlying rationale of ridge regres-
sion attempts to decrease this squared distance, L2, without an appreciable

increase in the sum of squares of the residuals, ¢ .
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The Ridge Estimator

Let B denote any estimate of B. An expression for the residual

sums of squares is

(4.17) ¢

(Y - XB)"(Y - XB)

(Y - XB)'(Y - XB) + (B -B)'X'X(B - B)

6on + H(B)

m

Notice that for an ill—conditioned X'X}4 a substantial decrease in
B (assuming 8 1is inflated) will not greatly increase ¢. Thus for B to
to be a desirahle estimator of B, it must reduce the MSE term in (4.14)
without an appreciable increase in ¢(B). An estimator of this type
would contrel the inflation due to ill-conditioning with a minimal loss
in fit.

This reasoning may be set up as a simple minimization problem where

one minimizes B'B subject15

(B - B)'X'X(B - B) = ¢_

That is, form the Lagrangian:

(4.18) L= BB +ki(B-B)XXE-H -4

14Ill—conditioning may be defined as existence of 1 or more
extremely small eigenvalues relative to the largest eigenvalue.

15For a graphical interpretation of this approach, see Marquant
and Snee. e e
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Now ,
oL ' ryy B
(4.19) B 2B + k[2(X'X)B - 2(X'X)B) = O
Solving for B:
(4.20) ' B=B*= [X'X + kI]*lX'Y

In practice, however, values of k > 0 are chosen and the resulting ¢0
is computed. The residual sums of squares for this ridge estimator (B%)
is

(4.21) ¢* = (Y - XB*) (Y - XB*) = ¢4n T kzé*'(x'x)'lé*

Notice that for values of 0 < k < .3, ¢min is not appreciably inflated.
Therefore,B'B may be reduced substantially with a relatively small ¢0.

By substituting (4.1) into (4.20), the ridge estimator can be re-

_ 16
written as

(4.22) Rk = B + ¢ + (x'x+k1)'l X'e

where w denotes the bias of é*._ The variance-covariance matrix of (4.22)

16From (4.20)

- (X'X + kD) T 'Y

™
*
|

(X'X + kI)-l X' (XB +&)

(X'X + kDD X'XB 4+ (XX 4+ kD X'e

1]

and
E(é*) = E[(X'X = kI)_1 X'¥XB8] + E[(X'X + ki)_1 X'e]

Since by definition, E(e) = 0, then

E{ (X'X + k1)t X'X8]
(X'X + 1<I)"1 X'XB

E(B*)

which can be rewritten as

E(B*) = B + o
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is given by

H

(4.23) Var-Cov(f*) = E{[B* - E(R*)] [B* - E(B*)]"}

E{[(X'X + kD)L X'e] [(X'X + kD)L X'e]}

o2 (X'X + k1) ' X'X(X'X + k1)L

It can be shown that the augmentation of (4.20) simply increases
each individual eigenvalue by k. Looking at (4.16), this increase
causes E(L2) to decrease monotonically.17 Therefore, there exists a
value of k such that the rate of decrease in 'R is minimal. In
practice, the desired value of k is one that yields a vector of ridge
estimators whose squared distance is nearer the "true" distance without
an appreciable increase in¢ . An idea of this point can be inferred
from a visual inspection of a 2-dimensional plot of B* and ¢ versus Kk,

called a ridge trace. 18

Ridge Trace

The ridge trace is simply a graphical illustration of the inter-
relations between the stability of 8% as k is increased. An additional
plot of RZ for each value of k is sometimes included to give an indica-
tion of the genmeral fit of the ridge regression plane. The k-values and
resultant é* is selected where the change in the f-values is minimal.
Although somewhat subjective, choosing k in this manner yvields a vector
of estimates whose squared distance should be nearer to the true squared
distance (8'B). The Ridge Traces for this study are presented in

appendix D.

17A detailed discussion of the properties of the ridge estimator
given Hoerl and Kennard (1970a) and Theobald.

8Other attempts at selecting optimal k-values are by Hoerl, Kennard
and Baldwin; McDonald and Galarneau; Vinod.



48

A Comment
As this and the preceding chapter have shown, various problems
are encountered in production functlon analysis. However, by accepting
two major assumptions, the model and methodology profferred in this
study should prove useful in derived water demand estimation. These
critical assumptions are:
1. The economic specification of the model is correct with
regard to explanatory variables included and functional form,
2. The magnitudes and variances of the least squares estimates
are inflated due to interrelations among the independent
varlables.
The OLS and ridge estimates for each regional production function
are presented in the following chapter. Implications for water demand

and value are developed in Chapter VI.
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CHAPTER V

RESULTS: THE FITTED REGIONAL MODELS

Before addressing the empirical results, it should be noted that the
primary intent of this study is not to contrast estimation by ordinary
least squares (OLS) and ridge regression. Rather, ridge regression is
applied as a viable alternative to OLS under multicollinearity in order to
obtain "better" estimates of underlying structural parameters, and hence
better description of water demand characteristics. However, it is diffi-
cult to accomplish the latter without at least implicitly involving the
former. Therefore, both OLS and ridge regression estimates of the regional
production function coefficients are presented, and briefly compared.

The statistical model fitted for each of the eleven regions was

(5.1) In Y = lnBo + BllnXl + ... 4 B.InX, + u

9 9
Note that this expression is simply the logarithmic form of equation (3.15)

with the error term, u, added.

Ordinary Least Squares Estimates

The OLS estimates are presented in table 2. A cursory examination
of table 2 reveals that these estimates are generally inconsistent with
theoretical expectations. Notice the large number of negative coefficients,
suggesting negative marginal and average returns and hence, zero optimal
input levels. In general, negative estimates were found for 34 of the 99
slope parameters. More specifically, these negative estimates occur for
five of the nine inputs in both the Upper Rio Grande Basin and the Central
Ogallala regions. Also note the unusually large estimates for Bg. For

etght of the eleven regions this estimate exceeds ,50. Note the overall

nonsignificance of all the coefficients due to the large standard errors.
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Table 2. Production Function Eslimates and Related Statistics (OLS).a'b

Snake Columbia Basin

-.0142 -,00468 .00716 -.199 -.153  ,243  .241 .0286 .884
y = 1.023 Xy Xy xq %, Xg Xe %, Xg Xy

(.0604) (.128) (.102) (.365) (.113) (.0784)(.245) (.105) (.26%)

o= 3 R% = 968

Central California

.183 _ .261  .315 .170 -_g90 .0 . . .
y = 104 x; X, X4 x4 - x, 161 x, 129 xg 141 xg 621
(.337) (.362) (.420) (.680) (,456) (.145) (.416) (.227) (.683)

n=15 R2 = .99
Desert Southwest
_ -.362 -.320 .279 .663 _ .0772 _ .303 _-.217 0286 _ .609
y = 6.281 X X, %3 % %g xe Xy xg Xy

(.215) (.298) (.147)(.486) (.103) {.0654) (.271) (.0582) (.310)

n=12 r? = .999
Upper Colorado Basin
. 0246 x 100 133 170 -.612 .04S5 -.0378  .599 422  .237
y = . 1 2 3 X4 Xg X %5 Xy *g

(.0B06) (.0953) (.149) (.494) (.0483) (.0752) (.381) (,156) (.246)

n =18 R2 = 997

Upper Rio Gran&e Basin

L6046 =.0444 323 -.647 ~.248 -.0325 .754 -.134  .598
1 ) X3 X4 x5 *g *7 xg *g
(.447) (.196) (.279) (.880) (.430) (.0661) (.201) (.249) (.537)

y=2.79 x

n = 14 R2 = .993

lower Rio Grande Basin

.0812 -,0773 .15 .831 -.286 .354 .121 -.158 ~-.171
1 b %3 X4 X5 X6 %7 *g Xg9
(.148) (.426) (.230) (.634) (.508) (.226) (.540) (.282) (.604)

y = 171,441 %

n o= 14 8 = .960

Bpper Missourd Basto
L0701 0838 L0363 _-.0122 -.119 .237 274 .0267 .505
y = .439 X x2 Xy X, xg Xe X, Xy Xg
(.0211) (.106) (.119) (.223) (.0496)(.0384)(.187) (.0995) (.311)

n = 26 R = ,991
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Table 2. Continued

Northwestern Ogallala

- -.0793 -.188 069 -.272 L0755 .385 -.0470 .105 .B59
vy 19.731 %y X, x5 X, xs xg %y xg Xg
(.0874) (.163) (.114) (.157) (.0722) (.0616)(.335) (.Ll46) (.471)

n =15 R2 = .998

Northeastern Qgallala

) .0976 _-0589 _ .00345 _ .0553 _~.123 _ .269 _ .599 _ .173 -
y = 3.379 %) T * x5 1 kgt g Y g 1T 0208
(.123)  (.610) (.150)  (.660) (.151) (.112) (.608) (.199) (.217)

n=19 ; R2 = 957

Central Ogallala

- 3.93 -.0219 _ .110 -.0405 -~.0718 _ .0897  .409 -.0519 -.00983 .594
y . %y Xg Xy Xy, Xg %6 ] XB Xg

(.0976) (.2368) (.173) (.272) (.145) (.0935)(.2253) (.170) {.344)
ne 22 8% =« 977

Southern Ogallala

o 761 o371 (o430 L0852 156 437 148 257 326 .55l
y=- X1 *2 *3 X4 Xq *g *7 Xg Xg .
(.0964) (.212) (.163) (.0298)(.132) (.0862) (.192) (.126) (.331)

n=21 R? = .992

3yariables defined as:

y = Value of agricultural output~- value of crops harvested and livestock
sales (dollars/county)

X = Irrigation water applied (acre-feet/county)
*2
Xy = Hired labor expenditurcs (dollars/county)

= Value of land and service buildings (dollars/county)

x, = Fuel and lubricant expenditures (dollars/county)
Xg = Fertilizer and lime expenditures (dollar/county)

CXg ™ Feed expenditures (dollars/county)

Xy
*g
*g

Number in parentheses are standard errors

= Valuc of machinery inventory (dollars/county)
« Valuo of livestock inventory (dellars/county)
= Other operating expenses (dollars/county)

b
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However, at the same time, the R2—va1ues are generally high, denoting

an adequate fit. As a whole, these estimates appear to have little credi-
bility, and no doubt have been distorted by the effects of multicollinearity.
The overall severiety of this multicollinearity problem can be assessed by

examining the relative magnitudes of the eigenvalues of the X'X matrix.

Regional Eigenvalues

Following Vinod's recommendation (p. 836), the eigenvalues for each
X'X matrix (in correlation form) were determined. These values are sum-
marized in table 3. 1In a completely orthogonal situation, each regional
correlation would be an identity matrix. Since the eigenvalues of such a
matrix always equal one, the following holds in such an "ideal" situation:

P

p
(5.2) 151 )\i= 151 J./)\i =p

where p is the rank of the X'X matrix. For the model specification in (5.1),
orthogenality would require that i£1 1/)\i = 9. A comparison of this index
with the last column of table 3, suggests that the regional data sets deviate
greatly from an orthogonal situation. Thus, varied degrees of multicolli-
nearity abound in each of the regional data sets, with especailly high

levels in the Desert Southwest and Upper Colorado Basin Regicns. To avoid

likely distortion in parameter estimates ridge regression was employed.

Ridge Regression Estimates

Results of a ridge regression analysis are presented in table 4.
Overall, the ill-effects of multicollinearity appear to have been substan-
tially lessened. Notice especially that there is only one negative sign
and no excessively large coefficients. The negative sign and small magnitudc

of 32 in the Upper Rio Grande Basin indicates that land exhibits a small
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fable 4. Production Function Estimates and Related Statistics (RR).a'b
Snake Columbia Tasin

_ 0170 .0690 .108 .108 .0531 .223 L0879 .0982 .226
y = 6.503 Xy x, Xy X, X xg X, Xg Xg

(.0351) (.0441) (.0364) (.0292) (.0335) (.0333) (.0377) (.0494) (.0311)

n=31 k= .15 R% = .927
Central California
_ L0334 .211 175 .116 L0460 _ .0995 _ .117 .153 L1411
y = .829 Xy xz x3 xA x5 %6 7 xB xg

(.0272) (.0416) (.0242) (.0188) (.0189) (.0160) (.0280) (.0235) (.0163)}

n=15 k= .20 ? = .957
Desert Southwest
L0476 _ .165 . 188 .0788 L0477 219 145 0410 172
y = 1.026 Xy x, Xq x, xg Xe %, 8 xg

(.0200) (.0202) {.0140) (.0175) (.0138) (.0159) (.0253) (.0277) (.0119)

n =12 k=.11 R2 = ,978
Upper Colorado Basin
- 1.004 x .133 % .148 x 103 x .128 ¥ L0334 .0682 x 117 x 217 X L 144
y=5 1 2 3 4 5 6 7 8 9

(.0194) (.0225) (.0174) (.0141) (.0149) (.0238) (.0165) (.0224) (.0108)

n o= 18 K = .15 R? = .975

Upper Rio Grande Basinm

- 12,276 x 0172 ,-.00806 142 . .122 0769 0422 358 . .0752 110
y : 1 2 3 4 5 6 7 8 9

(.0200} (.0354) (.022B) (.0229) (,0142) (.0213) (.0332) (.0441) (.0200)

n =14 K = .30 R2 = .907

Lower Rio Grande Basin

- 42168 o 0135, 0703 161 195 .074L, 183 122 0201, .0477
y 108 ) 3 4 5 6 7 8 9

(.0616)(.0741) (.0681) (.0471) (. 0348) (.0600) (.0350) (. 0823)(.0431)

n =14 k= .25 Rz = 871

Upper Missouri Basin

L0243  .162 .120 .146 .00969  .145 .132 .140 .183
y = 1,270 X X, x, X, xg 2 X, xg xg

(.0103) (.0185) (.0208) (.0122) (.0177) (.0168) (.0108) (.0241) (.00951)

n =26 K = .25 R? - 938
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Table 4. Continued

Northwestern Ogallala

0284  .176 _ .125 _ .00285_ .0247 _ .230 _ .203 _ .182 _ .226
1 %y 5 * *s *6 *3 Xg *q
(.0137) (.0274) (.OL58) (.0240) (.0144) (.0114) (.0277) (.0206) (.00999)

y = .160 x

n= 13 k= .275 R2 = .922

Northeastetn Ogallala
.0211 121 0291 .10 _ .00256 _ .179  .218 .163  .0351
y = 7.90 X1 %, ¥q X, xg Xg X, Xg Xg
(.0309) (.0543)(.0503) (.0480) (.0395) (.037 }(.0615)(.0485)(.0672)

n= 19 k= .25 R2 = 894
Central Dgallala
B .0178 _ .0515 _ .0831 L0841  .0464 .257 . 202 .114 .259
y = 1.17 X X, Xy X, Xg xe X, Xq b 4

9
(.0189) (.0521) (.0415) (.0502) (.0231} (.0278) (.0544) (.0601) (.0405)

no= 22 Kk = .225 g% = L9011

Southern Ogallala

a L0129 .0343 .190 .107 .0803 .129 .217 . .161 .127
y 2,443 x5 X, Xy X, 5 Xe %y Xg xg
(.0132) (.0316) (.0225) (.0184) (.0123) (.0111) (.0240) (.0180) (.0181)

n=21 k = .235 R2 = ,925

3yariables defined as:

y = Value of agricultural output==—value of crops harvested and livestock
sales (dollars/county)
x. = Irrigation water applied (acre~feet/county)

x. = Value of land and service bulldings (dollars/county)

L]

1

2

3" Hired labor expenditures {dollars/county)
4

E

« Fuel and lubricant expenditurcs (dollars/county)
x. = Fertilizer and lime expenditures (dollara/county)

5
6= Feed expenditures (dollavrs/county)

»

xy = Value of machinery inventory (dollars/county)
xg = Value of livestock inventory (dollars/county)
xg = Other operating expenses (dollars/county)

bNumber in parentheses are standard errors
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negative marginal value product in this region. However, since this
region is comprised largely of "desert-like'" land, having limited access to
the waters of the Rio Grande River, an extremely small or even negative
return to these marginal lands seems plausible.

By summing the slope coefficients in table 4, i.e., Bl through 89,
the regional returns to scale are determined. This sum varies from a
low of .887 in the Lower Rio Grande Basin to a high of 1.2 in the
Northwestern Ogallala with an average of 1.043. Overall, these results
do not differ greatly from those reported by Hoch (1976) and Griliches.

The standard errors have been decreased in every case, denoting an
overall decrease in variance. The Rz—values are lower than those under
OLS; however, this reduction has not been substantial. These values
range from a low of .871 to a high of .978, whereas those under OLS
ranged from .957 to .999. Finally, notice that the selected k values

9

are not excessively large, i.e., ranging from .11 to .30.l This result

suggests that bias is probably minimal (see Chapter IV, footnote 12).

A Comment
At this point it should be noted that classical inferential
statistical methodology is not applicable when biased estimators are
used. Because the estimators of the structural parameters and
their respective variances are biased, usual confidence intervals and
e ; ., 20 . . .
significance tests are invalid. Thus, objective evaluation based on

statistical criteria is impossible. However, because of their overall

9
1 The k-values were selected from the ridge traces given in appendix D.

20Although invalid in a bilased case, the "t-tests'" under OLS are ex-
tremely weak due to the large variances of the estimates. Thus, even
though the OLS estimates are unbiased, their usefulness for inference is

limited.
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consistency with economic theory and a priori reasoning, the ridge
estimates appear to be superior to the least squares estimates in de-
scribing the production process. In the following chapter, these
estimates are used in deriving regional demand functions and associated

properties for irrigation water.
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CHAPTER VI

RESULTS: REGIONAL WATER DEMAND CHARACTERISTICS

Reliable estimates of the structural parameters of a system are
crucial to any economic analysis. Policy formation, if based on un-
reliable estimates, could lead to gross misallocations of human, nat-
ural and financial resources. Estimates which are Ilesz Iikely to be
substantially incorrect, e.g., the less variant ridge estimates,
should be desirable in policy~-making situations. Thué, in the follow-
ing sections, irrigation water demands are derived from the estimated
production functions in table 4. Estimates of the water demand func-
tions and their respective demand elasticities are developed for each
of the eleven regions for alternmative lengths of run, i.e., planning
horizon.

Derived Demand For Irripation Water

The estimated production functions in table 4 depict agricultural
production in its most aggregated form. As previously mentioned,
such an aggregated formulation should lessen the complications of
the data source (see Chapter I, p. 6). However, since direct water
demand is probably quite inelastic in the livestock sector, its effect

on the overall demand for agricultural water is probably minimal.21

ZIIrrigatiOn water 1s indirectly used by the livestock sector in
hay production and irrigated pasture. This study, however, classifies
hay and sllage production explicitly as a crop activity. Thus, the
only irrigated activity in the livestock sector is pasture irrigation.
Since most irrigation on pasture is confined to very localized areas,
e.g. small meadows near streams where the water is virtually costless,
it appears that an increase in livestock activity will cause little
increased irrigation of pasture due to the costs of delivering water
to considerably more cost-ineffective sites.
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Thus, livestock related inputs are asgumed constant in all lengths of
run considered.22 The long-run, intermediate-run and short-run water

demand functions are presented in table 5.

Long-Run Demand

When all crop related inputs are considered variable the demand
for irrigation water is termed long run. Note that the long-run demand
(table 5) is defined in all regions except for the Upper Rio Grande
region where the negative production elasticity on land causes that
function to be undefined. Each of the remaining regions have demands
which display the characteristic inverse relationship between irriga-
tion water price and quantity vtilized. Similarly, the negative
coefficients on the alternative input prices suggest that the other
variable inputs are complementary to water in an economic sense
for all regions. That is, an increase in the price of a non-water in-
put implies a reduction in water demanded. Since reduced useage of
both inputs is implied the inputs are classified as economic complements.
Such complementary relationships are characteristic of agricultural

inputs.

221ntermediate economic theory texts, e.g. Ferguson and Gould

and Mansfield, define only two distinct lengths of run, i.e., the
long run where all inputs are considered variable and the short run
where one or more inputs are fixed. The terminology of this study
differs from this classical treatment in two ways. First, the long
run considered in this study is a long run situation only from the
point of view of the crop sector and thus considers livestock related
inputs fixed. Second, the concept of an intermediate run has been
introduced to differentiate between the various short runs which
exist under the classical definition.
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Table 5. Irripgation Water Demand Functions by Region, 1969.2

Snake~Columbia Basin

Long Run

-1.0514 -.209 -,326 -.328 ~-.161 -.266 -.685 .673 .297 3.0249
x r x P

1 = .0627 r, r, r3 ra T r7 9 6 Xg

Intermediate Run T
x. = .079 r-1.0425 r-.269 r-'271 r—'133 r-°220 r_'567 x.173 .557 .246 2.508

1 1 3 4 5 7 9 2 * *sg P
Intermediate Run II

-1.0348 -.221 ~-.222 -.109 -.465 x.142 457 .180 x.201 2,052

x1 = ,0932 rl Ty ra Tg rg 2 x6 x7 8
Short Run
x. = .106 r-1.017 L0702 ,110 .110 .0540 .226 .0894 .0999 .230 1.017
1 . 1 Xy Xq X, Xg Xe xq Xg Xg P
Central California
Long Run

X = (3.42 x 1077y -1-207 -1.308 -~1.0882 -.718 -.285 -.723 ~-.874 _.617 .952 6.205
1 : 1 2 3 4 5 7 9 6 g P
Intermediate Fun I

-1.0897 -.471 -.311 _-.124 -,313 -.379 _.567 _.267 _.412 2.688
r r X X X

X = . 00056 r, r3 T, 5 Iy 9 2 6 q

Intermediate Fun IT
-1.0683 ~.359 r-'237 -.0942 r—.288x.432 x.204 .238 .34 2.0469

x5 " 00247 rl r3 4 r5 g 2 6 x7 xg
Short Run

- .024 r-1'035x'218 .181 x.120 x.0478 x.103 x.121 .159 .146 1.035
s T 1 2 X3 4 5 6 7 *8 ¥o P
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Table 5. Continued

Desert Southwest

Long Run
-6
x) (1.129 x 10 ) T, t, T, t, T r, 9 6 8

Intermediate Run T
-1.148 ~.587 -.246 -.149 r-.452 -.535 .514 .683 x.128 p3.117

X, = (00680 rl r3 T, r5 7 r9 X, Xe 8

Intermediate Run IT

- ~-1,1022 ~.404 -,169 -.102 -.369 _.354 _.470 .311 _.0881 2,147
x5 00467 r Ty T, T, Iy Xy Xg Xy Xg P
Short Run
- .0420 r—1.050 x.173 x.200 x.0828 0501 x.230 L152  ,0431 x.180 1.050
X 1 2 3 4 *s 6 %7 g 9 P
Upper Colorado Basin
Long Run

-5) -1.689 -.765 -.531 -,663 -.172 -.602 -,743 ,352 1.120 5,16
x = (2.181 x 10 r, T, Ty t, g r, ry Xg Xg P
Intermediate Run I
~1.390 -.301 -.376 _-.0977 ~.341 _-.421 .433 200 .635 2,927

r T T % P

xlx-.00218'r1 3 rk 5 r, 9 2 X x8

Intermediate Run IT

-1.291 -.224 -.280 -,0728 -.314 .323 .149 .254 .473 2.182
x] - .0107 .31 I, r, Trg Ty e Xg Xy xg P

Short Run

-1,154 .171 ,119 .148 .0385 .0787 ,135 .250 _.166 _1.154
X = .0982 ry X, X3 X, xg xe x7 Xg Xg p

-1.306 -1.0592 -1.208 -.506 _-.306 -.931r-1.102 X 1.406x.263 p6.418
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Table 5. Continued

Upper Rio Grande Basin

Long Run
"undefined"”

Intermediate Run I
- -1.0988 -~.816 -.702 -.442 =2.0554 -.630 -.0463 .243 .432 5.743
x, 9,336 T, T, T, r5 T, Ty Xy Xg xg p
Intermediate Run II
x. = .270 r-1'0323 r_'267 r_'230 r-.145 -, 206 x—.0152 0794 .673 .141 1.880
1 1 3 4 5 Tg 2 *s X3 ¥ P
Short Run

X, = .206 ¢ 1-0175 -.00820 .145 (o126 0782 .0430 .364 .0765 o112 1.0175
1 - 1 2 3 4 5 6 7 Xg 9 P

Lower Rio Grande Basin

Long Run

-1.0426 -.222 -,507 -.615 -.234 -.385 -.151 .579 .0636 3.156
19,347 rl r2 Ty T, rs r.i rg x6 xs P

*
Intermediate Run I
= 8.355 r—1.0349 -.415 ~.503 -.191 -.315 r—.123 x.182 x.474 x.0520 2.582
xl . 1 r3 rl. r5 r7 9 2 6 s p
Intermediate Run IT
-1.0265 -.315 -.383 -.145 -.0937 _.138 .360 .239 .0396 1.964
r r x x p

xl = 2.969 rl 3 ra 5 g 2 Xe X, 8

Short Run

x. = .573 r-1.014 x.0714 x.163 .200 x.0751 .186 .124 x.0204 x.0484 1.014
1 1 2 3 0% 5 ¥ * 8 9 P
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Table 5. Continued

Upper Missourj Basin

Lorg Run

- -1.109 -.722 -.537 -.653 _-.0433 -,589 -.818 .647 .624 4.471
xl .000L rl T, Ty T, Ty r, Ty X Xg P

Intermediate Run I

- ~1.0630 -.312 -.379 _-.0252 -.342 =-.475 .419 .376 .362 2.596
%, .00177 ry T, T, T, I, Ty X, Xe Xg P

Intermediate Run II

~1.0469 -.232 -.283 r-'0187 r-.354 .312 .280 _.255 .270 p1.9342

x. = .00578 rl Ty ra 5 9 X, Xg Xy xg

1

Short Run

-1.025 .166 _.123 _,150 _.00993 .148 .135 .143 .187 1.025
x b x x® x b X P

X, = -0283 1) 2 3 X, 5 6 7 g X9

1

Northwestern Ogallala

Long Run

x. = (6.00 x 10—9) r-l'137 r-'832 r-.588 r—.013é r_'116 r-.952 r—1.064 x1.080 x.854
1 ) 1 2 3 4 5 7 9 6 8

Intermediate FPun T

x. = (1.00 x 10—5) r-1.0746 r—.321 r_'00732 r—.0633 r-.520 r.581 x.454 x.589 x.466
1 ' 1 3 4 5 7 9 2 6 8

Intermediate Run II

-1.0491 -.211 -.00481 -.0417 -.382 .299 .388 .342 .307 1.689
T r x x x X P

x, = .000340 r, 3 T Ts 9 2 %¢ %7 %

1

Short Run

x. = .00397 71-030 182 .129 .00294 _.0254 .236 .209 .187 _.233 1.030
1 1 2 3 4 5 6 7 8 9 P

4,702
P

2,567
P
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Table 5. Continued

Northeastern Ogallala

Long Run
- -1.055 -.315 ~-.0761 -.497 -.00669 =-.570 -.0917 +467 425
x, .1933 2 r, r, r, rg Ty ry Xe xg P

Intermediate Run T

.189 r-1.042 -.0578 r-'378 r-.00508 r-.434 r;'0698 xé240 xé355 xé323 p1.

3= 1 T3 4 5 7
Intermediate Run IT

= .154 r—1.0293 r-.0403 -.263 r_'00355 r—.0487 x.167 x.248 x.302 x.225 p1.

* 1 3 T4 5 9 2 6 7 8

Short Run

-1.022 .123 .0297 .194 _.00262 .183 .223 .166 .0359 1.022
x x X X X x x p

X) = .16l 1) 2 3 4 5 X 7 8 9

Central Ogallala

Long Run

x. = .0001 ¢~1-070 -.201 -.325 -.329 -,181 (7°792 -1.0136 1.00339 .444
1 N T2 Ty T4 Ts 7 Tg 6 8

Intermediate Bun I

- -1.0580 ~-.271 ~.274 -.151 -.659 =-.844 .168 .835 .370 3.2
X .00043 T r, r, rg r7 Ty x, Xg Xg P

Intermediate Run II

-1.0350 ~.163 -.165 _~-.0911 -.509 .101 .504 .397 .223 1.9
r r r T x x x P

Xy = -00358 r, 3 4 5 9 2 6 X 8

Short Run

-1.018 .0524 .0846 .0856 .0472 .26} .206 .116 .264 1,018
x 0= L0195 rl x, x3 X, Xg Xg Xq *g Xg p

2.612

986

385

3.912
P

56

63
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Table 5. Continued.

Southern Qgallala

Long Run

~1. - - - - - -
x. = .00847 7 0555 148 819 -~.462 =347 - .939 .550 x .557 x

.697 4.320
1 1 2 3 T, Ts 7 Y9 6 P

8

Intermediate Run I

x, = .00186 r-1-0483 =.713 -.402 -.302 -.817 -.479 < 129 .485 .607 3.762
1 1 3 4 Is Y7 9 2 *g g P
Intermediate Bun IT

x. = .00882 r_1'0266 -.392 r-'221 ~.166 r-'263 x 0711 X . 267 x .450x

. 334 2.0700
1 1 T3 4 5 9 2 6 7 8 P

Short Run

x, = .0300 ¢ 1-0130  .0348 _ .192 .108 .0813 _.131 _ .220 163 _ .129 1.0130
1 1 *2 x3 X, X5 6 7 Xg 9 P

avariablgs defined as:

X3 = Irrigation water applied (acre-feet/county)

x, = Value of land and service buildings ($/county)
x3 = Hired labor expenditures ($/county)

x, = Fuel and lubricant expenditures ($/county)

= Fertilizer and lime expenditures ($/county)

x, = Feed expenditures ($/county)

x; = Value of machinery inventory ($/county)

xg = Value of livestock inventory ($/county)

¥g = Other operating expenses ($/county)

r, = Price of irrigation water {$/ac.ft.)
r, = Implicit rental price of land and service building investment ($)
r, = Price of labor expenditures (§)

r, = Price of fuel and lubricant expenditures ($)

rs . Price of fertilizer and lime expenditures ($)

r, = Implicit rental price of machinery inventories ($)
rg = Price of other input expenditures ($)

p = Composite product price (§)
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The exponent on product price (p) displays the expected positive
relationship between water used and product price. Note also that
the fixed livestock inputs display a direct positive relationship

between the quantity of water used and their respective levels.

Intermediate Run (I & II)

The intermediate run I and intermediate vun IT (table 5) char-
acterize production when only land, and then when land and machinery,
respectively, are held fixed. These runs are discussed concurrently
since, for the most part, the demands appear to vary little when laﬁd
and land plus machinery inventories are held fixed, in addition to the
livestock related factors. Both sets of demand equations generally
display the inverse relationship between price and quantity utilized,
a positive relationship with the fixed factors and a positive relation-
ship with product price. The only exception to this is in the Lower
Rio Grande where the negative sign on land is evident. Overall the
major difference between the two runs is that intermediate run I is,

as expected, more elastic than the shorter intermediate run II.

Short-Run Demand

In the short run, all crop-related inputs except water are con-
sidered fixed to the firm. In such a case, the demand function and
the marginal value productivity function are one and the same, i.e., the
former is merely the inverse of the latter when equated to input price.

Again, from table 5, we note that each short-run water demand function
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exhibits the characteristic downward slope and positive relationship
with all fixed inputs (except for, of course, the Upper Rlo Grande
Basin). In the short-run case the level of irrigation water is de-
pendent only upon its price and the quantities of other assoclated

inputs used, and not explicitly upon the prices of these other inputs.

Water Demand Elasticities

Since all demand functions relate the quantity of a factor to its
price, the prices of the associated variable inputs, the product price
and fixed factor quantities, expressions for both own and cross-price
elasticities are easily deduced from the demand equations. Further-
more, in this case the elasticities can be read directly from the
demand eﬁuations (table 5) since a power {(Cobb-Douglas) production
function yields elasticities which are constant and equal to the
respective price coefficients of the demand function (see Chapter 111).

Since the arguments in the demand functions differ with the
length of run considered, the elasticities also differ among lengths
of run. As expected, the own-price elasticity becomes larger in ab-
golute value as the length of run is extended, implying increased
elasticity. For example, in the Upper Colorado Basin Region the
estimated own-price elasticity of water varies from -1.68% in the
long run to —1.153 in the short run. This result occurs because as the
planning horizon is lengthened, fewer inputs are fixed and decision
makers have a broader range of choice in responding to changing eco-
nomic conditions. This, of course, holds as well for the input cross-

elasticities and product-price elasticities.
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Own-Price Elasticities

Estimates of the own-price elasticities for irrigation water are
given by the coefficients on water price (rl) in the regional demand
functions. (table 5). Each estimate displays the characteristic neg-
ative sign denoting an inverse price-quantity relationship and absolute
magnitudes of near one. This result tends to support an overall
elastic relationship between water utilized in irrigated agriculture
and price. More specifically, notice that water demand in the long
run is extremely elastic in the Desert Southwest and Upper Colorado
Basin. This result appears to hold for each length of run. A pos-
sible explanation for this responsiveness is that the major irrigated
crops in these regions are mainly lower valued, e.g., sorghum, hay
and wheat (see appendix A). Conversely, note the relative inelasticity
of the Snake-Columbia, Lower Rio Grande and Northeastern Ogallala
Regions. Relatively low water prices and/or_the existence of supple-
mental irrigation practices are plausible factors in rationalizing
this decreased elasticity.

In the shorter-run cases (intermediate run I & II and short run),
own-price water demand elasticity appears to vary little among regions.
In general, demand appears to be somewhat elastiec. Again, water
application is most responsive to water prices in the Desert South-

west and Upper Colorado Regions.

Cross-Price Elasticities

The coefficients of each associated input price im table 5 is an

estimate of the cross—-price elasticity of these inputs relative to
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irrigation water. Notice that for the long run the quantity of water
applied is more responsive to the price of other inputs. More
spécifically, the estimated cross-price elasticities for the Central
Ccalifornia region are -1.308 for land, -1.0882 for labor, -.718 for
energy, and -.285 for fertilizer. For the intermediate run I & II,
the magnitudes of these estimates are generally much smaller, de-
noting a4 lesser response. As a whole, it appears that changes in land
and labor prices have the greatest impact on water applied in agricul~-

ture.

Product-Price Elasticities

— am———

The estimates of the product-price elasticities, as given
by the product price (p) exponents of the demand functions, reveal the
dependence of agricultural water demand on product price. In general,
the long-run demand is extremely responsive to produce price changes.
Specifically, the Central California, Desert Southwest, Upper Colorado
Basin, and Northwestern Ogallala Regions appear to be the most sen-
sitive to product price fluctuations, whereas the Northeastern Ogallala
Region is the least sensitive. This same result holds generally in
each of the shorter-run cases, but to a lesser extent. As a whole,
agriculture's water usage depends greatly upon product price changes,
except in the extreme short run where the product price elasticity

approaches unity.



83

A Comment

The preceding two chapters have dealt with irrigation water demand
in general terms. As mentioned earlier, specific (point) estimates
of the demand characteristics (marginal water values) can be deduced
by introducing additional information on magnitudes of the economic
variables, i.e., input prices, input levels, etc. The following chapter
utilizes the results of Chapters V and VI, along with relevant input
prices and fixed input levels, to derive specific results relative to

the regional demand characteristics.
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CHAPTER VIT

IRRIGATION WATER VALUES IN THE WEST

Probably the most important parameter needed in water policy
evaluation is economic value. Most economists argue that it is this
value which best serves as an indicator of the social benefits (in
efficiency terms) of a resource in alternative uses and/or regions.
In this chapter, estimates of relative water values for the various
study regions are derived from the respective demand functions.

Further, "projections" of water values are made for 1974 and 1978.

Regional Irrigation Water Values

Point estimates of marginal water values for each of the eleven
regions were obtained by substituting relevant input levels and
prices into the estimated demand functions reported in table 5
(Chapter VI). Since all input variables (except water) are expressed
in value terms, the appropriate output and nondurable input prices
are $1.00. For the durable inputs, e.g., land and building and machinery
inventories, the appropriate input price is the implicit rental price
of the specific capital good (see appendix C). Regional mean values
were used for the levels of the fixed resources.

Point estimates of regional marginal water values are presented
in table 6. These values arc reported for water usage at the mean level
for cach region. There are several points worthy of note in table 6.
First, there are important differences in marginal water values for
alternative lengths of run and among regions. The marginal value of

water in irrigated agriculture is generally low--ranging from a low of
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$1.71 per acre foot in the short run for the Snake-Columbia Basin

to a high of $27.79 in the long run for Central California at the mean
water use level. Also notice that the value of water decreases as the
length of run is shortened. TFor example, in the Lower Rio Grande
Bagsin the marginal value ranges from $3.51 in the short run to $10.00
in the long run.

At first glance this result seems at odds with conventional wig—
dom (Young and Gray). Normally, one would expect longer-run demand
curves to intersect shorter-run curves from below as the quantity of
water is increased form zero. Further, if fixed factors are held at
optimal levels, (they were not in table 6) a common intersection point
would occur at optimal water use. In such cases, water values will
be greater for shorter-run curves up to the optimal water-use point.
However, for water usage exceeding the optimal level, the reverse
would be expected. TFollowing this logic the results in table 6 suggest
that mean water usage levels are in excess of optimal levels. However,
recall that short-run fixed factors were held at regional mean rather
than long-run optimal levels in calculating the values in table 6.
Thus, the larger long-run values may be due to the fact that when more
inputs are variable, entrepeneurs have a greater range of choice in
adjusting their input mix in response to changing economic conditions
(prices). It is possible that in some cases productivity could be
increased as a result. Either or both of these reasons could account

for the generally higher long-run values.23

23More discussion of this issue is provided in the comment at the

end of this chapter.
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Finally, notice that the values for the long run for both the
Desert Southwest and the Northwestern Ogallala regions are not
reported in table 6. It appears the combined effect of the livestock
sector and variable land have caused serious upward distortions in
value estimates for these regions. These values were estimated at
$135.38 for the Desert Southwest and $129.70 for the Northwestern
Ogallala. This result emphasizes the possible distortions which can

. . : 24
occur for those regions with a hetereogeneous livestock industry.

Comparison of Estimates
With Those of Other Studies

Overall the estimated water values appear to compare favorably
with several previous studies. However, since earlier studies re-
port their results in various form, i.e., with and without returns
to management included, with and without delivery costs accounted
for, etc., comparisons are at best gross. Since, for the most part,
earlier studies report short-run estimates only, the most relevant
comparisons are with intermediate run IT and the short-run results.
1f delivery costs were considered, it appears that the $3.50-54.85
price range reported by Anderson (1961) compares well with the
$9.42-511.97 values of the Northwestern Ogallala. Also the value
of $7.44 found for the intermediate run II is very near to the $7.50
result reported by Anderson, et. al., (1966) for Western Oklahoma.

A possible indirect evaluation of the estimates in table 6 can

24
It appears that the relative importance of livestock feeding

operations in these regions attributed to the distortion. These
effects were not as evident in the two southermnmost Ogallala regions
since most of these counties with extensive feed lot operations were
deleted from the study region.
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can be made using cost data. Rational behavior on the part of farmers
would cause them to purchase and apply water and/or bear pumping and
delivery costs up to the point where the value of water in production
was near that cost. Thus, the cost per acre foot of using water should
be a good estimate of the value of that water.25 Shumway and Sults
(1964) have published a study which reports agricultural water cost
estimates for various regions anq subregions of“California. The mean
cost for a region comparable to this study's Central California Region
is $4.95. This cost value lies within the $4.92 to $5.30 values in
table 6.

Recently, Sloggett published a nation-wide survey on 1974 pumping
costs for agriculture. An average of his cost estimates yield a mean
water cost of $8.92 in Arizona and $2.66 in Montana.26 These cost
values are slightly below the water value estimates for the Desert
Southwest and Upper Misséﬁfi‘Basin in table 6. Finally, water costs
for the Texas Rio Grande Valley range from $4.29 to $9.49 per acre

foot.27 Again, this cost range bounds the $6.54 value for intermediate

5An idea analogous to this approach was attempted by Johnson and
Halter. In their study of northwestern feedlots, cost functions were
estimated indirectly from expected marginal revenue observations.

Arizona and Montana were chosen because an average of Sloggett's
egstimates are probably more precise than for the other states., Sloggett
reported cost data on both water pumped from groundwater sources and
that pumped from surface sources. Since Arizona was reported to have
no water pumped from surface sources a weighted average of the costs
of pumping groundwater should be an adequate estimate of that state's
pumping costs. Montana, on the other hand, has 90.6% of its water drawn
from surface sources. Both of the above numbers have been deflated to
1969 dolliars. '

7These costs were determined by dividing irrigation water costs
per acre (Extension Economist-Management} by per acre water application
rates for various crops (Lacewell, et.al,). The lower cost is for
coastal bermuda hay; the higher cost is for onions.
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run II for the Lower Rio Grande Basin, which encompasses all of the

Lower Rio Grande Valley.

Proiected Water Values--1974 and 1978

Projected water values for 1974 and 1978, based on the 1969 data
and estimates, are presented in table 7 and 8, respectively. In
order to make these "projections', a critical assumption must be made
regarding present agricultural technology, viz., that technology and
level of water and nonwater fixed-input usage have not changed signif-
icantly since 1969. If this situation holds, then projection is
straight forward and should be reasonably accurate. All that is
needed is the appropriate price indices. The various 1974 and 1978
input and output prices used were based on indices of prices paid by
farmers for production inputs by input categories and prices received
by farmer328 (United States Department of Agriculture).

A comparison of tables 6, 7 and 8 reveals, as expected, an in-
crease in water values between 1969 and 1978. Steadily increasing
product prices attribute to this trend. However, projected water values
decrease between 1974 and 1978 except for the short-run case. The pro-
jected decrease in water values between 1974 and 1978 is due to the fact
that input prices increased at a more rapid rate than output prices
during this.period.

In the short rum, marginal water values do not depend on altern-
ative input prices, but rather fixed input quantities and the product

price. Therefore, projected MVPs increased between 1974 and 1978 due

2
8The 1978 prices are based on an average of the first ten

months of 1978,



93

*696T 2°UTS AJoTouyddl UT IBUBYD OU SIUWNSSY

*1xa33 =3s-—-polaodaix IoN

q
“®{6T UT

sismie] £q poaradax saofad pue indur Lq sindur uoTaonpoxd 103 pred seorad Jo SIDTPUT S3s)y

LY
LA A
6L 1T
9,91
127 L
£2°9
AV
TRt
9.7t
9.8
70" ¢
uny
3104s

0T1°9 #6°0¢ 187¢€¢
FERR AL 99 °0% zz 0L
£9°GT £ el £6°9¢
98°¢¢ TE" %S 3
78 €976 T1°91
L8721 Te"6T 707t
L8°Y YAR YA -—
I8°¢T 0T %1 9.°81
29°0¢ LT/ b
26701 SLTvl 8T %8
T9°¢ 08°¢t [AV ]
IT unyg I unyg uny
ajeIpouwIalIuUL ajerpauialul 3uo

eTRITES0 uUaayInog
eTeTTE3Q TBIU)
eTeTTE80 uxelseoylaoN
BIRIIE3Q ui2lsamylaoN
uiseqg TanossTy aeddg
urseq opuelH OTY IIMOT]
urseqg epuein oTy Ioddp
urseg opeioyo) aeaddpn
Js9myIN0g 1I383(
eTUIOFFTE) TRIIUI)

uyseq PIqUNTOD-IYEUS

uny jo yzlBua]

uot8ayg

q

g VL6T ‘uny jo sy3z8ue] JATIBUIDITV 30]

sonTep I93eM TeurSaey peioalfoad °f @I9elL



95

‘6967 2ouTs A3oTouysel ut IJURYD OU SOUMSSY

*3Xe3 mwmllﬁwuHOQNM HOZU

q

*@/6T J0 syjuow QT 2SATI 2yl UT SIdWIB] Aq PaAared
~21 s901ad pue Lio08eied Indur £q sindur uorjonpoad aoJ pied seorad Jo saoIpur ofeisar sasq

61°%
{%7°8
68°CT
£€°8T
6L
8’9
6L Y
?9 €1
vO'CT
AR
£e°e
uny
1a0ysg

Lg°s
96°¢T
6091
£6°2¢C
01°8
{77 CT
08"Y
€9°Zt
cg'6l
£ET°0T
£t

IT uny

£8°€l
{6°6GE
£L°2¢
0wy
68°L
61791
L5°0¢
A
GL0%
62 71
GZ°¢

I uny

QlelpIwiaiuy 23eTpollialuy

eTeTTE80 uIeylnog
BTERTTEZ0 TRI1US3)D
BIBI[®30 uaa3isealylioN
eTe1Ted0 uIaisamylioN
uTseqg TAnOSSIy J2ddp
urseg apueln OTY IIMOT
ulseg apurin ory iaddp
urseq opeaolo) a2ddp
Isamy3Inog 31I9sag
BTUIOITTE) TEBIIUSD

uisedg BTqUNTOD-3¥BUS

unyg jo yisuag

uor8sy

q

.m.wmma ‘uny 10 sylgua T SATIPUIDITY IA0J sanTep IoieM Teurdiey paiosloig *g 3Tq9BL



97

to the increasing produce price index, ceteris paribus. For example,
in the Southern Ogallala {intermediate run II}, water values increase
from $3.08 in 1969 to $6.10 in 1974, but then decrease to $5.87 in

1978.

A Comment

Two major points must be emphasized in this chapter. First,
the marginal water values in table 6 and the projections in table 7
and table 8 are reported at mean levels of all explanatory variables.
The reader is cautioned that these point estimates depend importantly
on the input levels, input prices and product prices assumed. Of
particular concern is the fact that longer-run water values generally
exceeded shorter-run values. This suggests that either too much
water (on average) was applied in 1969 or that mean levels of short-
run fixed factors are not optimal. Ifrall factors were fixed at
optimal levels, including water, then the marginal water value would
be the same for all lengths of run. Second, the water values in table
7 and table.8 are merely projections which are based on the assumption
of an unchanging technology in agriculture since 1969. Their major
purpose is to express the values In more current dollar terms and
to demonstrate the sensitivity of irrigation water values to changing
product and factor prices. However, since 1974 is a census year,
comparison of the projections reported here with estimates based on
1974 data should be possible in subsequent research. This would
allow an indirect test of the validity of the assumption (hypothesis)

of no significant technological change.
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CHAPTER VIII

SUMMARY AND LIMITATIONS

This study has attempted to develop an improved approach for
assessing the value of water as a productive input in irrigated agri-
culture. Although numerous previous attempts exist in the literature,
most are somewhat limited in scope and present their results in varied
forms. Thus, comparisons between studies and therefore regions are
difficult. This study differs in that a single methodology and data
source is utilized to ascertain water values for the major irrigated
regions of the Western United‘Stgtes. These results should prove use-

ful in water policy evaluations involving interregional comparisons.

Summary and Results

Eléven regions were selected as the major irrigated areas of the
West. Relative homogeneity within each of these regions was insured
by choosing counties (observational units) which have similar aggregate
agricultural-output. Production of this output (in value terms)
was hypothesized to take the form of a multiplicative function with
nine domain variables, i.e., irrigation water applied, value of land
and buildings, hired labor expenditures, fuel and lubricant expen&i—
tures, fertilizer and lime expenditures, feed expenditures, value of
machinery inventory, value‘of livestock inventory and miscellanecus
expenditures.

Using 1969 (ensus of Agriculture data, each regional function
was statistically fit using both ordinary least squares (OLS) and

ridge regression. As expected, parameter estimates under OLS were
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highly unstable due to high correlations among the explanatory vari-
ables (multicollinearity). One-third of the estimated coefficients

took on nonsensical signs and the standard errors were generally high.
This posed a serious problem as the precision of the individual parameter
estimates greatly influences inputed values to irrigation water.

To circumvent this problem ridge regression was employed. While
admittedly a biased estimation technique, the credibility of the
estimates appeared to increase. All parameter estimates, except for
one out of 99, took on the expected positive sign and the standard
errors were decreased in every case. Returns to scale were estimated
to vary from a high of 1.200 in the Northwestern Ogallala to a low of
.887 in the Lower Rio Grande Basin. Overall, the functions estimated
with ridge regression were more compatible with theoretical expectations
than were those based on OLS estimates.

From these production functions the demand for irrigation water
was derived for alternative lengths of run. As expected, each demand
function became more inelastic as the length of run was shortened.

As a whole, water demand was found to be slightly elastic for all
lengths of run considered with the more elastic demand in the Desert
Southwest and Upper Colorado Basin, and slightly less elastic demand

in the Snake-Columbia, Lower Rio Grande Basin and Northeastern Ogallala.
The quantity of water applied was found to be most sensitive to pro-
duct price changes in the Central California, Desert Southwest, Upper
Colorado Basin and Northwestern Ogallala Regions. In terms of cross-

factor effects, water application rates were found teo be most responsive
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.to changes in the prices of land and labor for all regions.

Marginal irrigation water values for each length of run considered
were calculated for 1969 at the respective regional mean values of the
explanatory variables. Water values generally increased with in-
creasing length of run. These values varied from a high of $27.79 for
the long run in the Central California to a low of $1.71 in the short
run for the Snake-Columbia Basin. Projections of values for 1974
(a census year) and 1978 were made with the assumption of no change in
technology and level of "fixed" input and water usage since 1969.
Water values were found to increase until 1974 and then decrease in
1978. These projections should serve as a basis for possible later

validation by other researchers.

Study Limitations

Determination of water demand from estimated production func-
tions is no easy task. This study attempted to improve on previous
methodology by hypothesizing a more complete production specification,
and utilizing ridge regression as an estimation technique. This ap-
proach allows a lessening of the level of aggregation of the inputs.
Thus, the various cross-effects of specific input categories on the
quantity of water utilized may be determined. This inclusion of
additional independent variables almost always causes an increase in
the effects of muiticollinearity. Ridge regression has been shown to
be a possible answer to this problem. However, the use of such a
biased estimation technique causes the loss of the statistical in-
ferential qualities of a study, and it becomes mainly descriptive.

This is an important limitation of this study.
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Another limitation lies in the data source. The Census of
Agriculture reports selected production expenditures as a single
value, including both crop and livestock components. Our approach
was to sum crop and livestock output into a single output variable
to be consistent with the input data. Howevér, this approach may
cause distortions in the effect of input variables which are used
mainly in the production of just one component of aggregate output,
e.g., water for cropland irrigation., This distortion was particularly

evident in both the Desert Southwest and Northwesternm Ogallala regions.

Possible Additional Research

Two issues need research attention to improve the methodology
used in this study. These include (1) purging the livestock compomnents
from the data, and (2) utilizing statistical estimation techniques
which have inferential qualities. A brief discussion of each of these
purported improvements follows.

Since irrigation water is used predominantly in the crop sector,
a model specification which includes only crop output and crop related
inputs seems desirable. However, as previously mentioned, input expen-
ditures are reported as a sum of both livestock and crop related expen-
ditures. Thus, some method which purges the census data of their
livestock components would be needed to specify an exlusively crop
related production relationship. One attempt at this has been to de-
flate each input catagory by the ratio of crop sales to livestock sales
(Roseine & Helmberger). The idea of a crop-livestock index seems to be

a questionable (gross) approach. Possibly a better approach would be
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to develop an index (by region) which relates the expenditure of each
specific input category to a set amount, say $1.00, of livestock and/or
crop output. In this manner, an estimate of that portion of the total
expenditure for each component could be determined and the aggregate
data more appropriately deflated.

A second possible improvement lies in the estimation technique.
As previocusly noted, standard statistical inferences are not possible
using biased estimators like those of ridge regression. Thus, an
estimation technique which circumvents the problems of multicollinearity
and retains desirable properties would be superior. One possible al-
ternative would be to amass cross-sectional data from two census years,
e.g., 1969 and 1974, and derive the Aitken's generalized least squares
estimator of the parameters (Kmenta). This estimator is known to be
consistent and asymptotically efficient. Another alternative would be
to utilize a "mixed estimator' introduced by Theil and Goldberger.
This method attempts tco combine prior information with sample informa-
tion. Basically, an assumption is made about a probable interval with-
in which the parameter wvalue lies. Another assumption deals with the
distribution of the parameter within that interval. The least squares
principle is then applied with the assumed restrictions. The resulting
egtimators can be shown to be both consistent and asymptotically

efficient.

A Final Comment

Although this study has several limitations, leaving room for

improvement, it does yield water value estimates which should be
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useful for relative comparisons among regions. However, the water
value estimates reported herein should be interpreted with some
caution. It appears that, at least in a few instances, the estimates
may be distorted due to undue influence of the livestock related
variables in the model. Work will soon be undertaken to remedy this
deficiency in the model.

Finally, the demand for the several nonwater farm inputs could
be deduced from the production elasticity estimates presented in
this report, if one were interested in other input valuation and/or

allocation policy issues in western regions,
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APPENDIX B: VARTABLE DEFINITIONS
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Variable Definitions

In this section, variables included in the production function
model are more specifically defined. Procedures for determining their

magnitude from the census data are discussed.

Value of Agricultural Output (y)

- The value of agricultural output is comprised of two component s——
the value of crops h;rvested and the value of livestock and livestock
products produced for each county.l Since nonbreeding herd replacement
livestock are rarely inventoried beyond normal marketing weights, and
since a relatively insignificant amount is consumed on the farm, the
value of livestock and livestock sales (County, 13)2 adequately re-
presents the latter component. The value of all crops sold (County,
13), however, does not'sufficiently represent the total value of crops
which are actually harvested, since a significant portion is often
utilized as livestock feed and/or held in inventory. Thus, the value
of the crop component was determined indirectly by applying a State
Average Price for each major crop to the appropriate quantity produced
(County, 21). Using an average price for each individual state instead
of say, a national average price, allows for price differentials which
may exist between states.

The State Average Prices were calculated by dividing the appropri-

ate value of each crop harvested in the state (State, 8) by its aggregate

1County observations are based on the total output of those farms
witk an income of greater than $2,500 in 1969,

2The notation (County, 13) denotes that the required data are found
in table 13 of the "Statistics for Counties'" section of the census.
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yield (State, 8).3 These prices were then multiplied by county crop
output data (County, 21) to obtain the value of each crop harvested.
The summation of each individual crop output wvalue gave an aggregate

value of crops harvested for each county.

Irrigation Water Applied (Xl)

The variable, irrigation water applied, is defined as the quantity
of water in acre-feet applied to either cropland or pasture by sprin-

klers, furrows or flooding (County, 11).

Value of Land and Service Buildings (XZ)

The value of land and service buildings is defined as the estimated
market value of all land and buildings engaged in agricultural activi-

ties in each county (County, 9).

Hired Labor Expenditures (x3)

Hired labor expenditures are defined as all money paid in cash
for farm labor (County, 14)., This includes payments to family memﬁers
but does not take into account expenditures for housework or contract

work.

Fuel and Lubricant Expenditures (XA)

This variable is defined as the countywide total of all petroleum
products purchased for the farm business (County, 14). This term in-
cludes those expenditures on diesel fuel, LP gas, butane, propane,

piped gas, kerosine, fuel oil, motor oil and grease.

3Crop values are not reported in the 1969 census at the county
level.
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Fertilizer and Lime Expenditures (xs)
Fertilizer and lime expenditures are defined as the total cost of
all commercial fertilizer and lime (including rock phosphate and

gypsum) used in ordinary agricultural activities (County, 14).

Feed Expenditures (x6)

Feed expenditures are the total cost of all feed purchased for
livestock and poultry (County, 14.) This total includes expenditures

on grain, hay, silage, mixed feeds, concentrates, etc.

Value of Machinery Inventory (x7)

The value of machinery inventory is defined as the current
market value of all machinery usually kept and used for the farm
business (County, 15)}. This term includes the value of automobiles,
motortrucks, wheel tractors, crawler tractors, garden tractors, grain
and bean combines, cornpickers and picker-shellers, pickup balers,

windrowers and field forage harvestors.

Value of Livestock Inventory (xS)

The value of livestock inventory is defined as the total value
based on state average prices of all cows and calves, hogs and pigs,

sheep and goats, and poultry per county (County, 16-18).

Other Operating Expenses (xg)

Other operating expenses includes those costs which when taken
alone comprise an insignificant part of the total inputs (County, 14).

This other category includes those expenditures on seeds, bulbs and
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trees, all contract labor, machine hire, customwork, agricultural
chemicals purchased, purchases of irrigation water, costs of operating
and maintaining irrigation systems, farm electricity, veterinary
supplies, hauling and other market changes, farm taxes and interest

on farm debts.
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APPENDIX C: THE IMPLICIT RENTAL COST OF CAPITAL
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The Implicit Bental Cost of Capital

Since the firm is oftentimes unable to economically purchase
certain services in a market, it must maintain a stock of these
capital goods from which to derive needed services, e.g., land,
machinery inventory and livestock inventory. The implicit rental
cost of a unit of thig capital stock for any production period
must include the opportunity costs of financing the stock, plus
depreciation, less capital-gains (Ott, e¢.al.). This may be

written as

(C.1) Ck =p+ 8§ -
where
¢ = implicit rental cost of capital services
p = opportunity costs of financing over the production period
8 = depreciation during the production period
vy = rate of capital-gains for the production period

Although both the depreciation and the rate of capital-gains
are easily determined,l the opportunity cost of financing poses a
problem. Since the purchase of any capital good can be financed
by either borrowed funds or cash, the value of p should reflect a

weighted cost of capital, i.e.,

(C.2) p=rd-m+re.D+De

lBecause the machinery inventory is comprised of various types

of equipment (see appendix B), an estimate of the rate of depreciation
on all machinery may be calculated by weighting the depreciation rate
for each individual machinery type (U. S. Department of Agriculture,
1977) by its contribution to total value (U. S. Department of Agricul=-
ture, 1969b).



where
rg = interest rate for loans
r, = rate of return on savings accounts
D, = total debt
De = total equity2

Since by definition the productive lifetime of capital stock
is more than one production period, tax laws also affect the user
cost of capital. When taxes are considered, equation (C.1) may be

written a53

(C.3) e = (A-wp + § - y(I-gu) (1-k-uz)q
1l-u
where
u = personal income tax rate
g = tax rate applicable to capital gains income
k = investment tax credit
z = present value of a one dollar deduction for dep]:eciation!+

To facilitate the usage of equation (C.3) several simplifying

gThe appropriate interest rate for land and buildings was
assumed to be that charged by the Federal Land Bank. For shorter
term assets such as machinery and livestock, the appropriate rate
was assumed to be that charged by the Production Credit Associa-
tion. The rate of return on savings accounts was based on the
interest rate paid by commercial banks for time and savings deposits.
These values were obtained from the 7968 FDIC Annual Report. The
debt-equity values used are from the Balance Sheet of the Farming
Sector.

3The values of each of the tax variables may be found in Farm
Income Statistics.

aIn calculating the value of z, machinery was assumed to have

a seven year service life, The sum-of-the-years digits method of
depression was used.
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assumptions mustrbe made. Since the values of machinery and live-
stock inventories are closely tied to market conditions, it is
difficult to assess a definite rate of capital gain (loss) for each
of these stocks. Thus, these factors were assumed to be negligible.
Tn addition, land was assumed to have no depreciation.

Using the preceeding methodology, estimates of the implicit
rental cost for land and building, machinery inventory, and live-
stock inventory were determined as .02308, .2157 and .05357, respec-

tively.



149

APPENDIX D: REGIONAL RIDGE TRACES
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APPENDIX E: REGIONAL CORRELATIONS MATRICES
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