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The general purpose of this study was to compare alternative
methods of valuing water used in irrigation in the Willamette Valley.

Three methods were compared: production function analysis using
survey data, production function analysis using data from controlled

experiments, and linear programming. Data were obtained from two
basic sources: (1) a survey of field corn grown for grain and bush
bean producers in Benton, Linn, Marion, and Polk Counties of western
Oregon, and (2) controlled physical experiments producing field corn
and bush beans. Survey data were collected from growers producing

on soils of the Willamette catena. The experiments were conducted

on the same soils.
The Cobb-Douglas function using an iterative procedure developed

by Clark Edwards was fitted to the field corn and bush bean data. The

marginal value productivity schedule for water was derived for each

crop and the optimal irrigation application rates derived.

Several different functional forms were fitted to the data from the
controlled experiments. After the functional form to be used in further

analysis was selected, the marginal value productivity schedules for
water were developed for both crops and the points of maximum

physical production and optimal irrigation application rates derived.
The survey functions were compared to their experimental counter-

parts. It was concluded from the comparison that over the survey
range of the water input that a close similarity existed between the
functions. Therefore, it is believed that controlled experimental

work canbe used by farmers as guidelines for increasing production
and for efficient use of the water resource.
Four linear programming models were developed which utilized

the survey data as the basic source of input-output information. Four

activities were developed: irrigation field corn, non-irrigated field.
corn, irrigated bush beans, and non-irrigated bush beans. Linear
programming Model A was based directly on the average survey data.
Model B deviated somewhat from Model A in that the yields for the

different activities were derived from the Cobb-Douglas functions

by using the water consumptive use estimate derived by the BlaneyCriddle method as the water input level. Model C was identical to

Model A except the yields for the different activjtiès were derived
from the controlled experiment funôtions using.the economic optimal
water input level. Model C corresponded almost exactly with Model B

except that the yield was derived from the controlled experiment functions. Fixed activities in the models consisted of capital; land; June,

July, and August labor; and a maximum bean average of 50 acres.
Parametric programming was employed in each model to obtain the
marginal value productivity schedule for water.
The marginal value productivity schedules of water (MVPW) for

the linear programming models and the several functions were compared graphically. It was noted that the MVP

of the controlled ex-

perimentsweregenerallygreater than those Of the survey.
This was also shown by linear programming Models C and D generally

having higher MVP than A and B. Therefore, if an agency were

pricing water, the price to agriculture would be higher for the same
quantity of water using the experimental results than using survey re-

sults, or conversly, equating the cost of acquisition of water to the
marginal productivity schedule would result in a greater application
of water when data from the experiments were used in contrast to
survey data.
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AN INVESTIGATION OF ALTERNATIVE METHODS
OF VALUING IRRIGATION WATER

CHAPTER I
INTRODUCTION

An accelerated growth in the demand for water in the Willamette
Valley of western Oregon stemming from a growing population, in-

dustrial expansion, and increased use of irrigation has focused attention on the importance of proper management and allocation of this

limited natural resource. The ability to place economic values on

natural resources is basic toproper management. This thesis is
concerned with some alternative methodologies for estimating.the

value of water used for irrigation of agricultural crops and with the
proper management of this valued resource.
Population increased from 992, 200 in 1950 to 1, 168, 900 in 1959,

or an approximate 18 percent increase in 9 years. Urban.areasexperienced the bulk of the increase. Salem, the capital city of Oregon,
located approximately in the center of the valley, grew from a population of 43, 488 in 1950 to 49, 142 by. 1959. As urbanization has in-

creased,. water demands have risen for domestic consumption.

Outdoor recreation also requires considerable quantities of water.
Hunting, fishing3 and other outdoor recreational pursuits have been

part of Oregon's pioneer heritage. Recently an increasein

.

recreational demand by urban dwellers has been registered. This in-

creased demand has arisen from the better and faster transportation

facilities, increased leisure time made possible by shorter work days,
and generally higher incomes. As an example of increased recreational demand, recreational use of the national forests of the Middle
Willarnette River Basin, an area comprising most of Linn, Benton,
Polk, Marion,and Yamhi].l Counties withrninor portions of several

other counties increased from 125,000 yearly visits in 1956 to 460,400
in 1960 (27 p. 49). Much of this increased demand for recreation has

also involved the streams, lakes, and reservoirs of the area.
Industrial expansion has likewise occurred in the Willamette
Valley during the last decade. Between the years 1954 to 1960, employment in the manufacturing industries has increased from 80, 771

to 91, 712, or an increase of 14 percent. The value of mineral production rose from $11,045, 672 in 1953 to$19,780, 021 in 1960. This

constitutes an increase of $8, 734, 349, or 79 percent.

The removal of waste is one of the greatest problems arising out
of the growth in the number of domestic and industrial users of water.

Surface streams and rivers have long been used to dilute and remove
sewage and industrial effluents. Industrial and domestic wastesin
streams are associated with high biochemical oxygen demands there-

by retarding desirable aquatic life in all forms.
The use of rivers for pollution abatement creates the greatest

conflict during the summer months when strearnflows are low. This
may necessitate the. release of storedwaters for the primary purpose. of

diluting,the waste charges. As the population and industries grow,

more and more water will be needed for this purpose unless water
treatment facilities become much more prevalent.
Irrigated acreage in the Willamette Valley has increased rapidly

in the post war years. [n 1945, there were. 1,426 farmsprodu.cing
crops and pasturage on 29, 556 irrigated acres in the valley. The
number of farms having irrigated land increased to 3,307 in 1950
and to 5,316 by 1959.

The area of land irrigated increased equally

as rapidly, reaching 76,882 acres in 1950 and 159,951 acres in 1959.
Rainfall is sufficiently abundant in the Willamette Valley so that many

agricultural crops can be produced in the absence of irrigation.

How-

ever, it is known that total production of most crops can be increased
with the use of irrigation water.
Water supplies are needed for multitude of needs and uses in

addition to those specifically mentioned. .For example, supplies of
water are needed for fish and wildlife. Yet competing users of water

in agriculture and urban areas often have prior rights to the water.
Water diverted for irrigation and power is often competitive with
fishing.

This brings up the fundamental question of how water as a limited

flow resource is to be allocated optimally among competing uses.
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Water is mainly a flow rather than a stock resource. This means
that it has a continuous andpredictable supply which is periodically
replenished over time. Water is also capable of being re-used for

the same or other purposes. This does not mean, however, that a
given supply can provide sufficient quantities at necessary quality

levels for all alternative uses.
An optimum can be defined as a situation or state of affairs

which yields the best or most favorable degree of some desirable property. Yet, specifying the goal of optimality does not specify the
means by which the goal is to be achieved. The goal itself provides

no suggestion nor mechanism as to how the "best or most favorable
degree" of allocation is to occur.

Castle suggests that the allocation of natural resources is basically a normative problem (7, p. 2-4). Individuals collectively are
the recipients of all benefits derived from the exploitation and use of

natural resources and, therefore, are in position to dictate a "social
optimum" of what "ought to be." Individuals have historically ex-

pressed what is best or optimal through the operation of their political and econornicinstitutions.

There exist fields of endeavor which have utilized specific assumptions as to the wishes and desires of individuals and deduced

sets of rules that must be followed to obtain certain results. One

such field of endeavor is the field of economics. By use of thelaw

of equalmarginal returns an optimal economic allocation of a given
resource can be deduced. That allocation occurs when the incre-

mental value of an acre-foot of water is equal in all competing uses
provided all the competing uses have a marginal value product sufficiently high to be considered an alternative. But the economic opti-.
mum may not correspond with Itsocial optimum.

'

To say that it does

is to state that the explicit and implicit economic assumptions and
value judgements encompass all the relevant values upon which men

base their actions. Clearly men have other than economic valués
Economics is relevant to the management of resources in that it predicts the economic consequences of specific lines of action.
Economic facts can and should be available to individuals and

agencies concerned with the management of resources. The facts
may be weighted and decisions made accordingly. This dissertation

will investigate and compare alternative methods of obtaining such
facts.

Agriculture is and has been the greatest consumptive user of
water in the valley. Currently, 84 percent of the total consumptive

surface rights are held by agriculture in the Upper Willamette River
Basin (26, p. 31). If agriculture is to maintain its present allocation

in competition with other water uses, it will need to demonstrate that
(1) water is being used in an efficient manner, that is, without waste;
and (2) irrigation is economically feasible in relation to alternative
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water uses, such as, pollution abatement, industrial usage and recreation.

En order to achieve efficiency of water use in irrigation, it is
necessary to know the response of crops to water. Presently, most
of the better drained acreages and soils of the Willamette Valley are

irrigated; therefore, any great expansion of irrigation will takeplace
on the less productive andpoorer drained soils. Without knowledge

as to the production responses to water on these soils it will beimpossible for farmers to decide how much they can afford to pay for

irrigation water or what expense is justifiedinimprovingthe efficiency of present water systems, or, indeed, how much water ought
to be applied. At the present time, this information is lacking on the

response of crops to irrigation on the most poorly drained Willamette
Valley soils. Indeed, the feasibility of irrigation of many of the more

poorly drained soils is questionable.

In order to compare alternative uses of water it is necessary to
know the value of water inirrigation. Knowing the value of water in

its alternative uses is an important element in the management of this

natural resource.
While at the outset it may appear th3t the problems of the efficient

use of water and the economic feasibility of water use in relation to

alternative uses are not closely related, they are. The basic ingredient necessary to solve either problem is the marginal value schedule
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of water (MVPw).
An input is used efficiently if the marginal value product of the

input is equated to its marginal unit cost. In the case of water, this

would be where MV?
= pw(1 + fw), where fw is the price flexibility
w
of the supply curve for water. At that point the marginal cost caused

by the increased use of one more unit of waterwould just be equal to

the marginal revenue arising from the increased output. The marginal
revenue in the case of pure competition is the price of a unit of output.

The role of allocating resources among their alternative uses in
a free economy has historically been performed by the price system.
Units of a resource are optimally allocated from an economic viewpoint when the value of the marginal produ.ct is equal in all alternative
uses.

Resource prices provide the mechanism for transferral of re-

sources. However, certain resources, such as water, have been
largely removed from the sphere of influence of price. The "water

is different" argument is presented by proponents of centralized
government control. They state that certain extra-economic values

and considerations, i. e. distribution of income, must be examined
in allocating water (18, p. 74-86). It is not the purpose of this

dissertation to argue for or against either the price or the central
control approach. What is attempted is to explain and evaluate alternative methods of valuing agriculture water in order that agencies
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can make rational allocation and development decisions in the absence

of a competitive market for water. However, economists are not
agreed as to the proper techniques to be utilized in valuing water.
This study is designed to supply needed information on both the ef-

ficiency of water usage and the value of water when used for irrigation.
Objectives of the Study

The principal objective of the study was to compare and evaluate

alternative procedures for estimating the value of irrigation water.
Sub-objectives were: (1) to estimate the effects of varying amounts of
irrigation water on the yield of bush beans and field corn produced on
Willamette catena soils in the Willamette Valley, and (2) to evaluate

the economic feasibility of irrigating bush beans and field corn produced on Willamette catena soils.
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CHAPTER II
THEORETICAL AND STATISTICAL
CONSIDERATIONS IN VALUING WATER

Chapter II will be devoted to reviewing certain theoretical considerations and common approaches used for valuing irrigation water.

Presently, there are three main procedures for estimating water
values in irrigation: budgeting or residual imputation, linear programming or activity analysis, and production function analysis. Production function analysis may use either survey or experiment data.
These three approaches will be discussed in section one. The types
of functions to be used in thisstudy will be analyzed in section two.

Sectionthree will outline certain desirableproperties of estimating
procedures. Conceptual and statistical problems associated with using

cross-sectional survey data will be discussedin section four. The
handling of several accounting problems brought about by the necessity of grouping many, input categories into a few for analysis will

also be discussed in section four. The fifth section will investigate
several economic and agronomic considerations for designing experi-

ments and using the resulting data for valuingirrigation water.
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Methods of Obtaining Marginal Value Productivity
Estimates of Water
Budgeting

Budgeting has long been used as a research and extension tool

by economists working in agriculture. A budget is defined as "an
estimation of possible changes in costs and returns in a given time
period when there is a contemplated change in the use of production
resources" (11, p. 11). In a partial budget, a small change in the use

of a resource is made and the resulting changes in revenues and costs
are estimated. The increase in revenue when divided by the amount
of resource added yields the average value product per unit of the re-

source increased. The marginal value product is exactly the same as
the average value product since constant input-output coefficients are
employed.

The implicit assumption involved in the budgeting process

is that the production function for the increased resource is linear,
homogeneoi,is of degree one; this is implied by the use of constant
input-output coefficients.

If the production function is linear, homogeneous of degree one

and the marginal value product for all input resources equal their

market prices which they receive as their payment in use, then the
total product will be exhausted. No residual will be left unclaimed;

therefore, regardless of which resource receives the residual
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imputation complete distribution of the total product is realized. 1

This principle is generally referred to as Euler's theorem (32, p. 136).
It should be recognized that the necessary conditions for Euler's

theorem are seldom realized in the real world. Also, many resources
are not allocated by the market; therefore, they have no market price

per se. This is the situation with water, entrepreneurship, family
labor, and so forth. To the extent that factor prices were used which

did not reflect the market price of the resources, residual imputation
or budgeting could give too large a reward to the factor or resource
undergoing the proposed change (15, p. 403).

Budgeting permits trial estimates of alternative resource use
before resources are committed. It has sufficient flexibility to include a broad selection of environmental conditions. It requires, how-

ever, experienced workers and personnel to know which of the many

conditions to consider. A major disadvantage to its use is the time
consuming character of testing alternative situations; especially is

this true if an optimal solution is desired.
Linear Programming
Linear programming involves the maximization or minimization

'The total product is also exhausted by types of production functions other than linear and homogeneous functions if the elasticity of
production equals 1. 0. This would occur where the marginal and
average products are equal.
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of a linear function subject to several linear constraint equations. It
involves the same assumptions found in budgeting. In fact, it can be
called systemized budgeting.

The production function is linear with

constant returns to scale, and the input resources are used in fixed
proportions. Restrictions or constraints generally take the form of

inequalities with non-negative variables.

The mathematical formulation of linear programming is of the

form: given the constants a.., input coefficients; c., cost coefficients;
and b., requirements; determine x. to maximize the expression
F=

c .x. subject to the condition that

i = 1,2.....

andtox.20, j= 1,2.....,n.
.3

The basic advantage of linear programming over budgeting is its

ability to isolate the single optimum without resorting to the time consuming trial and error budgeting approach. Linear programming
allows the MVP for each limiting factor of production to be determined
simultaneously as the system of equations is solved. This eliminates

the need to value all but one of the factors in order to obtain a solution.

For large scale problems, since computer facilities are now readily
available, linear programming provides answers much more economically and generally with higher degrees of precision than budgeting.
If the assumptions underlying linear programming and budgeting

are met and sufficient patience and effort are employed both provide
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identical optimal solutions. The decision as to which of the two ap-

proaches to use depends upon the goals and objectives of the researcher. If the problem is one of determining whether a resource is to be
utilized in the production of A or B, budgeting will provide a more ef-

ficient procedure than linear programming. Where the number of

restrictive resources and enterprise combinations is large or the
marginal value product for the resources is desired without the necessity of valuing all but one of the factors, linear programming is the
more efficient procedure
Production Function Analysis

Production function analysis has long been an area of interest to

econometricians asa means of estimating marginal values of resources. A production function expresses a functional relation between input resources and product output. It represents the maximum

output attainable from employing given quantities of the several factors of production, constituting a boundary between attainable and
unattainable outputs.

14

Mathematically, the theoretical concept of the production func-

tion is expressed as:
y

=

X.1

f(X1,X2,

m

A. forli(

=

1

0 for all XA.,
<0 for all
where y
X.

i

=

=

1

In non-mathematical

yield of product during a production period,

quantity of the th input employed during a production period,

,m,

= 1,

A.

=

A.,

some positive number or fixed input factor
(10,

p.

3).

terms "a production function is defined relative

to one or more fixed resources" (10, p.

3).

In a two independent

variable model, specifying the level of oneindependent variable allows analysis as to how changes in the quantity of the variable input
affects output. The function theoretically has a maximum which occurs

at the point where the partial derivative of y with respect to the variable input is zero, subject to the condition.. that the second-order

partial derivative is negative.

In empirical analysis it is usually impossible to specify all variable factors. That is, certain variables which affect output are not
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explicitly included in the function. This is the reason for specifica-

tion of an error term in statistical production function equations. The

estimate of the error term is the residual sum of squares. Admitting the existence of an error term in a production function defies
the definition of the conceptual function.

Consequently, the produc-

tion function is a boundary between observed (attainable) and unobserved (unattainable) outputs. The existence of positive residuals

from the production function is prescribed by definition" (10, p. 6).

However, the error assumption is necessary in all estimating techniques. Therefore, even though the criticism is valid, estimating

techniques dictate its inclusion if analysis is to take place at all.
Production functions have two principle purposes:

(I) to compute physical input-output ratios for (a) farmer
guidance muse of individual practices and (b) for use in
budgeting, linear programming, and other types of analysis
to indicate optimum farm organization or resource use,
and (2) to provide benchmarks of how efficiently resources
are being used on farms or under particular uses (16, p. 3)
Types of Functions

There are numerous algebraic functions available for estimating
input-output relationships depending upon the assumptions which are
justified by the theory. Specific assumptions are inherent in all

functional forms. Some of these assumptions are discussedin the
following sections.
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Power Functions
The Cobb-Douglas or power function is a commonly used function

in economic research. It is of the form:
y=a x

x2x3.

.

xu,

where y is total production or gross income and X.
is the quantity of input factor. The parameters to be estimated are
a and b.. The stochastic error term, u,, is generally assumed to be

lognormally and independently distributed with zero mean and a constant and finite variance, a-

Although the function is nonlinear, it can be changed into a linear
function by taking the logarithms of both sides of the equation. Thus,
log y = log a + b1 log X1 + b2 log X2 +

- .

.b

n log Xn + log u

is a linear function which is easily estimated by least squares regression techniques.

Elasticity of output for each variable is constant. That is, the

elasticity of production for each variable is constant over all ranges
of input; a percentage change in input causes the same percentage
change in output regardless of the amount of input. The estimated

elasticities are bi for X, where i goes from 1 to n.
A Cobb-Douglas function allows diminishing productivity for each

resource and allows mutual dependency of the magnitude of the several
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variables. The marginal productivity is given by the derivative
I-,

lxi

forinputX..
The sumof the parameters,
1

i,::.l

b., of the function

shows the returns to scale. If the total is more than unity, increas-

ing returns to scale exist. The sums of the parameters total one for
constant returns to scale and less than one for decreasing returns
to scale.
Obviously, if any input variable in a Cobb-Douglas equation is

zero, output will also be zero; production can never occur without
positive amounts of all independent variables. The isoquants approach
the input axes asymptotically. This indicates an unlimited compli-

mentary range over which the proportion of the variables canbe
changed without effecting the constant level of output.

The Cobb-Douglas function forces scale lines to be identical in
form to isodlines. They are straight lines diverging from the origin.
In economic terminology this means that the combination of resources

which gives the lowest cost for one level of output is the same for all
levels of output or scale.
An important advantage of this type of function is the economical

use of degrees of freedom in calculating parameter estimates while

still providing curvilinear relationships. The major disadvantageis
that the sum of squares are minimized in logarithmic form rather than
in the hmnaturalu2 form. Since the regression is computed using the
2Natural form refers to the original cardinal form of the function.
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logarithmic transformation of the function, minimizing the residual

sum of squares in this form does not minimize the residual sum of
squares of the naturaF' data. The least squares logarithmic para-

meters are, therefore, biased estimators of the "natural" parameters.
Obviously, this also means that the elasticities of output, returns to
scales, and marginal productivities will be biased.
Tests of significance can be used to ascertain whether the re-

gression coefficients are significantly different from zero. However,
the validity of usirg tests of significance on parameters recognized as
being biased is questionable. If the Cobb-Douglas function fitted in

logarithms is converted to its natural form, statistical tests on the
logarithmic parameters are difficult tointerpret. Tests of significance on the biased logarithmic coefficients would reveal little about

the significance of the "natural" coefficients.
En a journal article, Clark Edwards employs an iterative approach

to approximate the "natural" parameters using first order terms of
Taylor's expansion3 (9, p.. 100). However, this approach embodies

a different assumption pertaining to the error term. A multiplicative

3"Briefly, given a set of initial values of the parameters, the
function is fitted by an iterative procedure involving the deviations of
the function valuated with the initial set of parameters as the dependent variable, the partial derivatives of the function with respect to
theparameters as independent variables, and . as the unknown
parameters. The . are defined as changes in tl1e appropriate para-.
meter from its inititl value" (10, p. 117).
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error term is assumed in the Cobb-Douglas function which converts
to an additive term when the logarithmic transformation is made. A

single, additive error term is implied by Edward's approach.
In general terms Edwards found a tendency for the parameters to
be lower when the function was fitted in logarithmic form than in

"natura1 form and a tendency for the sum of squares of the exponents
to be greater (9, p. 105). Depending upon the degree of discrepancy
existing between the logarithmic and "natural" parameters, opposite

conclusions could be reached. If the logarithmic sum of coefficients

indicated increasing returns to scale while "natural" parameters mdi cated decreasing or unitary returns to scale incorrect conclusions
could be drawn from employing the results of the logarithmic function
when the "natural" function was "true," or vice versa.
Edwards did not provide means for performing tests of significance on the coefficients. Since the tests of significance of the coef-

ficients fitted in logarithmic form do not apply to the "natural"

parameters this is not a great disadvantage.
Polynomial Functions

The polynomial function, i. e. , square root and quadratic, is
more flexible than the Cobb-Douglas function. The polynomial does

not exhibit constant elasticities and allows decreasing and negative
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marginal returns. The quadratic equation for two independent variables is:
y

b

+ b1X1 + b2X ± b3X2 + b4X + b5X1X2 + u.

By changing the squared variables to square roots, asquare root
equation is achieved.

The isoquants are not asymptotic to the axes and they may or

may not intersect the axes. This allows all degree of substitutability
to exist among inputs. The expansion path and isoclines are not

necessarily identical as in the case of the power function. Readily

usable statistical tests of significance are available for the coefficients.

At present there is no objective test for selectingbetween alternative functional forms. The choice of one particular form over

another depends upon the objectives and goals of the researcher and

the degree to which the implicit characteristics of the function and
the theory coincide. According to Heady (16, p. 14), "If the main

purpose is to estimate marginal value products at the resource input
mean for a farm sample, we may use the Cobb-Douglas function be-

cause of the ease in computation for estimating it. " When the goal

is to predict over an entire surface, asis the case with most physical
experiments, the polynomical is often more appropriate.
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Desirable Statistical Properties of Estimation Procedures
In addition to correspondence with reality of the assumptions con-

cerning the algebraic form, there are several desirable properties of
procedures for estimating parameters, including: (1) a good fit,

(2)

unbiased parameters, and (3) minimum variance or efficient estimates (21, p. 51).
"Goodness of fit" is generally denoted by the size of the residuals.

The regression process of least squares provides a method of minimizing the squared residuals; however, different algebraic formulations contain different residual terms. Care must be exercised in

selecting the appropriate form of the error termin order that it
corresponds to reality.
Biased coefficients and hence marginal productivity estimates
can occur from the exclusion of significant variables from the equation
being estimated. Wold proves that an excluded variable which is

correlated with a dependent variable biases the estimated parameter
coefficients (40, p. 35). The direction in which the bias occursis

very difficult to ascertain.
Several studies have been made to give some indication as to the
direction of the bias which occurs when management is excluded.

Johnson lists three different existing managerial distributions and
their effects on bias (16, p. 20). According to Johnson, managerial
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capacity may be uniform throughout the sample, may vary randomly

andnormally, or may be correlated with one or several independent
variables. In the first two cases, no estimation problems are involved; no change in the parameter coefficients occurs. In the last

case the coefficients are biased and a problem of auto or serial correlation exists. Logically, the solution to the problem is to choose
a sample where the excluded variable is completely random or fixed;

however, this, as might be expected, is easier said than done.
Multicollinearity among the variables can be a serious problem
in functional analysis. "Multicollinearity arises when the effects of

two (or more) theoretically independent variables cannot be separated
because they move together in the sampleH (42, p. 103). The presence

of high correlations among the independent variables in the regression

equation increases the size of the standard errors of the coefficients.
Hence, the desired property of minimumvariance or efficiency is
difficult to obtain.

The answer to this problem is to group or classify the independent

variables into categories. This expedites consideration of large numbers of inputs and offers possibility of reducing the correlation between independent variables used in the function.

Johnson indicates

that a reasonable rule for grouping inputs is to group good complements and good substitutes together (16, p. 90). If inputs are perfect
complements their proportions naturally would not vary from one

Z3

farm to another. Proportions of perfect substitutes may vary widely,
but there will be a common denominator in terms of which the inputs
can be measured. Thus, "sets of complements and sets of substitutes

can be grouped into the same category very conveniently if the sets

are complementary to, or substitutes for, each other" (16, P. 91).
Economic and Agronomic Consideration in Developing Production
Functions for Water Using Experimental Data

Beringer (4, p. 8-12) and Moore (24k p. 867-877) reviewed
several agronomic considerations in determining production functions

for water using experimental data. They indicated that several schools
of thought have arisen which attempt to explain the relationship existing between plant growth and soil moisture. The oldest, the "more

water, more plant" school, holds that "the growth rate progressively
diminishes as the available soil moisture content falls below the field
capacity (F. C.) of the soil, and ceases when the permanent wilting
point (P. W. P.,) is reached"(24, p. 876).

Field capacity is the amount

of water in the soil when free drainage becomes negligible (35, p. 63).
Permanent wilting point is the amount of water in the soil when plants

wilt and fail to recover unless water is added-(35, p. 63).

Another school, led by F. J. Viehmeyer and A. H. Hendrickson,
of California, states that water is used with equal facility by plants
between the field capacity and permanent wilting points; that is,
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regardless of what the mbisture level is in the soil between field
capacity and the permanent wilting point, a plant can obtain water
with equal ease. The physical production function correspondingto

this point of view appear similar to the one shown in Figure 1.

At

Plaiit
growth

rate
P. W. P

Water

F. C.

Figure 1. Diagrammatic production function illustrating
equal facility of water use between P. W. P. and
F.C.
points below the wilting point growth does not occur because the plants
cannot obtain sufficient moisture. Above the wilting point the mar-

ginal physical product is zero. Plants can obtain all t1

water they

require regardless of whether the soil moisture tension is high or
low.

The school of thought which receives most recognition today de-

fends the position that the growth rate of plants, G, is an inverse
function of the soil moisture stress

S, in the root zone, that is,

4"The term moisture stressis used to indicate that an undesirable physiological condition might be createdinthe plant tissue because of the large forces that must be exerted to get water from soil
as a result of either high tension or salt in the soil water or the slow
rate with which water moves to the plant to be taken up" (35, p. 65).
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G = f(S).

This stress varies directly with (a) the number of soil

particles in a given volume, (b) the osmotic effect of salts present
in the soil, and (c) the level of depletion of the available soil moisturet'
(24, p. 877).

For example, assume two fields which are identical except that
one is moist and the other dry. The moist soil naturally has a much

lower tension than the dry and, therefore, requires less force to
supply the water needed by the plants. In the dry field the physiologi-

cal condition of stress in the tissue of the plants can be sufficiently
high to cause retardation in the growth of the plant even though the

amount of water utilized by the plants of the two soils is the same.

In terms of a production function the curveis similar to a
second degree polynomial showing increasing plant growth as the

available moisture increases from the wilting point to field capacity

but at a decreasing rate (Figure 2).

Plant
growth

rate

F.C.

P. W. P.

Water

Figure 2. Diagrammatic production function illustrating
plant growth as an inverse function of moisture

stress.

As the soil dries water moisture content is reduced to the wilting
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point more quickly in upper layers of a soil than in underlying layers.

The roots also cause a zone of high moisture stress due to their
absorption of the water. Thus, the soil moisture condition which

causes wilting is not a single point but a distribution of moisture
throughout the soil profile. Beringer (3, p. 12) has developed a sche-

matic illustration which represent this relationship (Figure 3)..
A

Moisture
tension

rt1
t0

Field capacity

Depth of the soil

Figure 3. Schematic illustration of the relationship between
soil moisture tension, time, and depth of the soil
profile.

Beringer reviews two methods for combining these relations to

provide a moisture stress curve. The first suggested by Wadleigh

expresses total moisture stress, S, at a given point in time as a
linear function of soil moisture tension, T, and osmotic pressure, 0
(41, p. 225-232). Osmotic pressure occurs because of the presence

of salts in the soil. Soil moisture tension, T, decreases with depth

but 0 increases; therefore, it is assumed that the effects of T and 0
are offset by one another and that total soil moisture stress is uniform
throughout the soil profile. Thus, S is no longer a function of depth
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but only of time. By integrating S with respect to time the total of

the different stresses, A, exerted during the time period is obtained:
t
A

=5

Sdt.

A second method developed by Taylor states total moisture ten-

sion is a function of depth, x, and time, t:
T = f(x,t) (34, p. 331-340).

By double integration Taylor obtains the integrated soil moisture tension in the root zone.

Moore, using moisture stress curves and a simple water budget,
provides a method to estimate the value of water applied in different

irrigation cycles. Moisture stress.increases in a particular soil as

the level of water depletion increases. By specifying a terminal
moisture level in a particular cycle of less than field capacity, growth

is retarded. Total production is therefore simply the summation of
growth that occurs during the different cycles; however, production

from cycle x depends upon the production from cycles x1 (Figure 4).
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Relative
growth

rate
(percent)

Time

Figure 4. Potential and actual growth levels over time.

If growth did not reach its potential in x then it has nopossibility of

doing so in cclex1 because of the retardation in growth which has
already occurred.
Using this relationship Moore proceeded to develop a method for

determining the most economical time to:irrigate, namely, at the
point where the marginal cost of applying additional waterequals the
marginal revenue foregone by not applying additional water. The total

cost increases as soil moisture is depleted over time because it requires more and more water to return the soil in the root zone to field
capacity. Also, as the level of depletion increases, the revenue

foregone increases. Thus, water is optimally applied when the marginal cost of applying additional water increments equals the marginal
revenue foregone.

Of course the most difficult aspect of this approachis to obtain

the necessary moisture stress curves and, subsequently, the moisture
release or growth curves.

Especially is this true when timing of
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water applications is critical. There is-no a priori reason to believe
the potential growth function is linear. Plants grow most rapidly

duringthe seedling stage and at this time are most sensitive tomois-

ture stress.
Certainly irrigation is not alone in that production in time period
t is dependent upon production in time period t-l. Feeding of beef

cattle involves the same problem. Growth of a steer in a feedlot
depends upon its growth as a calf. By arbitrarily cutting down the production period, a finite number of production functions can be obtained,
each dependent on the previous functions. The question as to the

length of the production period is subjective with no clear cut criterion
upon which a decision can be made.

-

Equating marginal cost to marginal revenue foregone on the sur-

face may appear to be a very logical approach to the timing of irrigation water. Certainly from an economic stand point it sounds com-

forting; however, there is a problem in estimating the revenue foregone. Generally, only minor importance is paid to the growth of the

plant per Se. The desire is to harvest as much fruit from the vines"

as is economically possible. Naturally, there are exceptions to this

statement, i. e. , forage crops, grass, hay, etc. Harvest, however,
occurs after all of the production decisions have been made. Knowing

the final yield, it is a simple matter to allocate the product among

the several irrigation cycles. This Moore does by multiplying the
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percentage of the total number of days in the irrigation season of a

particular cycle by the net variable income per acre of the crop. For
example, irrigation cycle one comprises 18 of the 154 total days of

the irrigation season, or 11.7 percent of the total days. The net
variable income except water costs per acre is $212. 82, which when
multiplied by 11.7 percent yields the net variable income for cycle
one of $24. 90 (24, p. 885). A posteriori. this may be done but in so

doing it assumes that each day of the irrigation season contributes
equally to the final product. Agronomic theory denies: this quite em-

phatically as has been pointed out previously. In order to use Moore's
approach much greater knowledge pertaining to growth curves:would

be necessary than is presently available.
In order to use Moore's approach, the index of growth must be
known for all possible combinations of terminal moisture levels for the

irrigation cycles. Unfortunately, the present state of agronornic knowledge is incapable of providing the information required for selecting the

optimumirrigationprogram, ex ante. However, given the required information, expost, the value of irrigation water for each individual

cycle is readily obtained.

There is another question of importance to be considered. Equating marginal cost andmarginal revenue foregone in the first irrigation

cycle under the assumption that labor costs for early spring irrigation

are very high may so retard the growth of the plant that its
growth potential is seriously curtailed. In other words in a situation
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as described it may be better to not reach the point where marginal
cost equals marginal revenue foregone if by so doing greater growth

is expected to occur later (Figure 5). During time period one by
equating MC to MR water depletion is allowed to go tot1. Thereafter
100

Relative
Potential growth

growth

,.- Actual growth, MC MR in t1

(percent)

Actual growth, MC = MR in t

to

ti til

Figure 5

t2

t3

t4

Actual growthlevels assuming MC = MR and
MCMR in time period t.

by equating MC to MR the subsequent growth responses are indicated

by t2, t3, and t4. But by not going to the point MC = MR in time
period one while lettingMC = MR in the following time periods, total

production is increased. The increased total production in later

periods could pay for the loss in revenue occurring in t1. In other

words, there are two production functions of importance, the short
run function of a particular irrigation cycle and the long run function
of the entire growing season. Equating MC to MR foregone in the

short run only taking into consideration the costs and revenue foregone of the particular cycle, may not be in harmony with maximum
economic production over the entire season or long run function.
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In summary, Moore and Beringer offer sound advice when they
suggest that experiments conducted to obtain production functions

where output is solely a function of water quantity have limited value
both from an agronomic and economic stand point. The correct pro-

cedure and the one followed in the experiments reported on in this

thesis is to express output as a function of moisture stress or atmospheric pressure; the quantity of water appliedis a result of specifying

stress levels.
Economic Considerations in Developing Production Functions Using
Survey Data

A sample of inter-individual differences based on spatial varia-.

tion rather than tLme is called a cross-sectional sample. Production
functions derived from cross-sectional samples differ somewhat from
theoretical functions in that they deal with different firms rather than
one specific firm.
In economic theory a production function gives the relationship

between quantities of the factors that a firm employs and its output.
The cross-sectional production function is. a composite function of

several firms relating quantities of factors employed to output as we

pass from firm to firm. The relationship between the theoretical
and cross-sectional functions can be seen in Figure 6.
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Output

0

Input

x

Figure 6. The relationship between the theoretical and
cross-sectional production functions.
The a., i = 1 to 3, are the theoretical firm production curves,

while A is a composite function of all firms included in the crosssectional production function (6, p. 260). Subsequently, the marginal

physical products of an input resource as derived from cross-sectional
functions is the rate of change in the output as the quantity of the fac-

tor employed varies by passing from firm to firm. It is not the rate
of change in the output for a given firm as the quantity of the factor
employed varies. Bronfenbrenner (6, p. 43) concludes, however,

that "an interfirm production function (cross-sectional) could be used
validly to test the marginal -productivity theory of distribution. .

.

It is to be remembered that the use of parameters obtained from
a random sample requires that predictions and inferences be made
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only for the population of firms represented by the cross-sectional
function. Therefore care must be taken to insure homogenity among

firms in regards to the physical variables that are important in the
analysis. This entails specifying the physical characteristics of an

area to assure that each of the firms is operating on approximately
the same production function.
Accounting Problems in Grouping Variables

Certain accounting problems arise when an attempt is made to
obtain a cross-sectional production function. Especially is this true

when a single enterprise production function is desired from multiple

enterprise farm data.
Economists and accountants have long been plagued with valuation

of fixed assets. An asset is fixed in an economic sensewhen its
marginal value product isless than its current acquisition cost but
more than its salvage value. Therefore, measurement of a fixed

asset at its replacement or current acquisition cost underestimates
its marginal value product while measuring the variable at its salvage

cost overestimates its marginal value product. The solution to the
dilemma is to measure the inputs in physical terms. For example,
standards can be devised to measure irrigation equipment in terms of

the amount of water it applies ratherthan current acquisition cost or
its present value as obtained from income tax records. Eventhou.gh
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the procedure is only approximate, it is believed to be a more realistic approach and is more consistent than use of some arbitrary valuation procedure.
Another accounting problem is the handling of nonproductive ex-

penditures such as insurance, taxes, depreciation, etc. Theseexpenses are not incurred with the idea that they contribute directly to
output.

Johnson (16, p. 93) states, TMit is preferable to omit such

nonproductive expenses as depreciation charges, insurance charges,
repairs, and maintenance on investments from the accounting pro-

cedure. " To do otherwise biases the estimates of the marginal value
product of included variables downward.

Of course, it must be kept

in mind, that the total return must be high enough to cover these nonproductive expenditures if the business is to exist in the long run.
Summary

This chapter has presented the generally .accepted methods of

valuing irrigation water as an input in agriculture and discusses sev-

eral conceptual and statistical problems associated with their use. It
is concluded that all three techniques of valuing water will be corn.-

pared; however, budgeting because of the close similarity which it
holds with linear programming will not be used in entirely. Rather
it will be used as an aidin developing the input-output coefficients
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necessary for both the linear programming models and the production function analysis which utilizes survey data.

37

CHAPTER Ill
METHODOLOGY

The data for this study are derived from two basic sources: (1)
physical response experiments conducted cooperatively by the staffs

of the Departments of Soils, which assumed major responsibility for
the experiments,

Farm Crops, Horticulture, Agriculture Engineer-

ing, and Agricultural Economics of Oregon State University, and (2)

a survey of farms in Benton, Linn, Polk, and Marion Counties.
The experiments are designed to obtain a production function for

water where corn or bush bean yield is the dependent variable and

water, the independent variable, is the application rate measured in

acre-inches. The cross-sectionalsurvey is to obtain a productionfunction for water where corn or bush bean gross return is the dependent
and water, the independent variable, is the actual application rate of
the surveyed producers. The physical experiment procedures will be

discussed first and then the survey procedures.
Controlled Physical Experiment
The experiments were conducted during 1963 on soils of the
5Dr. D. D. Evans, Department of Soils, assumed the major leadership responsibility for the program until his resignation September
1, 1963. Thereafter, Dr. L. L. Boersma, Department of Soils,
assumed this responsibility.
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Willamette catena. These soils which form a broad level bench across

the valley floor extend over approximately 800, 000 acres. Soils com-

prising the Willamette catena include the following soil series in de-

creasing order of the drainage problem: Dayton, Concord, Amity,
Woodburn and Willamette. Woodburn and Dayton soil series were

chosen as experimental soils in order that extrapolation from the experirnental results could be extended to other members of the catena.
It was believed Woodburn soil would be fairly representative of the

better drained members of the catena while Dayton would represent

the poorly drained soils of the catena.
The Jackson farm near Lebanon in Linn County was offered by

Mr. Jackson and accepted as site for the Dayton experimental plots.
The work on the Woodburn soil was carried on at the Hyslop Agronomy
Farm of Oregon State University in Benton County.

Because of the importance of the Willamette Valley in the produc-

tion of fruits and vegetables for canning and freezing, a rather intensive experimental crop was desired to determine the feasibility of
further expansion of irrigated processing crops on poorly drained
members of the Willamette catena. Bush beans were chosen as the

intensive experimental crop. After consultation with members of the
Department of Horticulture it was decided to experiment with a single

variety of bush beans in order to simplify analysis.

Because of its

importance and prevalence in the area the "Tendercrop't variety of
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snap bush beans was selected.

It was also desired to have some indication as to the feasibility of
a multitude of less intensive crops. After much consideration, field
corn grown for grain was selected as a tibench mark" crop. It was

believed that from an economic standpoint irrigated corn was a marginal type crop. If irrigated corn were found to be feasible the pro-

fitability of several more intensive crops would be indicated.
Field Corn

The basic field corn data were obtained from a complete factorial
experiment with four replications. The three treatments employed
were:
1.

Irrigation - - four levels
W

0

- - no irrigation

W1 -- irrigated when atmospheric pressure reached 6
bars at 6-8 inches below original surface
W2 - - irrigated when atmospheric pressure reached
1. 5 bars at 6-8 inches below original surface

W3 --irrigated when atmospheric pressure reached 0. 8
bar at 6-8 inches below original surface
2.

Nitrogen application -- three levels
N1 - - 60 pounds of available nitrogen per acre
N2 - - 120 pounds of available nitrogen per acre
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N3 - - 180 pounds of available nitrogen per acre
3.

Stand density - - two levels

S1 -- 15,000 plants per acre
S2 - - 25, 000 plants per acre, except for W, in which
density was held to 10, 000 plants per acre.

The nitrogen was applied at two different times. Two hundred
pounds of 16-20-0 were banded at planting. Nitrogen in excess of 32

pounds, available nitrogen in 200 pounds of 16-20-0, was applied be-

fore planting 4-6 inches below the surface of the corn rows. Three
hundred pounds of muriate of potash and 100 pounds per acre of treble

super phosphate were broadcast uniformly over all plots before planting on the 27th of May.

There were a total of 96 plots or 24 plots for each of four replications. Each plot contained one level of each of three treatments;

water, nitrogen, and stand. Each plot consisted of an area 35' x
16' 3 " which contained six rows with 3' 3" spaces between each row.

The harvest area per plot was the middle 24 feet of the two meter
rows.

Plots were kept free of weeds by hand and chemical control measures. The entire area was treated with three to four pounds of atra-

zine per acre at planting. Stand densities were thinned by hand to

the desired levels.
Water was delivered uniformly to the individual furrows through
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a pipe manifold system.

Gypsum blocks were installed and read

twice weekly, Monday and Thursday, and irrigation needs determined.
A uniform . 5 inch of water was applied June 5 to all treatments for

emergency and activation of the atrazine. Application dates and the
amount of water applied are shown in Table I.
TABLE I.

DATES AND AMOUNTS OF WATER APPLIED IN INCHES,
FIELD CORN, DAYTON SOIL, JACKSON FARM, 1963

Date

W

June 5
July 9

.5

0

W

W
1

2

.5

.5
1

1. 5

19

1

1. 5

27

1. 5

30

Aug. 6-7

1.5

3

10

1. 5

13

1. 5

1. 5
1. 5

16

Total

.5

.5

3.5

6.5

8. 5

6Sprinkling is the common method of irrigation throughout the
valley. The alignment of the plots lent itself better to furrow irriga-

tion than sprinkling. A furrow irrigation system was employed and
the water applied measured through a manifold system. An experiment was conducted during the 1963 growing season to compare sprink.
ler and furrow irrigation on Dayton soil. Bush beans were the test
crop. On the basis of the one year test it was concluded that nosignificant difference existed between the two irrigation methods.
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The grain was harvested October 24 and the corn yield was de-

termined in bushels per acre on a dry-shelled basis. The corn was
dried to 15. 5 percent moisture. Differences in grain quality were

ignored for purposes of this thesis.
The field corn experiment conducted on the Woodburn soil was

almost identical to the Dayton experiment. Irrigation occurred when

atmospheric pressure reached the same tension levels, but at the 1
foot level rather than the previous 6-8inch level. The corn was planted
May 17 and harvested October 23. On both the Woodburn and the Day-

ton sites harvesting was done by hand.

Irrigation water was delivered by a pipe-manifold system and
metered to individual plots. A uniform 75 inch of water was applied
.

by sprinklers May 22-23 for emergence. Table II gives a resumet

of rates and dates of water application.
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TABLE II.

DATES AND AMOUNTS OF WATER APPLIED IN INCHES,
FIELD CORN, WOODBURN SOIL, HYSLOP FARM, 1963

Date

W

May 22-23
June 18

.

0

Wi

75

.

W2

75

.

W3

75

.
1

21

1

July6

1.5

12

1

16

1

1.5
1.5

1.5
1.5
1.5
1.5

3

3

20
25
31

Aug. 9
14-15

Total

75

.75

6.75

11.25

1

1.5
1.5
3

12.75

Bush Beans

Bush bean data,"Tendercropvariety, were obtained, as were the
field corn data, from two practically identical experiments on Woodburn and Dayton soils. A complete, factorial design with four replica-.
tion was employed.

Four irrigation levels and two nitrogen levels

were used. There were a total of 32 plots, or eight plots for each of

the four replications. Each plot consisted of one of the four irrigation levels and one of two nitrogen levels.
The plots were 35' x 15' with a 3inch space betweenthe six rows
with bean rows forming the outside of the plots. The rows were ridged
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and water delivered to individual rows through a pipe-manifold irrigation system. This enabled exact measurement of the quantity of

water applied.
The two treatments employed were:
1.

Irrigation - - four levels
W1 - - irrigated when atmospheric pressure reached 2. 5
bars at one foot below top of the ridge

W2 -- irrigated when atmospheric pressure reached 1. 5
bars at one foot below top of the ridge

- - irrigated when atmospheric pressure reached . 8
bar at one foot below top of the ridge

- - irrigated when atmospheric pressure reached 0. 5
bar at one foot below top of the ridge
2.

Nitrogen - - two levels

N1 - - 50 pounds of available nitrogen per acre

N2 -- 100 pounds of available nitrogen per acre.
Fifty pounds of available nitrogen were applied before ridging
on the N2 plots and 50 pounds of available nitrogen in a 16-20-0 mix
were banded on both N1 and N2 plots at planting time. Tables III and

IV give the dates and amounts of water applied on the Dayton and
Woodburn soils.
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TABLE lU.

Dates

DATES AND AMOUNTS OF WATER APPLIED IN INCHES,
BUSH BEANS, DAYTON SOIL, JACKSON FARM, 1963
Wi

W

W2

4

June18
July 9
17

20
23

1

27

1. 5

30

1. 5

1. 5

1. 5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

5.5

65

8

1. 5

10

16

Total

1. 5

1. 5

Aug. 2
6

1

10

Planting at the approximate rate of 60 pounds per acre occurred
at both sites June 3. Harvesting by hand occurred August 22 at the
Jackson Farm and August 17 at the Hyslop Agronomy Farm. Yield

data for corn and bush beans are listed in Appendix C.
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TABLE IV.

DATES AND AMOUNTS OF WATER APPLIED IN INCHES,
BUSH BEANS, WOODBURN SOIL, HYSLOP AGRONOMY
FARM, 1963

Dates

Wi

June3

W2

.75
.75

12

.75
.75

JulyZ

w4

W3

.75
.75

.75
.75
1

5

1
1

1.5

12

1

16

1

20

25
31

1.5
1.5

1.5
1.5

Aug. 6
9

Total

1

1.5

1.5

6

7. 5

1

1

1.5

1.5

1

1

1.5
1.5

1.5
1.5

10

12

Survey

The survey data for this study were from a random sample of
field corn and bush bean producers in Benton, Polk, Linn, and Marion

Counties in western Oregon. A description of the survey area is given
in Appendix F. A questionnaire was prepared and information gathered

from 45 field corn growers of which 43 records were sufficiently com-

plete for analysis. Records were obtained from 26 bush bean growers
producing Tendercrop" bush beans; nineteen were sufficiently com-

plete for analysis.
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The field corn and bush bean producer populations were stratified
on the basis of the soil type used for the production of the sampled
crops. Field corn producers were further stratified as to whether

or not supplemented irrigation was used. Data obtained from the

farmers pertained to production practices, crop yields, inputs used
in production, use of irrigation water, and other factors pertinent to
farm operation. Appendix A gives a resum& of the information gath-

ered in the survey schedule. Data gathered from personal interviews
with executives of commercial and governmental companies and agen-

cies were also used in the analysis.
Field Corn

Cooperation of county extension agents and representatives of
the County Agricultural Stabilization and Conservation Committee

(ASC) was obtained in ascertaining the population of field corn producers. Due to the several federal feed grain programs a base corn

acreage, 1959-1960 average production, was maintained by the ASC

for field corn producers growing corn for grain. These records pro-

vide complete addresses of the producers, aerial photos of the farm
areas, base corn acreage, and in some cases whether or not the corn
was irrigated.
Field corn producers were located on the aerial photos and
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subsequently traced to county soil survey maps.

The predominant

soil types on the farms were noted. Farms producing on other than
soils of the Willamette catena were removed from consideration. The
location of the farms was indicated on county road maps to facilitate
contacting the producers.

Stratification of the population was made on the basis of soil type
and the use of supplemental irrigation. The soils of the Willamette
catena were divided into two groups: l) the better drained member,
Willamette and Woodburn, and (2) Amity, Concord, and Dayton, the

poorly drained soil types. This constituted four basic blocks from
which samples were taken; Willamette-Woodburn, irrigated; Willamette -Woodburn, non-irrigated; Amity-Dayton, irrigated; and Amity-

Dayton, non-irrigated.
In consultation with Oregon State University statisticians it was
decided that a minimum of ten farmers in each block would be required to meet the objectives of the study. Each farmer with an
ASC

record was assigned a number. The list of farmers to be

contacted was then prepared by using a table of random numbers.

Upon sending enumerators into the field to collect the survey
data it was found that many of the farmers who had a corn acreage

7The Bureau of Soils, U. S. D. A. , in 1927 published the results of

their work in classifying and mapping Willamette Valley soils. Their
reports constitute the soil maps by which farmer soils were identified.
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base were not producing field corn during the 1963 growing season.

Thus, it was necessary to randomly select additional producers in
each block until the desired number were obtained. In addition, sev-

eral farmers were growing corn on land outside the farm boundaries
originally marked, while others had added irrigation since the original
ASC records were compiled.

Thus, farmers occasionally changed

from one block to another. As records were collected a running total

was maintained of the number of records obtained in each block. An

effort was made to insure approximately an equal number in each
block.

The nature of the data collected during the farm survey is

described in Appendix A.

The survey schedules were collected during August, 1963. Yield
and harvesting data were not available. To collect the needed infor-

mation a mail questionnaire was sent out to the surveyed operators
in November. During the three weeks that followed mailing of the

original mail questionnaire, three reminders were sent to producers
who failed to respond to the first questionnaiie or subsequent remirrler.
In this way, yield and harvesting data were obtained from 93 percent
of the originally contacted producers.
At the completion of the 1963 survey 43 field corn producers had

furnished records sufficiently complete for analysis. Thirty-three
were located in Marion County, nine in Linn County, one in Benton
County, and none in Polk County. This constitutes 10. 5 percent of

50

the total 410 producers having a 1959-1960 corn base on soils of the

Willamette catena in the four-county area. The percentage of the
producers interviewed by counties are given in Table V. According
to a running tabulation of enumerator success only 31 percent of the

producers with a corn base acreage actually produced field corn during 1963; therefore, the percentage of actual -1963 producers enumerated is much higher. Table V gives a resume' of enumerator per-

centages in relation to producer having,a 1959-1960 base corn acreage
and estimated producers actually producing field corn during 1963.
TABLE V. NUMBER AND PERCENTAGE OF FIELD CORN PRODUCERS ENUMERATED, SURVEY AREA, 1963
Field corn
producers having
County

1959-1 960 corn
base

Field corn
producers
enumerated

of total

Estimateda
no. of 1963
field corn
producers

Enumeration
percentage

Enumeration
percentage

of estimated
total
producers

Marion

343

33

10

106

31

Benton

5

1

20

2

50

Linn

52

9

17

16

56

Polk

10

0

0

3

0

aThe estimated number of 1963 field corn producers was calculated by multiplying the total
number of field corn growers producing on Willamette catena soils by 31 percent.

The total field corn acreage enumerated was 1,341 acres. Seven
hundred and thirty-two acres were grown on Willamette-Woodburn

soils and 609 acres on the Amity-Dayton soils.
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Bush Beans

All of the bush beans produced in the valley are grown under con-

tract. There are several large commercial and cooperative packing
plants located throughout the four-county survey area. Only three,

however, contract and pack the "Tendercrop variety of beans

These

three packers were contacted for lists of growers so a population
could be specified. In all cases, lists were provided by the canneries.

It was necessary to associate the bush bean production with the
specific soil type on which the beans were grown

Because of the

small number of growers producing the tTendercropH variety of beans,
the producer lists were given to the Soil Conservation Service (SCS)

offices serving the survey area with the request that maps be drawn
showing the soil boundaries. This was done in order that advantage

could be taken of recent surveys of soils which the SCS had initiated
in most counties of western Oregon. Soil maps were obtained for

most bush bean producersin this manner. The soils of the growers
who could not be located by the SCS offices were identified on the

basis of the location of the farm on the old 1927 soil maps.
Of the 24 growers producing bush beans on soils of the Willam-

ette catena, 19 were subsequently interviewed. Four would not allow
enumeration while an experiment station was eliminated as nontypical.
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A total of 1, 527 bush bean acres were involved in the survey,

678 acres of the better drained members of the Willamette cantena,
Willamette and Woodburn, and 849 acres of the poorly drained Amity
and Dayton soils. This was not all of the bush bean acreage of the pro-

ducers. If a farmer was found who had more than one field of bush

beans, a record was taken only on that portion of his crop which was
produced on Willamette catena soils.

The bush bean survey was conducted late enough in the fall that a

follow-up mail questionnaire to obtain yield and harvest information

was not necessary; however, it was necessary in some cases to go
directly to the canning companies to obtain yield information when the

producer did not have his weight receipts available at the time of
enumeration. This was done with permission and written consent of

the producer involved. Information collected from producers cor-

responded to that obtained for field corn producers. A resume' of the
data gathered by the questionnaire is given in Appendix A.
Handling the Grouping and Accounting Problems of the Survey Data

In order to statistically fit production functions from thecrosssectional data, input categories are defined that include a number of
input items which individually are intercorrelated. The general rule

for grouping input items is to group together perfect substitutes and
complements. Use of this rule allows large numbers of inputs to be
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grouped into a relatively few categories, thus saving degrees of freedom and avoiding the problem of multicollinearity (cf.

In grouping the inputs, fixed assets, e. g.

,

p. 22).

nachinery, drains,

irrigation equipment, were measured in physical terms, This removed the problem of measurement in valuing fixed assets and pro-

vided more uniformity in the measurement of the level of input from

farm to farm than artificial pricing attempts.
The Cobb-Douglas function which was fitted to the corn survey
data was:
y=

b4u
aX1X2X 3X4

y = gross income arising from the sale of dry shelled corn
per acre
= dollar value of purchased inputs per acre
X2 = hours of machinery use per acre

X3 = water use in acre-inches per acre
X4 = drainage in feet per acre

u = the stochastic error term
In estimating the gross corn income, y, total production estimates in tons per acre were obtained. The yields were standardized
to a common 15. 5 percent moisture. The corn was assumed to be

sold November 15, 1963 when field corn was selling for $1.41 per
bushel (93). The dependent variable, y, was expressed as gross
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income per acre.
In order to eliminate the possibility of a land variable beinghighly
correlated with another independent variable, thus introducing the
problem of multicollinearity, each of the independent as well as the

dependent variables were put on a per acre basis

Purchased inputs, X1, is an aggregation of the dollar value of
purchased items necessary to produce y

Purchased inputs in this

study included per acre expenditures on fertilizers, sprays, seeds,

custom work hired, gas, electricity, etc

No harvesting costs were

included, however

Farmers in the survey area employed four predominate harvesting
methods, hogging the corn off, picking and placing it in cribs for
natural drying, picking and commercially drying, and combining, and

commercially drying the corn. The variety of harvesting, methods

caused great variation in the costs attributed to harvesting the grain
Those farmers, who hogged the corn off had low harvesting costs,

while the harvesting costs of those who custom hired the harvest and
drying were high

Because of this extreme variation, harvesting costs

were excluded from the purchased inputs. However, standard har-

vesting costs were subtracted from gross income before marginal
values of water were estimated
Separating the contribution of an input which is used in several

productive enterprises for a multi-enterprise farm is a difficult task
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because of the joint-product allocation problem. Income tax depreciation has been used as the basis of division among enterprises. The

percentage use of the item times the yearly depreciation is considered
its service to output. In most instances these values are quite erroneous. For example, relatively new machinery items may be worth

considerably less than their depréciatedvalue. On the other hand, useful but completely depreciated implements are commonly utilized in
production. In order to circumvent this problem physical measure-

ments were used in this study.

Field operations used for the production of corn are fairly uniform, only differing in the number of times over a field and the size
of the implements being used. Size is reflected in the acres which

an implement can cover in a day; therefore the contribution of ma-

chinery service, X2, to production was measured in physical terms
as the total number of hours of powered and non-powered implements
employed during the year.

In physical terms the contribution of irrigation equipment to
production is the water which it applies, X3. Farmer estimates of
the amount of water applied together with an engineering formula8

for estimating the application rate of their irrigation systems used to
96. 3 where Pr is precipitation in inches per
8Pr G. P. M.X
A
hour, G. P. M. is gallons per minute per sprinkler, and A equals the
area covered by the sprinkler (108, p. 39).
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measure the amounts of water applied.

These estimates were con-

sidered the physical contribution of irrigation equipment.

The physical measurement of drainage used was feet of tile per

acre, X4. Generally, tile in the survey area was placed with the aid
of the Soil Conservation Service; hence, uniform specification andtile
placement were used. The most common diameter used for laterals
was four inches. Larger sizes of tile are needed for the mains, but

they vary almost in constant proportions to the amount of lateral in the

field; therefore, it was believed that feet of tile per acrewas a fairly
accurate estimate of drainage services.
The same variables were employed in both the field corn and
bush bean functions with the exceptionthat date of planting replaced
drainage in the bush bean function. Date of planting reflects the con-

tribution of drainage services because better drained soils are capable
of earlier plantings. A significant correlation was found between date
of planting and gross income per acre. Early plantings yielded great-

er gross returns than later plantings. Thus, date of planting was
employed in the bush bean function to indicate both contributions, that

of drainage and earlier plantings.

9

91t is recognized that date of planting is not an ordinary: input in
production; however, in order toplant early adequate natural or artificial drainage must be available. Date of planting implies the existence of artificial drainage inpoorly natural drained soils.
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Gross income for bush beans reflects not only the yield of beans

in tons per acre but also the grades of the beans. Premium prices
are paid for beans of the highest two grades. It is, therefore, an
advantage to the producer not only to have large yields but also to have
beans of high quality. Gross income, y, reflects both producer ob-

jectives.
Bush bean harvesting is highly mechanized. Those producers

who did not have their own harvesting machinery custom hired from
those who did. Because of the uniform harvesting methods, harvesting

costs were included in the machinery and purchased input categories.
The correlations among the input categories are shown in Tables
VI and VII. Because of the high intercorrelations existing between
TABLE VI. CORRELATION COEFFICIENTS AMONG INPUT CATEGORIES FOR FIELD CORN SURVEY DATA, 1963
xl

Input item
Purchased inputs, X1

Machinery services, X2

Irrigation services, X3
Drainage services, X4

x4
x3
(dollars! acre) (lours/ acre) (acre-inches! acre) (ft. ! acre)
1.00

x2

0.12

0.49

-0.02

1 00

0.03

0.03

1.00

-0.12
1.00

several of the variables in both the field corn and bush bean functions,

it was decided to test for the presence of multicollinearity.
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Klein (22, p. 64) writing upon indications of rnulticollinearity

among variables said:
The warning light to the statistician that multicol-

linearity is serious, is that the sampling errorsin

individual coefficients become large. The separate
influences of each variable are shown by their respective coefficients in a linear equation, and these coefficients will not be very precisely estimated even
though the over-all correlation for the entire equation
is high. Intercorrelation of the explanatory variables
is a relative matter. It is not possible to say whether
separate influence can be singled out if the intercorrelation is at least . 6, . 7, . 8, . 9, or even higher.
The sampling error of an individual coefficient depends
on both the inter-correlation with other explanatory
factors and over all correlations of the whole equation.

If the former is high relative to the latter, indeterminacy appears.

TABLE VII. CORRELATION COEFFICIENTS AMONG INPUT CATEGORIES FOR BUSH BEANS, SURVEY DATA, 1963
xl
Input item
Purchased inputs, X1

Machinery services, X2
Irrigation services, X3

Date of planting, X4

(dollars! acre)

1.00

xa

x3

x4

(hours! acre) (acre -inches! acre) (ft. / acre)

-0.55

0.10

0.17

1.00

-0. 20

-0.49

1.00

0.37

1.00

The multiple correlation coefficient as found by least squares

regression techniques of the logarithmic field corn input data is

.

67.

The highest intercorrelation of the explanatory variables, between

purchased inputs and irrigation services, is . 49. In the same way,
the overall correlation of the bush bean equation is . 61, while the
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largest intercorrelation existing between purchasedinputs and ma-

chinery services if . 55. In neither equation is the intercorrelation
high relative to the overall correlation; thus, the presence of multicollinearity is doubted.

Johnston (20, 0. 206) implies the use of the increase in estimated

variance as a criterion for testing for the presence of multicollinearity
between variables. If the estimated variance of the coefficient in-

creases as variables are brought into the equation, the presence of
multicollinearity is suspected.
Step-wise regression provides an ideal method for comparing the
effects on the variance of a coefficient by increasing the number of

variables. The first independent variable incorporated into the stepwise routine is that variable which is most highly correlated with the
dependent variable. By examining the standard error of the first

variable and noticing its change as more variables arebrought in,
the change in the variance of the coefficient can be followed.

10

The variance of the logarithmic coefficients is relatively constant as variables are brought into both the field corn and the bush
bean equations. Because of the closeness of the twosets of coef-

ficients this suggests that the variance of the unaturaltl coefficients

should be noted, however, that the variable referred to here
are the logarithmic form variables. As has already been shown they
do not correspond exactly with the "natural forms. The Edward's
101t

routine does not provide an opportunity for a test such as Johnston sugge.
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would behave in a manner similar to the logarithmic coefficients.

If this is true it would add support to the nonexistence of multicollinearity among the variables.
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CHAPTER IV
RESULTS OF ANALYSIS

This chapter contains the major analysis of the study. It is

broken into three major sections describing (1) the results of pro-

duction function analysis using survey data, (2) results of production

function analysis using experimental data, and (3) results of several
linear programming models.

The first section will discuss the results of the production function analysis applied to survey data.

The MVP schedules for the field

corn and bush bean functions will be presented. The second section

will disclose the results and the selection of the appropriate function
fitted to the experiment data. Functions will be fitted to both field

corn and bush bean data and the MVPw schedules obtained. The third
section will employ elements of both the survey and the experiment
data and functions to develop several programming models. The
shadow prices for water will be used to indicate the MVP w
Production Function Analysis

Previous studies conducted on soils of the Willamette catena suggest that only minor differences in response exist among the Willamette, Woodburn, and Amity series. In conducting research on the
response of field corn to irrigation, Anderson concluded that no
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statistical difference existed among the yields arising from these

three soil series (1, P. 53). However, Dayton soil did have significantly lower yields than Woodburn, Willamette, or Amity.

James in 1959 attempted to characterize Marion County soils in
terms of physical and economic productivity (19, p. 196-197). Physi-

cal productivities were determined from a farm survey by comparing
crop yields on different soil types. He arrived at physical producti-

vity indices of 94, 94, and 90, respectively, for Willamette, Woodburn, and Amity. Dayton had an index of only 51. Economic pro-

ductivities, determined by aggregating crop net returns of each soil
by the percentage distribution of each soil-crop combination, were
Willamette 111, Woodburn 71, Amity 49, and Dayton 11.

It was hypothesized from the results of these studies that little
productive difference existed between Willarnette, Woodburn, and

Amity soil series. It was also hypothesized that the reason for the
apparent similarity in yields, being cognizant of the natural drainage

problem which separates the series, was due to the greater usage of
tile drains on the poorer drained members of the catena.
In an attempt to test the validity of these two hypotheses, an
analysis of variance was performed on various variables which might

differ between the soil stratifications. Willamette and Woodburn soils
were placed in one stratification while Amity and Dayton were placed
in another. The number of records obtained on Dayton soil was
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negligible; therefore, the Amity-Dayton stratification was primarily

Amity. The difference between the stratification as pertaining to

gross income per acre, date of plantings estimated land values, and
land preparation techniques were all non-significant at the five percent level. The uniformity in production techniques and yields be-

tween the soil stratification did not reject the first hypothesis. The
implication is that farmers who worked the soils about the same received approximately the same yield.

A chi-square test of homogeneity of means tested the second
hypothesis.

The hypothesis was that the percentage participation in

a drainage program for the two soil stratifications was not equal.

In the case of field corn the hypothesis was rejected at the five percent level. That is, it was concluded that the percentages of field

corn producers using tile drainage systems were not the same between the two soil groups. Seventy-five percent of the Amity-Dayton

stratification had tile drainage systems while only 39 percent of the
Willamette-Woodburn producers had drainage systems.
Inthe case of bush beans 84 percent of the total surveyed producers

used tile drainage systems, while 89 percent of the Amity-Dayton stratification and 80 percent of the Willamette-Woodburn stratification use the

drainage systems. The chi-squaretest of homogeneity of means accepted at the five percent level that there was no difference between the
percentage participation by the farmers between the two stratifications.
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However, the average number of feet per acre of tile in the surveyed
fields was 149. 6 for the Willamette-Woodburn group and 442. 1 for the
Amity -Dayton stratification. These means were significantly different

at the ten percent level by analysis of variance.
It was conìcluded in the case of both crops that a different drainage

intensity existed between the two soil stratifications. This le.d to the

conclusion that farmers have succeeded in raising Amity soil to apar
with Willamette and Woodburn.

For the above reasons the corn and

bean survey data were pooled and analysis performed on the composite
As was previously noted a Cobb-Douglas function was fitted to the

survey data with input categories as indicated on page 53 of this the-

sis. Least squares regression was used to derive the parameters or
coefficients of the Cobb-Douglas equation in theirlogarithmic form.
The iterative method developed by Clark Edwards to derive the
natural" coefficients for the function was programmed for the I. B. M.
1620 computer (9, p. 103).

Field Corn Survey Results

Both sets of regression coefficients for field corn for the two
methods can be seen in Table VIII.

The multiple correlation coef-

ficients are . 67 for the logarithmic form and . 69 for the unatura1l
form. The coefficients of determination indicating the percentage of

variation accounted for by all independent variables in the regression
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TABLE VIII.

REGRESSION COEFFICIENTS FOR THE "NATURAL"
AND LOGARITHMIC COBB-DOUGLAS FUNCTION,
FIELD CORN SURVEY DATA

Logarithmic coëfficientsa

"Natural" coefficieñtsb

Input

Category

xl

(dollars/acre)

.

255

.310

x2

(hours/acre)

.029

003

x3

(acre-inches/acre)

.

x4

(feet/acre)

.018

.015

a

constant

40. 330

37. 320

057

.

057

aReturns to scale or the function coefficient is 36.
.

bR

to scale or the function coefficient is . 38.

are . 44 for the logarithmic fit and . 47 for the "natural" fit. The
"natural" fit explains more of the variation than the logarithmic fit.
The change in the error assumption between the two functions may

answer in part the difference existing between the parameter coefficients Of the two approaches. As was discussed previously, Edward's

iterative approach uses a different assumption about the error term
than the traditional logarithmic approachfor the Cobb-Douglas function. The logarithmic approach assumes a multiplicative random

error term which means that the variance of the error term is not
constant but rather varies systematically with the magnitude of the independent variables.

The error term changes to an additive

'Such variation is termed heteroskedastjc..
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logarithmic term after the logarithmic conversion. Edwards, how-

ever, directly assumes an additive error term. That is, the disturbance or error term has a constant variance.
The marginal value product of water, MV?, derived from the
logarithmic form is given by:

8logy
Dividing through

by!
y

or.

-

yields

which is the value of the

b
3

x3.

3

marginal product of X3.

Table IX gives the marginal value product schedule for water.

The marginal value product curve for water was derived over the sample range of X3 and the other input categories held constant at their
arithmetic means.

13

The marginal curve is negatively sloped asym-

totically approaching the horizontal axis. Hence, the gross income

arising from the marginal unit of water is always positive.

12
13

Such variation is termed homoskedastic.

Generally, MVP schedules are found for Cobb-Douglas functions
by holding all variables constant at their geometric means. This is
done because of the necessity of fitting the function in logarithmic
form. The least squares regression passes through the geometric
means. However, Edward's hmnaturaltt approach makes possible the
use of the arithmetic rather than the geometric mean.
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TABLE IX.

MARGINAL VALUE PRODUCTS OF WATER, FIELD
CORN SURVEY DATA

MVPW assuming a 75

Application rate
(acre-inches)

MVP w

(dollars)

percent irrigation ef-.
ficiency (dollars)

1. 86

2. 55

1.91

4

1. 24

93

6

85

64

8

64

48

10

52

39

12

44

33

14

38

28

The marginal value of water at an application rate of four acreinches is $1. 24. However, since most sprinkler irrigation systems

in the valley have a 75 percent irrigation efficiency, the MVP

is

reduced to $. 93 per acre-inch of water actually pumped from the
source

=

.93) (96, p. 20), or $11.16 per acre-foot of

water.
Bush Bean Survey Results

Regression coefficients, both "natural1 andlogarithmic, for the
equation fitted to the bush bean survey data are listed in Table X.

The coefficients of multiple correlation are 60 and .61 for the
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Hnaturaltt

and logarithmic fits, respectively. Subsequently, the

coefficients of determination indicate that 36 percent of the variation
in the naturalH fit is explained by the regression while 37 percent of

the logarithmic variation is explained.
TABLE X. REGRESSION COEFFICIENTS FOR THE "NATURAL"
AND LOGARITHMIC COBB-DOUGLAS FUNCTIONS, BUSH
BEAN SURVEY DATA

Input

Category

Logarithmic coefficients a

"Natural" coefficients

(dollars/acre)

.

223

260

X2

(hours/acre)

.

176

190

X3

(acre-inches/acre)

.069

.073

X4

(date of planting)

. 211

168

a

constant

29. 290

26. 896

aReturns to scale or the function coefficient is . 68.
bReturns to scale or the function coefficient is . 69.

Annual water inputs for the sample farms ranged from zero to

six inches or irrigation water per acre. The arithmetic mean was
4. 3 acre-inches. As indicated in Tab1 XI the next acre-inch of
water would return an estimated $4. 77. Assuming a 75 percent ir-

rigation efficiency the return is reduced to $3. 58 per acre-inch or
$42. 96 per acre-foot of water.
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TABLE XL MARGINAL VALUE PRODUCTS OF WATER, BUSH BEAN
SURVEY DATA

Application rate/acre
(acre -inches)

MVPW

(dollars)

MVPW assuming a 75

percent irrigation
efficiency (dollars)

9.70

7.28

4. 77

3. 58

6

3. 50

2. 62

8

2. 68

2.01

10

2. 18

1. 64

12

1. 84

1. 38

14

1. 58

1. 18

2

4. 3 (arithmetic
mean)

Economic Optimal Water Application Rates

The optimum application rate of water as indicated in Chapter II
is reached when the MVPw

Pw

Since no market price for water

exists in the Willamette Valley, the operating costs of sprinkler systems was assumed to be the appropriate P to use in determining efficiency of on-farm irrigation.

Stippler in 1950 estimated the operating costs per acre-inch
of water applied in a survey of 11 farms in the Willamette Valley

(33, p. 94-95). According to his study the costs per acre-inch of
water for a sprinkler system of adequate capacity was

$. 65

for
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non-cash expenditures,
expenditures,

16

14

$. 50 for labor costs 15 and $. 35for cash

for a total of $1. 50 per acre-inch. By use of the

prices paid index for farm machinery and farm supplies, irrigation
non-cash and cash costs were raised to correspond to 1963 costs of

production(38, p.

2).

Stippler used an irrigation.labor charge of

$1.00 per hour. This compares to an average wage of $1. 25 per hour

for the same service in 1963. This relation was used in indexing the
labor charge to correspond to 1963. The costs of applying an acreinch of water in 1963 was $1.94. Of the total cost per acre-inch,

$1. 00 was for variable costs while $94 was for non-cash or fixed costs.

Farmers in their shorttime optimizing routines are primarily
concerned with variable costs. These must be met in order to make
possible further production. Certainly long run costs must also be
paid if production is to continue indefinitely; however, it was believed

that use of variable costs gave a better indication of farmer behavior

in a particular year such as 1963.

14Non-cash costs are fixed costs; those costs which canbe post-

poned from year to year. They include depreciation and interest on
investment of the sprinkler system and farm equipment usedin operating the system.

'5Labor costs include charges for setting up and dismantling the
system as well as moving laterals.
l6The major cash cost item was the cost of power. Also in-

cluded in cash costs were water charges, if any, and costs of repair
and maintenance.
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Using the variable cost of an acre-inch of water, $1. 00, as the
approximate cost of water indicates that farmers if they were to
maximize income would apply approximately 5. 0 acre-inches of water
(MVP

w

=P

w

,

if

f

w

= 0).

The average amount of water applied by

the producers of irrigated field corn was 4.05 acre-inches. Thus,
the optimum application rate is . 95 of an acre-inch more than the

average farm application rate.
Using the same procedure, the optimum allocation rate for bush

beans is in excess of 20 acre-inches of water. This is considerably
above the average produced application rate of 4. 6 acre-inches. How-

ever, the range of the data is from 0 to 6 acre-inches; therefore, any
derivation which results in an economic optimum greater than 6 acreinches is an extrapolation beyond the range of the data.

It should be remembered that the decision making process of producers in deciding the amounts and timing of water applications is
more complex than a simple profit maximization routine. Risks and

uncertainties affect a producer's decisions. The criterion which he
uses may be one of several routines, such as maximizing his minimum return. However, ascertaining the applicable decision making

process is a study in and of itself and will not be undertaken in this
study.
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Controlled Experiments Analysis

Controlled irrigation experiments were conducted on two soils of
the Willamette catena, Woodbarn and Dayton. Both field corn, grown

for grain, and bush beans were produced on the two sites. The results from the experiments are given in Appendix C.
Field Corn

The analysis of variance for the Woodburn irrigated corn, is found
in Table XII. The three treatments, irrigation, nitrogen, and stand,

were significantly effective in influencing the final yield

Irrigation,

nitrogen, stand, irrigation-stand, and nitrogen-stand were all significant at the one percent level. The irrigation-nitrogen interaction was
significant while the irrigation-nitrogen- stand interaction was nonsignificant at the five percent level.

Several mathematical equations were fitted tothe corn production
data from the Woodburn site by a step-wise regression technique.
Model A was a polynomial or quadractic equation with two interaction

terms of the form:
y = b + b1W + b2N + b3S + b4W2
b8WS + b9SN + b10WNS

where,

y = yield in bushels per acre,

+

bN2

+

b6S2 +b7WN+
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W = water application rate in acre-inches,
N = nitrogen in pounds per acre,

I coefficients to be estimated.
Model B was a square-root polynomial,
b.

y = b +b1W+ b2N + b3S + b4 W+ b5 N+ b6 S+ b7WN+ b8WS +
b NS + b10WNS.

Model C was a mixed quadractic and square root,

y=b+b1W+b2N+b3S+b4W2+b5N2+b6S2+b7 W N+
b8 N S.
TABLE XIL

ANALYSIS OF VARIANCE, IRRIGATED FIELD EXPERIMENT, WOODBURN SOIL, HYSLOP AGRONOMY FARM,
1963

Source of variation

Degrees of freedom

Replications
Irrigation (I)
Nitrogen (N)

F values
06

3
3

600.

2

8.

Stand (S)

1

48.

IN

6

IS

3

NS

2

INS

6

Error
asignificant at .01 level
b.Significant at . 05 level

69

77a

2.53 b

594a
666a
1.56
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The coefficients of the parameters of the three models and the tests
of significance are shown in Table XIII. Only those coefficients which

are significant at the five percent level are shown.

The process of selecting a particular function form is not clear
cut. Statisticians usually contend that a priori knowledge, andtheory,

shouldbe utilized to specify the form of the functionbefore the equa-

tions are fitted. However, all three of the functions listed coincide
with the agrononiic and economic theory of increasing yields but at a

decreasing rate and ultimately decreasing total yields as the quantity
of input is increased.

This raises the question as to how the choice is

to be made between the three functions.
TABLE XIII. REGRESSION COEFFICIENTS AND TESTS OF SIGNIFICANCE, FIELD CORN EXPERIMENT, WOODBURN
SOIL, HYSLOP AGRONOMY FARM, 1963
Model A
b

0

.497

Variable Coefficient t value
b0

W

11.605

11704a

N

.4O9

2918a

W2

-.488

7471a

N2

-.002

3608a

WS

.804 x ic4

2591b

WNS 723x106

3816a

asigthficant at . 01 level
b

Model C

Model B

Variable Coefficient tvalue

Significant at . 05 level

-103.506

-5.512
N

1JT

Variable Coefficient t value

_3757a b
o
3926a W

-1.020

7611a

N2

47. 018

3.653

S2

2613b

w'w

19.904

WS

804 x 10

WNS

.723x106

3848a

-35.404
25.873

5682a
_3926a

ii86

.o-8 -0.129

1.095

.036

2638a
2.5681
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The final test of whether a particular functional form is approp-

riate is its predictive abilities over time. This test can be conducted
only in the future after a period of time has elapsed. Selection of the

function must occur, however, before the ultimate test of time can be
applied. Certain statistical measurements on the existing data, such

as coefficients of multiple correlation, standard errors of the parameters, and tests of significance, indicate how well the functional
form fits the data. If the state of the theory were such that it specified the form, the use of these. statistical measurements would not be
needed, but could be used solely for description of the fit. Since pre-

cise theory was lacking, statistical comparisons were made to see
which form provides the "best" descriptionof the data.
The multiple correlation coefficients for Model A and B were . 98,
while . 97 was the coefficient for Model C. Model C was removed from

further analysis because the equation containing only variables signifi-

cant at the five percent level did not have a maximum. Therefore, it
denied economic theory. Model A was preferred to Model B because

the economic optimum of Model B was beyond the range of the data.

The partial derivatives of yield with respect to water provides

estimates of the marginal physical productivity of water (MPP).
The derivative of Model A with respect to water is:
ay
Ow

bW + bS + bLNS.
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It is apparent that the MPP is a linear function. That is, each addition unit of water provides a constant increment to total yield. The

MPP will shift, however, if different stand and nitrogen levels are
employed.

Table XIV gives estimates of MVP for varying quantities of
water assuming a stand level of 15, 000 plants per acre and a nitrogen
level per acre of 60 pounds. About 60 pounds is the average nitrogen

application rate from the survey data. Figure VII shows the Woodburn field corn function under two sets of assumptions; situation A
which assumes the optimal nitrogen application rate of 119 pounds
and 15,000 plants per acre and situation B which assumes 60 pounds

of nitrogen per acre and 15, 000 plants per acre.

Using the price of water, $1. 94 acre-inch, the total application

cost, the experimental results indicate an optimal allocation of l3 0
acre-inches of water in situation A. The maximumphysical yield

requires 14. 4 acre-inches of water. The maximum production is
obtained with an input of 13. 8 acre-inches and the economic optimum

with an input of 12.4 acre-inches of waterinsituation B. Both situations imply the use of more than the 4.05 acre-inches of water which

are applied by the average farmer producing irrigated field corn. It

should be remembered, however, that the yield is a result of experimental work. Certainly farmers would have difficulty in dupli-

cating experimental results over large acreages. Never-the-less, it
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Figure 7. Comparison of field corn production functions fitted from data of the physical
experiments.

I

15

78

is evidence indicating that farmers may not be applying enough water
to obtain maximum income.
TABLE XIV. MARGINAL VALUE PRODUCTS OF WATER, FIELD
CORN EXPERIMENT, WOODBURN SOIL, HYSLOP
AGRONOMY FARM, 1963

Application

a

MVP assuming a
75 pe'cent irrigation

rate/acre

MPP
(bushels)

0

13. 46

18. 98

14. 24

2

11. 51

16. 23

12. 17

9. 55

13. 46

10. 10

6

7. 60

10. 72

8.04

8

5. 65

7. 97

5. 98

10

3. 69

5. 20

3. 90

12

1. 74

2. 45

1. 84

(acre-inches)

MVPW

(dollars)

efficiency
(dollars)

equals MPP times the price of corn. The price of corn
used was $1.41 per bushel.
aMVp

The functional forms, Model A, and Model C, were fitted to
the Dayton yield data. Table XV shows the analysis of variance

and Table XVI provides the coefficients and tests of significance for

the parameters of the two models.
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TABLE XV. ANALYSIS OF VARIANCE, IRRIGATED FIELD CORN
EXPERIMENT, DAYTON SOIL, JACKSON FARM, 1963

Source of variation

F values

Degrees of freedOm

Replic ations

0. 61

3

Irrigation (I)

330.

Nitrogen (N)

27.

31a
19b

Stand (5)

1

6.

IN

6

2.

IS

3

1. 36

NS

2

INS

6

Error

58b

57a

1.98

69

asignificant at . 01 level
bsjgnifj.cant at . 05 level
TABLE XVI.

REGRESSION COEFFICIENTS AND TESTS OF SIGNIFICANCE, FIELD CORN EXPERIMENT, DAYTON SOIL,
JACKSON FARM, 1963

Model C

Model A

Variable Coefficient t value
b

0

w
N

w2
N2
S2
WNS

-18. 870
19. 926
602

-1. 550
-. 003

b
14.

271a

0

w2
-11. 328a
552a

.444 x io8 -.756
. 110 x 10

Variable Coefficient

417a

asignificant at .01 level
bSignificant at . 05 level

N2
VWVN

-36. 748
31. 156
-. 003

-.001
1.376
025

t value
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The multiple correlation coefficients for Model A is . 96 and .91
for Model C; therefore, Model A was selected over Model C.

The

partial derivative of yield with respect to water in Model A is:
=b

- Zb3W + b6NS.

The marginal physical and value products for varying amounts of
water are shown in Table XVII. The maximum physical production

occurs when 6. 7 acre-inches of water are applied. This assumes the
use of 60 pounds of nitrogen per acre and a stand level of 15, 000
plants. Using the price of water, $1. 94, optimum production ensues

with an input of 6. 3 acre-inches of water. Once again the average

farmer of the survey area is using less water than these results
from the experiment indicate. Generally, he is applying the 4. 05

acre-inches in two settings, one at the last of June and the other toward the middle of August. However, on the physical experiment

more frequent and lighter applications were made.
TABLE XVII. MARGINAL VALUE PRODUCTS OF WATER, FIELD
CORN EXPERIMENT, DAYTON SOIL, JACKSON
FARM, 1963
MVPW assuming a 75 percent
MPP

MVP

irrigation efficiency

0

(bushels)
21.91

(dollars)

29.50

(dollars)
22.12

2

15.71

20.76

15.57

4.

9.51

12.00

9.00

Application rate! acre
(acre -inches)

6
aM

2.45
13.27
3.31
equals MPP times the price of corn. The price of corn used was $1.41 per bushel.
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Inserting 4. 05 acre-inches of water, 60 pounds of nitrogen, the
average nitrogen application rate on the survey, farms, and a stand
level of 15, 000 plants, the yield as derived from the Dayton function

is 1. 9 tons per acre which equals the average survey yield of 1. 9 tons

per acre. The function fitted to the Woodburn data using the same
levels of inputs imparts a yield of 1. 8 tons per acre.
Bush Beans

The bush bean experiments were also conducted on Woodburn and
Dayton soils.

site.

17

Useful yield data were obtained from the Woodburn

However, no analysis of the data from the Dayton soil experi-

ment was made because of the extreme variation among replications caused

by;manganese toxicity Soon after

emergence it was noted that many

of the primary and trifoliate leaves of the bean plants showed abnormal foliage symptoms. Yields from replications affected by this

malidy were the lowest regardless of the level of nitrogen and irrigation. Subsequent analysis by soil specialists suggested that man-

ganese toxicity may have been the cause of the chiorotic and retarded
growth of the beans. This suggests the need for lime applications

and mulches to prevent dehydration through exposure to windand sun.
The analysis of variance for the bush bean, Woodbu.rn soil data

17Data are presented in Appendix C
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is shown in Table XVIII. The new multiple range test indicates that

the means of the two lowest water treatments, W1 and W, and the two
highest, W3 and W4 are not significantly different at the five percent
level; however, between W2 and W3 there is a significant difference.
TABLE XVIII.

ANALYSIS OF VARIANCE, IRRIGATED BUSH BEAN
EXPERIMENT, WOODBURN SOIL, HYSLOP AGRONOMY FARM, 1963

Source of variation

Degrees of freedom

F values

Replic ations

3

Irrigation (I)

3

ZZ.

Nitrogen (N)

1

8.

1. 37

96a

2.47

IN

Error
asignificant at the 01 level
Signigicant at the . 05 level

The return from beans is not solely a function of gross production
and price. The grade of the beans is an important factor. In order

to get a meaningful measure of return to be used in the regression
analysis, yield from each replication was graded according to sieve
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size. The yield of each grade was then multiplied by the grade
18

price.

This became the endogenous variable, y, in fitting the mo-

dels.

The three models on page 72 were fitted by least squares to the
data from the experiments. The coefficients and tests of significance
are shown in Table XIX. Model A has a multiple correlation coefficient of . 86. Both Models B and C have correlation coefficients of
88.

Model C was removed from further analysis because the con-

stant, b, is too large. The production function would be negatively
sloping which denies the theory. Model B has a negative constant
term which implies a negative yield when no water or nitrogen is
applied. While this is not reasonable the signs of the water coef-

ficients are as expected. The t values of Model A are somewhat lower than those from Model B and the multiple correlation coefficient

is not as large; therefore, Model B was selected for further analysis.
Model B does not correspond exactly to the typical square-root
form. The water-nitrogen interaction term is not in square-root

form; it is the result of the multiplication of water and nitrogen. Also,
18

Prices used in this study were:
Sieve size
Grade
1
1, 2, and3
2
3

4

no value

4
5
6

7 and over

Price/ton
$140
135
75
50
1
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the sign on N is negative indicating an inverse relationship between

nitrogen and yield. A priori one would not expect this to be true. The
experiment, however, was not designed to obtain a response curve
for nitrogen. This undoubtedly, is one factor which causes the in-

correct sign.
The derivative of Model B or the marginal value is:
8w

=b

+
1

.5b 2W

+ b N.
4

The maximum yield occurs when 15. 4 acre-inches of water are applied
with a constant 65 pounds of nitrogen. The economic optimum when

water costs $1. 94 per acre-inch is with a water input of 14.7 acreinches. Figure 8 shows the bush bean production function while the

marginal value productivity schedule can be seen in Table XX.
Employing 4. 6 acre-inches of water and 65 pounds of nitrogen.
which are the average usage by the surveyed farms. production of 3. 1
tons of beans are predicted by Model A.. This, corresponds with the

average irrigated bean yield of the survey farms of 3. 1.
The economic optimum indicates the u.sage of much more water

than the average 4. 6 acre-inches which are applied. It also implies

that to apply this greater quantity of water, the application rate must

belighter which will require more irrigations than the three commonly
used in the survey area.
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TABLE XIX. REGRESSION COEFFICIENTS AND TESTS OF SIGNIFICANCE, BUSH BEAN EXPERIMENT, WOODBURN
SOIL, HYSLOP AGRONOMY FARM, 1963
Model B

Variable

Coefficietit t value

-2.037

W

48.793

.799

-90. 445

-. 340

N

-3. 226

-1.671

W2

-.422

-.235

W2

-2. 219

-.680

VW1R

45. 853

JN

. 493

-1. 226

fi.i

-118. 175

596.126

1.360

iW

-55. 076

-1. 712

. 493

398

W

-100.546

i/W

t value

156. 087

637.559

-260.067

Model A

Variable Coefficient t value
b0

b0

b0

WN

Model C
Variable Coefficient

2.

388a

2.

aSignificant at the . 05 level

TABLE XX. MARGINAL VALUE PRODUCTS OF WATER, BUSH
BEAN EXPERIMENT, WOODBURN SOIL, HYSLOP
AGRONOMY FARM, 1963
MVPW assuming a 75

Application rate/acre
(acre -inches)

MVPW

(dollars)

percent irrigation

efficiency (dollars)

2

134. 88

101. 16

4

73.12

54.84

6

45.80

34.35

8

29. 47

22. 10

10

18.35

13.76

14

3.74

2.80

15

1.05

.79

340a
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Figure 8. Bush bean production function fitted from data of the physical experiment,

15
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Linear Programming Analysis
Four separate programming models were developed wherein

water was one of the limiting factors in order to obtain an estimate
of the MVPW schedule.

Model A represents a middle Willamette

Valley farm producing only two crops, field corn grown for grain and
bush beans. Both crops are assumed to be produced with or without

irrigation. Therefore, four production activities are available:

(1)

field corn . irrigated, (Z) field corn - non-Lrrigated, (3) bush beans -

irrigated, and (4) bush beans - non-irrigated. Results from the
surveyed farms were used to estimate the levels of input for the
models. The level of output was derived from the Cobb-Douglas field

corn and bush bean functions using the average level of input use. The

input-output coefficients, a., were obtained by dividing the input by
the output. The variable costs used in the model are shown in
Appendix B.

Model B is identical to Model A except the yields derived from
the Cobb-Douglas function were obtained with a water input level cor-

responding to the consumptive use figure as obtained from the BlaneyCriddle consumptive use estimating technique (Appendix D). Tempera-

ture and precipitation records necessary for the consumptive use
estimating technique were obtained from data collected by the De-

partment of Farm Crops, Oregon State University, at the Hyslop
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Agronomy Farm and are assumed to be representative for the survey
area. Meteorological data were used for the 1963 growing season in
order that direct comparison could be made with. the 1963 experimental
and survey data.

Variable costs are the only ones used in the models. Variable
costs include such items as purchased inputs, repairs and maintenance,.

labor costs for months other than June, July, and August, and depreciation for irrigation equipment.

Depreciation for irrigation

equipmentis generally considered a fixed..cost; however, from an

agency's viewpoint, all irrigation costs are variable. An agency is
interested in the basis of water supply allocation, i. e. , whether the
costs of supplying the needed water is worth the difference in the
value forthcoming between the irrigated and the non-irr.igated production.

June, July, and August are months during which irrigation of
field corn and bush beans occurs. The labor requirements for these
months were obtained from the survey of producers. One hundred

acres of land were assumed to be available for crop production of
which only 50 acres were contracted for bush bean production

19

It was further assumed that the operator could use 100 hours a

'9Bush beans are a contract crop. It was assumed that the canning company's planting allotment would limit bush beans to 50 acres.
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month for the production of the field corn andbush beans. No family

labor other than the operator's was available. Hired labor could be
obtained in any quantity at the actual modal price of $1. 25 per hour.

"Stoop" labor requirements for hoeing were treated as a variable cost
and made up part of the purchased input coefficient; therefore, they

are not included in the labor requirements.
The employment of capital in production of bush beans and field

corn is subject to an opportunity cost. Gilchrist in projecting capital accumulation for Marion County farms producing primarily in-

tensive crops estimated an average rate of return on farm capital
of approximately 10 percent (12, p. l65). This implies that pro-

ducers, would not be willing to invest working capital or borrowed

money in the production of field corn and bush beans unless it returns

at least 10 percent. To do otherwise denies the assumption of income maximization. This restriction is incorporated into the, model

by entering a buying capital activity at $L 10. The initial capital

supply is assumed to be zero.

The water supply level in the models is initially zero, but by
the use of parametric programming the water supply is iteratively
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increased until it becomes non-restrictive.

In this way MVPW

schedule is obtained.

In all models non-irrigated corn production is the first activity
brought in when no irrigation water is available. Thereafter, as the

water supply is parametrically increased, irrigated bush beans compete with non-irrigated corn for the available land.

Finally, as water

becomes less restrictive and the maximuni bean acreages is reached,
irrigated corn appears in the solution.
Linear Programming Results Using Survey Data

In Chapter III, it was noted that corn was chosen as an experimental crop because of its expected low return to irrigation. The irrigated crop with the smallest marginal value for water provides one
basis for obtaining a value of water in agriculture. That is, ina

specified irrigated area, water will be applied to that crop providing
the greatest marginal output. Water will be applied thereafter to the

crop providing the next largest output, until the water supply is ex-

hausted or the marginal revenue just equals the marginal cost or price
of water. The final crop which receives irrigation water will be the

20Parametric programming adds the largest multiple of a specific
nonbasic vector to the optimum solution stch that one of the elements
becomes zero or non-restrictive. Thus it is possible to obtain all
points where the shadow price or marginal value product changes.
Parametric programming is an efficient procedure because it eliminates the necessity of re-running the entire model with several different water requirements.
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TABLE XXI. MARGINAL VALUE OF WATER, L. P. MODEL A, USING OUTPUT ESTIMATES
DERIVED FROM COBB-DOUGLAS FUNCTIONS AND AVERAGE INPUT LEVELS
FROM THE SURVEY DATA

Total production

ACtiV1a

(tons)

Total water
application
(acre-inches)

MVPW assuming a 75
MVPW

(dollars)

percent irrigation
efficiency (dollars)

CWO

166.0

0

16. 92

12. 69

BW

77.6
126.9

111.5

15.80

11.85

110.4
110.4

158.7

15.02

11.26

165.0
83.0

237.7

.12

.09

CWO
BW

CWO
BW

CWO
CW
BW

CW

0

0
449.3
165.0
110.0
aField corn with irrigation, CW; field corn without irrigation, CWO; bush beans with irrigation,

BW; and bush beans without irrigation, BWO.

TABLE XXII. MARGINAL VALUE OF WATER, L. P. MODEL B, USING OUTPUT ESTIMATES
DERIVED FROM COBB-DOUGLAS FUNCTIONS AND CONSUMPTIVE USE LEVELS
AS OBTAINED FROM THE BLANEY-CRIDDLE ESTIMATION TECHNIQUE

Activity

a

Total production
(tons)

Total water
application
(acre-inches)

MVPW assuming a 75
MVPW

(dollars)

percent irrigation
efficiency (dollars)

CWO

166.0

0

9.42

7.06

BW

77.6
129.2

205. 3

8.81
1.25

6.61

110.4
113.6

292.3

175.0
83.0

463. 2

.25

.19

1193.6

0

CWO
BW

CWO
BW

CWO
CW
BW

CW

.94

0

175.0
120.0

aField corn with irrigation CW; field corn without irrigation, CWO; bush beans with irrigation,
BW; and bush beans without irrigation, BWO.
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marginal user of water and will specify the value of water in the ir-

rigation area.
In the simple two crop economy specified in the programming

models, irrigated corn is the marginal water user. The valte of
water in Model A is $. 09 per acre-inch pumped from the source or
$1. 08 per acre-foot (Table XXI). This assumes the availability of

sufficient water to irrigate field corn. In Model A this takes place
with a water supply of 237. 7 acre-inches. It also assumes anirrigation efficiency of 75 percent

21

Using the consumptive use figure as derived from the Blaney-

Criddle estimating techniques, 9 acre-inches for bush beans and 14
acre-inches for field corn, the Cobb-Douglas function indicated the
expected bush bean yield to be 3. 5 tons per acre; 2. 4 tons per acre
was the expected field corn yield. Using this relationship and the
assumptions of Model A, the MVPW per acre-inch in Model B was
$. 19 or $2. 28 per acre-foot (Table XXII).

Linear Programming Results Using Data from the Experiment
Two linear programming models were developed to give some
indication of the MVPW using results from the experimental plots.

21lrrigation efficiency is defined as the percentage of water delivered to the field that is available for consumptive use by the
plants.
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Both ModelsC and D used the same input coefficients as the :P1V0U5
two models with the exception of water. Model C used the optimum
water allocation and subsequent production from the Woodburn field
corn and bush bean functions.

That is, the water input of Model C was

13 acre-inches with a yield of 3. 1 tons of field corn per acre. Five
and nine-tenths tons per acre of bush beans were produced by a water
input of 14. 7 acre-inches. The non-irrigated field corn yield of.. 5

tons per acre which was obtained from the Woodburn field corn function was used in Model C. The experimental design of the bush bean

experiment was not set up so as to obtain an estimate of the production

from non-irrigated bush beans; therefore, non-irrigated bush bean
production coefficients were the same as the two previous models.
Table XXIII gives the MVP schedule of water for Model C.

Model D is identical to Model C except that the Blaney-Criddle

consumptive use estimates are used in obtaining the estimated yields
from the production functions. Table XXIV provides the MVP schedule

for water from Model D.
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TABLE XXIII.

MARGINAL VALUE OF WATER, L. P. MODEL C, USING OUTPUT ESTIMATES

DERIVED FROM THE EXPERIMENTS F UNCTIONS AT THE ECONOMIC OPTIMUM
LEVEL OF WATER

(tons)

Total water
application
(acre-inches)

0

0

27.13

20.35

BW

56.0

70.0

26.46

19.84

CWO

45.2

BW

77.6
43.4

96.9

25.17

18.88

110.4
40.6

137.9

24.27

18.20

295.0
25.0

368.5

3.00

2. 25

1018.4

0

0

AC1Va
CWO

CWO
BW

CWO
BW

CWO
CW

Total production

MVPW assuming a 75
MVPw

(dollars)

percent irrigation
efficiency (dollars)

0

295.0
155.0

BW

CW

aField corn with irrigation, CW; field corn without irrigation, CWO; bush beans with irrigation,
BW; and bush beans without irrigation, BWO.
TABLE XXIV. MARGINAL VALUE OF WATER, L. P. MODEL D, USING OUTPUT ESTIMATES
DERIVED FROM THE EXPERIMENTS FUNCTION AT THE BLANEY-CRIDDLE CONSUMPTIVE USE LEVEL OF WATER INPUT

Activity

a

Total production
(tons)

Total water
application
(acre-inches)

MVPW assuming a
MVPW

(dollars)

percent irrigation
efficiency (dollars)

CWO

50.0

0

20.63

15. 47

BW

56.7
44.8

92.8

20.12

15.09

77.6
42.9

127. 0

19. 14

14. 36

110.4
40.0

180.8

18.44

13.83

275.0
25.0

440.1

3.00

2. 25

CWO
BW

CWO
BW

CWO
BW

CWO
CW

0

0
0
275.0
1090.1
155.0
aField corn with irrigation, CW; field corn without irrigation, CWO; bush beans with irrigation,
BW; and bush beans without irrigation, BWO.
BW

CW
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Remark

This chapter has presented the results of three different tech.-.
niques for estimating the value of water: (1) production analysis using

survey data, (2) production analysis using data from physical experiments, and (3) linear programming models. These results will be
compared in the next chapter with a view to their consistency in providing the value for water. Hence, Chapter VI serves as a summary
of this one.
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CHAPTER V
COMPARISONS OF ALTERNATIVE VALUATION METHODS

Plotting the inter-farm Cobb-Douglas and polynomial experimental field corn functions on one graph provides an interesting and
informative comparison (Figure 9). The Woodburn rather than the
Dayton experimental function was plotted because it was more rep-

resentative of the soils of the survey producers and hence made a
more meaningful comparison with the Cobb-Douglas corn function.
The experimental function was plotted using 60 pounds of nitrogen and

15, 000 plants per acre stand. The Cobb-Douglas function was plotted

using average input levels, in the case of nitrogen, also 60 pounds.

At the non-irrigated and smaller irrigation levels, the production
from the Cobb-Douglas function is considerably higher than the

The response to irrigation on the Dayton soil at the lower levels
of water input is much greater than that of the Woodburn soil. This
may be so for several reasons. One of them being that the claypan,
which characterizes Dayton soil, is so close to the soil surface that it
retards root growth. Plants growing on Dayton soil are not able to
tap water reserves lying below the impermeable claypan. They, therefore, are more dependent on surface moisture levels. Thus, small
additions of surface moisture cause large increases in output.
Beyond 3. 7 inches Woodburn soils become the most responsive to
increased water inputs. The claypan of Dayton soil requires good
management practices. It is almost a permanent barrier betwçen the
surface soil and the subsoil; therefore, it is easy to over-irrigate. On
the other hand the water which is applied is not generally lost through
deep percolation. Thus, Dayton soils requires less water but its
response to greater amounts of wateris diminished more than that of
the Woodburn soil.
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predicted yields of the experimental function. There are a number of
reasons which would account for the difference. Andersen, working

with non-irrigated field corn experimental plots in 1962, obtained
mean yields as high as 59. 3 bushels of shelled corn per acre at 15. 5
percent moisture from Woodburn soils (1, p. 21). This figure is
almost identical to the average non-irrigated yield of 59. 2 bushels
obtained from the 1963 survey data.

Thus, there is a discrepancy

not only between the survey and experimental yields of 1963, but also
between mean experimental yields of 1962 and 1963.

At this point the inherent difficulties of drawing conslusions from
one year's data should be pointed out. This is a problem as is evidenced by the difference between the mean experimental yields of the
two years. Each particular site of ground has its own local environ-

ment, the components of which are soil, climate, and past management.

The environment of a specific site changes from year to year

even though the soil type remains constant. Changes in the environ-

ment between years cause variation in yields and account in part for
the experimental yield differences between years.

Local environment also differs in a large geographical area simi-

lar to the survey area from site to site during the same year. Thus,

to obtain a truly representative response for a treatment, experiments must not only be conducted over several years but also be
conducted on several sites. The two experiments referred to
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previously were conducted on different sites as well as carried out at
different time periods. Both time and site difference help to account
for the observed variation.
The survey data obtained in 1963 have the advantage over the ex-

perimental data in that many non-irrigated observations from different local environments were obtained. It was originally thought

that it would be impossible to obtain accurate observations of w.ter
application rates from the survey data. Therefore, it would be

necessary, it was thought, to make analysis on a with and without

basis. However, subsequent analysis indicated that yield estimates
for several water application rates could be obtained. This was the
path that was followed in this thesis.
While the sampling scheme as originally developed was inef-

ficient in obtaining a complete water response function, it did provide

a good estimate of non-irrigated yields, probably better than the one

year's estimate from the experimental plots.
Comparison of Field Corn Production Functions

At a water input level of 6. 1 acre-inches the polynomial function
is as high as the Cobb-Douglas function (Figure 9). Thereafter it

moves progressively higher. This is not surprising considering that

the water input range of the survey data varies from zero to eleven

inches per acre, but only three of the forty-three observations are
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Figure 9. Comparison of the experimantal and survey field corn production functions.
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above four acre-inches.

The yields of the three observations beyond four acre-inches compare favorably with those obtained from the Woodburn experiment.

For example, one producer with a yield of 107 bushels of shelled corn

per acre applied 11 acre-inches of water. The Woodburn function with
a 11 inch application rate yields 106. 8 bushels per acre. Another
of the three producers had a yield of 89. 3 bushels from seven inches
of water. The function yields 88. 2 bushels per acre with seven inches

of water. Thus, the yields of the producers who use larger amountsof

water were consistent with yields from the experimental function.
There simply were not enough of them to raise the Cobb-Douglas function.

Comparison of Bush Beans Production Functions

The same general relationships between the Cobb-Douglas and
experimental function for bush beans also holds (Figure 10). The

Cobb-Douglas function is first higher, the same as, at approximately
5. 0 acre-inches, and then less than the experimental Woodburn bush
bean function. As previously mentioned, there was no non-irrigated

treatment in the bush bean experimental design. The survey data
did provide one point estimate of the non-irrigated yield.

Ninety-five percent of the survey observations were at water
input levels between 3. 2 and 6. 0 acre-inches. In this interval the
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Figure 10. Comparison of the experimental and survey bush bean production functions.
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difference between the two functions is not large; however,-beyond

six inches the experimental function is considerably higher than the
Cobb-Douglas function. Because there were no farmers in the sample

who applied more than 6. 0 acre-inches of water, the Cobb-Douglas

.function could not be expected to accurately estimate yields at the
higher application rates.
Comparison of Functions at the Mean Level of Water Input

At the average input level of 60 pounds of nitrogen per acre and

4. 05 acre-inches of water the field corn experimental function predicts
a yield of 1. 8 tons while the Cobb-Douglas function predicts a yield of
2. 2 tons. By increasing the water input the functions converge until

they coincide at a water input level of approximately 6. 1 acre-inches.

The bush bean functions, Cobb-Douglas and experimental, are almost
identical at the average input level of 65 pounds of nitrogen and 4. 6

acre-inches of water per acre. The square root function predicts a
yield of 3. 1 tons per acre while the Cobb-Douglas function predicts a

yield of 3. 3 tons per acre.
The significance of this comparison is obvious. Both functions,

the experimental and the survey provide approximately the same esti-

mates over the interval of observed application rates. The close
similarity between the two functions suggests that farmers are able to
obtain yields on a level with experimental plots. It follows that
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producers could by increasing inputs of water and fertilizer approximate the upper reaches of the experimental production function.

Therefore, the experimental function can be used as a guide to farm-

ers for efficient water use.
It was pointed out that the field corn survey results provided a
good estimate of the non-irrigated yield and returns. Furthermore,
it was shown at the mean levels of inputs that the estimated returns

from the survey data were similar to the returns derived from the
data of the experiments. Hence, it would appear that if one wanted

to make a comparison between irrigated and non-irrigated production,
survey data would be adequate. This information would be useful

to an agency needing to decide whether irrigation water ought to be
made available for crop production. This decision would be made

prior to the determination of price and thus the optimum allocation.
The MVP w schedules would be needed for the latter decision.

Comparison of Marginal Value Productivity Schedules of Water

Figures 11 and 12 give a graphic presentation of marginal value
product schedules. The marginal value product measured in dollars

is measured on the vertical axis while water is measured on the.

.

horizontal axis.

In order that the MVPs derived from the linear programming
models and production functions could be plotted on the same graph,
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Figure 11. Comparison of MVPW from linear programming models and field corn production functions.
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the horizontal axis was plotted in terms of acre-inches of water per
100 acres. In other words as the total water input changes from 100

acre-inches to 200 acre-inches, or from 1 to 2 acre-inches per acre,
the MVPwas derived from the Woodburn field corn function changes
from $13.40 to $12. 17. Likewise, using 100 acre-inches of water in

linear programming Model A yields a MVP of $12. 69. The MVP

at 200 acre-inches is $11. 26.
Field Corn
The MVPs of water as obtained from the Cobb-Douglas function

are lower than the MVP curve from the experimental data (Figure 11).
The comparison of the MVPw of the Cobb-Douglas function and linear

programming Models A and B is interesting. Because of the input-

output coefficients used in Models A and B both are directly related
to the Cobb-Douglas function. However, only when field corn be-

comes the marginal user of water can a comparison of the linear
programming models and the Cobb-Douglas field corn function be
made. Irrigated corn production enters into the solution matrix in

Model A with a MVP w of $. 09 per acre-inch.

The MVP
remains
w

the same until water becomes nonlimiting, thus, forcing the MVP
to zero. This occurs when the supply of water reaches 449 acre-

inches, or a water input of 4. 49 acre-inches for each of the 100 acres.
The corresponding Cobb-Douglas MVP

at 4. 49 acre-inches is
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approximately $. 86 per acre-inch.
Model B which uses Blaney-Criddle consumptive use figures employs greater amounts of water than Model. A. The MVP when irri-

gated field corn production enters the solution matrix is $. 19 per acreinch and continues until 1194 acre-inches of water are employed at
which point it drops to zero. At a water input level of 11.9 acreinches per acre the MVPw derived from the Cobb-Douglas function is
approximately $. 33.
Between the MVP

of the two linear programming models and the

field corn function some disparity exists. However, they appear to

be in the same relative zone.
Both linear programming Models C and D which use yield data

from the experimental functions give the same value of water. Irrigated corn production comes into the solution matrix of Model D at
a supply of 440 acre-inches. In both models the MVP is the same,

$2. 25 per acre-inch of water. This value continues until the water
supply increases to 1018 acre-inches in Model C and 1090 in Model
D.

At the water input level of 10. 2 acre-inches per acre the MVPw

as derived from the Woodburn function is approximately $3. 65 while
$3. 00.
at an input level of 10. 9 acre-inches the derived MVP
w falls to

Bush Beans

The comparison of the marginal value schedules of water for
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bush beans is also rather interesting (Figure 12). During the initial
parametric changes of the linear programming models, water is only
used for irrigation of the beans. It can be noted from Figure 12 that
during the initial parametric changes that the programming models
and the Cobb-Douglas function for bush beans yield nearly the same
MVP

w

.

Models C and D relate directly to the bush bean experimental

function. The comparison of these models to the function fitted to the

experimental data from Woodburn soil is not as close as was the case
with the field corn.
Agency Considerations

What does this mean to the public agency which needs to know the

MVPw in order to price and optimally allocate the water resource?

If it had access only to survey data in the form of a Cobb-Douglas
function, a much more limited allocation of water would be provided

to agriculture in most cases than if data from experimental plots
were available. In Chapter IV it was shown that equating the cost of

acquisition of water to the marginal value productivity schedule resulted in a greater application of water when the data from the experi-

ment were used in contrast to the survey data. In this chapter it was
shown that the MVP schedules derived from the functions fitted to

the data from the experiment are higher and to the right of those derived from the Cobb-Douglas functions. If an agency were pricing
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for the same quantity of water, the price of agricultural water would
be higher using the experimental results than using survey results.
This can be readily seen not only by comparing the function fitted

from the survey and experimental data but also by the comparison of
the linear programming models.

The MVP

of Models C and D are

higher at almost all points than those of Models A and B. Thus, using

the equimarginal principle and assuming the marginal value of all
competing uses of water to be $7. 00 per acre-inch, Model A would

dictate the allocation of 2. 4 acre-inches of water to agriculture,
Model B 2. 0 acre-inches, and Models C and D 3. 7 and 4. 4 acre-

inches of water respectively.
Model B is based upon the Blaney-Criddle consumptive use for-

mula for estimating physical water requirements for specific crops.
For both crops considered in this study the agency using the formula

would allocate more water than the farmers areactu.ally using. Fur-

thermore, in order to insure the greater use, the agency, if it were
pricing according to the MVP schedule, would charge a lower price
forwater than if:it were using Model A.
Model D is based upon the Blaney-Criddle consumptive use for-

mula whereas Model C is based directly upon the data from the
experiment. In regard to corn the economic optimum amount of water

to allocatewas 12.4 acre-inches. In regards.to bush beans the
amount to be allocated is 14. 7 acre-inches. The Blaney-Criddle
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method would imply allocating 14 inches to field corn and 9. 1 to bush
beans. Furthermore, a price of approximately $13. 80 per acre-inch

or less would induce the agricultural users to demand approximately

the same quantity of water regardless of which L. P. MVP schedule
was used. However, using the MVPw schedule from the polynomial

fitted to the data from the experiments, a price of approximately
$10.00 would allocate the same amount of water. From the evidence
presented here it appears that the Blaney.-Criddle method provides

comparable results to the running of a physical experiment and the

derivation of the economic optimum therefrom. However, such close
agreement is not evidenced for bush beans.

For neither crop does

the Blaney-Criddle method provide an estimate of expected yields.
One other point should be made clear, an agency charged with
allocating water generally approaches the problem by budgeting sev-

eral different farm situations, usually with and without irrigation.

From these budgets a residual return to water is derived. The return is used to derive the net benefit of irrigation and the repayment

schedule for the irrigation structures. Such an approach while being
useful does not make best use of the information which is available.
Production function analysis (inter -farm) would allow the incorporation of basic economic principles into the decision making framework.

It would permit estimation of the limits of resource use and the sub-

stitution of resources for one another. The use of the Cobb-Douglas
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function would provide a curvalinear production function which cor-

responds to agronomic and economic theory. In contrast, budgeting

implies that one can increase output indefinitely simply by adding to

the resource inputs and provides no mechanism for resource substitution. Certainly, production function analysis is not without its

imperfections; however, it does have the advantage over budgeting
of corresponding more closely to economic theory. Agencies might

well look at this procedure for future use.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Summary

This study was concerned with the comparison and evaluation of

alternative methods of valuing irrigation water as an aid to the natural
resource planner or agency. In the process of obtaining this overriding objective, it became possible and indeed necessary to answer

two further questions: What is the shape of the water-field corn and
water-bush bean production functions? Is it economically feasible

to irrigate bush beans and field corn produced on Willamette catena

soils? And if so, what should the application rate be?
Three procedures have historically been followed in valuing water

for agricultural purposes. They are: (1) on-farm production function
analysis (generally, Cobb-Douglas functions) which use survey in-

formation as the data source, (2) experimental functions fitted from
physical data arising from experiments especially designed to provide
water-output production functions, and (3) linear programming or
activity analysis which can use both survey and experimental plot
data.

Budgeting or residual imputation can.be considered a fourth

method; however, part of the budgeting process is used in phases

of two of the three treated methods. Each estimating procedure has
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been used in one study or another, but this is the first effort with
which the author is aware that draws in the alternative methods for
comparison purposes.

First, a survey of bush

The development of data took two forms.

bean and field corn producers in the four county areas of Marion,
Linn, Polk, and Benton Counties was undertaken.

Field cornwas

selected as a survey crop because of its marginal nature as anirrigated crop. Bush beans were selected because bush bean production
is presently expanding on to the soils of the Willamette catena. and
appear to have possibility of continued expansion.

Second, in cooperation with other departments on campus two

physical experiments were designed and conducted on two soil series
of the Willamette catena, Woodburn and Dayton. The Woodburn ex-

periments were conducted at the Hyslop Agronomy Farm in Benton

County, and the Dayton experiments on the Jackson Farm located in
Linn County. Mr. Glen L. Jackson provided the land at the Dayton-

Amity site.

-

Soils of the Willamette catena were chosen for the experimental
and survey work because of the present lack of data pertaining to

the feasibility of irrigation on these soils. Most of the river bottom

or recent alluvial soils near the rivers and streams of the valley are
irrigated. Hence, further expansion of irrigation will occur on; less
favorable soils of the area, primarily those of the Willamette catena.
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The population of field corn producers was obtained from ASC

records. These records were maintainedas part of the feed grain
program of the federal government. It was found that 410 farmers in

the survey area producing on Willamette catena soils had a base corn
acreage; however, later analysis showed that only 31 percent of the
producers were producing field corn in 1963. Therefore, the population was reduced to 127 farmers of which 43 were enumerated.

These

records were stratified on the basis of the type of soils on which the
crop was grown and whether or not the crop was irrigated.
The bush bean population was obtained by contacting the canneries
handling bush beans. To remove the effects of variety on yield only

producers growing "Tendercrop" beans were enimerated. Of the 24
growers producing bushbeans on Willamette catena soils, 19 were
interviewed. The records were stratified on the same basis as the

field corn.

In cooperation with the Departments of Soils, Horticulture, Farm
Crops, Agricultural Engineering, and Agricultural Economics of
Oregon State University the experiments were designed to obtain pro..
duction functions of the two crops with water as the independent variable.

It was decided that the procedure to be followed was to specify

the tension level to which the atmospheric pressure would fall,
allowing the amount of water applied to arise as a by-product of the
tension specification. The field corn design for both the Woodburn
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and Dayton soils had three treatments: (1) irrigation -- four levels,
(2) nitrogen -- three levels, and (3) stand -- two levels. The bush
bean experimental design had only two treatments: (1) irrigation -four levels, and (2) nitrogen -- two levels.
Cobb-Douglas functions were fitted by Edwardts interative approach

to the field corn and bush bean survey data and marginal productivity
schedules obtained.

The inputs were held at the mean level as water

was varied. The optimal water application rates were obtained for

both crops using the cost of water application as the market price of
water.

A series of functions were fitted to the data from the controlled
experiments. After the selection of the appropriate function to be used

in further analysis, the MVPwschedules for bush beans and field corn
were obtained. Economic optimum water allocation rates were also
calculated.

Four linear programming models were developed using the survey
data for most of the input-output coefficients. However, the water

input was calculated in three different ways: (1) the Blaney-Criddle
consumptive use techniques(2) the economic optimum application rate

as obtained from the controlled experiments, and (3) the average survey water input. The output for Models A and B was obtained by derivi.ng the yield of the Cobb-Douglas function when the Blaney-Criddle

consumptive use estimate and the average survey application rate were
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inserted into the equation with all other levels of input held at the
mean.

The Blaney-Criddle and the optimum level of water input were

incorporated into the function using data from the experiments. The
resulting output was the yield used in Model C and D. A marginal
value schedule for water was obtained for each model using parametric
programming.

Chapter V compared the results of the different valuation methods.
The Cobb-Douglas functions were compared to their experimental

counterparts. The MV? curves for all methods were plotted to estimate the conclusions to which an agency might come assuming certain
situations.
Conclusions

As a result of this study the following conclusions are made:
1.

No significant difference exists between the management practices

and the productivity of three of the Willamette catena soils:
Willamette, Woodburn, and Amity. It was hypothesized that the

reason for the similarity of yields and returns was because of the

greater usage of drains by farmers in the survey area producing
on Amity soils. This hypothesis was substantiated both in the

case of field corn and bush bean producers.
Z.

The marginal productivity schedule of water from the survey data

indicates that the value of irrigating field corn grown for grain is
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low.

This substantiates the hypothesis of the marginal nature of

irrigated field corn production.

Over the interval of observed water application rates the production functions fitted to both the survey data and the data from

the experiments provide approximately the same yields.

This

suggests that farmers may use experimental results as a guide
line for increasing production. By the addition of fertilizer and

water inputs comparable results to experimental work may be obtame d.

If an agency were only interested in a comparison between irrigat&l
and non-irrigated production, survey data wcLlld be adequate. This

is inferred from the reliance that can be placed upon survey non-

irrigated yields and returns and the closeness of the estimated

returns from the survey data and estimated returns derived from
the data of the experiments at the mean levels of inputs. This information would be useful in deciding if irrigation ought to be made

available for crop production.
In view of the additional information which is made available by

use of production function analysis to survey data, it is concluded
that agencies charged with water allocation should examine interfarm production function analysis with the view of using it to replace traditional budgeting techniques.

Linear programming Models C and D yield the same estimate for
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the value of water. Model C is based upon the economic optimum
amount of water from the experiment and Model D is based upon

the Blaney-Criddle consumptive use formula. It is concluded that

the Blaney-Criddle method provides comparable results to the
running of a physical experiment and deriving the economic optimum therefrom.
The MVP w schedule for both bush beans and field corn production

functions fitted to data from the experiments are generally higher
and to the right of the survey MVP

schedule.

This can also be

shown by comparing linear programming Models A and B which

utilize survey input-output data with Models C and D which use

input-output data from the experiments. Therefore, if an agency

were pricing water, the price of agricultural water would be higher
for the same quantity of water, using the experimental results in

contrast to survey results, or conversly, equating the cost of acquisition of water to the marginal value productivity schedule

would result in a greater application of water when data from the

experiment were used in contrast to the survey data.
A continuation study of the relationships existing between pro-

duction functions formed from survey data and data from physical
experiments needs to be undertaken to varify the conclusions of

this study, to aid public agencies in realistic allocations of water
supplies, and to help producers use the water resource efficiently.
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APPENDIX A
RESUME! OF SURVEY QUESTIONNAIRE

The questionnaire was divided into seven major sections: land

inventory, annual crop enterprise record, crop disposition, irrigation
inventory, production and opportunity costs, and machinery inventory. Each section contained specific questions worded so as to pro-

vide the necessary information for complete analysis of the crop

enterprise. Each section will be discussed separately with a brief
statement as to the type of information gathered.

The questionnaire begins with general information; date of inter-

view, name and address of operator and landlord, and the crop and
soil series for which the record is being taken. With the exception
of the date of interview all information in this section was filled in
before the interview.

Section I, land inventory, is designed to obtain an inventory of
the land holdings of the producer,both owned and rented or leased.

Land area was divided into cropland, irrigated and non-irrigated;
orchard and permanent pasture; and other land.

Annual crop enterprise record, Section II, attempted to cover
the yearly work routine with the exception of irrigation pertaining to
the crop in question. An operation by operation record was obtained

for the specified crop indicating the type of operation performed, kind
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and size of power e4uipment, and implements involved, and the hours
of equipment and labor time expended.

Crop production and sales records were collected in Section III.
In addition contract and delivery requirements were obtained.

Section IV, irrigation enterprise record, was divided into three
subsections

(1) the arrangement of irrigation system for the crop

under consideration, (This includeda diagram of the water source,

mainline andlateral patterns, ditches, drains, etc.), (2) water and
power cost information and (3) an irrigation by irrigation record of
water application. Spacing of sprinklers, sets per irrigation, number

of sprinklers per setting, labor requirements, and inches of water
applied were types of information gathered in subsection three.

A complete inventory of the irrigation and drainage system used
in the crop production was collected in Section V. A general descrip-

tion of equipment together with cost information for each item was
gathered. At the end of the section were several general questions

pertaining to the effectiveness of the drainage system in use.

These

questions refer only to the field on which the crop enterprise is grown.
Section VI delt with certain types of production and opportunity
costs. The costs of seed, fertilizers, chemicals, custom hirings,

and full-time labor expenses wereprocu.red. Operator and family
time expended in arranging for workers and custom operations, ob-

taining materials, keeping records, etc. were estimated. The last
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two questions of the section delt withthe existing land values and the

most profitable alternative crop in the absence of irrigation which
could be produced on the land on which the sampled crop was grown.
Section VII covered the machinery inventory. Only machine items

directly associatedwith the crop enterprisewere considered. All
power and non-power implements and machineslistedin Section II
were included. Information was obtained as to the model and size of

the implement, original investment, whether or not the implement

was purchased new or used, its present age, and its expected useful
life.
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APPENDIX B
COSTS AND RETURNS OF FIELD CORN AND
BUSH BEANS IN SURVEY AREA

Field Corn
I.

Average variable costs
Purchased inputs a

26. 66

16. 48

Repairs and Maintenanceb

3. 28

2.84

Laborc

4.77

3.02

23. 65

19. 87

Harvest d

Depreciation on irrigation
equipment
Total
U.

Non-irrigated
Irrigated
(dollars per acre)

4.47

-

62. 83

42. 21

2. 2

1. 66

Average returns
A.

Yield (tons)

apurchased inputs include seed, fertilizer, electricity, custom
and price work with the exception of custom harvesting, etc.
bRepairs and maintenance of irrigation equipment are also included
CJune July, and August labor are not included because of their
serving as restrictions in the linear programming models.
dAll harvesting was assumed to be custom hired. A charge for
commercial drying was also assumed.
eOrdinarily depreciation is not considered a variable cost. In
order to obtain a comparison between irrigated and non-irrigated
production, all costs which would not occur in the absence of irrigation must be taken into account.
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Non-irrigated
Irrigated
(dollars per acre)
50.40
110.88
48.05

Price
Cross revenue
III. Residual returns
B.

50.40
83.66
41.45

Bush Beans
I.

Average variable costs
B.

Purchased inputs h
Repairs and Maintenance'

C.

Labor3

D.

Harvestk

E.

Depreciation or irrigation

A.

equipment1

Total

-

Irrigated
(dollars per acre)
61.44

72.90

5. 58

13. 46

3. 22

6. 55

62. 00

36. 00

4. 37

136.61

128.91

me residual is the return to fixed costs, management and entrepeneurship, June, July, and August labor, etc.
Only one producer grew bush beans without irrigation.
hPurchased inputs include seed, fertilizer, electricity, custom and
piece work with the exception of custom harvesting, etc.
'Repairs and maintenance of irrigation equipment are also included.
3June, July and August labor are not included because of their
serving as restrictions in the linear programming models.
kAll harvesting was assumed custom hired.
1Ordinarily depreciation is not considered a variable cost. In
order to obtain a comparison between irrigated and non-irrigated
production, it must be taken into account.
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Irrigated Non-irrigated
(dollars per acre)
II.

Average returns
Yield (tons)

Pricem
Gross revenue
III.

Residual returnsn

3. 1

1. 8

84. 27

96. 84

261. 24

174. 31

124. 63

4540

mThe price reflects quality of the bush beans. Premium prices

are paid for high quality beans.

rThe residual is the return to field factors and return to fixed costs,
management and entrepeneurship, June, July, and August labor, etc.
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APPENDIX C

YIELDS OF PHYSICAL EXPERIMENTS

TABLE XXV. YIELDS OF BUSH BEANS IN TONS PER ACRE, WOODBURN SOIL, HYSLOP AGRONOMY FARM, 1963
Replications

Treatment

WN

1

2

3

3.40

3. 25

3. 37

N2

2. 83

2.74

3. 69

2.79
3.41

N1

3.93

4. 12

3. 06

3. 25

N2

3. 12

4.83

3. 34

3. 72

W3N1

5.23

3. 92

N2

5.95

5.79

3.77
5.47

4.24
4.98

W4N1

5.75
5.43

4.21

4.83

6. 33

6. 33

3.99
4.98

N2

lrrigation levels
W1 - irrigated at 2. 5 bars, 1 foot below top of ridge.
W2 - irrigated at 1. 5 bars, 1 foot below top of ridge.
W3 -irrigated at 0. 8 bars, 1 foot below top of ridge.
W4 -irrigated at 0. 5 bars, 1 foot below top of ridge.
bNitrogen levels
N1 - 50 pounds of available nitrogen per acre.
N2 - 100 pounds of available nitrogen per acre.
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TABLE XXVI. SIEVE SIZE DISTRIBUTION OF BUSH BEANS,
WOODBURN SOIL,. HYSLOP AGRONOMY FARM, 1963
%in sieve size a
+ over
6
7
5
4
3
1-2
Treatment
+ culls
W1N1

9

19

38

27

7

N2

9

19

35

30

6

W2 N1

8

20

37

28

6

1

N2

10

17

32

32

8

1

W3 N1

11

21

39

26

3

-

N2

11

18

37

28

5

1

4N1

14

22

37

23

3

1

N2

13

20

36

27

3

1

aSieve sizes 1, 2, and 3 compose grade 1.
Sieve size 4 compose grade 2.
Sieve size 5 compose grade 3.
Sieve size 6 compose grade 4.
Sieve sizes 7 and over, plus culls have no value.
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TABLE XXVII. YIELDS OF BUSH BEANS IN TONS PER ACRE,
DAYTONSOIL, JACKSON FARM, 1963

Treatments

4

2

3

3.48

1. 66

0. 58

0.96

3. 78

1. 64

3.31

0. 14

W2 N1

0. 14

4.43

5. 44

1. 64

N2

3. 22

5. 40

1. 47

1. 31

4.52

3.92

4.65

0. 65

0. 29

6. 19

0. 14

2.70

2. 00

4. 14

2. 83

1. 52

1.38

5. 30

4.04

3. 05

WN
N2

W3 N
N2

W4 N
N2

1

arrrjgatjon levels
W1 - irrigated at 2. 5 bars, 1 foot below top of ridge.
W2 irrigated at 1. 5 bars, 1 foot below top of ridge.
W3 -irrigated at 0. 8 bars, 1 foot below top of ridge.
W4 -irrigated at 0. 5 bars, 1 foot below top of ridge.
bNitrogen levels
N1 - 50 pounds of available nitrogen per acre.
N2 - 100 pounds of available nitrogen per acre.
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TABLE XXVIII. YIELDS OF FIELD CORN IN BUSHELS PER ACRE AT 15.5 PERCENT MOISTURE,
WOODBURN SOIL, HYSLOP AGRONOMY FARM, 1963

Replication
Treatment

1

2

3

4

24.6
33.2

30.7
39.2

24.7
22.5

28. 2

N5

21.4
27.2

24.0
25.4

28.1

30.8
31.5

N3 S1

18.0
18.9

26.9

26. 3

22.1

21.6
28.2

84.5
95.7

90.1
105.6

92.9
95.5

91.5
80.5

.74.1

94.6
107.0

104.8
106.0

110.4

W NI'
S2

21
S2

W1 N1 S1
S2

N2 5
2

109.2

28.9

23. 1

23.0

96. 2

N3 S1
S2

90.1

89. 9

88. 3

77.8

95.4

101.5

83.8

110.1

W2 N1 S1

117.3
107.8

105.7

102.7
136.7

115,9

113.1

N2S1

125.4
149.7

110.8
125.3

109.7
137.0

152. 9

N3

107.1

146.2

107.8
119.3

130.9
106.9

104.5
134.6

112.0
134.4

122.0
104.4

112.8

2

110.6
109.1

108.4
157.0

125.1

S2

120.5
151.3

116.6
142.0

N3 S1
S2

122.5
147.9

122.1

113.2
147.5

S2

W3 N1 S

N2

147.9

163.6

116. 9

92.0

120. 9

113.1
146. 9

1rrigation levels
W0 - no irrigation
W1 - irrigated at a tension of 6 bars, 1 foot below original surface.
W2 - irrigated at a tension of 1.5 bars, 1 foot below original surface.
W3 - irrigated at a tension of 0. 8 bars, 1 foot below original surface.
bNitrogen levels

N1 - 60 pounds of available nitrogen per acre.
N2 - 120 pounds of available nitrogen per acre.
N3 - 180 pounds of available nitrogen per acre.

cStand levels
S1 - 15, 000 plants per acre.
- 25, 000 plants per acre,
except forW0 which containedlO, 000 plants per acre.
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TABLE XXIX. YIELDS OF FIELD CORN IN BUSHELS PER ACRE AT 15.5 PERCENT MOISTURE,
DAYTON SOIL JACKSON FARM 1963

Replication

Treatment

1

2

3

4

9.6
20.4

12.1

14.7

17.3

S2

21.8

17.1

22. 2

N2 S1
S2

28.8
24.0

24.3
12.1

12.2
29.3

17.3

24.0
19.2

21.8
24.3

14.7
24.4

14.8

69.6
56.3

68.5
63.6

67.4
56.2

57. 1

64.3
80.9

71.6
69.7

85.7
80.7

81.4

80. 8

64. 7

75.7

71.9
70.7

72.5
73.9

73.3
67.2

82.4
66.6

105.2
67.9

N2 S1

95.6

S2

91.4

84.4
97.2

75.3
102.8

108.5

103.8
101.9

64.8
105.2

97.1
110.5

66.8
59.9

82.4

75.3
80.9

85.9
63.4

WNS

w1 Ni i
S2

N2 S1
S2

N3 S
S2

W2 N1 S

N3 S

75. 2

101.7
W3 N1 S

83.5

76.7

27.1

22. 2

69.4

74. 9

68.5
86. 2
95. 3

85. 4

99.

S2

111.9

97.1

111.5

101 7
109.7

N3S1

86.3
108.2

85.1

91.6
121.6

71.8
98.8

N2 S

S2

87.6

aIrrigaon levels
W0 - no irrigation.
W1 - irrigated at a tension of 6 bars, 6-8 inches below original surface.
W2 - irrigated at a tension of 1.5 bars, 6-8 inches below original surface.
W3 - irrigated at a tension of 0. 8 bars, 6-8 inches below original surface.
bNitrogen levels
N1 - 60 pounds of available nitrogen per acre.
N2 - 120 pounds of available nitrogen per acre.
N3 - 180 pounds of available nitrogen per acre.

cSd levels
S1 - 15, 000 plants per acre.
- 25, 000 plants per acre, except for W0 which contained 10, 000 plants per acre.
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APPENDIX D

CONSUMPTIVE USE ESTIMATES, BLANEY-CRIDDLE METHOD

The consumptive use of water as estimated by the Blaney-Criddle

method, is computed from the formula U = KF, where U is the con-

sumptive use of water in inches for a time period, K is an empirical
consumptive use coefficient obtained from results of experimental

studies, and F is the sum of the mean monthly temperatures (t) and
monthly percent of daytime hours of the year (p) divided by 100, that
is N is the number of months of the growing season.
TABLE XXX. CONSUMPTIVE USE ESTIMATE FOR FIELD CORN,
WILLAMETTE VALLEY, 1963

Field corn
(growing season
Temp. (t) Rain (r)
inches
Month
°F.
May

June
July
Aug.

Sept.

55. 58
59. 54
62. 03
65. 18
64. 30

3. 94
. 98
. 52
65
194

.

5-15 to 9-15)

(t)(p)
(p)

(r)

(f)

100

10. 33
10. 45
10. 57
9. 75

5. 74
6. 22
6. 56
6. 36

2. 87
6. 22
6. 56
6. 36

1. 97
. 98
. 52
. 65

8.42

5.41

2.70
Total 27.71

.47
4.59

Consumptive use, U = FK = (27. 71) (75)a = 18. 53
Irrigation required, U-R = 18. 53 - 4. 59 = 13. 94 or 14 inches

aConsumptive use coefficient, K. (36, p.

18).
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TABLE XXXI. CONSUMPTIVE USE ESTIMATE FOR BUSH BEANS,
WILLAMETTE VALLEY, 1963

Temp. (t)
°F.

Rain (r)
inches

(p)

3. 94

10. 33

June
July

55. 58
59. 54
62. 03

.98

10.. 45

52

10. 57

Aug.

65.18

.65

9.75

Month

May

.

(t)(p)
100

Bush beans
(growing season
5-20 to 8-20)
(f)

5. 74
6. 22
6. 56

1. 89
6. 22

6.36
Total

4.26

6. 56

18.93

Consumptive use, U = FK = (18. 93) ( 65)a = 12. 30
Irrigation required, U-R = 12. 30 - 3. 24 = 9. 06 inches

aConsumptive use coefficient, K. (36, p.

18).

(r)
1.;30
. 98
. 52

.44
3.24
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APPENDIX E
SOIL CHARACTERISTICS OF WILLAMETTE CATENA SOILS

Willamette Series

The Willamette series consists of well drained, dark brown,
medium textured soils with no mottling above 36 inches. The surface

woil has a medium granular structure and is friable with a moderately
acidic pH. The subsoil, B horizon, is a brown to dark-brown, silty

clay loam with a weak blocky structure. The acidity increases inversely with the depth of the soil,

Willamette soils are distributed throughout the survey area.
Typical areas of Willamette soil vary from gently undulating to slightly
rolling. Some soils located on moderate to steep escarpments are

subject to an erosion hazard. Areas of Willamette soil usually have
good drainage and a generally well developed underdrainage system.

The soils are adapted to nearly all crops generally produced in the
survey area.
Woodburn Series

The Woodburn series consists of moderately well drained, dark
brown, medium textured soils with mottling between 24 and 36 inches
and a fragipan below the B2 horizon. They occur on nearly level to
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gently sloping terraces and are generally closely associated with
Willamette catena soils.

The surface soil is a very dark brown silt loam with a moderate

granular structure and is friable. The subsoil is a dark yellowish
brown silty clay loam with a moderate coarse subangular blocky

structure. Woodburn soils have a firm massive gragipan that occurs
between 30 to 50 inches below the surface of the soil which restricts

soil drainage and root growth. Crop variety is only moderately limi.tth
because of the restricted drainage in the subsoil. The soil is moderately acid.
Amity Series

The Amity series consists of imperfectly drained, dark grayish
brown, medium textured soils with mottling occuring between 12 and
24 inches and a fragipan below the B2 horizon.

The surface soil is a very dark grayish brown silty clay loam
with a weak medium granular structure. The soil is friable and
slightly sticky. The subsoil is a dark grayish silty clay loam with
abundant large brown mottles. The structure is blocky and the soil

is friable and sticky. A firm massive fragipan occurs below the B2
horizon and restrict water permeability. The restricted drainage
limits the crop selection. The soils are strongly to moderately
acidic.
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Dayton Series

The Dayton series consists of poorly drained, dark grayish brown,
medium textured soils with a claypan in the upper part of the B horizon.

The surface woils is dark grayish brown silt loam with medium

granular structure. It has a fine subangular structure and is lightly
sticky and plastic. On dry cultivated areas the soil usually has a gray
or whitish appearance from which the vulgar denotation of twhite

land" occurs. Abundant fine and medium brown to yellowish brown
mottles occur in the A horizon.

The subsoil is a dark grayish brown silty clay, It has a medium

to moderate prismatic structure and is very plastic and sticky. Poor
drainage has historically limited the soils to the production of ryegrass

seed, pasture, and some small grains. The soils are strongly acidic.
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APPENDIX F
THE SURVEY AREA

The survey area which comprises Benton, Linn, Marion, and
Polk Counties, encompasses an area of 3, 115, 520 acres and has a
population of 245, 443 people. It is located in the central portion of

the Willamette Valley of western Oregon, and is one of the most important agricultural basins in Oregon based upon the value of farm
products. The crops and soils are similar to those found throughout

the entire valley.
The four county areas can be divided into three predominate
geological areas: Coast Range, Willamette Valley trough1and Cascade
Range, which compose approximately one-sixth, one-third and one-

half of the land area respectively. The Coast Range area is a low
lying mountain range separating the Willamette Valley from the
Pacific Ocean. Deformation of the earthts crust has bowed sedi-

mentary beds and underlying rocks into broad anticlines which sub-

sequently were dissected by erosion. The erosion dissection has
provided most of the valley alluvium. The rugged Cascade Range

on the eastern side of the valley contains steep slopes and deep canyons. Elevations range from 1, 000 feet in the foothills to 10, 499

feet, the elevation of Mt. Jefferson on the eastern edge of the basin.
The valley flooris relatively smooth with a few areas of gentle rolling
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hills, which is broken by many shallow, meandering streams.
The soils of the trough or valley floor are from two basic sources:

(1) residual soils formed from basicigneous rock and sandstone found
around the poriferu of the valley, and (2) a second group alluvial sediments which are economically much more important.

Alluvial soils are from three geological ages. The older deposits
which are in varying steps of weathering and are found on the higher

terraces comprise the Pringle-Santiam-Gilky drainage catena. The
middle aged deposits which cover the largest geographical area constitute the Willamette and Sifton-Salem catena. Recent alluvial de-

posits occupying strips along the streams and rivers make up the
Camas-Chehalis or Riverbottom catena. A detailed physiological
description of Willamette catena soils which this study covers is
found in Appendix E.

A survey conducted in 1958 and summarized in Table XXXII

gives the estimated total and cultivated acres of selected soil series
in Marion County.

The climate is temperate and mild, characterized by moderately
warm, dry summers and wet, mild winters. The climate is greatly
modified by the surrounding mountains and the Pacific Ocean. Pre-

cipitation which varies considerably is at its highest on the western
slope of the Cascade Range.

Precipitation varies from a low of 30 inches to extremes of
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TABLE XXXII. ESTIMATED TOTAL AND CULTIVATED AREAS OF SELECTED SOILS IN MARION

COUNTY, 1958 (19, p. 56)

Total
cultivated

Percenta
irrigated

Percent
tiled

Total acres

acres

Chehalis

22,000

18,500

b
50

0

Newberg

15,000

11,000

50

0

Wapato

11,000

6,000

20

20

Willamette

20,000

17,000

25

33

Woodburn

60,000

48,000

20

50

Amity

57,000

48,000

15

65

Concord

11,000

9,000

5

60

Dayton

11,000

9,000

5

10

Salem

6,000

4,500

35

75

Sifton

3,500

2,500

50

10

10,000

7,500

35

30

Jory

32,000

21,000

0

0

Aiken

18,000

12,000

0

0

Polk

40,000

26,000

5

0

16000

5

0

Soil series

a

Riverbottom
c

Terrace Soils

Cl3ckamas
Hill Soils

25,000
apercent of cultivated acres.

Sublimity
bN earest

5 percent.
cA field was indicated as being tiled regardless of the amount of tile in it; this often represented
the tiling of less well drained inclusions of another soil which was not listed unless it occupied approximately 10 percent or more of the field area.
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110-140 inches in parts of the surrounding mountains.

The months

from November through February account for approximately 60 per-

cent of the total rainfall, while only 10 percent occurs during the dry
summer period of June through September. Most of the precipitation

occurs in the form of rain, however, some snowfall does occur.
Seasonal temperature are relatively uniform in the Willamette
Valley.

Continued spells of either cold or hot are practically un-

known.

The wettest months of the winter are the coldest with a mean

January temperature of 38. 40 F at Salem, in west central Marion
County.

The dry summer months are moderated by the prevailing

west and northwest winds. The average July temperature at Salem

is 67. 7° F.

The frost-free period is from April to October, or approximately
180 to 230 days. The average date of the last winter frost at Salem

is April 14. October 28 is the average date of the first killing frost
in the fall. This makes an annual average growing season of 197
days at Salem.

There are 8, 585 farms in the four-county area, averaging 149

acres in size with 65 acres of cropland. From Table XXXIII it should
be noted that the farm acreage mode is smaller than the arithmetic
average. Approximately 45 percent of the total number of farms are

over 50 acres. Many of the farm operators producing on small

acreages are part-time farmers. Part-time farms total 2, 940 in the
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area. That is, one out of every three farmers under .5 years of age

in the area works more than 100 days off the farm or their off-farm
income exceeds that of the income from their farm.

The average value of all farm products sold in the area was
$7, 715 per farm in 1959 with approximately 68 percent arising from

farm crops. Vegetable crops were valued at $7, 111,024 ora little
over 14. 4 percent of the total value of all farm crops. Tables XXXIII

and XXXIV give a resume' of some of the characteristics of farms

in the area.
Historically, vegetable and other intensive crops have been

located on the fertile river bottom soils where irrigation water is
readily available. The acres of vegetables harvested for sale increased from 15,992 acres in 1954 to 19, 059 by 1959. More and more

of the expanded vegetable crop production is occurring on soils of
the Willamette catena.
TABLE XXXIII. NUMBER OF FARMS BY FARM SiZE IN THE SURVEY AREA, 1959 (39, p. 150-152)
Farm size

No. of Farms

All farms

8,595

Under 50 acres

3,865

50-99 acres

1,487

100-179 acres

1, 255

180-499 acres
500-999 acres
1,000 or more acres

1,509
349

120
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TABLE XXXIV. NUMBER OF FARMS IN THE SURVEY AREA, BY ECONOMIC CLASS, 1959 (39, P
160-162)

Value of Farm Products Sold

Number

Commercial Farmsa
40, 000 or more

393

20,000 - 39, 999

753

10,000-19,999

936

5,000 -9,999

1,016

2,500 -4,999

1, 112
408

50 - 2,499
Total

4,618

Other Farms

Parttime'°

2, 942

Part_retirementC

1,082

Abnormal

d

8

aAll farms receiving over $2,500 from farm products are considered commercial. Farms whose
receipts from farm sales are between $50-2, 499 are considered commercial if the farm operator did
not work off the farm 100 days or more and sources of off-farm employment for him and his family
do not exceed the value of farm products sold.
bFarms whose value of farm products sold is between $50- 2, 499 are classified as part-time if
the operator was under 65 and working off the farm 100 days or more or with income from other
sources greater than farm products sold.

CFarms whose value of farm products sold is between $50 - 2, 499 and whose operator is 65 years
of age or older are classified as part-retirement.

dInstitional farms, i. e., hospitals, schools, churches, etc.

