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Economic Consequences of
Interbasin Water Transfer

BRUCE R. BEATTIE, EMERY N. CASTLE, WILLIAM G. BROWN,
and WADE GRIFFIN

ABSTRACT

A model to measure the economic efficiency effects of interbasin
water transfer has been developed. It is capable of accommodating multi-
ple uses, values in transit, and production interdependencies. By ac-
counting for regional direct and indirect costs and pecuniary external-
ities, regional income redistribution impacts of interbasin water trans-
fer schemes can be estimated. The marginal value product of an acre-
foot of water used on irrigated cotton and .91 acre of land was esti-
mated to be $33.32.

In any complete analysis of water transfer projects, regional in-
come distribution consequences of water transfer projects must be con-
sidered in addition to economic efficiency effects. Regions and people
benefiting may be useful in predicting political effects of water transfer
plans.

Key words: Interbasin water transfer, regional income redistribu-
tion, marginal value product, political effects.

PART I: A FRAMEWORK FOR ANALYSIS

Introduction
An area of public concern that has attracted considerable atten-

tion in recent years is that of water supply and allocation. A solution
proposed by some for "felt" water needs is diversion of water from
so-called water "surplus" to so-called water "short" basins or regions.
Whether or not to undertake one or several transfer schemes' is a
question which has been, and no doubt will continue to be, considered
by the social decision-making process (political process). If our deci-
sion-makers are to arrive at rational decisions concerning proposals
for interbasin water transfer, which in some instances call for the
expenditure of several billions of dollars, a considerable quantity of in-
formation is needed. Because questions of interbasin water transfer
are obviously multidiscipline in nature, rational decision-making will
require facts to be determined and clearly presented by experts of



various disciplines. Any interdiscipline or intradiscipline disagree-
ment should concern "values" rather than "facts" (Castle, 1963).
Hopefully, positive analyses by individuals of relevant disciplines will
represent an important ingredient in ascertaining such facts.

The role of the economist, then, is to provide positive analysis con-
cerning the economic implications and feasibility of interbasin water
transfer. To fulfill this role, the economist must first develop a frame-
work which is relevant for considering important economic implica-
tions. Such a framework is developed in Part I of this bulletin. Al-
though the development of procedures to analyze the effect of public
investment in interbasin water transfer (in terms of the ultimate goal
of social welfare maximization) is tempting, a more realistic option is
to present information concerning the implications of transfer pro-
posals in terms of economic efficiency and income distribution. Fur-
thermore, attempts (currently in vogue) to consolidate information
concerning efficiency and income distribution into a single criterion are
misguided. In this study a model is developed to reveal the efficiency
implication of proposed transfer schemes. The model is developed in
such a manner that regional income redistributive impacts of proposed
transfer plans may be identified. Procedures for describing the income
redistributive consequences are presented in the final section of Part I.

In Part II an empirical method is demonstrated for estimating the
marginal value productivity of water in irrigated agriculture-one of
the critical economic variables identified in Part I. The proposed
framework for identifying distributive consequences is applied to a
hypothetical water transfer situation.

Economic Objectives in Interbasin Water Transfer
Whatever the particular problem, it is fairly obvious that, in choosing
among alternative means to our ends, we need to scan the ends them-
selves with a critical eye (McKean, 1958, p. 25).

The ultimate goal usually suggested by economists for natural
resource management is the maximization of social welfare (McKean,
1958; Gardner, 1966). However, most economists realize the prac-
tical difficulty inherent in the use of maximum social welfare as an
operational goal for analysis. The crux of the matter is succinctly
pointed out by Kelso:

The concept of welfare seems to imply, as a synonym, the concept of
health or happiness or prosperity. It makes little difference which term
we use, for each is equally clear, equally vague, equally value-loaded,
equally nonoperational. To be operational, a concept must be capable of
measurement by observation, even if only in relative magnitudes
(Kelso, 1964, p. 61).



The insusceptibility of welfare to quantification leaves it impotent as an
operational criterion for economic analysis. Criteria involving meas-
urable magnitudes must be substituted for more ultimate but nonoper-
ational criteria. Economists, wishing to apply economic technique and
wisdom to real world resource allocation problems, must be satisfied
(at least for the time being) to work with objectives more restricted
in scope.

There are several economic objectives of an operational nature
which might be considered regarding water transfer. Four specific
economic objectives often considered are (1) economic efficiency, (2)
greater equality of income distribution, (3) economic growth of the
nation or of a geographic area within the nation, and (4) stabilization
of economic activity (Castle, 1964a). This bulletin is limited to the
consideration of economic efficiency and income redistributive effects
of interbasin water transfer.

Single versus multiple criteria
Of the aforementioned goals, certainly economic efficiency has

received the most attention in water resources development literature.
However, in recent years the effect of water development projects
on income distribution has begun to attract the attention of economists
(Haveman, 1965; Kelso, 1964; Maass and others, 1962; Weisbrod,
1968; Freeman, 1967). Although most economists agree that both
efficiency and distributive consequences of natural resource develop-
ment are properly within the domain of economic analysis, there is by
no means unanimity as to the appropriate procedure for accomplishing
the task. There is a general consensus of professional opinion that
benefit-cost analysis is an appropriate tool for analyzing the efficiency
consequences of development projects. However, no consensus exists
concerning how to handle the distributive consequences of develop-
ment projects. Professional thinking appears to be divided into essen-
tially two categories. One opinion is that efficiency and distributive
consequences should be analyzed independently, while the opposing
opinion is that both should be handled simultaneously' in order to
prevent overemphasis of the efficiency objective.'

2 The phrase "handled simultaneously" suggests an objective function that
somehow accounts for both efficiency and income distributive consequences. Two
possible forms come to mind: (1) constrained maximum-maximize efficiency
subject to a distributive constraint, or vice versa, or (2) maximize weighted
efficiency benefits where discriminative weights are attached to benefits accruing
to different individuals or groups. For an example of the latter, see Weisbrod
(1968) or Freeman (1967).

3It is, indeed, an oversimplification to imply that all professional opinion
concerning this matter can be divided into two mutually disjoint and exhaustive
subsets. There is at least one other subset of opinion. Hammond (1966), for



There are numerous writings which one could cite to emphasize
this dichotomy of professional opinion. Among those who have ex-
pressed the opinion that economic efficiency and income distribution
must be handled separately is Kelso. He argues:

There is need . . . to spell out quite clearly, as separate questions,
the efficiency considerations involved in each resource development
project and its income redistributive consequences. With reference to
neither criterion can the economic analyst say which is best, because
doing so involves value judgments as much if the criterion is "most
efficient" as when it is "most equalitarian." But, for the efficiency cri-
terion he can determine a cardinal measure of preferredness, subject to
restrictive assumptions, whereas for the income redistributive conse-
quence he can do no more than describe it. Both are, however, equally
the proper domain of economic analysis (Kelso, 1964, p. 63).

Arthur Maass (1966), however, believes that efficiency and dis-
tributive consequences must be treated simultaneously. Maass ex-
presses the opinion that economists should determine the trade-off
ratio between efficiency and income redistribution and then proceed to
(1) maximize net income to a group of interest, subject to the con-
straint that the ratio of efficiency benefits to efficiency costs be greater
than some preassigned level, (2) maximize net efficiency benefits,
subject to an income distributive constraint, or (3) maximize a
weighted sum of net efficiency and distributive benefits. Maass sug-
gests that the trade-off ratios can be determined by examining the
political process.

Separation of efficiency and distributive effects
Economists are divided concerning the "best" method for relating

the economic impact of resource development projects. The division,
of course, is related to the multidimensional nature of social welfare.
Unfortunately, many dimensions of social welfare are not mutually
compatible. Economic efficiency, for example, is often at odds with
other dimensions which are postulated to be important determinants of
social welfare. Consequently, the "most efficient" project is not always
the "most desirable."

Just as a conflict between interdisciplinary optima must be re-
solved by decision-makers and not by scientists, a conflict of intradisci-
plinary optima must be resolved by decision-makers and not by scien-
tists within that discipline. The economist serving as consultant to the
social decision-making process should provide information and/or a
framework for analysis regarding the economic consequences (effi-

instance, argues that the inability of economists to handle the ultimate goal of
welfare maximization is not sufficient cause to permit suboptimization over spe-
cific economic goals, for the resulting optimals suggested may, in actuality, lead
society further away from, rather than closer to, maximum social welfare.



ciency, distribution) of development projects, but lie must stop short
of weighting the various consequences (specifying trade-off ratios)
for the decision-maker. As in the past, trade-offs must be determined
by the social decision-making process; i.e., in the political arena (Ham-
mond, 1966; Kelso, 1966; Seckler, 1968). The economist can and
should provide analysis regarding other welfare determinants beyond
economic efficiency, but he cannot, as Maass suggests, determine trade-
off ratios for the decision-maker. So long as the economist has no
knowledge of the social welfare function, which alone contains the
necessary information needed to combine knowledge about efficiency
with knowledge about other determinants such as income distribution,
he must leave the weighting of objectives to the political process.
Rather than attempting to estimate the weighting scheme of the politi-
cal process by observing its actions, it would seem more logical and less
conducive to error to provide information concerning the consequences
of alternative actions and leave the weighting of these consequences to
the political process-the appropriate arena. Economic analysis must
serve as an aid to decision-making, not as a substitute for it (McKean,
1958).

The economist has no choice but to look at specific economic ob-
jectives independently. He must reject objective functions involving
multiple dimensions in favor of less grandiose, single-dimension varie-
ties. Furthermore, given the absence of a theoretically optimum dis-
tribution, the economist should determine a cardinal measure of pre-
ferredness for those consequences which can be measured (economic
efficiency) and is damned (to borrow Kelso's terminology) to merely
describe those consequences which can not be subjected to optimiza-
tion techniques (income distribution).

The purpose of this bulletin is to bring together the relevant
economic theory regarding efficiency and distribution, and to present
a theoretical framework and empirical methodology for determining
and describing these two economic consequences of interbasin water
transfer.

Economic efficiency. The concept of economic efficiency is illusive.
Unfortunately, the context in which this term is used is not always
made explicit in economic literature. In order that we might arrive at a
working definition of "economic efficiency," it is necessary to first
define "efficiency." Efficiency is a measure, either cardinal or ordinal,
of achievement; i.e., a measure of the degree to which an objective
function is optimized.' Implicit in this definition are two issues: (1) a

4 Note that this definition is broader than the one frequently used or implied;
i e., output per unit of input or achievement per unit of effort The implication of
maximizing output subject to a set of fixed inputs, for example, is decidedly
different than maximizing output per unit of input



level of aggregation (unit of analysis such as firm, industry, group,
region, or nation) and (2) an objective. So long as the level of aggre-
gation and objective of interest are not made explicit, the term "effi-
ciency" is ambiguous and frequently misleading.

The level of aggregation considered in formulating the basic
model for this study was national. The objective was the maximization
of the net, present, and real market value of incremental output result-
ing from a water transfer project. Thus, for our purposes, "economic
efficiency" is defined as a cardinal measure of the net, present, and real
market value of incremental national output resulting from a particular
water transfer project.

It is perhaps instructive to consider briefly the adjectives attached
to the term "value." Market value is used, rather than value. The term
"value" is reserved for those utopian objective functions stated in terms
of utility. The maximization of net market value is not equivalent to
the maximization of social welfare. Equivalence would imply a single
dimensional social welfare function-a function which is independent
of distributive effects. Furthermore, putting aside for the moment the
issue of income distribution as a dimension of social welfare, market
prices reflect social benefits and costs only when given many rather
heroic assumptions. For an excellent discussion of the strengths and
weaknesses of market prices for evaluating the efficiency implication
(net value of incremental output) of alternative public investments,
see McKean (1968).

Due to the intertemporal nature of most resource development
projects, one must set aside the possibility of changes in the general
price level in order to compare present values of future output streams.
Whenever possible, real prices of inputs and outputs should be used.

The need to consider net, present, and real market value is obvi-
ous. To obtain output, certain costs must be incurred. It is the net ef-
fect that is of interest-returns less costs. Because most water transfer
schemes involve a time stream of "benefits" and "costs," it is necessary
to determine the present value of these future streams. This is tradi-
tionally accomplished by employing discounting procedures.

Benefit-cost analysis. An appropriate tool for ascertaining the effi-
ciency implication of an interbasin water transfer proposal is benefit-
cost analysis. Basically, benefit-cost analysis is a method whereby
"benefits" and "costs" of alternative actions (or of a particular course
of action) are determined and compared. To be sure, benefit-cost anal-
ysis is not totally free of conceptual and analytical problems (Ciriacy-
Wantrup, 1955; Castle, Kelso, and Gardner, 1963). Nevertheless,
benefit-cost analysis is useful as an analytical aid in public decision-

making.
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Before developing an efficiency model for interbasin water trans-
fer, definition and classification of the terms "benefit" and "cost" is in
order. The term "benefit," like "efficiency," is commonplace in eco-
nomics literature, and, like efficiency, has both popular and technical
meanings. Sewell and others define benefits as "advantageous effects"
(1962, p. 5). This definition may be refined by relating benefit to our
definition of efficiency. Recall that efficiency was defined as a measure,
either cardinal or ordinal, of the degree to which an objective function
is optimized. Thus, a benefit may be defined as any favorable change
(increase or decrease) in the variable being optimized (maximized or
minimized). Benefits are measured in the same units as the dependent
variable of the objective function. Let us assume the objective is to
maximize Z f(X) and that a change in X, say AX, yields a change
in Z, say AZ; i.e., Z + AZ = f (X + AX). If AZ > 0, the effect of
changing X by AX is beneficial. Similarly, if the objective is to mini-
mize Z, then if AZ < 0, the effect is beneficial. The magnitude of the
benefit is given by AZ, and is expressed in the same units as Z.

Negative benefits (disbenefits) are referred to as costs. That is,
assuming one wished to maximize (minimize) Z = f(X), if a change
in X, AX, yields a change in Z, AZ, such that Z + AZ = f (X +
AX), then if AZ < 0 (> 0), the effect of changing X by
AX is costly. The magnitude of the cost is given by AZ, and is ex-
pressed in the same units as Z. Costs are "disadvantages effects." That
is, they are merely the antithesis of benefits.,'

Obviously, the term "benefit" (cost) is aggregation and objective
specific. That is, benefit is unambiguous only when related to a par-
ticular level of aggregation and specific objective function. Specifica-
tion of the level of aggregation is particularly important, since some-
times one man's (region's) benefit is another man's (region's) cost,
and vice versa.

Benefits and costs are frequently classified as direct or indirect.
Direct benefits represent increases in the present and real market
value of incremental national output attributable to the immediate
products and services of the project. Direct costs represent decreases
in the present and real market value of incremental national output
incurred in order to realize direct benefits.

Indirect benefits and costs result from the economic activity gen-
rated in the process of realizing direct benefits. Indirect benefits are
effects which tend to increase the present and real market value of
incremental national output exclusive of direct benefits. Indirect costs
are effects which tend to decrease this value exclusive of direct costs.

5 From the foregoing discussion it should be clear that benefits and costs are
defined as gross, not net concepts.



Indirect benefits (costs) are realized (borne) by individuals who
service direct beneficiaries as well as by individuals in other interde-
pendent (linked) sectors of the economy. A detailed discussion and
classification of "direct" and "indirect," "project" and "associated,"
and "induced" and "stemming" benefits and costs are presented in Ap-
pendix A.

A Regionalized Efficiency Model

Assumptions
The following assumptions are made to simplify the develop-

ment and presentation of the efficiency model and subsequent deriva-
tion of a necessary condition for water transfer:

1. Net national indirect benefits are zero.

2. (a) The marginal use in the area of destination involves a
single independent production process.

(b) The use affected in the area of origin involves a single
independent production process.

3. The resource to be transferred has no value in transit.

4. Perfect competition exists in all product and factor markets.

The third assumption is self-explanatory. Assumption four is
made merely to simplify and clarify the presentation of the model-if
imperfect competition or price and cost functions were incorporated,
the conclusions (a necessary condition for efficiency in water transfer)
would remain unaltered.

Assumptions one and two are very important, and we shall con-
sider them in some detail. Certain of the assumptions will be relaxed
in a later section.

Assumption 1. The first assumption is that net national indirect
benefits are zero. The economics profession has engaged in consider-
able debate in recent years concerning whether or not indirect benefits
"exist" when a national point of view is adopted, and if so, whether
they can be correctly quantified and included in benefit-cost analyses
The argument is developed in this section that, on theoretical grounds
national indirect benefits and costs do, in fact, exist, and on balance
must be greater than zei 3, and for empirical reasons the estimation of
indirect benefits and costs (particularly in the analysis of the efficiency

in



However, many economists argue that, given the above assume=
tions, indirect benefits cannot be net for the national account. This
conclusion is seemingly plausible. However, the authors are confused
by the arguments which are frequently presented in support of this
.conclusion. The source of confusion lies in our inability to discern

mingling of theoretical and empirical arguments. The co-mingling of
empirical and theoretical considerations in economic research is not
distressing--empirical and theoretical arguments are essential and
complementary ingredients in an applied science. However, it is dis-
tressing when these considerations become so entwined that the iden-
tity of each as a distinct type of argument is lost. When this occurs,
empirical arguments are easily misinterpreted as being a logical com-
ponent or implication of a theoretical construct. Seemingly such is the

case concerning the existence of net national indirect benefits; it ap-
pears that in considering the possibility of net national indirect bene-
fits, applied economists have abandoned their theoretical ships pre-

maturely.
The question of the existence of net national indirect benefits

under conditions of full employment, no excess capacity, and resource
mobility is clarified by considering the concept of full employment.
Two cases are considered: full employment (perfectly competitive gen-

hold.'

implications of interbasin water transfers) is, indeed, risky and, even
if properly done, is of dubious merit.'

The question we wish to consider is: Are indirect benefits net for
the national account? This question will be considered subject to the
restrictive assumptions that (1) all resources in the economy are fully
employed, (2) no excess capacity exists, and (3) all resources are
mobile. It is recognized by most economists that indirect benefits
would be net to the nation if any of the above assumptions did not

from the literature whether the argument that net indirect national
benefits must be zero involves an empirical judgment, or whether the
conclusion is a consequence of the theoretical construct.

Seemingly, much of the apparent confusion concerning the
existence of net national indirect benefits is attributable to the inter-

eral equilibrium) and full employment (approximate).
Writers who argue that full employment implies net national in-

direct benefits equal zero, must be referring to an economy that is
perfectly competitive and that is in a state of static general equilibrium.

6 From a regional viewpoint the estimation of indirect benefits and costs
seems much more plausible. In fact, indirect benefits and costs should clearly be
considered in identifying and describing regional income redistributive impacts of
water transfer schemes (see Part 1I).

4 Haveman and Krutilla (1968) have suggested a technique for quantifying
net induced indirect project benefits (during project construction) when the
economy is experiencing less than full employment.
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The perfectly competitive general equilibrium state implies that the
marginal value product of each resource in each alternative use is equal
everywhere throughout the economy. If one assumes that this state is
static, i.e., economic disturbances of various kinds such as changes in
consumer tastes and preferences, technological developments, and
changes in the stock of resources are not permitted, then

. . . the attainment of general equilibrium would provide the greatest
possible measure of consumer satisfaction which the given distribution
of resource ownership would allow. No consumer could gain by ex-
changing quantities per unit of time of one product for another. No
transfer of a resource from one employment to another could increase
net national product, since the value of marginal product for any given
resource would be the same in its alternative uses (Leftwich, 1955,
p. 373).

One could most assuredly argue that net indirect national benefits re-
sulting from a resource development project would be exactly equal to
zero-it is axiomatic. Furthermore, it is axiomatic (given a static,
perfectly competitive, full employment, general equilibrium) that net
direct national benefits resulting from a resource development project
would be exactly equal to zero as well. That is, given this economic
utopia, any reinvestment of resources represents only a transfer of
income from one user to another, and at best, net national product can
be no greater than before the reinvestment.

Certainly it would seem only consistent that those who argue for
ignoring net national benefits on the basis of this theoretical economic
state should extend the argument to direct benefits as well, in which
case they could deduce that all resource development projects are non-
sensical and that benefit-cost analysis is an exercise in futility. To
summarize, in a perfectly competitive, fully employed economy in
static general equilibrium, no net national benefits, direct or indirect,
may result from investment in resource development projects-it is
not an empirical question, but a consequence of the theoretical con-
struct.

Fortunately, the theoretical case for net national indirect benefits
(and, for that matter, net national direct benefits) is not as bleak as
the foregoing might suggest. For as Leftwich puts it:

. . this economic utopia (perfectly competitive, static, general equi-
librium state) will never be achieved. Various deviations from pure
competition in both produce and resource markets prevent the free en-
terprise system from allocating its resources perfectly among different
uses . . . Additionally the real world is a dynamic one with changes
occurring constantly in such basic factors as consumer tastes and pref-
erences, the range of available productive techniques, the quantities of
available resources, the kinds of resources available, and the distribution



of resource ownership. All of these prevent the attainment of equilib-
rium positions (Leftwich, 1955, pp. 373-374).

Specifically, regarding full employment and net national indirect bene-
fits, Hammond states:

. . . The possibility of national secondary [indirect] benefits can
scarcely be denied; the argument used by some writers, that under con-
ditions of full employment secondary benefits associated with a project
would be cancelled by adverse effects elsewhere in the economy, seems
purely a priori and applicable as well to primary benefits. (Full em-
ployment is seldom that full, anyway.) (Hammond, 1966, pp. 212-213).

The upshot of the comments by Leftwich and Hammond is that, in
reality, the economy can only approximate full employment, can only
approach general equilibrium, and will never achieve a static state.
Changes in consumer tastes and preferences, new technology, the
availability of new resources, and the whole host of forces that give
rise to a dynamic economy have prevailed and will continue to do so.
Marginal value productivities of resources are not, and will not, be
simultaneously equal among all uses throughout the economy. Even if
they were, forces exist in a dynamic economy that make resources
suddenly more productive in alternative uses, and this throws the sys-
tem out of equilibrium. Hence, the possibility for net national direct
and indirect benefits from investment in resource development projects
cannot be denied.

For example, consider the case where an economy is in dynamic
general equilibrium. Suppose that a water transfer project is under-
taken and that, as a result, the marginal value productivity of water in
some new use is greater than the existing equilibrium marginal value
productivity of water. As a consequence, water, as well as other re-
sources, will be diverted from previous uses to the new use. As a re-
sult, the gross market value of incremental output will have increased
in the area to which the resources were transferred. Likewise, gross
market value of incremental output will have decreased elsewhere.
However, theory does not tell us that the magnitude of the increase is
exactly equal to the magnitude of the decrease. In fact, theory tells us
that we should expect the net effect to be positive, or otherwise the
changes in resource use would not have taken place.

The above argument refers to direct benefits. However, exactly
the same reasoning holds in the case of indirect effects. All that one
must do is follow the argument through the subsequent 1 through n
iterations of the multiplier effect. For example, consider the first iter-
ation. Suppose, as a result of the new use, a plant locates (relocates)
near the water transfer project to process the product of the direct
beneficiaries. If the owner expects to hire resources in order to operate



the plant, he must be in a position to offer a higher price for those
factors-that is, he must bid them away from their previous uses. Only
if marginal value productivity is greater in the new alternative will the
plant owner be able to attract factors. If he is successful in this effort,
gross market value of incremental output will have increased in the
area to which the resources have migrated. Likewise, gross market
value of incremental output will have decreased elsewhere. Again,
theory does not tell us that the magnitude of the increase is exactly
equal to the magnitude of the decrease. What theory does tell us is
that we should expect the net effect to bepositive

In considering the relevance of indirect benefits and costs in water
development, it is important to identify and isolate theoretical and em-
pirical arguments. The only purely theoretical argument that could
lead one to the conclusion that net national indirect benefits are zero
requires such stringent assumptions that, in the process, net national
direct benefits must also be denied. In the real world (full employment
-approximate), the case for or against net national indirect benefits
must be made on the basis of empirical judgment or considerations. In
many instances, net national indirect benefits may not be empirically
significant-that is to say, in magnitude they may not be significantly
different than zero. However, as far as the authors are concerned, this
is decidedly different than to argue that this result is an implication of
economic theory.

Except for the special situation when resources employed due to
the transfer scheme would otherwise be unemployed, the empirical
estimation of indirect benefits and cost is difficult. If a particular re-
source would remain unemployed in the absence of the project, then
estimation of indirect benefits and costs related to its employment is
possible and relatively straightforward. Because no losses occur due to
displacement of such resources, the full increase in real and present
market value of incremental output attributable to these resources, in-
cluding the 2nd through nth iterative effects, may be credited to the
project. Of course, the project must be debited for the cost of em-
ploying such resources-namely, their price, which for the first iter-
ation is exactly equal to the amount credited. For the 2nd through nth
iterations, one would expect that indirect benefits would be greater
than or equal to corresponding indirect costs.

However, if the hypothesized indirect benefit occurs due to the
dislodging of a resource from its present employment, then only a
portion of the increase in real and present market value of incremental
output attributable to these resources may be credited to the project.
It cannot be overemphasized that if indirect benefits are estimated,
then likewise the indirect losses occurring elsewhere due to the dislodg-
ing of resources from their current employment must be determined.



underemployment or uncmploymei
benefits is not sufficiently great to
analyses of the efficiency implicat
It is, therefore, the authors' upinil:
ciency implication of resource Ira

Failure to account for indirect losses can result in significant overesti-
mation of net benefits of national projects. The identification and
measurement of indirect losses would be a substantial empirical task if
resources were employed elsewhere in the economy.

In the absence of wide-scale unemployment or significant under-
employment of resources, the argument for empirical estimation of
indirect benefits and costs seems weak. Even if indirect benefits and
costs were properly accounted (including 2nd through nth iterative
effects), as an economy tends toward full employment of all resources,
indirect benefits over and above indirect costs must become small.
Whether or not true net indirect benefits are sufficiently great to justify
cost of estimation is, of course, in itself an empirical question. How-
ever, the hypothesis is advanced that, in the absence of large-scale

it, the magnitude of true net indirect
justify the cost of including them in
ions of resource transfer schemes.
m that the determination of the effi-
risfer schemes should, for practical

purposes, be limited to the consideration of direct effects.'
This is an empirical judgment, not a consequence of the theoreti-

cal construct. As such, it is merely a hypothesis. A test of this hypoth-
esis is conceivable, even if difficult and expensive. It seems reasonable
that such a test should be undertaken on a more limited scale for a less
ambitious project than interbasin water transfer.

Assumption 2. The second assumption is that the marginal or
"lowest valued" use involves a single independent production process.
Embodied in this assumption are two concepts-marginal use and in-
dependent production processes. These are considered in turn.

In considering an interregional transfer of water, which of the
numerous uses of water in the destination region should be included in
assessing the net market value of incremental output resulting from the
project? For the economist the answer is clear-it is the marginal use
of water that is relevant in assessing the efficiency implications of

"While it is improbable that water transfer projects would be undertaken for
the primary purpose of relieving underemployment or unemployment, a comment
on such a possibility is warranted. Ciriacy-Wantrup (1963) indicated several
years ago that resource development projects are inefficient techniques for coun-
teracting cyclical fluctuations. Nevertheless, if indirect benefits, because of un-
deremployment or unemployment, become a significant part of total net benefits
of a project, it is appropriate to question whether there are less costly and/or
more efficient means of improving the employment situation. In other words, if
the improvement of employment becomes the primary objective rather than the
transfer of water, then alternative means of improving employment should he
considered as an integral part of the analysis. Later in the manuscript, the same
point is elaborated further in connection with regional economic growth.
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transfer schemes. The marginal use of a resource is that use having the
lowest marginal value productivity, given a particular (e.g., the exist-
ing) allocation of the resource.'

The market value of aggregate output of a region may always be
increased by transferring resources from uses which have low marginal
value in use to those which have a higher marginal value in use. If the
importation of water is being considered, it matters not what the
stated purpose or use might be ; the relevant use for evaluation pur-
poses is the marginal use. In other words, to argue that the area of
destination has a number of "high valued" uses for water is not rele-
vant, so long as water is being used in significant quantities in "low
valued" uses in that area (Castle, 1964b) .lo

The determination of the marginal use of a resource need not be
limited to industry. For instance, if agriculture is determined to be the
marginal user of water, then one must decide which product within
agriculture represents the marginal use. The analyst, insofar as data
permits, should attempt to isolate the single product which represents
the marginal use of water. If the total quantity of water used in the
least valuable use is less than the quantity to be transferred, then the
net market value of the residual amount (over and above that required
for the least valuable use) of the resource should be evaluated on the
basis of its value in the next lowest valued use. These values should
then be summed to arrive at the total value in use.

The determination of the marginal valued use of water is further
complicated if technological interdependencies are involved. If the
marginal use of water involves a production process which is tech-
nically interrelated with another of the same (or of a different) firm,
then the value of water in its marginal use must be adjusted to reflect
this interdependence. The exact nature of production interdependen-
cies, and extension of the efficiency model to include them, is discussed
in a later section. We will assume initially that such interdependencies
do not exist.

In summary, the following assumptions are made in the effi-
ciency model: (1) net national indirect benefits are zero, (2) the
marginal use of water in the destination area involves a single inde-
pendent production process and the effect in the area of origin is lim-

9 The marginal use of a resource may change as the allocation of the resource
changes. If a resource was allocated according to the equimarginal principle
(water usually is not), then the marginal or least valuable use of a resource is
that use which is first eliminated as the marginal factor cost of the resource
increases.

10 For an excellent discussion of the principles and logic involved in maxi-
mizing the net market value in the use of a resource, see Hirschleifer and others,
Water Supply: Economics, Technology, and Policy, Chapter 3.
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ited to a single use involving an independent production process, (3)
the water has no value in transit, and (4) perfect competition exists in
all relevant product and factor markets.

The efficiency model
The objective of interestis to maximize the net, present, and real

market value of incremental national output (goods and services) re-
sulting from a water transfer project.1' The objective function may be
symbolically stated as

n
maximize Z =

B Ct

(1 + B)t (1 + e)t
(1)

t=1

where Z - represents the net market value of incremental output
resulting from the project.

Bt - represents project benefits in time t (those effects
that cause Z to increase).

Ct - represents project costs in time t (those effects that
cause Z to decrease).

43B - represents the discount rate for future benefits.

1'c - represents the discount rate for future costs.12

The national level of aggregation is considered in the efficiency
model. However, a regional breakdown of benefits and costs is in-
cluded in order to identify the distributive consequences of water
transfer projects. For this purpose it is assumed that a total economy
(nation) may be split into three distinct regions: (1) a region of
origin, o, that economic area from which water is diverted; (2) a
region of destination, d, that economic area to which water is diverted ;
and (3) the remaining region, e, that economic area of the nation not
included in the region of origin or the region of destination (else-
where).

"Hereafter, unless otherwise noted, it is assumed that net market value is
stated in real terms and represents the present value of future benefit and cost
streams. The objective will be referred to simply as net market value of incre-
mental national product.

12 It is important to note that the discount rate for costs, 'c, is different
than that used for benefits The difference lies in the opposite relationship that
exists between benefits and costs with respect to uncertainty. That is, in choosing
a discount rate for benefits, the pure (riskless) interest rate is adjusted upward
by adding a risk premium, whereas for costs the pure interest rate is adjusted
downward by subtracting a risk discount. Symbolically,
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The objective function may be expanded to allow for the identifi-
cation of regional benefits and costs as follows:

maximize Z = Zl(Bo,Bd,Be,Co,Cd,Ce,CT) (2)

where
Bo - denotes benefits in the area of origin.
Bd - denotes benefits in the area of destination.
Be - denotes benefits in the remaining area.
Co - denotes costs in the area of origin.
Cd - denotes costs in the area of destination.
CQ - denotes costs in the remaining area.
CT - denotes costs of constructing and maintaining the

transfer vehicle.

Given the level of aggregation and objective as stated, it is now
possible to specify, at least in general terms, the direct benefits and
costs that are relevant to the objective function. Direct benefits in the
area of destination, Bd, would include increases in the gross market
value of output attributable to the transfer project (direct associated
benefits). Direct costs in the area of destination, Cd, would include the
market value of factors used in the production of the additional out-
put attributable to the transfer project (direct associated costs). Di-
rect costs in the area of origin, CO, would include the market value of
factors no longer used in the production of foregone output (direct
associated benefits) .13

The cost of the physical transfer scheme, if funded (in part or in
whole) by the federal government, would be shared by the nation as a
whole. Therefore, other direct costs (direct project costs) in the form

R = io + iB
p, = is - ic

where io is the pure (riskless) rate of interest, ix is the risk premium applied to
future uncertain benefits, and is is the risk discount applied to future uncertain
costs. Since in .>i 0 and is added to io, whereas is > 0 and is subtracted from io,
it follows that `1'B >'1'c. The net effect is that the present value of future benefits
is reduced more than the present value of future costs.

Furthermore, it is likely that is < ia, since benefit estimation tends to be
more uncertain than cost estimation for most resource development projects
(Haveman, 1965). This would tend to exaggerate even to a greater degree the
deviation between 1'a and d'c. The problems inherent in choosing an appropriate
discount rate are beyond the scope of this effort.

13 The production of an existing output that must be foregone as a result of
a resource diversion project must be charged against the project as a direct asso-
ciated cost. Similarly, the cost of producing the foregone output must be credited
to the project as a direct associated benefit
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of tax burden would accrue in the areas of destination, d, and origin, o,
as well as in the remaining region, e. Throughout Part I these direct
project costs are lumped together and identified as costs of transfer
(physical), CT, and hence lose, at least temporarily, their identity as to
region of impact. (In Part II, CT will be disaggregated according to
region of impact to permit identification of income redistributive
effects.)

It is assumed that no direct benefits or costs other than a share
of the tax burden accrues to the remaining region, i.e., Be = Ce = 0.
Thus, Equation (2) may be reduced to

Z = Z2(Bd,BO,Cd,CO,CT) (3)

Before elaborating the efficiency model (3), it is possible to state
a priori one of several necessary conditions for economic efficiency in
water transfer. That condition, the least-cost condition, may be sym-
bolically stated as follows:

CT + [TVPo - TFCo] < CA (4)

where
CT - denotes the present total cost of constructing and

maintaining of the particular transfer scheme under
consideration (aggregated through time)

TVPo - denotes the present total value product that would be
foregone in the area of origin (aggregated across
firms and through time)-a measure of Co

TFCo - denotes the present total factor costs that would
have been incurred in the area of origin had not the
transfer taken place (aggregated across firms and
through time)-a measure of B.

CA - denotes the present cost of the least costly alterna-
tive (exclusive of the transfer scheme under con-
sideration) .14

That is, the transfer scheme under consideration must be less,costly
than alternative sources of supply in the area of destination.

In most situations there are a number of alternative ways for
supplying a region with a specified quantity of a particular resource.
To accomplish such a task in the most efficient manner, the least-cost
method must be employed. The second consideration regarding effi-

14 In identifying alternatives to include in the set from which the least-cost
delivery scheme is to be selected, it is necessary that all the alternatives accom-
plish the same task. That is, the alternatives must deliver a like quantity and
quality of the resource throughout comparable time spans.



ciency is, of course, the question of whether or not the net market
value of incremental national output is enhanced by the transfer, given
that the least-cost method of delivery is employed. This question is the
central issue of the efficiency model.

The specific formulation of Equation (4) of interest is

Z=Bd - Cd - CT - CO+BO (5)

Substituting proxy variables for benefits and costs, the function may
be transformed as follows:

Z = (TVPd -TFCd) - [CT + (TVPo - TFCd) ] (6)
where

TVPo - denotes total value product of water if employed in
its marginal use in the area of destination (aggre-
gated over firms and through time)-a proxy
for Bd

TFCd - denotes total factor cost associated with the pro-
duction of the product representing the marginal
use of water in the area of destination (aggregated
over firms and through time)-a proxy for Cd

CT - denotes total cost of constructing and maintaining
transfer vehicle (aggregated through time)

TVPo - denotes total value product of water if employed
in the curtailed use in the area of origin (aggre-
gated over firms and through time)-a proxy for
Co

TFCd - denotes total factor cost associated with production
foregone in the area of origin (aggregated over
firms and through time)-a proxy for Bo.

Recall that benefits and costs are expressed as gross concepts, where
benefits (costs) represent effects that cause Z to increase (decrease).
Hence it follows that, as a result of a water transfer project, gross
value product foregone in the area of origin (TVPo) is costly,
whereas the cost of factors that would have been used to produce the
foregone output (TFCd) is beneficial. What is being expressed in
Equation (6) is that the net market value of incremental national out-
put (Z) is equal to the aggregate net value product in the area of desti-
nation (TVPd - TFCd) less the cost of the transfer scheme (CT) less
the aggregate net value product forfeited in the area of origin (TVPo -
TFCo).15

15 A fully elaborated efficiency model-in terms of product prices, factor
prices, production functions, factor cost equations, and transfer cost functions-
is presented in Appendix B.



Upon estimation, Z represents a cardinal measure of the effi-
ciency consequence or implication (given the national point of view)
of a particular (the least-cost) resource transfer scheme. However,
the empirical task of estimating Z is formidable. The identification of
the least-cost alternative and the subsequent estimation of the compo-
nents of the efficiency model (6) involve numerous analytical prob-
lems. Whether or not the cost associated with the provision of a spe-
cific estimate of Z for a particular resource transfer scheme is justi-
fied is certainly a relevant question. That is, in an effort to provide
good information for decision-makers, the economist must be wary
of the relationship between "benefits" and "costs" in the provision of
information. Only if the cost of providing the best possible information
is zero does it follow that the "best" level of information is neces-
sarily the most desirable.

Our purpose is to provide operational techniques for evaluating
the economic consequences of interbasin water transfer schemes. Be-
cause it is not clear that the cost required to yield information, such
as an empirical estimate of Z, is justified, perhaps the economist can
provide the decision-making process with "more operational" guide-
lines."' With this purpose in mind, the following is offered as an al-
ternative to the empirical estimation of Z.

A necessary condition for efficiency in water transfer
Our goal is to establish an operational criterion which will permit

limited judgments concerning the economic efficiency implication of a
water transfer scheme. A criterion is desired that permits the identifica-
tion of transfer schemes which are "clearly" inefficient. A necessary
condition for efficiency in transfer is such a criterion. A necessary con-
dition does not ensure the achievement of an objective; i.e., it does not
define all the circumstances under which an objective is achieved, but
rather it defines (via its negation) a circumstance under which an ob-
jective is not achieved. It is this property of a necessary condition that
is important for our purposes. The usefulness of a necessary condi-
tion in the context of the water transfer question, then, permits the
sorting out of some transfer schemes (projects) which are inefficient.
If a project satisfies a necessary condition, then it must be subjected
to a second test-the total condition (6) -to determine whether or not
the project is desirable from an efficiency viewpoint. In terms of the
objective function, an operational criterion is sought for winnowing

16 On the other hand, neither is it clear that the "best" information (i.e., an
empirical estimation of Z) does not justify the cost. The only point the authors
wish to make is that, like most other goods and services, information is not a
free commodity. Furthermore, the cost of information may he related to its
quality. (See Morgenstern, pp. 11-12 )
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out some of those projects for which the net, present, and real market
value of incremental output (Z) is negative. Furthermore, it would be
desirable to have a criterion that identifies overscaled projects; i.e.,
those for which the quantity of the resource to be transferred exceeds
that which would maximize Z.17

We now turn to the derivation of a necessary condition for effi-
ciency in water transfer. Conditions necessary for the maximization
of the objective function (6) may be derived by setting the first partial
derivatives with respect to the input variables equal to zero. (Equation
(5) may be expressed as a function of inputs and product and input
prices-see Appendix B.) Taking the first partial derivative with re-
spect to the resource to be transferred, namely water, and setting equal
to zero, we obtain:

MVPd =MCT + (MVPo - MFCo) (7)

where
MVPd - denotes the marginal value productivity of water

in its marginal use in the destination area (aggre-
gated across firms and through time).

MCT - denotes the marginal cost of transferring water
from the area of origin to the destination area
(aggregated through time).

MVP - denotes the marginal value productivity of water
in the curtailed use in the area of origin (aggre-
gated across firms and through time).

MFCo - denotes the marginal factor cost of water in the
curtailed use in the area of origin (aggregated
across firms and through time).

It is not our purpose to impose the condition that Z be maximum,
but rather that Z be non-negative and less than or equal to its maxi-
mum. The necessary condition for a maximum is relaxed by requiring
an inequality rather than a strict equality. Thus, the following neces-
sary condition for efficiency in water transfer is obtained:

MVPd ? MCT + (MVPo - MFCo) (8)

's It is important to note that the criterion sought is not a necessary condi-
tion for resource transfer per se, but rather a necessary condition for efficiency
in transfer Recall, the efficiency and distributive implications of resource trans-
fers are considered independently. The condition developed herein could be in-
terpreted as a necessary condition for water transfer only if social welfare was
determined solely by the size of the "economic pie"; i.e., only if, among other
things, individual members of society were indifferent to the division and the
method of dividing the "pie."
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That is, if the net, present, and real market value of the incremental
national output expected from a proposed transfer scheme is to be
positive, and if the scheme is not to be overscaled, then the aggregate
marginal value productivity of water in the destination area must equal
or exceed aggregate marginal costs of transfer and the "net" aggre-
gate marginal value productivity foregone in the area of origin.18 The
utility of this criterion is that it is not possible for MVPd < MCT +
(MVP" - MFCO) and for the project to be appropriately scaled and
have B - C > 0. However, it should be re-emphasized that the cri-
terion is only a partial test for inefficiency. Although failure of (7)
implies inefficiency, its satisfaction does not imply efficiency ; i.e., the
criterion does not identify every inefficient project. A project can sat-
isfy (7) and not satisfy (5). The necessary condition (7) and its
derivation are developed in detail in Appendix B.

The relevant economic variables requiring quantification if this
first-phase test for inefficiency in transfer is to be made operable are
(1) the marginal value productivity of water in the area of destination,
(2) the marginal costs of transfer, (3) the marginal value produc-
tivity of water in the area of origin, and (4) the marginal factor cost
of water in the area of origin.19 In developing this simple efficiency
model, several simplifying assumptions were made. It was assumed
that (1) water has no value in transit, (2) there was a single identifi-
able independent marginal use of water in the destination area, (3) a
single identifiable independent use was curtailed in the area of origin,
and (4) no indirect benefits were attributable to the transfer scheme
(the level of aggregation was national). The basic efficiency model is
expanded in the following section to incorporate value in transit and
multiple product situations. The relevance of including national in-
direct benefits has already been discussed.

Extension of the efficiency model
In the preceding section a basic model for judging the economic

efficiency implications of interbasin water transfer schemes was de-
veloped. In this section that model is expanded to consider possibilities
of more than one marginal use, value in transit, and interdependent
production processes (intrafirm and interfirm). The implication of
these complications are considered by elaborating the model (6) and
showing the resulting effect on the necessary condition for efficiency in

18 As a necessary condition for efficiency in resource transfer, (7) is more
restrictive than the traditional B - C > 0 (B/C > 1) criterion in that it also
requires the scale of the project to be less than or equal to the "net" benefit maxi-
mizing scale.

19 A method for estimating the marginal value productivity of a resource
(water) is demonstrated in Part II.
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resource transfer. Model details and derivations of necessary condi-
tions are presented in Appendix B.

More than one marginal use. If the scale of the project is suffi-
ciently large that the marginal use in the destination area requires less
than the total quantity of water to be transferred (or if more than a
single use is curtailed in the area of origin), then additional uses must
be considered. If relevant uses within the areas of destination and
origin are pair-wise independent, then the basic efficiency model (6)
may easily be elaborated to include multiple uses. If we assume the
scale of the project is such that u uses must be considered in the desti-
nation area and w uses are affected in the area of origin, then the effi-
ciency model may be stated as follows:

Z = Y. (TVPid - TFCId) - [CT + Y, (TVP,o - TFC,o) ] (9)
i=1 i=1

where
TVP,d - denotes the total value productivity of the ith mar-

ginal use in the destination area (aggregated across
firms and through time).

TFC,d - denotes the total factor cost associated with the it'
marginal use in the destination area (aggregated
across firms and through time).

TVP,o - denotes the total value productivity of the ith af-
fected use in the area of origin (aggregated across
firms and through time).

TFC,o - denotes the total factor cost associated with the it'
affected use in the area of origin (aggregated
across firms and through time).

That is, the net, present, and real market value of incremental national
output resulting from a project equals the "net" total value productiv-
ity of water in marginal uses in the destination area, less costs of trans-
fer, less "net" total value productivity of water in foregone uses in the
area of origin.

The counterpart of a necessary condition for efficiency in water
transfer (8) for this formulation of the model is simply:

Y MVPid ? MCT + Y, (MVP,. - MFC o) (10)
i=1 i=1

where
MVP;d - denotes the marginal value productivity of water

in the ill, marginal use in the destination area (ag-
gregated across firms and through time).
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MVP10 - denotes the marginal value productivity of water in
the ith affected use in the area of origin (aggre-
gated across firms and through time).

MFC;o - denotes the marginal factor cost of water in the it
affected use in the area of origin (aggregated
across firms and through time).

According to (10), if the net market value of incremental national
output expected from a proposed interbasin water transfer scheme is
positive, and if the scheme is not overscaled, then the sum of the ag-
gregate marginal value productivities of water in relevant marginal uses
in the destination area must equal or exceed the aggregate marginal
costs of transfer and the sum of "net" aggregate marginal value pro-
ductivities of water in affected uses in the area of origin.

Value in transit. Value in transit is merely a special case of more
than one marginal use. If the transfer scheme under consideration
permits the productive use of a resource while being transferred from
the area of origin to destination, then the value attributable to this use
should be credited to the project.20

The model and necessary condition for efficiency in resource trans-
fer are mere simplifications of (9) and (10), respectively. For exam-
ple, if we assume that a single marginal use is relevant in the destina-
tion area, only one use is curtailed in the area of origin, and the re-
source has a single productive use in transit, then a necessary condi-
tion for efficiency in resource transfer is given by:

MVPd + MVPB MC, + (MVPO - MFCO) (11)

where MVP,, denotes the marginal value productivity of the resource in
transit (aggregated across firms and through time)."

Production interdependencies. If the marginal use of water in-
volves a production process which is interrelated with another of the
same firm, then the value of water in its marginal use must be ad-
justed to reflect a product interdependence. That is, if firms producing
the product representing the marginal use of the resource produce
other products as well, the analyst must consider the interrelationships

20 Value in transit is certainly a distinct possibility in the case of interbasin
water transfer. Irrigation, hydroelectric power, recreation, and navigation all
represent possible uses of water in transit.

21 If the "in transit use" of the resource involves a consumption activity
rather than a production activity (e.g., in the case of water transfer, recrea-
tional opportunities might be provided by the transfer vehicle), then MVP6
would be represented by its counterpart in consumption-namely, a demand
function.
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between the production processes before electing to consider only the
value of water in its marginal use. If the marginal use involves the
production of a product ()-A) which enhances (impedes) the produc-
tion of another product ( Ye ), then the value of the resource should
include not only its value in YA, but also the value (disvalue) of the
production of YA in the Production of YB. That is, MVP estimates of
water in the production of YA must he adjusted upward if increased
production of YA enhances the production of YB or downward if
increased production of YA impedes the production of YB.22

If intratirm product interdependencies are associated with the
marginal use of water in the destination area, or with one of the af-
fected uses in the area of origin, the basic efficiency model 16) and
necessary condition for transfer (8) must he appropriately expanded.
Assuming the marginal use in the destination area is interrelated with
another use, the necessary condition for water transfer may be stated

where NTVI'*,, denotes the marginal value productivity of water in its
marginal use in the destination area, adjusted for its indirect impact in

the production of an interrelated product (aggregated across firms
and through time). The adjustment factor the amount by which
'MVP*,, must be increased or decreased) represents the value (dis-
value) of water applied in production of the marginal valued product
in the production of another product by the same firm. The nature of
this adjustment factor is discussed in Appendix I".

Intratirm product. interdependencies may be of great practical im-

portance in considering interregional water transfer schemes. The
authors advance the hypothesis that agricultural irrigation represents
the marginal use of water in much of the western region of the United
States. If this is so, then the possibility of intrafirm product interde-
pendencies due to beneficial effects of crop rotation practices may he

quite real. The question of whether or not complementary relation-
ships are, in fact, important in a given situation is an empirical prob-

22 If the "apparent" marginal use involves a product, the production of which
enhances the production of another, then the analyst must compare tile adjusted
MVP with MVP's of other products to ascertain whether or not the "apparent"

marginal use is truly marginal. An "apparent" marginal use may not, in fact,
he the true marginal use if technical interrelationships are considered.

20

as follows:

MVP*d > CT + (MVP0 - MFCO) (12)

lem with which the analyst must come to grips.
If the marginal use of water involves a production process which

is interrelated with that of other firms, then the value of water in its
marginal use must be adjusted to reflect this interdependence if such



In an earlier section we argued that economic efficiency- and in-

come redistributive implications of interbasin water transfer schemes
must be considered as separate and distinct issues. Furthermore, we
argued that the economist is compelled (damned) to limit his activity
concerning income redistrihutive impacts to description. Therefore.
we wish to lay out briefly the issues relevant in describing the income
redistributive impact of interbasin water transfer proposals. Such a
description involves the identification, by region, of (1) direct bene-
fits and costs, (2) indirect benefits and costs, and (3) pecuniary ex-
ternalities. A brief discussion of each component follows immediately;
with application being made in Part II.

From the basic efficiency model developed herein, it is possible to
identify certain direct benefits and costs by region of impact. Other di-

rect costs-namely, costs of effecting the transfer (costs of constructing
and operating the transfer vehicle, CT)-are frequently shared by the
nation as a whole and are not readily identifiable by region. However,
these costs might be allocated by determining the share of the federal
tax burden borne by various regions, and weighting proportionately.

In addition to direct effects, indirect effects must he considered in
relating income redistrihutive implications. The indirect effect of a
water transfer scheme on a regional economy may he profound. The
magnitude of the change in a particular region's income due toy indirect
benefits (costs) may easily exceed that of the direct effect which trig-
gered the change. ';It is obvious these indirect regional benefits are a
potent political factor in the current scene" (Castle, 1968, p. ). An
accounting of respective regional indirect effects might be accomplished

effects are uncompensated. Such production interdependencies are re-
ferred to in resource economics literature (along with many.other
phenomena) as externalities. In this case, the externality is nonpe-
cuniary and emanates from the technological interdependence of the
production processes of autonomous firms. Interfirm production inter-
dependence is merely an extension of the intrafirm argument to sep-
arate firms (see Appendix B).

This concludes our development of a theoretical framework for
evaluating the economic efficiency implications of interbasin water
transfer. In Part II, a method is demonstrated for estimating the mar-
ginal value productivity of water in irrigated agriculture (one of the
critical economic variables identified in our theoretical treatment). We
turn our attention now to income redistributive impacts of water trans-
f er.

Income Redistributive Implications of
Interbasin Water Transfer



using information from regional input-output models (see Part II).
Finally, a complete description of regional income redistributive

effects of water transfer requires that relevant pecuniary externalities
be identified.23 For example, if transferred water is used to produce
products which compete with those of other regions, then the effect, if
any, on prices received in other regions must be taken into account.

Summary of Part I
In Part I of this bulletin we have attempted to establish the fol-

lowing:
1. Economic efficiency and income redistributive effects of inter-

basin water transfers must be considered as separate and distinct issues.
2. Only marginal uses of water should be considered in evaluating

the national efficiency implications of interbasin water transfer
schemes. Furthermore, except under unusual circumstances, only the
direct benefits and costs associated with these marginal uses (or, in the
area of origin, the affected uses) should be accounted.

3. A model that will elicit information concerning the efficiency
implication of transfer schemes was developed, given a national view-
point.

4. An operational guideline, in terms of a necessary condition for
efficiency in water transfer, was developed.

5. The efficiency model and necessary condition can be extended
to include multiple uses, value in transit, and technological interde-
pendencies.

6. A cursory view of a format for describing regional income re-
distributive implications of interbasin water transfer schemes was
presented. Direct and indirect effects, as well as pecuniary externali-
ties, were identified as relevant components for consideration when
describing income redistributive implications.

A theoretical framework was developed which should prove useful
in guiding economists to provide relevant and needed information for
enlightened decision-making regarding interbasin water diversion.
This framework leads to operational guidelines for considering effi-

23 "Externalities" (spillovers) are uncompensated impacts of actions by
some decision-making units on the activities of others. External effects may
be either favorable to others (external economies) or unfavorable to others (ex-
ternal diseconomies). As related to firms (consumers), externalities involve un-
compensated effects on the costs of receipts (level of satisfaction) of one or
more firms (consumers) as the result of actions of other decision-makers (firms,
consumers, or government).

"Pecuniary externalities" are a special kind of externality which occur as
a result of shifts in product or factor prices. For example, a pecuniary external
diseconomy would occur in an expansion of a particular industry which causes
the price of a factor used by that industry to increase (McKean, 1958).



ciency and distributive implications of water transfer. In Part II an at-
tempt is made to add empirical content to this framework; methodology
needed to make the framework operational is demonstrated.

PART II: EMPIRICAL METHODOLOGY AND A
HYPOTHETICAL PROBLEM

IN WATER TRANSFER

It is our purpose in Part II to demonstrate a method for:
1. Estimating the marginal value productivity of water in irri-

gated agriculture, and
2. Quantitatively describing regional income redistributive im-

pacts of interbasin water transfer schemes.

The Marginal Value Productivity of Water
in Irrigated Agriculture

In the statement of a necessary condition for economic efficiency
in water transfer (Part I), the following critical economic variables
were identified:

The marginal value productivity of water in its marginal use(s)
in the area of destination

The marginal value productivity of water in affected uses in
the area of origin

The marginal factor cost of water in affected uses in the area
of origin, and

The marginal cost of transfer.
The empirical work reported here demonstrates a technique for esti-
mating the marginal value productivity of water in irrigated agricul-
ture. Agriculture represents the marginal user for many interbasin
transfer schemes proposed for supplying water in arid areas of the
United States (Young and Martin, 1967).

Numerous attempts have been made to arrive at a value for water
in irrigated agriculture. Noteworthy are studies by Hartman and An-
derson (1962), Grubb (1966), Brown and McGuire (1967), and
Young and Martin (1967) .14 The MVP estimates from these studies
ranged from approximately $3 per acre-foot in northeastern Colorado
to approximately $27 per acre-foot of the Texas High Plains (Table
1).

Ruttan (1965) also tried to derive a pecuniary value for water
used in agriculture. He used a production function analysis to esti-

24 Howe (1968) provides an excellent review of the results of these and
other MVP studies.
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Table 1. AVERAGE- MVP ESTIMATES FOR IRRIGATION WATER FROM FOUR
EMPIRICAL STUDIES'

Average MVP per
acre-foot of water

Northeastern Colorado --------------------------------------------------°---------------- $ 3
Texas High Plains .... .............................................................. 27
Kern County, California ---------------------------------------------------------------- 19
Central Arizona .............. ....................... ............................................ 21

'Summarized from Howe (1968).

mate the marginal value productivity of irrigated acreage. In the fore-
word of Ruttan's book, Krutilla notes:

The significance of this study lies more, perhaps, in the framework of
analysis than in the particular empirical results There remains much
room for more intensive analyses by individual scholars in the several
water resource regions to further improve the quality of the estimates
and increase the precision of the results (Krutilla, 1965, p. vi).

Following Ruttan, an attempt was made in this research to estimate
the parameters of a regional agricultural production function and to
subsequently derive the marginal value productivity of the input repre-
senting the irrigation component. Since Ruttan has identified an ap-
propriate framework for analysis, the empirical portion of this investi-
gation is undertaken to suggest and implement methodological changes
that should improve the "quality" of the estimates. Consequently,
this should be viewed as an attempt to refine the basic method offered
by Ruttan.

In his review of Ruttan's book, Hoch (1967) calls attention to
"a number of difficulties" that tend to discredit the empirical results.
Hoch notes three problems inherent in Ruttan's production function
estimation procedure: (1) intraregional heterogeneity, (2) over-
aggregation, and (3) omission of variables. A fourth problem involves
Ruttan's choice of the county rather than the average firm as the
unit of analysis.

The problem of intraregional heterogeneity is a difficult one in
production function estimation, particularly when using cross-sec-
tional data. Ruttan's principal data source was the U.S. Census of
Agriculture. These data are reported in their least aggregate form as
county totals. Unfortunately, as observational units for regional pro-
duction function estimation, counties are not often sufficiently homog-
eneous in their agricultural composition to provide the most reliable
results. In many western states, where counties are frequently large,
diversity of agriculture is typical not only among but also within the
counties. Consequently, regional production function coefficients de-
rived from such data may not necessarily be relevant to nonhomog-



eneous individual firms within a given region. Nevertheless, informa-
tion useful for policy purposes (aggregate) can be generated, using
such data. If useful and reliable results are to be obtained, study areas
must be carefully selected to ensure relative homogeneity of observa-
tional units. Herein lies the difficulty in using cross-sectional data for
production function estimation. A study area must be as homogeneous
as possible, to ensure meaningful results; vet, on the other hand,
the study area must be sufficiently heterogeneous in other respects to
permit satisfactory results. Exact homogeneity in all respects implies no
variation which, in turn, implies no results ( Griliches, 1962). The
challenge to the researcher is to lind the appropriate middle ground.

The aggregation problem in production function estimation occurs

coefficients are likely to he biased ( Plaxico. 1955). Ruttan chose dollar
value of county agricultural output as the dependent variable in his
model. This variable represents a composite of many agricultural prod-
ucts. Likewise, some of Ruttan's input categories are composites of
several physical inputs. Furthermore, the aggregation problem was no
doubt aggravated because a wide variety of agricultural products Were
produced in many of the regions studied. Although aggregation prob-
lem: can never he -eliminated, they can be minimized by careful selec-
tion of study areas.'

model. estimated coefficients of remaining variables may be biased.
Only if omitted variables are independent of remaining variables will
the estimated coefficients he unbiased (Brown, 11)69). In his original
formulation, Ruttan hypothesized that six inputs ( for which secondary
data were available) were important variables to include in the produc-
tion model. However, only a subset of the original six independent
variables were included in the final formulation for several of the re-

when two or more inputs (products) are represented as a single input
(output) variable. As a consequence, the estimates of the function

The problem of omission of variables is critical in marginal value
productivity estimation. If relevant variables are omitted from the

;ions ; in the South Pacific region only two independent variables were
retained in the final version of the model. As Hoch noted, this may
lead to serious omission of variables specification bias, which could
severely distort marginal value productivity estimates.

The potential bias which may be imposed on individual parameter
estimates due to omission of relevant variables has been demonstrated
elsewhere (Brown, 1969). By "recasting" a very well specified pro-
duction function model reported by Knight (1968a) into a form com-

25 Although some peripheral improvements are offered (less heterogeneous
study area; restriction of dependent variable to value of crops produced, rather
than value of all agricultural products produced), the basic aggregation problems
encountered by Ruttan remain in this research as well.
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parable to Ruttan's "abbreviated South Pacific region model," Brown
was able to show a nearly fourfold upward bias on the parameter esti-
mates for owned and rented land. Although omission of variables is
not particularly harmful when the estimated relation is used to predict
values of the dependent variable, it can be disastrous when interpreta-
tion of particular parameter estimates is required ; e.g., marginal value
productivity calculations from an estimated production function.

Another rather subtle problem in Ruttan's empirical method in-
volves his choice of the county rather than the "average" firm within
the county as the unit of analysis. Interpretation of results is difficult
when the unit of analysis is the county aggregate. The results of re-
gression analysis can only be stated (or interpreted) in terms of the
units from which they were compiled. Ruttan's results relate to the
"average" county. Had his analysis been based on data pertaining to
the "average" firm per county, inferences to a more relevant popula-
tion would have been possible.26 That is, interpretations could be made
in terms of the relevant decision-making unit-"average" firms.

Although the use of secondary data sources (particularly U.S.
Census data) often limits the choices of aggregation level, careful em-
pirical methodology can: (1) increase reliability and relevance of esti-
mates by (a) selecting study areas that are relatively homogeneous
with respect to type of farming and (b) converting data to a per-firm
basis, and (2) minimize potential bias in estimates due to omission of
variables.

The study area
The principal source of data used for this study was the 1964 Cen-

sus of Agriculture (U.S. Bureau of the Census, 1964a, 1964b). The
observational unit was the average business firm of a county. The
study area (Figure 1) includes 20 counties of the Texas High Plains
and five counties in eastern New Mexico.

These 25 counties were selected to ensure that the agriculture of
the study area was mostly irrigated and primarily crop-based. (Appen-
dix Table C-1 shows the percent of total cropland harvested that was
irrigated and the percent of value of all farm products sold from crops
for each county in the study area.) Principal crops of the area are
grain sorghum, wheat, and cotton. These crops are "low valued" rela-
tive to other crops in the Southwest, such as horticultural and citrus
crops.

26 It would be possible to make inferences from county aggregates to "aver-
age" firms only, given the unlikely assumption that the number of firms in each
county was the same, and given that the constant term was appropriately
adjusted
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Figure 1. The study area.

Statistical model
A total value productivity function (TVP) for the "average

firm" in the study area was fitted, using census data.27 From the fitted
model the marginal value productivity (MVP) of water was derived.
The statistical model selected for this study was:

27 The relevant production period in the study area was one year. Coefficients
for the value productivity function were estimated, using 1964 data. Thus, the
function estimated represents the annual total value productivity function of
the "average" firm. Note, this is a different function than referred to in our theo-
retical treatment; i.e., Equation (6). The function estimated was for a "single"
form for one production period. The rather knotty questions concerning appro-
priate procedures for aggregating across firms and through time, including prob-
lems of projecting price changes, projecting changes in the structural form for
the production function, and choice of an appropriate discount rate, were beyond
the scope of this research.
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/35X5 + /36X6 + s /33X3 +/34X4 + TVP = /3o + $1X1 + $2X2 +
(13)

where
TVP - denotes value of all crops harvested

X1 - denotes non-cotton irrigated acres
X2 - denotes irrigated cotton acres
X3 - denotes nonirrigated cropland acres
X4 - denotes cash operating expenditures
X5 - denotes numbers of wheel tractors
X6 - denotes man-year equivalents of labor

E - denotes a stochastic disturbance term (error)
X13; - denotes a parameter where i = 0,1,2, , 6.28

This particular form for the value productivity function was
chosen for two reasons:

Like Hoch (1967) and Krutilla (1965), the authors were dis-
satisfied with the empirical results obtained by Ruttan (1965). Ruttan
used a Cobb-Douglas type function.

Knight (1967, 1968a, 1968b), using this linear form rather
than the Cobb-Douglas in estimating coefficients for several agricul-
tural production functions in Kansas, obtained some rather impressive
empirical results.

Using least-squares curve fitting procedures, estimates for the
parameters in Equation (13) were obtained:

TVP = - 9673.28 + 56.65 X1 + 95.70 X2 - 28.86 X3 - 0.15 X4

(11.06) (15.22) (6.18) (0.41)

+ 5215.58 X5 + 4953.34 X6
(1640.94) (1471.64) R2 = 0.977.(14)

A
All estimates except /34 were significant at the one percent level. The
numbers within the parentheses, between the estimated $ values, are
the corresponding standard errors of the estimates. Simple correlation
coefficients and other statistical information are contained in Appendix
Table C-2.

Before interpreting 91 and /32 (the coefficients of particular in-
A

terest in this study), we digress briefly to consider the estimates, /3a,
A A A
/34, /35, and /36. Since X4, X5i and X6 are only proxy variables (see
Appendix C), discretion should be exercised so that little or no eco-

28 In Appendix C each variable in the model is more rigorously defined, and
the procedure used to obtain a measure of each is explained.
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nomic meaning is attached to fl, 85j or fl,. These estimates could be
given economic meaning only if prior information were available relat-

A

ing the desired economic variables to their proxies. The estimate fi,
represents the expected return for an additional dollar invested
in seed, fertilizer, petroleum products, or machinery hired. However,
expenditures in some of these categories are likely to be overstated

A

(Appendix C). It is not surprising, therefore, that ,a, is less than one.
X5 and X6 were included in the model as proxy variables to improve
the reliability (reduce bias due to omission of variables) of the esti-

mates f3 and 132; no meaning in an economic sense should be attributed
to their coefficients.

The estimate of fl, (-$28.86) is baffling. This estimate supposedly
represents the expected return from an additional acre of nonirrigated

A A A

cropland. Although intuitively (33 should be less than either f3 or R2,
its negative value is inconsistent with a priori notions that individual
entrepreneurs behave rationally. That is, it is assumed that entre-
preneurs do not knowingly commit resources when the expected return
is negative. However, expectations and realization frequently differ. If
realized rainfall or product prices were considerably less than ex-
pected, then the negative estimate obtained for dryland cropland would
be plausible. Prices received by farmers in the study area were slightly
above normal (1959-1963) in 1964, based on cotton and grain sor-
ghum prices (U.S. Department of Agriculture, 1966). However, total
precipitation in the study area was below normal (1931-1960) in 1964
(U.S. Weather Bureau, 1964a, 1964b). The 1964 precipitation of
about 12 inches was approximately 5 inches below the 1931-1960 nor-
mal.29 It is not known whether the slightly higher prices received and
lower precipitation, on balance, account for the rather large negative
estimate.

Another possibility is that the negative coefficient for X3
could be due to a combination of errors-in-variables and omitted-
variables specification bias. Certainly, errors of measurement would be
expected for X,, X5, and X9. Also, an omitted variable, such as man-
agement, might very well be at higher levels for farms with irrigated
acreage than for those with nonirrigated acres. Perhaps for this situa-
tion, additional information from other sources about returns from
nonirrigated cropland acres would have been helpful, since this infor-

211 These data were calculated on the basis,of 1964 precipitation and departure
from normal for the High Plains Division, Texas, and Northeastern Plains
Division, New Mexico (U. S Weather Bureau, 1964a, 1964b)



oration could have been incorporated into the regression analysis fol-
lowing Chetty (1968), if the additional information consisted of a
number of independent observations. Even if the additional informa-
tion were nonstatistical in nature or partially subjective, it could still
be utilized in the analysis, following Theil (1963). In future studies
this type of approach might be considered and tested.

The marginal value product of irrigated cropland
The MVP for a factor of production is given by the first partial

derivative of the total value product function. Since the total value
productivity function (13) is a first degree polynomial in the inde-
pendent variables, X1, , Xs, and since no interaction terms exist, the

n
estimated marginal value product of X; is simply ti ; that is,

n
MVP, = 6= fori=1,,6.30

Since the purpose of this work was to demonstrate a procedure
for estimating the marginal value productivity of irrigation water, the

n A
coefficients of interest are 61 and fit. These estimates serve as a starting
point for the estimation of the marginal value productivity of irrigation

n
water. The estimated MVP for nonirrigated acres was $56.65 (61) ;

A
for irrigated cotton acres, the MVP estimate was $95.70 (62).

Estimates of the MVP of irrigation water per se ("net" MVP of
an irrigated acre) were obtained by adjusting the MVP estimates for
irrigated acres. "Net" MVP estimates for non-cotton and cotton were
determined by reducing corresponding MVP estimates of irrigated
acres by .606 and .617 respectively; that is,

n n
"net" MVP = 61 - .60661= $22.32

and
A n

"net" MVP, = 62 - .61762 = $36.65. (16)
2

The estimated "net" MVP of non-cotton irrigated acres was $22.32;
the estimate for cotton was $36.65.

The adjustment factors were calculated from data contained in
Importance of Irrigation Water to the Economy of the Texas High
Plains (Grubb, 1966). These adjustment factors reflect the value of

30 For a production function which is a first degree polynomial of the inde-
pendent variables and which has no interaction terms, all factors are technically
independent and all inputs have constant marginal productivities for all levels of
input use.



output which could be produced on a presently irrigated acre if dry-
land practices were used and water was not applied. The difference
between the value of output under irrigation and the value of output
under assumed dryland conditions and practices represents the "net"
productivity of irrigation water.31 The data used to calculate the ad-
justment factors are reported in Table 2. The factors were calculated
by dividing adjusted gross dryland value per acre by adjusted gross
irrigated value per acre.

Table 2. ADJUSTED GROSS VALUE PER ACRE FOR IRRIGATED AND DRYLAND CROPS,

Gross value
(dollars) ----------------

Acres ------------------------

Gross value per
acre (dollars) --------

Cost of irrigation
inputs per acre
(dollars) 2 ..............

Adjusted gross

value per acre

(dollars) ----------------

TEXAS HIGH PLAINS, 19591

Non-cotton Cotton

Irrigated Dryland Irrigated Dryland

141,692,058 85,735,640 202,283,880 52,628,670

2,371,760 3,719,377 1,323,753 773,462

59.74 23.05 152.81 68.04

21.72 42.58

38.02 23.05 110.23 68.04

1 Data in this table were compiled from Table 3 of Importance of Irrigation Water to the
Economy of the Texas High Plains, (Grubb, 1966).

2 These costs "refer to dollar values of those inputs that are required as a consequence
of irrigation They are costs of additional inputs per acre above inputs used on comparable
dryland" (Grubb, 1966, p. 11). Costs accounted for include costs of additional fertilizer, fuel,
labor, harvesting and hauling, ginning, poison, depreciation of irrigation equipment, and
depreciation of farm machinery. Additional costs for irrigated cotton were taken directly from
Table 3 (Grubb, 1966). Additional costs for ,irrigated non-cotton were derived as a weighted
average of grain sorghum, wheat, and soybean categories.

To express the MVP estimates for water in the appropriate units
of measure (dollars per acre-foot), the "net" MVP estimates for irri-
gated cropland were divided by 1.1. An irrigation rate of 1.1 acre-feet
per "composite acre" is representative of the study area (Grubb,
1966).32 The estimated MVP of an acre-foot of irrigation water ap-

31 The concept of "net" MVP is analogous to Grubb's irrigation-output.
32 Grubb's "composite irrigated acre" includes 32 percent cotton, 38 percent

grain sorghum, 21 percent wheat, and 9 percent other crops. The application of a
composite irrigation rate of 1.1 acre-feet per acre to both cotton and non-cotton
categories may be less than appropriate for this study. For example, if, in the
"composite acre," cotton is irrigated at a rate greater than the average for other
crops, then the estimate of MVP of water on cotton would be biased upward and
the estimate of MVP of water on non-cotton biased downward.
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plied on .91 acre of non-cotton cropland was $20.29; for cotton, the
estimated MVP was $33.32 (Figure 2).

33.32 (MVP) cotton

20.29
MVP (non-cotton)

Acre-feet of water,
given .91 acre/ft.

Figure 2. Marginal value productivity (MVP) of irrigation water applied to
non-cotton and cotton acres, 1964.

In developing these MVP estimates, the average irrigation rate
was implicitly assumed. Therefore, the MVP functions depicted in
Figure 2 should not be interpreted as the expected return of an addi-
tional acre-foot of water applied to an existing irrigated acre(s). (The
question of how MVP per unit of land varies as the irrigation rate
varies was not examined.) Rather, they may only be interpreted as the
expected return to an additional acre-foot of water and an additional
.91 acre of cropland, ceteris paribus.

The estimated MVP of an acre-foot of water and .91 acre of land
in the production of crops other than cotton in a 25-county area of
northern Texas and eastern New Mexico was $20.29. It is hypothe-
sized that this estimate reflects the value of an additional acre-foot of
water and .91 acre of land in its marginal use. The estimated MVP of
an acre-foot of water and.91 acre of land in the production of cotton in
the study area was $33.32.

Limitations of empirical method
Limitations of this empirical work are divided into two cate-

gories : (1) those which are possible to correct or improve upon, given
the same basic method and data sources, and (2) those which can be
corrected only by using a different approach or different sources of
data.

Limitations of the first type involve (a) weaknesses in model
specification, and (b) imperfect measurement of relevant variables.
There are two deficiencies in the specification of the model-the vari-
ables X4 and X, are too narrowly defined (Appendix Q. Operating



expenses, X,, include only a part of operating expenses related to the
production of crops. For example, expenses for maintenance of ma-
chinerv and equipment were not included. Numbers of wheel tractors,
X,, are particularly suspect. Ideally, X, would represent the annual
equivalent investment. in all durable resources involved in the produc-
tion of crops. Perhaps these shortcomings in model specification could
be eliminated if suitable data were located to supplement the basic
census data.

Reliable measures of relevant variables are frequently difficult toy
obtain. In this study, variables X,, X;,, and X were imprecisely meal-
tired. The variables 'I'VP, X,, X, and X. relate only to crop produc-
tion activity in the study area. Variables X5, and X,, relate to total farm
input and, therefore, are overstated to the extent that livestock produc-
tion is involved. This is also true, although to a lesser degree, with the
measurement of X4. Perhaps this limitation could he alleviated by de-
veloping a weighting procedure to reduce X, X- and X ; by an
amount representing the livestock share.

Another limitation of the first type involves the choice of irriga-
tion rates for cotton irrigated acres, X, and non-cotton irrigated acres,
X_. In this research an irrigation rate of 1.1 feet per acre was assumed
for both to convert the M7VP estimates for acres, given acre-feet of
water, to acre-feet of water, given acres. Perhaps differential rates
would be more appropriate: if so, then different conversion factors

in light of these limitations, the temptation is great to agree with
Hoch: "The development of individual farm estimates appears more
defensible . . ." (Hoch, 1967, p. -171't. However, in evaluating the
reliability and usefulness of empirical estimates for a particular pur-
pose, it is important to bear in mind that the question of information
quality is basically an economic one. Only if alternative procedures
have the same cost does it follow that the "best" quality information is
optimal. Since the irrigated acreage MVP estimates obtained are con-
sistent with results obtained in comparable studies (f rrubb, 1966;

should be applied.
An important limitation of the second type was the loss of product

price as an explicit variable in the model. The approach used (a com-
posite dependent variable) lost the effect of changes in the price of
specific products. A production function model in which individual
products are identifiable (or the estimation of production functions
for individual products) would be more fruitful for such analysis.

A limitation imposed by the data source entails the intermediate
aggregation and disaggregation required to obtain a relevant observa-
tional unit. Regressing on a population of "average" firms buries much
of the variation inherent in the parent population, leaving one with a
false sense of statistical precision.
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In this section a hypothetical water transfer scheme is analyzed
with respect to its impact on the distribution of benefits and costs
among regions. The principal purpose of this analysis is to present
a framework useful for making the distributive effects of a project
explicit. Regional income redistributive effects are estimated, based
on alternative assumptions concerning the national efficiency effects.
In particular, it is assumed initially that the benefit-cost ratio, based
on the national account, is 1: 1. Distributive effects are then examined,
assuming a national benefit-cost ratio of 1.25: 1 and 0.75:1.

In this section direct and indirect benefits and costs refer to re-
gional rather than national effects. Given the focus of this section, it is
appropriate that this he done. However, the reader will need to keep

Brown and McGuire, 1967; Young and Martin, 1967) and the costs
of developing individual farm estimates are not known, it is not pos-
sible to reject prima facie the approach demonstrated herein.

A Hypothetical Problem in Water Transfer:
An Examination of Regional Impact

this distinction in mind.
Economic efficiency of a water transfer project can be best under-

stood in the context of a national model ; that is, by comparing ag-
gregated benefits to aggregated cost over all regions affected. Income
redistributive consequences of a water transfer project may be identi-

fied by a regional breakdown of benefits and costs. To examine the
distributive consequences of a water transfer project, a total economy
(nation) can be divided into four distinct regions:

Region of origin-that economic area from which water is

diverted
Region of destination-that economic area to which the water

is diverted
Region of transit-that economic area through which the water

must pass in transfer
The remaining region-that economic area of the nation not

included in the region of origin, destination, and transit.
To account for the distributive consequences of a water transfer
project, a model was developed for each of these regions.

The following notation was used in the development of the
models :

o - denotes region of origin.
d - denotes region of destination.
s - denotes region of transit.
e - denotes region exclusive of the regions of origin

destination, and transit (elsewhere).

an



Zce,a,s,e) - denotes net, direct, present, and real market value of
incremental output for the nation (region of origin,
destination, transit, remainder).

Z'(o,d,s,e) - denotes net, indirect, present, and real market value
of incremental output for the nation (region of
origin, destination, transit, remainder).

Z' - denotes sum of regional indirect effects unadjusted
for indirect opportunity costs.

Z*(o,d,a,e) - denotes net, direct plus indirect, present, and real
market value of incremental output for the nation
(region of origin, destination, transit, remainder).

BO(a,a,e) - denotes direct benefits in the region of origin (desti-
nation, transit, remainder).

Co(a,s,e) - denotes direct user costs in the region of origin
(destination, transit, remainder) exclusive of pay-
ments for water in case of area of destination.

Cdu - denotes user payments for water in destination.
CT - denotes costs of constructing and maintaining the

transfer vehicle.
CT - denotes proportionate share of direct cost paid in

o(d,s,e) taxes by the region of origin (destination, transit,
remainder).

E. (d,,,) - denotes expenditures for constructing and maintain-
ing the transfer vehicle in the region of origin (desti-
nation, transit); i.e., represents total payment to con-
struction and maintenance firms in respective regions.

FO(d,a> - denotes factor costs for constructing and maintaining
the transfer vehicle in the region of origin (destina-
tion, transit) ; i.e., represents total payments to
factors employed by construction and maintenance
firms in respective regions.
Note: (EO(d,a) - FO(d,a)) represents profit accruing to
construction and maintenance firms.33

MT - denotes tax multiplier. 34
Ml - denotes multiplier for determining the total effect of

o(d,s) construction and maintenance expenditures in the
region of origin (destination, transit).

33 In a regional accounting system EO(a,s) and FO(d,,) should be categorized
as direct regional benefits and costs. This is in contrast to a national accounting
system where these effects are traditionally included in the indirect category
(Appendix A).

34 The tax multiplier was assumed to be the same for each region.
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M2
o(d,s)

- denotes multiplier for determining the total effect
from the use of diverted water in region of origin
(destination, transit).
denotes proportion of federal income tax paid by the
region of origin (destination, transit, remainder).

Note: This also denotes probability that net direct
opportunity project costs and net indirect opportunity
costs occur in the respective areas.

Po(d,s,e) -

For this hypothetical water transfer problem, the following as-
sumptions were made:

1. Twenty million acre-feet of water are transferred annually
from the region of origin to the region of destination.

2. The marginal use in the region of destination involves a single
agricultural product, and its use exhausts the water transferred. Fur-
ther assume that the only use foregone in the region of origin involves
the production of a single agricultural product.

3. Water transferred has no value in transit.
4. National direct benefits35 (including associated cost savings in

origin) are exactly equal to national direct costs (including associated
costs in destination and value of forfeited output in origin) and amount
to $1.7 billion annually. These benefits and costs are distributed as
follows :

(a) Bd = $1.5 billion-total value product from use of diverted
water in destination.

Cd = $0.3 billion-total factor cost exclusive of payments
for diverted water in destination (associated costs
of production exclusive of water charges).

(b) Co = $0.3 billion-total value product foregone in origin.

Bo = $0.2 billion-total factor cost savings in origin (as-
sociated costs of foregone production).

(Co - Bo) = $0.1 billion-net opportunity cost of diverted
water in origin.

(c) BS = Be = Ce = 0-no direct benefits or associated costs
realized in region of transit or remain-
ing region.

35 Direct benefits and costs are defined in Part I and in Appendix A.
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(d) CT = $1.1 billion.
Note: Bd + B. + BS + Be = $1.7 billion

CT + Cd + Co +CS + C. = $1.7 billion.

5. One-half of project cost financed from user charges-
Cd" -1/2 CT =1/2 ($1.1 billion).

One-half of project cost financed by federal government with "new"
income tax revenues-

CT + CT + CT + CT = 1/2 CT-
0 d s e

Each region will pay, in the form of income tax, direct project costs
equal to their proportionate share of one-half of $1.1 billion.

6. Expenditures for construction and maintenance are equally dis-
tributed over the regions of origin, transit, and destination ; i.e.,
E"=ESCEd=1/3CT.

Factor costs of construction and maintenance firms equal 80 per-
cent of receipts; i.e., F. = FS = Fd = (.8) 1/3 CT-"

7. Population densities and income characteristics as follows:
(a) Region of origin-Oregon.
(b) Region of destination-Arizona.
(c) Region of transit-Nevada.
(d) Remainder region-remainder of the United States.
Note: The delineation of regions which are physically and po-

litically relevant is difficult and must always be somewhat arbitrary.
However, for purposes of this example the exact delineation is not
critical, as our purpose is solely to demonstrate a method for account-
ing regional impacts of water transfer proposals. These regions were
chosen for computational ease and to keep the presentation rela-
tively uncomplicated.

8. Construction and maintenance firms are based in region where
construction occurs.

9. No change in product or factor prices (pecuniary externalities)
traceable to water transfer project.

10. Net national indirect benefits37 and net national construction
and maintenance benefits are zero. That is, a relatively fully employed
economy is envisioned.

36 For purposes of this demonstration it is assumed that the profit margin
for construction and maintenance is 20 percent. Thus, F. =.8E. = (8) 1/3 CT,
for example.

37 Indirect benefits and costs are defined in Part I and in Appendix A. This
assumption is consistent with that made in Part I.



11. All indirect effects are confined to that region where the initi-
ating direct effect occurs. (This assumption is elaborated upon in
the section dealing with multipliers.)

Regional distribution of direct benefits and costs
In Column 1 of Table 3 are the models depicting net direct

effect of the project for each of the regions. Net direct effects are
represented by direct regional benefits less direct regional costs. For the
region of destination

Zd= (Bd-Cd-Cd°) - CT + (Ed - Fd) - Pd (.2CT)
d

(17)

That is, net direct, present, and real market value of incremental out-
put is given by total value product (Bd) less associated factor costs
exclusive of payments for water (Cd) less user payments for water
(Cd°) less proportionate share of direct project costs paid in form of
income tax (CT ) plus net income (profit) accruing to construction

d

and maintenance firms (Ed - Fd) in destination less proportionate
share of construction and maintenance income forfeited in the area
of destination due to the project, Pd (.2CT). In other words, Zd repre-
sents increased income in terms of net direct benefits accruing to the
area of destination.

The final term, Pd (.2CT), represents the destination area's pro-
portionate share of opportunity income sacrificed nationwide by the
construction and maintenance industry due to the project. Net direct
national project construction and maintenance benefits were assumed
to be zero (Assumption 10). That is, it was assumed that, in the
absence of the project, construction and maintenance firms would be
employed elsewhere in the national economy, and profit accruing to
construction and maintenance firms, given the project, i.e., .2CT (see
Assumption 6), would be equal to profit without the project (see dis-
cussion of indirect benefits, Part I). The term Pd represents the prob-
ability that displaced construction and maintenance income (nationally)
will occur in the area of destination.

Similarly, for the other three regions

Zo=- (C0-Bo) - CT + (Ee- F0) - P. (.2CT) (18)
0

Z. = (Be - Cs) - CT + (Es - Fs) - Pa (.2CT)
e

(19)

Ze = (Be - Ce) - CT - Pe (.2CT) (20)
e

Since by previous assumption Be = Be = C9 = Ce = 0, Equations
(19) and (20) may be reduced to



Table 3. REGIONAL AND NATIONAL MODELS FOR A HYPOTHETICAL TRANSFER PROJECT, SEPARATING DIRECT AND INDIRECT EFFECTS

Region

Zd = (Bd - Cd - Cd°) - CT
u

+ (Ed - Fd) - Pd(.2CT)

Z. = -(C. - B.) - CT

+ (E. - F.) - P.(.2CT)

Z. = -CT + (E. - F.)

- P. (.2CT)

Z. = -CT - P.(2CT)

Z = (

T

National °

Z'd = Bd(M2 - 1) - CT (MT - 1) Z*d = (BdM2d- Cd-Cd°) - CT MT
d d d

+ Ed (M, - 1) - PdZ' + (EdM1 -Fd)-Pd(.2CT+Z')
d d

Z'. _ -C.(M2 - 1) - CT (MT - 1) Z*. = (-C.Mz + B.) - CT MT
. . . .

+ E.(M - 1) - P.Z' + (E.M, -F.) -P.(.2CT+Z')

Z'.=-CT (MT-1)+E.(M, -1) Z*.=-CT MT+(E.M1 -F.)
. . . .

- CT
d

- P.Z'

Z'. _ -CT (MT - 1) - P.Z'

- P.(.2CT+Z')

Z*. -CT MT-P.(2Cr+Z')

Z* _ (Bd Cd-Cd°) -CTd

- (C.-B.) -CT

- CT - CT

Net direct effect Net indirect effect: Total net effect

,(.Direct benefits minus (indirect benefits minus (Direct effects plus.

direct costs) indirect costs) indirect effects)

tYi i

-
!13" C4- Cd), Z' 0'

Co-Bo)-.C
u

-CT -CT



Zs = -CT + (ES - Fe) - PS (.2CT)
S

e

From Column 1 of Table 3 or Equations (17), (18), (21), and
(22), it should be noted that for any given project there may be regions
realizing only direct costs from the project, while other regions realize
both direct benefits and costs from the project.

Furthermore, it should be noted that

Z=Zd+Zo+Zs+Ze (23)

since

Z. = -CT - Pe (.2CT) (22)

(21)

(Ed - Fd) + (Eo - Fo) + (ES - Fs) =.2CT(Pd+Po+Ps+Pe)
(24)

That is, net national direct benefits are the sum of net regional direct
benefits, because construction and maintenance profit earned (left
side of Equation (24)) was assumed to equal construction and mainte-
nance profit without the project (right side of Equation (24) ).

Net national direct benefits are given by

Z= (Bd-Cd-Cd°) -CT - (Co - Bo) - CT -CT - CT
d 0 S e

or
Z= (Bd - Cd) -CT - (Co - Bo)

(25)

(26)

since

CT =CT + CT + CT + CT +Cd'
d 0 s

(27)

It should be noted that Equation (26) is identical to Equation (5).
This is true because the total cost of constructing and maintaining the
transfer vehicle (CT) may be disaggregated into increased federal in-
come taxes in each region (CT, CT, CT, CT ) and user charges paid in

d

0

s 6

the area of destination (Cd°)-Equation (27).

Regional distribution of indirect benefits and costs

In Column 2 of Table 3 are expressions that constitute net indi-
rect effects of this hypothetical water transfer project. In the area of
destination, d, the expression

Z'd= Bd(M2 -1)-CT (MT-1)+Ed(Ml -1)-PdZ' (28)
d d d

represents the net indirect effect of the project; i.e., net indirect in-



come accruing to the region of destination. The term Bd (M2 -1) rep-
d

resents the increase in indirect net income realized by individuals who
service direct beneficiaries (farmers) as well as by individuals in in-
terrelated sectors of the economy; i.e., indirect associated benefits
less indirect associated costs "induced by" and "stemming from" the
project (see Appendix A). Recall, the multipliers, Ml , M2 ,

and MT, when applied to appropriate direct benefits and costs, yield
estimates of total impact .311 Thus, Bd (M2 - 1) represents indirect net

d

benefit in destination ; i.e., gross direct benefit plus indirect net benefit,
BdM2 , less gross direct benefit, Bd.

d

The term -CT (MT - 1) represents the decrease in indirect net
d

income realized in the destination economy due to increased federal
income taxes, CT . Again, one is subtracted from the multiplier to ob-

d

taro just that portion classified as an indirect effect.
The term Ed (MT - 1) represents the increase in indirect net

income realized by individuals who service the construction and main-
tenance sector, as well as individuals in interrelated sectors; i.e., indi-
rect project benefits less indirect project costs "induced by" the
project (see Appendix A).

The final term of Equation (28), PdZ', represents the destination
area's proportionate share of opportunity income sacrificed nationwide
due to displacement of previously employed resources. Net national in-
direct benefits were assumed to be zero. That is, it was assumed that,
in the absence of the project, resources attracted by indirect benefi-
ciaries of the project would be employed elsewhere in the national
economy. The term Pd represents the probability that displaced in-
come will occur in the area of destination.

The expression depicting net indirect effect of the project in the
area of origin

Z'0 = -C0 (M2 - 1) -CT (MT - 1) + E0 (M1 - 1) - P0Z'
0 0 0

(29)

may be interpreted in a similar manner. Note, in this case the multi-
plier (M2 -1) is applied to (-Co) because the sacrifice of production

0

in the area of origin implies a corresponding sacrifice in terms of indi-
rect regional net income, thereby being appropriately recorded as an
indirect cost.

38 A discussion of multipliers, including reasons for the particular formula-
tion chosen, is found later in the section entitled "Numerical Examples."
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Similarly,

Z'6=-CT (MT - 1) + E. (M1 -1)-P6Z' (30)
S S

Z'e=CT (MT-1)-PeZ' (31)
e

represent net indirect effects of the project in the areas of transit and
remainder, respectively.

Notice that net national indirect benefits are zero as per Assump-
tion 10. That is, Z' equals zero because

(Pd+Po+P6+Pe)Z'=Bd(M2 -1)-CT (MT-1)+Ed(M1-1)
d d d

-C0(M2 -1)-CT (MT-1)+Eo(M1 -1)
0 0 0

-CT (MT - 1)+E6 (M1 -1)
a 6

-CT (MT (32)
e

Recall, Z' was defined as the sum of regional indirect effects unad-
justed for indirect opportunity costs, and Pd, P0, P6j and Pe represent
the probability that net indirect opportunity costs occur in the respec-
tive areas.

Regional distribution of direct plus indirect benefits and costs
The total net effect of the project on each region is given in the

third column of Table 3. Total net income accruing to (extracted
from) the region of destination, origin, transit, and remainder, is given
by

Z*d = (BdM2 - Cd - Cd°) - CT MT + (EdMI - Fd) -
d d d

Pd(.2CT + Z') (33)

Z*o = (-C0M2 + B0) - CT MT + (E0M1 - F0) -
0 0

Pe(.2CT + Z') (34)

Z*6 =-CT MT + (E5M1 - F6) - P6(.2CT + Z') (35)
6

Z*e = -CT MT - Pe (.2CT + Z')
e

(36)

respectively. These expressions are obtained by summing net direct
effects (Column 1) and net indirect effects (Column 2) for each

region.
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From Column 1 of Table 3, we notice that all regions except the
remainder realize both direct benefits and costs. In the remaining re-
gion only direct costs, in terms of increased federal income tax ex-
tracted, are incurred. Furthermore, the regions of destination and or-
igin are the only regions where direct associated benefits occur, and
those accruing in the area of origin are deceptive, since they only occur
under the assumption of a larger offsetting direct associated cost. That
is, the net direct effect in origin is negative (loss of income to previous
water users). The regions of origin and transit share construction
benefits with the area of destination. These results are, of course,
conditioned by the assumptions made in this hypothetical transfer sit-
uation. However, the important point is that, given any project, there
may be regions realizing only direct costs, while other regions realize
both direct benefits and costs.

In Column 2 we notice that net indirect benefits and costs com-
pound the direct effect occurring in each region. Again, all regions
except the remaining region receive some indirect net income, although
offset by certain indirect costs [ CT (MT - 1) and Co (M2 - 1) ]

d(o, a) 0

and net indirect opportunity costs (PdZ', POZ', PSZ').
When indirect effects are added to net direct effects, the total net

effect on each region is obtained (Column 3). Income is extracted
from each of the four regions to bear the costs of the project. The in-
come extracted from these four regions is spent in only three of the
regions. It is obvious that income is taken from the remainder of the
nation (Region e) and redistributed to all three of the other regions.
What is not obvious at this point is the redistribution of income among
the regions of destination, origin, and transit. This redistribution can
be demonstrated by numerical example.

Numerical examples
Three numerical examples were constructed. First, following As-

sumption 4, the distribution effects of the transfer project are exam-
ined when the benefit-cost ratio equals one. Assumption 4 is then re-
laxed, and the hypothetical project is examined assuming a benefit-
cost ratio of 0.75 and 1.25.

The magnitudes of direct benefits and costs have been assumed.
The multipliers and proportion of federal income taxes paid by each
region were estimated, based on characteristics given in Assumption
7. Each is discussed in turn.

Multipliers. The increase (decrease) in economic activity on the
part of those directly affected by the transfer project (taxpayers in
all regions ; construction and maintenance firms in the regions of desti-
nation, origin, and transit; and farmers in the regions of destination
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Lilies (see discussion of indirect benefits and costs in Appendix A).
For example, an increased demand for the products and services of the
construction industry will lead to increased purchases on the part of
the construction industry from the steel industry, petroleum products
industry, and others. When the steel industry sells more output to the
construction industry, the demand on the part of the steel industry for
the products and services of other sectors will increase. Thus, indirect
effects realized by sectors servicing the construction sector are spread

effects in assessing income redistributive impacts. The assumption is

number 11-namely, all indirect effects are confined to that region
where the initiating direct effect occurs. Obviously, this assumption is

an important one and, no doubt, is not the case in many situations;
e.g., the example cited in the preceding paragraph. However, for the
limited purpose of this research, the use of this assumption seems
defensible. It appears justifiable, if for no other reason than to keep
the presentation to manageable proportions.

The particular formulation of the multipliers in the regional
models presented herein was based on the premise that changes in
indirect net income in a region are related to the total expansion of
output in all sectors of the region as a result of the original change in
output by the directly affected sectors; e.g., construction, agriculture,
and taxpayers (households). Thus, to obtain indirect net income, the
multipliers are attached to statements of gross output or income rather
than to statements of net output or income. For example, in Column 2

of Table 3 for the area of destination, we observe that net indirect in-

and origin) sets off a chain reaction of changes in the economic activity
of individuals in interrelated sectors of the respective regional econo-

throughout the economy.
A simplifying assumption is made at this point, so that regional

indirect benefits and costs can be accounted and included with direct

come resulting from increased economic activity on the part of farmers
is given by 13d (M1 -1) rather than by (Bd - Cd - C d°) (M2 - 1). The

d d

latter asserts that indirect income related to increased agricultural ac-
tivity is tied to increased farm income (profit), whereas the former
asserts that it is related to increased farm activity per se (increased
output). It is change in gross value of output (activity) that is criti-
cal in determining the magnitude of the indirect impact.

Estimates of the regional multipliers are as follows:

M1 = 1.5
d

M1 = 1.3
O

M1 = 1.2
S

0



M2 = 1.4
d

M2 = 1.2

These regional multipliers were calculated using data from input-
output models for Arizona, Oregon, and Nevada (Davis, 1968; Hof-
fenberg and Evans, 1947). From the transactions data reported by
Davis, Type I multipliers were calculated (see Miernyk, pp. 42-50).
It was necessary to disaggregate the value added rows of the Davis
models to obtain a separate household sector. This was accomplished
by weighting the value added sector by the ratio of household to value
added for corresponding sectors of the Hoffenberg-Evans model. The
Hoffenberg-Evans model was based on 1947 national data. Therefore,
the multiplier estimates should be viewed with considerable skepticism.
The estimating procedure, although crude, produced estimates accept-
able for demonstration purposes. They should not, however, be inter-
preted as "good" estimates for actual policy purposes.

The federal income tax multiplier, MT, was assumed to be the
same for each region. This multiplier was estimated to be 2.5, based
on information in the Economic Report of the President (1964, p. 8).
That is, an increase in federal income taxes of $1.00 will decrease re-
gional income by $2.50. This tax multiplier is a Type II multiplier,
whereas the construction and agricultural multipliers discussed above
are of the Type I variety. Type II multipliers relate the total income
impact, including direct, indirect, and induced effects on a region
Type I multipliers relate only the direct and indirect effects (see Mier-
nyk, pp. 42-50). Type II multipliers, being more comprehensive than
Type I multipliers, are more desirable for describing regional income
redistributive impacts of public investment alternatives. Type I multi-
pliers such as those given above tend to underestimate total impact.

Proportion of federal income tax paid by regions. The propor-
tion of federal income tax paid by each region was estimated to be:39

0.6% - for the area of destination,
0.9% - for the area of origin,
0.3% - for the area of transit,

98.2% - for the remaining region.

Thus the costs of the project borne by each region in additional federal
income tax (proportionate share of 1/2 of $1.1 billion) are:

39 Estimates were based on 1965 individual income tax receipts reported by
the U.S. Department of Commerce (1968), p. 390.



CT = 3,300,000
d

CT = 4,950,000
0

CT = 1,650,000
8

CT = 540,100,000

In addition, the proportion of federal income tax paid by each re-
gion was used as an index of the probability that (1) direct profit fore-
gone by construction and maintenance firms, in terms of alternative em-
ployment, and (2) indirect profit foregone in order to gain the indirect
benefits of the project, will occur in the respective regions. It was as-
sumed the construction gains and indirect gains are offset by indirect
losses. Furthermore, we are assuming that the distribution of the loss
is borne by the various regions according to their relative economic
activity; i.e., according to federal income taxes paid. Thus,

Pd = 0.006
P. = 0.009
PS = 0.003
Pe = 0.982

The basis chosen for these probability statements is somewhat arbi-
trary. No doubt, given prior information concerning particulars of a
specific transfer situation, improvements could be made in this re-
gard. However, in the absence of such information, proportionate
share of federal income tax burden seems a reasonable criterion in
that regional economic activity is no doubt highly correlated with fed-
eral income taxes paid.

Again, it cannot be overemphasized that the main purpose of this
bulletin is to suggest and demonstrate procedures. The particular as-
sumptions we have made are not sacrosanct. Of particular interest
here is Assumption 10; i.e., no net national indirect benefits or net
national direct construction benefits. We recognize that the work of
Haveman and Krutilla (1968) might support a contrary, or at least a
different, assumption. We believe, however, that our assumption re-
garding national indirect benefits is defensible for analyzing economic
impact of interbasin water transfer.

In any case, the procedures developed for describing regional
income redistributive impacts in this section are valid under alterna-
tive assumptions regarding indirect benefits. For example, if mass
unemployment and excess capacity exist throughout the project area,
then one could eliminate the final term from the respective direct and
indirect regional models (Table 3). If, on the other hand, considerable
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unemployment exists only in the area of destination, then only a por-
tion of construction and maintenance firm profit (.2CT) and of in-
direct opportunity cost foregone (Z') should be deducted to determine
regional income redistributive impact.

Care should be exercised in the interpretation of the results of the
hypothetical situations analyzed. The purpose of this analysis is not to
predict the consequences of any particular transfer plan. In fact, none
has been advanced in sufficient detail to permit comprehensive analysis.
Rather, the benefit of the study is to provide a framework for analyz-
ing water transfer plans when they are proposed, and to isolate the
kinds of regional distributive shifts that could occur if such plans were
actually implemented.

Example 1: B/C = 1. Substituting the assumed numerical values
for the variables in the regional models of Table 3, we obtain the
numerical values appearing in Table 4 for a B/C equal to one.

For this hypothetical problem, the area of destination is the prin-
cipal beneficiary, while the remaining region is the principal cost bearer
(Table 4, Column 3). In terms of direct income, the area of destina-
tion is the principal beneficiary, at the expense of the area of origin and
the remaining area. In the area of origin, the share of tax burden plus
opportunity cost of forfeited production plus proportionate share of
construction and maintenance opportunity cost outweighs profit to
construction firms in the area, thus there is a negative direct impact.
On the other hand, the area of transit gains because the tax sacrifice
plus proportionate share of construction and maintenance opportunity
cost is exceeded by construction firm profit in the area. The remaining
area is the principal loser.

The second column of Table 4 shows that all regions except the
remainder acquire net indirect benefits as a result of the project. In the
case of the area of origin, indirect construction and maintenance bene-
fits exceed indirect losses linked to increased taxes and forfeited pro-
duction and proportionate share of indirect opportunity costs.

Although the project is marginal in terms of economic efficiency
(Z* = 0 or B/C = 1)-no increase in net, present, and real market
value of incremental output attributable to the project-a rather signifi-
cant regional redistribution of income has taken place (Table 4, Col-
umn 3). Income has been redistributed from the remainder of the na-
tion to the areas of destination, origin, and transit without increasing
the "wealth" of the nation at all.

Regional benefit-cost ratios are presented in the final column of
Table 3. These ratios were calculated by summing up all positive en-
tries in Columns 1 and 2, subtracting from this the final item of Col-
umn 2, and dividing by the sum of the remaining negative entries.
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Table 4 EMPIRICAL RESULTS OF REGIONAL AND NATIONAL EFFECTS OF A HYPOTHETICAL WATER TRANSFER PROJECT FOR B/C = 10

(Direct benefits minus
direct costs)

Zd = + $1,500,000,000- [Bd]
- 300,000,000 - [Cd]
- 550,000,000- [Cd°]
- 3,300,000 - [CT ]

d

+ 366,666,666- [Ed]
- 293 333,333 - [Fd]
- 1,320,000- [Pd(.2CT) ]

Net indirect effect
(Direct effects
plus indirect

effects)

Z*d = + 1 496,606,666

Z,

+ 366,666,666 - [E0] ) ] Z*0 = + 8243,332

- 293,333,333 - [Fo]
- 1,980,000- [P0( 2CT)]

- 33 596,667

ZS = - 1650,000 - [CT ] Z'a = - 2,475,000- [CT (MT-1)]

366,666,666- [E.] + 73,333,333- [E0(M, -1)]
293,333,333- [Fe] "Z*s = + 141,636,666

660,000- [Pa( 2CT)] - 245,000- [PAZ']

+ 71,023,333

ZQ = - 540,100,000- [CT ]

- 216,039,999 - [Pe (.2 CT) ] Z*e = -1,646 486,665

Note: st three entries of s, and the first entry of e



That is, total benefits (direct benefits plus net indirect benefits) are
divided by total costs (direct costs plus net indirect costs) for each
region. These ratios are used later in discussing the political sensitivity
of various regions to water transfer proposals.

Examples 2 and 3: B/C = 0.75 and B/C = 1.25. The assump-
tion of a benefit-cost ratio of unity is now relaxed. Two situations are
considered: (1) we let Bd decrease to $1,075,000,000 so that B/C
equals 0.75, and (2) we let Bd increase to $1,925,000,000 so that B/C
equals 1.25. In both cases all of the change is reflected by changing
direct associated benefits in the area of destination ; all other benefits
and costs are assumed to be the same as in the preceding example. The
results of these changes are shown in Tables 5 and 6.

Table 5. EMPIRICAL RESULTS OF REGIONAL AND NATIONAL EFFECTS OF A
HYPOTHETICAL WATER TRANSFER PROJECT FOR B/C = 0.75

Net direct
effect

(Direct bene-
fits minus

direct costs)

Net indirect
effect

(Indirect
benefits minus
indirect costs)

Total net
effect

(Direct
effect plus

indirect
effect)

egional
benefit-cost

ratio

d........ + $293,713,333 608,913,333 + 902,626,666 2.2
o........ - 33,596,667 43,369,999 + 9,773,332 1.0
s........ + 71,023,333 71,123,333 + 142,146,666 1.5
e........ - 756,139,999 723,406,665 -1,479,546,664 0

- 425,000,000 - 425,000,000 0.75

Note: Z' was negative for this formulation, since MT is disproportionately
larger than other multipliers (see discussion, p. 51), thereby making negative in-
direct income tax effects outweigh positive indirect benefit effects. (The dispro-
portionality, of course, holds for the other tables as well.) Therefore, in this case
PaZ', P X, PaZ', and P0Z' were all positive.

Notice that direct benefits change only in the area of destination,
whereas the indirect and total impact changes in each region because of
a change in allocation of unadjusted indirect net benefits back to each
region. That is, PdZ', POZ', PSZ', and PeZ' all changeas Z' changes, due
to a change in [ Bd (M2 - 1) ]. These examples still show the area of

d

destination as the principal beneficiary, while the remaining area bears
most of the cost.
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Table 6. EMPIRICAL RESULTS OF REGIONAL AND NATIONAL EFFECTS OF A
HYPOTHETICAL WATER TRANSFER PROJECT FOR B/C = 1.25

egion

Net direct
effect

(Direct bene-
fits minus

direct costs)

Net indirect
effect

(Indirect
benefits minus
indirect costs)

Total net
effect

(Direct
effect plus

indirect
effect)

egional
benefit-cost

ratio

d........ +$1,143,713,333 + 946,873,333 +2,090,586,666 2.8

o........ - 33,596,667 + 40,309,999 + 6,713,333 1.0

s........ + 71,023,333 + 70,103,333 + 141,126,666 1.5

e........ - 756,139,999 -1,057,286,665 -1,813,426,665 0

Nation + 425,000,000 + 425,000,000 1.25

Regional impacts and implications of water transfer schemes
The preceding analysis makes it quite clear there are numerous

considerations of economic and political importance, aside from the
economic efficiency aspects, of a water transfer project. Even though
a project is neutral with respect to its effect on national income, it may
have very different effects on various regions. Consequently, the po-
litical appeal of a particular project may have little to do with whether
it is desirable on a national economic efficiency basis.

Reference to Table 4 will make this clear. When direct effects
alone are considered, the transfer plan assumed here involves a transfer
of income from all regions to the area of destination and transit. The
greatest negative impact falls on the remainder region. When indirect
effects are taken into account, the area of origin shifts from a deficit
to a beneficiary position.

The examples presented herein make it quite clear that interbasin
water transfer, given present methods of financing, are clearly a matter
for national concern. In view of this, it may seem strange that the
major protagonists are usually found in the areas of origin and desti-
nation. Upon examining Tables 4, 5, and 6, we observe why this is the
case. It is easy to see why the area of destination would be biased in
favor of transfer proposals. In the first example outlined above, ap-
proximately $1.5 billion would be transferred annually to the area of
destination. Despite the fact that national income is unaffected for
every acre-foot of water transferred, the transfer plan would redistri-
bute $75 of income per acre-foot to the area of destination. It is not
difficult to understand why segments of the population in the areas of
destination tend to unite in favor of such proposals. Even though the
remainder of the nation bears the brunt of transfer plans, generally
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Another component of a political sensitivity index might he repre-
sented by the magnitude of the gain or loss experienced by one person.
Even though the aggregate effect on a region may be quite large, the
issue may not become politically sensitive if the impact is widely dis-
persed. Thus, in the remainder region, political opposition to a water
transfer plan may not be expressed because the loss in terms of in-

speaking, no clear statement of position is usually taken. The best
explanation is probably that the effect is spread so widely that no logical
spokesman emerges. At the same time it would be difficult to deny the
validity of their interests, if one holds to the democratic principle that
those who are affected by a decision should participate in its making.

It is somewhat more difficult to predict the political stance of the
area of origin from the tables. The positive indirect benefits offset the
net direct benefit loss in the examples presented. Yet, typically, areas of
origin have been the most outspoken opponents of water transfer
plans. The explanation may lie in the opportunity cost [-(C0 - Bo)]
associated with the water transferred. While this cost may be rather
small in terms of total impact, it is an obvious cost that can be identified
and visualized by the average citizen. This is in contrast to costs associ-
ated with increased taxes or inflation resulting from government ex-
penditures. Such costs are difficult to identify with a particular project,
and often are not translated into political action. However, one should
not conclude that people in areas of origin are always united in their
opposition to water transfer projects. Some people in such areas are
in favor of such projects; no doubt some are beneficiaries of indirect
benefits. Support for such projects is also often found in areas of
transit. This can be explained by the indirect benefits occurring in the
transit area.

One might speculate regarding the use of economic indicators as
measures of political sensitivity. Two possible components are identi-
fied herein. One component might be measured by the magnitude of the
relative gains and losses experienced by a region. Regional benefit-
cost ratios have been calculated in Tables 4, 5, and 6. Examination of
these ratios reveals that there is little relationship between the size of
the regional benefit-cost ratio and that for the nation. For example,
while the national benefit-cost ratio is unity, the benefit-cost ratios for
the regions of destination, origin, transit, and remainder are 2.3, 1.0,
1.5, and 0 respectively (Table 4). Even when the national benefit-cost
ratio is less than 1, a regional benefit-cost ratio may be very large
(Table 5).

creased taxes and indirect losses associated therewith, while obvi-
ously significant in aggregate, is spread over so many individuals that
the impact on any single individual is viewed by the individual as being
insignificant.
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3. The net, present, and real market value of incremental national
output is positive, given a transfer project, only if aggregate net value
product in the area of destination (assuming no value in transit) ex-
ceeds the cost of constructing and maintaining the transfer vehicle
plus the aggregate net value product forfeited in the area of origin.

4. Net. present, and real market value of the incremental national
output will he greatest only if the least-cost (consistent with delivering
a specified quantity and quality) means for supplying water in the

indirect costs and pecuniary externalities.
We hope that the theoretical framework developed in Part 1 of

this bulletin, together with the empirical demonstrations of Part II,
will prove useful in guiding economists as they attempt to provide
relevant information for decision-making regarding interbasin water

Summary and Concluding Remarks

In this bulletin we have attempted to establish the following:
1. Economic efficiency and income redistributive effects of inter-

basin water transfers must be considered as separate and distinct
issues.

2. Only marginal uses of water should be considered in evaluating
the national efficiency implications of interbasin water transfer
schemes. Furthermore, except under unusual circumstances, only direct
benefits and costs associated with these marginal uses (or in the area
of origin, the affected uses) should be accounted.

destination area is chosen.
5. A necessary condition for positive value of incremental out-

put and prevention of "overscaling" is that aggregate marginal value
productivity of water in the destination area must equal or exceed
aggregate marginal costs of transfer plus "net" aggregate marginal
value productivity foregone in the area of origin.

6. The efficiency model and necessary condition can be extended
to include multiple uses, value in transit, and production interdependen-
cies.

7. The marginal value productivity of water in irrigated agricul-
ture can be estimated using aggregated secondary data sources.

8. Regional income redistributive impacts of interbasin water
transfer schemes can be estimated by accounting regional direct and

diversion. At this point in our nation's history, when the political
pressure for interbasin water transfer is bound to become increasingly
intense, it is most urgent that economists clearly communicate the
economic implications, including expected regional impacts, of pro-
posed diversion schemes.

In this context, the following conclusions and questions seem
appropriate:
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A nation may properly establish procedures for determining
the economic efficiency aspects of interbasin water transfer. It may
also wish to establish economic efficiency criteria in the form of neces-
sary conditions that must be met before such projects may be author-
zed.

The economic effect of water transfer projects is never limited
to economic efficiency aspects. Far-reaching income redistribution ef-
fects also exist. Complete economic analysis of water transfer projects
should bring such effects into the open. Tools of analysis now exist
to permit such estimates to be made.

If the principal economic effect of a transfer plan is to redistri-
bute income in favor of a particular region, national income distribu-
tion and regional economic growth objectives should be analyzed. To
what extent is the particular income distribution being brought about,
consistent with national objectives ? Is it consistent with national policy
to stimulate growth in this particular region? If so, is water transfer
the least-cost method, or the most efficient method of bringing about
the realized income distribution and regional economic growth effects?

When economic objectives other than economic efficiency are
used as a significant justification for public investment, alternative
means for achieving these other objectives should be considered and
analyzed if rational social action is desired. Yet, if this were to become
national policy, a new institutional structure for this purpose would
need to emerge. If such institutions were to emerge, water resource
development projects, including water transfer projects, would be
subjected to economic consequence analysis by other than water re-
source development agencies.

If this bulletin serves its intended purpose, it will be a guide for
any public or private agency, whether it is a water resource develop-
ment agency or not, which wishes to analyze and estimate the economic
consequences of water transfer projects. In view of the fact that the
nation, through the National Water Commission and the Water Re-
sources Council, is currently reassessing its water policies, it is hoped
this bulletin will be useful in this context.
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APPENDIX A. Classification of Benefits and Costs

This appendix is devoted to a discussion of a benefit classification scheme.
This classification is presented schematically in Figure A-1. For purposes of this
classification, the level of aggregation of interest is assumed to be the nation.
The objective of interest is the maximization of the net, present, and real market
value of incremental output resulting from a particular resource development
project.' The classification scheme is presented with the destination area (that
economic area to which water is diverted) as the focus.z

Relevance to objective function
Since the terms benefit and cost (Level I) are objective specific, they may be

stratified into two distinct classes (Class A and Class B; Level II) as is illus-
trated in Figure A-1. At Level II benefits and costs are broken down into two
categories: (1) those for which the objective function of interest is relevant
(Class A) ; i.e., those benefits and costs which can be expressed in the same units
as the dependent variable, and (2) those for which the objective function of
interest is largely irrelevant (Class B) ; i.e., those benefits and costs which cannot
and, in fact, in some instances should not be expressed in the same units as the
dependent variable of the objective function (in this case, real dollars). Class A
benefits (costs) are those effects that tend to increase (decrease) the present
and real market value of incremental output. Class B benefits and costs include
those relevant to other objectives ; e.g, income redistribution and provision of
entrepreneurial opportunity.

The following substratifications are relevant to Class A benefits and costs.
The terminology used in the benefit classification scheme presented herein is
consistent with that which has been traditionally used in benefit-cost literature.
Generally the objective to which these terms have been related is one of maxi-
mizing the net market value of incremental goods and services resulting from the
project. Although the same logic might be followed, it is questionable whether
the same breakdown is useful or even relevant for other possible objectives
(Class B).

Direct benefits and costs
Direct benefits (Level III) represent increases in the present and real

market value of the immediate products and services attributable to the project.

Direct costs (Level III) represent decreases in this value. These benefits and

costs, which may be distinguished as being either "project" or "associated," are
defined as follows:

l/ Direct project costs-decreases in the present and real market value of
incremental national output that are incurred in order to build and maintain the
development structures (reservoirs, dikes) These costs represent the opportunity
cost of not using the resources in their next best alternative, and are reflected by
factor prices. Direct project costs occur during project construction (construc-
tion costs) and during project operation (maintenance costs).3

1 Maximization of value of incremental output is generally the objective assumed in most
benefit-cost classification schemes. Consequently, it is the objective around which the basic
terminology has evolved

2 The discussion under the various direct and indirect associated benefit and cost cate-
gories is not relevant for the area of origin. Basically, a converse argument holds for these
categories for the area of origin. Since, in the area of origin we are dealing with foregone
opportunities, value of incremental output forfeited must be registered as a cost and factor
costs no longer incurred must be registered as a benefit.

9 The class of direct project benefits is empty. Any benefit that is related strictly to the
construction or maintenance of the project cannot be direct
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Direct associated costs--decreases in the present and real market value
of incremental national output that are incurred (beyond direct project costs) in
order to realize the direct associated benefits. These costs are borne by direct
beneficiaries, such as irrigators. Like direct project costs, these costs represent
the opportunity cost of not using the resources in the next best alternative, and
are reflected by factor prices.

In terms of beneficial-} income, direct benefits represent gross income accru-
ing to those producing (consuming) the immediate incremental output of the
project. For example, if the project was to provide irrigation water to farmers,
direct benefits represent the increase in gross income to those farmers on the
project. Direct costs would include not only those of constructing and maintaining
the project (direct project costs) but also those incurred by the farmers in order

rect benefits are benefits resulting from Lite economic activity generated in the
process of realizing direct benefits. Indirect benefits (costs) are realized (borne)
by those individuals who service direct beneficiaries as well as by individuals in
other interdependent sectors of the economy. Given the assumed objective func-
tion, indirect benefits (costs) may he explicitly defined as effects which tend to
increase (decrease) the present and real market value of incremental national

l/ Direct associated benefits-increases in the present and real market value

of incremental national output that are realized from the sale4 of the immediate
products and services attributable to the project. The class of direct associated

benefits exhausts the class of direct benefits, because the class of direct project

benefits is empty. Hence, all direct benefits must be associated benefits. Direct
benefits cannot be realized until the project is operative.

to generate the increased gross income (direct associated costs).

Indirect benefits and costs
At Level IV (Figure A-1) indirect benefits and costs are considered. Indi-

output exclusive of direct benefits (costs). The concept of indirect benefits is
perhaps more meaningful if one translates market value of incremental output
into terms of beneficiary income.

Under this translation, indirect benefits and costs may be specifically defined
as follows:

Indirect project benefits (a) Incremental gross income earned by individuals
owning factors (e.g., labor) employed in the construction or maintenance of the
project, as well as (b) incremental gross income earned by individuals in other
sectors of the national economy that are related to the construction and mainte-

nance sectors ("induced by"). That is, total indirect project benefits represent a
summation of incremental gross incomes earned (as a result of the project) by
the construction and maintenance sectors and that earned by other interrelated
sectors due to the increased spending of the construction and maintenance
sectors.

Indirect project costs. (a) The opportunity gross income forfeited by indi-
viduals owning factors employed in the construction or maintenance of the
project, as well as (b) the cost of the factors required to produce the incremental
gross income in those other sectors of the national economy that are related to
("induced by") the construction and maintenance sectors. That is, total indirect

4 In some instances the product or service in question is an "extra market good," which
is not traditionally allocated by the market mechanism. In such cases (e.g., recreation), the
market value of these goods may be measured in monetary terms by procedures which involve
attributing a value to them (Brown and others, 1964; Stevens, 1966). In order to develop a
complete benefit classification scheme, one could separate Level III benefits into "market"
and "extra market" varieties. However, such a distinction is not essential for purposes of
this bulletin.
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Indirect associated benefits. These include (1) increases ill gross income (a)
earned by individuals in those sectors of the economy that process the incre-
mental output of the project, as, well as (b) that earned by individuals in those
sectors related to the processing sector ("stem from") ; (2) increases in gross
income (a) earned by individuals in those sectors of the economy that provide
the necessary inputs to direct beneficiaries for production of the incremental out-
put, as well as (b) that earned by individuals in those sectors related to ("induced
by") the input providing sectors; and (3) increases in gross income (a) earned
by individuals in those sectors of the economy that provide all outlet for the
additional consumption expenditures that result front the increased income avail-
able to primary beneficiaries, as well as (b) that earned by individuals in those
sectors related to ("induced by") the consumptive goods sectors.

Indirect assaudatrdcosts. These costs include (1) (a ) the cost of additional
factors employed ill those sectors of the economy that process the incremental
output of the project, as well as (b) the cost of additional factors employed in
("stemming front") those sectors related to the processing sectors; (2) (a) the
cost of additional factors employed in those sectors of the economy that contrib-
ute necessary inputs to the direct beneficiaries, as well as (b) the cost of addi-
tional factors employed in those sectors related to ("induced by") the input pro-
viding sectors; and (3) (a) the cost of additional factors employed in those
sectors that provide an outlet for the additional consumption expenditures that
result from the increased income available to primary beneficiaries, as well as
(h) the cost of additional factors employed in those sectors related to ("induced

Traditionally a distinction is made between "induced I'v'' and "stemming
from" indirect benefits. Induced benefits (costs) usually refer to increases in

gross incomes (additional costs) that accrue to individuals supplying inputs and

consumption items to primary beneficiaries, whereas stemming benefits (costs)
refer to increases in gross incomes (additional costs) that accrue to individuals in

product processing and marketing industries ( L'ckstein, l%5). This interpreta-
tion refers to only tile first iteration effect. Such a distinction slakes little or no
sense beyond the first iteration. Most writers distinguish between "induced by"
and "stemming from" indirect benefits in ;ill attempt to identify how economic
activity on the part of primary beneficiaries initiates changes throughout the rest
of the economy. Such a distinction is of no practical value, in that it neither clar-
ifies nor adds precision to the concept of indirect benefits.

For our purposes. the terms "induced by" and "stemming from" indirect
benefits are used in a slightly different context. The terms refer not only to the
first iteration effects, hilt to the second through n"' iteration effects as well.
Given this expansion of these terms, they now represent true classes since, taken
together, they are exhaustive of the universe (which is not as traditionally
interpreted). and they are mutually exclusive ( Conklin, 19(10).

project costs represent a summation of the incremental gross incomes forfeited
by the construction and maintenance sectors as a consequence of not employing

factors in an alternative use, and the cost of the additional factors required to

produce the additional gross income in interdependent sectors.

by") the consumptive goods sectors.
In the above definitions of indirect benefits and costs the statements de-

noted "(a)" represent what one might call the first iteration of the incremental
gross income (cost) effect, whereas statements denoted "(b)" represent the
second through the me remaining iterations of the multiplier effect.
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APPENDIX B. Mathematical Appendix

Notation

Subscripts:
d - denotes the area of destination.
o - denotes the area of origin.

e - denotes that area exclusive of the area of origin and destination
(elsewhere or remainder).

i - denotes product index, where i = 1,. ,u for the area of destination
and i = 1, - ,w for the area of origin.

j - denotes input index, where j = 1, - - , v.

Note: All imputs need not be used in the production of each
product; i.e., the kth input may be zero for the lth output.

t - denotes time index, where t = 1, , n.

Variables:
Z - denotes net, present, and real market value of incremental na-

tional output.

Bt - denotes gross benefits in time period t.
Ct - denotes gross costs in time period t.

Bd(o,e) - denotes gross benefits in the area of destination (origin, re-
mainder), aggregated through time.

Cd(o,e) - denotes gross costs in the area of destination (origin, remain-

der), aggregated through time.
TVPd - denotes total value product of water employed in its marginal

use(s) in the area of destination, aggregated over firms and
through time.

TYPO - denotes total value product of water employed in a curtailed
use(s) in the area of origin, aggregated over firms and
through time.

TFCd - denotes total factor cost associated with the production of that
product(s), representing the marginal use of water in the area
of destination, aggregated over firms and through time.

TFCO - denotes total factor cost associated with production foregone
in the area of origin, aggregated over firms and through time.

MVPd - denotes marginal value productivity of water employed in its
marginal use(s) in the area of destination, aggregated over
firms and through time.

MVPO - denotes marginal value productivity of water employed in a
curtailed use(s) in the area of origin, aggregated over firms
and through time

MFCO - denotes marginal factor cost of water employed in a curtailed
use(s) in the area of origin, aggregated over firms and
through time.

CT - denotes total cost of constructing and maintaining the transfer
vehicle, aggregated through time.



IVILT - denotes marginal cost of constructing and maintaining the
transfer vehicle, aggregated through time.

ytdt - denotes the it" product produced in the area of destination
during the tt" time period.

yiat - denotes the it" product produced in the area of origin during

the tt" time period.

Note: It may be necessary to consider more than one use in
either the area of destination or origin, in that the use
having the lowest marginal value, given the allocation of
water, may not exhaust the total quantity of the re-
source to be transferred. Also, the possibility of inter-
dependent production processes necessitates allowance
in the notational scheme for more than one product.

x; - denotes the j t" input used in the production of a product, where
x, denotes water.

P,dt - denotes the price of the it' product in the area of destination
during the tt" time period.

Pitt - denotes the price of the it" product in the area of origin
during the tt" time period.

rids - denotes the price of the jt" input in the area of destination

during the tt" time period.
riot - denotes the price of the jt" input in the area of origin during the

tt" time period.

Note: It is prices in the tt" time period that are relevant for

valuing products produced and factors employed during

that time period (see McKean, 1958, p. 140). Impacts due
to product and factor price changes traceable to the

project (pecuniary externalities) are appropriately con-

sidered as distributive effects of the project.

Functions:
y.dt (x,, , x,-) - denotes a firm's production function for the it" product

in the area of destination during the tt" time period.
ylot(x,,,x,.) - denotes a firm's production function for the it" product

in the area of origin during the tt" time period.
lit - denotes the cost function for transferring water during

the tt" time period.
kiot - denotes the marginal factor cost function for the jt"

input in the area of origin during the tt" time period

Parameters:
41s - denotes the discount rate applied to benefits.
41c - denotes the discount rate applied to costs.

m;dt - denotes the number of firms in the area of destination producing
the it' product during the tt" time period.

mtat - denotes the number of firms in the area of origin producing the
it" product during the tt" time period.



Note: midi and mint represent only the number of firms in-
volved in the production of that quantity of it" product
which is incremental with respect to the transferred
water. Hence, mint (mint) does not necessarily equal the
total number of firms producing the it" product in the
area of destination (origin). It is the net increase (loss)
in output resulting from the transfer that is of interest.'

It should be noted that while Ykdt and ykot represent the same product (the
kt" product), this product may be relevant for the area of destination (it may
represent the marginal use of water, xr) but not for the area of origin. Hence,
ykta would appear in the model, whereas ykot would not. Also, it is important to
note that, while Pkdt and Pkot (rkdt and rkot) represent the price of the same
output (input), they need not be equal.

Assumptions
The following assumptions are made to simplify the development and pre-

sentation of the efficiency model and subsequent derivation of a necessary condi-
tion for water transfer:

1. National indirect benefits and costs are zero.
2. The marginal use in the area of destination involves a single independent

production process. Assume that this use is represented in the production of ybat
and that this use exhausts that quantity of water under consideration for transfer.
Assume that the only use foregone in the area of origin involves the production
of yoot.

3. The resource to be transferred has no value in transit.
4. Perfect competition exists in all product and factor markets. Thus, Pidt,

Piot, rids, and riot may be considered as parameters for our purposes. This
assumption is merely made to simplify and, hopefully, clarify the presentation
of the model ; if imperfect competition or price and cost functions were incorpo-
rated, the conclusions (e.g., a necessary condition for efficiency in resource trans-
fer) would remain unaltered.

The efficiency model
The basic rudiments of the efficiency model were presented in Part I. Given

the objective of maximization of net, present, and real market value of incre-
mental national output resulting from a water transfer project, the efficiency
model was stated symbolically as

n
Z =

t-11 (1 'B)t (1+',C)t

Bt Ct

which was given a regional interpretation as

Z = Z,(B0, Bd, Bo, Co, Ca, Ce, Cr)

Under the assumption that Bo = Ce = 0, the model was reduced to

Z = ZI(Ba, Bd, Co, Cd, CT)

(a-2)

(a-3)

I In order to obtain the conclusions reached in this bulletin, it is not necessary to assume
that production functions across firms (intraregional) are identical. However, the generality
that might be gained by the addition of a firm subscript to the variables is seemingly offset by
the added confusion associated with a more cumbersome notation



2 The cost of water (j=1) has already been accounted for, in the model, as
Cr. Hence, j is summed from 2 through v, rather than from I through v. At this
point it is taken as given that the transfer scheme under consideration is the
least-cost means of supplying water in the area of destination. Thus, it is appro-
priate that C, is included in the model, whereas r,,,,x, is not. To include both in
the model would be to double account for the cost of employing the transferred
resource in the production of

Recall that TYPO represents output foregone as a consequence of the re-
source transfer; i.e., it represents it cost. Hence, the discount applied is 'I',, TPC
represents it benefit and is therefore discounted accordingly. The logic involved in
using different discount rates for benefits and costs was discussed in Footnote 12
of Part 1.
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or more specifically

Z=Ba- Ca- CT- Co+Bo (a-4)

Substituting appropriate proxy variables for benefits and costs, we obtained

Z = (TVPo - TFC,,) - [CT + (TVPo - TFC0) ] (a-5)

Note that Equations (a-1), (a-2), (a-3), (a-4), and (a-5) correspond to
Equations (1), (2), (3), (5), and (6), respectively.

The variables in the efficiency model (a-5) may be more explicitly expressed
by making the following substitutions. Let

n pbatybdt
TVP1 = I mbar (a-6)

tt1 (1+'8)t

where ybat represents the marginal use of the transferred resource in the area
of destination. That is, the aggregate total value product in the area of destina-
tion equals the discounted total revenue stream received by a representative firm,
multiplied by the number of such firms producing ybat. Let

v 2

1 rjatxj
n j=2

TFCd = Y- mbar (a-7)
t=1 (1+`pc)t

i.e , the aggregate total factor cost associated with the production of ybat equals
the discounted factor cost streams incurred by a representative firm multiplied by
the number of such firms. Similarly, let

n pcotycot
TVPo = E moot

t=1 (1 +tpc)t

V 3

rjotxj
n j=1

TFCO = 2 mot
t=1 (1+`DB)t

Substituting (a-6), (a-7), (a-8), and (a-9) into (a-5), we obtain

(a-8)

(a-9)



Y -t = fcot (x . ,X0.

it
nit,d t

t=1
t=1

T Ill,-ot
t=1

.., c..

t

n
CT+ moot

=i
(a-10)

In order that (a-10) may be expressed strictly as a function of the input
variables, substitutions must be made for ybdt, yoot, CT, and riot. Product and in-
put prices (with the exception of riot) are considered as parameters rather than
as variables for the sake of simplicity. The variables listed above may be ex-
pressed as a function of inputs as follows:

The production function for ybdt may be expressed as

(a-11)

(a-12)

The costs of constructing and maintaining the transfer vehicle may be expressed
as

(a-13)

i.e., costs of transfer are assumed to be a function of the quantity of water to be
transferred. The price (cost) of x, in the area of origin (riot) may very well be
a function of the quantity consumed by the individual firm, just as the variable
cost of transferring x, was hypothesized to be a function of the quantity trans-
ferred. In order to allow for this possibility and to demonstrate the applicability
of the model with respect to flexible as well as fixed input and product prices,
the price (cost) of employing x, in its foregone use in the area of origin is ex-
pressed as a function of x,. That is,

(a-14)

Incorporating (a-11), (a-12), (a-13), and (a-14) into (a-10), the efficiency
model is completely specified as

z= pbdtybdt(x1, ..'X0

k,ot(x,)x, + E
pcotycot (Xi, ,X0) j=2

ht(x,)

(1+''c)t

(a-15)

To summarize, the efficiency model states that the net, present, and real market
value of incremental national output is equal to the aggregate net value product
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V
E riatx3

PbdtYbdt j=2
mbar

(1+"'B) t (1+4c)t

peotycot

v
Z rjotxj

j=1
(1+'1c)t (1+,1,e)t

Ybdt = ybat (xlk, ,xv)

Similarly, the production function for ycot may be expressed as

n
CT =

t=1

ht (xi)
(1+4'c) t

riot = kiot(xi).

v
E riatxj

j=2

(1+`ia)t +ti'c)t

rjotxj

(1+4'0)' (1+tt'H) t



in the area of destination less the cost of constructing and maintaining the
transfer vehicle less the aggregate net value product forfeited in the area of

origin, where the net value product in the area of destination is calculated on

the basis of the marginal use of the resource under consideration for transfer.

A necessary condition for efficiency in water transfer

Conditions necessary for the maximization of Z may be derived by setting
the first partial derivatives with respect to the v input variables equal to zero.
Taking the first partial of Z with respect to x, and setting equal to zero, we
obtain

aZ n pbdtaybdt/aXl

- = u mbdt
ax, t=1 (1+4'B)t

11

t=1

aht/axl

(1+4'c)'

n Pcotaycot/axl n kmt(xl)+xak,ot/axl
- moot + E moot = 0' (a-16)

t=1 (1+4'c)t t=1 (1+41B)t

It is not our purpose to impose the condition that Z be maximum, but rather
that Z be non-negative and less than or equal to its maximum. Thus, the neces-
sary condition for a maximum is relaxed by requiring an inequality rather than
the strict equality. Rearranging the terms of (a-16) and replacing the equality
with the appropriate inequality, the following necessary condition for efficiency in
water transfer is obtained:

n pbdtaybdt/aXl
mbdt

t=1 (1+'I'B)t

n
-

t=1

If we let

4 The other v-1 necessary
the purpose at hand.

n
mbdt

t=1

n aht/ax1 n pcotaycot/axl
+ E M.

t=1 (1+4'c)1 t=1

k,ot (xi) + xl ak,ot/ax,

(1+d'B)t

pbdtaybdt/ax,
= MVP4

(1+,pB) t

n aht/ax,

= MCT
t=1 (1+4)c)'

n
moot

t=1

n
mca

t=1

pcotaycot/ax,
MVPO

(1+4ic) t

(1+`1'c)t

(a-17)

k,ot (x,) + x,aklot/ax,
= MFCO

(1+1'B)t
conditions for a maximum are not of particular interest for
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ri, axi,

n

t=

then (a-17) may be expressed as

(a-18)

That is, if the net, present, and real market value of the incremental national
output expected from a proposed water transfer scheme is to be positive, and if
the scheme is not to be overscaled, then the aggregate marginal value productivity
of water in the destination area must equal or exceed aggregate marginal costs of
transfer plus the "net" aggregate marginal value productivity foregone in the
area of origin.

Extensions of the efficiency model

More than one marginal use. The fully elaborated model to which Equation
(9) corresponds and from which Equation (10) was derived, follows:

n w
Z = Z mtat Pidtyidt(x1,,Xv

t=1 i=1

V
1

j=2

n W piotyio

t=1 i=1

V

klot(x,i)xii -f- I riotx,i
i = 2

(a-19)

where the new notation xi i represents the j th input used in the production of the
it, output. That is, the net, present, and real market value of incremental output
resulting from the project equals the "net" total value product of x, in marginal
uses in the destination area (aggregated across firms and through time), less
costs of transfer (aggregated through time), less "net" total value product of x1
in foregone uses in the area of origin (aggregated across firms and through
time).

Production interdependencies. In Part I we argued that if the marginal use
of water involves a production process which is interrelated with another of the
same firm, then the value of water in its marginal use must be adjusted to reflect
that interdependence.

Before proceeding to incorporate considerations of interdependent produc-
tion into the basic efficiency model, the concept of intrafirm interdependence is
discussed more fully. Let the production functions for Y and YB be given by

5 Note, all inputs in the area of destination may not appear in the production
and cost functions for each output, yidt. Similarly, in the area of origin all inputs
need not appear in every production function.
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MVPd ? MCr + (MVPo - MFCo)

(1+4'B)`

h t (Xi )

(1+f',)'

(1+4'c)

(1+48)`



where N is a by-product of YA which affects the production of YB. If aN/aYA
and aYB/aN are both positive or both negative, then an increase in the production
of YA enhances the production of Y. However, if aN/aY:. and aYB/aN differ in
sign, then an increase in the production of Ye impedes the production of YB.
Consequently, if aN/aYA and aYu/aN have the same (opposite) sign, then in
considering the value of a resource in the production of YA, an upward (down-
ward) adjustment must be made to reflect the value (disvalue) of the production

fected uses in the area of origin, the basic efficiency model (a-15) must be ap-
propriately expanded. The implication of product interdependence is demon-
strated, assuming that the marginal use in the destination area entails the produc-
tion of a product which, in turn, affects the production of another produced by
the same firm(s). The expansion of the model to accommodate interdependen-
cies in the area of origin parallels that of the destination area. Let the marginal
use of x, in the area of destination be in the production of. yo at which, in turn,

1

YA = YA(xl,...,x,,N)
I

YB = Ys(x1,,xo,N)
2

(a-20)

(a-21)

of YA in the production of Ys.
If intrafirm product interdependencies are associated with the marginal use

of the resource to be transferred in the destination area or with one of the af-

affects the production of Yb dt. Let the production functions for yb1dt and
2

Yb at be given respectively by

Yb
1
dt = yb1dt(Xib1,,Xv

1
b

1
N)

Yb
2
dt - yb2dt(X1b2, ,Xv

2
b

2
N)

where

(a-22)

(a-23)

xib , -,Xo b represent v1 factors used in the production of Yb dt
1 1 1 I

and N, and

x1b , ,xv b ,N represent v2+1 factors used in the production of
2 2 z Yb dt,

2

and where

Xib represents the resource to be transferred (x1 used in
1 the production of yb dt).

Since N is jointly produced with yb dt, the production function for N may be
1

represented as an inverse of (a-22) ; i.e.,

N = N(Xib ,.-,xv b yb dt) (a-24)
1 1 I 1

Considering both the production of Yb dt and N, the basic efficiency model (a-15)

may be elaborated to accommodate product interdependencies as follows:
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1e4-l) \ =) 

('tqi I I ) 

(a-25)

where pN represents a shadow price for the by-product N, and is given by
Pb dtayb dt/aN (the marginal value productivity of N in the production of

2 2

Yb at) That is, the net, present, and real market value of incremental output re-
2

sulting from the project equals the "net" total value product of x, in the produc-
tion of yb dt and N in the destination area (aggregated across firms and through

time), less costs of transfer (aggregated through time), less "net" total value
product of x, foregone in the area of origin (aggregated across firms and through
time).

A necessary condition for efficiency in resource transfer is

++4,B)t
I. (a-26)

(a-27)

where MVP*d denotes the marginal value productivity of the transferred re-
source in its marginal use in the destination area, adjusted for its indirect impact
on the production of an interrelated product. The adjustment factor is given by

nZ = I
t=1

Pb dtyb dt(XIb , ,XV b N) + , ' . . X '
I , 1 1 1 1 1 3

(1+d'B)t

V

That is,

nI 111b It
t=1 i

vi
F+ rjatxjb

j=2

ht (xi) PcotYcot (x,,. ,xv)
+

(1+I'c)t (1±4c)t

k,ot(Xi)xi + I rjotxj
j=2

(1-1-t1'B) t

Pb dtayb dt/aXlb + (pb dta)'b dt/aN)aN/axob
1 1 1 _ _ 1

n aht(xo)/ax1

t=1 (1+4c)t

k,ot(x1 + xiaklot(xi)/ax,

MVP*d ? MCT + (MVP, - MFCo)



(pb2dtayb2dt/aN) aN/aX1bl = Pb, dtayb2dt/aXlb1 (a-28)

Accordingly, the marginal value productivity of the resource in its marginal use
is adjusted upward if that production enhances the production of another product
produced by the same firm; i.e., if ayb dt/aN and aN/axlb have the same sign

2 1

which implies that ayb dt/aX1b > 0 (the marginal productivity of the resource,
2 1

applied in the production of yb at, in the production of yb dt). Conversely, the
1 2

adjustment is downward if the production of another product is impeded; i.e., if

ayb
2
at/aN and aN/axlb are opposite in sign, which implies that ayb

2
dt/aX1b

1
<0.

In Part I we argued that if the marginal use of water involves a production
process which is interrelated with that of other firms, then the value of water in
its marginal use must be adjusted to reflect this interdependence if such effects are
uncompensated.

Interfirm production interdependence is merely an extension of the intrafirm
argument to separate firms. Again, let us assume that the production function for
Yb dt (the production of which represents the marginal use of x1 in the destina-

tion area), and for N, which is jointly produced, is given by (a-22), and that the
production function for Yb dt which (in this case) involves other firms, is given

by (a-23). Since a by-product of the production of yb dt-namely, N-affects the

production of yb at, and the firm producing N is uncompensated by the firm pro-

ducing ybl at or vice versa, then the basic efficiency model can once more be

represented by (a-25). In this case, the shadow price for N, pN = Pb dtayb dt/aN,
2 2

represents the marginal value productivity of N in the production of yb at which
2

is produced by other firms.
Likewise, a necessary condition for efficiency in transfer is given by (a-26)

or (a-27). The marginal value productivity of the transferred resource in its

marginal use in the destination area is increased (decreased) by (Pb dtayb dt/aN)
2 2

aN/axlb which represents the marginal value productivity of the resource, ap-t

plied by firms in the production of yb at, in other firms' production of Yb dt. The
1 2

direction of the adjustment depends upon the signs of ayb dt/aN and aN/axlb , as
z

in the preceding case.



APPENDIX C. Definition and Method of Calculating Magnitude of
Variables in Empirical Model

Total value productivity, TVP
Total value productivity is defined as the value of all crops harvested in

1964. Since the census data are reported by county for value of all crops sold (or
to be sold) rather than for value of all crops harvested, the required data were
generated indirectly. The value of all crops used for on-farm livestock feed was
added to the value of all crops sold.

The following procedure was used to measure TVP for each observational
unit. First, the value of all crops sold, v,, was recorded (County, 6).1

Secondly, the value of hay and silage crops harvested for livestock feed, vi,

was calculated (on an individual crop basis) by subtracting tons sold from tons

harvested2 (County, 13) and multiplying by the appropriate price. The price for
each hay and silage crop was calculated by dividing the value of crop harvested

by quantity harvested (State, 9) on a statewide basis.
Thirdly, the value of feed grain crops harvested for livestock feed, v3, was

calculated (on an individual crop basis) by: (1) subtracting bushels sold from
bushels harvested (County, 13) ; (2) from this difference, projected bushels for
seed (if greater than zero) were subtracted;3 (3) this residual was then multi-
plied by the appropriate price, calculated as above (State, 9). The resulting
value was recorded as value of feed grains for livestock feed, v3.

Finally, the total value of all crops harvested per farm for each county was
recorded as the sum of all crops sold, the value of hay and silage crops for live-
stock feed, and the value of feed grain crops for livestock feed, divided by the
number of farms in the county, ni. That is, for each county,

TVP =
V1 + Vs + V3

n,

Two inadequacies could not be eliminated in determining TVP for each
county. The revenue produced from cropland used for pasture was not included
in TVP ; however, in certain input categories costs related to this use could not
be excluded. Also, value of crops for home use was not included in revenue, but
for certain input categories costs related to this use could not be excluded. On
balance, one would expect values of TVP to be biased slightly downward.

Non-cotton irrigated acres, X,
Non-cotton irrigated acres are defined as the number of irrigated4 cropland

acres harvested, exclusive of acres in cotton. The procedure used to measure X,

1 The notation (County, 6) denotes that the required data are reported in Table 6 of the
"Statistics for Counties" section of the census. This notation is used throughout this section.

2 It was assumed that hay and silage harvested, but not for sale, was produced for live-
stock feed. In any event, whatever the purpose, the value of the residual is properly credited
to value of crops harvested.

3 For each crop, except corn and sorghum, projected bushels for seed were calculated by
multiplying acres harvested in 1964 by the appropriate seeding rate. The seeding rate used for
each crop was determined by taking the midpoint of the range given by Martin and Leonard
(1949). Implicit in this procedure is the assumption that acres harvested in year t, is an
adequate predictor of acres to be planted in year tz. Value for seed is not included in the
determination of TVP, since, on the input side, the opportunity cost of using farm-produced
seed is not included as an operating expense.

4 Numbers of irrigated acres relate to numbers actually irrigated in the census year,
rather than acres irrigable.
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was to subtract the number of irrigated cotton acres harvested (County, 14)
from the number of irrigated cropland acres harvested (County, 2), and divide
by n;.

Irrigated cotton acres, X2
Irrigated cotton acres are defined as the number of acres of cotton harvested

from irrigated land. To obtain data for X,, the number of irrigated cotton acres

harvested (County, 14) was divided by n; and recorded for each county

Numbers of irrigated acres harvested were split into cotton, X2, and non-
cotton, X,, categories in order that the value productivity estimate for water in
the production of cotton might be derived separately from the value productivity
in "lower valued" uses. If the study area was properly chosen, cotton should rep-
resent the highest valued agricultural use (of consequence) for water; i.e., the
estimated coefficient for X, should exceed the coefficient for X,.

Nonirrigated cropland acres, X,
Nonirrigated cropland acres are defined as the number of acres of cropland

harvested which were not irrigated in the census year. Data for X, were derived
by subtracting the sum of X, and X, from total cropland acres harvested (County,
1) per farm.

Operating expenses, X.

Operating expenses are defined as cash expenditures for items related to crop
enterprises (including hay, silage, and feed grains for on-farm livestock feed)
exclusive of labor and machinery. Data for X, were derived by summing cash
expenditures for (1) seed, bulbs, plants, and trees purchased, (2) fertilizer
purchased, (3) gasoline and petroleum products purchased, and (4) machinery
hired (County, 9), and dividing by n;.

There are several shortcomings in the procedure for determining X4. The
dependent variable, TVP, of the equation to be estimated represents the value
of farm products attributable to crop enterprises (including hay and silage).
Income related to livestock enterprises is not included. Ideally, all independent
variables should relate only to crop enterprises. Insofar as it was possible, fac-
tors relating to livestock enterprises were excluded from independent variables;
e.g., X,, X2, and X, relate only to cropland, and the more obvious livestock ex-
pense categories (feed purchased and livestock and poultry purchased) were
excluded in calculating X4. However, for those expense categories included in X,,
it was not possible to eliminate that portion attributable strictly to livestock enter-
prises. Specifically, for those expenditure categories included in the computation
of X4, one would expect the contribution of each to be overstated for the follow-
ing reasons:

For seed, bulbs, plants, and trees purchased, expenditure for grass seed

for pasture (if any) was included.
For fertilizer purchased, expenditures for fertilizer applied to pasture

(if any) were included.
/ For gasoline and petroleum products purchased, gasoline expenses

chargeable to livestock enterprises were included.

The machine hire category is not likely to be overstated because it does not
include strictly livestock expenses. (Contract trucking of livestock is not in-
cluded in this category.) On balance, one would expect an upward bias in X4
(downward bias in the estimate of the coefficient on X4). Another rather obvious
shortcoming is that all categories of expense are not included in the computation
of X4 (e.g., machinery and equipment maintenance expenses are not included).



Numbers of wheel tractors, X,

Numbers of wheel tractors need no definition, as the name is self-explana-
tory. Data for X, were recorded directly from the census by dividing the total
number of wheel tractors for each county (County, 8) by the appropriate num-
ber of firms, n,. The inclusion of such a variable in the model no doubt needs
some justification. This variable was included to serve as a proxy for the annual
equivalent value of investment in farm machinery and other durable resources5
which a well-specified model "should" include. After failing in the search for
data needed to measure the desired variable, numbers of wheel tractors were
chosen as a proxy. In the unlikely event that numbers of wheel tractors were
exactly related to the investment in all farm machinery and equipment, then X5
would be a perfect proxy.c

The shortcoming discussed in connection with operating expenses, X5, holds
as well for X5. It was not possible to sort out the effect related to livestock
enterprises.

Labor, X6

Labor is defined as the man-year equivalents of labor employed. The total

labor input per farm was determined by converting operator labor per farm,
family labor per farm, and hired labor per farm, to man-year equivalents, as-

suming one man-year equivalent of labor to be 300 days.? The following proce-
dure was used to determine the man-year equivalents of labor for each observa-

tional unit.8

First, man-year equivalents of operator labor, 1,, were calculated. The
number of operators less than 65 years of age was recorded with the assumption
that an operator in this age category accounts for one man-year (County, 6).
The number of operators age 65 and over was recorded (County, 6). This num-
ber was weighted by a factor of six-tenths, assuming that each operator age 65 or
older is equivalent to 60 percent of one man-year.° The number of days worked
off-farm by operators was recorded (County, 7) and divided by 300 to obtain
man-year equivalents of off-farm operator labor. Total operator labor per farm,
1,, was recorded as the sum of man-year equivalents of operators less than 65
years and man-year equivalents of operators 65 and over, less man-year equiva-
lents of operator off-farm employment, divided by n .

Secondly, the man-year equivalents of family labor, l_,, (that is, individuals
residing at the house of the operator) were calculated. The procedure used was

as follows: All working-age individuals (those older than 15 years) residing in
the house of the operator (exclusive of the operator) were divided into four

age categories (County, 7). The number in each age category was multiplied by
the percent males living in the house of the farm operator (County, 7) and re-

5 Carlson defines durable resources as "productive resources which yield services for
more than one [production] period" (Carlson, 1939, p. 104).

6 A variable, say X', is a perfect proxy for another variable, X, if X = cX'. That is,
parameter estimates of other variables in the model are unaffected by the inclusion of X'
rather than X

The assumption that one man-year equivalent of labor is 300 days is consistent with
Griliches, (1963).

8 The authors are indebted to Milton Holloway, who suggested the rudiments of this
procedure.

'The assumption that each operator (or member of operator's household) age 65 or
older is equivalent to six-tenths of a man-year is consistent with Griliches (1963).
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by a factor of one to obtain an estimate of man-years.'= The number of males age
25 but less than 65 was, likewise, weighted by a factor of one. The number of
males age 65 or older was weighted by a factor of six-tenths to obtain an esti-
mate of man-years. The number of clays worked off-farm by persons living in
farm operator's household (County, 7) was multiplied by percent males and
divided by 3011 to obtain an estimate of man-year equivalents of off-farm labor
of males living in the operator's household. Total family labor per farm, 1,, was
recorded as the suns of man-year equivalents for the four age categories dis-

prises, \ is overestimated. (Recall, TVP relates only to the value of crops pro-
duced.) Other shortcomings of perhaps lesser consequence, but which no doubt
limit the extent to which X. actually represents total labor employed, involve as-
sumptions required to translate reported census data into a form useful for the
purpose at hand. Some of those assumptions include (the negation of the as-
sumption would tend to bias \ in the direction indicated in parentheses): (1)
no female labor employed (downward), (2) no salaried laborers (including
family) living in the house of the operator (upward), and (3) no unsalaried
labor contributed by individuals not living in operator's house (downward).
Unfortunately, the effect on XU, given the negation of each assumption, is not the
same (direction). These latter shortcomings are, no doubt. of minor significance
and, on balance, \n is probably overstated due to the inclusion of labor related to

corded.1° The number of males age 15 but less than 20 was weighted by a factor
of four-tenths to obtain an estimate of the number of man-year equivalents of
labor contributed.'1 The number of males age 20 but less than 25 was weighted

cussed above, less man-year equivalents of off-farm work, divided by ni.
Thirdly, man-year equivalents of hired labor, l,, were calculated by dividing

per-farm expenditures for hired labor (County, 9) by an annual wage rate
typical of the area. The rate used was $2,569. This was the rate used by Davis
and Madden (1965) in a study involving cotton farms of the Texas High Plains.

Finally, the total man-year equivalents of labor per farm were calculated
as h + h + la and recorded. That is, total labor represents operator, family,
and hired labor employed.

Several limitations involved in this technique for measuring the labor input
should be noted. To the extent that labor is employed strictly in livestock enter-

livestock enterprises.

10 It was necessary to weight by percent males so as not to include females in the labor
data. Percent males living in operator's house was calculated as total number of males less
number of operators divided by total number of males and females less number of operators.

11 The factor four-tenths was arrived at, assuming that high school-age males would work
on the farm three summer months (.25 man-years) and a limited amount during the school

session (.15 man-years).
12 Individuals in this category are considered as full man-year equivalents, because, in

the census, college students are not considered as living in operator's house.
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Table C-1. CHARACTERISTICS OF THE STUDY AREA BY COUNTIES, 1964

w Mexico:

Percent of total
cropland harvested
that was irrigated

Percent of value
of all farm products

sold from crops

Chaves .................................... 99.7 46.3
Curry ...................................... 61.8 41.4
Eddy ........................................ 99.9 600
Lea 96.8 53.1
Roosevelt ................................ 42.4 44.1

exas:
Bailey ...................................... 57.6 62.3
Briscoe .................................... 54.1 76.9
Castro ............... 95.9 79.8
Cochran ............. 57.3 94.2
Crosby .................................... 70.9 94.0
Deaf Smith ............................ 88.1 58.7
Floyd ...................................... 81.6 93.2
Gaines .................. ...--------------- 70.0 90.2
Hale ........................................ 98.4 84.2
Hansford ................................ 66.5 50.6
Hockley .................................. 64.4 94.8
Lamb 78.9 74.9
Lubbock .................................. 81.2 80.0
Moore .................................... 77.1 61.1
Parmer .................................... 96.7 77.7
Randall .................................. 46.7 47.7
Sherman ................................ 66.5 481
Swisher .................................. 86.9 79.7
Terry ...................................... 62.9 96.3
Yoakum .................................. 47.4 852

ean: 67.4 68.3
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.................................... ------ -......................

...................................................................
X:. ........................... .... ........ -.... ................

N-- --------------- ----------------- .................................

Number of non-cotluu irrigated c
Number of irrigated cotton acres

Number of nonirrigated cropland
Dollars of operating ecpcn scs.
Number of wheel tractors.
Man year equivalents of labor.
Value of crops harvrard.

K1

Kz

K9

K4

X1 - ropland acres
Xz --
Xa acres.
Xa
X5 -
Xl -

Table C-2 VALUES AND CORRELATIONS FOR VARIABLES USED IN THE REGRESSION ANALYSIS, 25 COUNTIES ("AVERAGE' FIRMS, 1964)

X, X4

Values

Means ...................... 169.08 72 54 87 76 6,823.40 2.49 2.40 28,155.28

Estimated coefficients ._ 56.65 95 70 -2886 -0.15 5,215.58 4,938.34

Standard errors .......... 11.06 15 22 6 18 0.41 1,640.94 1,471.64 11,719.63

T values 5.12 6 29 -467 -0.36 3.18 3 36

Simple correlation coefficients
1.000 -487 .021 .845 .491 .241 572

1 000 -.022 -.051 .364 .487 380
1.000 .065 .082 -.192 206

1.000 .699 .565 795
1.000 .665 864
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