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Income Distribution Issues and
Natural Resource Policy:

Welfare Effects of Nonfederal
Water Plans

Frank A. Ward

The need for regional economic models for benefit-cost evaluation of non-federally financed
water plans is discussed. Input-output, econometric, and widely used programming methods
all have shortcomings. A conceptual framework is proposed to measure Regional Economic
Development (RED) benefits from water projects using a two stage procedure which combines
mathematical programming production models and regional income accounting measures.

The proposed two stage framework separately accounts for (1) resource hiring decisions made
by regional firms which are motivated by profits, and (2) RED benefits measurement, which is
generally viewed as important to those who appraise regional resource projects. The first stage
model takes as data the aggregate regional sector production function(s), availability of owned
fixed resources (e.g. water, capital stock), supply schedules for purchased factors, and the export
demand schedule. The solution to the first stage model generates equilibrium export demand
prices/quantities and regional input usage patterns. Based on the resource usage patterns gen-
erated from the first stage, RED benefits from water supply increments are computed in the

second stage.

The Bockstael and Strand paper dem-
onstrates that even by accepting the com-
pensation principle, one cannot avoid the
ambiguities implied by aggregate welfare
evaluation. Just and Zilberman look at the
intrasectoral equity effects of certain com-
mon resource policies related to agricul-
ture. My comments will focus on one in-
tersectoral/aggregation related issue,
namely the measurement of regional as
distinct from national benefits of resource
development projects, such as water. The
Reagan administration continues to em-
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brace a philosophy of increased state and
local resource management and financial
responsibility. Consequently, we need im-
proved measures of regional economic de-
velopment (RED) benefits of water and
related resource development projects.
This paper develops a framework for
measuring such impacts.

Methods for valuing regional impacts of
resource development projects are not
new. However, I believe that the proposed
method is fundamentally different from
and represents an improvement over
methods which are widely used to mea-
sure RED benefits of water resource de-
velopment projects, such as input-output,
econometrics, and existing programming
approaches.

Accounting for Regional
Efficiency Benefits

Since Eckstein [1958] and McKean
[1958] articulated methods for measuring
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national economic efficiency benefits from
water projects, economists have been re-
luctant to include regional “secondary
benefits” (e.g. gross crop receipts from an
irrigation project) as efficiency gains ex-
cept when unemployment would other-
wise exist. Little conceptual work has been
developed which serves as a framework
for measuring net RED efficiency gains.
In appraising a resource development
project from the regional stance, the eco-
nomic question which presents itself is
“will the value of gross regional product
increase sufficiently to pay the project’s
costs and still leave the state (region) bet-
ter off?” [Young and Gray, 1972, 1985].

Input-Output Analysis

Probably the current “‘state of the art”
for assessing the regional economic effects
of a water development project is input-
output (I/O) analysis [Fisher]. However,
Young and Gray [1985] and others have
demonstrated that I/O can lead to over-
estimation of RED benefits of water de-
velopment projects. In employing 1/0, the
measured value added by water to a sec-
tor’s regional income typically rests on
computing the “average value product”
of water, computed as total sector pay-
ments to primary resources divided by to-
tal sector water used. Use of this proce-
dure implicitly assigns a zero shadow price
to all primary resources other than water,
and thus ignores the fact that resources
other than water are scarce. Assigning zero
opportunity cost to other primary re-
sources is questionable and is almost cer-
tain to result in value estimates which
greatly overstate the true contribution of
water to RED benefits [Young and Gray,
1985].

Econometric Approaches

In recognizing the limitation of I/0
analysis in estimating RED benefits for
water projects, Fisher [1978] proposed use
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of an econometric approach to measure
marginal benefits from water supply aug-
mentation projects. The procedure in-
volves estimating a value-added equation
for each relevant regional producing sec-
tor. In each equation both water and other
value-added determinants such as sector
wage rates, land values, and a price index
of the sector’s export products would be
included. Based on the value-added pa-
rameter estimates, one could simulate the
extra value added to the region (RED
benefits) from water supply increments.

Given the inherent limitations of highly
aggregated econometric analysis, Fisher’s
proposed method may be useful in esti-
mating RED benefit water values where
two special conditions are met in the re-
gion: (1) the effect of water as a deter-
minant of value added is not swamped by
other variables, and (2) water supplies ac-
tually change enough over the estimation
period to permit statistically efficient es-
timates of water’s regional income contri-
bution [Fiore and Ward].

A Two-Stage Benefits Measurement
Framework

As a framework for measuring RED
benefits from resource development proj-
ects, I would like to propose a two-stage
method which draws on the mathematical
programming and economic theory liter-
ature of Samuelson [1952], Takayama and
Judge [1964a, b], Duloy and Norton [1975],
Penson and Fulton [1980], McCarl and
Spreen [1980], and Bell, Hazell, and Slade
[1982]. These authors and many others
have shown that mathematical program-
ming techniques can be used to simulate
competitive producer resource hiring be-
havior in an environment of regional re-
source constraints such as water, land, and
fixed capital. These programming meth-
ods can simulate multisector regional re-
source allocation through treating com-
petitive equilibrium as mathematically
equivalent to the maximization of con-
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sumer and producer surplus [Samuelson].
Examples include quadratic program-
ming, or the more general “price endog-
enous mathematical programming”
(PEMP). One attractive feature of tradi-
tional PEMP models is that by specifying
the net surplus objective function, com-
petitive equilibrium decision making by
firms and consumers can be simulated over
each sector. However, a major shortcom-
ing of PEMP appears to have been ig-
nored by many practitioners. Specifically,
the shadow value associated with the water
constraint derived from the solution does
not in general measure marginal RED
benefits from new water. It measures the
net surplus (i.e., price) from extra water.
Only under special circumstances dis-
cussed below will the two be equal.

An Illustration

Suppose that production of a region’s
export good (Z) is determined by an ag-
gregate production function Z = Z(X, . ..
X, K, ... K W) of several regional in-
puts, X, ... X,, which are assumed pur-
chasable in competitive markets, and fixed
inputs, K, . . . K,,. The input, W (water) is
“owned,” unpriced, and fixed in supply,
equal to W,

To begin the first stage, we follow
McCarl and Spreen by supposing that in
choosing the production level of (Z), re-
gional producers act as if they solve the
mathematical program

Max Z'G — 5Z’'HZ — XE' — 5X'FX (1)

where primes indicate matrix transposes.
The export product demand function is:

P=G - HZ (1a)

in which the export price, P, is a linear
function of regional product output, Z. Al-
though we use the example of a single
export product, Z will in general be an n-
dimensional vector of sector outputs. For
the single sector case, G and H are de-
mand intercept and slope parameters, re-
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spectively. The factor supply price of the
i purchased regional input is:

r,=E + FX| (1b)

From (1), (1a), and (1b) competitive re-
gional producers act as if they maximize
consumer surplus (area bounded by the
product demand function and the de-
mand price) plus producer surplus (total
regional export sales revenues less input
opportunity costs). Details are in McCarl
and Spreen.

The constrained optimization model
above takes as data the regional produc-
tion function, availability of water, supply
schedules for purchased variable factors
(e.g., labor), availability of other fixed fac-
tors (e.g., land, buildings), and a demand
schedule for the regional export product.
The solution of the model through qua-
dratic (or similar) programming methods
generates an equilibrium product price,
regional production, usage patterns for
both purchased and owned factors, and
imputed values of fixed factors, including
water.

Regional Income Value of Water

The imputed value of water is our fo-
cus. The solution to (1) results in an im-
puted value of water, P,, given the pro-
ducer’s objective function in (1). P, does
not measure the shadow value of incre-
mental water based on the regional in-
come objective, i.e., RED benefits.

Define the RED benefits of water as
MB,,. Because MB, is not the shadow val-
ue resulting from the optimum solution of
(1), it must be computed after (1) has been
solved. This is why we propose introduc-
ing the second stage.

For the second stage, one must first
choose a suitable definition for regional
income. Many are possible. Total rents to
fixed inputs, e.g., land, is a popular wel-
fare measure [LeVeen, Martin et al.]. The
definition used in the regional income ac-
counts is regional “value-added” [Young
and Gray, 1985], i.e.
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Y. =PZ~-P.Xn @)

where value-added, Y,, is total receipts
from the sale of the aggregate regional
product (P'Z) less expenditures on imports
(Pon X))

Once a definition has been chosen for
regional income as in (2), Y, is computed
under initial and terminal water supply
conditions, based on the result of the op-
timal solution to (1). Specifically, one
would compute

Y., = P¥Z* — PXXX (2a)

where starred values indicate values of the
varibles in (2) taken from the solution to
the first stage; Y,, is the level of regional
income which producers generate as a re-
sult of maximizing their objective func-
tion, constrained by the without-project
amount of water, W_,

The RED benefits of extra water are
found by re-solving the two-stage prob-
lem, using the “with” project level of
water, W,.

Conclusions

It has been shown that use of a two-
stage procedure, in which consumer plus
producer surplus is the first-stage maxi-
mand, can simulate competitive equilib-
rium and computes regional benefits of
new water. Consumer surplus is the area
under the export demand above market
price. Producer surplus (factor rent) is to-
tal factor payments less their opportunity
cost. Opportunity cost is measured as the

! Nonmarket benefits are an important additional
component of RED benefits from water projects.
Such benefits could be added to the market based
regional income flows defined by (2). Then, the RED
objective would be interpreted as “real” regional
income. It is well-known that resource development
projects such as expenditures on improved water
quality may have little effect on the regional in-
come accounts defined in the market place, e.g.,
equation (2), and are produced primarily for their
nonmarket benefit opportunities afforded.
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area beneath the factor supply schedule
to the left of the factor employment level.

When will water’s shadow price com-
puted in the first stage of the program-
ming model, P, equal its marginal contri-
bution to regional income, MB,? Answer:
when the change in consumer plus pro-
ducer surplus from the extra water exactly
equals the change in regional income. For
the change in net surplus to equal change
in regional income, two conditions suffice:
(1) no gain in consumer surplus; i.e., ex-
port demand price must be invariant with
respect to the gain in exports from the
new water, and (2) all income gains to
regional factors due to new water must
take the form of pure rent.

Suppose that condition (1) holds true.
Even so, condition (2) normally will not:
for any factor (e.g., labor) whose employ-
ment is increased due to the extra water,
part of its income gain will not be rent,
even if that factor is already “fully em-
ployed” without the new water. Conse-
quently, assuming a constant export price
if some factors receive income gains other
than pure rent, the regional income gain
from the water, MB,, will exceed the im-
puted price of water resulting from the
solution to the programming model, P,.

There are several advantages of the
proposed two-stage programming-in-
come computation model. First, by em-
ploying an explicit producer-oriented ob-
jective function (producer-plus-consumer
surplus) one can simulate resource hiring
decisions of a competitive industry
[McCarl and Spreen]. Water-using entre-
peneurs are generally interested in their
own income and not RED benefits. Sec-
ond, the definition of regional income is
flexible. Third, a regional production
model can be defined in principle from
any accounting stance desired, including
state, local, individual, or any other.
Fourth, increased water supplies could
enter the region’s export demand function
as a demand shifter (i.e., a shifter in the
G term in equation la) as a complement
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to the traditional view of water as a factor
of production. For example, in the arid
west, water supply augmentations are
progressively assuming a greater role in
increasing the demand for lodging, res-
taurant and related export services asso-
ciated with increased water-based recre-
ation.
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