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Economic Surplus Concepts and Their
Use in Benefit Cost Analysis

Alan Randall*

The conceptual bases for project evaluation, the use of Hicksian consumer’s surplus concepts
of value, and the implementation of the currently accepted techniques for valuing non-marketed
goods and services, are developed in some detail. While the primary focus is on partial equilibrium
analysis of changes pertaining to a single good, some of the complications introduced by multiple
changes and general equilibrium conditions are considered.

1 Benefit Cost Analysis in the Decision Process

Benefit cost analysis (BCA) emerged as a response to the notion that there
ought to be some analysis of the relative magnitudes of benefits and costs of
public investments: perhaps, a public sector counterpart of the feasibility studies
which prudent private investors perform prior to undertaking long-term
development projects. The idea was to provide for some kind of a priori test that
public projects proposed for economic development purposes were in fact likely
to make positive contributions to that goal.

Such a test, once performed, may be put to any of several uses in the public
decision process. One of the earliest attempts to institutionalize BCA occurred
in the United States where the Flood Control Act of 1936 required that federal
flood control projects may be authorized if and only if it is shown that “the
benefits to whomsoever they accrue” exceed the costs. This requirement was
later applied to all federal projects dealing with water and related land resources.
Clearly, the purpose of these requirements was to provide a filter which would
systematically eliminate, prior to consideration in the political domain, those
projects deleterious to national economic development.

While BCA is always an evaluative tool, there is no inherent reason why it
should be used as a filter. On one hand, it could be more than a mere filter. A
large and often sophisticated literature explores, develops and sometimes
promotes the use of BCA in ranking projects and determining optimal project
size. The goal is the optimal package of optimally sized projects, all from the
perspective of economic efficiency. To my knowledge, no political jurisdiction
has ever mandated that public works programmes or regulatory policy packages
be assembled in strict obedience to that criterion. However, many agencies use
BCA as a more or less strict ranking device for internal planning.

On the other hand, BCA can be used as less than a filter. In many
jurisdictions, it is performed as one component of an effort to assemble a more
comprehensive set of information about proposed projects and policies. In this
role, BCA serves to identify and document in efficiency terms the opportunity
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costs of pursuing other kinds of goals. BC information is not necessarily
compelling, but is weighted by various parties to the decision process in
accordance with the priority each places on economic efficiency relative to other
objectives. While failure to make a positive contribution to national economic
efficiency does not boost a proposal’s chances, neither is it (nor should it be,
according to this role model) the death knell for a proposal which serves other
worthwhile goals.

In any of these roles (optimizing decision rule, filter, or contribution to a
multidimensional information system), BCA carries some imperative or
suggestive force. So, parties having a stake in the success or failure of a proposal
are interested in the outcome of its BCA. For this reason, the quality control
problems inherent in any empirical economic analysis are magnified in BCA".

There are two obvious approaches to quality control. First, the theory and
methods relevant to BCA can be developed and refined to promote their
conceptual and empirical validity, and then codified in a set of rules for the
performance of BCA. Second, BCAs and supporting documents may be opened
to public scrutiny, to permit the process of criticism which is one of the necessary
conditions for scientific objectivity (Popper 1957). With respect to US water
resources projects, where BCA is a mandatory filter, both approaches have been
pursued. The current Principles and Standards and their implementation rules
(U.S. Water Resources Council 1973, 1979) require evaluation procedures
generally consistent with competent economic analysis. BC statements are public
information and may be challenged directly in Congressional hearings and
indirectly in the courts (under the National Environmental Policy Act) and in
required public hearings under various licensing and permitting laws?.

Few other agencies and jurisdictions have gone so far down the “mandatory
BCA subject to quality control and public scrutiny” route for evaluating water
resources projects’. On the other hand, the domain of BCA (to serve as one
component of a multidimensional information system) has spread far beyond the
water resources field into, inter alia, public finance and the economics of public
utilities, and efficiency evaluation of complex regulatory programmes to promote

1. For example, Clark (1980), arguing against mandatory BCA for Australian water resources
projects, has claimed that several decades of mandatory BCA in the U.S. have not preduced dramatic
umprovements in decision making there. On the contrary, he argues, fair means and foul have been
used to boost the estimated benefits of proposed projects relative to costs and thus subvert the
watchdog function of BCA.

2. There are, however, some limits to impartiality in the U.S. approach to water resources
project evaluation. Congressional opposition in 1979 led President Carter to withdraw his proposal
that all required BCAs be conducted, not by the agencies proposing projects, but by an independent
evaluation team assigned to the Water Resources Council.

3. While Australia has no counterpart to the (U.S.) Flood Control Act, the Australian Water
Resources Council in its role as a reviewer of project proposals has encouraged improvements in their
supporting documents. Yet, Australian water resources authorities have been reluctant to adopt
detailed guidelines for the performance and review of BCA’s: no Australian analogue to the
Principles and Standards (U.S. Water Resources Council 1973) has yet appeared. Such policy
statements as exist (¢.g., Australian Water Resources Council 1978; and Newman 1979) place
considerable emphasis on enlightened notions of multiple objective planning, but avoid specific
reference to BCA in general and in particular. Documents intended to guide the implementation of
current water resource planning policy (e.g., Ministry of Water Resources and Water Supply,
Victoria 1977) make it clear that while projected benefits and costs of proposed projects are to be
duly considered, the exhaustive analyses mandated in the United States (U.S. Water Resources
Council 1973, 1979) are neither required nor expected.
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environmental quality and human health and safety’. In some cases, public
agencies, or research organizations under contract to them, have performed
BCAs. In other cases, BCA has been undertaken by researchers in academic and
similar organizations. The findings of these efforts, while having no “official”
status, may be influential if they are disseminated so as to attain notice in
professional and political circles.

Given the expanded domain of BCA the analyst encounters many kinds of
goods and services which are not customarily marketed. Such goods are not
merely unpriced, which is inconvenience enough to the BC analyst, but often
exhibit economic characteristics which complicate the analysis: e.g., indivisi-
bility in production, nonrivalry in consumption, and/or nonexclusiveness. The
professional literature has reflected the increasing complexity of situations in
which BCA is applied. Witness the progression from Eckstein (1958) to Mishan
(1971), Maler (1974), and Freeman (1979a) in the book literature, and the
profusion of journal articles on the theory of welfare change measurement and
its empirical application in project and programme evaluation.

Sinden (1980), writing in this Review, has drawn attention to the conceptual
issues and practical problems which are encountered in BCA, and to the
confusion which an interested non-specialist might derive from an increasingly
sophisticated and contentious specialized literature.

This paper is specifically addressed to two of the issues raised by Sinden
(1980): the use of economic surplus concepts of value, and their application in
the valuation of non-marketed cost and benefit items. First, a general conceptual
mode] of the typical BCA problem situation is developed. A proposed project or
programme is conceived as modifying a given complex environment, changing,
perhaps qualitatively and quantitatively, the flow of services that environment
provides. Then, the application of economic surplus concepts to the valuation of
service flows is considered in substantial detail. In particular, Hicksian
consumer’s surplus concepts are applied to partial equilibrium analyses of
marginal and nonmarginal changes in the quantity of goods and services
provided. The emphasis on nonmarginal changes and total value concepts
cffectively adapts consumer’s surplus concepts for application to goods and
services which are indivisible in production, nonrival in consumption, and/or
nonexclusive. The conceptual bases for empirical valuation of such goods are
then developed. To this point, all analyses are for changes pertaining to a single
good, in a partial equilibrium context. Toward the conclusion, some of the
complications which arise from relaxing these restrictive assumptions are briefly
considered.

2 The Typical Project Evaluation Problem Situation:
Non-marginal Changes in Complex Environments

Let us now turn to an examination of the typical project or programme
evaluation problem.

4. In 1981, U.S. President Reagan sought by administrative fiat (Executive Order 12 291) to
impose a BCA filter for all new regulatory initiatives and reauthorization of existing regulations. EQ
12291 also contains language suggesting that BCA should be used in establishing regulatory
priorities. Thus, this edict required a dramatic elevation of BCA from its more customary
role-——providing merely one among many kinds of information—in regulatory matters.
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Consider a complex environment, E, producing a vector of services S =
(S5 .. S ... 85, ), valued by people. The services (or goods, or amenities) are
likely to kbe diverse—e.g., support services for human, animal and plant life;
aesthetic services including atmospheric visibility, landscape amenities, and
diversity of flora and fauna; recreation opportunities; waste disposal services;
etc.—and many of them are likely to be nonmarketed. The supply of each of
these services in any time period, ¢, is a function—uniquely determined by
geological, hydrological, atmospheric and ecological relationships—of the
attributes, 4 = (a,,..., a, ..., a) of the environment.

M s, =/i14)

S = fon (4)

rt

Man enters the system as a modifier of resource attributes. He may do this
directly, e.g., by reassigning land to other uses, diverting water, removing
vegetation, disturbing soil for mining, etc. He may also modify the resource as
a side effect (expected or unexpected) of some other decision, e.g., disturbing
land elsewhere for cultivation or mining, deposition of wastes in water upstream,
etc. For each kind of resource attribute,

(2) al.r = gl (El'él)

a, = g (N.X)

st

where NV is a vector of “natural systems inputs”, e.g., geological, hydrological,
atmospheric and_ecological, and X is a vector of man-controlled inputs and
activities, including harvesting effort.

Both N and X are subject to scarcity, and the attribute production functions
are determined by the laws which govern natural systems and by man’s
technology. The production system for environmental services is now complete,
if it is remembered that the level of demand for some kinds of services, S,
influences the level of X and that interactions between X and A are possible and
likely. For example, the attempt to enjoy high levels of waste assimilation
services_involves high levels of pollution inputs, which may modify N, the
‘natural’ characteristics of the system. B

_ Now consider the value of resource services. Each individual, j, enjoys
utility in each time period, t:

_ a b b —ua
(3) ljjr - U,:/S er (§jr)' er]’

=2 e

where Z is a vector of valued goods and services which are not directly provided
by the environment E (for example, Z includes things bought at the local
shopping centre); and the service vector S is divided in S* which are enjoyed
directly and S* which are inputs into the production of Z% finally, Z¢ are those
Z which are produced independently of S. This formulafion permits both direct
and derived demand for environment services.
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By minimizing the individual’s expenditure, subject to the constraint that
his utility must be maintained at a level equal to or greater than that which he
enjoys with the existing environment, E, Hicksian compensated demand curves
for each of the services s, or for the whole vector S, can be derived. Taking the
latter route, the individual’s total net valuation of the service vector, V.(S,), may
be directly calculated. Alternatively, the ¥V, for each s, may be estimated
independently and then aggregated across service types’.

The capital value of the environment E is obtained by summing the net
values of service flows, discounted at the rate, r, across time periods and
individuals;

(4) PVIE) = Z Z V(S )/(1+r).
tj

Thus, the environment, E, is seen as a capital good acquiring value to the
extent that the services it provides are valued by man. Those services are
determined by the environment’s attributes, which are themselves determined by
the characteristics of the natural system and by the activities of man. If that
environment were to be disturbed—that is, if the X vector of man-controlled
inputs were to be modified—its attributes could change, changing the S vector
of services it provides and its capital value.

Consider a project A, which would change X to X*, thus converting the
environment, E, to some “with project” state, E*, at some conversion cost,
C* = Z.C/(1+r). The proposed project would replace the “without project”
stream of services, S, with some “with project” stream, S=. The net present value

of such a project is

_Z VS — G~ ViS)]
(1 +r)

(5) PV(A) = PV[(E> — C*) — EJ]

where V(S = £ V(S jand V(S,) = 2V, (S,)

Thus, PV(E?) is calculated by summing the net discounted value of “with
project” services across service types, individuals and time periods, while PV(E)
is calculated by handling “without project” services similarly. Given that the
basic value data were derived by constraining the individual’s utility to the
without project level, the net present value of the project A can exceed zero if
and only if the sum of individual welfare gains from its implementation exceed
the sum of individual welfare losses. In other words, BCA is an empirical test
for potential Pareto-improvements.

5. It is a common practice to value service types independently and aggregate these values by
simple summation to calculate ¥,(S, ). In a recent working paper, Hoehn and Randall (1982) show
that, for this aggregation procedure {0 be valid, it is necessary that substitution and complementarity
relationships among s, be entirely absent. However, there are good reasons to expect, especially,
substitution rclations‘mps to be frequently encountered. Hoehn and Randall provide valid
aggregation rules for the general case in which substitution and complementarity are permitted, but
these rules are not always easy to implement.
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2.1 Benefit Cost Analysis and the Market

Voluntary exchange among individuals in markets satisfies the actual
Pareto-improvement criterion. Individuals endowed with rights to keep what
they have engage in voluntary exchange only if assured they will receive
something of greater (or, at least equal) value to themselves than they give up.
Buyer’s best offer must at least equal seller’s reservation price. Thus individual
gains exceed (or, are at least equal to) individual losses for each and every
individual. Trade which does not satisfy that condition will not take place.

On the other hand, the potential Pareto-improvement criterion is a ““‘what
1?7 test. If those who would gain from implementation of the project, could offer
enough to buy the acquiescence of those who would lose, the project passes the
test. But, the gainers are not required to buy the project’s implementation from
the losers. The losers are not, therefore, assured of compensation for their losses.
The benefit cost criterion values S* and S as a market would—i.e., PV(E* — (4}
is identical to the buyer’s best offer for the project, and PV(E} is 1denucal to the
seller’s reservation price for the “without project” state—but gainers are not
required to compensate losers, as they would be in a market.

3 A General Model for Valuing Single Period Service Flows

The typical project or programme promises (or threatens, according to one’s
perspective) nonmarginal changes in a complex environment. Its evaluation calls
for a nonmarginal microeconomics. The project is often indivisible or lumpy in
production: the dam (will/will not) be constructed, the open-cut mine (will/will
not) be established, the smelter (will/will not) be built, the designated land area
(will/will not) be developed as a national park, or the proposed petroleum
exploration (will/will not) take place. Engineering considerations often require
that, if the project is to be implemented, it must be implemented at one of a small
number of discrete sizes. Some kinds of project outputs are nonrival in
consumption (air and water quality, for example), while many kinds are lumpy
in consumption (once project specification or programme rules have been
established, the individual must take the level of output provided: opportunities
for post-project adjustments in his consumption bundle may not exist). Some
kinds of project outputs are non-exclusive (air and water quality, again), so that
post-project trading opportunities are not available. Finally, some decisions (e.g.,
to inundate an area with distinct geological and ecological features, to permit
extinction of an endangered species, or to create near indestructable hazardous
or toxic wastes) made in one time period effectively remove some options from
the opportunity set for all subsequent time periods. Thus, many projects and
programmes are proposals for change which is nonmarginal in aggregate, and
important categories of benefit and cost items must be considered nonmarginal
from the perspective of the affected individual.

Accordingly, a conceptual model for valuation is needed which is not limited
to the economics of marginal change. The model developed immediately below,
for conceptualizing the value to an individual of one time period’s flow of a single
service, treats total valuation as the general case. The well-known results for
marginal valuation are derived as a special case from the general model.
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For notational convenience, drop the subscripts identifying the individual
and time period, and let Z represent the vector of all goods and services except
for the single service @ which is of particular interest. The utility function (3)
may then be rewritten as

(6) U=UQ2)

If P is the vector of prices for Z and Y is the individual's income, the utility
function is expressed as

(1) U=UPrQY

Alternatively, if Y is the numeraire value of Z, the utility function, implicit
in prices, may be expressed as®

(8) U=1UQY) = U/PQY)]

It is, in general, conceivable that a project or programme could directly and
simultaneously change P, Q and Y (or Y). However, it is useful to focus on a more
restricted analysis at the outset. As Mishan (1977) has argued, most public
investments or regulatory initiatives do not change income directly; rather, they
change individual utility by first modifying P or Q. While most authors
(including Mishan) focus on the P vector, I believe it is often useful to focus
initially on Q. That is, the individual is most immediately affected, as a result
of a public project, by a change in the flow of services the impacted environment
provides him.

Consider an individual who enjoys the levels 0 and Y° of the service and
the “all other goods” numeraire. His initial welfare level is U/Q°, Y~ ), at the
origin (figure 1). To the right of the origin the level of provision of Q to the
individual increases; to the left of the origin, it decreases. From the origin, a
movement up the vertical axis indicates a decrease in the numeraire, while a
movement down indicates an increase in the numeraire’. The total value (7V)
curve, or bid curve, is of positive slope, given that the service is a commodity and
the individual is not satiated in the range under consideration. For decreases in
Q. the TV curve lies in the southwest quadrant; for increases in Q, it lies in the
northeast quadrant. If it is possible to define the quantity of the service in
unidimensional, cardinal terms, the assumption of diminishing rates of
commodity substitution is sufficient to ensure the curvature shown®.

6. Note that in general Y# ¥, and when Q is a priced commodity Y>>Y. However, the case
where Q is unpriced to the individual and Y=Y is often of interest in BCA.

7. The orientation of the ¥ axis here, the inverse of its customary orientation, may seem a little
strange at first. However, its usefulness soon becomes apparent. It permits easy reading of total value
(TV), which is positive for increments in Q and negative for decrements. Further, working in the
north-east quadrant, the first derivative of TV with respect to Q, i.e., marginal value, (in cases where

it exists, see text at footnote 8, below) can be immediately recognised as an income-compensated
demand curve for Q

8. _If “quantity” is multidimensional, or if it cannot be accurately defined in cardinal terms, no
a priori assumption can be made concerning the curvature of the TV curve (Bradford 1970).
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Figure 1. The Total Value Curve for Increments and Decrements in the Level of Provision of
Service, Q, for an Individual who Initially Enjoys the Level Q° and the Income Y~ .

~_The TV curve is an indifference curve, passing through the individual’s
initial state. That is,

9 UQ°.Y')=UQ .Y")=U/Q"Y")

Starting at the origin, Y* — Y~ is the individual’s willingness to pay (WTP)
to obtain an increment in the level of provision of the service from Q" to Q7.
Willingness to accept (WTA),i.e., ¥Y* — YY", is the amount of money which would
induce the individual to accept voluntarily a decrease in the level of provision
of the service from Q° to Q. WTP is the total value to the individual of an
increment from Q° to QF; WTA is the total value to the individual of a
decrement from Q° to ¢ . Restating Equation (9),

(10) U(Q°.Y*) = UQ~,Y" + WTA) = U(Q* Y — WTP).

3.1 WTP, WTA and Economic Surplus

By derivation, WTP and WTA represent the total value to the individual of
a given increment or decrement, respectively, in the level of @ provided. In
market terms, WTP is the individual’s best offer to buy the increment, taken as
a “lump”; and WTA is the same individual’s reservation price to sell the
decrement, similarly conceived. How do WTP and WTA relate to the more
customary measures of value, economic surplus and market price?
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Hicks (1943) showed that there are four measures of consumer’s surplus’®,
none of which is conceptually identical to the Marshallian measure. These are
now usually called equivalent surplus (ES), equivalent variation (EV),
compensating surplus (CS), and compensating variation (CV) (Currie, Murphy
and Schmitz 1971). The surpluses differ from the variations in that the latter are
calculated after the consumer has made optimizing adjustments in his
consumption set, while the former do not permit such adjustments. In general,
the variations should be used when such optimizing adjustments are possible.
However, benefit cost analysts often encounter situations where optimizing
adjustments are prohibited: once project or programme specifications have been
determined, the individual must take these as given. Similarly, where the
services under consideration are indivisible in production or nonrival in
consumption, individual quantity adjustments are impossible. Thus there will be
circumstances in which the Hicksian surpluses are appropriate.

The difference between the Hicksian compensating and equivalent
measures of consumer’s surplus is considerably more significant.

The equivalent measure is defined as the amount of compensation, paid or
received, which would bring the consumer to his subsequent welfare level if the
change did not take place. The compensating measure is defined as the amount
of compensation, paid or received, which would keep the consumer at his initial
welfare level if the change did take place.

The Hicksian compensating and equivalent measures of consumer’s surplus
are both measures of the welfare impacts of changes, but they differ with respect
to the reference level of welfare. The compensating measure, by using the initial
welfare level as the reference level, measures the welfare impact of changes as
if the individual had a right to his initial level of welfare (that is, as if he had
the choice of keeping what he has or voluntarily trading for changes). The
equivalent measure, by using the subsequent welfare level as the 1eference level,
treats the individual as if he had only a right to his subsequent level of welfare
(that is, as if he must accept his subsequent situation, or seek to trade his way
back toward his initial situation). Clearly, Hicksian compensating measures are
consistent with the potential Pareto-improvement criterion, while Hicksian
equivalent measures are not.

To clarify the relationship between Hicksian compensating and equivalent
measures of value, W74 and WTP, and the total value curve introduced in figure
I, consider the following example. The benefit cost analyst is evaluating a
proposed project which would, among other things, divert a specified area of
natural habitat (perhaps a terrestrial wildlife habitat, an inland wetland, or a
coastal marsh) to some alternative use, effectively destroying its usefulness as
habitat. The benefit cost analyst needs to know, among other things, the value

9. Benefits and costs are properly valued as econontic surplus, i.c., the value of a goed or service
in excess of its factor costs (the latter not including resource rents). Economic surplus may be
partitioned into consumer’s surplus and “producer’s surplus’ or resource rents (Mishan 1968). but
the relative size of thesc two subsets is a distributional issue which, for given levels of output and
demand, does not affect the magnitude of economic surplus. Mishan (1968) and Curric e al. (1971)
show that the analytics of consumer’s surplus and “producer’s surplus’™ are identical. Thus, [ frame
the following discussion in terms of the customary consumer’s surplus language; all of the results
obtained can be casily generalized to economic surplus.
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