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ABSTRACT OF DISSERTATION
COST-BENEFIT ANALYSIS
INCORPORATING POVERTY ALLEVIATION CONCERNS:
CASE STUDY A OF FLOOD PROTECTION PROJECT, VIETNAM
Cost-benefit analysis is the practical application of welfare economics. Cost-
benefit analysis uses the potential Pareto criterion to judge alternative resource
allocations. The potential Pareto criterion, however, does not allow for consideration of
non-efficiency goals such as poverty alleviation. Difficulty in measuring utility has
resulted in cost-benefit analysis relying on aggregate valuations of project benefits.
Valuations of project benefits are based on willingness-to-pay measures, which
} impose equal marginal utility of income weights to beneficiaries. If marginal utility of
income is greater for the poor then relatively low estimates of project benefits will
result. Benefit weighting is an attempt to overcome this shortcoming. Benefit
weighting can be arbitrary and inconsistent, however, making it difficult to compare
alternative projects or derive meaning from results. Another method is the poverty
impact ratio, which compares unweighted benefits for the poor with unweighted total
project benefits.
In this study, a flood protection project with poverty alleviation as a major
objective is examined. Flood protection project benefits are estimated using production
and asset values. Therefore, projects that provide substantial benefits to the poor will

tend to be outranked by projects that benefit the rich making it difficult to realize the
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poverty alleviation objective. This method is also inconsistent with the idea of differing
marginal utilities of income.

A procedure is proposed based on safety-first valuations. Safety-first valuations
incorporate risk in a manner consistent with decision-making behavior of the poor.
Safety-first valuations are used to rank alternative projects for their effect poverty
alleviation effects. The theory is tested on a flood protection project to show that the
safety-first approach is superior to the poverty impact ratio for the identification of
flood protection projects that alleviate poverty.

Estimated safety-first valuations yielded much higher incremental increases in
the value of a project than the willingness to pay estimates. For the smallest farm
model, the willingness to pay estimate of project benefits was VND 176,000 compared
to the safety-first estimated increase in benefits of VND 6.4 million. The safety-first
estimate is more consistent with utility theory. Safety-first provides a preference

ordering that is superior to the poverty impact ratio.

Eric Franklin Biltonen
Department of Agricultural and
Resource Economics

Colorado State University

Fort Collins, Colorado
Summer 2001
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CHAPTER 1: INTRODUCTION
1.1 General Introduction

Flooding is one of the most significant natural disasters worldwide. Every year
flooding causes massive loss of life, property, and production. A flood induced
interruption of normal productive and other living activities can have catastrophic
impacts on a region’s economy and way of life.

In response to the threat of flooding, various measures have been devised to
provide protection from the harmful effects caused by flooding. Flood protection
measures can reduce the damage caused by flood events either through actions that
prevent excess flows from reaching a protected area or through means that give people
the opportunity to take defensive measures against an impending flood. Physical forms
of flood mitigation measures include dyke systems, reservoirs, or channel
improvements. The benefits of flood protection measures include reduced loss of life,
property, and production.

The poor are much more vulnerable to flood disasters than the rich are. If the
poor are close to a subsistence level of production, then a flood disaster has the potential
to reduce their production and assets to levels that put their continued existence into
question. Flood protection projects can reduce the probability of adverse income
fluctuations by reducing the probability of experiencing a flood-induced loss.

Therefore, flood protection projects can hold large benefits for poor people by
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minimizing the chance of their income experiencing negative fluctuations due to
flooding.

As with any investment decision, however, the decision to invest in a flood
protection project must consider whether the benefits arising from the project outweigh
the costs of constructing, maintaining, and operating the project. Cost-benefit analysis
techniques have been devised specifically for this purpose. Cost-benefit analysis
examines the relative states of project costs and benefits to see whether a given
investment alternative is desirable. Cost-benefit analysis can also aid in deciding which
project among several alternatives is most desirable. From an economic social welfare
perspective, cost-benefit analysis aims to ensure that a country’s resources are allocated
efficiently. In economic, efficiency is normally equated with the idea of maximizing
total net benefits.

It is often the case, however, that social goals aim to address more than
efficiency. In developing countries, for example, an important issue for public policy is
commonly poverty alleviation. Traditional cost-benefit methods, however, implicitly
accept the current distribution of income as acceptable. A standard cost-benefit analysis
relies on the potential Pareto criteria, which assigns equal weights to all individuals.
Therefore, the economic analysis may not capture non-efficiency concerns when
analyzing a project. If the decision maker wishes to consider social goals other than
efficiency in the use of resources, then the application of traditional cost-benefit
methods will need to be adjusted or augmented for them to address the non-efficiency
goals. How cost-benefit methods can be applied to address non-efficiency goals,

specifically poverty alleviation, is the main issue of this study.

(8]
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1.2 Problem Statement

The subject of this study is project appraisal, which has been defined as cost-
benefit analysis as applied in developing countries (Brent, 1990). This study explores
options for incorporating poverty alleviation analysis into the project appraisal process
for flood protection projects. It proposes a method to help bridge a gap that currently
exists between the theory and application of cost-benefit analysis of flood protection
projects when poverty concerns are part of the decision criteria.

Cost-benefit analysis is a tool used in an attempt to quantify and compare the
economic costs and benefits of alternative actions. The results of cost-benefit analysis
allow decision makers to determine if an alternative action is economically desirable
and also to determine which alternative action society ranks most highly by efficiency
criteria. In this manner, society can reap the greatest net benefits from its investment
decisions.

Unfortunately, neither the application nor the underlying theory is as simple or
straightforward as the above description. Problems can potentially arise from the
definition of costs and benefits, the valuation of costs and benefits, the aggregation of
net benefits, and the distribution of net benefits. How all of these potential problems
are addressed ultimately affects the process for judging the alternative actions. Judging
outcomes, however, is the last step in cost-benefit analysis. It is important to first
understand how these social choices are made.

In regard to social choice, economists are concerned with how collective
decisions are made and what will be the resulting allocation of resources (Stevens,

1993). Moreover, economists are interested in how the social choice reflects the
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preferences of the individual members of the group. Normally, it is assumed that
individual preferences are ordered to correspond with different levels of welfare or
utility (Nicholson, 1995). Unfortunately, there are many difficulties involved with the
concept of aggregating individual preferences into a social preference (Bonner, 1986).
These problems can be categorized as two issues: aggregate measures of utility and
aggregate social preferences. The two ideas are closely related; the first deals with the
measure of social utility and the second deals with how social decisions are made.
Presumably, social preferences will correspond to levels of social utility.

The judgment of alternative actions is made more difficult by consideration of
the tradeoffs between efficiency and equity. Efficiency is concerned with whether the
net benefits arising from an investment decision are optimal. That is, no alternative
investment yields higher total net benefits to society. Equity is concerned with fairness
regarding the distribution of the net benefits. Therefore, efficiency is group-focused
while equity is individual-focused. The difficulty is that a strict maximization of toal
net benefits approach may have a negative impact on income distribution causing it to
become less equitable (UNIDO, 1978). If equity is a concern, then a compromise
between the equity and efficiency objectives will be required in order to judge the
alternative actions.

Welfare economics is the branch of economics interested in determining how to
judge alternative actions. Welfare economics has as its distinguishing trait the use of
value judgments in the formulation of its basic assumptions (Pearce, 1994). The
dominant idea in welfare economics is the Pareto Principle. Paretian economics judges

a move from one state to another superior if the move to the other state makes at least
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one person better off without making anyone else worse off. This idea has been
extended through the concept of compensation tests, where one state is judged superior
to another if the gainers from the move can compensate the losers and still realize
positive net benefits.

Problems with the Paretian theory arise when concerns about the distribution of
welfare is introduced. The Pareto approach implies an acceptance of the underlying
income distribution. Traditional welfare economics does not distinguish between
benefits accruing to the poor and to the rich (Sen, 1982). Therefore, a dollar of benefits
going to the poor is given the same value as a dollar of benefits going to the rich.
However, it has long been stated that the marginal utility of real income is higher for the
poor than for the rich (Marshall, 1948). If the marginal utility of money for poor people
is inaccurately reflected in the social value, an alternative action may be undervalued
and an inefficient allocation of resources will result. The marginal utility problem can
hold serious implications concerning the efficiency conditions if the poor are adequately
considered.

Until recently, the economic analysis of a project’s potential impact on poverty
alleviation was relegated a rather minor role in the project appraisal process, despite
poverty alleviation often being stated as a major motivation for international
development projects. Relatively recently, poverty alleviation has been given a more
prominent status in the project appraisal process. For example, in November of 1999,
the Asian Development Bank adopted poverty alleviation as its “overarching goal”
(Asian Development Bank, 1999). Project appraisals must now incorporate a much

stronger emphasis on poverty alleviation impacts from a project.
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In the past, project appraisal guidelines for development agencies addressed
poverty concerns by weighting project benefits so that a target group was more heavily
favored in the calculation of the project’s net benefits (UNIDO, 1978); (Squire and Tak,
1975). The main difficulty with using weights in project benefit calculations is in
deciding what the relative weights should be (Brent, 1990). A high degree of
arbitrariness can enter the weighting process. As an example, the UNDIO (1978)
guidelines recommend determining the weights through an “iterative process between
the analysts...and the politicians or planners.” Other methods for calculating weights
have been devised, yet all depend on value judgments to be made by the analyst. Even
a choice not to use distributional weights involves a value judgment acknowledging
acceptance of the existing distribution of income (Brent, 1990).

The potential for arbitrary weighting choices and inefficient outcomes has been
pointed out in the literature (Mishan, 1974). The debate over benefit weighting can be
characterized as ultimately a debate over the equity-efficiency tradeoff (Schmid, 1989).
The debate is an attempt to determine the degree to which existing income conditions
should be addressed in the appraisal process. Moreover, if distributional concerns are to
be incorporated into the analysis, what is the best method for doing this? Typically,
justifying and ranking alternative projects has been largely based on traditional cost-
benefit analysis techniques with poverty alleviation impacts analyzed as a separate
component and results reported in a short side summary (Asian Development Bank,
1997).

Most poverty impact analysis is usually concerned with numbers of poor people

impacted or the proportion of project benefits accruing to a target group (Asian
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Development Bank, 1997); (Brent, 1990). Another area of focus for poverty impact
analysis is concerned with the development of a better index to measure poverty.
However, relatively little attention has been placed on the impact poverty has on benefit
calculations and market equilibrium conditions.

If the Pareto principle is an acceptable decision criterion (at least as one of a set
of criteria), and the Pareto conditions are derived from economically efficient market
solutions, then it is crucial that the impacts of poverty on cost-benefit analysis be
examined. This can lead to a better incorporation of concems for poverty alleviation
into the cost-benefit analysis process. It is to this topic that the present study dedicates
itself.

1.3 Purpose of Dissertation

The purpose of this dissertation is to propose and evaluate an alternative
approach for incorporating poverty concerns into the project appraisal process for a
flood protection project. The proposed approach will evaluate the economic efficiency
of the project as well as evaluate potential impacts of the project on poverty alleviation.
However, it will allow a more precise ranking of project alternatives than other
methods, such as the poverty impact ratio favored by the Asian Development Bank.

In particular, the proposed method is designed to address issues unique to flood
protection projects. Flood protection projects increase expected income by reducing
damage to current production and assets. Therefore, a rich person will receive more
benefits than a poor person will simply because they possess more assets or produce
more than the poor person does. If income inequality is great, the traditional cost-

benefit approach will tend to value projects higher that benefit the richer segments of
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society rather than a project that benefits the poorer segments of society. This is caused
the greater aggregate value of production and assets possessed by the rich and protected
by a flood mitigation project. While this may help attain the Paretian goal of efficiency,
it will miss the goal of targeting those in poverty. The proposed approach aims to
overcome this shortcoming by ranking acceptable projects according to the effect that
the project has on those in poverty. The proposed approach will also avoid some of the
difficulties involved with determining and using a weighted benefit approach.

An additional complication in the current case is that flood protection projects
are usually non-traded public goods. Public goods have the characteristics of non-
excludability and non-rivalry. Unlike a private good, a supplier of a public good does
not have the ability to capture the benefits and has no incentive to provide the good. As
a result, public goods are under-priced and under-provided by a market mechanism
from a social welfare perspective. This concern will also be addressed.

1.4 Objective of Dissertation

The objective of this dissertation is to incorporate a risk-based valuation method
into a traditional cost-benefit analysis of a flood protection project in order to evaluate
potential impacts on poverty alleviation. The risk-based valuation technique will more
accurately reflect the value of the benefits received by people living in poverty. It is
believed that this risk-based approach will allow a more precise ranking of alternative
projects than other existing methods when poverty alleviation goals are present.

1.5 Definition of Geographical Area for Research
The proposed approach will be tested on a proposed flood protection project

located in the Red River Delta of Vietnam. Vietnam is one of the poorest countries in
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the world, with a per capita income of about US$350 (World Bank, 1999). Most of the
Red River Delta population lives within an area protected by a 3000 km long dyke
system. The poor population living in the Delta is extremely susceptible to negative
income fluctuations. If forced below the poverty line by a flood event, supporting
themselves can become essentially impossible. This situation creates an urgent need to
rehabilitate the dyke system in order to protect the existing rural infrastructure of
transport, energy, and water resources essential for financially sustaining the country’s
agricultural population.

The flood protection project involves the rehabilitation of the dyke system along
the Duong River which connects the Red River at Hanoi with the Thai Binh River
further east (See Figure 1.1). The project area includes parts of four provinces, 22
districts, and 484 communes as shown in Figure 1.2. Two dykes have been built over a
period of 500 years on the left and right banks of the Duong River. The left bank dyke
is 51.9 km long, and the right bank dyke is 60.1 km long. The two dykes have been
regularly rehabilitated over hundreds of years; however, they still suffer deficiencies
such as permeable and unsafe foundations and voids in the dyke body. During the
historical floods of 1945 and 1971, the study area suffered extensive inundation with
large loss of life, property, and production shown in Figure 1.3.

The organization of the remainder of the dissertation is as follows. Chapter 2
examines the theory behind social choice and welfare economics, while Chapter 3
examines the theory underlying cost-benefit analysis. Chapter 4 reviews the estimation
of flood protection benefits both in the United States and Vietnam. Chapter 5 offers

reviews of the setting in Vietnam. Chapter 6 outlines the methodology that will be used
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in the case study. Chapter 7 presents the result of the case study with particular
emphasis on the poverty impact analysis. Finally, Chapter 8 presents the conclusions

and results.
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Figure 1.2 The Project Area in the Red River Delta of Vietnam.
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CHAPTER 2: SOCIAL CHOICE AND WELFARE ECONOMICS
2.1 Social Choice Theory

Social choice has been defined as any decision made “by or on behalf of a
group” (Pearce, 1994). The theory of social choice examines the connections between
individual preferences and collective choices (Sen, 1982). In the study of social choice,
economists are primarily concerned with how collective decisions are made, how these
decisions reflect individual preferences, and what is the meaning and measure of the
resulting social welfare (Bonner, 1986); (Pearce, 1994). Because, ultimately, a ranking
of all alternatives is desired, it is necessary to examine the conditions which guarantee
this result.

Social orderings are generally assumed to be guided by certain necessary
conditions. Ideally, the ranking of alternative economic states would be both complete
and consistent (Boadway and Bruce, 1984). Completeness ensures that the ordering
includes all possible social states. The condition of consistency ensures that the choices
are transitive and reflexive. Transitivity can be stated as the condition where if x is
preferred to y and y is preferred to z, then x must be preferred to z. Transitivity is
important for maximization problems. Reflexivity is a trivial condition that states that
for all x in a consumer’s consumption set, x is at least as good as itself (Varian, 1992).
A final condition usually assumed for mathematical convenience is that of continuity in

both individual preferences and in social welfare orderings.
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The welfare of an individual has been defined as “the goodness in a man’s state
of mind or...the satisfactions embodied in it” (Pigou, 1951). A widely accepted
assumption is that people’s preferences are based on a desire to achieve higher levels of
personal welfare. That is, for any ordering of a pair of alternatives, the alternative
yielding the higher level of welfare will be the preferred alternative. Therefore, it is
often given as a reasonable assumption that social choices are made in response to the
same type of rationality (Bonner, 1986). Choices are then assumed to be made in a
manner such that welfare will increase. In order to analyze the effects of these choices,
it would be helpful if different welfare levels could be measured and compared.
Measurement is an assignment of numbers that preserves relations such as “better than”
(Roberts, 1979). If one were able to measure welfare and if it were correct that more
welfare was always preferred to less welfare, then it would seem to be a relatively
straightforward process to rank various alternatives on an individual basis. The most
explored possibility for discovering a measure or index of welfare is found in the
concept of utility.

2.1.1 Individual Utility as a Representation of Individual Welfare

Utility, in its most general current form, represents the good that a person
derives from the consumption of some good. Welfare is how “well off” a person is and
differs from utility, which is a measure of welfare. These two terms, however, are often
used interchangeably. Economics generally assumes that an individual is aware of the
relative good they derive from any alternative action (Nicholson, 1995). Based on the
axioms of rational choice, an individual is able to rank all alternative actions according

to preference and then to make choices in a consistent fashion. Further, it is the utility
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that a person derives from a good that provides the incentive to consume a good
(Samuelson, 1973).

Another important concept of utility theory is that of diminishing marginal
utility. Diminishing marginal utility is the condition where as a person consumes more
and more of a good, the additional satisfaction that the person gets is smaller with each
additional unit. The idea of diminishing marginal utility is illustrated in Figure 2.1.
The figure illustrates that for each identical increase in the quantity consumed of good
X, the increase in utility comes in diminishing amounts, that is, A>SB>C. While, strictly
speaking Figure 2.1 shows diminishing incremental utility, the idea is the same for

marginality.

Utility
U(X)
/
C
B
A
Good X

Figure 2.1 Diminishing Marginal Utility from Consumption of a Good. For each
identical incremental increase in good X, the incremental increase in utility is
decreasing.
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When two or more goods are consumed and resources are limited, there will be
a tradeoff in the consumption of the two goods. The tradeoff is termed the rate of
marginal substitution and is given as the ratio of the marginal utilities of the two goods.
The graph of these two goods is represented by indifference curves and is shown in
Figure 2.2. Each curve, U, represents the locus of all combinations of goods X and Y
where the consumer will experience identical levels of utility. That is, the curves
illustrate how much of one good a consumer must give up for consumption of the other
so that their utility level stays the same. The slope of an indifference curve is the ratio
of the marginal utilities of the two goods. The utility levels radiate out so that the utility

level of U1l is higher than the utility level of U2.

Good Y

Ul
U2

Good X

Figure 2.2 Indifference Curves for Consumption of Goods X and Y.

The convexity of curves Ul and U2 is caused by the two goods having diminishing

marginal utilities (Pearce, 1994). This convexity reflects the tradeoffs that a person
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must make in choosing different consumption levels for the goods. In this case, the
tradeoffs are called the diminishing rate of marginal substitution.

If the social welfare ordering is to be based upon individual preferences, then the
individual utilities must be measurable and comparable (Boadway and Bruce, 1984).
Measurable and comparable utilities can provide insights about welfare changes
resulting from changes in consumption (Bonner, 1986). If utility is not measurable and
comparable, then tradeoffs in consumption bundles for society cannot be judged and
social welfare can only be assumed to improve for non-losing changes in consumption.
It is important to examine the properties that would make utilities a useful measure of
welfare.
2.1.1.1 Cardinal Utilities

To judge alternative social actions, it is necessary to be able to know more than
just the ranking, but also the magnitude of the changes. In order for magnitudes to be
measurable, it must be possible to establish a “unique and reciprocal correspondence”
between the magnitudes and cardinal numbers (Pigou, 1951). This requires that the
measurement of the effects of alternative actions have both origin and scale (Bonner,
1986). Utility that possesses these qualities is called cardinal utility. A common
interpretation of c