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ABSTRACT OF DISSERTATION

CO ST-BEN EFIT ANALYSIS 
INCORPORATING PO V ERTY  ALLEVIATION CO N C ERN S:

CASE STU DY  A O F FLOOD PRO TECTIO N  PRO JECT, VIETNAM

Cost-benefit analysis is the practical application o f w elfare 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 m easuring utility has 

resulted in cost-benefit analysis relying on aggregate valuations o f  project benefits.

Valuations o f project benefits are based on w illingness-to-pay measures, which 

f impose equal marginal utility o f income weights to beneficiaries. If marginal utility of 

income is greater for the poor then relatively low estimates o f  project benefits will 

result. Benefit weighting is an attem pt to overcome this shortcom ing. Benefit 

weighting can be arbitrary and inconsistent, however, making it difficult to compare 

alternative projects or derive meaning from  results. A nother m ethod is the poverty 

impact ratio, which com pares unweighted benefits for the poor w ith unweighted total 

project benefits.

In this study, a flood protection project with poverty alleviation as a major 

objective is exam ined. Flood protection project benefits are estim ated  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 d ifficult to realize the
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poverty alleviation objective. This m ethod is also inconsistent with the idea of differing 

marginal utilities o f income.

A procedure is proposed based on safety-first valuations. Safety-first valuations 

incorporate risk in a m anner consistent with decision-m aking 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 o f  project benefits was VND 176,000 compared 

to the safety-first estim ated increase in benefits o f VND 6.4 m illion. The safety-first 

estim ate is more consistent with utility theory. Safety-first provides a preference 

ordering that is superior to the poverty im pact ratio.

Eric Franklin Biltonen 
D epartm ent o f Agricultural and 
Resource Economics 
C olorado State University 
Fort Collins, Colorado 
Sum m er 2001
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CHAPTER 1: INTRODUCTION

1.1 General Introduction

Flooding is one o f the most significant natural disasters worldwide. Every year 

flooding causes m assive loss o f life, property, and production. A flood induced 

interruption o f norm al productive and o ther living activities can have catastrophic 

impacts on a reg ion’s econom y and way o f life.

In response to the threat o f flooding, various m easures have been devised to 

provide protection from the harmful effects caused by flooding. Flood protection 

measures can reduce the damage caused by flood events e ith e r through actions that 

prevent excess flow s from reaching a protected area or through m eans that give people 

the opportunity to take defensive m easures against an im pending flood. Physical forms 

o f flood m itigation measures include dyke systems, reservoirs, or channel 

improvements. The benefits of flood protection measures include reduced loss o f 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 o f production, then a flood d isaster has the potential 

to reduce their production and assets to  levels that put their continued existence into 

question. F lood protection projects can reduce the probability  o f adverse income 

fluctuations by reducing the probability o f experiencing a flood-induced loss. 

Therefore, flood protection projects can hold large benefits for poor people by

1
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minimizing the chance of their incom e experiencing negative fluctuations due to 

flooding.

As w ith any investment decision, however, the decision to invest in a flood 

protection project must consider w hether the benefits arising from the pro ject outweigh 

the costs o f constructing, maintaining, and operating the project. C ost-benefit analysis 

techniques have been devised specifically for this purpose. C ost-benefit analysis 

examines the relative states o f project costs and benefits to see w hether a given 

investment alternative is desirable. Cost-benefit analysis can also aid in deciding which 

project am ong several alternatives is most desirable. From an econom ic social welfare 

perspective, cost-benefit analysis aim s to ensure that a country’s resources are allocated 

efficiently. In econom ic, efficiency is normally equated with the idea o f  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 o f income as acceptable. A standard cost-benefit analysis 

relies on the potential Pareto criteria, which assigns equal weights to all individuals. 

Therefore, the econom ic analysis may not capture non-efficiency concerns when 

analyzing a project. If the decision m aker 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 o r 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 o f this study.
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1.2 Problem Statement

The subject o f 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 m ethod to help bridge a gap that currently 

exists between the theory and application of cost-benefit analysis o f flood protection 

projects when poverty concerns are part o f the decision criteria.

Cost-benefit analysis is a tool used in an attem pt to quantify and compare the 

economic costs and benefits o f alternative actions. The results o f cost-benefit analysis 

allow  decision makers to  determ ine 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 investm ent 

decisions.

Unfortunately, neither the application nor the underlying theory is as simple o r 

straightforward as the above description. Problem s can potentially arise from the 

definition of costs and benefits, the valuation o f costs and benefits, the aggregation o f 

net benefits, and the distribution o f net benefits. How all o f these potential problem s 

are addressed ultimately affects the process fo rju d g in g  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 w hat will be the resulting allocation o f resources (Stevens, 

1993). Moreover, econom ists are interested in how the social choice reflects the

3
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preferences o f the individual members o f the group. N orm ally, it is assumed that 

individual preferences are ordered to correspond with d ifferent levels of welfare or 

utility (Nicholson, 1995). Unfortunately, there are many difficu lties involved with the 

concept of aggregating individual preferences into a social preference (Bonner, 1986). 

These problems can be categorized as two issues: aggregate m easures of utility and 

aggregate social preferences. The two ideas are closely related; the first deals with the 

m easure of social utility and the second deals with how social decisions are made. 

Presumably, social preferences will correspond to levels o f social utility.

The judgm ent o f  alternative actions is made more d ifficu lt by consideration o f 

the tradeoffs between efficiency and equity. Efficiency is concerned with whether the 

net benefits arising from  an investment decision are optim al. That is, no alternative 

investment yields higher total net benefits to society. Equity is concerned with fairness 

regarding the distribution o f  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 m ay have a negative im pact on incom e distribution causing it to 

become less equitable (U N ID O , 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 econom ics is the branch o f econom ics interested in determining how to 

judge alternative actions. W elfare econom ics has as its distinguishing trait the use o f 

value judgments in the formulation o f its basic assum ptions (Pearce, 1994). The 

dom inant idea in w elfare econom ics is the Pareto Principle. Paretian economics judges 

a move from one state to  another superior if the move to the o ther state makes at least

4
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one person better o ff without m aking anyone else w orse off. This idea has been 

extended through the concept o f com pensation tests, where one state is judged superior 

to another if the gainers from the move can com pensate 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 

incom e 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 sam e value as a dollar o f  benefits going to the rich. 

However, it has long been stated that the marginal utility o f  real income is higher for the 

poor than for the rich (M arshall, 1948). If the marginal utility o f money for poor people 

is inaccurately reflected in the social value, an alternative action may be undervalued 

and an inefficient allocation o f resources will result. The marginal utility problem can 

hold serious implications concerning the efficiency conditions if  the poor are adequately 

considered.

Until recently, the econom ic analysis of a project’s potential impact on poverty 

alleviation was relegated a rather m inor role in the project appraisal process, despite 

poverty alleviation often being stated as a m ajor m otivation for international 

development projects. Relatively recently, poverty alleviation has been given a more 

prom inent status in the project appraisal process. For exam ple, in November o f 1999, 

the Asian Development Bank adopted poverty alleviation as its “overarching goal” 

(Asian Development Bank, 1999). Project appraisals m ust now incorporate a much 

stronger emphasis on poverty alleviation impacts from a project.

5
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In the past, project appraisal guidelines for developm ent agencies addressed 

poverty concerns by w eighting project benefits so that a target group was more heavily 

favored in the calculation o f 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 exam ple, the UNDIO (1978) 

guidelines recommend determ ining the weights through an “ iterative process between 

the analysts...and the politicians or planners.” O ther m ethods for calculating weights 

have been devised, yet all depend on value judgm ents to be made by the analyst. Even 

a choice not to use distributional weights involves a value judgm ent acknowledging 

acceptance o f the existing distribution of income (Brent, 1990).

The potential for arbitrary weighting choices and inefficient outcomes has been 

pointed out in the literature (M ishan, 1974). The debate over benefit weighting can be 

characterized as ultim ately a debate over the equity-efficiency tradeoff (Schmid, 1989). 

The debate is an attem pt to determine the degree to which existing income conditions 

should be addressed in the appraisal process. M oreover, if  distributional concerns are to 

be incorporated into the analysis, what is the best m ethod for doing this? Typically, 

justifying and ranking alternative projects has been largely based on traditional cost- 

benefit analysis techniques with poverty alleviation im pacts analyzed as a separate 

com ponent and results reported in a short side sum m ary (Asian Development Bank, 

1997).

Most poverty im pact analysis is usually concerned with num bers of poor people 

im pacted or the proportion o f  project benefits accruing to a target group (Asian

6
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Developm ent Bank, 1997); (Brent, 1990). Another area o f  focus for poverty impact 

analysis is concerned with the developm ent of a better index to measure poverty. 

However, relatively little attention has been placed on the im pact poverty has on benefit 

calculations and m arket equilibrium  conditions.

If the Pareto principle is an acceptable decision criterion (at least as one o f a set 

o f criteria), and the Pareto conditions are derived from econom ically  efficient market 

solutions, then it is crucial that the im pacts of poverty on cost-benefit analysis be 

exam ined. This can lead to a better incorporation o f concerns 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 o f 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 

o f the project as well as evaluate potential impacts of the pro ject on poverty alleviation. 

However, it will allow a more precise ranking of project alternatives than other 

m ethods, such as the poverty impact ratio favored by the A sian Developm ent Bank.

In particular, the proposed m ethod is designed to address issues unique to flood 

protection projects. Flood protection projects increase expected  income by reducing 

dam age to current production and assets. Therefore, a rich person will receive more 

benefits than a poor person will sim ply because they possess m ore assets or produce 

m ore than the poor person does. If incom e inequality is great, the traditional cost- 

benefit approach will tend to value projects higher that benefit the richer segments of

7
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society rather than a project that benefits the poorer segm ents o f society. This is caused 

the greater aggregate value o f  production and assets possessed by the rich and protected 

by a flood m itigation project. W hile this may help attain the Paretian goal o f efficiency, 

it will miss the goal o f targeting those in poverty. T he proposed approach aims to 

overcome this shortcom ing by ranking acceptable projects according to the effect that 

the project has on those in poverty. The proposed approach will also avoid som e of the 

difficulties involved with determ ining and using a w eighted benefit approach.

An additional com plication in the current case is that flood protection projects 

are usually non-traded public goods. Public goods have the characteristics o f non­

excludability and non-rivalry. U nlike 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 m echanism 

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 o f  a flood protection project in order to evaluate 

potential im pacts on poverty alleviation. The risk-based valuation technique will more 

accurately reflect the value o f  the benefits received by people living in poverty. It is 

believed that this risk-based approach will allow a m ore precise ranking o f alternative 

projects than o ther existing m ethods 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 D elta o f Vietnam. Vietnam  is one o f the poorest countries in

8
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the world, w ith a per capita incom e of about US$350 (W orld Bank, 1999). Most o f the 

Red R iver D elta  population lives within an area protected by a 3000 km long dyke 

system. The poor population living in the Delta is extrem ely 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 o f 

transport, energy, and water resources essential for financially sustaining the country’s 

agricultural population.

The flood protection project involves the rehabilitation o f the dyke system along 

the D uong R iver which connects the Red River at Hanoi with the Thai Binh R iver 

further east (See Figure 1.1). The project area includes parts o f four provinces, 22 

districts, and 484 communes as shown in Figure 1.2. T w o dykes have been built over a 

period o f 500 years on the left and right banks of the D uong 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 perm eable and unsafe foundations and voids in the dyke body. During the 

historical floods o f  1945 and 1971, the study area suffered extensive inundation with 

large loss o f life, property, and production shown in Figure 1.3.

The organization of the rem ainder o f the dissertation is as follows. C hapter 2 

examines the theory behind social choice and welfare econom ics, while C hapter 3 

exam ines the theory underlying cost-benefit analysis. C hapter 4  reviews the estim ation 

o f flood protection benefits both in the United States and Vietnam . Chapter 5 offers 

reviews of the setting in Vietnam. Chapter 6 outlines the m ethodology that will be used

9
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in the case study. C hapter 7 presents the result of the case study with particular 

em phasis on the poverty impact analysis. F inally, Chapter 8 presents the conclusions 

and results.

10
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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 o f a 

group” (Pearce, 1994). The theory of social choice exam ines the connections betw een 

individual preferences and collective choices (Sen, 1982). In the study of social choice, 

econom ists are prim arily concerned with how collective decisions are made, how these 

decisions reflect individual preferences, and w hat is the m eaning and m easure o f  the 

resulting social welfare (Bonner, 1986); (Pearce, 1994). Because, ultimately, a ranking 

of all alternatives is desired, it is necessary to exam ine the conditions which guarantee 

this result.

Social orderings are generally assum ed to be guided by certain necessary 

conditions. Ideally, the ranking of alternative econom ic states w ould be both com plete 

and consistent (Boadway and Bruce, 1984). Com pleteness ensures that the ordering 

includes all possible social states. The condition o f consistency ensures that the choices 

are transitive and reflexive. Transitivity can be stated as the condition where if  .v is 

preferred to y  and y  is preferred to z, then x  m ust be preferred to z. Transitivity  is 

im portant for m axim ization problems. Reflexivity is a trivial condition that states that 

for all x  in a consum er’s consum ption set, x  is at least as good as itself (Varian, 1992). 

A final condition usually assum ed for m athem atical convenience is that of continuity  in 

both individual preferences and in social w elfare orderings.
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The welfare o f an individual has been defined as “the goodness in a m an’s state 

o f m ind o r...th e  satisfactions em bodied in it” (Pigou, 1951). A widely accepted 

assum ption is that people’s preferences are based on a desire to achieve higher levels of 

personal welfare. That is, for any ordering o f a pair o f  alternatives, the alternative 

yielding the higher level of welfare will be the preferred alternative. Therefore, it is 

often given as a reasonable assum ption that social choices are m ade in response to the 

same type o f  rationality (Bonner, 1986). Choices are then assum ed to be made in a 

m anner such that welfare will increase. In order to analyze the effects o f these choices, 

it would be helpful if  different w elfare levels could be m easured and compared. 

M easurem ent is an assignment o f num bers 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 w ould seem  to be a relatively 

straightforw ard process to rank various alternatives on an individual basis. The most 

explored possibility for discovering a m easure or index o f welfare is found in the 

concept o f utility.

2.1.1 Individual Utility as a Representation o f  Individual Welfare

Utility, in its most general current form, represents the good that a person 

derives from  the consumption o f som e good. Welfare is how “well o f f ’ a person is and 

differs from  utility, which is a m easure o f welfare. These two term s, however, are often 

used interchangeably. Economics generally assumes that an individual is aware of the 

relative good they derive from any alternative action (N icholson, 1995). Based on the 

axioms o f 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 consum e a good 

(Samuelson, 1973).

A nother im portant concept o f utility theory is that of dim inishing marginal 

utility. D im inishing marginal utility is the condition w here as a person consum es more 

and more o f a good, the additional satisfaction that the person gets is sm aller with each 

additional unit. The idea o f diminishing marginal utility is illustrated in Figure 2.1. 

The figure illustrates that for each identical increase in the quantity consum ed o f good 

X, the increase in utility comes in diminishing am ounts, that is, A>B>C. W hile, strictly 

speaking Figure 2.1 shows diminishing increm ental utility, the idea is the same for 

marginality.

U tility
U(X)

CH
B -4

G ood X

Figure 2.1 D im inishing Marginal Utility from C onsum ption of a Good. For each 
identical increm ental increase in good X, the increm ental increase in utility is 
decreasing.

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



W hen tw o or more goods are consumed and resources are limited, there w ill be 

a tradeoff in the consumption o f  the two goods. The tradeoff is termed the rate of 

marginal substitution and is given as the ratio o f the m arginal utilities of the two goods. 

The graph o f  these two goods is represented by indifference curves and is shown in 

Figure 2.2. Each curve, U, represents the locus o f all com binations of goods X and Y 

where the consum er will experience identical levels o f  utility. That is, the curves 

illustrate how  much of one good a consumer must give up for consumption o f the other 

so that the ir utility level stays the same. The slope o f  an indifference curve is the ratio 

of the m arginal utilities o f  the tw o goods. The utility levels radiate out so that the utility 

level o f U1 is higher than the utility  level of U2.

U1

U2

G ood X

Figure 2.2 Indifference Curves fo r Consumption of G oods X and Y.

The convexity  o f curves U I and U2 is caused by the tw o goods having dim inishing 

marginal utilities (Pearce, 1994). This convexity reflects the tradeoffs that a person

17
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m ust make in choosing  different consum ption levels fo r the goods. In this case, the 

tradeoffs are called the dim inishing rate o f marginal substitution.

If the social w elfare ordering is to be based upon individual preferences, then the 

individual utilities m ust be m easurable and comparable (B oadw ay and Bruce, 1984). 

M easurable and com parable utilities can provide insights about welfare changes 

resulting from changes in consum ption (Bonner, 1986). If utility is not m easurable and 

comparable, then tradeoffs in consum ption bundles for society  cannot be judged and 

social welfare can only  be assumed to improve for non-losing changes in consum ption. 

It is important to exam ine the properties that would m ake utilities a useful m easure o f 

welfare.

2 .1 .1 .1  C ard in a l U tili tie s

To judge alternative social actions, it is necessary to  be able to know m ore than 

ju s t the ranking, but also the magnitude of the changes. In order for magnitudes to be 

measurable, it m ust be possible to establish a “unique and reciprocal correspondence” 

between the m agnitudes and cardinal numbers (Pigou, 1951). This requires that the 

measurem ent o f  the effects of alternative actions have both origin and scale (Bonner, 

1986). Utility that possesses these qualities is called cardinal utility. A com m on 

interpretation o f cardinality  is that which allows the intervals between alternative states 

to be compared in term s of multiples or fractions (Pearce, 1994).

Cardinal utility received the m ajority of attention in the early explorations o f 

utility by econom ists such as W alras and Jevons (R oberts, 1979). These early 

explorations o f utility were framed within the idea that the prim acy of econom ics was 

material welfare, w hich focused on “problems of producing and distributing necessities
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to alleviate w ant,” especially poverty (C ooter and Rappoport, 1984). These problems 

required a definition o f  utility that could be com pared among people. M oreover, in 

o rder to make com parisons between different states, the initial theories o f  utility held 

that individual utilities could be sum m ed together for an accurate m easure o f their 

com bined utility.

2 .1 .1 .2  O rd in a l U tilitie s

The cardinal measurability o f  utility was originally questioned by Edgeworth 

(Edgeworth, 1881). Edgeworth proposed a marginal approach to m easuring utility to 

discover an equilibrium  point. E dgew orth’s idea was mathematically derived by 

Jevons, who discovered that the utilities o f different people did not need to  be added 

because the solution depended only upon the ratio o f marginal utilities com pared to the 

ratio of prices. Pareto and Fisher (1892) extended the w ork by analyzing w hat needed 

to be known about a utility function to calculate an equilibrium point (C ooter and 

Rappoport, 1984). Pareto and Fisher discovered that it was unnecessary for individual 

utilities to be either intra- or interpersonally com parable. Pareto created a m ajor change 

in economic thought by showing that m ost econom ic theory depended only on ordinal 

utility functions and that the idea o f  additivity was not necessarily realistic (Roberts, 

1979).

The change culminated in the 1930s with the “ordinalist revolution” (C ooter and 

Rappoport, 1984). The ordinalist revolution rejected cardinal utility resulting in a 

concentration in m ost future economic studies on ordinal utility. Ordinal utility  differs 

from  cardinal utility in that in terms o f utility it cannot be said by how much one state is 

better than another. That is, there is no available measure of the m agnitude o f  utility.
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In this sense, ordinal utility does not convey as m uch inform ation as cardinal utility 

(Boadway and Bruce, 1984). However, ordinal utility requires less information in order 

to  estim ate utility functions.

The lack o f m easurable utility does not com pletely prevent the analysis o f  

utility. Pigou (1951) pointed out that even though utility may lack measurability, one 

could still conceptualize a  m arginal utility curve. Based on certain  qualities o f the 

conceptualization, assum ptions can be made that m ake it possible to avoid an empirical 

analysis in order to evaluate a consum er’s actions.

Another im portant change resulting from the ordinalist revolution was the 

change in the definition o f  utility. The new definition o f  utility differed from that o f the 

material welfare econom ists w ho defined utility in term s o f  the satiation of observable 

material wants. The ordinalists adopted a subjective definition o f utility usually used 

today based on the pleasure people derived from the consum ption o f certain goods.

2 .1 .1 .3  In terperson al C o m p a ra b ility  o f  U tility

Another im portant consideration o f utility is w hether it is comparable between 

people. If individual preference rankings are com parable interpersonally, then social 

choices can be made that are consistent with individual preferences. The interpersonal 

com parability characteristic is required if a social welfare ordering is to reflect the 

utilities o f all individuals (Boadw ay and Bruce, 1984). C om parability o f utility requires 

that utilities can be m easured for different people by a com m on m easure.

As with m easurability, if  utilities are not interpersonally comparable, then 

decisions for welfare im provem ent must be confined to strict direction changes. 

Particularly relevant to this study, a lack o f interpersonally comparable utilities
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precludes an evaluation o f the implications o f  the transfers from  rich to poor persons 

(Pigou, 1951). This is because it then becom es im possible to  know the econom ic 

im pacts a reallocation has on different segm ents o f  society.

Part o f the problem  in finding a com m on yardstick allowing interpersonal 

comparability is two fold: part metaphysical and part psychological (Harsanyi, 1969). 

The metaphysical com ponent can be described as a likely difference in people’s 

“susceptibility” to satisfaction. That is, one person m ay have the ability to derive 

greater satisfaction than another person from  the consum ption o f some good, even 

though both people are in all other aspects identical. The psychological com ponent is 

one o f perception o r motivation. As Harsanyi discovered, the problem facing 

economists is that any  attem pts to overcom e these obstacles are subject to “large 

margins of errors” (Harsanyi, 1969). Since Pareto underm ined the idea o f 

interpersonally com parable utilities, the problem  has becom e one o f how social welfare 

can be expressed as a function o f individual utilities.

2.1.2 Social Welfare as an Aggregate o f  Individual Utilities

It is generally accepted that social welfare measures should represent the welfare 

o f every individual in society (Bonner, 1986). If the concept o f individual utility is 

accepted, the problem  then becomes one of how  to aggregate the individual utilities into 

a measure o f social welfare. If individual utilities are ordinal and not interpersonally 

comparable, then they cannot be added. The issue o f aggregating utilities to form a 

social welfare ordering is the main issue in theoretical social choice (Boadway and 

Bruce, 1984).
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The search for an aggregate measure o f social welfare took a drastic change of 

direction when econom ists began to reject the idea o f cardinal and interpersonally 

comparable utility. This shift in the theoretical basis resulted in the rise o f w hat is now 

called New W elfare Econom ics lead by the ideas of Pareto, which asserts that ordinal 

utilities are sufficient for m ost econom ic theory (Roberts, 1979). Since Pareto, the idea 

o f  a social welfare function com posed of additive, interpersonally comparable utilities 

has been severely criticized (H arsanyi, 1969). The key change led to a focus away from 

aggregate utilities and tow ards aggregate individual valuations o f benefits for resource 

allocations (M ishan, 1980). However, the difficulty in aggregating individual values to 

arrive at a social value persisted. Tw o approaches to aggregation individual preferences 

are given by the Bergson-Sam uelson Social Welfare Function and by A rrow ’s Social 

W elfare Function.

2.1.3 Bergson-Samuelson Social Welfare Function

One o f the most fam iliar social welfare functions is the Bergson-Samuelson 

social welfare function (Boadway and Bruce, 1984). T his function is a general relation 

that is a function of individual utilities. In Bergson’s work, a social welfare function 

was formulated based on the prevailing value judgm ents found in welfare economics at 

the time (Bergson, 1938). The purpose of Bergson’s w ork was to state explicitly what 

the functional formulation w ould be if these value judgm ents were accepted. Bergson 

was able to determine that for any specification of a social welfare function there would 

be a maximum point, however, the set of value propositions on which the formulation 

may be based is infinite. That is, as society’s tastes change, then it would be necessary 

to formulate a new social w elfare function.
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A major difficulty w ith aggregation by a general welfare function, such as 

B ergson’s, is that by allow ing each individual to order all states strictly on a self-gain 

basis an infinite set o f optim al points will be created (Bergson, 1938). Here, an optimal 

point is defined as a state w here no reallocation exists that can make som eone better off 

w ithout making some else w orse off. The infinite set o f  optimal points is caused by the 

infinite set of value propositions imposed on the welfare function in order to evaluate 

econom ic alternatives. If the welfare function is to  offer relevant results for society, 

then it is necessary for the economic analyst to know the individual values and 

preference at the time o f analysis. In practical term s it can be seen that the Bergson- 

Sam uelson social welfare function is data intensive and, therefore, not suitable for 

applied work (Boadway and Bruce, 1984).

2.1.4 Arrow Impossibility Theorem

An alternative approach to aggregating individual preferences was explored by 

Arrow in his Theory o f G eneral Possibility (Arrow, 1951). Arrow was concerned with 

the problem  of whether it was possible for a consistent collective ranking of possible 

actions to result from individual preferences when a set o f  conditions was imposed that 

Arrow considered reasonable assumptions regarding the social decision making process 

underlying a social dem ocracy (Bonner, 1986). The five conditions included collective 

rationality, unrestricted dom ain, the Pareto principle, independence o f irrelevant 

alternatives, and non-dictatorship. Collective rationality is the extension of individual 

axiom s o f rational choice to social choices. U nrestricted domain is that the social 

choice can be drawn from any set o f individual orderings (Bonner, 1986). The Pareto 

principle, briefly discussed previously, will be discussed in depth in section 2.3.
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Independence of irrelevant alternatives is that the social choice is only affected by the 

individual preferences regarding relevant alternatives. N on-dictatorship requires that no 

single individual's preference ordering is im posed on the social choice.

Arrow’s conclusion was that anytim e that there are three o r more alternatives 

any procedure for social choice will violate one o f Arrow’s conditions. The implication 

o f A rrow ’s result is that the construction o f  a social w elfare function that satisfies his 

five conditions is im possible. That is, it w ould be im possible to construct a social 

welfare function that aggregated individual preferences in such a way that collective 

rationality would guide social decisions.

One claim countering Arrow’s argum ent states that certain  decision-m aking 

mechanisms, such as a market, do not require collective decision-m aking and, therefore, 

do provide consistent choices (Buchanan, 1954). Buchanan felt that the assumption of 

collective rationality im puted an organic relationship to a group that may not exist. 

Buchanan further argued that a social w elfare function m ust be approached from the 

philosophical standpoint that a social w elfare function is a product o f social origins, 

distinctly different from a product of individual origins. Therefore, Buchanan believed 

that attempts to construct a social w elfare function as a  product of individual 

preferences should be abandoned. Sugden answ ered that Buchanan was mistaken in his 

conclusions because o f his attempt to “im pose the logic o f w elfare maximization on the 

procedures o f collective choice” (Sugden, 1993).

Sen (1995) later showed that even if the idea o f social preference and the 

condition o f consistency are dropped, A rrow ’s impossibility result will still hold. Sen 

had previously extended A rrow ’s results w ith his proof o f the incom patibility o f Pareto

24

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



O ptim ality with certain  liberal values (Sen, 1970). Sen concluded that, “ in the context 

o f social welfare judgm ents, the natural resolution o f these problems lies in enriching 

the information base” (Sen, 1995). That is, in order to by pass the impossibility 

problem , social judgm ents will require the adm ission o f non-utility inform ation and 

interpersonal utility com parison.

2.1.5 Comparison o f  Approaches by Bergson and Arrow

A Bergsonian Social Welfare Function deviates from A rrow ’s conditions by 

taking individual tastes as given, and making social orderings of alternatives based on a 

changing environm ent (Little, 1952). W hereas, Arrow allow ed for individual 

preferences to change and social choices were made as a function o f individual tastes. 

By taking individual preferences as given, for a change in individual preferences, a new 

ordering may result and  no reason exists that the tw o orderings should have anything to 

do with each other. A second difference is that the social ordering resulting from a 

Bergsonian Social W elfare function does not require that it represent social choices 

(Little, 1952). Little concluded that A rrow ’s Im possibility Theorem had no bearing 

whatsoever on the possibility  of a Bergsonian W elfare Function.

Little extended his argument by restricting the interpretation o f A rrow ’s 

conditions to a decision process instead of a social welfare function. The difference is 

that a social welfare function is a value judgm ent, while a decision process rules 

between value judgm ents given to it. Therefore, according to Little (1952), Arrow had 

proved that consistent decision-m aking and, therefore, the discovery o f a social welfare 

function, is im possible if  one adheres to his conditions. A second point o f  contention is 

that Arrow’s conditions cannot be justified (Rothenberg, 1953).
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Rothenberg (1953) contrasted Little’s claim  by showing that a  transformed 

welfare function is dependent on changes in the individual preference rankings. He did 

this by deriving an Arrow Social Welfare Function from the Bergson social welfare 

function. Rothenberg criticized Little’s interpretation o f Bergson’s Social Welfare 

Function as too narrow, since Little specified a Social Welfare Function as a rule which 

is a function o f  individual tastes (Rothenberg, 1953). The im plication o f Little’s 

specification was that if tastes change then a new rule is needed, w hereas Arrow’s 

social welfare function is specified for every ordering of individual preferences. 

Rothenberg devised a com prom ise solution, declaring that a social welfare function is 

“a descriptive generalization about the valuation rule of the population at large” 

(Rothenberg, 1953).

The above discussion does not make any statement as to the usefulness of a 

social welfare function to welfare economics. Rather, Rothenberg states that “a social 

welfare function is acceptable only when it adequately describes a social decision­

making process for which there exists in the observable real world a significant 

valuation consensus supporting it” (Rothenberg, 1953). This condition is likely to exist 

during the relatively short tim e spans normally exam ined in welfare econom ics. The 

next step is to decide what the value judgments shall be.

2.1.6 Value Judgments

One aspect o f welfare economics is that it is normative and therefore requires 

the use o f value judgm ents (Boadway and Bruce, 1984). Value judgm ents hold the 

special characteristic in that they can be individually unique and it is im possible to 

substantiate the ir truth (Pearce, 1994). Some felt that utility theory could never become
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independent o f the value judgm ents necessary to give utility measures a com m on 

dimension (Bergson, 1938). Bergson (1938) was one o f the econom ists supporting the 

involvement o f  econom ists in the determ ination o f prevailing values in a com m unity.

There are several approaches to guide allocation decisions. Each o f the 

following approaches requires a different set o f values judgm ents to be m ade regarding 

what society should try  to achieve through resource allocations. One o f the earliest of 

these was put forth by Jerem y Bentham, w ho called for allocations to be guided  by the 

utilitarian approach (Bentham , 1791). The utilitarian approach holds that it is desirable 

that allocations should be made that provide the greatest happiness for the greatest 

number. A nother approach that was put forth by Rawls is a maxi-min approach (Rawls, 

1971). In this approach, the welfare o f  the state is determined by the w elfare o f the 

worst off member. Finally, an egalitarian approach is primarily concerned with 

adhering to some sort o f equality am ong m em bers of society.

2.2 Making Collective Decisions Concerning Different States of Social Welfare

There are num erous processes for m aking social decisions, such as voting and 

central planning. In voting, each individual has a say in the decision process and his or 

her input is counted in the final decision. In political voting, each individual has an 

equal vote. H owever, the market represents another sort o f voting process w here each 

member o f  society casts votes on resource allocations using money (Pearce and Nash, 

1981). Through this collective process, society determines what it w ishes to produce 

and consume thereby theoretically m axim izing its welfare. The main difference 

between econom ic and political voting is that different individuals have different voting 

powers. If every individual has roughly the same income, then dollar voting can
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embody some expression  of intensity o f preference am ong individuals (Pearce and 

Nash, 1981). H ow ever, if  there are income disparities then market voting favors those 

w ho can vote m ore, such as the rich. The rich can sim ply vote more than the poor for 

higher absolute values, however, the poor may have higher valued m arginal voting 

power.

Opposite to  a market process, is a central planning decision process. In this 

process, social decisions are made by an individual o r small group on behalf o f society, 

usually identified as a country’s governm ent (Tinbergen, 1964). Central planners may 

o r may not work in accordance with society’s best interests in mind. If w e assum e that 

society’s objectives can be represented by a social choice rule, and the rule is based on 

the welfare o r preferences of the individual m em bers, then the primary problem  for the 

planner is to discover w hat are the individual preferences (Dasgupta, H am m ond et al., 

1979). A lternatively, central planners may choose to  act as if they knew the preferences 

o f the individual m em bers and makes decisions based on these assum ptions. This can 

be especially useful when consensus decisions are difficult to arrive at.

2.3 Welfare Economics

W elfare econom ics is the normative branch o f economics concerned with the 

conditions that determ ine whether one social state is better than another state. It has 

been defined as the branch o f econom ics that “seeks to form ulate and justify 

propositions by w hich economists may rank, on the scale o f better o r w orse, alternative 

economic situations” (Mishan, 1980). In a practical sense, it attem pts to prescribe 

policies that deal with resource allocations. The conditions that are used to judge 

alternative states are based upon value judgm ents in w elfare economics. It has been
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dem onstrated that welfare economics requires the use o f value judgm ents (Fisher, 

1956).

Mishan (1980) stated that New Welfare Econom ics is based on two fundamental 

maxims. The first is w hat M ishan calls the individualist m axim , which is that the 

econom ist’s objective data is the set of individual’s subjective valuations. The second 

maxim is the Pareto criterion which states that a state B is preferred to a state A if the 

aggregate net benefits are higher in state B. Som e econom ists believe that if the ethics 

o f society do not match these maxims, then the allocative econom ist loses all basis for 

pronouncing a given allocation suboptimal (M ishan, 1980).

2.3.1 The Pareto Criterion

The Pareto criterion is a rule used to judge alternative states. The Pareto 

criterion defines an optim al state as one in which no reallocation can be made that 

improves at least one person without harming another. By itself, the criterion does not 

allow a complete ordering of social states. T he Pareto criterion arose out o f the 

rejection o f cardinal and interpersonally com parable utilities. Pareto’s work replaced 

the idea o f measurable utility with the idea of a scale o f  preferences (Hicks and Allen, 

1934). Ordinal utilities confined reallocation options to those where at least one person 

is made better off without any other person being m ade worse off. Pareto dem onstrated 

that the derivation o f a utility function from a scale o f preferences is not possible. That 

is, that utility is ordinal.

Hicks and Allen (1934) evaluated the adjustm ents to the theory of value made 

necessary because o f P areto ’s theories. There w ere two issues confronting them, the 

first reason being rather practical. They felt that the marginal utility for any good tends
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to want to stay in isolation as any two marginal utilities have an almost irresistible 

tendency to “w ander” apart (Hicks and Allen, 1934). The second reason is that in 

equilibrium, the m arginal rate of substitution must equal the ratio of prices. T heir 

analysis concluded that the theory of value did not require a measure o f utility. For 

these reasons, the idea o f marginal utility was supplanted w ith the idea of marginal rate 

o f  substitution.

A second adjustm ent is the replacement o f dim inishing marginal utility with 

decreasing rate o f m arginal o f substitution. This adjustm ent creates a m apping o f 

convex indifference curves, which is m athem atically desirable for m axim ization 

problems. O ther assum ptions made concerning the indifference curves are that they are 

continuous for ail goods, that they are positive in quantity, and that the marginal rate o f 

substitution is always decreasing (Hicks and Allen, 1934). These conditions are 

standard conditions o f calculus normally given as necessary for w ell-behaved 

mathematical optim ization solutions. The non-negativity condition is m eant to 

constrain solutions to  econom ic reality.

2.3.2 Strict Pareto Improvements

Strict Pareto im provem ents are resource allocations w here at least one person is 

made better off, but no one is made worse off (Londero, 1996). The im plications o f 

these kinds o f im provem ents can be show graphically. The following assum es that 

there are two individuals, X and Y, with utility functions U  as shown in Figure 2.3. If 

they initially start at point A, then a strict Pareto im provem ent would restrict 

reallocations to w ithin the dot shaded area, such as point C. Points B and D, w ould not 

be allowed since X w ould lose utility in the move.
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The im plication is that judgm ents regarding alternative allocations are lim ited to 

those within the shaded areas. Points such as B and D  have ambiguous w elfare 

changes. In this sense, the strict Pareto improvement approach offers an incom plete 

ordering. A nother im plication is that reallocation w ill result in distributions that are 

sim ilar to those existing in the initial state. This is because no one can be made worse 

o ff than the initial allocation. Unless society judges that the existing distribution is 

acceptable, then a strict Pareto improvement is not a suitable criteria for project 

evaluation. A nother practical lim itation is that most policy decisions usually help some 

people, while hurting others.

UY
•  B

•  D

Ux

Unambiguously 
preferred to A

U nam biguously less 
preferred than A

Figure 2.3 Strict Pareto Im provem ents o f Utility for a Tw o-Person Situation. If A is the 
initial allocation, then C is an unambiguous Pareto im provem ent, but no judgm ent can 
be made about allocations B and D.

2.3.3 Potential Pareto Improvements

If a reallocation can be made where at least one person is made better o ff and  the 

gainers could com pensate the losers, then this is know n as a potential Pareto 

improvement. The com pensation, however, does not actually need to be paid. The
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difference betw een strict and potential Pareto improvements is shown in Figure 2.4. A 

potential Pareto improvement allows consideration o f all resource allocations to the 

right o f the line PP, so now point B is an acceptable allocation. Potential Pareto 

improvements allow  for a com plete ordering of states. A nother advantage is that the 

potential for a  redistribution o f net benefits to occur is now allowed, however, in the 

absence o f interpersonal utility com parisons it is not possible to  pick a single solution.

U Y

•  D

P

Area o f potential Pareto 
im provem ents over initial 
allocation A

Figure 2.4 Potential Pareto Improvements of Utility in a Tw o-Person Situation.

2.3.4 Pareto Optimality

A Pareto optimal allocation o f a resource occurs when no reallocation exists 

where one party can be made better off without another party being made worse off 

(Pearce, 1994). Another way of thinking about it is that all m utually beneficial trades 

have been exhausted. The idea o f Pareto optimality can be dem onstrated graphically 

with an Edgew orth box diagram. In the diagram, there are two people, i and j, 

exchanging two goods X and Y as shown in Figure 2.5. They are each characterized by
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the utility curves U, where U '> U 2>U3. Point C  in the diagram represents an inefficient 

allocation in that by m oving to point A, j ’s u tility  can be increased w ithout hurting i. 

Likewise, a move from point C to B increases i’s utility without hurting j .  Points A and 

B, however, are both Pareto optim al in that no m ove exists that will not hurt at least one 

o f them . It can be seen that at the Pareto optim al points, A and B, the marginal rates of 

substitution for both i and j are equal. All points where the marginal rates of 

substitution are equal for both i and j form a contract curve shown as curve O jO j. The 

contract curve is the locus o f  all the Pareto efficient allocations o f good X  and Y.

a

Good Y

O j Good X

Figure 2.5 Pareto Efficiency in Exchange for tw o individuals i and  j  with utility U. 
A llocation C allows m utually beneficial moves, w hile allocations A and B do not.

The idea of Pareto efficiency can also be demonstrated in production. Consider 

an econom y with a single consum er and two products, X and Y. Let the consum er’s 

utility function be represented by Uj (where U i> U 2> and the production possibilities 

frontier by Q as shown in Figure 2.6. Line I is the budget constraint. Point B on the
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graph shows a technically efficient resource allocation, since the only way to produce 

more o f one good is at the expense of the o ther good. If it were possible to produce 

m ore of one good w ithout sacrificing the o ther good, then the allocation w ould be 

considered technically inefficient, such as point C. Point B, how ever, is econom ically 

inefficient, because if resources are reallocated so that production takes place at point 

A, utility will be increased to U i. At any other point than A, utility is reduced from that 

which is possible.

Y

I =  PxX + PyY

o

X

Figure 2.6 Pareto Efficiency in Production.

2.3.5 Mathematical Conditions for Pareto Optimal Allocations

Pareto optim ality can also be dem onstrated mathematically. This will set up the 

basic optimality conditions for an economically efficient allocation. W e will first 

designate two production functions for goods X and Y as:

X = f(zx),

and

Y = g(zy),
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respectively. The variable z  represents an input bundle that can be used for the 

production o f  e ither X or Y and is constrained by:

z = zx +  Zy.

A single u tility  function representing society will be assum ed and represented by:

U = h(X,Y),

Where, X and Y represent the consum ption levels o f goods X and Y. The locus of 

com binations o f  X  and Y where U is constant defines an indifference curve. The slope 

of this curve is the marginal rate o f substitution (MRS) and is represented by:

d Y
M R S =

d X
u = u ,

In order to  make the utility maxim ization problem more realistic, a budget 

constraint is introduced. If we allow P x and Py to represent the prices o f X and Y, and I 

to represent the incom e, then the budget constraint can be represented by:

/  =  P xX  +  PyY

The budget constraint is shown in Figure 2.6. Solving for Y yields the slope o f the 

budget constrain t as - Px/Py. Exam ining Figure 2.6, one can see that if less than the total 

income is spent then utility will be less than Uj. Further, for any consum ption bundle 

on the budget constraint not at point A, utility is also less than U |. Therefore, it can be 

seen that utility maximization is achieved at the point where the budget constraint is 

tangent to  a utility  curve and the budget is completely exhausted. This can be more 

succinctly defined as the point where:

P.
M R S  =  —

Py
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The corresponding solution on the production side yields the rather 

straightforw ard conclusion that producers should produce at point A. The slope of the 

production possibilities frontier is known as the rate o f product transform ation (RPT) 

and is given by:

d Y
R P T  = —

d X

and represents the productive tradeoffs with Y from producing more o f X for a 

technically efficient allocation o f resources. The optimal conditions occur when:

R P T  =  =  M R S  .
Py

To see why this is the case, any point within the production possibilities results in lower 

utility for society. Only point A in Figure 2.3 is both technically efficient and a 

m axim al point o f  social utility. Thus, the basic conditions for a socially optimal 

allocation o f resources are established.

This optimal allocation implies nothing about the distribution o f benefits within 

society. Potential Pareto improvements merely require that adequate com pensation be 

possible for the losers, not that it actually is paid. The Pareto optimal allocation may 

not be acceptable by society’s ethical standards. A second point is that is that potential 

Pareto im provem ents define an infinite set o f Pareto optimal points. The Pareto 

criterion does not help one identify the optimal allocation decision. The conclusion of 

following the Pareto criterion is that at the m axim um  position, the marginal welfare per 

dollar be the same for all people.

In a perfectly competitive market setting, the ability to accurately rank 

alternative consumption bundles com bined with the provision o f effective incentives,
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guides individual participants so that a market will reach its optimal state. The 

conditions at the optim al poin t have the marginal rate o f  substitution equal to the price 

ratio o f  the two goods. The ranking o f alternatives does not allow, however, the 

unam biguous m easurem ent o f  welfare.

2.3.6 Compensation Tests fo r  Potential Pareto Improvements

If some people lose while others gain and utility is not interpersonally 

com parable or cardinal, then judgm ents cannot be m ade about the reallocations. In 

order to get around this problem , compensation tests were developed (Boadway and 

Bruce, 1984). The most w idely used com pensation test is that norm ally attributed to 

H icks (1939) and K aldor (1939). Under this test, one state is deem ed superior to 

another if  gainers from  a particular reallocation have the ability to fully compensate the 

losers and still realize a net gain. Still, however, the com pensation never actually needs 

to  be paid. These types o f reallocations are called potential Pareto improvements.

Compensation tests were introduced as an extension o f Pareto’s criteria to allow 

for hypothetical paym ents to losers of a resource allocation. The advantage of 

com pensation tests is that they allow an exam ination o f  social welfare, while avoiding 

the issue o f interpersonal w elfare comparisons. T hese com pensation tests allow for 

potential Pareto im provem ents.

Probably the m ost com m on criticism o f com pensation tests involves the 

difference between actual and  potential improvem ents. Potential Pareto improvements 

do not require that com pensation actually be paid. In fact, in a practical setting it is 

generally assumed that com pensation is prim arily an im aginary exercise (Bonner,
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1986). This is because o f  the enorm ous cost associated with determ ining and making 

the appropriate payments.

2.4 Theoretical Calculation of Utility as Consumer Surplus

The most com m on m ethod used to measure utility is that o f  consum er surplus. 

C onsum er surplus provides a money m etric proxy for utility. C onsum er surplus has 

been defined as the net benefit that a consum er receives from  purchasing a good at a 

particular price (Pearce, 1994). The concept has can be traced to  D upuit (1844), who 

proposed using the difference in a good’s value in use and value in exchange as a 

m easure of utility. M arshall (1948) points out that consum er surplus is an important 

concept because o f its ability to m easure differences in utility between two events. 

M arshall’s argument is that if “the m oney measures o f the happiness caused by two 

events are equal,” then the tw o events yield essentially identical am ounts of happiness 

(M arshall, 1948). Graphically, the consum er surplus is the w illingness to pay/price 

differential integrated across some quantity, arbitrarily shown as OQ* in Figure 2.7.

$

P

D em and

Q*0 Q
Figure 2.7 Consum er Surplus. The shaded area CS, is the extra benefit received by the 
consum er because the m arket price, P \  is less than their w illingness to pay.

38

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Consumer surplus is the shaded area labeled CS. If the price were any higher, 

then the quantity demanded w ould fall leading to a loss o f  consum er welfare. If the 

price were lower then consum er surplus would increase from  the increase in quantity 

demanded. Likewise, if  it is assum ed that the equilibrium  point stays the same, then the 

greater the price elasticity o f  dem and for the good were greater then the incremental 

increases to consum er surplus are greater.

The demand curve represents the marginal value o f  the good to the consum er for 

different quantities o f Q. That is the demand curve represents the marginal points 

where a consumer’s objective function is maximized given different prices levels, all 

else equal. The optimal output has been defined, according to welfare econom ics, as 

the “output combination that w ould be chosen by individual consumers responding in 

perfect markets to prices which reflect true costs o f production” (Pearce, 1994).

In application, consum er surplus is most com m only used to measure changes in 

welfare (Pearce, 1994). One lim itation o f consumer surplus, especially in a developing 

country setting, is that it assum es that the marginal utility o f  income is constant across 

individuals and dollars. If it is accepted that a marginal do llar o f income is worth more 

to the poor than to the rich, then it becomes necessary to incorporate this difference into 

the economic analysis if  distributional issues are im portant. Improving the methods to 

estim ate the marginal utility o f incom e can help to “bridge the gap between equity and 

efficiency” (Blue and Tweeten, 1997).

2.4.1 Marginal Utility as a Valuation o f  Welfare

It is widely regarded that resource allocation decisions are made at the margin. 

It is therefore important that values o f utility also be determ ined at the margin rather
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than using total utility values. Marginal decisions ensure that scarce resource will be 

placed to those uses that are valued most highly. The general approach in economics 

has been to assume that the marginal utility o f  incom e is identical for all people. 

Unfortunately, the m easurem ent o f marginal utility o f  incom e in practice has been 

limited.

Blue and Tweeten (1997) proposed a m ethod o f m easuring marginal utility by 

constructing a social welfare function using a Q uality  o f  Life Index. They utilized a 

socio-psychological approach that used personal m easures o f well being to estimate 

marginal utility. This differs from the usual m ethods o f  using a gam ble or preference 

elicitation technique to estim ate marginal utilities. It thus overcom es the difficulty 

where the expected utility axiom s are violated. B lue and T w eeten’s findings using 

curvilinear functional forms showed that the marginal utility o f m oney approached 

infinity as income approached zero.

2.4.2 Divergence o f  value in use and value in exchange

Adam Smith addressed what is now a classic problem  involving the divergence 

in price between diam onds and water. The problem  was that water, a good essential for 

life, was priced so much low er than diamonds, w hich are a luxury good and not 

essential to life. The well-know n solution to the problem  is that there is a divergence of 

the value o f a good in exchange with the value o f a good in use (Sam uelson, 1973). The 

cause is that water is abundant resulting in a low price per unit, whereas diamonds are 

relatively scarce resulting a higher market price. Jevons (1871) later used the methods 

o f calculus to resolve the paradox of value, confirm ing that the price o f a good is 

associated with marginal, rather than total, utility. If allocation decisions are made
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using social marginal analysis, then it becom es important to  exam ine these divergences 

in exchange and use values. In fact, it has been shown that the only time aggregate 

m easures o f net benefits are a valid indicator of welfare is w hen the marginal social 

utility o f income is identical for all people (Boadway, 1974).

2.5 Resource Allocations in a Market Setting

Resources can be defined as being synonymous w ith factors o f production 

(Perm an, Ma et al., 1996). The allocation o f resources involves the assignment o f  the 

resources to specific people o r uses. Allocations allow productive activities to occur, 

thereby creating econom ic benefits.

An allocation o f resources entails two components (Perm an, Ma et al., 1996). 

The first component relates to the productive side o f resource utilization. This 

com ponent involves the choice o f inputs used to produce a set o f outputs. The second 

com ponent considers how  the productive outputs are distributed. These tw o 

com ponents are interdependent in that society must consider both in deciding how  best 

to m aximize its objectives.

Opportunity cost is one of the m ost important concepts in the allocation o f 

resources. The opportunity costs o f a resource are “the benefits foregone when a scarce 

resource is used for one purpose instead o f its next best alternative use” (Young, 1996). 

If there were no constraints on the available quantity o f a resource, then no productive 

activity will ever have to be foregone and opportunity cost w ill be zero. However, if a 

lim it exists concerning the quantity o f a resource so that it canno t satisfy all wants, then 

a positive opportunity cost is created and the resource is called  scarce.
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2.5.1 Scarcity and the Importance o f Allocation Decisions

During the ordinalist revolution, economics saw a shift away from  material 

welfare economics and tow ard scarcity econom ics (Cooter and Rappoport, 1984). 

Scarcity exists w henever a resource holds value, but is lim ited in quantity (Perman, Ma 

et al., 1996). The main im plication o f scarcity is that tradeoffs will be involved in the 

utilization of a resource. It is important that resources are allocated to those uses that 

society (or an individual o r firm) values most. If allocations do not occur in this manner 

then society is not receiving the maximum benefit available. Som e alternative 

allocation of the resource exists that will yield more benefits.

2.5.2 Efficiency Objectives fo r  Allocation Decisions

In econom ics, resource allocations are generally assumed to be directed so that 

the net benefit realized from their use is m axim ized. Benefits may be defined as 

profits, utility, o r any o ther measure the decision m aker deems important. Economics 

attempts to guide resource use so that the use is efficient. Economic efficiency is the 

condition where the m axim um  benefit is created for the least cost. Theoretically, an 

efficient allocation is accom plished by the normal w orkings o f a perfectly competitive 

market given the w ell-established assumptions regarding the exchanged goods and 

market institutions.

2.5.3 Efficient Outcomes in a Perfectly Competitive Market

It is assum ed in econom ics that a perfectly com petitive market will provide an 

efficient allocation o f  resources. The perfectly com petitive market is com prised of 

consumers who are m axim izing utility and producers w ho are maximizing profits. Each 

market participant succeeds in maximizing their personal objective through the
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interdependence o f supply and demand forces. These forces provide incentives to the 

market participants by giving signals reflecting the true value o f  buying or selling 

different goods. At the equilibrium  price and  quantity, there is no incentive for buyers 

o r sellers to alter their economic decisions, as it would entail a m ove away from their 

objective maximum (Nicholson, 1995). T hus, in the long-run, the m arket equilibrium is 

an efficient allocation o f resources according to the objectives o f  society’s individual 

consum ers and firms. The optimal output has been defined as the “output combination 

which w ould be chosen by individual consum ers responding in perfect m arkets to prices 

which reflect true costs of production” (Pearce, 1994). As stated before, this outcome is 

assum ing a perfectly functioning market econom y and a universal acceptance o f the 

efficiency criterion. The next section exam ines the case when efficiency may not be the 

main o r only concern.

2.5.4 Equity and Distribution

The concept o f efficiency as used in economics is norm ally concerned with 

allocative efficiency. Efficiency has received the primary focus regarding problems of 

resource allocation. If efficiency is achieved then no reallocation exists that could 

increase total net benefits. In economics, efficiency is founded on a set o f conditions, 

that if  met ensure that net benefits have been maximized. Generally, the normal 

workings o f a perfectly competitive m arket can be shown to yield econom ic efficiency. 

In this manner, the efficiency criterion seem s to avoid many o f the value judgment 

problem s associated with the equity criterion, although, a closer exam ination will show 

that this is not necessarily true. In applied cases, concerns are often given to the 

problem s o f equity and the distribution o f net benefits.
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Distributional issues exam ine how the costs and benefits o f  a given state are 

distributed among individuals. Equity  is primarily concerned w ith w hether a given 

distribution is fair (Pearce, 1994). Equity can be defined in term s o f incom e, wealth, 

property rights, o r any other m easure that society deems im portant. Fairness can vary in 

its definition depending upon the parties involved. It is stated that the prim ary difficulty 

with equity is that it requires value judgm ents to be made w hereas in m arket decisions 

equity is determ ined by w illingness and ability to pay. M any people feel that 

economics, as a science, should not concern itself with equity (M ishan, 1980). Others, 

however, believe that despite this difficulty, economics should address the equity issue. 

As demonstrated later in this chapter, many attempts have been m ade to incorporate 

equity concerns into the analysis o f allocation problems.

It has been shown that social choices concerning resource allocation can 

consider both efficiency and equity issues. Economists, however, tend to focus on the 

efficiency criterion leaving equity concerns to the political process. However, others 

have questioned the potential to which the two issues can be separately analyzed with 

government projects. This is because when a government program  redistributes 

benefits there can be an unforeseen change in demand caused by the differences in 

preference between the receivers and the givers of the redistribution (Eckstein, 1958). 

There are two problem s that arise from  concerns over equity. First, equity concerns 

may put resource allocations into conflict with economic efficiency objectives. Further, 

adherence to the efficiency criterion may cause the econom ist’s policy 

recommendations to  be detached from  the ethics o f the society in question (Mishan, 

1980). Additionally, the market operations are hampered by m arket im perfections and
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failures. The cause and description of a certain kind o f market failure are described in 

the next sections.

2.5.5 Market Failure

M arket failures occur when the m arket is unable to provide a good at optimal 

levels as defined by econom ic efficiency. The m ost common source o f m arket failures 

usually lies in the characteristics of the goods themselves (Pearce, 1994). These 

characteristics include either non-rivalry or non-excludability in the good’s 

consumption. Non-rival m eans that one person’s consumption o f a good does not 

prevent another person from  consuming the good. Non-excludability means that a 

person cannot be prevented from  consuming the good based on w hether they have paid 

for the good o r not. The implication of the tw o conditions is that necessary incentives 

will not be provided in such a way as to encourage the sort o f m arket participation 

needed for an optimal outcom e. The form o f  market failure most relevant to this study 

is that o f public goods, which is discussed in the next section.

2.6 Provision of Public Goods

Pure public goods are a form of positive externality and are defined has being 

both non-excludable and non-rival. A public good is a good that has a zero cost 

associated w ith its provision to additional people after the good is initially provided 

(Pearce, 1994). This characteristic makes public goods highly susceptible to the free­

rider problem. The free-rider problem exists because the potential to consum e the good 

for zero cost motivates a consum er to hide their preference for the good to minimize 

personal paym ent (Sam uelson, 1954). The problem  then becomes how to optimally 

provide a public good and at what cost. Sam uelson pointed out that solutions to the
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problem s of determ ining an optimal quantity  to provide o f a public good and a just cost 

sharing burden cannot be separated logically (McGuire and Arron, 1969). Deciding the 

best way to share the cost burden is a com plex problem.

One o f the earliest attempts to explain a solution to this problem  was provided 

by Erik Lindahl in 1919 (Nicholson, 1995). Lindahl attempted to  show how a system of 

taxation might lead to an efficient equilibrium . He constructed a two-person economy 

with a public good. Dem and schedules were developed based on the proportion o f the 

public good’s cost in terms of tax each would be willing to pay. At higher cost 

proportions, each party would dem and less o f the public good. Figure 2.8 shows the 

graph representing these dem and schedules.

Share o f Share o f
q cost paid 

by B
cost paid iqo 
by A

Eq Quantity of
good
provided

Figure 2.8 Lindahl Equilibrium  with T axed Public Goods.

The demand curves for persons A and B intersect at point C, so that the quantity 

dem anded of the public good is E q. Each person is willing to pay a specific tax rate

46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



based on the value o f the public good to  him o r her. Lindahl argued that this 

represented an equilibrium  solution based on the idea that if the good w ere supplied in 

quantities less than E q, together the two people w ould be willing to pay m ore than 100 

percent o f the total cost o f the good. If the public good were supplied in quantities more 

than Eq, the total am ount the two would be w illing to pay w ould be less than 100 

percent o f the total good (Nicholson, 1995). The efficiency o f this solution can be 

demonstrated m athem atically.

There are tw o consumers, A and B, and two goods one a pure public good and 

the other a pure private good, X and Y, respectively. Prices are represented by Pj. If we 

let A ’s share o f  the public goods cost equal a ,  then A ’s tax share equals aPx- A’s 

utility m axim izing allocation will be chosen so that:

P , M U J Y )

Similarly, B ’s share o f  the public good’s cost will be 1-a. B’s will allocate resources to 

maximize utility satisfying:

= M R S , = M U ‘ m  .
P,  M V b ( Y )

The producers w ill produce the tw o goods in a com bination to m axim ize profits, so that:

= R P T ( X  f o r  Y ) .
Py

Taking the sum m ation o f the first two equations equals:

M R S a + M R S b =
a P x | (1 - a ) P x — x
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This is equal to the rate o f  product transformation for the producing firm, which is the 

optimality condition as show n previously. Unfortunately, the fatal weakness in this 

approach rests with the taxing agency’s ability to discover each person’s preference for 

tax share (a ) . It has been asserted that this inability to develop a means for discovering 

true preferences is the sole reason for the breakdown of a jo in t cost sharing and optimal 

allocation Lindahl-type solution (McGuire and Arron, 1969).

Later, Samuelson (1954) investigated the optim al public expenditure on the 

provision o f collective consum ption goods. He defined collective consumption goods 

as being purely non-rival. A fter defining utility (U), production (F), and social welfare 

(U) functions, Sam uelson was able to easily establish the optim ality conditions for 

provision o f private and collective consumption goods. T hese consisted of a Pareto 

optimal utility frontier,

M U )  _  FJ 

M U ) ~~F) '

a public expenditure on collective consumption goods condition,

l l n * j  _
u ‘ F  '1=1 r r

and a social welfare condition,

U , <

where the low er case u represent an individual’s utility function.

The social welfare function is defined to be consistent with society’ ethical 

preferences for all possible allocations. W hile the first tw o equations define an infinite
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set o f points, it is the third equation that is necessary for a  unique solution and  this is 

where the problem lies.

A benevolent government can theoretically solve for the optimal allocation o f 

collective goods and the appropriate taxes to pay for them  (Samuelson, 1954). This 

exercise requires that people disclose their true preferences regarding the collective 

good, so that taxes can be adjusted until the social w elfare function is m axim ized as a 

result of individual consumption decisions. H ow ever, the free rider problem  will 

prevent optimal taxes from being established, as people will be unwilling to  disclose 

their true preferences. This result makes it im possible for the optimal allocation of 

collective goods to occur within a la isse z-fa ire  market.

The characteristic of non-excludability further prevents an optimal allocation of 

public goods. Excludability allows a supplier to capture the benefits o f providing a 

good because only payers are able to enjoy the good. W ithout excludability, people can 

enjoy the good w ithout paying. Since, a private firm will not usually provide goods 

unless there is a positive revenue flow at least covering their variable costs, they will 

not have an incentive to provide a public good. Provision o f public goods is usually left 

to governmental o r group organizations (Pearce, 1994). This author believes that these 

organizations will be acting under different objectives than the standard profit 

maximization rule, such as provision o f a good for humanitarian reasons. H ow ever, the 

important point is that public goods may not be allocated in an optimal m anner within a 

private market. It is fundamentally important to distinguish the nature o f a  good when 

addressing the problem  o f allocation.
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2.7 Extensions to Standard Welfare Theory

It has been shown that a  m arket system will not allocate a public good optim ally 

based on an efficiency criterion. The difficulties with m easuring changes in welfare 

from resource reallocations w ere also thoroughly reviewed. For a  practical application, 

a partial ordering using w illingness to pay measures is the best one can hope for if  the 

goal is to arrive at an ordering o f  social states. A considerable gap in modem econom ic 

theory exists concerning w elfare measures for those in poverty. This difficulty is 

caused by the divergence in the marginal utility o f incom e with the ability to pay 

im plied by willingness to pay measures usually used as an estim ation o f utility. 

Therefore, the standard theories do not reflect an accurate ordering o f social states. 

Furtherm ore, even if the m easurem ents were accurate, the Pareto  criterion does not 

offer any guidance as to an order along a frontier.

The rest of this chapter m oves away from aggregate m easures and exam ines 

individual decision-making in under conditions o f poverty and risk. The motivation for 

analyzing individual behavior is an attempt to overcom e problem s o f aggregation that 

hinder an effective analysis o f  non-efficiency goals. The next tw o sections review the 

work done that addresses utility below a poverty line o r subsistence level. The final 

three sections examine the issue o f risk in decision-m aking. These sections will 

describe the theory behind the approach proposed for this study.

2.7.1 Utility and Poverty

U tility has been established as a conceptual measure o f  an individual’s level o f 

welfare. O f concern to this study is how utility behaves w hen poverty is introduced. 

The divergence in marginal u tility  o f  money between rich and poor people has long
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been hypothesized (M arshall, 1948). This divergence in m arginal utilities has also been 

tied to food when a person rem ains hungry in a given state (P igou, 1951). Essentially, 

if  utility is created from  the satiation of needs and needs are m ore profound for the poor, 

then the marginal utility o f additional income is greater for the poor.

The issue o f utility below a poverty line has largely been ignored or only 

superficially addressed in the literature. One explanation for this lack of attention is the 

view that below a subsistence level o f consum ption utility w ould not exist. This is 

because a consum ption bundle that could not sustain life could not sustain pleasure 

(Davies, 1994). O ther approaches simply allow utility at o r below some m inim um  

consum ption level to equal zero (McGregor, 1998). H ow ever, if  utility below the 

subsistence level did not exist or were zero, then once a person slips below the 

subsistence level, there w ould be no incentive to try to escape. This is because there is 

no positive marginal utility to be gained, which seems an unlikely case.

A study by C oles and Hammond (1995) constructed a general equilibrium  

model that allowed for non-survival o f participants unable to attain a minimum food 

consum ption bundle. In the Coles and Ham m ond study, m arket participants w ere 

assum ed to hold the preference that below some m inim um  consum ption level, “m ore 

food is always preferred to less food” (Coles and H am m ond, 1995). However, that was 

the lim it of their investigations into the behavior o f people living below the m inim um  

consum ption level.

A significant offering is given in two papers that utilize a compound utility 

function, where m oves above a minimum level o f consum ption of some bundle o f 

necessary goods allow for a jum p  in utility. This utility jum p is based on achieving a
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minimum consum ption o f the bundle o f necessary goods that allows one to more fully 

participate in social activities (Lewis and Ulph, 1988); (Rizzi, 1990). That is, a 

premium is available to those able to move above the poverty line and m ore fully 

participate in society’s activities. The minimum consum ption level o f the bundle of 

necessary goods is defined so that the benefits o f  attaining it are “so great that a 

deprived individual w ould be willing to sacrifice all o ther discretionary consum ption to 

acquire them” (Lew is and Ulph, 1988). It is also explicitly stated that consum ption 

choices always include tw o goods, one being the necessary good. This is justified  by 

the condition that all consumption is above the subsistence level. W hile, the overall 

purpose of the paper was to derive separate m easures o f inequality and poverty, it is 

significant in its offering as a theory involving behavior and poverty.

The current study is primarily concerned w ith utility below a poverty or 

subsistence level w here existence is no longer assured. It should be noted that poverty 

and subsistence are not identical definitions, however, both are standards o f living that 

are at or below a level o f guaranteed future existence. For the purposes o f this study, 

poverty or subsistence are regions delineated on one side by some m inim um  level 

below which a deprived individual would be w illing to sacrifice all discretionary 

income in an attem pt to rise above the minimum level. W ithin this region, more of the 

critical good is always preferred to less. The definition o f the poverty line is not based 

on the good, but ra ther on the intent o f the econom ic agent to reach it. Another 

important departure from  m ost previous studies is that positive utility levels exist below 

the threshold level. This is consistent with the approaches o f Coles and Ham m ond
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(1995) and Lewis and Ulph (1988) that more o f the necessary good is always preferred 

to less, regardless o f  whether the agent survives.

2.7.2 The Utility o f  Poverty Graphically

The section presents a graphical representation o f  the proposed theory o f utility 

below poverty. Poverty has a definite effect on m arginal utility below a poverty or 

subsistence line. The possibility that indifference curves below poverty might be less 

than well behaved has been long been suggested (H icks and Allen, 1934). The effect is 

sim ilar to the difference in marginal utility between rich and poor people as suggested 

by Marshall (1948). It is proposed here that below the poverty line, the desperate need 

to consume m ore o f  the necessary good results in a m arginal rate o f substitution that 

approaches infinity between any other goods and the necessary one. The effect is 

demonstrated graphically below.

In Figure 2.9, U1...U4 are indifference curves corresponding to higher levels o f 

u tility1. The horizontal axis represents good X, w hich is the necessary good. The 

poverty line is defined as that level o f consumption that below  which future existence 

falls into doubt and a person will sacrifice consum ption o f all other goods to obtain 

m ore of the necessary good. The vertical axis represents the bundle o f goods, Y, that 

are not necessary for survival. Ii and L represent tw o budget constraints. For any 

budget, insufficient to raise the consum er above the poverty line then the necessary 

good is chosen exclusively. Only above the poverty line does a tradeoff between 

essential and non-essential goods begin to occur.
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Non-necessary 
good Y

Poverty
Line

Necessary good X

Figure 2.9 Behavior o f Indifference Curves Above and Below a Poverty Line.

2.7.3 Implications fo r  Equilibrium Conditions

The model o f utility holds significant implications for the generally accepted 

equilibrium  conditions. As shown in the graph above, below the poverty line the 

m arginal utility of extra consum ption of the necessary good X  approaches infinity. 

Solving the problem as a constrained m axim ization problem using the K uhn-Tucker 

conditions yields the following solution:

dx dx
f d T '  
KdX, =  0

—  = —  - A P r < 0 ;  Y =  0 
d V  d Y

= o

„  M U Y . _ M U X
Pv >  — and P v = — r^-

1 A lthough drawn perpendicular, the indifferences curves U i and U 2 may be d efined  as co n v ex  in order to  
d erive m ore w ell behaved m athem atical solutions.
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M U X M U y  

p  pr X  Y

The last equation show s that on an individual basis, more o f the necessary good X  is 

always desired below the poverty line at the com plete expense o f the non-necessary 

good Y. It is also a  violation of the fundam ental condition o f consum er equilibrium , 

which requires the tw o proportions to be equal for interior solutions (Sam uelson, 1973). 

If the marginal utility is infinite, then it is alw ays desirable to reallocate resources so as 

to help move people above the poverty line. The next section exam ines the topic of 

risk.

2.8 Risk, Utility, and Resource Allocation Decisions for Individuals

Another com plication with allocation problems is that econom ic decision­

m aking is often faced w ith risk or uncertainty. R isk is the condition where outcomes 

are known and undeterm ined. Uncertainty is the condition where outcomes are 

unknown and undeterm ined (Knight, 1957)2. Probabilities o f risky outcom es can be 

either subjective or objective. Subjective probabilities are placed on the alternative 

outcom es by the decision-m aker (Pearce and Nash, 1981). Flood protection projects 

involve an inherent am ount o f risk. For this study in particular, risk associated with 

agricultural production activities will receive particular focus. For people living at or 

near the poverty line, there is an extreme vulnerability to negative variations in income. 

If income falls below som e crucial level, it m ay become impossible to m eet basic living 

needs.

2 W hile som e texts a lso  in clu d e probabilities in the d istinction  between uncertainty and risk (Knight, 
1957), others do not, c la im in g  that decision makers h ave to make judgm ents o f  the probabilities in every  
situation (Upton, 1987).
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The prim ary m ethod to exam ine the incorporation o f uncertainty in decision­

making is through expected values. The expected value is the sum o f the products of 

the possible outcom es and their probability o f occurrence. In other w ords, the expected 

value is simply a w eighted average. The decision criterion is simply to pick the highest 

expected value (Pearce and Nash, 1981). However, a preferred approach is to 

incorporate some m easure o f  the variation in possible outcomes.

If a person is confronted with tw o options, one uncertain and the other certain, 

the person will weigh the expected value o f a risky option against the definite return of 

the certain option. The chosen option will reveal whether a person’s risk preference is 

averse, neutral, o r loving. A person who is risk-averse will chose options with certainty 

that are valued less than the expected value o f the risky option (Ray, 1998). The risk- 

averse person prefers a certain outcom e to a risky outcom e with a higher expected 

value. That is, the person is operating not to maximize expected profits, but to 

maximize utility (Pearce and Nash, 1981).

The concept o f  risk aversion can be demonstrated through expected utility when 

marginal utility dim inishes as income increases as shown in Figure 2.10 (Ray, 1998). 

In this graph, the point Y E is the expected value o f Y with possible outcom es Yi and Y^. 

The position of Y E is determined by the relative probabilities o f Yi and Y i. As a certain 

outcome, however, the value of YE is U(Y*). Therefore, the utility value for a certain 

outcome is higher than for expected utility o f a gamble o f Yi or Y2.

2.8.1 Individual Decision-Making under Risk

Theories that consider decision-m aking in an agricultural setting include 

satisficing, lexicographic ordering, and maximization o f utility (Upton, 1987).
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Satisficing is akin to goal setting. Production decisions are based on meeting a goal. 

There are, how ever, no criteria fo r the optimization o f  the production decisions and

Utility
U(Y)

U(Y*)

EU(Y)

U (Y .)

y 2 yY, Y*

Figure 2.10 Expected Utility o f a R isk Averse Person. A certain YE has a higher value, 
U(Y*), than as an expected outcom e, EU (Y) for a gam ble o f  Yi and Y2.

therefore, evaluation of alternatives. Lexicographic ordering is similar to ordering 

preferences in a  manner sim ilar to  the organization o f a dictionary. Again, production 

decisions are guided by goals. H ow ever, there are now higher and lower priority goals. 

Once all high priority goals are m et, production is guided toward meeting secondary 

goals. This type o f approach was used to study individual decision making regarding 

flooding in the Republic o f K orea (Kim, 1989). T he motivation for using the 

lexicographic approach was to account for the lack o f information that individuals 

possessed regarding flood hazards. This does not apply to the present case because 

decisions are being made by a central planner with know ledge regarding the hazard
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probabilities. A dditionally, the lexicographical approach requires significant survey 

data to be collected, w hich is not always practical o r possible in a developing country. 

A nother decision-m aking theory is expected utility m axim ization, which has been 

discussed previously. D espite its complications, utility theory in cardinal form has been 

used in welfare econom ics to analyze choices under risk (Harsanyi, 1953).

Risk enters into agricultural production decision-m aking in three ways; 

uncertainty regarding environm ent and associated im pacts on yield, uncertainty 

regarding price fluctuations, and information gaps (Upton, 1987). The general concern 

is that fluctuations in incom e are not desirable; especially the closer one is to a 

minimum subsistence level (Miracle, 1968). Tw o com ponents influence a person’s risk 

attitude. The first com ponent is the person’s wealth level and the second is the 

diversification o f earning sources (Ray, 1998). The few er incom e options a person has 

and the lower their incom e the more vulnerable they are to negative incom e 

fluctuations.

Several m ethods for considering decision-m aking under risk include the mean- 

variance criterion (M arkow itz, 1952), the expected utility maximization criterion 

(Boisvert, 1972), and the safety-first criterion (Roy, 1952). The mean-variance criterion 

utilizes both the expected value and the variance o f the outcom es. Variance represents 

the risk associated w ith an event (Nicholson, 1995). The value o f final wealth is a 

function of both expected  value and variance. W hile sim ple to use and intuitively 

appealing, most people judge a risky situation either by its potential upside or its 

potential downside effect on their final wealth. That is, the m ean variance criterion
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“gives equal weight to both positive and negative deviations” from a lottery’s expected 

value (Eeckhoudt and G ollier, 1995).

2.8.2 Safety-first Rules fo r  Farmer Decision-Making

Safety-first criteria are concerned with the possibility that an uncertain return 

will fall below some designated threshold o f m inim al acceptability. This risk is often 

expressed as a probability statement in the form:

p r f x <  t } < P ,

where x  is the return, t  is the minimum threshold, and P  is the acceptable probability 

limit o f failure (Bigman, 1996). The m inim um  threshold is alternatively referred to as 

the safety threshold or the disaster level.

There are three approaches to incorporating a safety-first constraint into 

economic decision-making. The approaches are to m inim ize the probability, P , o f the 

return falling below the safety threshold (Roy, 1952), to maximize the expected return, 

x,  given acceptable level o f  risk (Telser, 1955), and to m axim ize the safety threshold, /, 

for a given failure probability (Kataoka, 1963).

The safety-first criterion assumes that the decision maker judges the alternative 

strategies as to whether they exceed a threshold, below which final wealth m ust not fall 

(Eeckhoudt and Gollier, 1995). This type o f criteria has been shown to be a good model 

for decision-making by subsistence farmers (Sands, 1989); (Ellis, 1998). For this 

criterion, rather than variance, a semi-variance is incorporated into the decision model. 

The variance is exam ined only from the lowest possible bound on final wealth up to the 

threshold level. The semi-variance is then incorporated into the evaluation o f  the 

alternative strategies, which are valued by:
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V ( w f ) =  E ( w f ) - k < T 2- ( t )

W here, V(wj )  = the value o f  final wealth adjusted for risk preference,

E  (wf )  = the expected value o f  final w ealth for a given state o f the world, 

k  = a m easure o f risk aversion,

a 2'(t) = sem i-variance o f possible outcom es below the threshold.

The values o f the alternative strategies are com pared and  the one with the highest value 

is chosen. The obvious question concerns w hether this allocation decision rule will lead 

to an optimal outcome that is economically efficient.

The variable k  can assum e any value. If k  equals zero, then the decision m aker 

is risk neutral. For positive values, the decision m aker is risk averse and gives greater 

weight to the negative deviations than to the expected value of the possible outcom es. 

The values o f alternative strategies are compared and the strategy with the highest value 

is chosen.

A widely adopted approach for incorporating the safety-first sem i-variance is 

through the use o f lower partial moments. This approach is useful when the distribution 

o f the potential outcomes is asymmetrical (Bigman, 1996). Fishbum (1985) defined a 

general class o f lower partial m om ents given by:

p { a , t )  =  ^ \ t - x ) a f ( x ) d x

where, t = the threshold,

jc = the final incom e

f(x )  = the probability o f some outcome occurring, and,

a  = some constant greater than zero.
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Fishbum  proved that for a  >  1, the solution will be a  subset o f  a second-degree 

stochastically dom inated set (F ishbum , 1977). For all a  >  2, the solution will be a 

subset o f a third-degree stochastically dominant set. T he low er partial second moment 

measures the variance only over the range from negative infin ity  to  the threshold (rather 

than the mean) and the variance is expressed relative to a threshold rather than an 

average income. Low er partial m om ents can provide a  sharper upper bound on the 

probability o f disaster, thereby avoiding the m ore conservative results o f other 

techniques.

The primary criticism  aim ed at safety-first m odels is their general inconsistency 

with utility theory (Bigman, 1996). Boisvert (1972) dem onstrated  that for any optimal 

point chosen by a utility m axim izing individual, a unique threshold or a unique 

probability can be determ ined. Therefore, if a person fo llow ing R oy’s criteria adopts 

that threshold, or a person follow ing K ataoka’s criteria adopts that probability, then they 

will chose the sam e portfolio as the utility m axim izing person. However, when 

working backwards from a safety-first solution to  u tility  m axim ization, there are an 

infinite number o f utility functions that would yield a solution identical to the safety- 

first solution. Further, since a  person following T e lser’s criteria must chose two 

decision parameters, there is also no unique relationship betw een the expected utility 

and Telser’s criteria (Boisvert, 1972).

Boisvert prefers the use o f expected utility m axim ization to safety-first criteria 

because expected utility m axim ization is consistent w ith both economic theory and 

observed behavior. H owever, in practical application B o isvert’s approach has a major 

weakness concerning tractability. Boisvert, by his ow n adm ission, relates that each
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utility function m ust be determ ined uniquely for each person. The results o f one 

solution may not be generalized to a broader group, whereas, using the minimum-P 

approach, the safety threshold can be broadly established, allow ing a much more 

tractable and general solution.

Sen (1995) proposed that resource allocations could be more effectively judged 

by enriching the information base upon w hich we make decisions (Sen, 1995). Sen’s 

approach called for the admission of non-utility information and an allowance of 

interpersonally comparable utilities. In light o f  the risk and poverty involved with the 

current study setting, it is proposed that projects be evaluated based on traditional 

theories. Projects that meet the potential Pareto criterion will then be evaluated using a 

safety-first criterion for benefits accruing to the target group. This will allow an 

ordering that is consistent with national goals (the decision m aker’s value judgments). 

The next chapter examines the theory and methods of cost-benefit analysis. It also 

examines the methods proposed and used to incorporate distributional goals into project 

analysis.
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CHAPTER 3: COST-BENEFIT ANALYSIS

3.1 Cost-Beneflt Analysis: Applied Welfare Economics

Cost-benefit A nalysis is the practical application o f w elfare economics. Cost- 

benefit analysis has been described as a formalization of a “com m on-sense concept of 

rationality” in the sense that people will weigh, even informally, the benefits against the 

costs of making some investm ent” (Pearce and Nash, 1981). In a social setting, cost- 

benefit analysis represents a collective rationality based on m oney votes concerning 

alternative allocations. Cost-benefit analysis attempts to estim ate a numerical 

calculation of net social benefits resulting from alternative states (Mishan, 1980). 

Analysis results are then used to judge  w hether a reallocation o f  a  nation’s resources 

represents an im provem ent over the base case and if it is the best reallocation among 

possible alternatives. Typically, cost-benefit analysis is conducted by simply adding up 

total money costs and benefits with no concern of distributional issues (Boadway, 

1974). This is reflected by the tendency o f economists to focus on the efficiency issue 

at the expense of equity in applications o f cost-benefit analysis (B lue and Tweeten, 

1997).

The traditional cost-benefit analysis technique is based on two underlying 

values. The first is that individual preferences matter and the second is that the current 

income distribution is appropriate fo r estim ating dollar weights for calculating net 

benefits (Pearce and N ash, 1981). In addressing the ethical grounds on which the
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efficiency criteria m ight be justified, it has been argued that cost-benefit analysis 

precludes consideration of other goals such as equality  o r distribution (Gillroy, 1992). 

G illroy (1992) argued that cost-benefit analysis as a policy appraisal tool is based on the 

assumption that welfare improvements imply preferences and consent o f  the individual. 

However, individual preferences and consent cannot be defined by the potential Pareto 

criterion, leaving cost-benefit analysis w ithout a  solid ethical justification. If non­

efficiency goals are important, then they will have to be considered in a different 

context, or risk being reduced to efficiency goals because o f the assumptions inherent in 

cost-benefit analysis.

3.1.1 The Basic Concept Behind Cost-Benefit Analysis

Cost-benefit analysis is a technique used to compare and rank alternative 

resource allocations through the calculation o f  a  single measure o f the effects of 

alternative allocations (Londero, 1996). This requires that a decision be made regarding 

the methods o f measurements, comparison, and judgm ent for alternatives (Londero, 

1996). The previous chapter on the economic theory underlying cost-benefit analysis 

established that it is deemed desirable that social w elfare should be a function of 

individual welfares. It was also established that theoretically there are difficulties in 

aggregating these individual preferences. Because o f problems with measuring utility, 

welfare economics has moved to measures o f valuations of benefits and away from 

m easures of utility. This was a result arising from  the fact that utility may not be 

interpersonally and cardinally measurable. Further, compensation tests were adopted 

which allow additive, aggregate measures o f net benefits to be made. This brings us to
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applied welfare econom ics o r cost-benefit analysis. This section will examine the 

mathematical construction behind cost-benefit analysis.

3.1.2 Discounting o f  Future Net Benefits

Cost-benefit analysis exam ines the effects of alternative actions over time. 

Therefore, it is necessary to use a m ethod capable o f m aking intertemporal welfare 

com parisons. It is generally assum ed that a person prefers present consumption to 

future consumption. In order to cause a person to defer present consumption, a 

prem ium  must be attached to income saved for future consum ption. This is the idea 

behind interest rates. If one has X  dollars in period one, then to  defer spending until 

period two they must be paid some interest rate that will cause the value of the future 

consum ption to become equal with the value o f the present consum ption. This can be 

shown as Xo = X f l + i )  = X2( 1 + i f  w here Xj  is the value X  in period j  and /  is some 

interest or discount rate3. The im plication is that the value o f  X  in the present is 

dim inishing at a constant rate the further off in time consum ption is delayed. 

Equivalently, the value o f X  in any period j  can be found in term s o f the initial value of 

X  given by:

X , = -------   X,r
1  (1+ * • ) '  “

This shows a person’s discounting factor for consumption in any period as l/(l+ i'y  and 

yields a value of X j . The value Xj is term ed the present value o f  X  in dollars in period j .  

Discounting allows project benefits to  be aggregated and evaluated, so that alternative

3 T h e literature on the estim ation o f  a “proper” d iscount rate is abundant, h ow ever, it is beyond the scope 
o f  this study to investigate this issue beyond the general concept. S ee  (L ind, Arrow et al„ 1982) and 
(Harberger, 1972) for d iscussions on  this topic.
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projects can be com pared and a  decision made. There are, however, several ways to 

calculate these decision criteria.

3.1.3 Criteria fo r Decision-Making among Alternative Projects

It was shown in Chapter 2 that an acceptable m easure o f social welfare should 

be a function o f individual welfares. However, because o f  difficulties in measuring and 

aggregating utility, welfare econom ics has moved to valuations o f benefits. One of the 

m ost common decision criteria in cost-benefit analysis that meets these two 

requirements is the net present value.

The net present value is currently recommended by UNIDO, the W orld Bank, 

and the Asian Developm ent B ank in making judgm ents about whether a given project 

presents an acceptable investm ent (UNIDO, 1978); (Squire and Tak, 1975); (Asian 

Development Bank, 1997). This concept is a simple extension of discounting. If a 

project is to yield B  benefits and C  costs in a given year r, then the net benefits are 

simply B  less C, which will be designated as NB.  If the project will create net benefits 

in a future period, we can com pare the net benefits in both periods by using the present 

value o f the future period’s net benefits. If the project w ill create these net benefits for 

every year o f the life o f the project, then the present value o f each period’s net benefits 

can be summed together to give an intertemporal m easure o f  the present value o f total 

project benefits. This is termed the net present value and  is the discounted stream of 

project costs and benefits. The net present value can be represented by the following 

equation:

N P V  = ± ^&a+py
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where, p  is the chosen constant discount rate and the project lasts for N  years. The 

variables B  and C  represent aggregate costs and benefits in time period t, respectively.

The decision criterion fo r the net present value is that a project is deem ed 

acceptable if  it has a  positive net present value. Projects with negative net present 

values should be rejected from  consideration. W hen com paring different projects, the 

project with the highest net present value is the best project.

It can be seen from  the above equation that the net present value is sim ply a 

summation o f net benefits across society, unadjusted fo r the manner in which the net 

benefits are distributed. As long as at least one person gains enough benefit to outw eigh 

the total costs, then the project is acceptable because it has a positive net benefit. This 

is simply an applied version o f the potential Pareto criterion using benefit valuation 

rather than utility. The net present value is therefore, truly, a social w elfare m easure. 

However, it clearly does no t em body any concerns o ver distribution o f project benefits.

The m ajor benefit o f the net present value is that it yields a sim ple aggregate 

measure o f all project effects. It is exactly this kind o f measure that is im plied by the 

potential Pareto criterion. As long as the marginal utility  o f income is the same for all 

people, then a positive net present value means that the gainers can at least com pensate 

the losers so that no one is worse off.

The main disadvantage with the net present value is that a judgm ent of project 

acceptability is not connected to the distribution o f  benefits. C alculated using 

traditional cost-benefit m ethodology, the resulting net present value im plies that the 

existing incom e distribution is the appropriate incom e distribution to use (Pearce and 

Nash, 1981). The net present value will allow a pro ject that benefits everyone to appear
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less favorable than a project that yields greater total net benefits, but only benefits a few 

individuals.

Another popular decision criterion is the internal rate o f return. The internal rate 

o f return is recom m ended in the classic texts for UNIDO and the W orld  Bank (UNIDO, 

1978); (Squire and Tak, 1975). C alculation o f the economic internal rate of return was 

a required item for project w ork related  to the current case study. T his internal rate of 

return calculates a discount rate so that the net present value o f a  project becomes zero. 

The internal rate o f return is found by solving the following equation for p :

— ^ -  =  0 
, = o d  + PY

where, p  is now the internal rate o f return (Harberger, 1972). T he variables B  and C  

represent the costs and benefits o f the project in time period t, respectively and the 

project lasts N  years. The internal rate o f return can then be com pared with some 

benchmark rate, for exam ple the opportunity cost of capital, to  see if a project is 

acceptable. If the internal rate o f return is higher than the benchm ark rate, then the 

project is acceptable. A lternative projects with rates o f return at least as high as the 

benchm ark rate can be com pared for the highest internal rate o f  return to identify the 

m ost preferable project.

An advantage o f the internal rate o f return is that it p resents project analysis 

results in a fashion with which investors are familiar (Schmid, 1989). The internal rate 

o f return also has the advantage that it can be calculated relatively easily (Harberger, 

1972). The primary disadvantage with the internal rate o f return is one of uniqueness. 

If a project covers N  tim e periods, there will be N  roots, so that the  interpretation o f the 

answ er may not be clear (Sassone and Schaffer, 1978). This is especially  true in the
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case where the flow o f net benefits fluctuates between negative and positive values 

several times over the life o f the project (Harberger, 1972). Finally, the internal rate of 

return may not be consistent with recommendations based on the net present value 

(Sassone and Schaffer, 1978).

3.1.4 Information A id or Decision Tool

The last section discussed the two m ost common investm ent decision criteria. 

The net present value was shown to be an additive measure o f social welfare com prised 

o f measures o f individual benefits. Since, the measure is monetary it is both cardinal 

and interpersonally com parable. The internal rate of return is constructed in a similar 

fashion yielding a m easure of return that can be compared to som e benchm ark rate. 

Therefore, both m easures overcome the problem s of ordinality and non-comparability. 

This has the advantage o f  allowing social decisions to be made regarding aggregations 

o f individual welfare. However, using this measure o f benefits implies that the 

marginal utility o f incom e is identical for all people. This was shown to be an unlikely 

case in a developing country setting. The question is then, what information does cost- 

benefit analysis really convey and can results be used as a stand-alone decision 

criterion? That is, do cost-benefit analysis results offer a  decision tool or an 

information aid?

Practically speaking, results w ould be relegated to an inform ation aid. Most 

cost-benefit analyses are part of a feasibility study that contains several components, 

each used by the decision-m aker in his decision making process. Theoretically, it has 

been shown that welfare economic theories do not allow for the incorporation of 

alternative or additional social goals accept for allocative efficiency. If alternative
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social goals are to be incorporated, then traditional cost-benefit analysis m ethods must 

be adjusted o r augmented. Some o f  the questions concerning what inform ation is really 

being conveyed by cost-benefit analysis can be answ ered by exploring issues involved 

with m aking the transition from theory to practice.

3.2 From Theory to Practice

In m oving from the theory o f welfare econom ics to the application o f cost- 

benefit analysis, some concerns m ust be addressed. One of these concerns involves a 

departure from  the theory and one concern involves the acceptance o f  an important 

assum ption. These concerns are d iscussed in the next two sections.

3.2.1 Moves towards Optimality vs. Optimal Allocations

The theory of efficient resource allocations with potential Pareto im provem ents 

involves the determination o f that allocation where it is impossible to further increase 

aggregate net benefits. The theoretical judgm ent o f alternatives involves identifying 

Pareto Superior reallocations, that is, allocations where someone can be made better 

w ithout m aking someone else worse off. When no Pareto Superior allocations remain, 

then an econom ically efficient allocation exists. Cost-benefit analysis, how ever, uses 

the potential Pareto improvement criterion to judge alternative actions. Therefore, cost- 

benefit analysis simply points in the general direction o f an efficient allocation, but it 

does not help identify the efficient choice (Bentkover, Covello et al., 1986).

3.2.2 Reliance on Compensation Tests

A final issue confronting the cost-benefit analyst is that standard techniques 

im ply an acceptance of the com pensation tests. As shown with the net present value 

and internal rate o f return, cost-benefit analysis m akes use of unity-weighted aggregate

70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



measures o f net benefits. This implies an acceptance o f the Kaldor-Hicks 

Com pensation Principle, w hich states that one state is to be preferred over another if  the 

gainers from  the move can com pensate the losers for their losses and still be better off. 

Com pensation tests allow  the economic analyst to avoid m aking interpersonal 

com parisons of welfare. This fact combined with cost-benefit analysis’ seemingly 

unam biguous results m aintains its popularity as a tool for policy recom m endations 

(M andler, 2000).

Boadway (1974) show ed that with the K aldor-H icks-Scitovsky forms of 

com pensation tests that a  positive sum o f individual com pensating variation was 

insufficient to satisfy the tests. Therefore, the com pensation tests do not allow us to 

conclude that projects are potential Pareto im provem ents if a positive aggregate net 

benefit is calculated.

Another criticism  regards the use o f com pensation tests as possibly being 

impractical. It is possible that the political process will restrict the available set of 

options so that Pareto im provem ents or Pareto optim al allocations are not feasible 

(M andler, 2000). For instance, income redistributions from the rich m ay be impossible 

to realize if the rich hold substantial political influence.

3.2.3 Willingness to pay as a Measure o f  Benefits

The demand curve fo r a good has been equated  with the marginal willingness to 

pay or marginal benefit function o f a good (Freem an HI, 1974). M arginal willingness to 

pay is measured as the value a  consum er would be w illing and able to pay at the margin 

for additional consum ption o f  a good. The w illingness to pay approach is often used as
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an indirect m easure to value non-market goods o r attributes4. W illingness to  pay 

measures are generally accepted as the appropriate benefit valuation of econom ic 

benefits for cost-benefit analysis.

The standard willingness to pay estim ation procedures have been criticized for 

failing to account for rationing and supply acquisition policies (Mumy and Hanke, 

1975; Hanke, 1981). W hen these policies are not accounted for, then an inconsistency 

develops between the evaluation and pricing criteria (M um y and Hanke, 1975). M umy 

and Hanke (1975) show ed that if output were not rationed by a price equals marginal 

cost policy and benefits were equally available to all, then standard cost-benefit 

techniques w ould not guarantee the correct scale o f  the project. To correct this, Mumy 

and Hanke devised a m odified investment criteria, where the proper investm ent level 

occurred when the average demand price equaled the marginal cost. Their approach is 

dependent upon dem and being defined everywhere over all levels of output.

3.2.4 Goal o f  Government Policy and Project Appraisal

Government policy, within the context o f welfare economics, has the tw in goals 

o f distribution and efficiency. That is, the governm ent must balance the efficient use of 

resources with what society deems is an acceptable distribution of income and benefits. 

Perfectly com petitive markets will allocate resources efficiently, but may miss the target 

regarding equity. As such, government intervention will be required when m arkets fail 

to allocate resources in such a way that social goals are met.

4 For exam ple, w illingness-to-pay techniques have been used to value reductions in air pollution  
(Freeman III, 1974), work p lace risk reduction (H erzog and Schlottm ann, 1990), life  and injury risks 
(Shanm ugam , 2 0 0 0 ), and flood  hazard reduction (D riscoll, D ietz  et al., 1994).
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As discussed in C hapter 2, one such market failure is that o f  public goods. The 

dyke system analyzed in the case study is an exam ple o f a public good. Since, a dyke 

system is controlled by the w eakest-link rule, it is im portant that all sections of the dyke 

m eet design specifications, w hich may not be possib le under a market system 

(Hirshleifer, 1983).

3.3 Impact of Cost-Benefit Analysis on Poverty Alleviation Concerns

The traditional approach to cost-benefit analysis im plies acceptance of a voting 

system where those with higher incom es have more voting pow er (Pearce and Nash, 

1981). This is caused by the use o f  willingness-to-pay m easures, which are market- 

derived values. While this is a  convenient approach regarding the calculation o f costs 

and benefits, it may not be consistent with social values, especially when poverty 

alleviation is a concern. As show n in the previous chapter, poverty holds significant 

im plications for standard m arket equilibrium conditions. Therefore, markets may not 

be able to effectively allocate resources which impact poverty in accordance with social 

goals. Further, cost-benefit analysis is unable to adequately analyze flood protection 

projects when poverty alleviation is a concern. This section will describe the impacts 

that flood protection has on poverty and the impacts that poverty has on cost-benefit 

analysis. People with weak econom ic bases are m ost vulnerable to natural disasters 

(A lbala-Bertrand, 1993).

Cost-benefit analysis techniques potentially o ffer policy m akers a powerful 

method for rationalizing poverty alleviation projects (Buss and Yancer, 1999). 

Unfortunately, the evaluative pow er o f cost-benefit analysis is often dim inished through 

political concerns. Buss and Y ancer (1999) exam ined the role poverty plays on cost-
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benefit analysis. They found that poverty is usually relegated to a low priority position, 

despite the fact that poverty alleviation is often stated as a prim ary motivation for 

developm ent projects.

The low priority status that poverty alleviation receives in cost-benefit analysis 

was determined to be caused  by four main reasons (Buss and Yancer, 1999). All are 

directly related to beliefs held by policy makers. First, policy makers believe that 

m axim izing economic returns from a development project will allow  the local econom y 

to adequately provide for the poor. Second, policy m akers often consider growth and 

equity to be incom patible goals. Third, wealth redistribution plans hold potentially 

negative political consequences. Fourth, poverty reduction is seen as the responsibility 

o f the government.

Poverty alleviation concerns may also be adversely affected by the im proper 

execution of cost-benefit techniques. Potential problem s in cost-benefit analysis 

include an inadequate com parison of alternative projects, a lack of analysis on 

opportunity costs, influence o f sunk costs, and concentrating on before-and-after project 

baseline comparisons (B uss and Yancer, 1999). These problem s will impact the net 

benefits calculation. Specifically, in regard to poor people the failure to include 

opportunity costs is the cost-benefit analysis “practice m ost hurtful to poor people” 

(Buss and Yancer, 1999). This is because poor people are m ost often excluded when 

forgone benefits are not considered. Sunk costs o f a project can influence project 

appeal because o f the potential political fallout from abandoning expensive projects. 

This can harm poor people by favoring projects that are not likely to ever be beneficial 

to the exclusion o f projects that are potentially helpful for the poor.
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Probably the m ost significant im pact poverty has on cost-benefit analysis comes 

from  the use o f w illingness to pay estim ates to measure project benefits. Hicks and 

A llen (1934) point ou t that an individual’s dem and for a good depends on the prices of 

all commodities and on income. Therefore, dem and is based on ability to pay, which 

ignores the possibility that the value in use may exceed the m arket price. If demand 

represents w illingness to pay, then it m ust be that cost-benefit analysis will estimate 

willingness to pay on the assumption that a dollar holds equal value for the poor and 

rich. The im plication is that standard cost-benefit analysis will penalize those segments 

o f the population that are unable to afford to  purchase the benefits. Therefore, if money 

m easures o f consum er surplus cannot guide action, then it may be necessary to 

incorporate m easures o f  the marginal u tility  o f  money into cost-benefit analysis 

(Boadway, 1974).

In the related context o f famines, it has been argued that a L a issez -F a ire  policy 

m ay be inadequate for food when situations o f scarcity arise (Rashid, 1980). This is in 

direct contrast to the normal assumed welfare and efficiency m axim izing operations of a 

competitive market. This conclusion w as based on two conditions. First, it was 

recognized that if a  person held inadequate m eans to purchase a subsistence bundle of 

food, then market forces would “doom him  to starvation” (Rashid, 1980). Second, it 

ascribed to an old w elfare principle that no  law could be above the subsistence of the 

people. The cause o f  the poor market operations is a lack o f inform ation regarding the 

scarcity. Suppliers, anticipating a higher future profit, would w ithhold delivery o f their 

crops, further com pounding the perceived m agnitude of the scarcity.
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3.3.1 Impact o f  Flood Risk Reduction on Poverty Alleviation

Flood Protection projects reduce the risk of loss, which is measured as a gain in 

expected income. People with w eak economic bases are the most vulnerable to natural 

disasters (A lbala-Bertrand, 1993). Reduction o f risk is, in general, beneficial for any 

risk-averse producer (Upton, 1987). This is because a reduction in risk boosts utility as 

well as freeing a producer to concentrate on the m axim ization of profits. Additionally, 

the minimization o f risk as an obstacle to innovation is essential for agricultural and 

rural development (Todaro, 1996).

3.3.2 Impact o f  Risk and Uncertainty on Cost-benefit Analysis

Risk has often been exam ined in regard to decision-m aking by poor farmers. 

Risk in decision m aking is extrem ely important in the context o f exam ining farmers 

who are at or near subsistence. In the case o f negative impacts on a farm er’s 

production, the farm er’s objective may not be one o f profit m axim ization, but 

maximization o f chances for survival (Todaro, 1996) as below the subsistence level, the 

marginal utility o f incom e approaches infinity (Blue and  Tweeten, 1997). This can pose 

substantial problem s for analyzing the economic costs and benefits o f people near or 

below the poverty line.

If one were to adjust cost-benefit analysis to incorporate risk, it w ould seem that 

the easiest approach w ould be to subtract the expected value o f the costs o f bearing risk 

from the initial non-risk calculation o f net benefits. These costs would be discounted in 

a similar fashion as to  the other costs and benefits (Pearce and Nash, 1981). The real 

difficulty lies in the estim ation o f the costs o f bearing risk. The estim ation o f risk
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values has been show n to  be accomplished through the use o f  utility functions, which 

are difficult to specify.

3.3.3 Impact o f  Poverty on Cost-Benefit Analysis

Some believe that the identification o f a Pareto optim um  does not require that 

any value judgm ent be m ade regarding the resulting distribution o f costs and benefits 

(Londero, 1996). O thers argue that the Pareto criteria im plicitly  implies acceptance o f  a 

unity-weighted net benefit function (Brent, 1990). The standard benefit m easure is 

based on existing incom e and asset positions, therefore alternative projects will favor 

those areas where the highest production and asset values are held regardless o f who 

holds them. This is especially  true with flood protection projects. Further, there will be 

infinite Pareto optim al points corresponding to the possible resource allocations. The 

implication is that the Pareto criterion does not help in identifying the preferred 

allocation o f resources if  anything other than the efficiency criteria is considered.

3.4 Incorporating Poverty Alleviation Concerns into Cost-benefit Analysis

If poverty alleviation is a goal in addition to efficiency, then the analyst m ust 

address the issue o f how  poverty alleviation concerns can be incorporated into the 

project appraisal process. There have been several proposals to incorporate non­

efficiency goals into cost-benefit analysis such as poverty impact ratios (Asian 

D evelopm ent Bank, 1997), a point system (Clements, 1993), benefit weighting (Buss 

and Yancer, 1999), and enriched information sets (Sen, 1995). All of these approaches 

have weaknesses, especially  w ithin the context o f flood protection projects. The rest o f 

this chapter discusses these alternative approaches in addition to the proposed use o f  a 

safety-first rule.
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3.4.1 Poverty Impact Ratio

The m ethod for analyzing impacts o f projects on poverty alleviation suggested 

by the Asian D evelopm ent Bank is the Poverty Im pact Ratio (A sian Developm ent 

Bank, 1997). T he Poverty Impact Ratio analyzes the impact that a project has on the 

poor in the follow ing way. First, an analysis o f  the distribution o f  net econom ic 

benefits to different groups of beneficiaries is conducted. Second, the distribution of 

the difference betw een economic and financial costs and benefits needs to be 

determined. Financial costs are costs incurred by and analyzed from  the poin t o f view 

o f the operating entity , whereas econom ic costs are costs incurred by society. The 

Poverty Impact R atio  is calculated as the ratio o f the share of net econom ic benefits to 

the poor to the total net economic benefits o f the project. The Poverty Im pact Ratio can 

be used to dem onstrate that the im pact o f a project on the poor is to a higher proportion 

than other groups.

One problem  with using a Poverty Im pact R atio in a flood protection project is 

that benefits are m easured in terms o f protected assets and production. Project benefits 

will accrue to richer people to a  greater proportion than poor people w ho ow n fewer 

assets. This is a result o f the m anner in w hich flood benefits are estim ated. If one 

person has twice as m any assets as another person, but both suffer a 20 percent loss of 

assets from flooding, then the richer person will receive more benefit from  a flood 

protection project. For this reason, the poverty im pact ratio approach has lim ited  appeal 

for the current case study.
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3.4.2 Point-Cost and Cost-EJfectiveness Analyses

A point system offers another approach to cost-benefit analysis. This approach 

is based on a practical application of cost-benefit analysis. In this approach, points are 

assigned based on som e definition of poverty, transform ing the analysis into a cost- 

points analysis (C lem ents, 1993). Essentially, the best project is the one that delivers 

the most points for the least costs incurred.

The advantages o f the point system approach are that points are assigned 

throughout the life o f the project encouraging com m itm ent from  the supporting staff. A 

lack o f staff com m itm ent has been identified as a m ajor detrim ent to project success in 

practical applications (C lem ents, 1993). This approach is also egalitarian, in that points 

com pare identically for improvements above a given starting point. Extreme poverty 

can be factored in by assigning more points to those cases.

The disadvantages are in deciding on the definition o f poverty and on how 

points would be assigned in a consistent and meaningful m anner. Since, total points 

count towards funding decisions, the incentive exists to  overrate a project’s success. 

This complaint, however, can be leveled at all project appraisal methods where the 

appraiser depends on the project being funded. The real difficulty, as Clements points 

out, is in the conceptualization o f the point system. H is final, and uncomfortable, 

conclusion is that mistakes made with a point system “are not likely to be worse than 

current practice” (Clem ents, 1993).

This approach is conceptually similar to a m ulti-attribute utility theory approach 

in that accurate financial m easures are dispensed with in favor o f achieving a given end 

(Anand, 2000). This approach is also akin to cost-effectiveness analysis, which has
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been applied to basic needs. Cost-effectiveness has the advantage in that it avoids the 

difficulty o f valuing benefits that can be quite difficult and controversial for non-market 

goods. Brent (1990) lists several difficulties with the cost-effectiveness approach. The 

first is that solutions m ay not be financially feasible. The second difficulty concerns the 

theoretical issue that cost effectiveness does not address private preferences, but only 

social preferences. Finally, if there is m ore than one basic need, cost effectiveness fails 

to lend guidance. T hat is, a basic needs cost-effectiveness analysis is limited to a single 

dimension.

3.4.3 Weighting o f  Benefits across Different Income Groups

The m ost com m on method for addressing distributional concerns is that o f 

benefit weighting. T he Pareto approach is often given the status o f offering a method of 

valuation that is “value free” (Lai, 1974). It has been argued that a non-weighted 

approach, the potential Pareto criterion approach, is simply a unity-weighted approach 

implicitly accepting the current distribution o f income (Brent, 1990). Therefore, what is 

normally term ed benefit weighting is really just making the value judgm ents underlying 

the weighting schem e explicit.

A justification given for the use o f weights is that it will help avoid the 

administrative costs o f redistributing benefits via taxes (Brent, 1990). Another 

justification is given by the alternative o f  leaving the weighting o f benefits up to the 

decision-makers. T he contribution of a project to different goals is derived from 

technical data, how ever, the value o f these is contributions to the goals is set by the 

policy makers (Tinbergen, 1964). In this case, it is generally believed that benefits will 

be weighted in an inconsistent and non-system atic fashion (Lai, 1974). However, the
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most com m on reason is that benefit weighting helps to analyze a  project from  a policy 

objective point o f view, for example, poverty alleviation.

How ever, the weighting o f benefits m ay not offer any aid in choosing a unique 

project among alternative projects that fall on a  possibilities frontier. T h is is because 

weighting sim ply creates a new frontier. The w eighting system sim ply m akes it easier 

to approve projects that m eet government o r social objectives. The effect o f benefit 

weighting is show n in Figure 3.1 and may be com pared to the potential Pareto 

improvement show n in Figure 2.2. Benefit weighting now makes alternative D 

acceptable because it benefits target group Y. H ow ever, it is still possible that project E 

is approved which benefits the non-target group at the expense o f the target group.

UY

P
♦ G

p *

*:E

Benefit weighted feasibility 
set -  A llocations B, C, D, and 
E are acceptable alternatives.

Figure 3.1 Rotation o f U tility Possibilities Frontier caused by Benefit W eighting.

A typical m ethod proposed for incorporating equity or distribution goals into the 

project analysis involves the use o f weighting benefits across different target groups.

81

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



This is based upon the recognition that when income is not distributed equally, then 

monetary expressions o f preference will be lim ited for those possessing less income. 

That is, the market accepts the divergence between ability to pay and willingness to pay 

(Brent, 1990). The m ost frequent criticism  o f weighting concerns the arbitrary and/or 

political methods used in determ ining the weights (Mishan, 1980).

There are several methods for determining the m agnitudes of the weights 

including UNIDO (1972), Squire and van der Tak (1975) and Little and Mirrlees 

(1974). Squire and van der Tak’s m ethod is based on the idea that the key to economic 

growth is investm ent and that the governm ent is the main source of investment in 

developing countries (Brent, 1990). Therefore, the Squire and  van der Tak method 

seeks to weight more heavily those project benefits that are kept in the public sector. 

This assumes that private benefits w ill be devoted entirely to consum ption and that the 

public sector is efficient at carrying out public investments. T heir social valuation of 

project benefits is given by the following equation:

S  =  E - C ( p - c o ) ,

which is essentially the net project benefits, E, less the value o f private consumption

converted to its real resource border price equivalent value (Brent, 1990). The beta

conversion factor adjusts for market im perfections and is calculated as:

M  +  X  

Ma+tj+xa-tj'
where M  and X  represent imports and exports, respectively. The t variables are the

average tax applied to imports and exports as designated by the ir subscripts. The co is

the parameter more relevant to this study.
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The Q) variable is defined as the ratio o f  the marginal social value o f private 

consumption, W c, to the marginal social value o f governm ent resources, Wg , which are 

available for investing. To see how this addresses equity concerns, one can exam ine a 

particular incom e group and the group’s associated average consum ption level. By 

dividing both the num erator and denom inator by the marginal social value o f 

consumption at the average level o f consumption, W c *, then the ratio is left unchanged, 

however, now a distribution tradeoff can be exam ined. The ratio becomes:

Wr / W r . 
co - —------ —

wc /wc.

The num erator gives the relative value o f the project’s social value o f private 

consumption for a particular group relative to the marginal social value o f average 

consumption. The num erator captures the intragenerational distribution effects. The 

denominator is the social value o f government resources relative to a particular group’s 

social value o f consum ption, which represents the intergenerational investm ent and 

consumption tradeoffs. The ratio shows the tradeoff between raising consum ption 

levels o f the poor and increasing economic growth (Little and Mirrlees, 1974).

A nother approach used by UNIDO differs from Squire and van der T ak’s 

method in that the estim ation o f the weights involves an im putation approach. 

Essentially, estim ates for weights are made based on previous governm ent decisions. 

The weakness o f  this approach is that it may fail to accurately reflect current social 

goals and ethics.

A more relevant approach offered by H arberger (1984) to weighting addresses 

the basic needs o f society. This approach proceeds from the point o f view o f social 

preferences for meeting society’s basic needs. The willingness-to-pay estim ates of
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consum ption are adjusted  up by the assum ption that the rich receive indirect benefits 

when the poor are able to  consum e more.

Social dem and w as defined as the sum m ation of demand by the rich and demand 

by the poor. A basic needs gap was defined as the shortfall between dem and by the 

poor and the basic needs target consumption level. The indirect benefits arise because, 

“the rich feel worse o ff the greater the gap” (Brent, 1990). Therefore, consum ption by 

the poor becomes a public good. The value o f basic needs below the target level is 

ratcheted upwards.

A closely related study makes the assum ption that instead o f consum ption by the 

poor being valued according to the rich, the valuation is based on a social agent acting 

on behalf of the poor (Scandizzo and Knudsen, 1980). The social agent imposes a 

m inim um  consumption level ensuring that consum ption does not fall below  this level. 

Above the minimum level, consumption is guided by private preferences. The 

formulation of the com pound demand is given by:

P < P R  : D a = 0,  so that D s = D p

P > P R  : D a = R -  Dp, so that D s =  D a + D p = R  (Brent, 1990).

W here, P is the price level

PR is the price level where everyone can afford the basic consum ption level 

D is the dem and o f the agent, a,  social demand, s, or the poor, p  

R is the m inim um  consumption level necessary for subsistence.

The graph of the social dem and is given by line a b c  as presented in Figure 3.2 where all 

variables are defined as above. The interesting result of this approach is that at the 

m inim um  consumption level R, demand is vertical which lends an infinite weight to
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additional consum ption. This is consistent with the research findings o f  B lue and 

Tweeten (1997), w here as income approaches zero the marginal utility o f  incom e 

approaches infinity. This can cause problems for determ ining  weighting o f costs and 

benefits for low -incom e people.

3.4.4 Safety-first Valuation

The standard cost-benefit technique and the benefit-w eighted approach do not 

offer guidance for alternative states where utility conflicts exist. Moves along a utility 

indifference curve, for instance, are by definition equally  efficient, but possibly not 

equally desirable. In this sense, cost-benefit analysis cannot offer a com plete ordering 

o f alternative states (Boadway and Bruce, 1984). In o rd er to gain more inform ation to 

determine a m ore com plete social ordering, a safety-first valuation o f alternatives is 

proposed as an additional step in cost-benefit analysis o f  flood protection projects.

PR

QR

Figure 3.2 Social D em and for Basic Needs Consum ption Level. A social agent exists 
who will augm ent any shortfall in private demand, D p to  create sufficient social dem and, 
D s.
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The safety-first valuation can offer guidance as to the ordering o f alternative 

states in accordance with a project’s effect on som e social goal. Use o f a safety-first 

valuation is proposed in addition to the potential Pareto criterion for evaluating 

alternative projects. The safety-first valuation has been shown to be consistent with 

fanner behavior regarding risk, project goals o f  income vulnerability reduction, and 

national developm ent goals o f natural hazard m itigation and poverty reduction. It is 

further consistent w ith risk-averse decision-m akers where people are concerned with 

minimizing the risk o f  experiencing catastrophic failure.

The strict use o f  the safety-first rule necessarily involves a tradeoff w ith strictly 

using the net present value o r internal rate o f  return. The main tradeoff is a rejection o f 

an aggregate measure in favor o f  a representative value o f a member of the target group. 

However, the approach offered here is closer to a  lexicographic approach. The 

lexicographic approach has been used to analyze flood protection in Korea (K im , 1989). 

The idea behind the lexicographic approach is prioritized optimization o f m ultiple 

objectives with the highest priority objective being m et first. Then the second priority 

objective is addressed, and so forth to the lowest priority.

The approach proposed here would first ensure that an econom ically viable set 

o f projects is assem bled based on traditional cost-benefit analysis criteria. Then a 

safety-first rule will be applied to analyze the p ro ject’s impact on the target group and 

on meeting national goals. A disadvantage o f  this approach is that the safety-first 

measure o f  the project does not involve an aggregate analysis. The benefit o f  this 

approach is that guidance will be lent as to the preferred project among projects that
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have a sim ilar value from the traditional cost-benefit approach. This is superior to the 

benefit weighting approach, which offers no guidance for equally valued projects. In 

the case where one acceptable project’s net present value is higher than an alternative 

project’s, but ranked low er according to the safety-first rule, then this approach offers 

no guidance as to the preferred project. H ow ever, the proposed approach offers an 

enriched inform ation set that can be used by the decision maker.
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CHAPTER 4: FLOOD PROTECTION BENEFITS: A REVIEW

Flooding has been defined as, “the existence o f excess water in an area or 

region such that normal activities in the area are either ham pered or stopped” (El-Jabi 

and Rouselle, 1987). Flood protection projects lower the frequency of flood events 

occurring through the implementation o f measures designed to prevent excess flows 

from reaching the protected area. The current case study exam ines the benefits arising 

from a dyke rehabilitation project in Vietnam. Following a review of dykes, this 

chapter review s the estimation o f flood protection in the U nited States and Vietnam.

4.1 Dykes

A dyke is an embankment parallel to the flow of the river designed to provide 

flood protection from  seasonal high w ater. A dyke is a suitable flood damage reduction 

option in the case where damageable property is clustered geographically (U.S. Army 

Corps o f Engineers, 1996). Dykes are generally only subject to water forces for a short 

period o f time, ranging from a few days to a few weeks per year (U.S. Army Corps o f 

Engineers, 1996). A dyke provides flood protection by blocking channel overflow and 

thus reducing the flood stage in the protected  area. In the absence of a physical failure, 

a dyke will prevent damage for flood stages that fall below  the dyke height. Dyke 

overtopping occurs and damage is incurred when the flood stage equals or exceeds the 

dyke height.
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Dyke failure can occur for a variety o f reasons. In the Red R iver Delta of 

Vietnam, for exam ple, increased risk o f failure is attributable to poor foundations, 

rodent and termite induced voids in the dyke body, im proper human activities adjacent 

to the dyke, and ponding o f water in old borrow pits at the toes o f dykes (Lustig, 

1993b). Overtopping o f the dyke is another form o f dyke failure. The probability of 

failure o f a dyke is based on the complex interaction of many factors including 

construction specifications and river height. The calculation o f  dyke failure 

probabilities is currently an imperfect and em erging science (Burrell, 2000)

4.2 Estimating Flood Control Benefits in the United States

The history o f estim ating flood mitigation benefits in developing countries has 

tended to follow political trends. In the United States before 1936, flood mitigation 

benefits were estim ated based on the increase in land values and incomes. The driving 

motivation for estim ating benefits during this tim e was project cost recovery (Shabman, 

1997). In general, increases in the land value were predicted and a cost-benefit ratio 

was constructed. The local authorities then went about collecting an appropriate tax. 

Around the time of the G reat Depression flood protection analysis de-em phasized cost- 

benefit criteria and, instead, justified projects on the need to stim ulate national 

employment.

In 1936 and 1938, the U.S. Government adopted two flood control acts which 

shifted planning, construction, and financing responsibilities to the Federal 

Government. These acts declared that flooding posed an unacceptable threat to the 

national economy. A t this point, estimates o f avoided property dam age became the 

preferred method for benefit estimation (Shabman, 1997). This change fit in with the
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policy change concerning flood  mitigation, as the reduction in flood damages was 

view ed as a catalyst for increased economic developm ent and growth. In 1972, the 

property damage avoided estim ate was accepted as a  m easure o f  willingness to pay.

Today, in the U nited States, growing opposition to the construction of new 

projects, and environmental and insurance concerns are encouraging the developm ent o f 

flood plain evacuation plans. U nder these plans, flood prone land is bought away from 

the current owners, who m ove out o f the floodplain. These plans rely on willingness to 

pay estim ates of alternative land use in the floodplain m ore than on property damage 

avoided estimates5. In a pure sense, however, evacuation plans are not flood mitigation 

projects, but rather flood dam age mitigation projects. F loodplain evacuation plans have 

extrem ely limited potential fo r application in Vietnam . In Vietnam , the Mekong and 

Red River Deltas represent about 15 percent o f the total land area and are too densely 

populated to consider evacuation plans. In addition, w hile land use rights can be traded, 

this is a relatively new developm ent and no often carried  out in the Red River Delta. 

Thus, land use values will not be considered in the present study.

Currently, flood m itigation benefits are most often estim ated using the property 

dam age avoided approach (Young, 1996). This m ethod is also recommended by the 

Principles and Guidelines issued by the U.S. G overnm ent for estimating benefits of 

flood hazard reduction projects (U.S. W ater Resources Council, 1983), although, it 

m akes provisions for changes in land use values. As stated above, land use values will 

not be considered in this study.

5 A ssum ing flooding risks have a n egative effect on land values, ex p ected  dam ages will be reflected in the 
land values. Therefore, estim ating land value benefits o f  an evacuation  project precludes property 
dam age avoided estim ates, as it w ould  be a form o f  double counting.
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Property damage avoided benefits are m easured as the difference in real 

expected losses with and w ithout the flood protection measure. The replacement and 

repair costs o f structures that could be dam aged are estim ated for a range o f flood water 

levels with and without the flood control m easure. Each flood w ater level is weighted 

by its probability of occurrence, and then all flow s are sum m ed to estim ate an expected 

annual benefit from the flood control measure. In order to estim ate the net present 

value o f  the flood control measure, estim ates are made for each year o f  the project- 

planning period, discounted by an appropriate rate, and summed. W hile developed 

countries continue to embrace m ore com plicated and precise analytical techniques, 

developing countries continue to be ham pered by data scarcities. The next section 

exam ines the estimation o f flood control benefits in the country used for this study’s 

case study, Vietnam.

4.3 Estimating Flood Control Benefits in Vietnam

A previous study o f flooding in Vietnam exam ined the econom ic feasibility o f a 

plan to upgrade the Red R iver dyke around Hanoi, V ietnam  (Lustig, 1993a). In order to 

accom plish this analysis, expected damages from flooding were calculated for the 

affected area. Three specific sections o f the dyke system were considered. Selection of 

the dyke section was based on previous studies that indicated what sections were at risk 

o f being weakened by bank erosion in the river. In order to exam ine the degree of 

expected flood inundation if  the dyke was breached, detailed calculations were made to 

derive the degrees of scouring and backwash in the study area. This allow ed the extent 

o f flooding to be more accurately tied to specific river floodw ater heights.
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Damage to households, commercial businesses, industry, and agriculture were 

estim ated. Household and com m ercial assets susceptible to flood dam ages were based 

on a secondary survey conducted by the W orld Bank with adjustm ents made by Lustig 

(Lustig, 1993a). Losses to industry were divided between losses to plant and 

equipm ent, and losses to m aterial and production. The difference being that plant and 

equipm ent losses were a one-tim e loss based on flood height and losses to materials and 

production were based on lost production time while recovering from a flood event. 

Potential losses to agriculture were based on existing crops and a percentage of the 

previous crop still in storage.

A percentage o f assets dam aged was assum ed based on low flood water levels 

and high flood levels with one-m eter flood w ater level acting as the separating point. 

Households, shops, and industries were further categorized by the elevation at which 

they were located. Damages were then calculated for a range o f flood water elevations, 

weighted by the probability o f  occurrence. Sum m ing the resulting damage values 

yielded an estimate o f average annual damage from flooding. Estim ates of damage for 

the historical flood of 1971 yielded an estimate o f U S$ 393,200,000. The estimate for 

average annual damage in the study area measured U S$ 59,400,000.

Later in 1993, Lustig conducted a rapid assessm ent o f flood mitigation strategy 

benefits for North and Central Vietnam (Lustig, 1993b). The main difference in 

approach from his previous study was the use o f m ore sim plistic calculations of asset 

values and extent o f flooding. Lustig was interested in com paring the economic 

benefits for two systems o f  dyke management. The first system  considered an 

im proved dyke m onitoring and repair system. The second system considered an
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improved early warning and storage system. Surveys were conducted for several 

households in four districts within the R ed R iver Delta that had suffered flood damages 

in the past. Results were then extrapolated to the entire Red R iver Delta. Data were 

collected on the m onetary value o f dam age to houses, agricultural losses per household, 

and agricultural losses per hectare. Estim ates o f damage to houses ranged from US$ 

230 to 680. Agricultural loss estim ates ranged from US$ 1,300 to 6,520 per hectare. 

Agricultural losses were assumed to be US$ 1,300 per hectare. Parameters about 

agricultural productivity and prices were developed to estim ate values for losses from 

flooding.

Businesses were estimated to be 3 percent of households and suffer a 50 percent 

loss o f inventory. Similarly, a 25 percent loss of plant and equipm ent relative to 

production was assum ed to be the loss from flooding for industries. The period of 

disruption was estim ated to be one m onth for a flood between 1 and 2 meters.

Data about population, industrial production, and agricultural area were 

com bined with the prior assumptions in order to calculate m axim um  flood damage. In 

order to calculate an expected average annual damage estim ate, probabilities for 

flooding and dyke failure were developed.

In order to derive failure probabilities, Lustig relied on interviews with dyke 

monitoring engineers in the Department o f Dyke Management and Flood Control o f the 

M inistry o f Agriculture and Rural D evelopm ent. Probabilities were given for estimates 

o f dyke failure depending on river w ater heights. The engineers also gave estim ates of 

percentage o f area flooded following a failure of critical dyke sections. The failure 

probabilities were com bined with the estim ated area of dam age and loss estim ates based
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on the econom ic structure o f  the region. Estimates o f  average annual dam age amounted 

to U S$ 48 million under the then current system of dyke m onitoring.

T o demonstrate the benefits o f a new dyke m onitoring system, new probabilities 

o f dyke failure were estim ated by Lustig for the new dyke m onitoring system. Using 

these probabilities, new expected annual damage estim ates were calculated at US$ 39 

million.

It can be seen from the above discussion, that a new flood m itigation measure 

alters one o f the probability functions associated w ith flooding. E ither the flood 

frequency probabilities o r the dyke failure probabilities are altered because of the 

project. Therefore, flood dam age estim ates are w eighted by the differing probabilities 

and differenced in order to isolate the benefit from a particu lar flood protection measure 

(Young, 1996).
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CHAPTER 5: BACKGROUND OF RELEVANT TOPICS IN VIETNAM

5.1 Institutional Setting

The institutional setting for econom ic decision-m aking in Vietnam has 

undergone many changes since 1986. These changes affect the manner in which 

flooding, poverty, and w ater resource m anagem ent econom ic decisions are addressed. 

The following section reviews the policies, laws, and institutional setting in Vietnam 

regarding economic decision making for w ater resources.

5.1.1 National Policies

In broad term s, the most im portant change undertaken by Vietnam was the 

adoption of the D o i M o i (Renovation) policy. D o i M oi is a general concept of initiating 

policies aimed at econom ic liberalization which began in the late 1980s. D o i M o i  

initiated the move tow ard allowing a m arket mechanism to guide the allocation of 

resources. D o i M o i policies greatly aided the increase in the growth of V ietnam ’s 

econom y, which experienced an average annual GDP growth rate  from 1991 to 1995 of

8.2 percent (W orld Bank, 1995). The G D P Growth rate in 1997 was 8.2 percent, which 

slow ed to 5.7 percent during 1998 as a result o f the Asian financial crisis (General 

Statistical Office, 1999). Despite these impressive growth rates, however, poverty, 

rem ains a persistent and widespread problem  in Vietnam.

Current Red R iver Basin econom ic developm ent goals in Vietnam give priority 

for investment to the agriculture, forestry, and rural sectors. Basic aim s are to increase
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productivity through extension o f credit, transfer o f  technology, im provem ent of 

processing, and construction o f rural infrastructure. Land development policies include 

providing written certification o f long-term land use rights to farmers for state owned 

land.

Poverty alleviation is one of the most im portant goals within the Red River 

Basin. Plans call for a  reduction in the number o f  p oo r households down to 10 percent, 

from  the current 19.6 percent (Asian Development Bank, 1999). The goal calls for the 

promotion o f production and the creation o f m ore jo b  opportunities. Currently, the 

Governm ent o f Vietnam is formulating a poverty reduction strategy with the goals of 

creating opportunity, ensuring equity, and reducing vulnerability. V ulnerability to 

floods is a m ajor obstacle to further development am ong the Red River D elta’s rural 

poor. O ther government policies for the Red R iver D elta include The Flood Protection 

Plan for the Red R iver Delta o f November 1999 and the 2010 W ater Resources 

Development Strategy, prepared by the M inistry o f Agriculture and Rural 

D evelopm ent’s D epartm ent o f W ater Resources and Hydraulic Works M anagem ent.

In 1991, the V ietnam ese government adopted a Socio-Economic Stabilization 

and Development Strategy to the Year 2000. Goals o f  the strategy include doubling per 

capita GDP, increasing daily  caloric food intake, selecting infrastructure projects based 

on economic criteria, protection o f the environm ent, and protection and proper use of 

natural resources (W orld Bank, Asian Developm ent Bank et al., 1996). W hile the 

strategy is outdated, the core concepts will continue to guide Vietnam’s development 

actions for the near term.
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Also in 1991, the V ietnam ese government approved the National Plan for the 

Environment and Sustainable D evelopm ent. Among other th ings, the plan calls for the 

control o f natural disasters such as flooding (Veilleux, 1994/95). T o date, the success 

o f this plan has been limited, because environmental goals o f  the plan often conflict 

with other national goals for developing the economy.

5.1.2 Institutions

With respect to  adm inistrative bodies, the National A ssem bly is the highest level 

o f authority in Vietnam. The N ational Assembly is responsible for passing national 

laws. The Governm ent6 is the executive institute o f the country  and is responsible for 

implementing the laws passed by the National Assembly. T he  Governm ent fulfills 

responsibility through the issuance o f  decrees, circulars, and o ther laws.

The M inistry o f A griculture and Rural Developm ent has the responsibility to 

manage the nation’s w ater resources under Article 58 o f the Law  on W ater Resources7. 

The Ministry is directly answerable to the Government and has been given the duty to 

develop water resource planning on  a basin wide level. This m inistry is additionally 

responsible for analyzing, evaluating, and building a database from  results of surveys on 

the country’s w ater resources. U nder the Ministry o f A griculture and Rural 

Development are several departm ents with important and specific duties related to 

w ater resources and flood protection. The most important departm ents relevant to this 

study are discussed below.

6 T he Government is a term for a d istinct d iv ision  within the overall governm ent structure. For the 
remainder o f  the paper fo llow in g  this section , how ever, the term governm ent w ill refer to the entire 
administrative structure.
7 T he official translation o f  the Law on  W ater R esources was printed in V ietn am  Law & Legal Forum, 
C ong Bao (O fficial G azette), N o. 21 , July 3 1 , 1998, pages 25-48.
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The D epartm ent of M anagem ent for W ater Resources and  Hydraulic Works is 

responsible for developing plans concerning w ater availability, w ater balances, water 

resource developm ent and conservation, water pollution, and m anagem ent o f w ater use. 

They have the additional duty o f  drafting laws, policies, and regulations concerning 

w ater resources. They are also responsible for aiding in the im plem entation o f these 

laws.

The D epartm ent of Dyke M anagement and Flood Control is responsible for the 

construction and  management o f  the dyke system and daily flood m anagem ent. It is 

also responsible for drafting related laws, policies, and regulations. The Departm ent of 

Dyke M anagem ent and Flood Control carries a high level o f pow er relative to other 

departments in the Ministry. This is a result o f the critical im portance attached to their 

responsibilities.

In regard to flooding, there are two im portant national com m ittees in addition to 

the relevant departm ents in the M inistry o f A griculture and Rural Developm ent. The 

Central C om m ittee for Storm and Flood Control is responsible fo r em ergency response 

during storm s; and the National Committee for the International D ecade o f Natural 

Disaster R eduction, which was established to increase capabilities in prevention of and 

responses to flood disasters (W orld Bank, Asian D evelopm ent B ank et al., 1996). In 

addition, the General D epartm ent of Hydrometeorology, under the Office of 

Government, collects data on hydrology and meteorology. This general departm ent is 

also responsible for making flood forecasts during the flood season.

The adm inistrative boundaries in V ietnam  are organized as follows. The 

national bodies represent the country as a whole. The next division is the province
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followed in decreasing size by districts, communes and villages. Communes in the 

project area average about 600 hectares in size with a  population of around 7,000 

people.

5.1.3 Legal Setting

The most im portant law related to this study is the Law on W ater Resources 

which becam e effective in January 1999. Currently, efforts are being made to develop 

an im plem entation plan for the new law with the aid o f international organizations, such 

as the A sian Development Bank, W orld Bank, United N ations, and other bilateral 

agencies.

The Law on W ater Resources (1999) reserves ow nership and management of 

water resources for the State. In general, the State policy is for “managing, protecting, 

rationally, economically, and efficiently exploiting water resources.” Article 5 o f the 

Law states that use m ust be carried out in consideration o f a basin-wide plan, 

developm ent o f water resources must be linked with the developm ent and protection of 

the forests, and that w ater development projects must contribute to socio-economic 

developm ent. Article 6 o f the Law states that the users o f water resources shall 

contribute manpower and finances to the building o f  works for the “protection, 

exploitation and use o f w ater resources.” The Law also states that exemptions and 

reductions o f the tax burden shall be granted for areas experiencing “difficult socio­

economic conditions.” Rights granted by the Law include the right to use and benefit 

from use o f water resources, the right to compensation fo r prem ature removal o f water 

use rights, and the right to  pursue legal recourse for violations o f w ater use rights.
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The law also provides a  comprehensive legal framework for m anaging water 

resources. W ater use must simultaneously m eet use standards, protect the water 

resource, be developed in conjunction with the developm ent of forests, w ork to prevent 

harm caused by water, contribute to socio-economic development, and ensure the life of 

the population. The national goals and the new Law  on W ater Resources dem onstrate a 

desire on the part o f the V ietnam ese government to  develop water resources in a manner 

that uses an integrated, basin-wide approach governed by economic forces.

5.1.4 Development Policies o f  the Asian Development Bank

In line with the Asian Development B ank’s overarching goal o f poverty 

alleviation, the Asian Developm ent Bank’s em erging Country O perational Strategy in 

Vietnam em phasizes poverty reduction. Flooding in Vietnam presents an annual threat 

to the nation’s poor and impoverished. F lood protection projects can reduce poor 

people’s vulnerability to flood induced disasters.

As a project o f  the ongoing Asian D evelopm ent Bank Project Loan No. 1344 

VIE (SF) R e d  R iv e r  D e lta  W ater R esources S e c to r  P r o je c t , this project is also guided 

by the Asian Developm ent B ank’s Policy on W ater. The Water Policy calls for a more 

comprehensive and integrated approach to m anaging water resources. Approval of 

Asian Development Bank sector loans requires the Government to subm it a sector 

investment plan, along with relevant sector policies.

5.2 Water Resources in Vietnam

Ten river basins cover 80 percent of V ietnam ’s total land area, accounting for 70 

percent of the annual flow. The M ekong River is the biggest contributor accounting for

59.2 percent o f total annual discharge and the R ed River is the second largest
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contributor to total annual discharge accounting for 15.6 percent (W orld  Bank, Asian 

D evelopm ent Bank et al., 1996). Total annual discharge in V ietnam  averages 879 

billion cubic meters (31 trillion cubic feet).

W ater resources in Vietnam are strongly influenced by the coun try ’s climate and 

topography. Strong monsoon rains dom inate the clim ate in the sum m er, which can see 

rivers deliver 20 to 30 percent o f their total annual flow in a single m onth. During the 

dry season, river flows can drop to 1 to 2 percent o f the total annual am ount for a single 

m onth. Average rainfall for Vietnam m easures approximately 2,000 mm  (78.74 inches) 

per year (W orld Bank, Asian Developm ent B ank et al., 1996). These factors lead to the 

tw o largest natural hazards related to water resources in Vietnam, flooding and drought.

D uring the last century, V ietnam ’s watersheds suffered from  widespread 

destruction o f their forests and increasing intensification o f shifting agricultural 

practices. Forest cover has been reduced from  over 70 percent in the 1940s to less than 

30 percent in the 1990s (W orld Bank, Asian Developm ent Bank et al., 1996). This has 

greatly exacerbated the negative effects o f flooding.

5.2.1 Red River Basin in Vietnam

The Vietnamese portion o f the Red R iver Basin is located in the northern region 

o f V ietnam  as shown in Figure 5.1. It covers a total area o f 169,000 km 2 (65,250 sq. 

m i.) with about half that amount lying inside o f Vietnamese boundaries and the 

rem ainder lying within China. The Clim ate in the basin ranges from  tropical to sub­

tropical, dominated by three monsoon patterns during the year. A nnual rainfall over the 

V ietnam ese portion o f the basin ranges from  1,200 mm  to 4,800 m m  (50 to  190 inches) 

(B innie &  Partners, 1994). Rainfall in the C hinese portion o f the river averages 1,250

101

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

oto

" ’ V ' s . y -
(U

IA c k ^ na u v
^  T t \Y f J S  Q U A ff f i

IVir

v f t
V  -V\

T*iAOF«'.%-h n-'̂ u

INHIVUC

SOUIA

>

I— I (—  Nation* boundary 

Provincial boundary

  Rod Rfvtf B o w  boundMy

Sutvbotlr Boundary 
  Rlvw

•I  n  H’

\
C

"  "X
■ i i - n i y j h i . r  • . •  ♦ . i n .  .*» ^  \ ,  ) j  ^

?  L , ^ w v V V 'f . '- ' , .

y ' - ' V  ‘ " • V j  ' ^ L j r ^ ' - y ^ W -
, r < S T . .

L *-v
J

..<--*•*411,4 a r m

'- - j  ’' ' ' ' h * B W 1 I  (

‘'afPaiBmn1'̂  _ - —
" 'X . . / V

<ftv

GULF OF TONKIN

Figure 5.1 General Location of Red River Basin.



mm (50 inches), annually producing a stream  flow of 45 billion cubic meters (1.6 

trillion cubic feet) per year, o r 40 percent o f  the annual flow as m easured at Son Tay 

located ju st upstream  o f the capital city Hanoi (Food and Agriculture Organization, 

1992). About 80 percent o f the annual rainfall is generated during the months of May 

to September. Rainfall intensity can reach 200 to  400 mm (7.9 to 15.8 inches) per hour 

(Sharma, 1992).

The Red River Basin is densely populated, with 1999 estim ates o f 28 million 

people or 277 people per square kilometer (446 people per sq. m i.)(Asian Development 

Bank, 1999). The majority o f the population resides in the Red R iver Delta at the 

southern end o f the Basin.

5.2.2 Red River

The Red River has an annual m ean discharge o f 4,100 cm s (145,000 cfs). 

Maximum discharges occur from June to O ctober, and minimum discharges occur from 

January to April. The flow of the Red R iver follows the seasonal rain patterns with 

about 40 percent of the annual runoff occurring during the month o f August. In March, 

the lowest flows of the year are realized when only 0.5 to 2.5 percent o f the annual 

runoff is realized (Food and Agriculture O rganization, 1992). The m axim um  discharge 

recorded at Son Tay m easured 34,000 cm s (1.2 million cfs) and m inim um  discharge 

measured 370 cms (13,068 cfs) (Binnie &  Partners, 1994). The river system in the 

Delta is com plex with several tributaries and distributaries. At Son Tay, the average 

annual flow is about 3,800 cms (134,216 cfs), but by the tim e it reaches Hanoi a few 

kilometers downstream , the Duong River has received 950 cm s (33,544 cfs) and flow is 

only 2,854 cm s (100,803 cfs).
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5.2.3 Duong River

The D uong R iver is a distributary o f  the Red River running through the four 

provinces o f Hanoi, H ung Yen, Bac Ninh, and Hai Duong. The river is estim ated to 

carry  between 25 to  35 percent of the Red R iver flows annually. Large areas o f the four 

provinces are protected by two dykes built along the north and the south banks o f the 

D uong River. The south dyke is 60.1 km in length and the north dyke is 51.9 km long.

The two dykes are built in com pliance with the D epartm ent o f Dyke 

M anagem ent and F lood Control’s design flood  level. However, local sandy soils used 

for dyke construction allow  infiltration through the dyke body under flood conditions. 

In addition, term ite infestation that cause voids in the dyke body has additionally 

decreased the safety o f  the dyke. In 1971, the Duong River dyke suffered several 

failures causing m ajor flooding both to the north  and south o f the dyke.

5.2.4 Project Area

The project area includes parts o f four provinces o f Hanoi, H ung Yen, Bac Ninh, 

and Hai Duong. Total land area o f the project area is estim ated at 292,069 hectares. 

Agriculture accounts fo r approximately 83 percent of land use. Population density in 

the project area m easures about 1,400 people per square kilom eter according to the GIS 

database developed for disaster mitigation in the Red River Delta (U N D P/D M U , 1999).

Economic statistics for the specific project area are unavailable. Statistics for 

the different provinces and the regions, how ever, are available from the General 

Statistical Office. In 1998, the Gross D om estic Product o f the R ed R iver Delta Region 

was US$ 4.3 billion (VND 59,974 billion) (General Statistical O ffice, 1999). The 

structure of G DP was com prised as 38.7 percent by agriculture, forestry, and fisheries;
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25.2 percent by industry, and 34.4 percent by services. In 1997, average per capita 

income was U S$350 (VND 4.7 m illion) in the R ed R iver Delta (General Statistical 

Office, 1999).

In Hanoi fo r 1999, the m ajor center for industrial developm ent in the project 

area, agriculture accounted for only 3.9 percent o f G ross Domestic Product (Hanoi 

Statistical Office, 2000). However, in Hai D uong province, agriculture, forestry, and 

fisheries accounted for 35.4 percent o f gross dom estic product in 1997 (Hai Duong 

Statistical O ffice, 1998). In the Delta, agriculture accounted for 75 percent of 

employment in 1993 (Binnie & Partners, 1994).

Industrial developm ent is currently concentrated in the cities o f  Hanoi and 

Haiphong. B etw een 1995 and 1998, industrial grow th averaged 13.4 percent. Most 

industrial goods produced in the Delta are also consum ed there. Only about 3 to 4 

percent of the D e lta ’s industrial output is shipped to the central o r southern regions of 

Vietnam (Binnie &  Partners, 1994).

5.3 Flooding in Vietnam

Floods present a major problem  for V ietnam  every year as shown in Table 5.1. 

Recent flood dam age estimates for Vietnam were reported at US$ 598 m illion for 1997 

and US$ 126 m illion for 1998 (UNDP/DM U, 1999). The Red River D elta is protected 

by an extensive system  of dykes, while the M ekong D elta and central regions remain 

largely unprotected. Flood levels are classified by four alarm  levels, I, II, HI, and m +, 

based on river gauge heights. A larm  level one represents the lowest possible flood 

damage potential an d  alarm level m +  represents ex trem e emergency flood conditions.
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Table 5.1 Flood Dam age for Vietnam, 1971-1999.

Y ear Value of 
losses (USD$)

Deaths Rice fields 
submerged 

(km 2)

Unharvested 
rice (km 2)

Loss rice 
production 

(tonnes)

Houses
Damaged

(thousands)
1971 78,000,000 n/a n/a n/a 288,700 158
1973 57,000,000 n/a n/a n/a 400,000 18
1977 5,000,000 153 928 n/a 222,600 163
1978 20,000,000 676 12,976 6,359 1,343,400 652
1979 n/a 46 1,642 1,076 n/a 35
1980 10,000,000 403 27,783 1,864 324,000 225
1981 n/a 274 1,056 404 n/a 49
1982 n/a 97 1,044 704 n/a 175
1983 19,000,000 818 3,932 798 186,800 357
1984 n/a 464 4,174 2,284 n/a 282
1985 n/a 1,013 5,304 2,195 n/a 344
1986 110,000,000 797 3,543 321 1,097,800 787
1987 28,000,000 140 1,332 78 166,000 242
1988 35,000,000 292 1,429 626 169,500 284
1989 74,000,000 481 6,428 1,642 805,500 1,290
1990 17,000,000 354 1,722 455 169,400 220
1991 44,000,000 480 2,019 767 n/a 398
1992 62,000,000 352 n/a 456 n/a 277
1993 82,000,000 387 2,300 896 n/a 257
1994 259,800,000 507 5,793 892 1,000 634
1997 598,300,000 943 5,810 513 n/a 116
1998 126,000,000 483 1,957 305 n/a 555
1999 387,000,000 824 1,310 534 n/a 1,073

Source: United Nations D isaster Management Team , "Emergency R elief and D isaster 
M itigation in Viet Nam .” April 1995. Figures fo r 1997 to 1999 from  the UNDP's 
D isaster M anagement w eb site at www.undp.org.vn/dm u.

The Government o f  Vietnam funds capital costs for flood control out o f the 

general budget. Rem aining funding comes from the provincial budget. However, no 

effective tax currently exists for benefits received from  flood control projects. A lack of 

funding is often sited as a m ajor constraint to im proving flood control m easures (W orld 

Bank, Asian Developm ent Bank et al., 1996).
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In the W orld  B ank’s Water Sector Review  (1996), several developm ent issues 

and priorities related to flood protection are given. These included financial and human 

risks, which will continue to increase as econom ic developm ent and population 

continue to increase; watershed m anagem ent, which links flood protection with 

watershed degradation; and finances, which acknow ledge the constraints placed on the 

Government by the general lack of funds (W orld Bank, Asian Developm ent B ank et al., 

1996).

5.3.1 Flooding in the Red River Delta

Flooding is w idely considered the greatest natural threat to the Red R iver Delta. 

F lood control in the D elta is accomplished prim arily through the approxim ately 3,000 

km (1,800 m ile) long system  of dykes, som e over 800 years old. The dykes are 

between 6 to 8 m eters (19.7 to 26.3 ft) in height, but can be as high as 11 m (36 ft) in 

som e locations. A bout 93 percent o f the R ed River D elta’s agricultural land and 

population live behind the dykes (Lustig, 1992). M any o f the dykes, however, are in a 

poor state o f repair, increasing their chance o f failure. O ver the years, the riverbed 

located within the dykes has tended to fill with sedim ent raising the bed level o f the 

contained water above that o f the surrounding land.

Floods are m ost often caused by episodes o f intense rainfall. Such storm s are 

m ost frequent in July  and August. D uring this period, about 50 percent o f the tropical 

depressions in the region occur (Binnie & Partners, 1994). A t Hanoi from 1902 to 

1993, flood alarm  level 2 was exceeded 78 tim es, and flood alarm  level 3 was exceeded 

27 times (Binnie &  Partners, 1994). The m axim um  flood level recorded at Hanoi was

14.7 m to 14.8 m during the flood o f 1971. Probabilities for various flood levels at
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Hanoi, as reported by the W orld B ank are 1 in 2.5 years for 10 m (32.8 ft) with a 20 

percent chance o f dyke failure; and 1 in 59 years for 13 m (42.7 ft) w ith an 80 percent 

chance o f dyke failure (World Bank, 1995). Estim ates of losses from  a m ajor dyke 

failure were given at US$ 1,000 to  U S$1,200 per household and 40,000 ha (about

100,000 acres) o f  lost rice production.

The flood o f 1971 represents one o f the most devastating flood events recorded 

in the Red R iver Delta. During the 1971 flood, three sections o f the dyke system in the 

D elta broke causing the inundation o f  250,000 ha (620,000 acres) w ith an impact on 

som e 2.7 m illion people (Asian D evelopm ent Bank, 1999). The area o f the 1971 

flooding is show n in Figure 5.2. T he 1971 flood is reported to be a 1-in -100 year 

probability occurrence. Estimates o f  econom ic loss for the 1971 flood are on the 

m agnitude o f US$ 78 million.

5.4 Poverty in Vietnam

V ietnam , with a per capita incom e o f around US$ 300 (VND 4,194,000), ranks 

as one o f the w orld ’s poorest countries. In 1998, 37 percent o f the country’s population 

lived below  the poverty line (W orld Bank, 1999). The poverty line is defined as the 

incom e sufficient to meet nutritional plus basic non-food needs, such as clothing and 

housing. The poverty line for V ietnam  was estim ated to be about US$ 128 (VND 

1,790,000) per capita. Poverty in Vietnam is highly concentrated in the rural 

agricultural areas. In 1998,45 percent o f the rural population and 9 percent o f the urban 

population lived below the poverty line. Fully 79 percent of people living in poverty 

were engaged in agricultural occupations (W orld Bank, 1999).
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Since the D o i M o i reform program began in 1986, alleviating poverty has 

received significant attention from the government. As a  result, Vietnam has 

experienced one o f  the sharpest drops in poverty in the w orld, dropping from 58 percent 

to 37 percent during the period 1993 to 1998. The poverty rate dropped from  66 

percent to 45 percent for the rural population and from 25 percent to 9 percent for the 

urban population (W orld Bank, 1999). In the D uong R iver project area, the rural 

poverty rates are 35.5 percent for Ha Noi City, 40.4 percent for Hai D uong Province,

47.7 percent for H ung Yen Province, and 47.2 percent fo r Bac Ninh Province (Baulch, 

2000).

Reasons fo r the high rate o f persistent poverty are many, with one o f the m ost 

important factors in the rural sector being small farm size. The average farm  in 

Vietnam is very sm all in area; about 6490 m2 in the R ed R iver Delta. Despite large 

increases in crop diversification on a percentage basis, rice still accounts for 55 percent 

of all crop revenues. C rop diversification is limited by a lack o f technical knowledge 

and access to appropriate markets. In response, production activities are quite lim ited, 

in both diversity and  quantity. This puts farm households at high risk to crises or 

shocks. W hile this can include death or illness o f a fam ily member, it also can include 

the loss of crops o r livestock due to natural disasters, such as flooding.

M aintaining growth in the agricultural sector presents a challenge to the 

Vietnamese governm ent. M ost good agricultural land has already been allocated, 

leaving only low er quality land for new farm households. Further, farm plots are 

already very small and a growing population places even m ore pressure on available 

land. In the Red R iver Delta, further crop diversification is required to maintain growth
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in the agricultural sector. O n-farm  productivity and off-farm  jo b  opportunities will 

need to be increased to prevent a  reversal of recent gains. M oreover, a  major future 

flood in the R ed R iver Delta can easily  wipe out all the econom ic gains achieved over 

the last decade.

I l l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 6: METHODOLOGY

6.1 General Introduction

This chapter introduces the specific m ethods used for conducting the economic 

cost-benefit analysis o f  the case study. The case study is a dyke rehabilitation project 

on the Duong R iver in the Red River D elta  o f Vietnam. The D uong River Dyke 

Rehabilitation project was chosen for consideration by the Asian D evelopm ent Bank 

because it will help reduce losses from flooding and benefit the poor. This project is 

one subproject under the Asian D evelopm ent Bank’s T hird  R e d  R iv e r  B asin  W ater 

R eso u rces  S ec to r  M a n a g em en t Project. T he  case study was adopted for the current 

study because o f the unique situation it allow ed to study flood m itigation benefits where 

poverty alleviation was a major concern. The following sections review the 

fundamental concepts underlying the execution o f  cost-benefit analysis for the project.

6.2 Scope of Economic Analysis

Economic analysis is conducted as a  m eans of testing the econom ic viability of a 

project. Economic viability measures w hether the benefits arising from  an investment 

decision outweigh the costs involved with im plem enting the project. Additionally, the 

econom ic viability o f  a  project concerns the distribution o f costs and benefits, in 

particular the impact o f  the project on poverty alleviation.

Economic analysis is also conducted on projects to ensure that scarce resources 

are used in an econom ically efficient m anner. Economic analysis can help ensure that
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resource use will be effective in meeting overall developm ent and sector goals. Results 

w ill lend guidance in picking the option that uses the least resources to achieve the 

desired level o f output.

6.3 Financial versus Economic Analysis

While sim ilar, financial and economic analyses have significant differences- The 

financial analysis is conducted from the viewpoint o f  the operating entity and is 

concerned with w hether a given project will generate sufficient revenues to cover its 

expenses. Financial analysis estimates the net benefits o f  a project according to 

constant market prices. These prices are not adjusted for distortions caused by 

government interventions o r market structure. A project m ust be financially sustainable 

to be economically viable.

Economic analysis is concerned with the value a project holds for an individual or 

society as a whole. Observable market prices m ay be distorted by government 

interventions, m arket structure, or the characteristics o f  the resources, such that prices 

do not reflect their true value. It is also possible that goods or services do not have 

observable prices, such as with non-market goods and  services. Even though an 

observable price does not exist, these non-marketed goods and services may hold value 

for individuals or society. Economic analysis utilizes social values o f costs and benefits 

by adjusting m arket prices to reflect distortions. By including these adjusted prices in 

the economic analysis, the true value o f a project to society can be estimated.

For all investm ent projects, both the financial and  economic analyses must be 

conducted. H ow ever, for developing country flood protection projects, the financial 

analysis will norm ally concentrate on whether adequate funding has been secured to
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guarantee the sustainability o f  project benefits. This is because most flood  protection 

projects are public goods projects and, at least in Vietnam , will generate no revenue for 

the Government. The public works project will be considered econom ically solvent as 

long as aggregate social benefits outweigh the social costs.

6.4 Cost Analysis of the Flood Control Project

The economic cost-benefit analysis o f the D uong R iver Dyke R ehabilitation 

Project follows the econom ic analysis guidelines issued by the Asian D evelopm ent 

Bank and detailed in The G u id e lin es  f o r  the E con om ic  A n a lys is  o f  P r o je c ts  (Asian 

D evelopm ent Bank, 1997). This section reviews the cost analysis procedures relevant 

to the present study and how  they were applied to a flood protection project. Figure 6.1 

gives a detailed flow chart o f  the logical progression for conducting the cost analysis, 

which is discussed in the follow ing sections.

6.4.1 Construction Activity and Price Information fo r  Cost Analysis

Based on consultations with Vietnamese dyke engineers, a list o f construction 

activities required for the flood protection project was compiled. The list o f 

construction activities gives both a description o f each activity and the input units used 

for each activity, for exam ple cubic meters. Construction activities were com piled for 

the different sections o f the dyke targeted for rehabilitation.

General unit prices for the construction activities were calculated based upon 

V ietnam ese Government standards. The unit price is given per input unit o f the 

construction activity that will be undertaken, for exam ple, cubic meters o f excavation. 

The input costs include processing, transportation, distribution, and handling costs 

required to  deliver the input from  its source location to the project location.
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Prices Quantities

Construction unit prices

C onstruction sites

Specific construction 
quantities

Estim ated construction 
quantities

Available construction

Location specific 
construction unit prices

Location specific 
construction unit price 

m ultipliers

Output
Reports

P r o ie c t  C o m D le tio n  R ates

D etailed construction costs

C om ponent project cost

Expenditure accounts by 
com ponents -  base costs

Project components by year -  
totals including contingencies

Expenditure accounts by 
com ponents -  totals including 

contingencies

Figure 6.1 Flow Chart o f C onstruction Cost Analysis.
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The V ietnam ese Government has official procedures to adjust general input 

prices to project location prices. General unit costs for a construction activity are 

adjusted to account for machines, m aterials, and labor required to com plete each 

construction activity. Price adjustment factors devised by the Vietnam ese were utilized, 

making refinements as necessary to generate specific unit costs. F o r the financial 

analysis, the financial costs for the project inputs were based on location specific unit 

costs as estim ated by the Vietnamese Department o f  Dyke M anagement and Flood 

Control.

6.4.2 Project Cost Tables

The final step in the cost analysis is the construction o f  the various tables used to 

present the results o f  the cost analysis. C ost tables were developed to present cost 

analysis results in a tabular format sim ilar in design to  the COSTAB program. 

COSTAB is a project-costing program recommended by the Asian D evelopm ent Bank 

for conducting the cost analysis of projects. General cost analysis results are presented 

in Chapter 7 and detailed cost tables will be presented in the Appendix Tables A l, A2, 

A3, and A4.

6.5 Benefit Analysis of the Flood Protection Project

The benefits from  a dyke rehabilitation project are m easured as the reduction in 

expected flood dam age resulting from the implementation o f  the project. The estimated 

reduction in expected dam age represents the willingness to pay of the beneficiaries of 

the flood protection project (Shabman, 1997). This section outlines the m ethods used to 

estimate the benefits from  a flood protection project. Figure 6.2 shows the logical flow 

chart for performing the economic analysis o f a flood protection project.
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Benefit Analysis

Poverty im pact analysis

Population density calculation

From  G IS database
C om m une data

Typical farm profile

Benefit-cost analysis

Project Benefits

Typical com m une profile

Sensitivity  analysis

Project benefits and 
flood damage

R eclaim ed land benefits

Commune, district, and provincial 
profiles

Flood frequency and dyke failure 
probabilities

Key Assum ptions:
•  Flood dam age
•  Spring crop in storage
•  Profile scaling factors
•  Poverty rates
•  Percentage o f land redistributed

Figure 6.2 Flow  C hart for Econom ic Benefit Analysis.
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6.5.1 Identification o f  Protected Area

To estim ate the expected dam age from flooding, it is necessary to construct an 

economic profile o f the area that a  flood will affect. The project area is defined as the 

land area that can potentially be protected by the rehabilitated and existing dyke system. 

W ithin the protected area, relevant land use classifications were chosen and their 

corresponding land use areas calculated. Different flood scenarios were defined on a 

per hectare basis. In the case o f  road infrastructure, flood scenarios were defined on a 

per kilometer basis. In this m anner, each flood scenario yielded unique values for 

flooded land areas based upon the different land use classifications.

6 .5 .1 .1 P opu la tion  D e n s ity  C a lcu la tio n

In order to estim ate the total population affected by a flood, a spatial 

interpretation o f population will be developed. Population data in Vietnam is available 

on a commune level for both urban and rural areas. Using the data, an estim ate of 

population density was made for both urban and rural areas. B ased on this population 

density parameter, each flood scenario yielded a different population that is affected by 

a given flood scenario.

6 .5 .1 .2  C onstruction  o f  T yp ica l C om m u n e P rofile

The com m une profile is constructed based on com m une and household 

interviews and addresses the m ain flood protection benefits as stated previously. These 

sectors include agriculture, households, industry, commerce, and infrastructure. The 

sectors analyzed are those sectors representing the m ajority o f  production and assets 

susceptible to dam age by flooding. Each economic sector was com piled at the 

com m une political boundary level. The purpose of the com m une profile is to provide a
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base table o f econom ic characteristics from which flood damage and, therefore, project 

benefits can be estim ated. W hile, ideally econom ic data for each com m une should be 

collected, financial and time constraints prohibited this activity. Interviews were 

conducted with com m une government officials and village households to collect 

information on the economic sectors to be analyzed.

The agricultural profile was determined in the following manner. Since 

agricultural production varies throughout the year, the profile will incorporate the 

variations that w ould occur during the flood season. Variations in the agricultural 

profile included crops grown and previous crops still in storage at the time of flooding. 

Gross crop production values were calculated as the agricultural land area per commune 

multiplied by the average yield. This was then be multiplied by the average local price 

for each crop. Livestock and poultry were sim ilarly be valued according to the local 

market price m ultiplied by the total number sold per unit of agricultural land area. To 

aid in the analysis, a farm production profile was constructed based on the typical 

commune profile and key parameters made regarding flood damage. The farm profile 

was constructed on a per hectare o f agricultural land basis.

The housing profile included the num ber o f  houses per unit area in the study 

area, and household asset values. The number o f households per unit area was derived 

from the population data pertaining to the land use categories o f urban and rural 

populated areas. The estimated population densities for the rural and urban populated 

land use were used to calculate new populations that were then be divided by the 

average num ber o f  people per household. This allow ed the num ber o f households to be 

calculated spatially. Commune and village interviews served as the source for data
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concerning the value o f assets contained in houses. T his value was com pared witn 

previous estim ations o f  household assets.

The industrial profile was calculated using official statistics for asset and 

production values o f  state, private, and foreign-owned industries. Damage that can 

occur to industry included assets lost or damaged by the flood and production losses 

resulting from an inability  to operate because o f a flood.

The com m erce profile concerned sm aller com m ercial operations, usually 

operated out of the ground floor of a person’s house. A sset values were gathered from 

the commune interviews. Damage for this sector was calculated in a m anner sim ilar to 

that for the housing sector.

The infrastructure profile concerned those item s which were identified as 

important and susceptible to flood losses during the commune interviews. 

Infrastructure dam age may include damage to hospitals, w ater supply systems, pow er 

plants or substations, o r transportation.

6 .5 .1 .3  P aram eters f o r  E stim ating  F lood  D am age a n d  P r o je c t  Benefits

A set o f param eters regarding flood damage, crop  storage, and poverty rates 

were determined based on the commune interviews. T he parameters were based upon 

the experience of governm ent officials with previous floods. The param eters are 

essential to estim ating the flood damage. Parameters w ere checked with previous work 

done on flooding in V ietnam  to check that they were reasonable.

6 .5 .1 .4  F lood  F requ en cy  a n d  D yke F ailure P ro b a b ilitie s

The calculation o f flood frequencies and dyke failure probabilities is necessary 

to isolate the econom ic benefits of a flood protection project. The main output from  a
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flood protection project is the reduction in the probability  o f a flood occurring within 

the protected area. This reduction in flood probability is a jo in t probability o f dyke 

failure probability and flood frequency probability. T he difference in without-project 

protected area flood  probabilities and with-project pro tected  area flood probabilities 

creates a residual, o r reduction, in expected dam age from  flood events. The reduction 

in expected flood dam age is the benefit of the flood protection project.

Flood frequency analysis uses a given probability  distribution to estimate the 

magnitude o f flood discharge or stage at different reoccurrence intervals. There are 

numerous m ethods used to estim ate flood frequencies, each with their own advantages 

and disadvantages. These advantages and disadvantages are generally based on a 

probability d istribu tion’s ability to reproduce extrem e values, the quality  of the flood 

data to meet statistical requirem ents of a particular distribution, the uncertainty of 

estimated param eters, the reasonableness o f assum ptions, and the effects o f skew 

(Burrell, 2000). T he Pearson Type-ID distribution is the probability distribution utilized 

by the D epartm ent o f  Dyke M anagement and Flood Control.

For the current study, the river flood frequencies w ere not affected by the project 

(at the project location) so the without-project and w ith-project flood frequencies were 

identical. Project benefits are a result of a reduction o f  flood frequencies within the 

protected area, w hich is a result o f  a reduction in dyke failure probabilities. Because 

discrete river flood levels were used in the econom ic analysis, it was necessary to 

calculate relative flood frequencies for each particular flood  event.

Dyke failure probabilities must be calculated fo r the range o f flood levels that 

can impact the stability o f the dyke structure for both the w ith-project and without-
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project scenarios. For flood levels that are too low to im pact the dyke structure, the 

probabilities do not need to be calculated. The dyke failure probabilities estim ated for 

this project were based on the most appropriate m ethod as judged by the pro ject’s 

hydrologic engineer.

Estimated expected flood damage, discussed in the next section, was m ultiplied 

by the joint probability o f each river flood level and dyke failure to yield an expected 

dam age level for each flood level. This process was repeated for both the w ithout- 

project and w ith-project cases. Total economic benefits o f the flood protection project 

were calculated by subtracting the with-project expected flood damage for a given flood 

level from the w ithout-project expected flood damage for a given flood level and 

sum m ing over all river flood event classes.

6.5.2 Estimating Economic Damage

Calculations o f  expected damage were made at the commune level. These 

com m une level dam age assessments were made by m ultiplying the relevant dam age 

param eters for a particular flood with each economic sector in the commune profile. 

This yielded an expected dam age estimate for a particular flood for each commune.

6 .5 .2 .1  E xpec ted  F lo o d  D a m a g e  E stim ates

The expected flood damage for a given the occurrence o f a given flood scenario 

is calculated by com bining the commune profile data, the expected damage parameters, 

and the land use data. The equation used to calculate expected damage simply sum s the 

various estimations o f dam age for each o f the different sectors. Expected flood dam age 

for each commune is calculated  with the following equation:
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EADC = aHHA + r )(fh iq s p 5) + (qf p f )]+ £  Xi^PL))+ 4Kmg + yd) + SBT + z

EAD =  expected damage for commune c, 
c =  com m une c,
O  =  urban populated land area inundated,
r| =  agricultural land in the inundated area,
a  =  percentage of household assets dam aged,
HH =  num ber o f households in inundated area,
A =  average asset value per household,
p =  percentage of agricultural crop dam aged,
s =  spring season crops,
f =  fall season crops,
0 =  percentage o f spring crop in storage,
q =  crop yield per hectare,
p =  price per unit o f output,
X =  percentage of livestock damaged,
L =  livestock head per agricultural land hectare,
m  =  m onths o f industrial production dow n tim e,
g =  m onthly gross industrial output per hectare,
y =  percentage of industrial assets dam aged,
d =  asset value of industry,
5 =  percentage of damage to commerce,
B =  num ber o f shops in the inundated area,
T  =  average asset value per shop,
k =  percent roads damaged, and,
z =  length o f each type o f road in inundated area.

This equation gives the expected dam age for any given commune for a specified flood 

scenario in the Red River Delta o f Vietnam. As stated above, the equation sums the 

damage estim ates for each sector to arrive at the total com m une damage expected for a 

given flood. V arying the estimated flood damage param eters will change the flood 

damage calculation. In this way, different flood scenarios can be tested. A breakdown 

o f how flood dam age for each of the various econom ic components in a commune is 

calculated is given in Table 6.1.
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Table 6.1 C alculations o f Flood Damage fo r D ifferent Economic C om ponents.

Housing
Value =  (assets per household type)*(num ber o f people per hectare/ people per 
household)*(percent lost)_______________________________________________________

January to May Agriculture (crop: paddy)
Value =  (agricultural land area)*(yield)*(price)*(percent stored in m onth i )* 
(percent lost)

May to October Agriculture (crop: paddy)
Value = (agricultural land area)*(yield)*(price)*(percent lost)+(agricultural land 
area)*(yield)*(price)*(l- percent lost)____________________________________________

Livestock and Poultry
Value =  (L ivestock per hectare)*(total area)*(average weight)*(live weight 
price)*(percent lost)____________________________________________________________

Industry
Value = (m onthly industrial output per hectare)*(urban populated area)*(months of 
dow ntim e) +  (industrial assets per hectare)*(urban populated area)*(percent lost)

Commerce
Value = (percent o f households)*(num ber of households)*(average asset 
value)*(percent lost)___________________________________________________________

Roads
Value = (am ount o f  roads for flooded area)* (repair cost per k ilom eter for each road 
type)*(percent dam aged)_______________________________________________________

6.5.3 Estimating Flood Protection Benefits as Property Damage Avoided

The econom ic benefits of a flood protection project are estim ated as the property 

damage avoided because o f the project. Property damage avoided is the value o f the 

damage not incurred because a flood protection measure is im plem ented. Property 

damage avoided in a  project area may be estim ated with the following equation:

PDA = rX T (E A D e) -  p* XI (EADC))
c /

where: PDA = property damage avoided, 

wo =  w ithout-project parameter,
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w = w ith-project param eter,

X, = dyke failure probability,

p, = flood probability,

i = d ifferent river flood levels.

All other variables are as defined previously. This equation is adapted from a textual 

description o f the calculation o f flood protection benefits (Y oung, 1996).

This equation expresses the benefits o f the flood protection project by 

subtracting the expected dam age with the project from the expected dam age without the 

project. In other w ords, the equation gives the expected reduction in flood damage as a 

result of project im plem entation. When summed over all river flood levels, the 

calculated am ount gives you the annual expected dam ages for a flood in a specific area. 

Summed over all com m unes, the equation yields the total annual benefits o f the flood 

protection project. The annual am ount is recalculated for each year in the project’s life.

6 .5 .4  C o s t-B e n e fit  A n a ly s is  o f  th e  F lo o d  P ro tec tion  P r o je c t

The two cost-benefit analysis decision criteria favored by the Asian 

Development Bank are the net present value (NPV) and the econom ic internal rate of 

return (EIRR). For the current study, no alternatives projects were available for 

analysis. Therefore, the current analysis was limited to estim ation o f  the cost-benefit 

parameters and results. However, the proposed m ethod for analyzing poverty 

alleviation concerns was exam ined and compared w ith the poverty impact ratio 

recommended by the Asian Developm ent Bank.
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6 .5 .5  S e n s itiv ity  A n a ly s is

The results o f the econom ic and financial analysis are derived from  a collection of 

estim ated parameters and future predictions. T he  results necessarily involve some 

degree o f uncertainty. Sensitivity analysis was perform ed to test the im pacts o f  adverse 

effects on a project’s outcom e. The procedure involved changing one o r more of the 

key parameters or variables and re-calculating the econom ic internal rate o f  return and 

net present value. Sensitivity analysis should be applied to items that are either 

quantitatively large relative to other items or characterized by a high degree of 

uncertainty. Sensitivity analysis helps to test the robustness o f a given project in the 

face o f uncertainty.

The Asian D evelopm ent Bank recommends that the sensitivity analysis report 

sensitivity indicators for changes in key param eters. A sensitivity indicator shows the 

percentage change in the project’s net present value o r internal rate o f return relative to 

a percentage change in a variable o r combination o f  variables. The sensitivity indicator 

is calculated by the following equation for the net present value:

NPVb -  N P V {

and for the internal rate o f return:

K

lRRb -  IR R l

si = IRRb ~ d
V t - V i

V>

where: N P V  = net present value,

IRR = internal rate o f  return,
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V = variable being tested,

d = discount o r other benchm ark rate,

b = indicates base case,

1 = indicates tested case (A sian Developm ent Bank, 1997).

The sensitivity indicator shows the effect that a change in a variable has on the net 

present value or the internal rate o f return. If the sensitivity indicator has a large 

absolute value then changes in the variable in question will have a large im pact on the 

net present value o r internal rate of return.

Where a project demonstrates a high susceptibility to risk, m easures to  reduce the 

possibility o f risk occurring should be incorporated into the project. R esults o f the 

sensitivity analysis are reported in a table along with results o f the base case. Finally, 

an assessment o f the likelihood of the changes occurring should be made.

6.6 Poverty Impact Analysis

A poverty im pact analysis is conducted to analyze a p ro ject’s contribution 

tow ard the reduction o f  poverty. The Asian Development B ank aim s for projects that 

are pro-poor in that they disproportionately benefit those living in poverty. This is a 

direct result o f the A sian Development B ank’s overarching goal o f  poverty alleviation. 

For any given level o f  aggregate net benefits, the poor m ust receive a  proportion o f total 

net benefits that is greater than the proportion o f people living in poverty in the project 

area. In this manner, the implementation o f  a project will serve to increase equality of 

incomes in the project area.

For this study, the distribution o f project costs and benefits is one elem ent in 

determining a project’s acceptability. This involves the analysis o f w ho benefits from a
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project and w ho pays for a project. For a public goods project such as flood protection, 

the em phasis o f  distributional analysis will be on how the benefits are shared. O f 

special significance to the Asian D evelopm ent Bank are a project’s im pacts on the poor 

regarding poverty alleviation. T he poor may be defined as that group o f  people living at 

o r below a country’s poverty line o r some other socially acceptable measure. 

Generally, the poverty line is represented by some income level below  which a certain 

standard o f living is no longer possible to achieve and future existence is not ensured. 

To analyze poverty impacts, the Asian D evelopm ent Bank uses the poverty impact 

ratio. The poverty impact ratio, however, analyzes net benefit distribution and not 

im pacts on poverty.

6.6.1 Poverty Impact Ratio

The poverty impact ratio shows the distribution o f project net benefits accruing 

to the poor relative to total project net benefits. The concept behind it is that if net 

benefits fall at a greater proportion to the poor then the project is characterized as pro­

poor. The poverty impact ratio is m ost effective when project net benefits can be 

distributed independently o f  income. In this way, a project can help raise poor incomes 

relatively m ore than non-poor incom es, which will have a poverty reducing impact. 

Thus, the poverty impact ratio maintains its effectiveness as an indicator of the 

distribution o f project benefits, when distribution is a concern. Increasing the equality 

o f incom e is an implied goal o f the poverty im pact ratio.

The poverty impact ratio was calculated for the case study in the following 

m anner. The estimation o f poverty impact involves the identification o f the target 

group and the benefits accruing to them. In the present case, the target group is the
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poor. In V ietnam , agriculture accounts for 66 percent of total em ploym ent, but 80 

percent of those living in poverty (W orld Bank, 1999). Another 7 percent o f the poor 

are accounted for as non-working or retired  (World Bank, 1999). Furthermore, the 

agricultural sector can be largely represented by a relatively hom ogeneous, paddy 

producing farm m odel. Therefore, benefits accruing to the poor will be calculated by 

multiplying the provincial poverty rates w ith the estimated agricultural benefits for the 

typical farm model developed in the flood m odel. This amount will then be aggregated 

by the inundated area o f the chosen flood scenario. Costs will be zero for the poor since 

there is currently no cost recovery schem e planned for this project. The ratio will be 

computed as this am ount over the total estim ated net benefits o f the project. The 

poverty impact ratio  will then be com pared to the poverty incidence rates for the study 

area. If the poverty im pact ratio is greater than the poverty incidence then the project 

has a greater proportional impact on the poor than the rest of the population

W hile industry represents only about 4.5 percent o f rural employment, it 

accounts for 33 percent o f national output (General Statistical Office, 1999); (World 

Bank, 1999). To show  the impact o f highly valued beneficiaries on the distribution of 

flood protection benefits, the poverty im pact ratio was also calculated rem oving benefits 

accruing to industry. Removing industrial benefits was not presented as a  method to 

calculate an acceptable poverty impact ratio, but to demonstrate the weakness o f the 

poverty impact ratio  in the current case.

For a  flood protection project where benefits are tied directly to production and 

asset values, the poverty impact ratio w ill fail as an adequate indicator o f project 

effectiveness regarding poverty alleviation. The poverty impact ratio will penalize a
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flood protection project because benefits of reduced flood probabilities are distributed 

to all and valued by assets and production. This can be true despite the effectiveness of 

the project in alleviating poverty compared to alternative projects. The poverty impact 

ratio, therefore, does not analyze the impact o f a project on poverty alleviation, but 

rather it indicates how benefits are distributed.

6.6.2 Safety-first Criteria and Poverty Alleviation Impacts

A safety-first valuation can overcome the w eakness of the poverty impact ratio. 

A safety-first valuation can dem onstrate the relative increase in value that a project has 

for a target group. In the current case, the target group is primarily poor farmers. It has 

been shown that the closer a farm er is to some critical minimal level o f  production or 

income, then the m ore likely they will be acting to m axim ize the probability o f survival 

rather than profits (M iracle, 1968); (Todaro, 1996). The dual of this problem  is that the 

farmer is acting to m inim ize the probability o f d isaster occurring. This is exactly the 

kind of benefit that a flood protection project provides. In regard to a  minimization o f 

disaster probability, a poverty impact ratio cannot say anything about project 

effectiveness regarding poverty alleviation. A project that helps the poor only a little 

but the non-poor none will receive a higher poverty impact ratio than a project that 

helps the poor substantially more, but more equally with the non-poor. If poverty 

alleviation is a project goal, then it is necessary to  examine a p ro ject’s impact on 

poverty.

Poverty presents certain problems when calculating the econom ic value of a 

project. As discussed above the farm er’s objective m ay not be profit m axim ization, but 

survival m axim ization. Therefore, a farmer may choose an investm ent that minimizes
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the choice o f d isaster occurring over an investm ent that has a higher expected  return. 

This type of safety-first decision-m aking has been shown to reflect actual decision­

m aking by farmers (Sands, 1989); (Upton, 1987).

Safety-first ru les were first devised as a way of incorporating risk into the 

valuation of alternative investm ent options (Roy, 1952). A safety-first criterion is based 

on the idea that the decision maker judges the alternative strategies as to the probability 

they exceed a m inim um  threshold below w hich final income should not fall (Eeckhoudt 

and Gollier, 1995). The variance o f possib le outcomes for alternative investment 

options may result in final wealth falling below  the critical level. Therefore, valuations 

o f alternatives balance expected returns w ith the downward riskiness o f  a given 

alternative. The m ore risk-averse a person, the m ore heavily the dow nw ard riskiness 

will be weighted.

In the case o f  a flood protection project, a safety-first valuation ru le can apply 

the actual benefits (low er flood probabilities) o f the project directly to  a risk based 

valuation of project benefits for the target group. In regard to poverty, this can be 

interpreted as m inim izing negative fluctuations in incomes o f the poor due to flooding. 

In this manner, the relative effectiveness o f  alternative projects to poverty alleviation 

can be ranked consistently  with national developm ent goals. In the present case, a 

safety-first criterion has the multiple benefits o f reflecting farm er behavior, of 

incorporating the actual probabilistic effect o f  a flood protection project, and o f  lending 

guidance to a preference ordering.

The safety-first value was calculated in the following manner. First, the lower 

partial second m om ent was calculatedwith the following equation:
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cr2 ( t )  =  ^ ( t - x ) 2p

where: t  = the critical threshold,

x  = the final income,

p  = the probability o f experiencing a particular outcome,

z  = the low est possible outcome for.v (Fishbum , 1977).

The lower partial second m om ent was calculated using the poverty line as the threshold 

and also using the expected income as the threshold. The difference in the two 

thresholds is that use o f  the poverty line threshold will result in large values for the 

riskiness o f a project. This is caused by the relatively large deviation o f possible 

outcomes from the poverty threshold level. This can be interpreted as the high cost that 

moving further below the poverty line carries for the farmers or society.

The probability o f  experiencing a particular outcome is identical to the 

probability o f experiencing the event that would cause the particular outcom e. That is, 

for the calculation o f the lower partial moments, the probability o f  experiencing a 

particular outcome will be taken as the previously calculated joint flood  frequency and 

dyke failure probabilities. This holds intuitive appeal in that the probabilities are based 

on established procedures that reflect the predicted physical impact o f the project.

The safety-first values o f the alternative projects was calculated by the following 

equation:

V ( w f ) = E ( w f ) - k < T 2- ( t )

Where: V(wf ) = the value o f  final wealth adjusted for risk preference,

E ( w f )  -  the expected value o f final wealth for a given state o f  the world,
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k  = a m easure o f  risk preference,

•y _
or'(t) = lower partial second moment (Eeckhoudt and Gollier, 1995).

This equation allows one to value alternatives by balancing risk and return. In this 

sense, the lower partial m om ent represents the cost o f risk. The variable k  represents 

the risk preference (w eighting) that is applied to the negative variance associated with 

the expected outcome. F or the analysis, k was set equal to one for reported results and 

varied for the sensitivity analysis.

The safety-first valuations gave an estim ation o f w hat each alternative is worth 

to an individual in the target group. When the threshold level was given as the poverty 

line, then those living below  the poverty line had negative safety-first valuations. This 

was caused by the large deviation o f possible outcom es from  the threshold poverty level 

relative to the expected outcom e. What this m eans is that the cost of risk is so high that 

the farm er would never choose to farm. The negative valuations can be interpreted as 

an indication of the desperation o f the poor. If the increm ental increases o f alternatives 

are examined, they will be quite large and positive. This is consistent with the utility of 

poverty theory presented in C hapter 2, where the marginal utility of a necessary bundle 

was said to approach infinity when below the poverty line. W hile it cannot be said that 

the safety-first value is equated with utility, it can be shown that in some sense the 

incremental improvements from a reduction of risk below the poverty line far out-value 

the incremental increase in expected income.

Alternatively, use o f  the expected income with expected flood dam age as the 

threshold resulted in positive safety-first valuations. This result was caused by the 

relatively small variance in possible outcomes com pared to the expected outcom e
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(threshold). W hile  both will allow for the ranking o f alternative projects, the positive 

valuations m ay hold higher practical appeal directly related to the  positive valuations. 

These values can  be interpreted as values based m ore on straight production values with 

the desperation o f  poverty eliminated. In practical situations, the positive valuation 

from using the current income level may be easier to explain than a negative valuation 

from using the target level. The valuations derived when using the poverty threshold, 

however, will give a better indication o f the incremental im provem ents from 

im plem entation o f  the project that are consistent w ith the increm ental increases in utility 

one would expect in a poverty situation.

The calculated  safety-first valuations were ranked in order o f  value to indicate 

preferences based on the project’s impact on the target group. This approach is superior 

to the poverty im pact ratio in that alternative projects can be ranked according to the 

magnitude o f the ir im pact on reducing the probability o f negative incom e fluctuations 

for the poor, w hereas the poverty impact ratio can only be used to rank alternative 

projects according to their relative distribution o f benefits. The poverty impact ratio 

will rank a project that benefits the poor a little and the rich none higher than a project 

that helps the poor substantially and the rich som e. In the current case of flood 

protection projects, this may lead to the rejection o f projects that otherw ise would be 

quite beneficial to  the poor. That, o f course, w ould be a move aw ay from  meeting the 

goal o f poverty alleviation.
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CHAPTER 7: RESULTS OF THE RESEARCH

7.1 Introduction

This chapter discusses the results obtained from utilizing the methods described 

in Chapter 6. This chapter describes the specific details o f the proposed rehabilitation 

project, the calculated cost tables, the cost-benefit calculations, and the sensitivity 

analysis. Also presented are the results and comparisons o f the alternative poverty 

impact analyses. It is shown that the proposed safety-first ranking criterion perform s 

better for flood protection projects than the poverty impact ratio suggested by the Asian 

Development Bank for analyzing poverty impacts.

7.2 Basic Information for the Benefit and Cost Analyses

The following section outlines information provided by the Asian D evelopm ent 

Bank necessary for conducting the econom ic analysis o f the flood protection project. 

All of the following economic param eters are adopted from previous work done for the 

Asian Development Bank (Asian D evelopm ent Bank, 1999). Price contingencies were 

set equal to 10 percent o f calculated base costs. The exchange rate at the tim e o f  this 

analysis was approxim ately VND 14,300 to US$ 1. It was estim ated that the Asian 

Development Bank w ould finance 80 percent o f total costs, w hile the G overnm ent of 

Vietnam will finance the rem aining 20 percent of total costs. The foreign exchange 

component was estim ated to equal 5 percent o f total costs. A summary of the basic 

parameters used for the economic analysis is presented in Table 7.1.
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Table 7.1 Sum m ary o f Basic Input into Econom ic and Financial Analysis.

C ost sharing: Vietnam 20 percent

C ost sharing: Asian 
D evelopm ent Bank

80 percent

Exchange rate (VND:US$) 14,300

Foreign Exchange 5 percent

Physical contingencies 10 percent o f base costs

7.3 Cost Analysis of the Flood Protection Project

This section presents the details o f the cost analysis. First, calculated input 

quantities and location specific input prices w ill be examined. A sum m ary cost table is 

presented o f the general cost analysis results. D etailed cost tables for the project are 

presented in A ppendix Tables A l, A2, A3, and A4.

7.3.1 Construction Quantities and Completion Rates

Estim ated quantities for each construction activity for the proposed dyke 

rehabilitation are given for each specific location in Table 7.2. A map of the 

construction locations, general activities, and quantities is given in Figure 7.1. Earth fill 

was classified as either using manual or m achine methods. Excavation was classified as 

either “removal o f  vegetation” or “excavation.” The Vietnamese Department of Dyke 

Management and Flood Control expressed the opinion that the project could be 

completed within one year. Construction w ould occur after the end o f a flood season 

(approximately O ctober 15). It was predicted, therefore, that construction would be 

completed in the first year and benefits realized starting with the second year.
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Table 7.2 Site Locations and Input Quantities for the Project.

I. Left dyke of Duong River

Excavation

(m 3)

Earth fill

(m3)

Grass planting 

(m3)

Pond 

filling (m 3)

1. K0.300 - K1.500 Left D uong - - - 40,770

2. K4.800 - K5.400 Left D uong - - - 40,350

3. K6.000 - K7.500 Left D uong 10,120 42,888 50,187 -

4. K13.600 - K15.000 Left D uong 7,673 41,469 38,243 -

5. K17.000 - K17.800 Left D uong - - - 41,915

6. K25.500 - K28.500 Left D uong 25,128 145,814 122,493 -

7. K46.000 - K 5 1.000 Left D uong 33,738 217,759 168,336 -

II. Right dyke of Duong River

8. K0.550 - K3.700 Right D uong - - - 105,126

9. K 2 1.600 - K24.000 Right D uong - - - 161,000

10. K28.000 - K29.500 Right D uong - - - 147,475

11. K 31.500 - K38.400 Right D uong 206,669 50,177 248,666 201,210

12. K 41.000 - K48.000 Right D uong 50,338 257,984 246,361 543,515

Source: Department o f Dyke M anagem ent and Flood C ontrol, Ministry o f Agriculture 
and Rural Developm ent, V ietnam
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00

From km 6 000 
To km 7 500 
Grass planting 50,187 m2 
Pond tilling 0m 2 
Excavation' 10,120m 
Earth fill 42.888 m3

From km.: 0.300 
To k m . 1 500 
Grass planting 0m 2 
Pond filling: 40,770 m3 
Excavation 0 m3 
Earth fill: 0 m3

From km 17 000 
To km : 17.800 
Grass planting 0m 2 
Pond filling 41,915 m3 
Excavation 0m 3 
Earth fill 0m 3

From km 46 000 
To km 51 000 
Grass planting 168,336 m2 
Pond filling 0m 3 
Excavation 33,738 m3 
Earth fill' 217,759 m3From km. 13 600 

To km . 15.000 
Grass planting 38,243 m2 
Pond filling 0m 3 
Excavation 7,673 m3 
Earth fill: 41,469 m3

From km 4 800 
To km 5 400 
Grass planting 0 m2 
Pond filling 40,350 m3 
Excavation 0m 3 
Earth fill 0 m3

From km. 25 500 
To km : 28 500 
Grass planting 122.493 m 
Pond filling 0m 3 
Excavation 25,128 m3 
Earth fill 145814 m3

ke of Duong RV2

From km 0 550 
To km 3 700 
Grass planting 0 m2 
Pond filling 105,126 m 
Excavation. 0 m3 
Earth fill 0m 3

From km 31 500 
To kfft- 38 400 
Grass planting 248,666 m; 
Pond filling 201,210 m3 
Excavation. 206,669 m3 
Earth fill 50,177 m3

From km 41000 
To km 48 000 
Grass planting 246,361 m 
Porid filling 543,515 m3 
Excavation: 50,338 m3 
Earth fill 257.984 m3

From km 28 000 
To k m : 29 500 
Grass planting 0 m2 
Pond filling 147,475 m 
Excavation 0m 3 
Earth fill 0m 3

Frcmkm 21600 
To km 24 000 
Grass planting 0 m2 
Pond filling 161,000 m3 
Excavation 0rn3 
Earth fill 0m3

15 Kilometer

Figure 7.1 Construction Locations, Activities, and Quantities.



7.3.2 Results o f  the Cost Analysis

The results o f the cost analysis for the proposed project are presented in this 

section. Financial costs for the project inputs were based on location specific unit costs 

as estimated by the V ietnam ese Department o f Dyke M anagement and F lood Control. 

Since the V ietnam ese Dong is not believed to be significantly distorted in value, 

economic costs were set equal to financial costs (Asian Development Bank, 1999).

Summary costs for the project are presented below in Table 7.3. Based on a 

US$ 2 million cost lim it stated in a related Asian Development Bank A ide M emoir 

(2000), costs exceed the project selection criteria by US$ 1.1 million (excluding price 

contingencies). How ever, the US$ 2 m illion cost limit is based upon prelim inary cost 

estimates. In order for the project to be econom ically viable, it must also be financially 

feasible. The rem ainder o f the economic analysis is presented on the assum ption that 

adequate funding for a US$ 3 million project can be secured.

Table 7.3 Sum m ary C ost Table for the D uong R iver Dyke Rehabilitation Project.

(1,000,000 VND) (US$)

Local Foreign Total Local Foreign Total

Rehabilitation o f Dyke 37,900 2,000 39,900 $2,650,000 $140,000 $2,790,000

Total baseline costs 37,900 2,000 39,900 $2,650,000 $140,000 $2,790,000

Physical Contingencies 3,800 200 4,000 $266,000 $14,000 $280,000

Price Contingencies 1,000 27 1,027 $70,000 $2,000 $72,000

Total project costs 42,700 2,227 44,927 $2,986,000 $156,000 $3,142,000
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No cost recovery plan for the project is currently in place. How ever, the project 

may hold significant cost savings in terms o f avoided costs for em ergency flood relief 

actions, post flood relief programs, and future dyke maintenance to repair floodw ater 

damage. These potential cost savings, however, are not investigated here. This yields a 

more conservative net benefit estimation in the econom ic analysis o f the project.

7.4 Results o f the Benefit Analysis

There are considerable benefits arising from  this flood protection project. 

Economic benefits from this flood protection project were calculated using the property 

damage avoided approach. As described in C hapter 6, benefits considered for this 

project included agricultural production, household assets (excluding the house 

structure), industrial assets and production, com m erce, and major roads and highways. 

Additionally, by including benefits to agriculture, poverty alleviation concerns can be 

addressed.

7.4.1 Identification o f Protected Area and Beneficiaries

The project will benefit all economic activities and people protected by the 

Duong R iver D yke System. That is, anyone residing within the protected area will be 

able to enjoy the benefits o f lower flood probabilities. The project area as defined for 

this study is d iv ided into two sections by the D uong River. The southern section o f the 

protected area is delineated by the Duong River to  the north, the Red R iver to the west, 

the Thai Binh R iver to the east, and the Luoc R iver to the south. The northern section 

o f the protected area was defined by the D uong R iver to the south, the C au River 

covering most o f  the northern and eastern border, and the western boundaries o f  Dong 

Anh District and Yen Phong District. A map o f the protected area is show n in Figure
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7.2. The area was defined based on the D uong R iver Dykes and dykes on other rivers 

that formed a well-defined protected area.

The resulting area protected by the D uong River Dyke System  includes parts of 

Ha Noi City and the provinces of Hai Duong, Hung Yen, and Bac Ninh. The area 

includes a total o f 484 com m unes, townships, and  wards. The total area o f  the protected 

area is 292,100 hectares based upon data contained in the U N D P D isaster m anagem ent 

unit’s GIS database. T he total population o f the project area is equal to approxim ately

3.5 million people.

Ideally, flood depth, duration, and area o f inundation vary for different river 

flood levels examined during the analysis. This procedure entails a significant am ount 

o f effort to determine the different flood scenarios. The difficulty in estim ating 

different flood scenarios was exacerbated in the current study by the acute lack of 

required data in Vietnam . For this study, a “m ost likely” flood scenario was estim ated 

and that scenario was applied  to all river flood levels. This approach was followed 

previously by Lustig in his flood studies in V ietnam  (Lustig, 1993a; Lustig, 1993b)). 

To test the sensitivity o f  the economic analysis to this approach, three separate flood 

scenarios will be analyzed based solely on changes in the area o f inundation.

The three flood scenarios to be investigated are based on tw o historic flood 

events and a most likely 1 - in -100 year flood even t with simultaneous right and left bank 

dyke breaks at Thuong Cat. Two flood scenarios are based on the historic floods of 

1945 and 1971. Flood dam age estimations will be calculated for reoccurrences o f the 

historic floods of 1945 and  1971. Another scenario will be 100 percent inundation for
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all areas lower than 10 meters in height, although the damages will be assessed for a 

flood lower than this level. Officials in the D epartm ent o f Dyke M anagem ent and 

Flood Control noted that for the historic flood o f 1971 the flood depth was 3.5 meters in 

the project area. A com parison o f inundated areas for the different flood scenarios is 

shown in Figure 7.3. The 10-meter height was chosen because o f lim itations o f the 

topographic inform ation in the GIS database. If better information had been available, 

then more accurate inundation mappings could have been made.

The flooded land areas for each flood scenario were entered into the GIS 

database. Each scenario was then imported into the econom ic analysis model as various 

land use areas to calculate flood damage and project benefits of the flood protection 

project. The data and model were defined at the com m une level.

populated (ha)

I n u n d a t e d  L a n d  A r e a  b y  L a n d  U s e  

C l a s s i f i c a t i o n

Figure 7.3 Inundated Areas for the Flood Scenarios U sed in the Benefit Analysis.

a

1971 Flood

Total n .  j -T T
inundated area Agricultural

(jjaj land (ha) Rural
populated (ha)

1945 Rood

Urban

Whole Project Area Rood

F l o o d

S c e n a r i o
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7.4.2 Population Density Calculation

In order to estim ate the total population affected by a flood, a procedure was 

devised to add a spatial dim ension to the com m une population values. Data on land 

area for urban and rural populated areas were available from the G IS database. Based 

on population data from  the 1999 Statistical Yearbook for Ha N oi Province, it was 

estim ated that urban populated areas have a population density roughly 10 times that o f  

rural populated areas (General Statistical Office, 2000). Rural population density was 

then calculated as the total com m une population divided by the sum  o f rural populated 

land area plus 10 tim es the urban populated area.

7.4.3 Construction o f  Typical Commune Profile

The protected area profile was developed based on land use data and population 

data. Additionally, two interview s were conducted with commune government officials 

and village households to co llect information on the economic structure at the com m une 

level. The interviews were used to define a typical commune in the region, which was 

then used to build the sector profiles for each commune in the protected area. The 

interviews were conducted prim arily to gather numeric com m une level data. The 

interviews also were conducted to gather inform ation necessary to  build the model o f  

flood damage based on the officials historical knowledge of previous floods.

Annual com m une agricultural activities were based on a paddy-paddy-maize 

rotation. Animal production choices included cattle, pigs, and poultry. Animal cull 

rates were averaged for the com m unes interviewed. L ivestock activities were

norm alized on a per hectare basis for agricultural land. Based on interviews, non- 

agricultural income was estim ated to equal 20 percent of agricultural income. Since the
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crop primarily dam aged by flooding in the Red River D elta is the summer paddy crop, 

crops other than paddy were not considered in the flood dam age analysis.

During com m une interviews, the question was asked “would farmers change 

their cropping patterns if additional flood protection was provided?” The com m une 

officials interview ed felt that crop diversification depended not only on increased flood 

protection but on several factors including credit availability and knowledge on how to 

grow  new crops. It was, therefore, concluded that crop diversification is not likely to be 

a result of a flood protection project, and w as not considered in the analysis.

Prices received by the farmers for crops and livestock are location specific and 

require no adjustm ents. Crop budgets for each crop option were gathered during the 

com m une interview s. Crop budgets w ere com pared with previous crop budgets 

developed for agricultural studies in the R ed R iver D elta and found to be consistent.

The housing profile was developed based on the num ber o f houses per unit area 

in the study area, and household asset values. The num ber o f households per unit area 

was derived from the population data pertaining to urban and rural populated areas. 

Population densities were estimated for rural and urban populated land use categories, 

populations were estim ated which were then divided by the average num ber o f people 

per household. This allow ed the num ber o f  households to be calculated spatially.

Household asset values were estim ated by the governm ent official interviewed 

during the study. In addition, an assessm ent was made on how susceptible these assets 

were to flooding. F lood damage was predicted to be m ainly limited to the first floor 

and estimated single story asset values were applied to all households.
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The industrial profile was developed using official statistics for asset values of 

state, private, and foreign-ow ned industries. Giang Bien C om m une was the only 

com m une interviewed that had any industrial production. C om pared with official 

aggregate statistics, the asset values gathered from interview w ere judged too low to 

represent the protected area accurately. Therefore, industrial output and asset value 

estim ates were made based on data in the 199 8  Vietnam S ta tis tic a l  Y earbook  and in the 

1 99 8  R esu lts o f  Survey on Industry  (General Statistical O ffice, 1999). Since, the 

interviews indicated that m ost industrial production is urban, industrial production was 

limited to urban populated land areas. Since floods tem porarily  interfere with 

productive activities, output data was divided by twelve to derive monthly production 

values. This implies no seasonal fluctuations in production. If m ore detailed data had 

been available, seasonal production fluctuations could also have been addressed.

The commerce profile concerns sm aller commercial operations, usually operated 

out o f the ground floor or a  person’s house. The number o f com m erce enterprises was 

estim ated to equal 3 percent o f total households. The average asset value was obtained 

from the interviews with com m une officials.

The infrastructure profile addressed only major roads and highways in the 

protected area. The estim ated cost for repairing paved roads was derived from an 

article in the Vietnam N ew s, which indicated that the cost for repairing paved roads for 

flood damage average about VND 60 million/km (VNS, 2000). The cost for repairing 

dirt roads was estimated to be VND 2 million/km. A sum m ary table of the typical 

com m une in the area protected by the D uong River Dyke Rehabilitation Project is given 

in Table 7.4.
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Table 7.4 Estim ated Typical Commune Profile in the Project Area.

Item Unit Value
Population people/ha 11.00
Pop grow th rate percent 0.0145
1 story house unit/ha 2.55
2 story house unit/ha 0.13
Assets 1 story house million VND/unit 13.50
Assets 2 story house million VND/unit 25.00
People per house people/household 5
A gricultural income million VN D /person/yr 1.65
N on-farm  incom e percent of agricultural production 0.20
Roads km /ha 0.01
Road repair cost (paved) million VND/km 60.00
R oad repair cost (dirt) million VND/km 2.00
Average farm  size ha/household 0.27
Spring paddy land ha/ha of agricultural land 0.29
W inter paddy land ha/ha of agricultural land 0.29
Cereal land (com ) ha/ha of agricultural land 0.20
Paddy productivity t/ha 5.08
Paddy price million VND/t 1.70
Com  productivity t/ha 2.641
Com  price million VND/t 2.20
Production costs (paddy) m illion VND/ha 4.40
Production costs (com) m illion VND/ha 1.90
Cow head/ha 0.66
Cow cull rate percent/year 1.00
Cow price liveweight VND/kg 10000.00
Pig head/ha 6.75
Pig cull rate percent/year 1.00
Pig price liveweight VND/kg 9000.00
Poultry head/ha 33.33
Poultry cull rate percent/yr 1.00
Poultry price liveweight VND/kg 13000.00
Industrial production million VND/ha/m onth 0.33
Industrial assets million VND/ha 6500.00
Com m erce (small shops) percent of households 0.03
Average com m erce assets million VND 5.00

Source: interviews with commune governm ent officials in Bac 
Ninh Province and Hanoi City. Industrial param eters estimated 
from  data in the Hanoi C ity  and Hai Duong S tatistical Yearbooks.
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7.4.4 Parameters fo r  Flood Damage Analysis

Several param eters were developed for the analysis o f the flood protection 

project. Param eters w ere based primarily upon interview results, but also  on 

preliminary findings o f  o ther studies conducted in the Red River Delta o f V ietnam . For 

example com m une officals were asked, “if a 1 m eter flood occurred what percentage o f 

the summer crop w ould be lost.” In this way, estim ates o f percentages lost for each 

sector were developed.

7.4.4.1 F lo o d  D am age P a ra m e te rs

Tw o floods w ere considered; one flood at 1/3 m eter flood depth and one flood at 

1 meter flood depth. B ased on commune officials’ knowledge of the local conditions 

and previous responses to  flooding, the officials estim ated how much damage w ould be 

experienced by each sec to r under the two flood scenarios. Averages were calculated 

and applied universally to  the entire project area as sum m arized in Table 7.5.

Table 7.5 Parameters o f  F lood Damage for Flood H eight o f 1/3 M eter and 1 M eter.

Flood Damage for Different Flood Levels 1/3 m 1 m

Crop loss in percent 50% 100%

Livestock loss in percent 20% 45%

Housing asset loss in percent 10% 25%

Industrial loss in percent 25% 50%

Downtime fo r industrial production (m onths) 3 4

Asset loss fo r shops in percent 15% 28%

Roads destroyed in percent 35% 48%
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D a m a g e  to  A gricu ltu re

Local officials estim ated that damage to agriculture would be 50 percent o f the 

crop for a 1/3 m eter deep flood and 100 percent for a 1 m eter deep flood. The percent 

o f crop loss is m ultiplied by the value o f the sum m er crop and the value of the spring 

crop still in storage to derive damage estimates to crops. The parameter for percent of 

livestock and poultry lost for each flood scenario was multiplied by the value of 

livestock and poultry production to calculate the flood damage.

D a m a g e  to H ousing

Damage to housing included only the asset values o f belongings in the house 

and not the house structure itself. During previous flood events, people in the Red 

R iver Delta moved their belongings including livestock on to the dyke or higher ground 

in order to protect their belongings from flood dam age. Priority was placed on saving 

high value items leaving lower value and bulky item s susceptible to flood damage. 

Estim ates for damage to  household assets for each flood were estimated to be between 

10 and 25 percent for a 1/3 m eter and I meter flood, respectively.

D a m a g e  to  Industry

Industry suffers dam age in two respects: dam age to assets and damage as a 

result o f production dow n time. Only Giang Bien com m une had any industrial 

activities. The Giang Bien officials estimated that for a flood of 1/3 meter industrial 

losses would equal 25 percent o f asset values and 3 m onths o f lost production. For a 1- 

m eter flood, industry w ould suffer a loss of 50 percent o f their assets and 4 months of 

production down time.
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D a m a g e  to  C om m erce

Commune officials related that owners o f  shops would be efficient at protecting 

their goods from being dam aged by flooding. O fficials in Giang Bien thought that shop 

owners would experience no losses, while officials in Tri Phuong judged dam ages 

w ould be 30 percent for a 1/3 m eter flood and 50 to  60 percent for a 1 m eter flood. 

D a m a g e  to  Infrastructure

Damage to infrastructure only exam ined costs incurred in order to repair roads 

dam aged by flooding. D am age to roads were included in the benefits calculation at the 

suggestion of the com m une officials in G iang Bien commune who related that road 

dam age would represent a m ajor loss from flooding. The percent o f dam age to roads 

was estimated for each flood scenario and m ultiplied by the repair cost to  derive 

dam age estimates. Dam ages arising from the tem porary interruption o f transportation, 

however, were not included in the calculations.

7 .4 .4 .2  C rop S torage  P a ra m ete rs

Since most farm households store som e portion o f their crop for home 

consumption, an analysis table was created to estim ate how much o f the spring crop is 

still in storage for each m onth o f the flood season. These estimates were draw n from 

com m une interviews. Based on the wide range o f  responses received, two scenarios 

were created: a low storage scenario (35 percent o f  the Spring crop is stored in May) 

and a high storage scenario (85 percent o f the Spring crop is stored in May). In this 

m anner, the economic dam age and benefits could  be varied by the month the model 

flood occurred during the flood season for the different estim ated crop storage 

percentages.
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7 .4 .4 .3  S ec to ra l S ca lin g  F a c to r s  f o r  A ggregation

Industrial output per hectare of urban area w as estim ated using data from Ha 

Noi City and Hai Duong Province, which are the tw o m ost industrial Provincial areas in 

the Delta. Unfortunately, industrial data for Hung Yen and Bac Ninh Provinces w ere 

not available. W hile estim ating industrial profiles for each province, tests w ere 

performed to see if it was acceptable to extrapolate estim ated  industrial profiles to the 

province level. In order to account for the high degree o f industrial production 

concentrated in Ha Noi C ity  and in Hai Duong Province, scaling factors were developed 

to adjust the typical industrial profiles. This was necessary so that the typical com m une 

profile did not overestim ate the am ount of industrial production. The industrial scaling 

factors for the four provinces are reported in Table 7.6 below.

Table 7.6 Estim ated Scaling Factors for Industrial Production and Assets.

Province Scaling Factors for 
Industrial Production

Hanoi 1.0

Hai D uong 1.1

H ung Yen 0.4

Bac Ninh 0.55

Source: Estim ations by the author using industrial 
statistical data  contained in Hanoi C ity  and Bac Ninh 
Province Statistical Yearbooks (Hanoi Statistical 
Office, 2000);(H ai Duong Statistical O ffice, 1998).

Industrial gross ou tput was estimated per hectare o f  urban populated area and 

then multiplied by the adjustm ent factor. Model results were checked against available
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official data to check the consistency of the estim ations. Testing demonstrated that the 

scaling factors w orked well in estim ating industrial production in the four provinces.

7 .4 .4 .4  P o verty  R a tes  in th e  P ro je c t A rea

Provincial poverty rates were obtained from the W orld Bank (Baulch, 2000). 

The poverty data were developed for a provincial poverty m apping project in Vietnam. 

The project is a collaboration between the W orld Bank, the Vietnamese General 

Statistical Office, and the International Food Policy R esearch Institute. Poverty figures 

were given in percentages o f poor households and percentages o f poor people. The 

figures adopted for the current study are for percentage o f poor people in each province.

7.4.5 Typical Farm Profile

The typical farm  production profile was based on a paddy-paddy-maize 

cropping pattern along with the raising o f livestock. T o account for the lack o f crop 

diversity, the w inter cropping area was set equal to the area o f the spring paddy crop. 

Non-farm income was estim ated to equal 20 percent o f  the income from agricultural 

activities. Expected dam age if a flood were to occur w as estim ated based on the flood 

w ater level and crop storage scenarios.

Financial dam age considered only the impact on m onetary income for the farm. 

Economic damage considered the economic value o f dam age incurred. The resulting 

farm profile was constructed on a per hectare o f agricultural land basis and is presented 

in Table 7.7. Dam age values presented in the table w ere based on the 1/3 m eter flood 

depth and 1 m eter flood depth damage parameters. Estim ated damage exceeds net 

incom e for the spring and sum m er paddy crop because dam age estimates do not
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consider the sunk costs of crop production. This means that the farmer will experience

a loss for the crop.

7.4.6 Flood Frequency and Dyke Failure Probabilities

Flood frequencies and dyke failure probabilities were estim ated in order to 

calculate the economic benefits of the flood protection project. Benefits from the 

project are realized from the reduction in the probability o f a dyke failing for a given 

flood stage. The following sections review and report the results from  the estimations 

undertaken during the course o f  this project feasibility study.

Table 7.7 Estim ated Profile o f a Typical Farm Production in the Project Area and 
Expected Damage for a F lood 1/3 m Deep and  for a Flood 1 m Deep.

Typical Farm 
Income

Total
Annual
Income
(1,000
VND)

Spring
Paddy
(1,000
VND)

Summer
Paddy
(1,000
VND)

Winter
Crop
(1,000
VND)

Pig
(1,000
VND)

Cow
(1,000
VND)

Poultry
(1,000
VND)

Net income per ha
17,332 45 2,636 3,908 4,253 2,640 650

Non-farm income
3,466

Total average net 
income per ha 20,798
Financial dam age per 
ha ( 1/3 m eter flood) 5,827 0 4,318 0 851 528 130
Economic damage 
per ha (1/3 m eter 
flood) 7,752 2,029 4,318 0 790 528 87
Financial dam age per 
ha (1 m eter flood) 12,031 0 8,636 0 1,914 1,188 293
Economic damage 
per ha (1 m eter flood) 15,855 4,059 8,636 0 1,777 1,188 195
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7.4.6.1 F lo o d  F requ en cy  E s tim a te s

Flood frequency probabilities were calculated by the Vietnamese Institute of 

W ater Resources Planning in the Ministry o f A griculture and Rural Development 

Department o f  Dyke M anagem ent and Flood Control (D D M FC , 2000). The Institute of 

W ater Resources Planning utilized a Pearson Type-DI distribution when estimating 

flood frequencies. For the current study, the flood frequencies were be affected by the 

project so estim ating the w ithout-project and w ith-project frequencies was not 

necessary. The estim ated flood frequency probabilities for the Duong River at Thuong 

Cat are presented in Table 7.8.

Table 7.8 Flood Frequency Estim ates for the Duong R iver a t Thoung Cat.

Probability in 
percent

Cumulative
probability

Return
interval
(years)

River flood 
height (m)

0.01 0.0001 10000 17.4
0.10 0.001 1000 15.8
0.20 0.002 500 15.3
0.33 0.003 300 15.0
0.50 0.005 200 14.7
1.00 0.010 100 14.2
2.00 0.020 50 13.6
3.00 0.030 33 13.3
5.00 0.050 20 12.9

10.00 0.100 10 12.4
20.00 0.200 5.0 11.7
25.00 0.250 4.0 11.5
30.00 0.300 3.3 11.4
40.00 0.400 2.5 11.1
50.00 0.500 2.0 10.8

Source: D epartm ent o f Dyke M anagem ent and Flood 
Control (2000). “Hydrological and H ydraulic Analysis 
for Duong R iver System ” Hanoi.
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7.4 .6 .2  D y k e  F ailure P ro b a b ilitie s

D yke failure probabilities w ere estim ated for the Duong R iver dyke system  in 

the following manner. First, since it is im possible to predict the exact location o r extent 

o f a dyke failure, a critical area o f the dyke system was chosen as representative o f the 

whole dyke system. The section chosen for this project is located at Thuong C at on the 

Duong River. Thuong Cat was chosen for two reasons. First, Thuong C at is the 

location o f the primary gauging station for the Duong River. Second, Thuong C at is 

located near critical sections of the D yke System that will be included in the project. 

Officials at the Departm ent o f Dyke M anagem ent and Flood Control identified that a 

dyke break at this section o f the dyke system  would result in the inundation o f  100 

percent o f the project area for a 1-in-100 year flood flow. This inundation scenario is 

for a simultaneous left and right bank dyke failures. Dyke failure probabilities were 

calculated for the same flood levels for w hich flood probabilities were calculated.

Information on the dyke structure on the Duong R iver at Thuong C at was 

obtained from the C enter for Dyke Engineering. The design plan showed that the river 

would reach the toe o f the dyke at a river flood level of 11.9 m. Current dyke design 

standards show that at a river flood level o f 13.8 meters, the dyke will experience an 

overflow condition and an estim ated com plete failure. If the project is im plem ented, 

then the height o f the dyke will be raised to 14.3 meters. Dyke failure probabilities 

were taken from other studies, norm alized, and averaged. These average norm alized 

failure probabilities were then applied to  the Thuong Cat dyke section to get the dyke 

failure probabilities (Burrell, 2000).
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Since discrete dyke elevations are used, dyke failure probabilities must be 

adjusted to reflect a  certain event class. For instance, a dyke height o f 12 meters will 

represent the relative dyke failure frequency for a flood event betw een 11.5 meters and

12.5 meters (assum ing a 1 m eter interval between exam ined dyke heights). A plot of 

the estim ated cumulative dyke failure probabilities are given along with the design 

specifications for dyke height both without-project and w ith-project in Figure 7.4. To 

account for the degree of uncertainty involved with the estim ation o f dyke failure 

probabilities, additional w ith-project dyke failure probabilities were estimated by 

adjusting the with-project dyke failure probabilities up by 30 percent and by 60 percent 

o f the originally calculated difference. In this way, the sensitivity  o f  the economic 

analysis to errors in the dyke failure probabilities can be tested.

Dike failure w ithout 
Dike failure with 
Minimum 
Max without 
Max with-  0.6

0.0 O
11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50

River Flood Level (m)

Figure 7.4 C um ulative Dyke Failure Probabilities W ithout-project and With-project.

156

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Joint probabilities were calculated by multiplying the relative flood frequencies 

with the corresponding relative dyke failure probabilities for each river flood level. To 

compensate for the size o f the chosen interval between flood heights, it was necessary 

to calculate the density o f each event class. This was accom plished by div id ing  the 

relative jo in t frequency for each event class by the interval size. T he relative 

cumulative flood frequencies, relative cum ulative dyke failure probabilities, and jo in t 

densities are presented in Table 7.9.

Table 7.9 Flood Frequency and Dyke Failure Joint Probabilities for the Duong River.

River flood 
level (m)

Flood
frequency
without
project

Flood 
frequency 

with project

Relative
dyke

failure
frequency

without
project

Relative 
dyke failure 
frequency 

with project

Joint
density
without
project

Jo in t density 
w ith project

11.7 .8 .8 - - - -

12.0 .0477 .0477 .0384 .0151 .0061 .0024
12.3 .0412 .0412 .1125 .0452 .0155 .0062
12.6 .0335 .0335 .1765 .0454 .0197 .0051
12.9 .0255 .0255 .2331 .0804 .0198 .0068
13.2 .0181 .0181 .2186 .192 .0132 .0116
13.5 .0118 .0118 .1518 .2433 .006 .0096
13.8 .0071 .0071 .0691 .214 .0016 .0051
14.1 .0041 .0041 - .1273 - .0017
14.4 .0026 .0026 - .0372 - .0003
14.7 .0022 .0022 - - - -

Source: Calculations by the author using flood frequencies estim ated by the D epartm ent 
o f Dyke M anagement and Flood Control and dyke failure probabilities estim ated by Jim  
Burrell, project hydraulic engineer.

7.4.7 Estimating Economic Flood Damage

The project area was affected greatly by the historic floods that o f 1945 and 

1971 when several dyke failures occurred in the project area shown in Figure 7.5.
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Estim ates o f  flood dam age for each historic flood, if it were to occur today, were 

calculated to  test the economic model. Additionally, damage was estim ated for a flood 

covering the entire project area. The three flood scenarios were based on a flood 

occurring in August. Damage estimates for the three flood scenarios based on a  1 meter 

deep flood are presented in Table 7.10 and dam age estimates for a 1/3 m eter deep flood 

are presented in Table 7.11.

Table 7.10 D am age Estimates for the H istoric Floods of 1945 and 1971 and a Flood 
Covering the W hole Project Area Based on Year 2000 Prices and a 1 M eter Depth 
Flood.

Flood losses for 1 
meter deep flood 1945 1971

Whole
project

area 1945 1971

Whole
project

area
( Million VN"D) ( Million US$)

Crop losses 451,000 1,413,000 2,827,000 $32 $99 $198

Livestock losses 116,000 363,000 725,000 $8 $25 $51

Housing losses 332,000 1,031,000 2,043,000 $23 $72 $143

Com m erce losses 4,000 12,000 24,000 $0 $1 $2

Highways 24,000 38,000 66,000 $2 $3 $5

M ajor roads 0 1,000 1,000 $0.00 $0.07 $0.07

Industrial assets 
damage

689,000 2,707,000 3,090,000 $48 $189 $216

Industrial output losses 213,000 1,019,000 1,190,000 $15 $71 $83

Total 1,830,000 6,584,000 9,966,000 $128 $460 $697
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Table 7.11 Damage Estimates for the Historic Floods of 1945 and 1971 and a Flood
Covering the Whole Project Area Based on Year 2000 Prices and a 1/3 Meter Depth
Flood.

Flood losses for a 1/3 
meter deep flood 1945 1971

Whole
project

area 1945 1971

Whole
project

area
(M illion V N D) (Million U S$)

Crop losses 226,000 707,000 1,413,000 $16 $49 $99

Livestock losses 51,000 161,000 322,000 $4 $11 $23

Housing losses 133,000 412,000 817,000 $9 $29 $57

Commerce losses 2,000 7,000 13,000 $0 $0 $1

Highways 18,000 28,000 49,000 $1 $2 $3

M ajor roads 0 0 1,000 $0.00 $0.00 $0.07

Industrial assets 
damage

345,000 1,354,000 1,545,000 $24 $95 $108

Industrial output losses 160,000 764,000 892,000 $11 $53 $62

Total 934,000 3,433,000 5,053,000 $65 $240 $353

As reported in the 1998  Vietnam S ta tis tic a l Yearbook, the Gross Dom estic 

Product (GDP) for Vietnam was VND 361,500 billion measured in 1998 prices 

(General Statistical Office, 1999). Flood damage in the project area from a repeat o f the 

1945 flood assum ing a 1 meter deep flood would equal 0.5 percent o f the total national 

GDP. Flood dam age from a repeat o f the 1971 flood assum ing a I m deep flood would 

equal 1.8 percent o f  the total national GDP. This indicates the serious threat that 

flooding poses fo r Vietnam, especially considering that the above estim ated dam age is
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only for the project area and does not include the total flooded area in the Red River

Delta for the two historic floods analyzed.

7.4.8 Estimation o f Project Benefits

Project benefits were estim ated for both a 1/3 m eter deep flood and a 1 m eter 

deep flood for the 1945, 1971, and whole project area flood scenarios. The results o f 

the benefit estimation are presented in Table 7.12. Poverty project benefits are those 

benefits accruing to the segm ent o f the agricultural sec to r predicted to be living below  

the poverty line. Agricultural benefits are the total benefits accruing to the agricultural 

sector. “Project benefits -  no industry” are all project benefits less the benefits accruing 

to industry. Finally, “project benefits -  no road benefits” are all project benefits less 

those accounted for by a reduction in expected road repair costs.

Table 7.12 Project Benefits for D ifferent Flood Scenarios (million VND).

Flood Scenario
Flood
Depth

Total
Project
Benefits

Poverty
project
benefits

Agricultural
project
benefits

Project 
benefits - 

no 
industry 
included

Project 
benefits - 
no road 
benefits 
included

1945 Flood

1/3 meter

24,300 4,500 7,200 11,200 23,800

1971 Flood 89,200 14,300 22,500 34,200 88,500

W hole project area 131,300 29,200 45,100 67,900 130,000

1945 Flood

1 meter

47,500 10,000 14,700 24,100 46,900

1971 Flood 171,000 31,400 46,100 74,200 170,000

W hole project area 258,900 64,000 92,300 147,700 257,200

161

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7.4.9 Cost-Benefit Analysis o f the Flood Protection Project

A m ajor com ponent involved in the decision-m aking process concerns the 

results o f  the cost-benefit analysis. The econom ic internal rate o f return and the net 

present value o f the project were analyzed for the 1945 historic flood with a  1/3 meter 

flood depth scenario. The 1945 flood scenario gives the most conservative estim ation 

o f economic benefits. The length o f the analysis was set at 30 years. The discount rate 

for the net present value calculation was taken to be 12 percent, which is the minim um  

economic internal rate o f  return acceptable to the Asian Developm ent Bank. Annual 

expected benefits are identical for each year in the study. This is the result o f the 

exclusion of inflation rates in the study. G eneral price changes, however, should be 

excluded from the econom ic analysis. Further, forecasts o f project area econom ic 

development were excluded because forecasts were unavailable. The results are 

presented in Table 7.13. The project is acceptable with a net present value o f  VND 181 

billion (US$ 12.7 m illion) and an economic internal rate of return o f 69 percent.

7.4.10 Sensitivity Analysis

Sensitivity analyses were conducted to check the robustness o f the results. 

Results are presented in Table 7.14. The sensitivity analysis indicated that econom ic 

desirability o f the project is robust. Since industry was the highest value sector 

analyzed in terms o f expected damage and benefits, calculations o f the net present value 

and economic internal rate o f return excluding industrial effects were made. This 

calculation yielded a  net present value o f VND 62 billion (US$ 4,300,000) and an 

economic internal rate o f  return of 32 percent. These results continued to  indicate an 

economically favorable project. In the extrem e case where project costs are increased
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Table 7.13 Results of the Cost-benefit Analysis (VND) Using the 1945 Flood with a 1/3
Meter Flood Depth Scenario.

Year
Project Costs 

(VND)

Expected Flood 
Protection 

Benefits (VND)
Expected Net 

Benefits (VND)

Expected Net 
Discounted 

Benefits (VND)

2001 44,931,000,000 - -44,931,000,00C -44,931,000,000
2002 30,870,000,000 30,870,000,00C 27,563,000,000
2003 30,870,000,000 30,870,000,000 24,609,000,000
2004 30,870,000,000 30,870,000,000 21,973,000,000
2005 30,870,000,000 30,870,000,000 19,618,000,000
2006 30,870,000,000 30,870,000,000 17,516,000,000
2007 - 30,870,000,000 30,870,000,000 15,640,000,000
2008 - 30,870,000,000 30,870,000,000 13,964,000,000
2009 - 30,870,000,000 30,870,000,000 12,468,000,000
2010 - 30,870,000,000 30,870,000,000 11,132,000,000
2011 30,870,000,000 30,870,000,000 9,939,000,000
2012 - 30,870,000,000 30,870,000,000 8,874,000,000
2013 - 30,870,000,000 30,870,000,000 7,924,000,000
2014 - 30,870,000,000 30,870,000,000 7,075,000,000
2015 - 30,870,000,000 30,870,000,000 6,317,000,000
2016 - 30,870,000,000 30,870,000,000 5,640,000,000
2017 - 30,870,000,000 30,870,000,000 5,036,000,000
2018 30,870,000,000 30,870,000,000 4,496,000,000
2019 - 30,870,000,000 30,870,000,000 4,014,000,000
2020 - 30,870,000,000 30,870,000,000 3,584,000,000
2021 - 30,870,000,000 30,870,000,000 3,200,000,000
2022 - 30,870,000,000 30,870,000,000 2,857,000,000
2023 - 30,870,000,000 30,870,000,000 2,551,000,000
2024 - 30,870,000,000 30,870,000,000 2,278,000,000
2025 - 30,870,000,000 30,870,000,000 2,034,000,000
2026 - 30,870,000,000 30,870,000,000 1,816,000,000
2027 - 30,870,000,000 30,870,000,000 1,621,000,000
2028 - 30,870,000,000 30,870,000,000 1,448,000,000
2029 - 30,870,000,000 30,870,000,000 1,293,000,000
2030 - 30,870,000,000 30,870,000,000 1,154,000,000

Discount Rate 12.0%

Estimated losses for 1945 flood scenario: 
(VND) 934,000,000,000 
(US$) 66,000,000

EIRR

NPV(VND) 
NPV (US$)

69%

180,984,000,000
12,745,000
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by 50 percent and benefits reduced by 50 percent, the net present value is V N D  50 

billion (US$ 3,500,000) and the economic internal rate o f  return is 23 percent. G iven 

the difficulty involved w ith estimating econom ic benefits o f a flood protection project, 

this favorable result lends support to the general results o f  the economic analysis.

Sensitivity indicators for these calculations are given in italics below  the 

econom ic internal rate o f  return and net present value. Sensitivity indicators give the 

percentage change in the net present value for a  percentage change in a variable o r the 

percentage change in the EIRR above 12 percent for a percentage change in a variable. 

All o f the sensitivity indicators are relatively small, indicating that results o f  the 

economic analysis are relatively insensitive to changes in project benefits or costs.

To test the sensitivity  o f the analysis results to changes in the dyke failure 

probabilities, additional calculations were perform ed using smaller predicted 

improvements for the dyke rehabilitation efforts. Tw o additional sets of w ith-project 

dyke failure probabilities were estimated by reducing the predicted improvement o f  the 

with-project dyke failure probabilities by 30 percent and by 60 percent o f the original 

estimate. When the predicted with-project dyke failure probabilities improvement was 

reduced by 30 percent, the economic internal rate o f return fell to 48 percent and the net 

present value fell to V N D  115 billion. W hen the predicted with-project dyke failure 

probabilities im provem ent was reduced up by 60  percent, the economic internal rate o f 

return fell to 27 percent and the net present value fell to VND 48 billion. The dyke 

failure probability sensitivity  tests indicate that project acceptability is rather robust 

regarding variations in the dyke failure probability calculations.
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Table 7.14 Sensitivity Analysis of the Economic Analysis for the 1945 Flood Scenario.

C hange in Total Project Costs o r
Total Project Benefits

(NPV in billion V N D ) Base Case 20% 10% -10% -20%
EIRR 69%
NPV 181

P ro jec t costs EIRR 57% 62% 76% 86%
s e n s itiv ity  in d ica tor -1 .0 1 -1 .1 0 -1 .35 -1 .51

NPV 173 177 185 189
s e n s itiv ity  in d ica to r -0 .2 2 -0 .22 -0 .22 -0 .2 2

P ro jec t b enefits  EIRR 82% 76% 62% 55%
se n s itiv ity  in d ica to r 1 .21 1.21 1.21 1.21

NPV 225 203 159 137
se n s itiv ity  in d ica to r 1 .2 2 1.22 1 .22 1 .22

Discount Rate 12.00%

Sensitivity o f  results to changes in key parameters:

E IRR NPV
N o industrial benefits included 32% 62
No road benefits included 67% i l l
Pond Filling costs +15% 60% 160
Earth Filling (m anual) costs +15% 64% i l l

Project benefits +10%  and costs -10% : 84% 207
Project benefits -10%  and costs +10% : 56% 155 -

Project benefits -50%  and costs +50% : 23% 50

Delay in benefits 1 year 47% 156
Delay in benefits 2 years 37% 134

Dyke failure probability im provem ent
reduced 30 percent 48% 115
Dyke failure probability im provem ent
reduced 60 percent 27% 48
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7.5 Sustainability of Project Effects

The project involves a one-time construction effort requiring no future additional 

maintenance above the level o f annual maintenance already being conducted. However, 

realizing the economic benefits o f this project requires that the dyke system throughout 

the adjacent areas be m aintained. If m aintenance o f other dyke sections is neglected, 

then project benefits may be short lived. G iven Vietnam ’s econom ic expansion, the 

donor community’s interest in flood protection, and the governm ent’s awareness o f  the 

importance of m aintaining the dyke system, this should not be a problem  if current dyke 

maintenance trends continue.

A potential problem  arises from the fact that upstream dyke im provem ents may 

have an adverse impact on downstream flood potential. In order to avoid these 

problems, it is necessary to address this problem  from a basin-wide approach. 

However, one o f the criteria put forth by the Asian Development Bank is that all 

projects be part o f a river basin plan. The econom ic analysis can easily be extended to 

include downstream effects if additional hydrologic analysis is conducted to discover 

what these effects are.

7.6 Poverty Impact Analysis

Inclusion o f the proposed project under the T hird  R ed  R iv e r  W ater R eso u rces  

S e c to r  P ro jec t requires that the project have a favorable impact on poverty alleviation 

(Asian Development Bank, 2000). The proposed project has a positive im pact on 

expected incomes through reduced expected flood damage as shown in colum n E o f 

Table 7.15. Another requirem ent for inclusion o f  a project is that the poverty rate in the
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project area exceeds 33 percent as measured by the W orld  Bank (Asian Developm ent 

Bank, 2000). T he poverty rates as shown in Table 7.15 indicate that the project is 

favorable to the A sian Developm ent Bank in terms o f  rural poverty rates in the project 

area, where the low est rural poverty rate is 35 percent for Hanoi Province. O nly the 

total poverty rate fo r Hanoi C ity falls below the A sian Developm ent B ank’s criteria at

16.8 percent. H ow ever, this project includes only tw o districts from Ha Noi City. 

Unfortunately, d istrict level poverty rates were unavailable for Ha Noi. The relatively 

low number o f p oor population im pacted corresponds to  the conservative flood scenario 

used in the analysis.

The Asian D evelopm ent Bank also considers a  project to have favorable im pacts 

on poverty if the project benefits the poor at a greater degree than the more well off. 

This effect is m easured by the poverty impact ratio (PIR), which was com puted and is 

presented in Table 7.15. Poverty impact ratios were calculated using both total project 

benefits and project benefits less industrial benefits. The poverty impact ratio w as then 

compared to the poverty rates in the project area. T he m inim um  total poverty rate o f 35 

percent does not com pare favorable with the calculated poverty impact ratio o f 22. 

However, when industrial benefits are removed, then the poverty impact ratio com pares 

favorable to the poverty rates at 35 to 67. Since, flood  protection project benefits are 

measured in term s o f protected assets and production, an acceptable poverty im pact 

ratio can be estim ated by removing large beneficiaries, such as in this case industrial 

production and assets. However, the removal o f certain  sectors is arbitrary and cannot 

be justified. The calculation was done only to dem onstrate the weakness o f  the poverty 

impact ratio in the present case.
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Table 7.15 Poverty Impact Analysis for the Project Using the 1945 Flood Scenario.

Province/City

Urban Poverty 
Rate 

(% population)

Rural Poverty 
Rate 

(% population)

Total Poverty 
Rate 

( %  Population)
Ha Noi 2.94 35.47 16.82

Hai D uong 11.3 40.41 36.45

Hung Yen 23.53 47.74 45.72

Bac Ninh 19.69 47.18 44.65

Estimated Urban Poor Population E ffected  5,900

Estimated Rural Poor Population E ffected_____________________ 187,300

Poverty Impact Ratio (with industrial benefits) 22.84

Poverty Impact Ratio (no industrial benefits) 67.08

A prim ary goal o f  this flood protection project is the reduction in negative 

income fluctuations am ong the poor. T o  analyze this impact, a safety-first criterion was 

used as an alternative approach to analyzing the project’s im pact on poverty. The 

safety-first value is not equated with a certainty equivalent. T he certainty equivalent 

yields a measure o f incom e (or som e o ther variable) that, if  acquired with certainty, 

yields an identical level o f utility as the expected outcome o f a gamble. The gam ble is 

assumed to have a higher expected value but a variance greater than zero (Brent, 1998).

A safety-first valuation positively relates expected returns to the valuation o f the 

project, while it negatively relates the negative variations o f expected outcom es. Som e 

analysts have equated this type o f  valuation with utility (Brent, 1998). The
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interpretation used here o f a safety-first valuation, however, is more consistent with the 

interpretation given by Roy (1952) in that a safety-first valuation assigns points to 

alternative resource allocations, so that it is neither a money value nor utility measure. 

Rather, the safety-first valuation offers a preference scale o f alternative resource 

allocations for an individual farmer.

If, as in this case, it is assumed that the target group is homogeneous in their risk 

preference, then the safety first values can be used to indicate a social preference 

ordering (for the farmer subset). The assumption of hom ogeneity requires that all 

farmers hold the same risk preference parameter across all incomes. The safety-first 

value can then be used to get an idea o f the relative magnitude of the increase in 

benefits attributable to the reduction in the probability o f disaster. As will be shown, 

those furthest below the threshold will experience the greatest increase in value because 

o f the project. Those with expected incomes above the threshold will no longer factor 

in the negative variations and will have relatively small increases in their safety-first 

values. However, one must use caution in interpreting the safety-first values and 

remember that it is only a point-based preference ordering

The safety-first valuations were originally designed so that one could maximize 

expected return while minimizing the probability o f a disaster occurring. Roy (1952) 

explicitly stated that he used safety-first solely to discover the implications of a certain 

type o f behavior. He felt that people rarely judged alternative assets solely based on the 

assets upside potential, but investment decisions were also significantly affected by the 

chance that the final outcome would fall below some critical threshold level. Current
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research focus has shifted to the ways in which uncertainty are m anaged to stabilize 

household consumption and away from subjective risk preferences (Ellis, 1998).

The critical threshold for the project was considered as the official Vietnamese 

poverty line m easured at VND 100,000 per person per month. Four farm  models were 

evaluated to m easure the project’s im pact on agricultural incomes. T he farm models 

were developed for the Gia Thuan Irrigation Project Feasibility Study (Asian 

Development Bank, 1999). Each farm  size (small, medium, and large) represents 

approximately one-third o f all farms in the G ia Thuan Irrigation Project area, which 

includes part o f the Duong River Project area.

The project has a positive im pact on expected agricultural incom es, albeit 

som ewhat small (average of about VND 60,000 per household annually). The safety- 

first ranking criteria, unlike the poverty im pact ratio, shows a favorable indication for 

the project, with all farm models ranking the with-project scenario higher (safety-first 

ranking of 1) than the without-project scenario (safety-first ranking o f 2) as shown in 

Table 7.16. This result holds at a risk preference value o f one, which indicates unity 

weighted risk aversion.

As explained in Chapter 6, tw o critical thresholds were used fo r calculation of 

the safety-first valuations. The first critical threshold is the expected per capita income 

resulting without the project. The second critical, and more relevant, threshold is the 

per capita income used to designate the poverty line in Vietnam. The safety-first 

rankings reported in Table 7.16 result from  use o f the expected income level threshold 

to calculate safety-first values. The poverty level threshold, however, is the threshold 

level that is used for the one analyzed fo r the poverty impact sensitivity analysis.
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Table 7.16 Impact o f Project on Farm Incom e for D ifferent Farm Sizes

A B C D E F
Income com parison

Farm Size 
(h a )/a

Estim ated 
annual farm  

income 
without flood 

(VND)

M axim um  
Expected 

Flood Damage 
(VND)

Monthly 
per capita 

income 
without 

flood 
(VND)

M onthly 
per capita 

income 
with flood 

(VND)

Safety-
First

Ranking
Small Farm A

W ithout-project 0.17 3,535,700 990,600 58,900 57,600 2

W ith-project 0.17 3,535,700 980,700 58,900 58,100 I

Small Farm B fb

W ithout-project 0.17 2,871,400 990,600 47,900 46,500 2

W ith-project 0.17 2,871,400 980,700 47,900 47,100 1

Medium Farm

W ithout-project 0.27 5,511,600 1,544,200 91,900 89,800 2

W ith-project 0.27 5,511,600 1,528,700 91,900 90,600 1

Large Farm

W ithout-project 0.40 8,319,400 2,330,800 138,700 135,500 2

W ith-project 0.40 8,319,400 2,307,500 138,700 136,800 1

/a Source: ADB (1999) G ia Thuan Irrigation And Drainage Rehabilitation Project 
Feasibility Study (calculated only for B ach Ninh Province).

/b Note: Small farm B is distinguished from  small farm A in that farm B grows no 
winter crop.
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The com puted safety-first valuations using expected income as the threshold for 

each alternative show  that the with-project alternative has a higher safety-first value for 

all of the four farm  m odels as presented in Table 7.17. For the average farm size, the 

increase in annual safety-first value per household is approximately 913,000. The per 

hectare safety-first valuation is higher for the sm all farm A (4,095,000) than for the 

medium farm (4,065,000), but lower for the large farm (4,155,000). The small farm B, 

the poorest farm, has the low est per-hectare valuation (3,319,000) o f all the other farms. 

This is caused by the dom inant effect of the reduction in annual income based on small 

farm B’s cropping pattern. The results given here are inconsistent with the proposed 

utility theory indicating that expected income is not the appropriate threshold to use in 

order to derive a preference ordering consistent with the utility theory. Instead, it is 

appropriate to use the poverty line as the critical threshold to analyze investm ent 

decisions in regard to  im pacts on poverty.

The safety-first valuations using the poverty level of VND 100,000 per capita 

per month as the critical threshold are shown in Table 7.18. The large farm model, 

which is initially above the poverty line, is the only model with a positive safety-first 

valuation of the project. It is also identical to the valuation using expected incom e as 

the threshold. This is because the lower partial m om ent is not calculated above the 

threshold level. The increm ental increases in valuations on a per hectare basis are much 

higher for the poorest farm than for the richest. W hile the large farm increases its 

valuation of the project by 6,293 per hectare per year, the poorest farm (small farm B) 

has an increm ental value increase of 6.4 billion. Thus, the small farm experiences a 

greater increase in the ir safety-first valuation from  an implementation of the project.
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Table 7.17 Safety-First Values for D ifferent Farms Sizes With and W ithout the Project 
using expected incom e as the threshold.

Farm  size (ha) /b

M onthly per 
capita safety- 

first value

Annual per 
capita safety- 

first value
Per ha safety- 

first value
Sm all F a rm  A

W ithout-project 0.17 52,954 635,451 3,737,948

W ith-project 0.17 58,026 696,310 4,095,941

Sm all F a rm  B

W ithout-project 0.17 41,954 503,451 2,961,478

W ith-project 0.17 47,026 564,310 3,319,470

M edium  F a rm

W ithout-project 0.27 77,452 929,421 3,507,248

W ith-project 0.27 89,776 1,077,311 4,065,325

L arge  F a rm

W ithout-project 0.40 138,302 1,659,630 4,149,075

W ith-project 0.40 138,512 1,662,147 4,155,367

Utilization o f the safety-first criterion results in approval o f  a project that holds 

great incremental safety-first value fo r the target group. This project, however, is 

rejected under the poverty impact ratio  criteria. The safety-first technique has also 

given guidance as to the preferred alternative based on the impact the project has on 

national and project goals regarding reduction in negative income fluctuations.

A difficulty with the safety-first approach lies in the identification of the proper 

risk param eter, k. A positive value o f k  indicates risk aversion with higher values o f k
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related to higher degrees o f  risk aversion. In o rder to estimate a value of the risk 

parameter, a param etric approach can be utilized. D ifferent parameters can be varied in 

order to trace out a frontier. O nce a frontier is determ ined, it can be solved for the 

proper k based on the ex isting  conditions o f the o ther parameters.

Table 7.18 Safety-First V alues for Different Farm s Sizes With and W ithout the Project 
using the poverty line as the threshold.

A ssum ed 
Farm  Size 

(h a ) /b

M onthly
Safety-First

Value
Annual Safety- 

First V alue

Annual Per ha 
Safety-First 

Value

Incremental 
Increase in 

Value
Sm all F a rm  A

W ithout-project 0.17 -134,000,000 -1,679,000,000 -9,879,000,000
4,026,000,000

W ith-project 0.17 -82,900,000 -995,000,000 -5,852,000,000

Small F a rm  B

W ithout-project 0.17 -224,000,000 -2,692,000,000 -15,836,000,000
6,441,000,000

W ith-project 0.17 -133,000,000 -1,597,000,000 -9,395,000,000

M edium  F a rm

W ithout-project 0.27 -5,800,000 -69,900,000 -263,700,000
115,700,000

W ith-project 0.27 -3,300,000 -39,000,000 -147,900,000

L arge  F a rm

W ithout-project 0 .40 138,302 1,659,630 4,149,075
6,293

W ith-project 0.40 138,512 1,662,147 4,155,367

Results o f  the sensitivity  analysis of the safety-first rule to the risk parameter, k, 

for small farm A are presented in Table 7.19. The figures in Table 7.19 show that as
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risk-aversion grow s, the low er the safety-first value is for the project. This is because 

o f the increasing im portance (or weighting) the negative variance receives. The third 

colum n, though, shows the incremental increase in safety-first value o f the project over 

the w ithout-project safety-first value.

Table 7.19 Sensitivity o f  Safety-First Values to the R isk  Parameter.

R isk 
preference 

param eter (k)
Per capita safety- 

first value

Incremental 
change in safety- 

first value
0 .0 58,820 89

0.1 -8,237,805 5,704,235

1.0 -82,907,434 57,041,543

2.0 -165,873,687 114,082,996

3.0 -248,839,941 171,124,450

4.0 -331,806,195 228,165,904

The results o f the sensitivity analysis o f the safety-first values to variations in 

the threshold level are shown in Table 7.20. The results demonstrate that safety-first 

values lose value at an increasing rate as the expected outcom e falls further below  the 

critical level. O nce expected outcome rises above the critical threshold level, however, 

the safety-first value sim ply reflects the expected outcom e in its calculation. This is 

caused because the low er partial moment is not com puted for possible outcom es above 

the threshold level. Therefore, it can be interpreted that the downward risk is no longer 

a concern of the decision maker. In this manner, the safety-first rule can also be
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interpreted as reflecting changes in attitude tow ard risk as income clim bs. As the 

decision maker m oves above the threshold level, downward risk is no longer 

incorporated into the valuations used to order alternative project.

Table 7.20 Sensitivity o f Safety-First Values to the Threshold Level.

Critical
Threshold
(VND)

Per capita safety-first 
value

Incremental change 
in safety-first value

25,000 58,820 89

50,000 58,820 89

75,000 -12,800,000 9,000,000

100,000 -82,900,000 57,000,000

200,000 -885,000,000 476,000,000

The sensitivity analysis o f both the poverty im pact ratio and the safety-first rule 

are presented in Table 7.21. Several key param eters were varied to explore the two 

approaches. These parameters included the critical threshold level and the risk 

preference parameter. Additionally, the am ount o f benefits received by the poor 

relative to the other incom e groups was increased.

The sensitivity analysis revealed that there was only one case where the poverty 

impact ratio and the safety-first valuation yielded identical results. This is when the 

benefits for the poor are doubled while benefits received by the other economic sectors 

are held constant. In this case, however, the incom e o f the poor is boosted to the level 

where they are no longer considered poor.
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Table 7.21 Sensitivity Comparison of Poverty Impact Ratio and Safety-First.

Critical
threshold

(VND)

R isk
preference
param eter

(*)

Expected 
benefits to 

the poor 
(X ’s 

increase)

Poverty 
impact ratio 

(Critical: 
35.5%)

Increm ental 
change in 

safety-first 
value

Approval 
by poverty 

impact 
ratio

Approval 
by safety- 

first 
criterion

50,000 1 1 22.84 89 no yes

75,000 1 I 22.84 9,000,000 no yes

100,000 1 1 22.84 57,000,000 no yes

200,000 1 1 22.84 476,000,000 no yes

100,000 1 2 37.19 9,400,000 yes yes

100,000 2 1 22.84 114,000,000 no yes

100,000 0 1 22.84 89 no yes

The first four rows o f Table 7.21 show that the further below the poverty line a 

farm er’s income is, the greater is their incremental change in safety-first value for the 

project. One final point o f  note concerns the case when poverty is eliminated. When all 

possible outcomes are above the poverty line, that is, poverty is eliminated, and the 

poverty level is used as the critical threshold level, then the safety-first rule yields 

values that are identical to a zero weight being given to  risk.

The sensitivity o f  the net present value calculation to the choice of discount rate 

was also tested. Results for the sensitivity tests for choice o f discount rate are presented 

in Table 7.22. The results in the table indicate that the net present value will continue to 

indicate a favorable project up to a discount rate of som ew here between 65 percent and
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70 percent. Therefore, the project recom m endations drawn from the net present value 

can be said to  be no sensitive to the discount rate.

Table 7.22 Sensitivity  of Net Present Value to the D iscount Rate.

D iscount rate Net Present Value of 
Project (US$)

10% $15,531,000

12% $12,656,000

50% $784,000

65% $109,000

100% -$492,000

The sensitivity analysis indicates that the poverty impact ratio will never given 

an acceptable rating for a  flood protection project using the current modeling 

techniques. This result is caused by the fact that flood protection benefits are valued by 

production and  assets and that dam age estimates are estim ated w ithout variation to 

different flood heights. This directly contradicts the high value that p oo r farmers acting 

according to safety-first rules w ould give the project.

A critic ism  with the results is that the increase in expected incom e attributable to 

the project is relatively small. This is because project benefits depend on the 

occurrence o f  a low probability event. This criticism is, o f course, true. Ultimately, the 

answer to this problem  must be left to the policy maker. The results, however, of the 

analysis show  that the flood protection project is an econom ically desirable project 

based on the potential Pareto criterion. Additionally, results show that the project has a
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positive impact regarding a reduction in negative incom e fluctuations among the poor. 

If safety-first behavior is accepted as a valid reflection of actual farm er behavior then 

any reduction in the probability o f disaster occurring is valued more than the expected 

benefits it creates for the farm er. This is a result o f the risk adversity o f the farmers.
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

This study exam ined the practical application o f  welfare economic theory to 

cost-benefit analysis. Cost-benefit analysis uses the potential Pareto criterion to guide 

resource allocations to m aximize the welfare o f society. Traditionally, the resource 

allocation optim ization problem has been approached from  an economic efficiency 

standpoint. U nder standard cost-benefit analysis, econom ic efficiency is defined as the 

greatest increase in the aggregate level o f  net benefits regardless of the distribution o f 

benefits. The alternative project that is the most preferred is the one with the highest 

net present value. Therefore, the efficiency criterion is flaw ed if distributional issues 

are important to society. The efficiency criterion subsum es that the current income 

distribution is acceptable and gives equal weighting to all benefits and costs. Therefore, 

adherence to the efficiency criterion may result in resource allocation decisions that 

create undesirable effects, such as exacerbating poverty.

From a theoretical standpoint, the problem arises from the m easurem ent of 

social welfare. It is generally held that social w elfare should be a function o f the 

welfare o f society’s individuals. The most thoroughly explored idea for m easuring a 

person’s welfare is that o f utility. U tility is a theoretical concept that provides a 

representation o f a person’s well-being or welfare. In o rder to be useful, utility would 

have to be m easurable, cardinal, and comparable. U nfortunately, it has been shown that 

utility is only ordinally measurable and not interpersonally comparable. In response to
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these findings, welfare econom ics began to focus on the valuation o f  benefits received 

from a resource allocation as a proxy for welfare measurements.

A nother problem arises from  the aggregation o f individual preferences. It is a 

general accepted assumption that individuals act to maximize their utility. It is also 

generally assum ed that society m akes resource allocation decisions to maxim ize 

society’s utility. It follows that the social welfare function should be a function o f 

individual utilities. The search for an aggregation rule included A rrow ’s social choice 

rule, w hich found that it was im possible to form ulate a social choice function if certain 

conditions were adhered to which were considered part of a reasonable society. The 

search fo r an aggregation rule also included Bergson’s social choice function, which 

could aggregate individual utilities, but w ould change for any change in individual 

utilities. Unfortunately, since utility is not measurable, cardinal, o r interpersonally 

com parable, it remained im possible to aggregate individual utilities. Therefore, the 

aggregation o f individual welfare has m oved to the utilization o f the aggregate measures 

of benefit valuations as a measure o f social welfare.

C ost-benefit analysis is the practical em bodim ent of this search. Cost-benefit 

analysis is a  tool used to evaluate alternative resource allocations in o rder to determ ine 

optimal allocations. Traditionally, the optimal criterion has been the efficiency in 

resource use. Defined under the idea o f  Pareto optimality, this m eans that resources are 

used optim ally  when no reallocations exist where at least one person can gain without 

causing another to lose. Since m ost policy choices cause at least som e people to lose, 

the idea o f  potential Pareto im provem ents was introduced. This allow s the gainers to
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hypothetically com pensate the losers and still realize a net gain. The result is a positive 

aggregate m easure o f  net benefits.

Cost-benefit analysis aggregates individual preferences by sum m ing the 

valuations o f net benefits received from a resource allocation into a net present value. 

The socially preferred option is the allocation that yields the highest net benefits. This 

approach is im plicitly  based on the idea that the distribution o f benefits is not important 

to society. It is im plies the idea that the marginal utility o f income is identical for all 

people. However, this idea is contrary to utility theory, which theoretically holds that 

the marginal utility o f  incom e is higher for the poor.

In order to  accom m odate poverty concerns several different approaches have 

been suggested. O ne approach to including poverty into cost-benefit analysis is to 

weight the benefits accruing to the poor m ore heavily than the benefits accruing to the 

rich. This allows targeting in favor o f the poor, yet maintains the appealing single index 

ranking of projects. Unfortunately, this method has proved both arbitrary in 

construction and difficult in implementation.

Problem s w ith the weighting approach center on an inherent arbitrariness as to 

the development o f  the weights. There is a lack o f any em pirical basis for the 

establishment o f the w eights. This has led to a general lack o f com fort with explicitly 

stating the value judgm ents underlying a weighting system. Therefore, most economic 

analyses tend to favor the traditional unweighted approach were value judgments 

regarding the w eights do not need to be stated explicitly. The traditional approach, 

however, does in fact em body the value judgm ent that the current distribution o f income 

is acceptable and benefit weights do not need to be utilized.
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O ther approaches address the issue from a m ulti-dim ensional standpoint. 

Poverty concerns are analyzed separately from the cost-benefit analysis, such as with 

the poverty impact ratio recom m ended by the Asian Developm ent Bank. The poverty 

im pact ratio, as recommended by the Asian Development Bank attem pts to measure 

project net benefits accruing to the poor and compare them with overall net benefits. If 

the poverty im pact ratio exceeds some benchmark rate, then the project is acceptable 

regarding im pact on poverty alleviation goals.

This study examined a proposed dyke rehabilitation project for the Duong River 

in the Red R iver Delta o f Vietnam. A m ajor objective o f the project is to contribute to 

poverty alleviation through a reduction in vulnerability to flooding. The economic 

sectors analyzed are those productive activities or asset holdings that are susceptible to 

flood damage. This study focused on industry, agriculture, housing, road infrastructure, 

and com m erce.

This study has shown that the traditional cost-benefit analysis techniques fall 

short when poverty alleviation is an objective. First, cost-benefit analysis fails to 

adequately address divergence in incomes, especially in the case o f poverty. The 

marginal utility o f income for people varies by income level. It has been shown that the 

m arginal utility o f income for those in poverty approaches infinity. Therefore, on an 

individual basis a person living in poverty will apply every additional unit of income 

obtained to the purchase o f a necessary bundle o f consumption goods in an attempt to 

escape poverty. Thus, it will norm ally prove beneficial to im plem ent projects that help 

the poor escape poverty even though the willingness to pay m easures are relatively low.
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However, in the current project poverty alleviation is the main objective o f the 

project. The Asian D evelopm ent Bank recommends the use o f a poverty impact ratio to 

examine a project’s im pact on poverty. The poverty im pact ratio falls short for the 

current case. This shortcom ing is a result of the m ethod by which flood protection 

benefits are estim ated as discussed above. Use o f the poverty impact ratio in flood 

protection projects will be biased against the poor as w ell. According to the poverty 

impact ratio, a project that benefits the poor greatly and the rich some will be 

outweighed by a project that benefits the poor only a little and the rich none. This is 

inconsistent with the poverty alleviation objective.

This study show s that a safety-first valuation criterion can provide a way to 

effectively rank alternative flood protection projects according to their impact on the 

poor. The safety-first valuation shows incremental increases that far exceed the 

incremental increases in income. This is consistent with the idea that below poverty the 

marginal utility exceeds the marginal willingness to pay. The safety-first approach is 

acceptable in the current situation because the target group is relatively homogenous in 

productive activities. This approach could become im practical in cases o f developing 

countries were livelihoods are far more varied.

Safety-first valuations were originally proposed as a method to incorporate risk 

concerns when the prim ary concern was downward fluctuations in wealth below some 

critical threshold. T his is precisely what the current project is designed to accomplish. 

The safety-first valuation incorporates the change in probability  o f disaster occurring as 

produced by the project. It further incorporates the m ain concern, which is the poverty 

line. Because the expected outcom e is already substantially below the poverty line, the
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variance o f potential negative income fluctuations outweighs the expected outcom e 

producing negative valuations. However, the increm ental increases in safety-first 

valuations are much larger than the incremental increases in expected income. This 

result is consistent with the concept of utility below the poverty line.

For the case study exam ined in this paper, the traditional cost-benefit analysis 

indicates a favorable project if the specifics o f funding can be finalized. The current 

cost estimates exceed the project selection criteria by over US$ 1 million. G iven the 

enormous potential benefits o f this project it m ay be prudent to relax the project cost 

limitations, rather than com prom ise the integrity o f the rehabilitation by lim iting 

construction activities to an arbitrary construction cost limit.

The property dam age avoided method used for calculating the econom ic benefits 

o f a flood protection project is limited in the current case. A lack o f data did not allow 

for the inclusion o f flood scenarios that varied w ith river height. Therefore, flood 

damage, and thus project benefits, will be overestim ated. Incorporation o f a more 

accurate flood model w ill improve the preciseness o f  the results. In order to 

compensate for this problem , a conservative flood scenario was used in the estim ation 

o f the econom ic benefits.

The poverty im pact analysis, however, does not meet the Asian Developm ent 

Bank’s poverty im pact ratio  criterion. This result is caused by the way flood protection 

benefits are calculated and  V ietnam ’s existing poverty situation. Benefits to the poor 

are quickly outw eighed by benefits accruing to the m ore highly valued industrial sector.

The safety-first valuations demonstrated a  m arked increase in the valuation of 

the project benefits caused  by the explicit incorporation o f risk into the estim ation.
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U tilized as a  separate ranking criterion, the safety-first valuation indicated a significant 

im pact on poverty alleviation and a favorable project. This method is lim ited to those 

situations where the output is probabilistic, the target group is rather hom ogeneous in 

behavior, and traditional benefit estimation techniques are based on asset and 

production values when poverty alleviation is a concern. Therefore, the project 

demonstrates clear support o f  V ietnam ’s developm ent strategy and the Asian 

Development B ank’s goal of poverty alleviation. T he proposed project will help to 

alleviate poverty in the project area by reducing expected negative income fluctuations 

due to flooding.

Estimation o f an accurate value for the risk param eter was presented as one 

problem with the safety-first approach. In this sense, it is sim ilar to a benefit-w eighting 

scheme in that the assignment o f a risk parameter can be arbitrary. One approach to 

rectifying this problem is to pursue a parametric approach in an attempt to discover an 

accurate representation o f this variable. In the case were different values for the risk 

parameter change investment decisions, different param eters can be varied and analyzed 

based on actual decision behavior. In this way, an accurate representation o f existing 

risk-aversion can be determ ined and incorporated into future studies.

It is recom m ended that the safety-first valuation m ethod be utilized in situations 

when poverty alleviation is a concern for flood protection projects. The change in flood 

probabilities will norm ally be calculated for the hydrologic and hydraulic analyses, so 

the with and without project probabilities are known. The valuations are calculated for 

those projects that first meet the traditional econom ic analysis requirem ents o f a 

positive net present value and an acceptable internal rate o f return. This will guarantee
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a project that is econom ically viable. The safety-first valuations can then be used to 

rank projects based on their expected impact on the social goal o f  poverty alleviation. 

Future research may want to  exam ine similar valuation techniques to  find a m ethod that 

produces positive valuations o f project benefits. This would result in a m ethod that is 

even more thoroughly consistent with the utility o f those in poverty.

Future research could investigate the impact that a flood has regarding the length 

o f time it takes a farmer to  recover to pre-flood conditions. This research could  give 

another dim ension to the potential impact of a flood protection project on poverty 

alleviation. A second possible area of future research could focus on the theory o f 

utility for those living in poverty developed here. Especially im portant w ould be a 

through developm ent o f the conditions and their implications for m arket equilibrium .
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Table Al (Continued) Detailed Construction Casts

». K21.400 • K24.000 Right Duoof

Pond filling

Subtotal K21.M0 • KM.000 Right Duong

10. K2S.000 • K29.500 Right Duong

Pond filling

Subtotal K28.000 - K29.500 Right Duong
11. K31.S00 • K38.400 Right Duong

Earth Excavation 

Earth Fill (hy Machine)

Earth Fill (manual)

Grass Planting

Pond filling

Removal o f Vegetation

SubtoUl K J1.500-K JM 00 Right Duong

12. K4I.000 • K48.000 Right Duong 

Earth Excavation

Earth Fill (hy Macltine)

Earth Fill (manual)

Grass Planting 

Pond filling 

OO Removal o f Vegetation

Subtotal K41.000 • K48.000 Right Duong 

Subtoul Civil W oiis  

B. Other Costs
I. Project Planning, Supervision 

Implementation and Appraisal /a 

ToUl

U Assumed to ctjual 10 percent of Civil Works costs

_________________ Quantities_____
Unit 2001 2002 2003 2004

m3 161,000-

m3 147,475-

m3 206,669-

m3 25,089-

m3 25.089-

m2 248,666-
m3 201,210-

m3 16,726-

m3 50,338-

m3 128,992-

m3 128,992-

m2 246,361-

m3 543,515-

in3 85.995-

amount

 Parameters (In %)_______
Physical

________ Unit Cost _______________________ Base Cost (VND)________________________Contingency Foreign Grass
Total (VNP)_________ 2001_________ 2002 2003 2004________ ToUl__________Rale Ewtianae Ta« Rate

161,000 13,242 2,131,962,000 2,131,962,000 100 5 0 100

2,131,962,000 2,131,962,000

147,475 13,242 1,952,863,950 1,952,863,950 100 5 0 100

1,952,863,950 1,952,863,950

206,669 11,003 2,273,984,088 2,273,984,088 100 5 0 100

25,089 13,242 332,221,917 332.221.917 100 5 0 100

25,089 20,299 509,263,729 509,263,729 100 5.0 100

248,666 2,200 547,170,398 547,170,398 100 5 0 100
201.210 13,242 2.664,422,820 2,664,422,820 100 5 0 100

16,726 4,085 68,322,861 68,322,861 100 5 0 100

6,395,385,814 6,395.385,814

50,338 11,003 553.870,252 553,870,252 100 5.0 100

128,992 13,242 1,708,112,064 1,708,112,064 100 5 0 100

128,992 20,299 2.618,368,854 2,618,368,854 100 5 0 100

246,361 2,200 542,098,423 542,098,423 10.0 5 0 100

543,515 13,242 7,197.225.630 7,197,225,630 100 5 0 100

85,995 4,085 351,280.565 351,280,565 100 5 0 100

12,970,955,787 12.970,955,787

36,272,345,732 36,272,345,732 100 5 0

3.627.234.573 3,627.234,573 100 5 0 100

39,899,580.305 39.899,580.305



Table A2 Expenditure Accounts by Components - Base Costs

Vietnam
Sample Rood Protection Feasibility Study 
Expenditure Accounts by Components • Base Costs
(VND)

I. Investment Costs
A. Civil W orks 

Earth Excavation 
Earth R ll (by machine) 
Earth Rll (manual) 
Grass Planting
Pond filling 
Removal o f Vegetation 

Subtotal Civil Works
B. Other Costs

T otal BASELINE COSTS 
Physical Contingencies 
Price Contingencies 

Total PR O JE C T  COSTS

Taxes
Foreign Exchange

R ehabilitation Physical
o f Duong R iver Contingencies

Dike Total % Amount

3.671.335.202 3.671.335.202 10.0 367.133.520
5.006.078.511 5.006.078.511 10.0 500.607.851
7.673.829.093 7.673,829.093 10.0 767,382.909
1.923.799,066 1.923.799.066 10.0 192.379.907

16.967.782,362 16.967.782.362 10.0 1,696,778,236
1.029.521.497 1,029.521.497 10.0 102.952.150

36,272.345.732 36,272.345.732 10.0 3.627.234.573
3.627,234.573 3.627.234.573 10.0 362.723.457

39,899.580.305 39,899.580.305 10.0 3.989.958.030
3.989.958.030 3.989.958.030 - -
1.041.950,546 1,041.950.546 9.1 94.817.500

44.931.488.882 44,931.488.882 9.1 4.088.765.488

4.493.148.888 4.493.148.888 9.1 408.876.549
2.246.574.444 2.246,574.444 9.1 204.438.274
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T able  A3 Expenditure A ccounts by C om ponents - Totals Including C ontingencies

Vietnam
Sam ple Flood Protection Feasibility Study
E x p e n d i t u r e  A c c o u n t s  b y  C o m p o n e n t s  -  T o t a l s  I n c l u d i n g

C o n t i n g e n c i e s
(V N D )

I .  I n v e s t m e n t  C o s t s
A .  C i v i l  W o r k s

Earth Excavation  
Earth Fill (by m achine)
Earth Fill (manual)
Grass Planting 
Pond filling  
Removal o f  V egetation  

S u b t o t a l  C i v i l  W o r k s
B . Other C osts

T o t a l  P R O J E C T  C O S T S

R e h a b i l i t a t i o n  

o f  D u o n g  R i v e r  

D i k e T o t a l

4 ,134 ,343 ,157  4 .134 ,343 ,157
5 ,637 ,416 ,716  5 ,637 ,416 ,716
8 ,641 ,608 ,858  8 ,641 ,608 ,858
2 ,166 ,417 ,684  2 .166 ,417 ,684

19.107 ,662 ,755  19 .107,662,755
1,159 ,358 ,904  1 .159,358,904

4 0 ,8 4 6 ,8 0 8 ,0 7 4  40 ,8 4 6 ,8 0 8 ,0 7 4
4 ,084 .680 ,807  4 ,500 ,069 ,359

44 ,931 .488 ,882  45 ,346 ,877 .433

T axes
Foreign Exchange

4 ,493 ,148 ,888
2 ,246 ,574 ,444

4 ,493 ,148 .888
2 ,246 ,574 ,444

Table A4 Project C om ponents by Y ear - T otals Including C ontingencies  

Vietnam
Sam ple Flood Protection Feasibility Study
P r o j e c t  C o m p o n e n t s  b y  Y e a r  —  T o t a l s  I n c l u d i n g  C o n t i n g e n c i e s
(V N D )  T o t a l s  I n c l u d i n g  C o n t i n g e n c i e s _ _ _ _ _ _ _ _ _ _

2001 2002 2003 2004

Rehabilitation o f  D uong R iver D ike  4 4 ,9 3 1 ,4 8 8 ,8 8 2
T o t a l  P R O J E C T  C O S T S  4 4 ,9 3 1 ,4 8 8 ,8 8 2

(U S $)

Rehabilitation o f  D uong R iver D ike  
T o t a l  P R O J E C T  C O S T S

T o t a l s  I n c l u d i n g  C o n t i n g e n c i e s

2001 2002 2003 2004

$ 3 ,1 4 2 ,0 6 2
$ 3 ,1 4 2 ,0 6 2
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