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Advantages and Limitations of Benefit-Cost
Analysis for Evaluating Investments in Natural
Disaster Mitigation

Randall A. Kramer

Natural disasters can be thought of as a
sudden shock to the equilibrium of inter-
relations between natural systems and
social systems. This results in a disequili-
brium, the severity of which depends on
both the magnitude of the disaster and
the ability of the social system to absorb
the shock (Albala-Bertrand 1993). Thus, a
natural disaster withrelatively low physi-
cal energy can have major social impacts
if it occurs close to vulnerable human
settlements and activities (for example,
shantytowns in floodplains, hillside agri-
culture in deforested areas). Similarly a
high-energy event can havemodest social
impacts if human settlements and activi-
ties arerobust to disturbance (forexample,
due to building codes, windbreaks). Di-
saster mitigation is the activity of increas-
ing the tolerance of the social system to
the impacts of natural disasters. In areas

subject to natural disasters, it is of great
importance to analyze social investments
within frameworks thatallow consider-
ation of the disaster risk exposure of the
investments so that scarce development
capital can be used in a risk-efficient
manner.

Benefit-cost analysis is one means by
which the economic effects of disaster
mitigation and other social investments
can be systematically evaluated. Since the
impacts of natural disasters on develop-
ment projects are inherently uncertain,
risk must be explicitly introduced into
benefit-cost analysis to obtain meaning-
ful information for disaster mitigation.
Although it is not uncommon for project
benefit-cost analysis to include sensitiv-
ity analysis, itis less common to find more
formalrisk analysisincorporated. The pur-
pose of this chapter is to examine the
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potential for using benefit-costanalysis to
improve project analysis related to disas-
ters and disaster mitigation.

Natural disasters and project
analysis

Development projects represent the in-
vestment of capital resources to produce
a future stream of benefits that will sup-
porteconomic growth, reduce poverty, or
achieve other social objectives. Careful
project analysis is one of the most critical
determinantsof a project’s successful out-
come {Gittinger 1982). Although various
typologies are used to characterize the
project planning cycle, the three main
phases are identification, pre-feasibility
analysis, and feasibility analysis. As the
name suggests, the identification phaseis
the search for potential projects in which
to invest development capital. The pre-
feasibility phase requires arough calcula-
tion of project benefits and costs to elimi-
nate those with low or negative net ben-
efits. Of course, projects also may be
screened at the pre-feasibility stage on the
basis of environmental impacts, equity
effects, and other criteria in addition to
economicreturn. Finally, feasibility analy-
sis requires refined economic and techni-
cal analysis of the viability of a project.
Most economic analyses of projects do
not explicitly consider natural disaster
information. As usually practiced, ben-
efit-cost analysis fails to account for the
fact that future project benefits may be
highly uncertain if they are prone to the
effects of natural disasters (Kramer and
Grieco 1989). This is particularly true in
developing countries where a high pro-
portion of natural disasters occurs (Long
1978). The problem with ignoring risk is
that a project implemented in an area
subject to disasters may fail to realize the
positiveeconomic performance suggested
by an ex ante benefit-cost analysis.! For
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example, if a tropical stormseverely dam-
ages crops or if an earthquake seriously
damages a new hydroelectric project, an
agricultural development project’s loan
repayment may be jeopardized. Ideally,
scarce capital funds should be invested in
sectors with less vulnerability to natural
disasters, or the projects should be rede-
signed to include effective disaster miti-
gation activities. This would prevent de-
velopment projects from being hampered
by economic analysis whose treatment of
disaster risk is incomplete.

Several methods have been proposed
for incorporating disasterinformationinto
benefit-costanalysis. Limited-information
approaches include cutoff periods, dis-
count rate adjustments, sensitivity analy-
sis, and several game theory methods.
These limited-information approaches
allow analysts to recognize the impacts
that natural disasters can have on project
feasibility but are crude in their ability to
convey useful information to decision-
makers. If sufficient information is avail-
able to estimate the probability distribu-
tion of a project’s stream of net benefits,
several other approaches are possible,
particularly safety-first analysis, mean-
variance analysis, and stochastic domi-
nance analysis. Each of these methods for
incorporating disaster risk into the eco-
nomic analysis of projects can improve
investment decisions and help to avoid
costly mistakes. Yet the methods are only
as good as the underlying data, which are
often inadequate for accurately charac-
terizing disaster risk.

Risk-modified, benefit-cost
analysis

Theliterature on benefit-costanalysis has
long recognized the need to incorporate
risk when project benefits and costs are
uncertain (Mishan 1982). Various meth-
ods have been proposed for incorporat-
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ing uncertainty, and these can be readily
applied to assessing the risk associated
with natural disasters. One set of meth-
ods is appropriate when partial informa-
tion is available about the risk of natural
disaster. A second set of methods can be
applied when the analyst has enough in-
formation to estimate probability distri-
butions of natural disaster events. The
advantages and limitations of these risk-
modified, benefit-cost methods will be
considered below.?

Limited-information approaches

Various approaches can be used io deter-
mine the risk of natural disaster when
information is limited. These include ap-
plying a cutoff period, adding a risk pre-
mium to the discount rate, using game
theory approaches, such as maximin-gain
and minimax-regret, and employing sen-
sitivity analysis.

CUTOFF PERIOD

One of the simplest methods for dealing
withuncertainty is toapply arule-of-thumb
cutoff period that dramatically shortensthe
assumed life of the project. This crude ap-
proach might be used if the primary con-
cern is loan repayment rather than long-
term development. In this case, economic
feasibility relies on sufficient benefits to
cover the project's investment costs in a
relatively short time frame of perhaps two
or three years. The logic of this approach is
that net benefits are so highly variable be-
yond a selected cutoff date thatthey should
be ignored in project evaluation.

Even this approach requires some in-
formation on natural disasters (o guide
the analyst. Episodic data on natural di-
sasters or previous damage assessments
can give the analyst a rough idea of the
magnitude of disaster risk. Thus, for an
agricultural project, a short payback pe-
riod might be required if the project

appears subject to a high risk of flooding
or landslides. Note, however, that a short
cutoff period isno guarantee thata project
will be economically successful. A natu-
ral disaster might occur in the first year of
the project and seriously disrupt the flow
of benefits. The cutoff period approach is
deficientsinceit does not deal with uncer-
tainty in a systematic way and should
only be used when a meager amount of
information is available.

DISCOUNT RATE ADJUSTMENT
A second rule-of-thumb approach is to
add a risk premium to the discount rate
when there is significant uncertainty. The
discount rate adjustment has the effect of
giving less weight to increasingly uncer-
tain future benefits and costs. Adding a
risk premium is consistent with what has
been observed in the private sector; loan
managers generally charge higher inter-
est rates for riskier investments. To use
this approach, the analyst must first de-
termine a risk-free discount rate and then
determine the appropriate risk premium
(Dasgupta and Pearce 1972). The risk-
adjusted discount rate becomes:
1

(4-1) r= (1 +l'=j)'
where i is the risk-free rate, j is the risk
premium, and f is the time period. To
determine the risk premium, the analyst
has to have some, albeit limited, informa-
tion about natural disasters, similar to
that used for the cutoff period approach.

Although it is relatively easy to em-
ploy, this approach reduces the expected
value of a project’s net benefits by a com-
pound and arbitrary factor and does not
recognize differences in the degree of
uncertainty across different components
of a project (Mishan 1982). This approach
also reduces the worth of all future ben-
efits whether or not they are subject to
uncertainty.
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GAME THEORY APPROACHES
In conducting an economic analysis of a
project, especially at the pre-feasibility
stage, an analyst may be aware of the
possibility of impacts caused by natural
disasters but may be unable to assign
objective or subjective probabilities to the
various states of nature that may occur.
For example, records may exist of histori-
cal events such as earthquake damage to
crops or buildings. Using such data, it
may be possible to estimate roughly the
benefits from a development project un-
der varying degrees of natural disaster
severity. One can then use several game
theory approaches to guide investment de-
cisions. Two are discussed here: maximin-
gainand minimax-regret. Both usedecision
rules that focus on loss avoidance

The maximin-gain criterion focuses on
security of outcome byavoiding the worse
possible result (Dasgupta and Pearce
1972). For this criterion, the decision rule
is to compute the minimum payoff for
each alternative and select the alternative
with the highest minimum payoff. This
can be illustrated with an example for a
development project that generates agri-
cultural benefits and offers protection
from floods (Kramer and Florey 1987).
Suppose three flood contrel alternatives
can be included in the project at equal
cost. Due to lack of more detailed infor-
mation, the analyst considers two pos-
sible states of nature: heavy precipitation
and normal precipitation. If precipitation
is heavy, the net present values of the
three flood mitigation schemes are $100
million, $120 million, and $150 mllion. If
precipitation is normal, the mitigation al-
ternatives provide net benefits of $30 mil-
lion, $60 million, and $20 million, respec-
tively. Project benefits are lower in the
event of normal precipitation, since the
primary objective of the project is flood
control. The example is presented below:
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Benefit matrix for alternative mitigation
options

Option Heavy precipitation  Normal precipitation
Option 1 $100 malhion 530 mullion
Option 2 $120 million $60 muilion
Option 3 $150 million $20 mllion

The maximun-gain criterion would lead
to the selection of option 2 since its mini-
mum payoffis $60 million, whichis larger
than the minimum payoff of the other two
options. This game theory method uses
only part of the available information by
focusing only on the worse outcome. It
implies a conservative bias in project se-
lection and hence mightinhibitlong-term
development if used to guide social in-
vestments.

An alternative game theory approach
is known as the minimax-regret crite-
rion (Dasgupta and Pearce 1972). This
criterion can be applied as follows. For
each option, the actual payoff is sub-
tracted from the potential payoff, where
potential payoff is the amount that could
have been realized if the state of nature
was known in advance. This difference
is defined as regret. For each option, the
maximum regret that could occur is
identified, and the option with the small-
est maximum regret is chosen.

For the flood mitigation example
above, option 3 would have the greatest
benefit if heavy precipitation occurs. If
option 1 had been selected, the regret
associated with not selecting option 3
would have been $50 million ($150 mil-
lion to $100 million). If option 2 had
been selected, the regret would have
been $30 million ($150 million to $120
million). If the state of nature had been
normal rather than heavy precipitation,
option2would have generated the great-
est benefit, $60 million, and the regret
would have been $40 million for option
3 and $30 million for option 1. Consider-
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ing both states of nature—heavy and
normal precipitation—the maximumre-
gret would have been $50 million, $30
million, and $40 million, respectively,
for options 1, 2, and 3. Hence, the mini-
max-regret strategy would lead to the
choice of option 2 since it has the small-
est maximum regret.

While the minimax-regret criterion is
superior to the maximin-gain criterion
because it uses all of the information in
the benefit matrix, it still embeds a con-
servative bias. Furthermore, it implies
cardinally measured utility sinceit mea-
sures regret by the difference between
actual and potential outcome (Dasgupta
and Pearce 1972).

SENSITIVITY ANALYSIS

Sensitivity analysis is perhaps the most
widely used method to consider the im-
pacts of uncertainty in benefit-cost
analysis. Generally a table is presented
showing the effects of changes in key
parameter values on economic feasibil-
ity, such as net present value or benefit-
cost ratio. The values might be varied
by one standard deviation, although a
more typical approach is to use arbi-
trary adjustments of 10 or 20 percent
(Irwin 1978).

Sensitivity analysis could be useful in
identifying which variables are impor-
tant in determining project feasibility
even when there is limited information
about the occurrence and severity of a
natural disaster. Furthermore, it could
help to identify where mitigation might
have the highest payoff. Although this
approach is useful in identifying the
relative importance of key variables in
influencing a benefit-cost analysis, it
does not consider the amount of uncer-
tainty in key parameters or give any
information about the relative riskiness
of alternative investments.

Probability-based approaches

The limited information methods de-
scribed above can be a useful first step in
introducing considerations of natural di-
sasters into the economic analysis of
projects. Because they are not data inten-
sive, these methods may be particularly
relevant at the pre-feasibility stage of
project analysis. However, for conduct-
ing feasibility analysis of a major project
subject to considerable disaster impacts,
the analyst would be advised to obtain
probabilisticinformation onkey variables.
If probability distributions of natural di-
saster events can be obtained and linked
to economic variables, a more rigorous
and informative analysis can be con-
ducted. Typically only a few variables
that enter into a benefit-cost analysis are
treated as stochastic, for example crop
yields. Other variables are treated as
known. The decision about which vari-
ables to treat as random will depend on
both the availability of data and on the
analyst’s judgmentabout which variables
are most important. This judgment may
be based in part on an earlier sensitivity
analysis. Once the decisionis made about
what to treat as stochastic, one can esti-
mate probability distributions from his-
torical data or from experts’ subjective
judgments. The various probability dis-
tributions can be combined to generate a
probability distribution of net present
value, internal rate of return, or some
other feasibility measure.

Empirically, a probabilisticbenefit-cost
analysis can be carried out using stochas-
tic simulation methods.? These methods
draw random samples from specified
probability distributions. If the random
variables are believed to be correlated—
for example, rice and maize yields-—mul-
tivariate distributions can be used. The
random draws are fed into a benefit-cost
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analysis, and the resulting summary sta-
tistics are recorded. The procedure is re-
peated many times to generate a prob-
ability distribution of net present value or
another feasibility measure. This gener-
ated distribution can then be used to con-
vey information about the riskiness of the
project in question.

Once the probability distribution of
project benefits is av ailable, it can be used
in a variety of ways to rank investment
alternatives. First, it can be used simply to
compareexpected net presentvalueacross
projects. This is basically equivalent to a
standard benefit-cost analysis in which
one uses the most likely values of the
importanteconomicvariables. The disad-
vantage of comparing expected cutcomes
is that such a comparison does not use all
of the information in the probability dis-
tribution. Furthermore, it assumes that
decisionmakers arerisk neutral and hence
indifferent between projects with equal
means but different degrees of disper-
sion. If this was the case, one should have
ignored risk tobegin with. Tomake better
use of the risk information at hand, other
approaches are preferable. These include
safety-firstanalysis, mean-varianceanaly-
sis, and stochastic dominance analysis.
Each will be discussed below.

SAFETY-FIRST ANALYSIS

This method focuses attention on the
downside risk associated with projectin-
vestments. If decisionmakers are con-
cerned about the potential damages re-
sulting from natural disasters, they may
wish to use a decision criterion that em-
phasizes the lower tail of a probability
distribution of project benefits. This is
particularly useful if project benefits ex-
hibit nonsymmetric distributions like the
beta. Oneway to operationalize the safety-
first decision rule would be to solve the
following problem:
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(4-2) Maximize NPV
subject to Pr (NPV < t) <a

where Pris probability, tisacritical thresh-
old value, and a is a small probability
level, such as 5 percent. This decision rule
chooses projects with the highest mean
return subject to the constraint that re-
turns have a small chance of falling below
a critical threshold level.

An interesting alternative formulation
has been proposed for dealing with
projects that have potential impacts on
the survival of endangered species
(Randall 1991). Known as a safe mini-
mum standard, the emphasis of this for-
mulation is even more explicit in mini-
mizing risk:

(4-3) Minimize Pr{(Z < u)
subject to OC <A

where Z is size of the species’ popula-
tion, u is a critical threshold for the
population, OC is the opportunity cost
of protecting the habitat, and A is a
socially determined level of acceptable
cost. In other words, in selecting project
alternatives, the probability that the
endangered species population will fall
below a critical threshold is minimized
as long as the opportunity costs of do-
ing so (forgone development alterna-
tives) are not unacceptably high.

MEAN-VARIANCE ANALYSIS

Another method for using probabilistic
benefit-costinformationis to compare the
means and variances of the distribution of
returns from different projects (see Keeney
and Raiffa 1976). In particular, decision-
makers may want to consider tradeoffs be-
tween higher expected return and lower
risk. A project with less chance of being
undermined by a natural disaster might be
chosen over a project with higher expected
return but subject to greater disaster risk.
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According to Dasgupla and Pearce
(1972), the decision rule can be stated as
follows:

(4—4) Maximize I=F ~bhV

where U is utility of project returns, E is
expected return, b is a risk-aversion coef-
ficient between 0 and 1, and V is variance
of return from the project. The higher bis,
the greater the aversion to risk.* This deci-
sion rule simultaneously considers the
mean and variance of returns for each
project. Thesecond termin theexpression
serves to penalize projects with greater
risk.

Themean-varianceapproach todecision-
making is prevalent in financial decision
analysis butis seldom applied to benefit-
cost analysis. For financial analysis, pro-
cedures have been developed to elicit
risk-aversion parameters to guide
decisionmaking. An appropriate risk-
aversion parameter for social investment
decisionmaking is difficult to determine.
However, by reporting means and vari-
ances for different projects or different
versions of the same project, analysts can
provide decisionmakers with information
on the tradeoffs between expected return
and risk. Those decisionmakers can then
apply their own subjective weightsin com-
paring projects.

STOCHASTIC DOMINANCE ANALYSIS

The final method for comparing probabi-
listic information on project returns is
stochastic dominance analysis. This
method is themost general technique used
to compare probability distributions. Itis
consistent with axiomatic-based expected
utility theory and does not require the
strong assumptions of mean-variance
analysis. Stochastic dominance analysis
allows probability distributions to be
ranked for differentclassesof risk averters.
Using entire distributions of returns, al-

ternative projects can be ranked. This ap-
proach has been applied to risky prob-
lems in the financial and agricultural eco-
nornics literature but has not been used to
examine the effects of natural disasterson
the feasibility of development projects.
However, it holds considerable potential
as a rigorous method for ranking risky
projects or different mitigation options.

Empirical issues

To use the probabilistic approaches dis-
cussed above, two empirical issues must
be addressed: estimating probability dis-
tributions and evaluating nonmarket en-
vironmental impacts of natural disasters.

Estimating probability distributions

It is essential to estimate the probability
distributions for natural disasters, crop
yields, and otherkey variables. The distri-
butions can be estimated with standard
statistical techniques if historical data are
available. For example, if the historical
records indicate that hurricanes have
struck an area in two of the past twenty
years, a probability of 0.1 would be as-
signed to the likelihood that a hurricane
would occur in any given year. If stochas-
tic simulation methods are employed, a
particular type of probability distribution
(for example, normal or uniform) would
be assumed and random draws that re-
flect historical frequencies would be gen-
erated. Probabilities based on historical
frequencies are often referred to as objec-
tive probabilities.

When historical data are not available
or when environmental changes have oc-
curred that would render historical fre-
quencies a poor predictor of future events
(such as extensive deforestation causing
anincreaseinlandslides), theanalystmay
wish to use subjective probabilities. Sub-
jective probabilities reflect personal judg-
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ments about the likelihood of different
states of nature. Since most decision-
making is based on decisionmakers’ sub-
jective probabilities, subjective probabil-
ity isnow widely accepted for supporting
decision analysis (Bessler 1984). Project
analysts could use subjective probabili-
ties from disaster experts about the likely
occurrence of tidal waves, landslides,
floods, and other natural disasters. They
might also consult agricultural experts
(including farmers) about the probability
of different yield levels given various
states of nature.

Various methods are available for
eliciting subjective probabilities from
decisionmakers (see Norris and Kramer
1990 for a review). One simple and effec-
tive approach is known as the triangular
distribution method because of the shape
of its probability distribution function.
Theapexof the distributionisat themode,
and the other two angles occur at the
upper and lower end of the distribution.
Thus only three values are needed to esti-
mate the distribution: the mode and the
maximum and minimum values.

Evaluating nonmarket environmental
impacts of natural disasters

When natural disasters affect market ac-
tivities, it is relatively straightforward to
estimate the economic impacts For ex-
ample, disruptions in the transportation
sector can be valued based on lost com-
mercial traffic and damage to infrastruc-
ture. However, natural disasters often
haveimpacts on the environment that are
not readily monetized based on market
prices. In such cases, nonmarket valua-
tion methods are needed to estimate the
impacts of natural disasters. These meth-
ods, which have come into fairly wide-
spread useover the pastdecade, arebriefly
reviewed below (for more detailed de-
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scriptions of the methods, see Braden and
Kolstad 1991; Freeman 1993; for applica-
tionsin a developing-country context, see
Kramer and others 1993; Munasinghe
1993). Each is a means of estimating
shadow prices for changes in environ-
mental quality,

TRAVEL COST METHOD
This method has been developed to esti-
mate therecreational demand for particu-
lar sites when market prices are notavail-
able. The principle underlying this ap-
proach is that people spend time and
money to travel to a recreational site, and
these expenditures can beinterpretedasa
price, or willingness to pay, for the site.
To implement this valuation method,
visitors to sites aresurveyed to determine
their costs of travel to the sites. In addi-
tion, data on socioceconomic characteris-
tics are collected. Statistical regression
analysis of the data is then used to esti-
mate a demand function for the site. If a
natural disaster such as a hurricane alters
the possibility of using a recreational site,
such as a beacharea, the travel cost method
could be applied to substitute sites to
measure the economic losses associated
with having fewer recreational opportu-
nities.

CONTINGENT VALUATION METHOD

Another approach thatis used toestimate
nonmarket values is to ask people di-
rectly about changesin their welfare. This
approach is based on a questionnaire ad-
ministered to a sample of the population.
Through a series of questions, an attempt
is made to get respondents to reveal their
willingness to pay for environmental ser-
vices. For example, people can be asked to
assign a value to a national park area
damaged by a natural disaster. The ques-
tion might be phrased as “How much
would you be willing to pay torestore the
park to its pre-disaster state?” Using
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sample survey methods, the contingent
valuation responses can be generalized to
alarger population to estimate aggregate
damage to resources.

There are some potential biases with
the contingent valuation approach. For
example, people’s responses are for a
hypothetical market and may not re-
flect their behavior if they were con-
fronted with an actual market. Another
problem is known as strategic bias. Fish-
ermenmay statea very high willingness
to pay in hopes that this will lead to a
wetlands area being preserved or re-
stored. However, these biases can be
overcome with proper questionnaire
design and statistical analysis.

LAND PRICE ANALYSIS

Althoughmany environmental attributes
are not traded in markets, their presence
may have an effect on property values.
Land prices may belower for land parcels
subject to flooding or landslides. By sta-
tistical analysis, the component of land
values attributable to environmental
amenitiesor disamenities canbeestimated
if data are available on land prices, envi-
ronmental characteristics, and other real
estate characteristics for a large number
of land parcels. Using multipleregression
techniques, the contribution of natural
hazards toland prices can be determined.
This amount will bea measure of people’s
willingness to pay to avoid the hazard. A
limitation of this approach is the diffi-
culty of obtaining sufficient data on land
parcels, especially in developing coun-
tries.

PRODUCTIVITY ANALYSIS

Productivity analysisusesabiological pro-
duction function to measure the effects of
environmental change on the productiv-
ity of a resource. This change in produc-
tivity is then measured in monetary terms
using prices for theaffected resource prod-

uct. Forexample, ademand function could
be estimated for fish to determine the
benefits provided by wetlands habitat
destroyed by hurricane. If the presence of
wetlands before the natural disaster pro-
vided breeding areas and increased food
supply for various fisheries, and these
fisheries were commercially exploited,
then the value of the lost or degraded
wetlands could be measured by the dollar
value of the decline in fish catches result-
ing from the wetlands damages.

This is a clear example of the need for
an interdisciplinary approach. Biologi-
cal information is needed on the effects
of wetlands on the size and harvest of
fish populations. This information can
then be used to determine the contribu-
tion of the wetlands to the fish catch,
and benefits can be calculated from the
change in economic activity.

OPPORTUNITY COST ANALYSIS

This method values environmental re-
sources based on the cost of replacing
the services of aresource destroyed by a
natural disaster. For example, if a wet-
land assimilates waste, the benefit of
those services can be given a value by
calculating the least-cost alternative of
substituting for those services. If a wet-
land filters out nutrients from agricul-
tural runoff, then the absence of the
wetland would require some substitute
way of preventing those nutrients from
entering downstream waters in order to
maintain the same level of water qual-
ity. For example, farmers might be re-
quired to change their agricultural
technologies to reduce their fertilizer
application rates or to increase the up-
take of nutrients by their crops. By esti-
mating the incremental cost of the new
technologies, an economic value can be
assigned to the waste assimilation ser-
vices of a degraded wetland.
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