ESTIMATING EXPECTED ANNUAL DAMAGE FOR LEVEE RETROFITS

By David Goldman,' Member, ASCE

ABsTRACT: The U.S. Army Corps of Engineers (USACE) has instituted a new analysis methodology for
estimating the expected annual damage (EAD) and resulting economic benefits accruing to proposed fiood
damage-reduction projects. Although the methodology is new, it still, in effect, uses expected probability to
estimate the frequency of flooding and EAD. The National Research Council (NRC) in a review of USACE’s
study of the American River levees stated that the use of expected probability results in significantly biased
estimates of EAD. An alternative damage model to that proposed by NRC is used to show that expected
probability leads to an unbiased estimate of EAD. The damage model proposed requires that an unbiased estimate
of damage results when applied to many projects. A simulation study demonstrates that EAD estimated with
expected probability is unbiased, whereas the NRC’s recommended estimator is biased.

INTRODUCTION

The U.S. Army Corps of Engineers (USACE) participates
with local communities in the development of flood damage-
reduction projects. Evaluation of the benefits of a particular
project depends on the estimation of proposed damage-reduc-
tion benefits. Net benefits are computed as the difference be-
tween the expected annual damage (EAD) with and without
the proposed project minus the proposed project cost. The pur-
pose of the present paper is twofold. First, this paper describes
the USACE’s methodology for estimating EAD. Second, this
paper discusses the criticism that USACE’s estimation tech-
nique has received from the National Research Council (NRC)
(1995) in its application to a levee retrofit on the American
River, Sacramento, Calif.

EXPECTED ANNUAL DAMAGE CALCULATION

The calculation of EAD involves the integration of a dam-
age-probability distribution {see USACE (1996)]. The dam-
age-probability distribution is usually estimated from a set of
contributing variables, which, most typically, consist of a flow-
probability distribution, a rating curve that relates river stage
to flow, and a stage-damage relationship (see Fig. 1). In the
past, single estimates of these relationships were used to derive
the damage-probability distribution. The frequency curve was
estimated using expected probability. The remaining contrib-
uting variables were estimated given the best field information
and models available. More recently, USACE has chosen to
incorporate estimates of uncertainty into the derivation of the
damage-probability distribution and, ultimately, into the com-
putation of EAD. USACE (1996) provides guidance for esti-
mating the distribution of these errors.

The estimation of uncertainty depends on the contributing
random variable. In the case of flow probability, the only con-
tribution to estimation uncertainty considered is sampling error
due to finite gauge record lengths. Typically, the flow proba-
bilities are described by the log-Pearson type III distribution,
and uncertainty about this distribution by the noncentral t, as
recommended by the Interagency (IACWD) (1982). The ap-
plication of the noncentral t involves approximations in that it
is only appropriate for variates or logarithms of variates that
are normally distributed, and a large sample approximation is
used in its calculation. Estimating the uncertainty in the rating
curve depends on the information available. If observed values
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are available, then deviations from the mean rating curve can
be used to estimate an uncertainty distribution. If an open
channel-flow model is used, then a sensitivity analysis on
model parameters can be used to produce an error bound,
which in turn could be used to approximate a distribution. The
strategy for developing the distribution of uncertainty about a
stage-damage relationship involves uncertain estimates of
property and content values, and the first-floor elevation.
EAD is calculated by using the Monte Carlo simulation to
integrate the contributing variables. The Monte Carlo proce-
dure is implemented by obtaining a sample damage from a
random sample of the contributing variables. The damage is
averaged over a number of simulations to obtain EAD. A re-
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FIG. 1. Monte Carlo Computation of Expected Annual Dam-
age Considering Risk and Uncertainty
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