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GENERAL
The importance of scientific assessment of flood damage aims at a realistic
assessment of the benefit-cost ratio of a flood control scheme. The word ‘control’
in real terms means protection.
Assessment of the worth of any flood protection scheme involves a study of
applied economics in the sense that annual savings due to a flood control measure
in terms of severity, protection of life and property must be evaluated against the
cost of construction and maintenance of the engineering structures needed for it.
Generally speaking, the condition of economic analysis requires that the system
needs to be, developed to the level at which the marginal benefit of producing
output equals to the marginal cost of producing it. Marginal cost and marginal
benefit are respectively the first derivative of the cost and the first derivative of the
benefit with respect to the output.
For a multi-purpose project for optimization the above condition for a
particular purpose may be written as:

In analyzing a project for the above-mentioned economic conditions, several
types of economic and technical relationship should be considered such as inputcost function, the production function, the annual-cost and benefit function. The
input-cost function is the multi-dimensional relationship between the total cost of
the project and the magnitudes of the project variables.
The production function is an input-output function which shows the
relationship between the magnitudes of the project variables and their feasible
combinations of outputs. From the input-cost function and production function, the
annual cost function can be derived to show the relationship between the annual
cost and output of the project variables. Finally, the annual benefit function is the
relationship between the average annual gross benefits and the outputs of the
project variables.
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The above principles may be illustrated by a simple example such as the
construction of a flood embankment for flood control purpose. Here the input-cost
function can be represented by the relationship between the total cost in tk to be
invested in the construction and the height of the embankment or the storage
provided. The production function is the relationship between embankment height
and the project output. The output in this case can be measured by the peak flood
flows in terms of storage for which complete protection is provided. In order to do
so let us consider how assessment of flood damages and benefits as a result of
flood control are generally arrived at.
ESTIMATING FLOOD DAMAGES
Flood damage can be direct or indirect. These terms are applied in a
physical classification of damage.
Direct damage results due to physical contact with flood waters whereas
the indirect damage results to property or services not touched by flood water but
harmed as a result of interrupted trade or diversion of rail or road traffic or other
effects of the flood.
The following may be considered as examples of direct and indirect
damages. Suppose a man who is the owner of a land in the path of flowing flood
water has grown, stored or constructed something on that land which can be
harmed by water, he may suffer damage during the flood. Inundation by flood
water and sediment deposition on buildings, equipment or even on the land itself
may constitute direct flood damage. The damage suffered is usually obtained by
the cost of rehabilitation, replacement or in terms of reduction of the original
value. The monetary loss suffered by a man who is put out of work because of the
factory where he is employed has been closed due to a flood, or a truck driver who
fails to cross a bridge by which he normally reaches the market and has to travel
many miles as a detour, can be considered to have suffered indirect flood damage.
Damages caused due to interruption of the normal course of everyday affairs may
be considered as indirect. Such damages although important are, however,
difficult to objectively estimate. Generally speaking, damage to the agricultural
products forms the major portion of the total damage caused by floods, amounting
to; say 70–80 per cent. Then come, houses and buildings, which constituting
about 20–25 per cent and the remaining is accounted for by public utility services.
The main purpose of the survey of the damages caused by flood is to relate it to
the flood stage. It is common knowledge that damage is a function of the area of
overflow.
However, the depth of overflow, duration of inundation and the time of the
year when flood occurs have all important bearing on flood damage values. With
Priodeep Chowdhury, Lecturer, Dept. of CEE, Uttara University.//

Flood Mitigation & Management.

the data thus obtained it is possible to derive functional relationship between
stage, damage and duration of inundation for a particular river basin.
In connection with flood control projects protecting highly industrialized
areas it is customary to
relate damage to the
Fig. 8.1: Discharge, Stage,
magnitude and frequency of
Probability & Damage
floods. For this purpose (a)
Relationships.
the graphical plot of the
flood stage vs. flood
discharge at the gauging
station corresponding to the
property is combined with
the plot of the flood
discharge vs probability, (b)
the curve of flood stage vs
probability is combined with
flood stage vs property
damage
described
previously to obtain the
curve of flood damage vs
probability for the property. The latter curve shows the probability of occurrence
of flood damage equal to or greater than various values as shown in Fig. 8.1. The
total area under the damage probability curve is a measure of the average annual
damage caused by all floods that can be anticipated for a long period of years.
Usually to ascertain net flood loss, a statement of flood damages and relief
measures given to the people affected is prepared by appropriate authority in the
Table 8.1
ESTIMATES OF BENEFIT OF FLOOD CONTROL
The benefits from flood control are of two kinds—(a) those arising from
prevention of flood damage, and (b) those resulting from more intensive use of
protected land. The benefit arising from the prevention of flood damage is the
difference in expected damage throughout the life of the project with and without
flood control, and these benefits include—(i) cost of replacement or repairing of
damaged property, (ii) cost of evacuation, relief rehabilitation of victims and
emergency flood protection measures, and (iii) losses due to disruption of business
and losses due to crops or cost of replanting crops. Land protected from flood may
be utilized for more productive purposes when it is not subject to flood hazard.
The method for determining the benefit gained by improved land use is to estimate
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the difference in net revenue from the property with and without flood control.
Firstly, benefits from flood control may arise in activities which results from use or
processing of products and services directly affected by floods. As for example, if
a factory manufacturing steel or cement is closed as a result of flooding other
industries depending on these may have to be closed down. Secondly, benefits are
difficult to assess and generally are not included in estimates of flood control
benefits. Intangible benefits of flood control includes saving of lives, reduction in
diseases resulting from flood conditions. Although it is difficult to put a monetary
value to these intangibles it may be remarked that the death benefits payable under
workman’s compensation law may be taken as the economic value of human lives.
Average annual benefits may be computed by multiplying the benefits expected by
prevention of flooding at a given stage by the probability of occurrence of that
stage in any year.
Problem #08
From the data, taken on previous years at a specific location of Padma
River, represented in the following table, do the necessary analysis to obtain the
maximum Benefit-Cost Ratio of the peak stage, for considering the design
flood for structural flood protection across the bank of the Padma River at a
specific region which was going to experience a vulnerable condition.
Table: Peak Flood Stage, Total Damage, Return Period and Project Cost Analysis
Peak Flood Stage(m) Total Damage below Return Period
[above MSL]
that Stage
(T)

6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0
40
90
150
220
300
390
500

10
20
25
30
50
100
150

Project Cost

4.0
6.0
7.0
8.9
9.5
10.0
11.0
12.0
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**Among these values, consider the maximum Benefit/Cost Ratio
to choose the Peak Stage for Design Flood for Structural Protection.

Problem: #09
Consider the construction of a protection wall for a riverside project to be
protected from floods. A minimum height of the wall would provide the barely
needed protection and there exists every possibility of overtopping the wall by
flood waters, which will result damage to construction work. The damage can be
reduced by increasing the wall height which will then result in increased the
investment cost. Table 8.3 furnishes the probabilities of floods of different
magnitudes above the minimum wall height of increments of 2 m and expected
cost resulting from flood damage. The additional cost of constructing the wall in
increment of 2 m is also given in the following Table.
TK.

Tk

Find out the minimum expected annual cost for the desired wall height.
Assume the work is likely to continue up to 3 years and the rate of interest on
investment is given as 10 per cent.
Solution
The initial cost of the wall is converted to equivalent annual cost by
multiplying it with CRF (Capital Recovery Factor).
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This cost for a wall of minimum height will be

The expected value of flood damage, if wall of minimum height is constructed,
will be =
80,000.00 × 0.2 + 150,000.00 × 0.2 + 200,000.00 × 0.1 + 250,000.00 × 0.08
= 16,000.00 + 30,000.00 + 20,000.00 + 20,000.00
= 86,000.00 /Total expected cost for minimum wall height

= 60,300.00 + 86,000.00
=

146,300.00/-

(Tk)

(Tk)

(Tk)
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EXERCISE & ASSIGNMENT QUESTIONS

 From the data, taken on previous years at a specific location of Padma River,
represented in the following table, do the necessary analysis to obtain the
maximum Benefit-Cost Ratio from the data of peak stages, for considering the
design flood(Maximum Flood Stage which is to be considered for design) for
structural flood protection across the bank of the Padma River at a specific
region which was going to experience an extreme vulnerable condition in near
future.
Table: Peak Flood Stage, Total Damage, Return Period and Project Cost Details

Peak Flood Stage (m)
[above MSL]

Total Damage below
that Stage

Return
Period (T)

Project
Cost

6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0
40
90
150
220
300
390
500

10
20
25
30
50
100
150

4.0
6.0
7.0
8.9
9.5
10.0
11.0
12.0

THEORETICAL QUESTIONS
A. Explain the rule of Multi Purpose Project Optimization .
B. Explain Direct & Indirect Damage of Flood.
C. Explain the benefits of Flood Control.
D. Explain the relationships between discharge, Stage,damage &
probability of occurrence of flood with necessary graphical
explanations.
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