Summer 2023. Vol 16. Issue 57

Research Paper

Estimation of flood damage intensity based on global
damage-depth functions in Jajroud river area

Amir Mohammad Hooshmand 1, Seyed Abbas Hosseini2*, Bagher Ghermezcheshmeh 3

1. Department of Civil Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran.
2. Department of Civil Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran.
3. Soil Conservation and Watershed management institute, Agricultural Research, Education and
Extension Organization (AREEO), Tehran, Iran

Received: 2021/09/06 : Abstract

Revised: 2021/10/12 Introduction: One of the solutions for flood management is flood
Accepted: 2022/01/04 zoning in different return periods, which can be an essential tool in
determining development strategies and reducing flood damage.
Calculating flood damage in existing uses provides useful
information for various organizations such as insurance to be aware
of the amount of damage in different uses in the event of a flood.
Methods: The study area is located in Rudak basin. In this regard,
first maps, required hydrological data and DEM of the study area
were prepared. Then, according to the flow data, the maximum
annual moments in Rudak hydrometric station were fitted with
normal log distribution (as the best distribution) and the flow rate
was obtained in four return periods. Then, a single hydrograph was
obtained by SCS method for different return periods. Then, using the
HEC-RAS2D model, the flood zone with the mentioned return period
is obtained and finally, based on the global damage-depth functions,
the amount of damage in the return period is based on different uses,
including residential, commercial, agricultural, roads was calculated.
Findings: By comparing the results of flood zoning and damage
maps, which with increasing flood return period, the amount of
damage and the area of high-risk zone increases. The amount of flood
zone in the return periods of 5, 25, 50 and 100 years is equal to 17.9,
18.9, 19.4, 19.9 hectares, respectively. Most of the damage is related
to agricultural lands and then lands with commercial use. The rate of
increase in damage to the area between floods 5 and 25 return period
is about 47%, between floods 25 and 50 return period is about 6%,
and between floods 50 and 100 years is about 15%. Therefore, a 50-
year flood can be proposed to determine the flood protection plans
of the region.
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Extended Abstract

Introduction

Undoubtedly, flood is the most catastrophic
natural disaster. Perhaps at first glance, the
dimensions of events such as earthquakes or
volcanoes seem larger than other natural
events, but statistics show that floods rank
first among other events, both in terms of
casualties and financial losses. Flood
warning and forecasting can be considered
as one of the most effective non-structural
methods of flood management in reducing
the risks and damages caused by floods.

The rate of increase in population growth,
development of urban areas and
encroachment of river boundaries and
increase of impervious surfaces have
increased the intensity of damage and
magnitude of floods. Failure to pay attention
to the bed and privacy of rivers directly
reduces the flood capacity and increases the
water level, which prepares the ground for
the occurrence of destructive floods in cities.
Therefore, it is important to determine the
boundaries of the river and identify places
with a high probability of flooding for the
security of people's livelihood and biological
activities. Therefore, it is inevitable to
identify high-risk areas and prevent urban
development in these areas to reduce the
severity of flood damage.

Materials and Methods

To calculate the flood damage using depth-
damage curves, the flood area and flood
depth must first be obtained using HEC-RAS
software. For this purpose, flood hydrograph
was obtained using SCS method. Using
Hyfran plus software, the log normal
distribution was fitted as the best statistical
distribution on the maximum annual
discharge data. The amount of flood
discharge in the return period of 5, 25, 50
and 100 years was equal to 111, 200, 242,
289 cubic meters per second, respectively.
Regarding the flood frequency analysis and
calculation of the return period and flood
probability according to the recorded
information of the instantaneous maximum
discharge at the Rodak hydrometric station
at the outlet of the studied area, a frequency
analysis has been carried out. For this
purpose, the frequency analysis of

observational and directly measured data
has been used, and the uncertainty and error
in this method is definitely lower than the
rainfall and runoff modeling method. If the
rainfall-runoff hydrological model is
prepared, it should be compared and
optimized  with  the observational
hydrographs and the maximum momentary
discharge recorded at the hydrometric
station, if the measured observational data is
used directly. Also, hydrological simulation
is done if we want to check and calculate the
hydraulic behavior of the flood in all the
intersections and sub-basins, but in this
research, we only needed a flood
hydrograph at an initial stage, the maximum
flow of the hydrograph based on the data
observations and temporal distribution of
flow are estimated based on SCS artificial
hydrograph.

Findings

According to the results, as the flood return
period increases, the amount of damage in
all uses increases. Also, in the 100-year
return period, the highest amount of damage
is in agricultural, commercial, residential
and transportation uses, respectively. The
comparison between the total damage
caused in all the land uses in the Rudak basin
in different return periods shows that the
amount of damage increased between 5 and
25 year floods by about 47%, between 25
and 50 year floods by about 6%, and
between 50 and 100 year floods. It is about
15% per year. The comparison of flood
damage in different return periods provides
useful information for different
organizations such as insurance to be aware
of the amount of damage in different uses in
the event of a flood and have the necessary
plans to pay for the damage in the event of a
flood. Certainly, the amount of damage
cannot be used alone as a decision criterion
for land protection, and the degree of
importance of land use with regard to the
loss of life that it can cause is also considered
as a criterion. In addition, due to the change
in the use of agricultural land to residential
and commercial in the area of Jajrud River, it
is predicted that in the future, the
development of the region will be in these
two parts and the size of agricultural land
will decrease, so the importance of this part,
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which causes loss of life, will increase.
However, considering that most of the
technical buildings along the route are
designed based on 50-year flood and also
comparing the amount of damage in floods
with different return periods, it is possible to
suggest 50-year flood to determine the flood
protection plans of the region.

Discussion

The comparison of flood damage in different
return periods, the way land use changes in
future development plans, along with the
degree of importance of the area's uses,
especially residential and commercial uses
that cause loss of life, can be used as criteria
for determining the plan's flood to
determine flood protection plans in the area.
It is suggested to be considered in future
research. Certainly, the amount of damage
cannot be used alone as a decision criterion
for land protection, and the degree of
importance of land use with regard to the
loss of life that it can cause is also considered
as a criterion. In addition, due to the change
in the use of agricultural land to residential
and commercial in the area of Jajrud River, it
is predicted that in the future, the
development of the region will be in these
two parts and the size of agricultural land
will decrease, so the importance of this part,
which causes loss of life, will increase.

Conclusion

The results show that the amount of flood
damage is directly related to the return
period of the flood, and with the increase of
the return period, the amount of damage
increases, so that in the agricultural sector
between 5 and 100 years of flood, the
amount of damage is 40%, in the
transportation sector 64%, in the
commercial sector about 154% and in the
residential sector they increase by about
80%. This percentage increase between 50
and 100 year floods takes a gentler slope. In
addition, the largest amount of damage is in
the agricultural sector, which is also due to
the size of the agricultural land in the region.
By comparing the flood zoning maps, the
speed, depth, water level profile, area of the

flood zone has a direct relationship with the
increase of the flood return period and
increases with the increase of the flood
return period, so that the amount of the flood
zone with a return period of 5 and 100 years
is about 16%. increase. Due to the existence
of construction on the banks of the river and
the presence of residential houses and
commercial areas, as well as the existence of
a multi-story hotel in the vicinity of the river,
and the results obtained, the flood has
covered parts of the road, and in the event of
a flood, there is a possibility of life risks.
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