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EXTENDED ABSTRACT

Introduction

Flood is a major natural phenomenon, prevalent
with an extremely large impact on social-
ecological systems due to human interventions in
nature. Flood is a common phenomenon not only
to low-lying or adjacent to rivers areas, but also to
mountainous  plateaus. Worldwide floods
especially during the last decades has been
extremely severe, and record significant high rates
which means the intensity of flood are increasing
due to extreme weather events and climate
change. Consequently, this kind of natural
phenomenon is critical to be controlled through
proper management. According to climate
change, the mean precipitation is projected to
become more severe in the future which causes
river floods, flash floods, urban floods, coastal and
sewer flooding, hence findings and assessing of
utmost rainfall events could be beneficial in terms
of flood management. Floods have affected the
geo-environment through the transportation of
chemicals wastes, which have this ability to
contaminate surface and subsurface waters as well
as agricultural lands. The current understanding is
that floods are naturally occurring incidents and
hence cannot be entirely prevented. Many Asian
countries including Iran are heavily affected by
floods in recent decades and were the site of the
life-threatening natural disaster. In recent years,
extreme rainfall events and as a result of ongoing
urbanization and accelerated climate change as
particular concern which may lead to more
frequent and severe rainfall events, urban areas
around the world have experienced several floods
especially in the Kurdistan province, Iran. Thus,
the identification and developing reliable and
efficient tools to identify flood-vulnerable areas is
vital for  comprehensive flood  zoning
management. Due to the importance of this issue,
the main aim of this study was to identify the
flood-prone zones in Kurdistan province, Iran.

Material and Methods

The present work introduces a local scale flood
potential zonation assessment methodology, using
multi-criteria analysis and analytical hierarchy
process (AHP) techniques in a GIS environment,
which mainly focuses on flood-prone zones in
Kurdistan province. Many studies have been
conducted to identify the main factors
contributing to the severity of floods. A variety of
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techniques can be used to incorporate different
criteria into an integrated tool for both flood
prediction and mitigation, depending on the
availability of data. Fig.1 illustrates the stage of
the current research. In this study, the geological
and hydrological features of the province were
evaluated. In order of the most prone flooding
areas to be identified, six factors, which are
directly related to flood occurrence and
generation, were combined in a GIS environment.
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Fig. 1 Flowchart of the stages of research

These conditioning factors involved in the present
study are: rainfall, slope, distance from rivers,
drainage density, land cover and topographic
wetness index. It is notable that for all kinds of
flood potential mapping, the digital elevation
model (DEM) is one of the principal parameters
to derive most of the conditioning factors (Fig. 2).
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Fig. 2 Digital elevation model of Kurdistan province

ol (owdige 5 S jlan

Vol. 10, No. 1, 2024

[

EWE

VFeY )Léd A o)Lo..i) AR 0,9


SAMSUNG
Typewritten text
80


A Flood Potential Zonation Using Analytic Hierarchy Process

By integrating these parameters, flood-prone
areas in the study region were mapped. The
analytical hierarchy process was used to
determine and weight each factor of flood
parameter and flood occurrences based on their
greater influence towards flooding. By overlaying
these six parameters, the final flood hazard map in
geographical information system (GIS) was
determined. All factors were resampled into a
pixel size of 30x30 m and were reclassified
through the natural break method and the final
flood-zoning map was prepared and reclassified
into five categories: Very high, High, Medium,
Low and Very low.

Results

According to the results of this study, rainfall,
slope and distance from the river have the most
important impact in the flood proneness of the
province with weights of 0.409, 0.295 and 0.134
respectively. In addition, drainage density, land
use and topographic wetness index were the next
significant criteria, respectively. Moreover, the
results show that almost most of the western areas
(northwest and west) and south of the province

were the most vulnerable and flood-prone regions
in Kurdistan province due to higher rainfall, lower
slope, and proximity to rivers. These areas were
Sagez city in Urmia basin, Divandarreh city in
Karkheh basin and parts of Sanandaj city while
the eastern parts of the province were the least
flood-prone zones mainly due to lower amount of
annual rain.
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Fig. 3 Flood potential map for Kurdistan Province,
Iran

As shown in Fig. 3, it demonstrates that historical
flood events have occurred in moderate to very
high flood hazard areas, which was consistent
with historical floods data. The percentage of
different areas prone to flooding were very low
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(0.1%), low (1.9%), medium (43%), high (52%),
and very high (3%). In addition, it is worth noting
that areas with rich vegetation such as forests are
far less likely to flood than urban areas and
agricultural lands. In addition to the mentioned
cases, most of the western and central regions that
had a higher flood potential were located in the
outlet of the watersheds limited to areas with a low
slope and close to the large and main rivers, where
rainfall was also significant in these areas.

The highest harvest index was obtained in the
irrigation treatment equal to 125% of the water
requirement of quinoa. The results showed that
the maximum seed yield (2357.5 kg/ha) and
biological yield (5415.9 kg/ha) were obtained in
the treatment with irrigation water depth equal to
100% of crop water requirement and
vermicompost fertilizer at the rate of 15 Ton/ha.
The highest water productivity (53 kg/m3) and
water use efficiency (527/527 kg/m3) were
observed at irrigation water levels.

Conclusions

The method analyzed six parameters combining
the information in rainfall, slope, distance from
river, Land use, drainage density and topographic
wetness index which rainfall and slope where the
most effective criteria, respectively and by
combining these six criteria, Urmia and Karkheh
basins were the most flood-prone areas which
were severely affected by flood in past decades.
Moreover, about 3% of highly affected areas were
located in western and central parts of the
province. Therefore, the findings of this study can
play a key role in flood potential management in
the target region; the local disaster management
authority, researchers, planners of local
government, and line agencies dealing with flood
risk management can use them. In addition,
models such as decision tress, random forest and
HEC-RAS can be used to improve the final zoning
map, basin management, development of flood
prevention and mitigation plans that may lead to a
reduction of flood impact or damage caused by
extensive precipitation.

Data Availability

The data used in this research are presented in the
paper.
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Table 2 Weight calculation and pairwise comparisons of criteria

Distance

Drainage

LU/LC . Slope TWI . Rainfall
to river density

Rainfall 8.5 5.5 1 6 5 2
Drainage density 4 1 0.18 3 0.5 0.2
TWI 1 0.25 0.117 0.25 0.16 0.125
Slope 8 5 0.5 5 4 1
Distance to river 6 2 0.2 5 1 0.25
LU/LC 4 0.33 0.16 1 0.2 0.2

3Randomness Index
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Table 3 Categorization of the factors affecting flood potential

Sub-criteria

Criteria Relation Criteria weight Sub-criteria .
weight
223.2-363.6 0.040
363.6-500.6 0.068
Rainfall Direct 0.409 500.6-651.09 0.164
651.09-808.2 0.269
808.2-1075.6 0.460
0-6.3 0.515
6.3-13 0.274
Slope Indirect 0.295 13-20.7 0.115
20.7-30.1 0.060
30.1-77.6 0.037
0-2.7 0.478
Distance to . 2.7-5.9 0.288
river Indirect 0.134 5.9-9.2 0.119
9.2-13.1 0.072
13.1-22 0.043
0-0.095 0.052
Drainage . 0.095-0.231 0.076
density Direct 0.084 0.231-0.396 0.144
0.396-0.588 0.289
0.588-1.112 0.440
P res an
Fo
0.072
. Forest
Land use Direct 0.052 . 0.153
Dryland farming 0286
agricultural land O. 438
urban settlements ’
1.92-5.65 0.067
5.65-7.37 0.094
TWI Direct 0.026 7.37-9.95 0.165
9.95-13.77 0.255
13.77-26.29 0.418
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Fig. 4 Zoning maps of effective criteria in flood potential in Kurdistan province: a) rainfall; b) slope; c) distance
to river; d) drainage density; e) land use; f) TWI
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