59 0 )loid cpiunns Jbw IFoY 5l

AV D o gi g Ll ,aa

Flood Risk Zoning in Torbat-e Heydarieh Using Fuzzy Logic

Sanaz Saeedi Mofrad*™, Mehdi Asiaei?, Fatemeh Goharkhah®

1. Assistant Professor of Urbanism, Islamic Azad University, Mashhad, Mashhad, Iran
< E-mail: Saeedi.s@mshdiau.ac.ir

2. Ph.D Student of Geography and Urban Planning, University of Tehran, Iran
E-mail: Asiaei.mehdi@ut.ac.ir

3. Ph.D Student of Geography and Urban Planning, University of Tehran, Iran
E-mail: Goharkhah@ut.ac.ir

How to Cite: Saeedi Mofrad, S; Asiaei, M; & Goharkhah, F. (2022). Flood Risk Zoning in Torbat-e
Heydarieh Using Fuzzy Logic. Geography and Development, 20 (66), 81-106.

[BI®JE http://dx.doi.org/10.22111/310.22111.2022.6714

Received:

22 February 2021

Received in revised form:
14 September 2021
Accepted :

20 October 2021

Published online:

15 January 2022

Keywords:

Natural hazards,
Vulnerability,
Hierarchical analysis.

ABSTRACT

Awareness of the occurrence of natural hazards is very important for urban planning and
development. One of the most important natural hazards is floods, which will cause damage if they
occur. One of the ways to deal with flood zoning is flood potential. The present study was
conducted with the aim of zoning the risk of floods in Torbat Heydariyeh city with emphasis on
urban and rural areas in 2020.This research is an applied type in which fuzzy logic, AHP
hierarchical analysis and GIS are used. In this study, eight criteria of slope, distance from the river,
altitude, geology, land use, rainfall, drainage density and vegetation have been studied. To flood
risk zoning, first the selected layers are rasterized in GIS Arc environment and then using layer
membership functions, fuzzy and finally fuzzy maps of the layers are obtained. Then, with the help
of Excel software, the process of pairwise comparison of the criteria with each other is performed
and then the final weight of the criteria is combined with fuzzy layers and finally the obtained
maps are matched with fuzzy operators and the zoning map is extracted. The results show that the
main and effective variables in causing floods in the study area are slope with a weight coefficient
of 0.306 and precipitation with a weight coefficient of 0.175. However, vegetation variable with a
weight coefficient of 0.040 had the least effect in the study area. Therefore, according to the flood
risk classification map, Torbat-e Heydarieh city is in a very high risk area, so it is important to
carry out watershed management operations at the city level. It should also be noted that the city of
Torbat-e Heydarieh is in a very low risk area and in terms of rural settlements, most of the
settlements in this city are in a zone with high and very low risk of vulnerability.
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Extended Abstract

1. Introduction

sudden event in which several factors are involved,
these factors can be summarized in three main
groups of climate, regional characteristics and

In the first six months of 2020, at least 207 natural
disasters were recorded worldwide, according to the
Center for Aon Studies. According to international
statistics, in 2019, at least 27% of the risks occurred
in the field of natural disasters. In the first half of
2020, the damage caused by natural hazards
worldwide is estimated at $ 75 billion. One of the
most important natural hazards is floods, which can
cause a lot of damage if they occur. Flood is a

human activities. It should be noted that land use
changes, urbanization, unprincipled constructions,
old sewage system and development of impermeable
lands in urban areas that are due to human activities
also have an important impact on the occurrence of
this disaster.

One of the most important ways to identify areas
prone to this natural hazard is to zoning areas prone
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to flooding. Therefore, in one definition, it can be
said that flood zoning potential zoning is the
determination and description of areas with
potential in terms of surface runoff, which is based
on the characteristics of the areas. Therefore, one of
the ways to manage flood zoning is its potential
occurrence. Iran is one of the most vulnerable
countries to natural hazards due to its natural
characteristics. Therefore, it is important to know
the effective factors in natural hazards and the
resulting damages. Khorasan Razavi province, as
one of the most important provinces of the country,
is affected by these dangers every year, which
unfortunately leads to many damages. Therefore,
paying attention to the vulnerability of the cities of
this province, especially the city of Torbat-e
Heydarieh, is considered important. Therefore, this
present study has been conducted with the aim of
zoning the risk of floods in Torbat-e Heydariyeh
city with emphasis on urban and rural areas in 2021.

2. Methods and Material

This research is an applied type in which fuzzy
logic, AHP hierarchical analysis and GIS are used.
In this study, eight criteria of slope, distance from
river, altitude, geology, land use, rainfall, drainage
density and vegetation have been studied. In this
research, to zoning the risk of floods, first the
selected layers are rasterized in GIS Arc
environment and then using membership functions,
fuzzy and finally fuzzy maps of the layers are
obtained. With the help of Excel software, the
process of pairwise comparison of the criteria with
each other is performed and then the final weight of
the criteria is combined with fuzzy layers and
finally the obtained maps are matched with fuzzy
operators and the zoning map is extracted.

3. Results and Discussion

In zoning the risk of floods, first, the effective
criteria in the study area should be identified, and
the importance of each should be measured and
evaluated. Therefore, according to the limitations
and past experiences, eight criteria of slope,
distance from the river, altitude, geology, land use,

rainfall, drainage density and vegetation have been
studied. First, the desired layers are fuzzy in Arc-
Gis environment and in the next step, fuzzy
membership of the studied criteria is performed and
then pairwise comparisons of the criteria and sub-
criteria are performed using the opinion of experts.
These pairwise comparisons, described by linguistic
variables, are expressed by triangular fuzzy
numbers that serve as input to the fuzzy hierarchy
analysis model.Based on this method, the final
weight of criteria and sub-criteria were determined.
Accordingly, vegetation criteria with weight of
0.040 have the least impact and slope with weight
of 0.361 have the most impact. 0.666 and rainfall
with a weight of 0.589 have the greatest impact on
the occurrence of floods in the study area.

4. Conclusion

The results show that slope and rainfall parameters
are the first priority in flood risk zoning in the study
area. Vegetation parameters, distance from the
river, land use, altitude are the next priorities. Also,
based on the results of combining the layers by
fuzzy overlap method and the final weights
obtained from the AHP model, a flood risk
classification map was extracted in the study area
and it was determined that the areas are very high
risk. (30.49%)Includes some central, northern and
southern areas, high-risk areas (14.8%) In the
northern and southeastern regions, moderate risk
areas (5.11%) In the southern extremities, low risk
areas (12.9%) in the northwestern regions and very
low risk areas It is scattered in the central, western,
northern and northeastern areas of the city. The city
of Torbat-e Heydarieh, as the center of the city, is in
a very low risk range in terms of flood potential,
although some parts of it are in a very high risk
range. The rural settlements of Tiz County are
mostly in very small areas. Of course, in the
northern areas, especially in the northeast of the
city, some rural areas are at high risk.

Keywords: Zoning, Flood, Torbat-e-Heydariyeh,
Fuzzy zone, AHP model, GIS.
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