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Abstract

Flooding is one of the most significant natural disasters that has extensive

impacts on various regions of Iran, particularly in Kashan County. Each year, this
phenomenon causes considerable financial damage to local infrastructure and
often results in human casualties. Given the importance of this issue, identifying
and assessing flood-prone areas can play a crucial role in minimizing losses and
preventing the destructive effects of floods. Accordingly, the present study
focuses on flood susceptibility zoning in Kashan County, located in central Iran.
In this research, Geographic Information System was employed as an effective
analytical tool. In the first stage, raster maps related to key indicators influencing
flood susceptibility were prepared. These indicators included environmental and
geographical variables affecting flood occurrence. Subsequently, the maps were
analyzed using the Analytical Hierarchy Process, one of the most widely used
multi-criteria decision-making methods for weighting. The weights of each
criterion and their respective classes were determined through this process.
Finally, the flood susceptibility map was generated using the raster calculator
tool within the GIS environment. The results indicate that approximately 30% of
the county’s area falls within zones of high flood risk, primarily covering the
eastern regions characterized by high population density and urban development.
In contrast, about 60% of the area lies within low-risk zones, mostly located in
the western parts of the county with gentle slopes and dense vegetation cover.
The novelty of this study lies in the simultaneous integration of twelve
environmental and hydrological indicators within the AHP-GIS framework, with
a specific focus on the arid climatic conditions of Kashan. The findings of this
research can serve as a valuable basis for disaster management planning and the
implementation of preventive measures across Kashan County.
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1. Introduction decade.
This interdisciplinary study aims to develop a
scientific-practical framework for accurately 3. Research literature review
assessing flood susceptibility in Kashan County. - Numerous studies have been conducted in the
The present research innovatively integrates the field of flood risk zoning, which can be divided
Analytic Hierarchy Process' and advanced spatial into three general categories:
analyses within a Geographic Information - Studies based on hydrological indicators
System® environment to evaluate 12 key - Research with a remote sensing approach
indicators influencing flood susceptibility (Fig. - Integrated research on multi-criteria decision
1). making and GIS
The findings reveal that approximately 37.2% - By combining the strengths of all three
of the county's area falls within high-risk and very approaches, this study provides a comprehensive
high-risk flood susceptibility categories. By model for flood risk assessment (Goodarzi et al.
providing high-precision spatial zoning maps and 2020, NOAA Severe Weather, Shahabi, 2021).
flood risk management strategies at various
levels, this study takes a significant step toward 4. Research goals and innovations
mitigating damages caused by this natural The main objective of this research is to develop
phenomenon. a scientific framework for:
- Quantitative identification of flood-prone areas.
] a a M e . -Analytical hierarchy of influencing factors.
i F - Providing evidence-based management
e solutions.
",'ab"z E 3 =3
B N A 5. Advanced methodology
oo T athad - Theoretical framework of the research
o 2Ot chom i This research is designed based on the systems
X o Gowanabit, 7 paradigm and with a combined quantitative-
Sy o qualitative approach. The conceptual framework
shahrekord yazd . .
PN of the research includes three main stages:
3 gl £ 1. Data preprocessing stage
S epen 2. Analysis and modeling stage
g = , o 3. Validation and interpretation of results stage.
S - Research population and sample
The statistical population of this study includes
all spatial data of the Kashan region between
. 2000 and 2022. Sampling was carried out
Y ; purposefully and based on scientific criteria.
un - Q - Data collection tools
' — : A combination of the following methods was
. used in this research:
Fig. 1. Study area houndary - Library and documentary studies
- Field observations
. - Satellite images
2. Explanation of the research problem - Data from official organizations
Flash floods, as one of the most destructive
natural disasters in arid and semi-arid regions,
cause significant economic and human losses to 6. Data analysis methods
communities annually. Kashan City is at high risk Data analysis was conducted at three levels:
of flooding due to its specific geomorphological 1. Descriptive level: including descriptive
characteristics and land use changes resulting statistics and basic spatial analyses
from urban development. Recent studies show 2. Analytical level: including AHP modeling and
that changes in precipitation patterns in the region advanced spatial analyses
have led to a 40 percent increase in the 3. Inferential level: including model validation
occurrence of destructive floods in the last and interpretation of results.
! Analytic Hierarchy Process (AHP)
2 Geographic Information System (GIS)
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7. Research findings

Equations start from the far left of the column and
are numbered consecutively. The equation
numbers must be in parentheses and placed.

The results of spatial analyses show that
different factors have different intensities in the
flooding potential of the region. Land slope was
identified as the most important factor with the
highest impact (24.7 percent). This was followed
by vegetation cover with 19.2 percent and
precipitation with 15.8 percent.

Based on the final model results, the areas of
Kashan City were divided into four risk classes:

- Very high-risk areas (32.4% of the area)
- High-risk areas (4.8% of the area)

- Medium-risk areas (8.7% of the area)

- Low-risk areas (54.1% of the area)

The presented model was validated with two
different methods:

1. Comparison with historical
accuracy.
2. ROC test: Area under the curve 0.891.

data: 87.5%
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Fig. 9. Area of zones with flood hazard potential
(km?)

8. Discussion and conclusion

The findings of this study show that the eastern
regions of Kashan City are at the highest risk of
flooding due to a combination of natural and
human factors.

This research contributes theoretically to the
development of basic knowledge in the field of
flood risk management. From a practical
perspective, it also provides implementation
strategies for reducing flood risk.
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Table 1. Classification of parameters affecting flood potential

Map Classification Ranking
783--1272 5
Elevation map (meters above sea level) igﬁ;gég ég
2382--3596 100
0--6 5
7--13 25
Slope map (percentage) 14--21 50
22--30 75
31--73 100
Miscellaneous lands 5
Mixed Lands 10
Low Plains 10
Plateaus 20
Landform map Hills 50
Alluvial Plains 50
Slope Plains 50
Flood Plains 70
Foothills 100
Good 5
Relatively good 10
Land cover density map Low 60
Very low 80
No vegetation 100
Mixed Lands 10
Lowlands 10
Industrial 10
Residential 20
Land use map Plateaus 30
Hills 40
Slope Plains 40
Flood Plains 60
Mountains 100
Ultra-arid 10
. Arid 15
AN L2 D Mild semi-arid 20
Intermediate semi-arid 25
150 60
Annual precipitation map (mm) 200 80
300 100
0--0.17 40
0.18--0.34 50
Watercourse density map (L/Km) 0.35--0.51 70
0.52--0.68 90
0.69--0.86 100
0--8.1 25
8.2--14.3 20
Distance map to main waterways (km) 14.4--24.3 15
24.4--32.3 15
32.4--40.5 10
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