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The study of resilience in riparian cities like Hamidiyeh, which are directly exposed to
Received: the risk of river overflow, is vital due to the intensification of floods resulting from
2R7/02./2%25 ised form: urbanization and climate change. This research aims to enhance the city's capacity to
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13/10/2025 integrating a GIS-based Analytical Hierarchy Process (AHP) multi-criteria decision-
Publisher online: making model with an analysis of indicator collinearity, weight sensitivity analysis, and
15/10/2025 multivariate correlation analysis. Within this approach, fifteen independent (non-

collinear) indicators were combined to identify potential areas of flood hazard,
vulnerability, and risk. The results indicate that over 25% of the total county area is
classified under high and very high flood hazard. Furthermore, 80% of Hamidiyeh City's
urban fabric falls into the medium to very high-risk zone. The flood hazard map
demonstrated high accuracy and reliability, with a ROC-AUC (Receiver Operating
Characteristic - Area Under Curve) exceeding 90% and MSE (Mean Squared Error) and
8 RMSE (Root Mean Square Error) values below 40%. The sensitivity analysis performed
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research. This robust and validated model offers reliable results that contribute to
sustainable flood management, and its strategies are transferable to similar regions.
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Extended Abstract

Introduction

Flooding, a devastating natural hazard, is causing increasing global damage, exacerbated by urbanization and
climate change. Flood risk assessment is essential for urban protection, yet current approaches are often not
comprehensive. Modern technologies such as remote sensing and GIS offer effective tools for flood risk
analysis. This study aims to evaluate flood risk in Hamidiyeh city, located in Khuzestan province, which is
vulnerable to flooding due to its proximity to the Karkheh River. The present research employs the Analytical
Hierarchy Process-Multi-Criteria Decision Making (AHP-MCDM) model, integrated with GIS and
incorporating sensitivity analysis techniques, to develop accurate flood hazard maps and identify vulnerable
areas in Hamidiyeh city. The ultimate objective of this research is to provide solutions for sustainable flood
management and the reduction of its negative impacts in this region and similar areas. Furthermore, this study
provides an overview of various flood risk assessment models and emphasizes the importance of sensitivity
analysis in enhancing the accuracy and reliability of these models.

Study Area

Hamidiyeh County (81,978 ha, 53,762 pop.), located in central Khuzestan, faces significant flood hazards.
Despite a low elevation of 20 meters, the primary cause is its peninsular location along the Karkheh River
(Iran’s third-largest river), which historically supported the city’s agriculture. This flood vulnerability is
intensified during rainy seasons by the river's extensive meandering and, crucially, by changes in land use near
the city. This research aims to comprehensively understand these flood risks within the Hamidiyeh area.

Material and Methods

The present research is applied in nature and employs a descriptive-analytical methodology. Data were
collected through library studies and questionnaires administered to 40 experts in fields pertinent to Hamidiyeh
city. Expert selection was conducted using a purposive sampling method, based on their specialization in the
topic of urban vulnerability to flooding. This study examined factors influencing flood risk, multicollinearity
testing, flood hazard map validation, and sensitivity analysis. Multicollinearity-free indicators were integrated
within GIS software, and quantitative thematic layers were classified using Jenks' natural breaks optimization
method. The research methodology was based on the Multi-Criteria Decision Making - Analytical Hierarchy
Process (MCDM-AHP) model.

Result and Discussion

Hamidiyeh city has experienced significant flood damage due to low urban resilience. To mitigate the impacts
of flooding, assessing resilient and vulnerable areas is essential, yet adequate measures appear to be lacking.
This research was conducted to map flood hazard zones in Hamidiyeh using the MCDM-AHP model and GIS,
aiming to establish a database for sustainable flood management. In this study, various topographic,
hydrological, environmental, demographic, and infrastructural factors were considered and weighted. The
results indicate that low elevation, flat slopes, and high drainage density signify very high flood hazard areas,
while demographic and infrastructural indices play a significant role in determining vulnerability. Although the
MCDM-AHP model may have limitations due to data constraints and criteria selection, sensitivity analysis was
employed to ensure the correlation between model input and output. Single-parameter sensitivity analysis and
map removal revealed minor changes in the sensitivity index. Model accuracy was validated using ROC-AUC,
MSE, and RMSE. This model provides accurate and reliable outputs and is recommended for future research in
flood-prone areas. Despite the high accuracy of MCDM-AHP, utilizing high-resolution datasets and other
MCDM and machine learning methods could yield improved results. By providing a precise assessment of
flood hazard zones, this research contributes to enhancing information and offering practical solutions for
sustainable flood management in Hamidiyeh.

Conclusion

This study was undertaken to map flood-prone areas (FRZ) within Hamidiyeh County, with a specific emphasis
on the flood vulnerability of Hamidiyeh City. The research employed the Geographic Information System-
Analytical Hierarchy Process (GIS-AHP) methodology, complemented by sensitivity analysis, to identify high-
risk and vulnerable zones. Key findings indicate that 10.57% of the region's total area is categorized as having
very high vulnerability, while 5.5% is classified as under very high flood risk. Elevation emerged as the most
significant determinant of flood hazard, whereas drainage density was found to be the least influential factor.
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Sensitivity analysis demonstrated that alterations in criteria weights and the removal of thematic maps can
influence the outcomes; nevertheless, the AHP model exhibited robust performance in identifying flood-prone
areas, achieving an accuracy exceeding 90%. Model validation, utilizing Receiver Operating Characteristic
Area Under the Curve (ROC-AUC), Mean Squared Error (MSE), and Root Mean Squared Error (RMSE)
indices, further substantiated its accuracy and reliability. Despite inherent limitations associated with the GIS-
AHP method and challenges pertaining to the selection of indicators and datasets, this research has yielded
valuable insights. These findings are poised to assist policymakers and stakeholders in the formulation of
sustainable flood management strategies and the mitigation of adverse impacts in the Hamidiyeh region and
analogous areas. The study's outcomes are of particular relevance for the development of resilient flood defense
infrastructure and the implementation of urban protection approaches. Furthermore, this research establishes a
robust framework for future investigations leveraging more advanced methodologies and exploring
multifaceted dimensions of comprehensive flood management within the region. Ultimately, this study
emphasizes the critical importance of precise flood risk assessment and its indispensable role in safeguarding
cities and communities against this devastating natural hazard.
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User accuracy(%) = Ln (xkk) x 100 )
Producer accuracy(%) = Ln (xkk) x 100 )
Overall accuracy(0A) = 1 k=1 )

! Flood risk zone

2 Flood hazard zone

% Elevation

4 Slope

® Drainage density

® Distance from river

" Topographic Wetness Index
8 Land Use/ Land Cover
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! Rainfall

2 Inverse distance weight

% Curvature

* lineament density

® Aspect

® Flood vulnerability zone

" Population density

8 Settlement density

® Kernel density

10 bistance from road network
1 Distance to health & clinic



BY oo 3O Jlw NF+F yboue)

VAY B (of ditains — (5 ygudi sl g Ll yia

3l addlace 5 50 ddlaie gl Sloyo g gdloge 31,0 B alold 5 slool> a5l alold 4y bgy o (slaosls (DTHC
goly 5 jlol 51 28l o slaosls Ly cledlbol 0] v Cgz 5 (559! ae> OpenStreetMap <ol
Sl STye SunBae 5sleal 5Ll gaia olals 5l (8L )3 DIl g (39290 (slaol) 4ot (sl )5 5be e
AICGIS I3 8la 5 o owanlil alols g, 5l ooliiul b abgy e (sloayy gs gz o ool (bl Sloys s
aib zi, 4 9 (Chen et al., 2013; Mitra et al., 2022; Peng and Zhang, 2022)us50— eolal i sas
mo s 5o S WS Al 5l Az ol bl cyz a5 (RD) lacl, o515 5 (00 5 om0 0,15) Wad (gomatos

(20 0,155) Conl 00y dgs aslllas 3,50 Ailate sbaol, (sl AICGIS I3l

o 5 gl g 5l Jolge 1y Al ain (as (Siwnd (auidd Ghy,
oy ot @l T 0 2g 9 000 5Ll Jits gl yeie (e (b3 (Saen 4 alfaiz (os  Sten
Pl Jae Sl S allasy (o (Sven (anteis gl ilise sl bs, (Jong, 2019)s 1 ol e
50 st sla by, 5l asdllas ool 4o (Ahmed et al., 2022; Saber et al., 2022)s ls ss>g s Slalllas o
Fo Jole 0 5 o jlaz 5 5 Jale V0 o by (o (Sieen 2 sl VIFY uiloly 58 oy
51 =5, VIF ,olis (Mitraet al., 2022; Debnath et al., 2023) sl oo soliiw! Juw (s pdscaw] 2 55
iy aes Bl 5l ol 1t S5 slapmit 5l Sy o sl #1151 5208 Ja s 54
=S8 s as Sien O in glyls Jolse dan B3> pl slo «(Khosravi et al., 2018)acs
ozl Jlse glp VIF g Joss j0lie (Mitra et al., 2022; Debnath et al., 2023)54.5 o0 4pogs (55l Joe

1wl 00l Ao (A 9 Y D¥olae) p5 cVolas 5l oolitwl b o (s pdocam] g ot oo
T, =1— R} V)
VIF; = o )

&l owilyly py95 o Bams s Lis VIF, ‘rali 00 s ey e JozS jlade Baimsylis T ! 3

WS oo iy ) an S5 e Sl e po R g pll 0aisS pin iy i

MCDM-AHP (saiyas; 9 (830339 &lp'
3590 o0 S yglody 5 4l (ol Jow sl unaiyy 5 e amlas b)) 50 29y 0ol Soes

Saaty, ) oo Loyl (sunas) 5 09 ot Slr 2970k Olpedr gy (rl 0 S o0 B eoli]
MCDM- g, 3l caslllas ol 5o .(1980; Gupta and Dixit, 2022; Mitra et al., 2022; Debnath et al., 2023

Mitraet al., ) cwl ool colaw! 6)-"-\-’"‘-‘-“’—‘ 9 J...w )Ja.> 6‘):’ ool PO sy raLé.)‘ G‘ﬁAHP

! Euclidian distance

2 Road density

% Kernel density

4 Multicollinearity

% Tolerance

® Variance Inflation Factor

" Multi-Criteria Decision Making - Analytic Hierarchy Process
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! pair-wise comparison matrices
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! Consistency Ratio
2 Random Consistency Index
® Raster calculator
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! Single parameter sensitivity
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% Effective Weight
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