A New Approach to Flood Risk Assessment: Integration of the Analytic
Hierarchy Process and Sensitivity Analysis in the World Heritage Sites of
Shushtar Historical City

Saeid amanpour'’, Mahmud Abiyat’

1. Professor, Department of Geography and Urban Planning, Faculty of Literature and Humanities, Shahid
Chamran University of Ahvaz, Ahvaz, Iran.
*E-mail: amanpour@scu.ac.ir
https://orcid.org/0000-0001-9771-5632

2. PhD Student in Geography and Urban Planning, Faculty of Literature and Humanities,sShahid Chamran
University of Ahvaz, Ahvaz, Iran.
Introduction

https://orcid.org/0000-0003-2060-0284
Flooding, as one of the most devastating natural disasters, is exacerbated by climatea\gge and rapid urban development,
highlighting the critical need for accurate risk assessment. Although modern‘téchnologies such as Remote Sensing (RS)
and Geographic Information Systems (GIS), integrated with Multi-Criteria Decision-Making models like the Analytic
Hierarchy Process (AHP), are effective tools for hazard zoning, the common practice of overlooking indicator collinearity
and sensitivity analysis in previous studies has frequentlyundermined th%\slidity and stability of the results. Furthermore,
€

the historical city of Shushtar, situated along the Karun River and home te invaluable UNESCO World Heritage sites, is
severely threatened by hydrological hazards. Therefore, this tesearchiaims to address these methodological shortcomings
by employing a refined and innovative AHP framework, integrated with_statistical collinearity control and sensitivity
analysis. The ultimate goal is to generate stable and integrated flood risk and vulnerability maps that provide effective,
place-based protection and management strategies to enhance theyresilience of Shushtar’s historical fabric against future
flood events.

Material and Methods

This applied, descriptive—analytical research focuses on the historical city of Shushtar in Khuzestan Province, which is
highly exposed to flood risk due to its sensitivepeninsular location between the two branches of the Karun River (Gargar
and Shatit) and the presence of UNESCO World Heritage sites. For risk assessment, the MCDM—-AHP model is employed
based on expert opimions. This“model incorporates\key physical indicators (including elevation, slope, rainfall, and
distance fiem the river) and socio-economic indicators (including population density and settlement density). The central
methodological innovation inolves the rigorous application of a multicollinearity test to modeling to ensure the statistical
indépendenceof the indicat‘:)%ﬁc‘)upled with sensitivity analysis to confirm the stability of the results. Finally, the non-
collinear layers are integr)ﬁ%dwit in a GIS environment and classified using the Jenks Natural Breaks method to produce
the final hazard‘and vulnerability maps.

Results and Disc\ﬁion

The analysis)of results emphasizes the strategic importance of protecting Shushtar’s irreplaceable historical fabrics and
demonstrates the high predictive capability of the MCDM—-AHP model following rigorous statistical validations,
including collinearity testing and sensitivity analysis. Findings indicate that topographic and hydrological factors—
particularly elevation, slope, and drainage density—played the most dominant role in determining the Flood Hazard Index
(FHI), consistent with regional and global studies. Conversely, the Flood Vulnerability Index (FVI) was primarily
influenced by socio-economic and infrastructural factors, accounting for over 70% of the cumulative weight, which is
critically important in urban and historical contexts. The model’s accuracy, validated through metrics such as ROC—AUC,
exceeded 90%, confirming its superiority and reliability compared with similar studies. These results can thus be
transformed into a practical framework for Climate Adaptation Management, facilitating a shift from reactive to proactive
protection strategies.

Conclusion

The present study successfully mapped flood risk zones in Shushtar using the robust GIS—AHP methodology with high
precision, confirming that 11% ofthe total area falls within the Very High Flood Risk (FRZ) category, with the Sha'biyyeh
Sharqi functional area identified as the most critical regional section. The high model accuracy (ROC-AUC > 90% and


mailto:amanpour@scu.ac.ir
https://orcid.org/0000-0001-9771-5632

MSE/RMSE < 40%) ensures the robustness of the findings and provides a crucial basis for future decision-making.
Accordingly, a set of key operational recommendations is proposed, including: the prioritization of structural and non-
structural protective measures for the 11% high-risk zones; the formal integration of FRZ/FVZ maps into comprehensive
urban plans to prevent inappropriate development; the establishment of a local Early Warning System (EWS); and the
formulation of policies aimed at reducing the vulnerability of critical infrastructure and managing population density near
the river. Together, these measures are intended to sustainably protect UNESCO World Heritage sites against increasing
climate-related threats.

Keywords: Flood, UNESCO World Heritage, MCDM-AHP, Flood resilience, Shushtar.
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Fig 1. a) Geographical location of Shushtar City in Khuzestan Province and the location of the City's
historical fabric, and bi Flood events map of Shushtar County
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Fig 4. Factors influencing flood hazard: (a) Elevation; (b) Slope; (c) Drainage density; (d) Distance from river;

(e) Topographic wetness index (TWI); (f) Land use/Land cover (LULC); (g) Rainfall (Precipitation); (h)
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Fig S. Factors affecting flood vulnerability: (a) Population density; (b) Settlement density; (c) Distance from road
network; (d) Distance from health and medical centers; (¢) Road density.
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Table 11. Statistical description of map removal sensitivity analysis for FHZ indices

(W20) Comwlus o lh Ol i
o AQA}L& Changes in Sensitivity Index (%)
Removed/F;:&ed Indices (Factors) Jslos> Pl uNile o Sl il

< Min Max  Mean Standard deviation

\ Elevation glis )| 3.77 4.076  1.032 0.444

Slope e 0 3.140  0.623 0.355

Drainage Density _iSa; o515 6.32 1.683  0.789 0.409

Dist:i?’f;;;”’;iver 11375 2067 0300 0.211

Topographic Wetness Index (TWI) 315455 cugh, 0 1.296  0.343 0.203

et 0.0003216 1554 0303 0.214

Land Use / Land Cover (LULC)
Rainfall 3 L 0.011764374 1.696 0214 0.171

38 Map removal sensitivity
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Table 12. Statistical Description of Map Removal Sensitivity Analysis for FVZ Indices
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Table 14. Percentage of Change in the Area of High Flood Vulnerability Zones (FVZ) After Removing Each
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Fig 10. (a) ROC-AUC plot of FHZ; (b) Speedometer shows AUC value of FHZ; (c) ROC-AUC plot of each map
removal.
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