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Abstract

Climate change has led to an increase in the intensity and frequency of floods. These natural hazards have
significant negative impacts on the lives and infrastructure of communities. Examining resilience in various
dimensions can provide effective solutions to deal with climate change. This research aimed to evaluate the
physical-infrastructural resilience against floods in rural areas of Aliabadkatoul County to enhance the
resilience capacity of rural settlements. Flood vulnerability indicators, including elevation, slope, topographic
wetness index, rainfall, soil texture, distance from the river, and the 100-year flood zone, were identified. These
indicators were evaluated using AHP method. Indicators of quality and structure of buildings, healthcare
centers, and distance from roads, electricity, gas, and water were considered as physical indicators in this study,
and their weights were determined using Shannon entropy. Then, using a Geographic Information System
(GIS), a map of physical-infrastructural resilience for rural areas was prepared. The results showed that
regarding the distribution of the rural population, 45.5% of rural areas in the county have good physical-
infrastructural resilience, 23.4% have moderate resilience, and 31.1% have low resilience against floods. The
central and northern parts of the county have greater resilience due to their more favorable physical and
infrastructural features. In contrast, the southern and western regions have lower flood resilience due to the
poor quality of structures (60% moderate and 15% low), limited access to infrastructure (52% moderate and
28% low), and unfavorable geographical location. Therefore, policymaking to increase the physical-structural
resilience of vulnerable areas is essential.
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Introduction

Climate change has led to an increase in the frequency and intensity of extreme weather events such as heavy
rainfall and floods, which have detrimental effects on people’s livelihoods worldwide (Mehryar & Surminski,
2022; Zhang et al., 2023). Resilience refers to the capacity of systems to respond to disturbances and maintain
an acceptable level of function, reflected in processes such as damage absorption and adaptation to hazards
(Rafieeian et al., 2011; Zhang et al., 2023). Various factors, including socio-economic, managerial, and
infrastructural dimensions, impact resilience, but physical resilience has become crucial due to the significant
rise in natural and man-made disasters (IPCC, 2022; UNDRR, 2019).

Critical infrastructures must remain operational during natural hazards, as failures in infrastructure components
can negatively affect the resilience of other areas (Nan & Sansavini, 2017). According to the National Flood
Report, Iran faces heavy rainfall, droughts, and severe heat, potentially leading to soil moisture reduction and
weakened vegetation cover (ministry of energy, 2019). The ability of rural areas to respond to external changes
while maintaining an acceptable living standard is called rural resilience. Infrastructures and natural resources
play essential roles in this process (Anthopoulou et al., 2017; Heijman et al., 2019). In this context, rural
resilience can be seen as a multidimensional concept, where the presence of reliable infrastructure, sustainable
use of natural resources, and effective management strategies work together to reduce vulnerability.
Strengthening infrastructure not only ensures the continuity of vital services such as transportation, energy,
and water supply but also enhances the adaptive capacity of local communities in facing recurring disasters.
Moreover, integrating traditional knowledge of rural societies with modern disaster management practices can
create a more comprehensive and sustainable framework for resilience building.

Studies indicate that future rainfall will become more temporally and spatially concentrated, highlighting the
need for localized water resource management (Zhu et al., 2021). In rural areas of Aliabadkatoul County,
frequent floods have caused significant damage. According to the Golestan Flood Report (Beytollahi, 2019),
there have been 40 flood events in Aliabadkatoul County up to 2019. The estimated rainfall from March 18 to
March 22, 2019, at the Aliabad-Katoul synoptic station was 138 millimeters, which is a significant amount
compared to the annual average rainfall of 716 millimeters. The average annual rainfall for the Gorgan River
basin over a 50-year period is 267 millimeters per year. This is 58% of the 11-year average for the Qarasou
and Gorgan basins and approximately 67% of the 50-year long-term average.

Such statistics reveal that not only the intensity but also the irregular distribution of rainfall events has placed
enormous pressure on rural infrastructures, agricultural lands, and local livelihoods. The repetition of floods
in short intervals has increased the cumulative vulnerability of households, reducing their recovery time and
weakening their adaptive capacity. Moreover, the interaction between environmental degradation, such as
deforestation and overgrazing, and extreme weather events further amplifies flood risks in the region.

Here, a new method is provided for studying the physical resilience by integrating hydraulic data with flood-
influencing factors for better understanding of high vulnerability areas. Due to the extensive damage caused
by floods in the rural areas of Aliabadkatoul County, the main objective of this research is to evaluate the
physical resilience of these areas to provide better disaster management.

Study Area

Aliabadkatul, located in the northern part of Iran in east longitude 54° 47°_55° 8" and north latitude 36° 36"—
37° 67, is considered as the study area. Aliabadkatoul has a semi-humid climate with average air temperature,
average annual precipitation, and drought coefficient of 17.75°C, 716.1 mm, and 25.85, respectively.

Further, two rivers are located in the area including Zarringol and Mohammadabad, the 40-year maximum
discharge of which was 150 and 241 m3/s during 2011 and 2013, respectively. The precipitation patterns have
altered due to climate change during the recent years. The population distribution and structure of buildings
do not comply with spatial planning regulations and disaster flood risk management. The study area
experienced a large scale during March 28, 2019-April 2, 2019. Aliabadkatul weather station recorded a heavy
rainfall of 148 mm during this period.
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Methodology

The main objective of this study is to evaluate the physical resilience of rural settlements in Aliabadkatoul
County. To achive this aim, two groups of indicators were selected: flood hazard assessment indicators based
on environmental factors and hydraulic data, and physical indicators selection based on the capability of
infrastructure to cope with flood.

Flood hazard assessment: Understanding flood risk requires a combination of spatial data of the area.
According to various studies, the severity of floods depends on meteorological factors and environmental
factors. In this study, environmental factors include elevation, slope, Topographic Wetness Index (TWI),
rainfall, soil texture, distance from the river, vegetation, floodplain, and land use. To determine the
floodplain with a 100-year return period, the peak discharge for the 100-year return period was first
calculated using EasyFit software. Then, using HEC-RAS 6 software, the flow modeling of the Zarrin Gol
and Mohammadabad rivers was carried out. The results were converted into a floodplain in the ArcGIS
environment. After preparing these maps, the Analytic Hierarchy Process (AHP) was used to determine the
importance and weight of the indices. To define and weight the criteria, the Weighted Overlay tool in the
GIS environment was used for calculations.

Physical indicators selection: The criteria in this section indicate the existing capacity of rural settlements
to cope with floods. Indices such as access to educational and healthcare services, water, electricity, gas,
communications, distance from roads, and building quality and structure were employed to assess physical
resilience. Given the varying importance of these indices, Shannon entropy was used to determine the
weight and relative importance of each index. Based on the weights obtained from Shannon entropy, the
index with the highest weight plays a more significant role in the resilience of rural settlements in
Aliabadkatul against floods.

After determining and assessing the weights of the indices, Geographic Information Systems (GIS) was used
as a tool for subsequent calculations and to assist in decision-making. Following the determination and
assessment of the flood resilience indices’ weights, GIS was used to integrate and analyze various spatial layers,
such as flood hazard maps and physical resilience. The spatial analysis performed using the Raster Calculator
tool in GIS clearly highlighted the strengths and weaknesses of resilience in different villages. This valuable
information aids in making more informed decisions regarding natural disaster risk management and provides
suitable strategies to enhance resilience in vulnerable areas.
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Result and Discussion

One of the effective dimensions of resilience in rural settlements is the physical aspect, which allows for the
evaluation of a rural community's status based on physical and geographical characteristics impacting flood
occurrence. Environmental indices play a crucial role in flood risks. According to the flood hazard, the southern
areas have the lowest flood risk. The presence of forest lands and distance from river flow in the central and
southern parts place these areas at a lower risk level. The northern parts of the study area, where densely
populated rural settlements are concentrated, face higher flood risks mainly due to proximity to the river and
low elevation. Access to infrastructure plays a significant role in flood risk management. The villages with
poor physical conditions are mainly located in the southern part of the study area, characterized by high
elevation and steep slopes. Additionally, the roads in these areas are of lower quality compared to the central
and northern parts. From the overlay of flood hazard maps and physical indices, the final physical resilience
capacity map was obtained. According to this map, resilience is higher in the central parts and lower in the less
developed areas. According to Table 8, 51.4% of the villages in this county have low resilience, 22.2% have
moderate resilience, and 26.4% have good resilience. In terms of population distribution, 31.1% of the rural
population in this county has low resilience, 23.4% has moderate resilience, and 45.5% has good resilience.

Conclusion

This research investigates the impact of resilience within sustainable development on rural areas and disaster
mitigation, with a specific focus on Aliabad Katul County. It underscores the essential role of resilience as a
key factor in sustainable rural development, highlighting how the capacity of communities and systems to
withstand shocks, adapt to new conditions, and recover from disturbances can determine their long-term
stability. In the face of natural disasters, particularly floods that frequently threaten rural settlements, resilience
becomes a critical element not only for immediate survival but also for ensuring continuity in social, economic,
and environmental processes. The study emphasizes that resilience should be understood as both a structural
and functional quality of rural systems, reflecting their ability to maintain relationships, preserve essential
functions, and reorganize effectively in times of crisis. To evaluate physical resilience in the study area, a
combined approach was employed, integrating environmental flood risk indices with physical infrastructure
indices to provide a comprehensive picture of vulnerability and adaptive capacity. The weighting of these
indices was conducted using advanced decision-making methods such as the Analytic Hierarchy Process
(AHP) and Shannon entropy, which allowed for an objective and systematic prioritization of factors and
facilitated the creation of detailed spatial maps of resilience. The findings reveal considerable variation across
the county, with 37 villages falling into the low-resilience category, 16 villages demonstrating moderate
resilience, and 19 villages exhibiting good resilience. These results indicate that a significant portion of the
rural population remains highly vulnerable to disaster risks, underscoring the urgent need for targeted
interventions aimed at strengthening resilience in critical areas. Enhancing resilience in rural communities is
not only vital for safeguarding livelihoods and protecting infrastructure in the short term, but also represents a
cornerstone for advancing long-term national development goals, reducing socio-economic inequalities, and
addressing the uncertainties of climate change. By providing a methodological framework and practical
insights, this study offers a potential model that can be adapted and applied to other rural regions facing similar
environmental and developmental challenges.
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