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Abstract 
 

Tropical cyclones are among the most devastating natural disasters of Bangladesh, particularly in the coastal belt. 

As a country situated on the Bay of Bengal with diversified geography and socioeconomic settings, Chattogram is 

very much prone. Cyclone vulnerability is calculated using geospatial approach such as the Fuzzy Overlay method. 

Ten parameters such as elevation, slope, distance from the coast, vegetation, urban settlement, distance from 

cyclone shelter and health care, population density, disability percentage, and literacy were selected and 

normalized by fuzzy membership functions. Those layers were fused by fuzzy overlay operations into an integrated 

composite vulnerability map. The results show that Banshkhali, Sandwip and Mirsharai were rated as being highly 

vulnerable whereas parts of Boalkhali, Kotwali and part of Patiya had low vulnerability. Fatikchhari had moderate 

risk. These differences are driven by a combination of exposure to physical environment and social determinants. 

Based on remote sensing data and fuzzy logic spatial models, this paper provides an adaptable model for cyclone 

disaster threatened coastal environment vulnerability assessment. It highlights the necessity to integrate geospatial 

analysis in local planning and hazard reduction projects to allow sustainable and resilient coastal development. 
  

Keywords: Cyclone vulnerability, Coastal hazards, Normalized Difference Built-up Index, Fuzzy Overlay, 

Geospatial analysis 

 

1 Introduction 
 

Tropical Cyclones are extreme weather systems formed over warm ocean waters when heavy rain, storm surges 

(coastal), and strong winds combine to create hurricanes or cyclones on the sea surface (Yang et al., 2022). These 

events expose human life, property and economic infrastructure to very serious threats especially in low-lying 

coastal regions (Salman, 2023). Their chain effects such as displacement, livelihood destruction, water logging 

and saline intrusion affect socio-economically disadvantaged societal groups (Jakariya et al., 2016). Since then, 

the need to evaluate vulnerability towards cyclones has become an absolute must for disaster preparedness and 

sustainable development planning. Bangladesh is one of the most vulnerable countries in terms of tropical cyclone 

disaster due to its geographical location, population impaction and poor construction practices (Paul, 2009). The 

deltaic geography of the country, which is laced with rivers and open to Bay of Bengal leaves it susceptible to 

storm surge inundation as well as tidal flooding in cyclones (Mallick et al., 2011). In the last five decades, cyclones 

such as Bhola (1970), Sidr (2007) Aila (2009) and Amphan (2020) collectively displaced millions of hectare land 

infrastructure destroyed with loss in life and economy which has been massive(Akter & Mallick, 2013). These 

recurrent disasters particularly impact a population living in rural or coastal areas and, therefore with high 

environmental exposure as well as social vulnerability. Due to its long coastline, dense population, and location 

along  familiar  cyclone landfall routes, Chattogram, in the southeast coastal region, is particularly vulnerable 

(Hoque et al., 2024). Studies evidenced that there are a number of communities in Chattogram which remain 

unprotected (Debsarma, 2009; Alam & Dominey-Howes, 2015). More localized vulnerability assessments are 

needed, particularly in Chattogram, as tropical cyclone (TC) impacts are projected to intensify in a gradual manner 

due to global warming (Alam & Dominey-Howes, 2015). Studies evidenced that there are a number of 

communities in Chattogram which remain unprotected (Debsarma, 2009; Alam & Dominey-Howes, 2015). The 

purpose of this study is to use fuzzy overlay techniques to quantify the Chattogram district's susceptibility to 

tropical cyclones and compare the outcomes. 

 

2 Materials and Methods 

 

2.1 Description of the Study Area  

Chattogram district located in the south-eastern coastal zone of Bangladesh, is considered as one of the highest 

cyclone-prone regions in this country because it has vulnerable geographical, topographical and social-economic 

conditions. The district covers about 5,282.92 sq.km land area that are characterized by various ecological zones 

including coastal plain, hilly region and estuarine ecosystem rendering it highly vulnerable to tropical cyclones 
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and storm surge (BBS,2011). The district experiences frequent landfall of tropical cyclones originating from the 

Bay of Bengal. Historical events such as the 1991 cyclone—which claimed over 138,000 lives nationwide—

highlight the catastrophic impact on coastal communities in Chattogram (Paul, 2009). 

 

 
Figure 1. Study Area Map 

 

2.2 Description of Data 

In this study, physical, infrastructural, and demographic indicators that were considered for assessing cyclone 

vulnerability in Chattogram district. All the factors are included with their units and sources in Table 1. The 

factors—elevation, slope, vegetation index, distance to cyclone shelters and population density were chosen based 

on potential influence in spatial exposure and hazard impact. Data was collected from authoritative sources such 

as USGS, Landsat 8 GeoDASH, OpenStreetMap and BBS Census (2011) to ensure the spatial accuracy of 

geospatial analysis by utilizing Fuzzy Overlay techniques. 

 

Table 1. Data Sources of the Factors 

 

2.3 Preparation of Factors 

Factor Unit Data Source 

Elevation (DEM) Meter USGS 

Slope Degree USGS 

Proximity to Coastline Meter IBTrACS & Google Earth 

Vegetation Index -1 to 1 Landsat 8 

Built-up Area -1 to 1  Landsat 8 

Proximity to Cyclone Shelter Kilometer GeoDASH 

Proximity to Healthcare Kilometer OpenStreetMap 

Disabled Population Density Persons per sq.km BBS Census 2011 

Population Density Persons per sq.km BBS Census 2011 

Literacy Rate Percentage (%) BBS Census 2011 
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In this study, different spatial datasets were analyzed using different GIS operations to determine cyclone 

vulnerability in Chattogram. District-level attributes such as disabled population density, population density, and 

literacy rate were generated using IDW interpolation and zonal statistics, while Euclidean Distance tool was used 

to calculate nearness to cyclone shelters, healthcare facilities, and the coastline to indicate exposure and access. 

Slope and elevation were derived from USGS SRTM DEM data referring to topographic parameters influencing 

flood hazard. Land cover was investigated based on Landsat 8-based NDVI and NDBI where vegetation illustrates 

natural protective barriers and built-up represents exposed infrastructure. In figure 2, the maps supply that coastal 

and southern areas have poor access to healthcare and shelters, higher disabled population, low literacy rate, low 

elevation, level slopes, less vegetation, and closer proximity to the sea—indicating higher exposure. Central urban 

areas, on the other hand, have higher accessibility, higher literacy, and denser infrastructure, with hilly eastern and 

northern regions having higher elevation and vegetation. Collectively, findings emphasize that low-lying coastal 

and flat western regions of Chattogram are the most physically vulnerable to cyclones.  

 

Figure 2. Factor Maps of Cyclone Vulnerability  

 

2.4 Preparation of Vulnerability Map 

In order to generate the cyclone vulnerability map, all the contributing factors were first converted to a normalized 

scale (0–1) using fuzzy membership function so that all the factors portrayed vulnerability in an analogous manner. 

The normalized layers were next merged on the basis of a fuzzy overlay operation, providing a continuous surface 

of vulnerability that reflected the spatial severity of cyclone hazard. Then, zonal statistics were employed only to 

sum this final surface by administrative areas for the creation of a smaller zonal map suitable for planning. 

 

 

3. Results and Discussion 

 

The Figure 3. Represents the Cyclone Vulnerability Map of Chattogram district generated using the Fuzzy Overlay 

technique in GIS. It provides a detailed raster-based spatial distribution of vulnerability, combining physical, 

infrastructural, and demographic indicators such as elevation, slope, NDVI, NDBI, proximity to shelters, 

healthcare, and population density. The map is categorized into four vulnerability zones: Low (blue), Moderate 

(green), High (orange), and Extreme (red). Notably, Banshkhali, Sandwip, and Mirsharai exhibit a high 

concentration of extreme vulnerability, while Boalkhali, Kotwali, and Patiya are marked by low vulnerability, 

possibly due to favorable topography and better access to services. The second figure, the Zonal Vulnerability 

Map, represents the vulnerability raster data in a more simplified way, allocating the whole Upazila (sub-district) 

in a single dominating vulnerability category. It is designed for high-level and rapid interpretation and decision-

making on policy. The second map also depicts Boalkhali having very low vulnerability to cyclone in zonal 



R. Islam & T.J. Mitu 

ICCEI 2025 

2929 

consideration, on the contrary, Banshkhali, Sandwip, and Mirsharai are found in the extreme vulnerable category, 

which is consistent with the first map. Other upazilas namely Raozan, Patiya and Chandanaish show moderate 

vulnerability which means that the upazilas, being at least partially exposed to Climate Change impacts, have also 

the capacity to adapt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cyclone Vulnerability and Zonal Map of Chattogram 

 

The Figure 4. showing the distribution of cyclone vulnerability in different Upazila under Chattogram with Low, 

Moderate, High and Extreme category of the total high vulnerability area Hathazari has the highest concentrations 

which expose the cyclone hazards. As coastal upazilas, Banshkhali, Sandwip and Mirsharai have some of the 

largest areas lying within extreme vulnerability probably due to their geographical location as well as socio-

economic profile. On the other hand, the extreme vulnerable scores as on Boalkhali and Kotwali are very less 

indicating better infrastructure and resilience there as compared to the rest of the union. A fair distribution emerges 

from areas such as Fatikchhari, Patiya and Rangunia where a number of moderate and high-risk zones are also 

observed. Satkania, Chandanaish and Lohagara, too, exhibit different levels of risks, but large areas fall under the 

moderate to extreme category. The chart can be used for finding spatial differences of cyclone risk and will help 

in planning and disaster risk reduction accordingly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 

Upazila Wise Area of Different Vulnerability Classes (in sq. Km.) 
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4. Conclusion 

 

Cyclone vulnerability in Chattogram was analyzed using an interpolated Fuzzy overlay GIS approach. The 

mapping shows coastal upazilas are most at risk, while central Chattogram remains less vulnerable due to better 

infrastructure and resilience. The study provides an efficient framework for multi-criteria vulnerability assessment 

by deriving fuzzy logic and contextually sound remote sensing data use, which is highly scalable and flexible. 

Results could help local authorities and planners to determine cyclone-prone areas, possibly inform the 

prioritization of cyclone shelters, in addition to targeted programs for increasing disaster preparedness and 

resiliency. The methods and findings further reinforce the value of integrating geospatial analysis into local disaster 

risk reduction efforts, making future planning data-driven, inclusive, and context-specific. Our research will 

contribute to sustainable coastal management and serve as a basis for better decision-making in cyclone-prone 

nearby regions of Bangladesh. 
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