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Abstract

Bangladesh, located near several tectonic boundaries, is exposed to significant earthquake risks. This study
presents a GIS and remote sensing—based approach to assess seismic hazard and population vulnerability through
a bivariate risk mapping framework. Earthquake data from the United States Geological Survey (USGS) covering
1975 to 2025, along with high-resolution population density data from DIVA-GIS, were used to analyze spatial
risk patterns across the country. Earthquake events were interpolated using spline methods to generate a continuous
hazard surface, which was then reclassified into three hazard zones: low, moderate, and high. Population density
was similarly classified into low, moderate, and high vulnerability zones. By assigning numeric values and
integrating both datasets using raster calculation, a bivariate risk map was generated to identify critical overlap
zones. Additionally, 15 km buffer zones were applied around high- and low-hazard regions to estimate exposed
populations. Results reveal that approximately 26.1 million people live within high-risk seismic zones, highlighting
significant vulnerabilities in densely populated areas. This study provides valuable insights for disaster risk
reduction, urban planning, and emergency preparedness, emphasizing the urgent need for infrastructure resilience
and policy intervention in high-exposure areas.
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1 Introduction

Bangladesh is one of the most densely populated countries in the world and is situated near the convergence of
several active tectonic plates, including the Indian, Eurasian, and Burmese plates (Akhter & Steckler, n.d.; Apu &
Das, 2020; Hossain et al., 2019). This tectonic setting makes the country highly susceptible to earthquakes, with
several historical seismic events causing significant loss of life and property. Despite this known risk, rapid
urbanization and population growth continue in regions with limited infrastructure resilience and weak
enforcement of building codes (Ahmed, 2014). Traditional earthquake risk assessments often focus solely on
seismic hazard without adequately considering the spatial distribution of vulnerable populations. However, the
severity of disaster impact is not determined by hazard alone but by its intersection with exposure and vulnerability.
Therefore, spatially integrated approaches that combine hazard intensity with population distribution are critical
for comprehensive risk assessment (Jena et al., 2020).

This study presents a Geographic Information System (GIS) and remote sensing—based bivariate risk mapping
framework that integrates earthquake hazard and population vulnerability across Bangladesh. Using historical
earthquake records from the United States Geological Survey (USGS) and high-resolution population data from
DIVA-GIS, this study aims to generate spatial risk maps that highlight critical hotspots of seismic exposure. The
outcomes are intended to support disaster risk reduction strategies, urban planning, and emergency preparedness
by identifying high-risk zones where large populations reside under significant seismic threat.
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2 Data and Study Area

This study focuses on the entire geographical extent of Bangladesh, aiming to assess spatial variations in seismic
hazard and population vulnerability using publicly available datasets. The three main data sources used in this
research include earthquake event data, population density data, and administrative boundary shapefiles.

2.1 Earthquake Data

Historical earthquake records were obtained from the United States Geological Survey (USGS) database, covering
the period from 1975 to 2025. The dataset contains information on the location (latitude and longitude) and
magnitude of seismic events that occurred within and around Bangladesh. These point-based earthquake records
were used to interpolate a continuous hazard surface representing the spatial intensity of seismic activity (Mueller,
2018).

2.2 Population Data

Population vulnerability was assessed using high-resolution population density raster data downloaded from
DIVA-GIS (https://diva-gis.org/data.html). The dataset represents estimated population distribution and was
clipped to match the boundary of Bangladesh. This information helps to identify areas with high concentrations of
people who may be exposed to future seismic events (Jakariya & Islam, 2017; Valjarevi¢ et al., 2025).

2.3 Administrative Boundaries
Administrative boundaries for Bangladesh were used to define the study area and facilitate spatial analysis. These
shapefiles were applied as masks during data preprocessing to ensure consistency across datasets and restrict
analysis to the national territory.

The combination of these datasets enables the development of a spatially explicit earthquake risk mapping
framework that integrates both hazard and vulnerability dimensions.

3 Methodology

3.1 Image Preprocessing

The methodology adopted in this study consists of several key steps: data preprocessing, hazard and vulnerability
classification, bivariate risk calculation, and buffer-based exposure analysis. All spatial analysis was conducted
using ArcGIS Pro.

3.1 Data Preprocessing

The earthquake event data from USGS was first converted from tabular format to point features using the XY Table
to Point tool. To represent spatial variation in earthquake intensity, a continuous surface was generated using the
Spline Interpolation method. This raster layer was then clipped to the administrative boundary of Bangladesh using
the Extract by Mask tool.

Similarly, the population density raster from DIVA-GIS was also clipped to the Bangladesh boundary to ensure a
consistent analysis extent. Both raster layers were projected to the same coordinate system to maintain spatial
alignment.

3.2 Earthquake Hazard Classification
The interpolated earthquake magnitude raster was reclassified into three hazard zones based on magnitude
thresholds:
a) Low hazard: Magnitude < 4
b) Moderate hazard: Magnitude 4-5
¢) High hazard: Magnitude > 5
This classification enables categorical representation of seismic risk across the country.

3.3 Population Vulnerability Classification
The processed population raster was also reclassified into three categories based on density:
a) Low vulnerability: < 500 people/km?
b) Moderate vulnerability: 501-1000 people/km?
¢) High vulnerability: > 1000 people/km?
Each class was assigned an integer value (1 for low, 2 for moderate, 3 for high) to facilitate raster-based
calculations.
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3.4 Bivariate Risk Mapping
To create the final risk map, the reclassified population and earthquake hazard rasters were combined using the
following formula in the Raster Calculator:

Risk Index = (Population Class X 10) + Hazard Class 1

This formula produces nine distinct bivariate classes (from 11 to 33), each representing a unique combination of
hazard and vulnerability levels. The resulting raster layer visualizes spatial risk zones across the country(Candela
& Aronica, 2017; Zhou et al., 2021).

3.5 Buffer Analysis for Population Exposure

To quantify exposure, 15 km buffers were generated around polygons representing high and low hazard zones
using the Buffer tool. The population raster was then masked using these buffers, and the total population within
each buffer zone was estimated using Zonal Statistics. This step helps identify arecas where large populations reside
near seismic hotspots (Chakraborty & Armstrong, 1997).

4. Results and Discussion

The integration of classified earthquake hazard and population density layers enabled the identification of critical
risk zones across Bangladesh. This section presents the results in three parts: hazard and vulnerability
classification, bivariate risk mapping, and population exposure assessment.

4.1 Earthquake Hazard and Population Vulnerability

The interpolated and classified earthquake hazard map (Figure 1a) reveals that the eastern and northern regions of
Bangladesh exhibit high seismic risk. Districts such as Rangamati, Bandarban, and Sylhet fall within high-hazard
zones, where historical magnitudes exceeded 5. Central regions mostly experienced low hazard, while the
southwestern part remained in the high-hazard zone.
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Figure 1: Classified (a) Earthquake Hazard and (b) Population Vulnerability Zones in Bangladesh

On the other hand, the population vulnerability map (Figure 1b) indicates dense population clusters in urban
centers, especially in Dhaka, Chattogram, Narayanganj, and Gazipur. These areas were classified as high
vulnerability due to population densities exceeding 1000 persons/km?. Rural regions, primarily in the northwestern
and coastal zones, were classified as low to moderate in terms of population exposure.

4.2 Bivariate Risk Map

By combining the classified rasters using the formula described in section 3.4, a total of nine distinct bivariate risk
classes were produced. These values range from 11 (low pop, low hazard) to 33 (high pop, high hazard). The
resulting bivariate map (Figure 2) highlights zones where both hazard and vulnerability intersect. The most
concerning combinations (e.g., 33 = high pop & high hazard) are found in parts of Sylhet, Chattogram Hill Tracts,
and densely populated areas within Dhaka division that border moderate hazard zones.
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Figure 2: Bivariate Earthquake Risk Map of Bangladesh
These spatial patterns provide a visual framework to prioritize risk-reduction actions in specific areas.

4.3 Population Exposure from Buffer Zones

Buffer analysis was performed to estimate population exposure within 15 km of high and low hazard zones. Figure
3 presents the population distribution within these buffers. The analysis shows that approximately 26.1 million
people reside within 15 km of high-hazard zones, while 27.7 million people live within 15 km of low-hazard zones.
Despite the slightly larger population in low-hazard zones, the concentration of high-density settlements near high-
risk zones indicates significant potential loss during a future earthquake.

Low EQ Zones

High EQ Zones

Figure 3: Exposure within 15 km of Earthquake Hazard Zones

1514



4.4 Implications for Disaster Planning

The bivariate risk framework reveals hotspots where both hazard and vulnerability converge. Such areas demand
priority in structural retrofitting, earthquake preparedness training, and the development of seismic zoning
regulations. Moreover, urban planners should incorporate these findings to avoid unregulated expansion in high-
risk areas. The integration of hazard exposure and population data makes the analysis practical for both emergency
response and long-term risk reduction strategies.

5. Conclusion

This study presented a GIS and remote sensing—based bivariate risk mapping approach to assess earthquake hazard
and population vulnerability in Bangladesh. By integrating USGS earthquake event data (1975-2025) with
population density data from DIVA-GIS, spatial risk patterns were identified through classification, raster
calculation, and buffer-based exposure analysis. The results revealed that eastern and northern regions of
Bangladesh are highly susceptible to seismic activity, with several densely populated urban centers overlapping
with moderate to high hazard zones. The bivariate risk map highlighted critical hotspots, particularly in Sylhet,
Chattogram Hill Tracts, and parts of Dhaka division - where the combined risk is highest. Buffer analysis further
indicated that over 26.1 million people reside within 15 km of high-hazard areas, underscoring the scale of
population exposure. The findings emphasize the need for targeted disaster risk reduction strategies in high-risk
zones. Urban planning must incorporate seismic hazard maps, and infrastructure development should prioritize
resilience in exposed areas. Additionally, early warning systems, public awareness campaigns, and enforcement
of building codes are essential to reduce potential disaster impacts. This bivariate risk mapping framework serves
as a valuable tool for policymakers, urban planners, and emergency responders, offering a scalable and data-driven
method for identifying and managing seismic risk in developing countries like Bangladesh.
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