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Abstract

In August 2024, intense monsoon rainfall combined with upstream inflows triggered widespread flooding across
eleven districts in eastern Bangladesh, impacting approximately 5.8 million people and causing severe disruptions
across multiple sectors. This study presents a systematic approach for multi-sectoral impact assessment and flood
risk zoning. A hazard index was developed by rating flood frequency on a five-point scale (1 for Rare and 5 for
Very Frequent), and a vulnerability index was calculated by averaging normalized damage indicators across
housing, agriculture, infrastructure, healthcare, and displacement sectors. These scores were used in generating a
map based on an administrative boundary plus risk scores across districts and four categories of low, moderate,
high, and very high. The analysis indicated that there was a great deal of spatial differing exposure of floods among
districts and response capacity. Moulvibazar, Sylhet and Habiganj were frequently affected by flooding, but Sylhet
and Habiganj were less risky because of more preparedness and well-structured infrastructure. Feni, Cumilla,
Noakhali and Laksmipur, on the other hand, were less often flooded, but had significant and severe effects. This
scientific zoning model helps in targeted allocation of resources, assists in adaptation land use planning and
emphasizes on the need of a resilient infrastructure investments to reduce the effects of floods in the future.

Keywords: Flood; Risk Matrix; Eastern Bangladesh.
1 Introduction

The geographical and climatic location of Bangladesh ranks it among the most vulnerable countries to floods across
the globe where frequent events of flooding through monsoon bring devastating effects on lives, livelihood and
infrastructure. A severe torrential flood caused by heavy rain and upstream runoffs devastated eleven eastern
districts of Bangladesh, with almost 5.8 million individuals affected and causing significant destruction to
property, crops and infrastructure. This incident not only revealed the physical risk but also the differences in the
vulnerability of regions, and it is important to note that a multi-sectoral, strong flood risk assessment system is
necessary. Although a number of studies have been carried out describing the flood risk mapping based on
hydrodynamic modeling, GIS, and remote sensing (e.g., Baky et al., 2020; Uddin and Matin, 2021), many of them
are too limited to consider the socio-economic vulnerabilities and sector-specific vulnerabilities. The present
research seeks to fill this gap by applying a holistic method in the form of multi-dimensional impact measures and
a classification system based on a matrix pegged on ISO/TS 16901:2022 and Cox (2008). It relies on the models
of spatial data integration and the multi-hazard analysis (Meyer et al., 2009; Rahman et al., 2022) but goes a step
further and directly compares flood zoning with observable results of damage. Recurrent hazard and vulnerability
indices were created based on the frequency of historic floods and historical data of normalization on displacement,
affected land area, and sectoral losses respectively. These were lumped together to form an index of composite
flood risk utilized in the categorizing of the districts into four risk areas. Moulvibazar became the high risk area,
and Sylhet and Habiganj turned out more resistant based on the level of better preparedness. Immediately, the
findings of this research are expected to be useful in advancing more focused disaster preparedness and land-use
planning by defining the spatial discrepancies in flood risk. It helps to achieve the flood risk governance in
Bangladesh by a data-oriented approach, which is replicable, scalable, and responsive to increased challenges
generated by climate change and un-planned urban growth.
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2 Study Area

Heavy rainfall, combined with the release of water from upstream sources and the generated low-pressure system
over the Bay of Bengal, caused severe flooding in Eastern Bangladesh in August 2024. The floods affected a total
of 11 districts of northeastern and southeastern Bangladesh. This study analyzes the flood risk of these 11 districts,
which are Feni, Cumilla, Noakhali, Brahmanbaria, Lakshmipur, Chattogram, Cox’s Bazar, Khagrachhari, Sylhet,
Moulvibazar, and Habiganj (shown in Figure 1). As of 31 August 2024, almost 5.8 million people were affected,
and 59 deaths were reported (CARE Situation Analysis Infographic, 2024). According to CPD, among these
districts, Noakhali was the most affected one, followed by Cumilla. Among all the sectors, agriculture and
infrastructure sectors bore the most damage (Dhaka Tribune, 2024).

Figure 1. Affected eleven districts of north-eastern Bangladesh.

3 Data Collection and Methodology

The study was conducted based on secondary data sources. The risk assessment was done based on two parameters-
Hazard and Vulnerability. The hazard index is the numerical grading of the area’s history of disasters. The
vulnerability factor indicates the intensity of damage due to that hazard in various sectors. The analysis was based
on the data collected from the Department of Disaster Management (DDM), insights from official flood loss
assessments (D-form), and updates from national media and online platforms, which provide a detailed picture of
the damage and the disaster response in these regions. Figure 2 depicts a flowchart that describes the general work
methodology. According to the information gathered using secondary sources, hazard and vulnerability indices
had been formulated that had been applied to estimate the district level flood risk. The 11 districts were categorized
into four different risk zones with a high, medium, and low level of risk using a risk matrix

Data Collection from Secondary Sources
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Figure 2. Schematic representation of the workflow.

Flood hazard was rated on a 1-5 scale based on each district’s flood frequency, where 1 indicates rare and 5
indicates very frequent events.The three categories of impact used to measure vulnerability included human
(population affected), economic (percentage of area affected), and social (people displaced). The scales of each
type of impact were rated out of 1-5 with 1 being very low impact and 5 being very high impact. These three values
were averaged to obtain the vulnerability index of every district. This strategy will allow to conduct a relative
evaluation of the districts incorporating both the flood exposure and the damage to the sectors within the single
framework of flood risk. Table 1 presents the criteria of selection of index value.
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Table 1. Criteria for determining hazard and vulnerability indices.

Index values Hazard Occurrence Scale of Impact
1 Rare Very low
2 Once in 10 years Low
3 Once in 5 years Moderate
4 Once every 2 years High
5 Every year Very high

The overall flood risk for each district was assessed from the hazard and vulnerability index value using Equation
1.

Risk = Hazard(H) X Vulnerability(V) ... ... ... )

A risk matrix was developed to represent the risk zoning (low, moderate, and high or very high risk levels) of the
selected 11 districts. A risk matrix is a table that has several categories of “probability,” “likelihood,” or
“frequency” for its rows and several categories of “severity,” “impact,” or “consequences” for its columns (Cox,
2008). For this study, the risk matrix (Figure 3) was developed with hazard index values plotted on the X-axis and
vulnerability index values on the Y-axis. From the final devised risk index, a risk map was generated, classifying
the eleven districts into four risk zones-low risk zone (1-4), moderate risk zone (4-10), high risk zone (10-16), and

very high-risk zone (16-25).

Risk Zones
C Low
O Modente

1 F] 3 4
Hazard Index

Figure 3. Figure 3. The developed risk matrix.

4 Results and Analysis

4.1 Damage Comparison Across Districts

Figure 4. District-level impacts of floods on population and key sectors in Bangladesh

Due to the geography, infrastructure and preparedness, flood effects were different between districts. Noakhali
experienced the highest population displacement (~2.1 million) and damage of infrastructure (Tk 1,750.6 crore)
and Cumilla experienced the most in agriculture (Tk 1,215.4 crore) and housing (Tk 1,084.1 crore). Sylhet was
less affected by the cause of quick recession of water and strong systems. Noakhali (Tk 813.6 crore) and Feni (Tk
39 crore) had the most healthcare losses and the largest educational damages respectively.
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4.2 Hazard Indexing and Mapping

To determine the frequency and severity of floods in the study area, the incidences of floods were analyzed and
hazard indices given on the past occurrence patterns as explained in the Methodology. This classification allows
identifying the high risk areas and helps to focus on managing flood risk. Annual exploits of floods are repeated
in Moulvibazar, Sylhet, and Habiganj with the highest hazard index of 5. Brahmanbaria and Coxs Bazar as well as
Khagrachhari have a flooding period every two years (index 4), and Chattogram has an intermediate index (3).
Feni, Cumilla, and Lakshmipur have rare frequencies of floods at the decadal level with the highest index of 2, but
the record of the Noakhali is 2. In order to facilitate the process of spatial interpretation, a hazard map (Figure 5)
was created to visualize the distribution of flood hazards in the 11 districts.

Figure 5. Flood hazard map indicating frequency of flood events across the 11 districts

4.3 Vulnerability Indexing and Mapping

The vulnerability index was determined by averaging the three impact dimensions: human (population affected),
economic (inundated area), and social (population displaced). Each impact type was assigned values based on
established thresholds, as summarized in Table 2

Table 2. Criteria for Assigning Index Values to Each Impact Type

Index Value

Human impact (Total
people affected)

Economic Impact (Total
area affected %)

Social Impact (Total
people displaced)

1 10 to 50 thousand 0-20 5 thousand or less
2 50 thousand to 1 lakh 20-40 5 to 20 thousand
3 1 to 4 lakhs 40-60 20 to 50 thousand
4 4 to 10 lakhs 60-80 50 thousand to 1 lakh
5 10 lakh and above 80-100 1 lakh and above

The results highlight notable differences in vulnerability across the districts. Feni, Cumilla, and Lakshmipur show
the highest vulnerability, with index values ranging from 4.33 to 5.00, whereas Sylhet and Habiganj experience
the lowest vulnerability at 2.00. The remaining districts fall into moderate vulnerability levels, between 2.67 and
3.33. The spatial patterns and intensity of these impacts are illustrated in the thematic maps (Figures 6(a)-6(b)),
providing a clear view that supports targeted flood risk assessment and management.
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Figure 6. A map of (a) Economic, (b) social and (c) human impact of floods in 11 districts, that shows maps of
flood affected areas, population affected and displaced by floods and dependency on their homes.

4.4 Risk Zoning

The risk of floods was obtained in a systematic manner by combination of hazard and vulnerability indices based
on a risk matrix (Figure 3), and the spatial variations were presented in the flood risk map (Figure 7). Moulvibazar
is considered to be an extremely high-risk zone; Brahmanbaria, Cox’s Bazar and Khagrachhari are high-risk zones,
Feni, Cumilla, Noakhali, and Laksmipur are moderate-risk zones and Sylhet and Habiganj are comparatively less
risky zones.
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Figure 7. Flood Risk Map Classifying the 11 Districts by Risk Severity

4.5 Discussion

When flood risk zoning and damage assessment are combined, there are significant spatial and sectoral differences
of the August 2024 floods in eastern Bangladesh. Out of the 11 districts that were affected, the Moulvibazar was
the high risk region as being flat in terrain and experiencing lengthy waterlogging and subpar drainage systems
placed it in the very high-risk territory. Noakhali, Cumilla, Feni and Lakshmipur were determined as being
moderate-risk, but they experience very high losses, and it was shown that the vulnerability of the impact rather
than the frequency of floods. Noakhali was the most devastated with up to 2.1 million affected due to high level
of settlements, poor embankments, and submerged roads though Sylhet suffered less due to good drainage and
quick flood recession. Cumilla was impacted the most in terms of agricultural losses (Tk 1,215.4 crore) and
extensive destruction of housing (Tk 1,084.1 crore) through weak structures and stagnation of water, but Noakhali
was affected the most in terms of destruction of infrastructure (Tk 1,750.6 crore) as a result of failure of
embankments. The healthcare, education sector was also affected to the point of restriction of access to vital
services especially in Noakhali and Feni. Broadly speaking, the results indicate that eastern part of Bangladesh is
vulnerable to floods due to exposure, the quality of infrastructures, and social-economic resilience and not only
due to the frequency of hazards. The use of embankments, upgrading drainage, using flood-resistant housing
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structures, and adaptive agricultural practices are the primary measures that can be undertaken to minimize the
impact of the upcoming floods and increase the tolerance of the regions.

5 Conclusion

The results of this research represent a holistic perspective of the combined influences of the frequency, the
vulnerability and the impacts of the floods on the sectors that shape the aggregate pattern of the flood risks in
eastern Bangladesh. The zoning of the flood risk on a district-by-district basis was created incorporating hazard
and vulnerability indices to cover 11 flood-impacted districts based on the August 2024 floods. The findings made
Moulvibazar the most susceptible district in the very high-risk zone mainly because of the low topography and
poor drainage systems.Noakhali, Cumilla, Feni and Lakshmipur were recognized as moderate-risk districts but still
suffered significant losses in socio-economic categories. The sectoral analysis showed that infrastructure and
healthcare destruction happened in Noakhali, whereas agricultural and housing were damaged the most in Cumilla
indicating the impact of ineffective drainage and insecure construction techniques. By contrast, Sylhet had shown
comparatively less devastating effects of floods due to enhanced readiness and solid embankments, as well as,
robust infrastructure. The findings reiterate the fact that vulnerability and adaptive capacity is more decisive than
the frequency of floods in terms of the severity of the disaster. This paper underlines the relevance of evidence-
based flood management policies, comprising of structural and non-structural interventions, through which several
resilient constructions, better drainage, adaptive agronomics, and community-based early warning mechanisms
can be deployed to minimize the risk of floods and increase the resilience of vulnerable districts of Bangladesh on
the long term.
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