Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh
Paper ID: 414

Cyclone Risk Patterns in the Bay of Bengal: A Historical Analysis of Storm
Surge, Wind Speed, and Human Fatalities (1484—-2024)

Chandan Kumar Sarker?

! Graduate Student, Department of Water Resources Development, IWFM, BUET, Bangladesh
(chandansarkerce@gmail.com)

Abstract

The Bay of Bengal, one of the world's most cyclone-prone regions, repeatedly witnesses catastrophic storms that
reshape the history and vulnerability of its coastal zone. This study compiles historical data of cyclone events
affecting Bangladesh and its adjacent coast from 1484 to 2024, with a focus on storm surge depth, wind speed, and
associated human fatalities. Since complete yearly datasets were unavailable, separate subsets were used to analyze
the relationships between these variables. Linear regression using statistical software SPSS shows a moderate to
strong correlation between storm surge depth and fatalities, whereas wind speed has only a weak correlation. Storm
surge is thus the more critical factor in determining cyclone-induced casualties, emphasizing the need for improved
surge forecasting, targeted risk communication, and resilient infrastructure. Analysis of annual cyclone frequency
from 1822 to 2024 demonstrates no statistically significant long-term trend, indicating a stable recurrence pattern
over the last two centuries. By combining historical records with focused statistical analysis, this study offers
valuable insights into cyclone behavior, supporting more effective disaster preparedness for wvulnerable
communities in Bangladesh.
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1 Introduction

The Bay of Bengal, one of the most cyclone-prone regions in the world, has witnessed some of the deadliest tropical
storms in human history (Hossain and Mullick, 2020). This vast body of water, nestled between South and
Southeast Asia, serves as a breeding ground for intense cyclonic activity due to its unique geographical, climatic,
and oceanographic conditions (Debsarma, 2009). The combination of warm sea surface temperatures, high
humidity, and favorable wind patterns creates an ideal environment for the development of cyclones, particularly
during the pre-monsoon (April-May) and post-monsoon (October-November) seasons (Pal and Chatterjee, 2021).
For Bangladesh, a low-lying deltaic nation located along the northern edge of the Bay of Bengal, cyclones pose a
recurring and devastating threat. With much of its landmass barely above sea level, the country faces severe
consequences from storm surges, torrential rainfall, and high winds associated with these cyclonic events. The
funnel-shaped coastline of the Bay of Bengal amplifies the intensity of storm surges, inundating vast areas and
causing extensive loss of life, property, and livelihoods (Hossain and Mullick, 2020). Historical records show that
cyclones such as those in 1737, 1854, 1864, 1876, the 1970 Bhola Cyclone, and the 1991 Cyclone have resulted
in catastrophic human and economic impacts, underscoring the region's vulnerability.

This research has been undertaken with three clear objectives to address critical information gaps concerning
cyclones in the Bay of Bengal. The first objective is to construct a comprehensive database of cyclones that
occurred along the Bay of Bengal coastline between 1484 and 2024. This study collects and consolidates
fragmented information from various sources, such as colonial-era gazetteers, historical texts, and modern
statistical yearbooks, into a single, unified resource. Based on this database, the second objective is to quantitatively
determine the primary drivers of cyclone-induced fatalities. Through linear regression analysis of the statistical
relationship between deaths and two key parameters, storm surge depth and cyclone wind speed, this research aims
to clarify which factor poses a greater risk to human life. The third objective is to investigate the long term trend
in cyclone frequency. To achieve this, the annual recurrence of cyclones will be analyzed using reliable data from
1822 to 2024 to conclude whether their occurrence has remained stable or has changed over the last two centuries.

2 Data Collection and Methodology

Cyclones are not a recent phenomenon in the Bay of Bengal; historical records indicate their occurrence nearly
every two years, with some years experiencing multiple cyclones. However, a comprehensive dataset on historical
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cyclones remains limited due to the lack of consistent records in earlier times. While analyzing the history of
cyclones, three key sources proved invaluable in gathering data:

% Imperial Gazetteers of India (26 Volumes)
% Bengal District Gazetteers, 24 Parganas
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These sources provided critical insights into many historical cyclones, but data inconsistencies were evident. In
some cases, specific dates were missing but could be cross referenced from other records. Discrepancies in reported
death tolls were also noted, along with a lack of precise information regarding wind speeds and storm surge depths
in earlier periods. For instance, several sources estimated wind speeds within a range rather than providing exact
measurements. Cyclones before 1960 lack reliable data, particularly regarding storm surge depths. These
limitations stem from the absence of advanced measuring systems during that era. For the period between 1960
and 2023, more systematic data became available through the Statistical Yearbook of Bangladesh 2023 (Pages 23-
24). However, even in this resource, information on death tolls was incomplete and had to be supplemented using
multiple external references. Figure 2.1 presents the schematic diagram of the methodology followed in this
research. The flowchart illustrates the entire workflow, from initial data collection and analysis to the final
synthesis of results.
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Figure 2.1: Schematic diagram of the Methodology

This flowchart outlines the systematic methodology for a research study on cyclones. The process begins with the
initial data gathering phase, which includes selecting the study location, reviewing literature and sources, and
extracting historical data from 1484-2024 to create a comprehensive database. Once the database is built, the
analysis follows two parallel paths:
% Mortality Driver Analysis: This path uses linear regression (SPSS) on subsets of data to identify the
primary factor (storm surge depth or wind speed) responsible for cyclone-related fatalities.

% Frequency Trend Analysis: This path analyzes reliable data from 1822-2024 to calculate the annual
number of cyclones and uses linear regression to determine if there is any statistically significant long
term trend.

Finally, the results from both analytical paths are integrated and synthesized to draw the overall conclusions of the
study.
3 Results and Discussion

This section presents and analyzes the findings derived from the historical cyclone database spanning from 1484
to 2024 in the Bay of Bengal. The results are structured to address the three primary objectives of this study.
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3.1 Historical Data Extraction (1484 - 2024)

A comprehensive cyclone database for the Bay of Bengal, spanning from 1484 to 2024, was compiled from
fragmented historical sources. A significant challenge in this process was the lack of precise temporal and spatial
information in earlier records. To conduct a rigorous seasonal analysis, it was necessary to exclude numerous
cyclone events for which a specific month of occurrence was not documented.

These excluded events include some of the most catastrophic in the region's history, such as the devastating
cyclones of 1484 (Chittagong Coast), 1582 (Bakerganj), and 1584 (Barisal), each estimated to have caused 200,000
fatalities. Other major events with missing monthly data include the 1699 Sundarban cyclone and the 1865 Kolkata
cyclone, which resulted in 50,000 and 222,000 deaths, respectively. Furthermore, this data gap extends to
locational information for certain events; for instance, the landfall locations for the cyclones of 1789 and 1912
could not be ascertained from available texts. The omission of these events from the following temporal analysis,
while necessary for accuracy, highlights the inherent limitations of working with pre-modern historical records.

3.1.1 Temporal and Seasonal Distribution of Cyclones

Figure 3.1 presents a decadal heatmap that visualizes the frequency of cyclones aggregated over ten-year intervals
from the 1730s to the 2020s. This method of aggregating data by decade helps to smooth out year-to-year
variability and reveal longer-term shifts in cyclone seasonality. The intensity of the shading corresponds to the
number of cyclones in a given month within a specific decade.

Cyclone Frequency Heatmap (1730-2024)

Figure 3.1: Cyclone Frequency Heatmap (1730 - 2024)

The heatmap analysis confirms a distinct bimodal pattern of cyclone activity. The most intense period is the post-
monsoon season (October-November), which consistently exhibits the highest frequency of events. This is starkly
illustrated by the dark cells in these months across multiple decades, with a notable peak in the 1960s, which
recorded six cyclones in October alone. A secondary, but still significant, peak occurs during the pre-monsoon
season (April-May). The 2010s, for example, show a high concentration of storms in May. The monsoon months
(June-September) represent a period of reduced, but not absent, cyclonic activity. This decadal view demonstrates
that while the timing of the cyclone seasons has remained stable, the intensity within these seasons has fluctuated
across different decades.

3.1.2 Spatial Distribution of Cyclone Landfalls

From a spatial perspective, cyclone landfalls are not uniformly distributed along the coast. The bar chart in Figure
3.2 illustrates the total number of recorded cyclone landfalls for major coastal regions between 1484 and 2024.
This analysis is critical for identifying geographical hotspots of cyclone risk. The data identifies the Chittagong-
Cox's Bazar coast as the most frequently impacted region, having sustained 61 recorded landfalls. Its geographical
orientation and coastal morphology make it particularly vulnerable to storms tracking northeast across the Bay.
The Khulna-Sundarban coast follows with 42 landfalls. Here, the Sundarbans mangrove forest plays a crucial role
as a natural protective barrier, though the high frequency of strikes still poses a significant threat to the region. The
Barisal-Patuakhali coast represents another key risk area with 26 landfalls.
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Cyclone Landfall Frequency by Major Coastal Region
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Figure 3.2: Cyclone Landfall Frequency by Major Coastal Region (1484-2024)
3.2 Mortality Driver Analysis
This section statistically compares storm surge depth and wind speed to determine the primary driver of fatalities.
3.2.1 The Impact of Storm Surge Depth on Fatalities
The relationship between storm surge depth (in meters) and fatalities was investigated using a subset of 33 cyclone

events for which reliable, concurrent data were available. The linear regression analysis, visualized in the scatter
plot in Figure 3.3, reveals a strong, positive, and statistically significant correlation.

Storm Surge Depth vs. Number of Human Deaths
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Figure 3.3: Relationship between storm surge depth (m) and the number of human deaths.

The statistical results are compelling. The Pearson Correlation coefficient (r) is 0.789, and the coefficient of
determination (R-squared) is 0.623. This is a critical finding, as it indicates that 62.3% of the variation in the
number of deaths can be explained by the storm surge depth alone. The model's high statistical significance (F(Z1,
31) =51.261, p < .001) confirms that this strong relationship is not due to random chance. This result provides
robust evidence that storm surge is a primary driver of mortality during cyclones, with deeper surges leading to
more extensive inundation and consequently higher numbers of casualties.

3.2.2 The Impact of Wind Speed on Fatalities

The relationship between maximum sustained wind speed (in km/hr) and human deaths was analyzed using a
dataset of 37 cyclone events. The scatter plot for this relationship is presented in Figure 3.4. The analysis shows
a statistically significant positive correlation between wind speed and fatalities (p < .001). However, the
relationship is considerably weaker than that observed for storm surge. The Pearson Correlation coefficient (r) is
0.542, indicating a moderate positive relationship. The corresponding R-squared value is only 0.294. This means
that wind speed accounts for just 29.4% of the variability in cyclone-related deaths. While higher wind speeds are
associated with increased fatalities, the wide scatter of data points in Figure 3.4 suggests that wind speed is a less
reliable predictor of mortality compared to storm surge.
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Cyclone Wind Speed vs. Number of Human Deaths
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Figure 3.4: Relationship between cyclone wind speed (km/hr) and the number of human deaths.

3.2.3 Comparative Analysis: Storm Surge as the Primary Mortality Driver

A direct comparison of the two analyses unequivocally identifies storm surge as the dominant driver of cyclone
induced mortality in the Bay of Bengal. The predictive power of storm surge depth (R? = 0.623) is more than
double that of wind speed (R? = 0.294). This statistical finding aligns with the physical nature of cyclone impacts
in low-lying deltaic regions like coastal Bangladesh. While high-velocity winds cause significant structural damage
to buildings and infrastructure, it is the large-scale, rapid inundation from storm surges that leads to the highest
loss of life, primarily through drowning. It suggests that risk communication, evacuation planning, and the design
of protective infrastructure should prioritize storm surge risk over wind speed. Relying solely on wind-based
cyclone categorization can be dangerously misleading, as a lower category storm in terms of wind speed can still
generate a catastrophic and deadly storm surge. Therefore, enhancing storm surge forecasting models and ensuring
that coastal communities understand and respond to surge-specific warnings are critical for reducing future loss of
life.

3.3 Cyclone Frequency Trend Analysis (1822-2024)

A critical objective of this study was to determine whether the frequency of tropical cyclones in the Bay of Bengal
has exhibited any significant long-term trend. To investigate this, a time-series analysis was conducted on the
annual number of recorded cyclones from 1822 to 2024, for which the data is most reliable. The annual cyclone
counts are plotted in Figure 3.5, with a linear regression trend line fitted to the data to visualize the overall tendency.
The scatter plot reveals high year-to-year variability, with the annual cyclone count fluctuating between zero and
a maximum of five. The trend line displays a marginal negative slope, which is quantified by the regression
equation Count =-0.0016 * Year + 4.73.

Number of Cyclones (1822-2024) with Regression Trend

45 Rezression Equation: Count=-0.0016 * Year+ 4.73
R:=0.0135
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Figure 3.5: Annual cyclone frequency with regression trend (1822—-2024).

While the slope is slightly negative, the most crucial finding from this analysis is the coefficient of determination
(R?). The calculated R2 value is 0.0135, which is exceptionally low. This value indicates that only 1.35% of the
variability in the annual cyclone count can be explained by the passage of time. This extremely weak correlation
leads to the conclusion that the observed downward trend is not statistically significant. The data do not support
the hypothesis that cyclones in the Bay of Bengal have become more or less frequent over the last two centuries.
Instead, the analysis demonstrates a remarkably stable long-term recurrence pattern, characterized by natural,
random fluctuations.
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4 Conclusion

This study undertook a multi-faceted historical analysis of cyclone risk patterns in the Bay of Bengal from 1484
to 2024, focusing on temporal and spatial distribution, mortality drivers, and long-term frequency trends. The
findings confirm a distinct bimodal seasonal pattern, with cyclone activity concentrated in the pre-monsoon (April-
May) and post-monsoon (October-November) periods. Spatially, the analysis identified the coastal belts of
Chittagong and Khulna as primary "cyclone corridors" that bear a disproportionate risk of landfall. The most
critical finding of this research is the unequivocal identification of storm surge as the dominant driver of cyclone-
induced mortality. The statistical analysis revealed that storm surge depth has more than double the predictive
power over fatalities (R? = 0.623) compared to wind speed (R? = 0.294). This underscores the urgent need for
disaster management strategies to shift focus from solely wind-based classifications to surge-specific forecasting,
risk communication, and protective infrastructure. Furthermore, the investigation into cyclone frequency from
1822 to 2024 found no statistically significant long-term trend. Despite high annual variability, the baseline
recurrence pattern of cyclones has remained remarkably stable over the last two centuries. However, the
conclusions of this study are bound by the inherent limitations of historical data. The scarcity and inconsistency of
records, particularly for the pre-20th-century period, presented significant challenges. Had a complete and more
detailed historical dataset been available, the statistical models could have yielded results with even greater
precision, potentially revealing more nuanced long term patterns. By bridging historical records with statistical
analysis, this study provides a clearer, evidence-based understanding of cyclone risk in the Bay of Bengal, offering
vital insights for enhancing the resilience and safety of its vulnerable coastal populations.
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