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ABSTRACT

Background: The Sundarbans, prone to cyclones and tidal surges, witnessed 13 cyclones
(1961-2020), causing widespread water and vector-borne diseases, injuries, deaths, crop
and livestock loss, and long-term health issues.

Objectives: This study investigates the impact of multi-purpose cyclone shelters on the
health outcomes of the Sundarbans population, focusing on epidemic-prone diseases
caused by these natural disasters.

Methods: The study used secondary data from the Health Management Information
System (HMIS) portal, Census of India, International Best Track Archive for Climate
Stewardship (IBTracs), Department of Disaster Management, and Environmental Systems
Research Institute, Inc (ESRI) India, to understand the association of environmental,
social, demographic, geographic, and economic factors on water and vector-borne
diseases and cyclonic events for 19 census development (CD) blocks. Maps were prepared
using ArcGIS Pro v.2.8. A literature review was undertaken to assess the effectiveness
of cyclone shelters and potential shortcomings in addressing and mitigating these
unintended health outcomes post-disaster. Data analysis in SPSS used the chi-square test
and Student’s t-test.

Findings: The study found that the prevalence of waterborne diseases across the CD
blocks in Sundarbans was significantly higher in the cyclonic years compared to the
non-cyclonic years (t = 6.69), regardless of the seasons. Prevalence of vector-borne
diseases was also significantly higher in the cyclonic years compared to the non-cyclonic
years (t = 2.55). It was also found that the existing literature lacks detailed accounts
of shelter residents’ experiences, illnesses, and pre-existing health issues, particularly
addressing the needs of vulnerable populations like women, children, and the elderly.

Conclusion: The study highlights gaps in India’s research on evacuee experiences in
cyclone shelters, particularly for vulnerable populations like women, children, and the
elderly and sick. Future research should focus on primary studies focusing on evacuee
experiences, material innovation, and climate-resilient design of cyclone shelters.
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BACKGROUND

The Bay of Bengal (BOB) region, particularly the Sundarbans, is a hotspot for cyclones and tidal
surges, intensified by climate change. Over 140 years (1877-2016), there has been a shiftin median
cyclone landfall locations throughout time, with high-impact zones detected in northern Odisha
and the Sundarbans region of West Bengal [1]. From 1961 to 2020, the region bore the brunt of
132 cyclonic storms, with the Indian Sundarbans notably affected by 13 of them [2]. Between
the years 2009 and 2024, the Indian Sundarbans faced about 14 cyclones of varying intensity
(Appendix I) [3]. Such weather extremes usher in devastation, displacing populations, wrecking
infrastructure, and interrupting essential services. Consequently, epidemics of water-related or
vector-borne diseases (VBDs) have become rampant, presenting immense health threats. The
people of the Sundarbans grapple with environmental dilemmas compounded by poverty, limited
water, inadequate sanitation, and prevalent diseases [4].

Cyclones and tidal surges are violent natural events with profound consequences on human
health, both directly and indirectly [5]. Injuries, death, wound infections, and asphyxiation are
direct ramifications caused by debris, flooding, or collapsed structures. Indirect health impacts
involve disease outbreaks stemming from disrupted water and sanitation systems which lead to
acute health conditions like waterborne diseases (WBDs) such as typhoid, diarrhea, and acute
diarrheal diseases. The disruption of water and sanitation systems can create breeding grounds
for disease-carrying vectors like mosquitoes, leading to an increased incidence of VBDs, for
example, dengue fever, malaria, and chikungunya [6]. Cyclones and tidal surges may result in crop
damage and disruption in food supply chains may lead to food shortages, resulting in malnutrition
and its associated long-term health consequences (e.g., stunting and wasting) [7]. The traumatic
experiences associated with cyclones and tidal surges, including loss of homes, livelihoods, and
loved ones, can lead to mental health issues such as post-traumatic stress disorder (PTSD), anxiety
and depression, respiratory conditions, and chronic diseases [7, 8]. Besides, post-disaster recovery
is hampered by roadblocks, power cuts, and disruption of healthcare services. Limited access
to medications and related stressors can impact the management of chronic diseases such as
diabetes, hypertension, and cardiovascular conditions [7].

Cyclone Aila, which hit India, making landfall on May 25, 2009, with sustained wind speeds
of 110 km/hour, was essential in highlighting the importance of enhancing disaster preparedness
and fostering creative strategies for constructing cyclone shelters to create resilient communities.
Cyclone Aila caused the deaths of over 200 individuals in Bangladesh and the eastern Indian state
of West Bengal. According to reports, the storm resulted in a minimum of 500,000 individuals
being displaced and rendered homeless [9]. Government of West Bengal figures indicate that a
total of 6.77 million individuals were impacted, and 137 fatalities occurred in the severely afflicted
districts of North and South 24 Parganas in West Bengal [10]. After the occurrence of ‘Aila’ in
2009, there was a noticeable decline in the health of children as a result of insufficient water
and sanitation services [11-13]. Post-Aila, a remote region in the Sundarbans called Pakhirala
hamlet, was investigated for an outbreak of diarrhea. This investigation revealed a significant
adverse impact on health caused by Aila [4, 11]. In addition, the healthcare system in the region
saw substantial difficulties with Cyclone Amphan, which struck on May 20, 2020, with wind gusts
reaching 165 km/hour. The storm reached a maximum surge of 5 meters [14], causing a flooding
incident, while waterborne illnesses spread rapidly as a result of water contamination [15]. West
Bengal experienced 86 deaths due to Amphan, causing a minimum of 1.02 trillion Indian rupees
in damages, directly affecting 70% of the state’s population. Odisha also saw four fatalities, with
4.4 million individuals affected in varying degrees. The storm destroyed 500 residences and 4,000
livestock, primarily poultry [16]. To mitigate the effects of cyclones on vulnerable communities,
India adopted the concept of public cyclone shelters (a concept developed in Bangladesh in the
1960s) to provide secure shelter to vulnerable communities during cyclonic storms and storm
surges following a devastating storm in Andhra Pradesh in 1977 [17, 18]. The realization that
the structural conditions of shelters deteriorate rapidly under saline environmental conditions
led to the concept of multi-purpose cyclone shelters (MPCs) to ensure proper maintenance [19].
Adaptation mechanisms like officially designated cyclone shelters in the Sundarbans to counter
cyclones and their effects on community health were only done after the rampage of Aila. As
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the name suggests, these shelters are meant to be used for multiple purposes, such as schools,
public distribution systems, rural animal husbandry units, or veterinary clinics [20]. However, the
inadequacy of cyclone shelters in general, including both foundational and recent constructs, is
exacerbated by population pressures and scarcity of water, sanitation, and medical provisions
[21]. As per the National Cyclone Risk Mitigation Project, the accommodation capacity of MPCSs
built with the support of the World Bank ranges from 450 to 1,000 individuals [22].

After the aftermath of Aila in 2009, the higher mortality rate in the impacted areas was attributed
to the lack of secure shelter infrastructure in the coastal villages. Hence, the central and state
governments made the appropriate decision to construct MPCSs in high-risk areas of three
coastal districts in West Bengal. Under the Prime Minister’s National Relief Fund (PMNRF), 50 MPCs
were sanctioned in North 24 Parganas (20), South 24 Parganas (15), and Purba Medinipur (15)
districts of West Bengal at an approved outlay of Rs.138.65 crores (USD 16.59 million) [23]. The
construction work of all 50 cyclone shelters has been completed, and they were handed over to
the local authority/State Government of West Bengal in March 2014 [24]. After this (in 2015), 150
MPCSs were mandated to be built in these same three districts under Stage II (NCRMP-II) of the
National Cyclone Risk Mitigation Project (NCRMP-II). Additionally, as of June 2022, 146 MPCSs have
been built in these districts [25]. A total of 118 MPCSs were built in North 24 Parganas (n = 43)
and South 24 Parganas (n = 75) and handed over to the authorities [25]. These MPCSs comply
with safety measures such as proper signage, road maintenance, and waste management. They
also provide hooks for cattle and boats, comply with water usage and quality standards, maintain
cleanliness and sanitation, and provide standard toilets for the disabled population. They also offer
electrical safety measures, lightning arresters, emergency evacuation plans, fire extinguishers,
and first aid kits [25]. While essential, cyclone shelters alone cannot mitigate disasters wrought
by climate change in the Sundarbans. Holistic strategies like upgrading disaster alerts, optimizing
shelter placements, and assessing insurance feasibility are vital [26].

Hence, this study aims to gather evidence on the effects of MPCSs on the health outcomes of the
population in the Sundarbans. Specifically, we are interested in studying the influence of MPCSs on
epidemic-prone diseases that occur after cyclones and tidal surges.

AIMS AND OBJECTIVES

Aim: To investigate the impact of MPCSs on the health outcomes of the Sundarbans’ residents,
particularly in the context of epidemic-prone diseases following cyclones and tidal surges.

Sub-Aims:

1. To evaluate the direct and indirect health impacts on communities residing in cyclone
shelters after cyclonic and tidal surge events in the BOB region.

2. To assess cyclone shelters’ effectiveness and potential shortcomings or gaps in addressing
and mitigating these unintended health outcomes post-disaster in the BOB region.

STUDY AREA

The Indian Sundarbans spread across two districts of North and South 24 Parganas, including
19 CD blocks altogether spread across an area of 9630 sq. km [27]. It is located in one of the
world’s largest deltas created by the Ganges-Meghna-Brahmaputra rivers draining into the BOB,
between 21°40 to 22°40 north latitudes and 88°03 to 89°07 east longitudes [28]. This deltaic
ecosystem supports diverse mangrove species, flora and fauna, and human communities.

APPROACH
DATABASE

The disease data at the block level for all 19 CD blocks which house an estimated population of
4.6 million (2022) [29] were obtained from the Health Management Information System (HMIS)
portal for the time period 2010-2021 [30]. The data, however, were not available for 2009 or
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the full year of 2021. The socio-economic and amenities data were obtained from the Census of
India, 2011 [31] and cyclonic events data were obtained from the International Best Track Archive
for Climate Stewardship (IBTracs) [3]. The list of MPCSs was obtained from the Department of
Disaster Management, Government of West Bengal [25]. The map bases for the location map were
obtained from a living atlas of Environmental Systems Research Institute, Inc (ESRI), India and the
maps were prepared in ArcGIS Pro v.2.8, while SPSS v.27 was used for data analysis.

The HMIS Portal and the Census of India provide secondary data on disease occurrence in
the Sundarbans region, allowing for the evaluation of direct and indirect health impacts on
communities taking shelter in cyclone shelters. The Census of India provides socio-economic
and amenities data, which enables finding associations between disease prevalence and factors
like population density, access to safe drinking water, toilet facilities, and covered drainage.
The 1BTracs provides cyclonic events data, enabling comparison of disease prevalence between
cyclonic and non-cyclonic periods. The Department of Disaster Management’s list of MPCSs also
aids in assessing disease prevalence and vulnerability.

CONCEPTUAL FRAMEWORK

The conceptual framework (Figure 1) represents the link between climate change indicators and
increased tropical storms/cyclones, necessitating the construction of cyclone shelters or MPCSs.
However, these shelters may face challenges like overcrowding, contaminated water sources, and
insufficient water, sanitation and hygiene (WASH) measures, leading to increased occurrences of
infectious diseases like WBDs (e.g., diarrhea, typhoid, cholera) and/or VBDs (e.g., malaria, dengue).

For sub-aim 1:

* The disease data were aggregated and categorized into cyclonic and non-cyclonic years to
look into the variation of disease occurrence. Also, the blocks were categorized into coastal
and inland blocks and into different categories of vulnerability to environmental hazards.
This paper used indicators of exposure caused by natural hazards (such as elevation, slope,
rainfall deviation, drainage density, proximity to the coastline, cyclone track density, storm
surge, and flood inundation risk), indicators of sensitivity (population density, household
density, poverty ratio, child dependency ratio, agricultural land, cropping intensity), and
adaptive capacity indicators (literacy rate, workforce participation, population in permanent
houses, road length, doctors/lakh population, electricity, and banking facilities) [32]. This
comprehensive inter-block vulnerability status of the Indian Sundarbans was based on the
composite vulnerability index calculated in a study [32], using the average credited rank
values of two methods (analytical hierarchy process and principal component analysis).
These average scores were then classified into five categories (very high, high, medium, and
low), ranging from lowest (<2.06) to highest (>4.56), using the equal interval method [32].

* Given the fact that in India, the months of May-June and October-November are considered
to be cyclone season, a year has been divided into three time points for the sake of
analysis, i.e., pre-cyclone (January-April), cyclone (May-June and October-November),
and post-cyclone (July-September, December). The rationale for including the period
from August to December is that there have been cyclone incidences in the BOB in recent
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Figure 1 Conceptual framework.
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years, including October (2022), November (2019), and December (2023). Sundarbans was Khatoon et al.
affected by cyclones from 2013 to 2015 and 2018 to 2021. Hence, these are considered
cyclonic years while 2011, 2012, 2016, and 2017 are considered non-cyclonic years when
the depressions that formed in the BOBdid not develop into cyclones or our study area

was not affected by cyclones. The average prevalence of disease has been calculated and
mapped in ArcMap v 10.8.2. Disease prevalence is categorized into five groups (very low, low,
moderate, high, and very high) based on the natural breaks criteria given by Jenks [33].

» Chi-square tests and a Student’s t-test were applied to the data to check for associations
and differences in disease prevalence across coastal vs. inland blocks, pre-cyclonic vs.
post-cyclonic periods, and cyclonic vs. non-cyclonic years.

For sub-aim 2: A literature review was conducted using the following search terms in PubMed,
yielding 62 results: ((cyclones [Title/Abstract] OR “cyclone shelters” [Title/Abstract] OR “tidal
surges” [Title/Abstract]) AND (infectious disease [Title/Abstract] OR diseases [Title/Abstract] OR
disease outbreaks [Title/Abstract])). Similarly, Google Scholar was searched using the following
keywords “cyclone shelters” AND India AND “disease outbreaks”, resulting in 122 results. The time
limit was placed from 2000 to 2024. Since climate change has been focused on more in recent
decades, we chose to restrict our search to this time. The gray literature and newspaper articles
were also searched. Reference lists of relevant studies were also searched for any missing papers.

FINDINGS
STATUS OF MPCS AND PREVALENCE OF DISEASES IN THE SUNDARBANS

There are currently 118 MPCSs in the study area which were handed over to the government in 2023
(Figure 2). The number of cyclone shelters is significantly higher (p < 0.05) in coastal blocks (n = 70)
compared to inland blocks (n = 40) (x2 = 16.13). The number of cyclone shelters is not significantly
associated with the population density of the blocks nor with the vulnerability of the blocks.

Our secondary data analysis revealed that the prevalence of WBDs across the blocks in Sundarbans
is significantly higher (p < 0.001) in the cyclonic years (Figure 3a) compared to the non-cyclonic
years (t = 6.69) (Figure 3b). However, there is no significant difference between the prevalence of
disease between the coastal and inland blocks or the vulnerability of the blocks (Appendix II).

Figure 2 Location of the study area.
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Figure 3 (a) Average prevalence rate of waterborne diseases in cyclonic years,
Sundarbans (2010-2021) and (b) Average prevalence rate of waterborne diseases
in non-cyclonic years, Sundarbans (2010-2021).

The prevalence of VBDs across the blocks in Sundarbans is also significantly higher (p < 0.01) in
the cyclonic years (Figure 4a) compared to the non-cyclonic years (t = 2.55) (Figure 4b). In this
case, also, there does not exist any significant difference between the prevalence of disease in the
coastal and inland blocks or with the vulnerability of the blocks (Appendix II).

There does not exist any significant difference in the prevalence of these diseases at the three
times in a year: pre-cyclone (January-April), cyclone (May-June and October-November), and
post-cyclone (July-September, December). Further, at these three points, no significant difference
exists between the average prevalence of diseases across the coastal and inland blocks in the
cyclonic years.

Also, as seen from Figure 5, the cases of WBDs show an increase in the month of June (perhaps a
couple of weeks after a cyclonic event) for cyclonic years, while a higher peak is noticed in July for
non-cyclonic years. However, a clear pattern of VBD distribution could not be established.
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non-cyclonic years, Sundarbans (2010-2021).
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The prevalence of a disease is not significantly associated with the percentage of households
having access to safe drinking water, toilet facilities, and covered drainage facilities. The
coastal blocks (Namkhana, Basanti, Patharpratima, Gosaba, Kakdwip, Kultali, and Sagar) have
a significantly lower (p < 0.01) percentage of households having access to safe drinking water
(F = 9.44) and covered drainage facilities (F = 8.79) compared to inland blocks (Sandeskhali I,
Canning II, Canning I, Haroa, Hasnabad, Sandeskhali II, Mathurapur 1, Jayanagar 11, Jayanagar I,
Mathurapur II, Minakhan, and Hingalganj).

INSIGHTS FROM LITERATURE

The literature obtained was broadly divided into two themes: (i) studies assessing the health
impact of cyclones on human population in the region and (ii) studies assessing the design,
role, and management techniques of MPCSs. Additionally, the evacuation behaviors of
the evacuees and their life experiences, especially of women, were also reported. Findings
from these two themes are presented as Appendix III and Appendix 1V, respectively, and
summarized here.

The impact of cyclones on the health of the inhabitants of Sundarbans seems to be majorly
focused on the literature after the severe cyclonic storm Aila in 2009. Certainly, this cyclone
paved the path for a focused study on climate change-induced environmental hazards in the
Sundarbans region and the discussion on relief measures, coping mechanisms, loss suffered, and
the impact of such hazards on the ecosystem as well as human lives [34, 35]. In recent times,
from 2010 to 2024, more literature has been published on the topic of studying the districts of
the east coast of India [6].

Diarrhea and cholera (which causes severe diarrhea) were the most commonly reported
diseases post-cyclones; other infectious diseases like vector-borne diseases, viral fevers, enteric
fevers, and food poisoning were also listed [6], along with skin diseases and typhoid [36]. One
study conducted in the post-Phailin period in Odisha reported 9 (n = 50) cases of snake bites in
children (1 month-14 years). Out of these, seven studies were conducted in India and one from
Bangladesh (Appendix III).

In terms of literature on cyclone shelters and their impact on the health of the people, there was
almost no literature available for India. Some studies in India in recent decades have looked into
the suitability of cyclone shelters during the cyclone period. A study in Bangladesh was conducted
on the lived experience of cyclone shelter seekers, especially looking at it from the lens of gender
[37]. Out of the 11 studies identified from the 2009 to 2024 time period, five were conducted in
Bangladesh, and five were in Indig, out of which three of them covered areas of the BOB coast
(one from West Bengal, three from Odisha, one from Tamil Nadu and one focusing on Andhra
Pradesh, Odisha, and Gujarat) (Appendix IV). The newspaper articles focused on the path, weather
conditions, impact, and rescue details of the cyclones. However, descriptions of the effectiveness
or shortcomings of the cyclone shelters were missing.

DISCUSSION

Cyclone shelters have been identified as one of the most common measures to mitigate
cyclone-associated risk in many parts of South Asia. Their efficacy is shown to be better in
comparison to early warning systems, since the effectiveness of early warning systems can
be compromised if individuals cannot find safe shelter or evacuate in time, particularly in
vulnerable areas [38]. These play a crucial role in safeguarding people’s lives, particularly
in coastal areas that are highly vulnerable to cyclonic storms, especially severe storms like
Amphan, Yaas, and Remal. The MPCSs are believed to reduce morbidity and mortality. However,
a study in 2022 found these shelters not safe enough for people, damaged structures pointing
to the lack of proper maintenance, and inadequate capacity in terms of the population of the
areas they are built in, like in the case of Odisha [19]. The increase in infectious diseases after
a cyclone may be due to contamination of water and food sources due to cyclones and related
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tidal surges leading to flooding. Overcrowding, limited hygiene practices, and inadequate
ventilation due to higher population density can also be factors causing infectious disease
transmission after cyclones [19, 39]. Another study in Bangladesh focused on the experience
of women in shelters and found that women felt unsafe in these shelters. These women were
found to suffer from physiological injuries, psychological stress, genito-urinary infections, and
post-natal health issues. Consequently, they developed post-traumatic stress disorders, panic
attacks, and anxiety problems causing a decline in their overall well-being and impacting their
future lives.

These issues may not be the intended consequences of MPCSs but are something to be clearly
thought about. Selected studies in India reported concerns about overcrowding, waterlogging,
sanitation, and lack of hygiene in the cyclone shelters, which are similar to the findings from
studies conducted in Bangladesh [40, 41].

The current case study has identified the following gaps from the literature:

i. No study in India focuses on the experiences of the evacuees in the MPCSs of the
Sundarbans. Recent studies conducted in Odisha have discussed the suitability of cyclone
shelters as safe spaces during cyclones.

ii. The needs of especially vulnerable populations like women, children, and the elderly and sick
are not comprehensively addressed in the existing literature. Understanding the experiences
of this vulnerable population in cyclone shelters is crucial for addressing their unique
challenges and ensuring their safety. This knowledge can guide shelter design, service
provision, training, and community engagement, fostering inclusivity and support.

iii. Existing literature fails to shed light on the impact of overcrowding in cyclone shelters on
public health in general, and for women and children in particular. Overcrowding can lead to
several public health issues, such as the spread of infectious diseases, limited access to basic
hygiene facilities, and mental health-related stressors. Addressing this critical gap is essential
for understanding the public health implications of shelter management.

iv. Existing literature lacks detailed accounts of the experience of people who stayed in the
shelters, their illnesses or other pre-existing health issues. Understanding these personal
experiences will certainly help to improve future preparedness strategies.

v. There is a major gap in studies on the prevailing cyclone shelter management system and
its effectiveness. Research on shelter management, including coordination, stakeholder
involvement, resource allocation, and service availability, is crucial for developing a robust,
effective, and efficient management system for cyclone shelters.

Future areas of research should evaluate the physical condition, maintenance practices, and
adherence to building codes and standards of existing MPCSs. Experiences of the evacuees
should be explored to find out workable solutions to the problems of overcrowding, hygiene, and
the safety of women, children, the elderly and the sick, and a comprehensive structural analysis
of shelters should be conducted using advanced engineering techniques, simulation, and
modeling studies to assess shelters’ responses to cyclonic events. Additionally, innovative and
locally sourced materials in building these shelters may be explored for making sustainable and
climate-resilient MPCSs.

CONCLUSIONS

The study found that while literature focuses on cyclones’ health impacts, it often neglects
cyclone shelters’ impact on evacuees’ health. Climate change events and adaptation measures,
like cyclone shelters, affect people’s well-being. Proper maintenance and hygienic conditions of
these shelters are crucial for the health of those seeking refuge.

Cyclones and tidal surges affect various geographical areas within the BOB region differently.
Health concerns can be influenced by factors such as the distance from the coast, altitude,
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and the level of infrastructure development. Examining the geographical disparities in health
outcomes can assist in identifying regions with higher risks and informing specific actions, such as
the strategic positioning and structure of cyclone shelters.

A key challenge in this case study was the lack of climate change and health-related data,
especially disease-related data at the block level. Data for 2009 and earlier, as well as updated
data for 2021-2023, were unavailable, leading to overlooked insights. Additionally, there is no
secondary data on the incidence of infectious diseases among MPCS evacuees; this information
can only be obtained from field research.

Effective adaptation research in the country requires two vital things. The first is to make health
data accessible and share it in a timely and fully transparent manner so that the research
community can use evidence-based interventions and policies for the promotion of health. Second,
collaboration between researchers, government entities, and communities should be enhanced
for the betterment of citizens’ health. Hence, it can be concluded that only providing shelter,
toilets, and first aid is insufficient. Regular maintenance and hygiene during the evacuees’ stay,
unbiased distribution of essential services like food and medicines, and segregated safe spaces for
women and children are also necessary. Additionally, facilitating research in these areas requires
collaboration, building the technical capacity of researchers, and ensuring the accessibility of
health data.

Hence, to enhance cyclone shelter management, the following recommendations are suggested:

i. Proper maintenance: Develop and adhere to precise and thorough maintenance schedules
for cyclone shelters, involving the community in the process.

ii. Training and capacity building: Provide comprehensive training on maintenance techniques
and sanitation protocols to the local authorities and community volunteers.

iii. Provision of sufficient resources and supplies: Ensure MPCSs have the necessary resources
and supplies to meet their maintenance and hygiene needs.

iv. Routine inspections: Conduct routine inspections to detect and address any maintenance or
hygiene concerns.

v. Monitoring and feedback mechanisms: Establish a system to monitor and track maintenance
and hygiene practices and incorporate feedback procedures.
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APPENDICES

S. NO. YEAR CYCLONES CATEGORY (IMD) [42] WIND SPEED IN KM/H SAFFIR-SIMPSON
AFFECTING HURRICANE SCALE
THE INDIAN [43]
SUNDARBANS

1 2009 Bijli Cyclonic Storm 75 1

2 May 25,09 Aila Severe Cyclonic Storm 110 2

3 2013 Viyaru Cyclonic Storm 85 1

4 Oct12, 13 Phailin Extremely Severe Cyclonic Storm 215 5

5 Oct12, 14 Hudhud Extremely Severe Cyclonic Storm 185 4

6 July 30, 15 Komen Cyclonic Storm 75 1

7 2018 Titli Very Severe Cyclonic Storm 150 4

8 May 03,19 Fani Extremely Severe Cyclonic Storm 215 5

9 Nov 01, 19 Bulbul Very Severe Cyclonic Storm 140 4

10 May 20, 20 Amphan Super Cyclonic Storm 150-240 5

11 May 01, 21 Yaas Very Severe Cyclonic Storm 130-140 4

12 Oct 5, 22 Sitrang Cyclonic Storm 85 1

13 May 12, 23 Mocha [44] Extremely Severe Cyclonic Storm 210-220 km/h gusting 5

to 240
14 May 26, 24 Remal [44] Severe Cyclonic Storm 110-120 km/h gusting 3

to 135 km/h

Appendix I Cyclone affecting the Indian Sundarbans (2009-2024).

Sources:

1. Indian Meteorological Department (IMD). Cyclones. NDMA, GOI. 2024. https://ndma.gov.in/Natural-Hazards/Cyclone

2. National Hurricane Center, Central Pacific Hurricane Center, NOAA. Saffir-Simpson Hurricane Wind Scale. 2024. https://www.nhc.noaa.gov/abouts

shws.php?os=app&ref=app

3. India Meteorological Department. Preliminary Report Cyclones. 2024. https://rsmcnewdelhi.imd.gov.in/report.php?internal_menu=MjY=


https://dx.doi.org/10.5334/aogh.4751
https://ndma.gov.in/Natural-Hazards/Cyclone
https://www.nhc.noaa.gov/aboutsshws.php?os=app&ref=app
https://www.nhc.noaa.gov/aboutsshws.php?os=app&ref=app
https://rsmcnewdelhi.imd.gov.in/report.php?internal_menu=MjY
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