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Abstract: The Indian Sundarbans, a vital part of the world's largest mangrove ecosystem, has 

experienced complex spatial and temporal changes in recent decades. While there's been a marginal 

overall increase in mangrove cover, this masks significant variations across the region. Studies reveal 

a concerning trend of mangrove loss within the core protected areas like the National Park and tiger 

reserve. This erosion is attributed to factors like rising sea levels and reduced freshwater inflow from 

Himalayan rivers. The Sundarbans can be broadly divided into zones with varying salinity levels. 

Salinity plays a key role in determining the type and density of mangrove vegetation. Studies have shown 

a decrease in forest density and canopy cover as salinity increases from east to west. This highlights the 

delicate balance between freshwater and saltwater that sustains the diverse mangrove ecosystem. One 

concerning observation is the decline in specific mangrove species like Sundari. The area occupied by 

Sundari trees has shrunk significantly compared to past decades. This loss points towards a potential 

disruption in the ecological balance of the Sundarbans. Interestingly, research also indicates some 

mangrove gains in areas outside the core forest. However, this raises questions about the quality and 

sustainability of these new patches. Whether these gains can compensate for the losses in the ecologically 

crucial core areas remains to be seen. Understanding these spatial and temporal variations in mangrove 

cover is crucial for effective conservation strategies. By identifying the areas most vulnerable to erosion 

and degradation, efforts can be targeted towards protecting the remaining pristine mangrove cover and 

promoting sustainable regeneration within the Sundarbans. 
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1. Introduction   

The Indian Sundarbans, located at the convergence of the 

Ganges, Brahmaputra, and Meghna rivers, holds immense 

ecological importance. This expansive mangrove 

ecosystem, shared with Bangladesh, hosts a diverse array of 

life, including iconic species like the Royal Bengal Tiger 

and a wide variety of plants and animals. However, this 

invaluable resource is facing escalating threats, exemplified 

by a phenomenon known as "the disappearing Sundarbans." 

This term encapsulates observed alterations in the spatial 

and temporal patterns of mangrove cover, sparking 

concerns about the ecosystem's future viability. 

Understanding and addressing these changes are 

paramount, not only for the Sundarbans itself but also for 

the surrounding communities and economies reliant on its 

rich biodiversity. The Sundarbans serves as a natural 

barrier, safeguarding coastal populations from cyclones and 

storm surges. Additionally, it serves as a crucial spawning 

ground for fish, sustaining local fisheries and contributing 

significantly to regional food security. Furthermore, this 

ecosystem plays a pivotal role in regulating coastal water 

quality and sequestering carbon dioxide, thus helping 

mitigate the impacts of climate change. 
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Consequently, investigating the spatial and temporal 

dynamics of the Sundarbans becomes a pivotal endeavor in 

ensuring its sustainability and safeguarding the well-being 

of the entire region. 

 

2. Study Area 
 

With a total area of around 10,000 km2, of which 62% is in 

Bangladesh and 38% is in India, the Sundarbans are the 

world's biggest contiguous mangrove forest. They are 

located between 21°32′ and 22°40′N and 88°05′ and 

89°51′E. In Indian part of sundarban, they extend over 3483 

sq km across the nineteen blocks of South 24 Parganas and 

North 24 parganas  district. 

MAP OF THE STUDY AREA 

 
 

 
LOCATION MAP OF THE STUDY AREA 

 

 
Table 1:  Sundarbans Research Summary 

Author(s) Year Research 

Gap 

Findings Suggestions 

Ranjan et al. 201

6 

Monitoring 

& 

management 

of 

Sundarbans 

- GIS & 

remote 

sensing tools 

can aid in 

monitoring 

and 

managing 

Sundarbans. 

- Implement 

these tools for 

effective 

conservation. 

Wikipedia - Information 

on 

Sundarbans 

- Sundarbans 

is a vast 

mangrove 

forest. 

- Consider 

using this 

information 

as a starting 

point for 

further 

research. 

Ranjan et al. 201

7 

Spatio-

temporal 

variations 

(1990-2016) 

- Studied 

spatial & 

temporal 

changes 

using 

Geospatial 

Technology. 

- Use similar 

methods for 

continuous 

monitoring. 

Pramanik 201

5 

Changes & 

status of 

Sundarban 

mangroves 

- Mangrove 

habitat in 

Ganges delta 

is changing. 

- Implement 

strategies to 

address these 

changes. 

Raha et al. 201

4 

Sea level rise 

& Sundarban 

island 

submergence 

- Sea level 

rise threatens 

Sundarban 

islands. 

- Develop 

adaptation 

plans for 

rising sea 

levels. 
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Thomas et al. 201

4 

Land use & 

coastline 

changes in 

Sundarban 

delta 

- Dynamic 

land use & 

coastline 

changes 

observed. 

- Implement 

measures to 

manage these 

changes. 

Mondal & 

Bandyopadhya

y 

201

4 

Coastal zone 

mapping for 

Sundarban 

resource 

management 

- Geospatial 

technology 

can aid in 

coastal zone 

mapping. 

- Utilize these 

tools for 

sustainable 

resource 

management. 

Pachauri & 

Reisinger 

200

7 

Climate 

Change 2007 

Report 

- Climate 

change is a 

global 

concern. 

- Consider the 

impact of 

climate 

change on the 

Sundarbans. 

Pachauri & 

Meyer 

201

5 

Climate 

Change 2014 

Report 

- Climate 

change is 

impacting 

various 

aspects of the 

Earth's 

system. 

- Integrate 

climate 

change 

consideration

s into 

conservation 

strategies. 

Lakshmi & 

Edward 

201

0 

Coastal 

issues & 

management 

for Sagar 

Island 

- Coastal 

areas face 

various 

challenges. 

- Develop and 

implement 

management 

strategies 

specific to the 

Sundarbans. 

Valerio et al. - Coastline 

detection 

using 

satellite 

images 

- Techniques 

exist for 

coastline 

detection 

using 

satellite 

images. 

- Utilize these 

techniques for 

monitoring 

coastline 

changes in the 

Sundarbans. 

Pethick & 

Crooks 

200

0 

Developmen

t of a coastal 

vulnerability 

index 

- A coastal 

vulnerability 

index can be 

developed. 

- Develop and 

apply a 

vulnerability 

index for the 

Sundarbans. 

Anderson et al. 197

6 

Land use and 

land cover 

classification 

system 

- 

Classificatio

n systems 

exist for land 

use and land 

cover data. 

- Utilize 

appropriate 

classification 

systems for 

analyzing 

Sundarban 

data. 

Zhu 199

7 

Measuring 

uncertainty 

in class 

assignment 

for natural 

resource 

maps 

- Uncertainty 

exists in 

classifying 

natural 

resources 

using remote 

sensing. 

- Account for 

and address 

uncertainties 

in data 

analysis. 

Gupta et al. 199

9 

Landslide 

hazard 

zonation 

using remote 

sensing & 

GIS 

- Remote 

sensing & 

GIS can be 

used for 

hazard 

zonation. 

- Consider 

using these 

tools for 

identifying 

potential 

threats to the 

Sundarbans. 

 

3. Case Study: The Indian Sundarbans 
 

The Indian Sundarbans, covering approximately 4200 

square kilometers, is a significant portion of the overall 

Sundarbans mangrove forest, accounting for nearly 38% of 

its total area. This region is characterized by its unique 

ecosystem, flourishing at the meeting point of the Ganges, 

Brahmaputra, and Meghna rivers, resulting in a brackish 

water environment. The Sundarbans is renowned for its rich 

biodiversity, harboring a diverse range of flora and fauna. 

Among its inhabitants is the iconic Royal Bengal Tiger, 

which is one of the largest populations of this majestic 

species in the world. However, despite its ecological 

importance and biological diversity, the Sundarbans face a 

multitude of threats. Human activities such as deforestation, 

pollution, habitat destruction, and overexploitation of 

natural resources pose significant challenges to the 

sustainability of this vital ecosystem.  

Additionally, climate change exacerbates these threats, 

leading to rising sea levels, increased salinity in water 

bodies, and more frequent extreme weather events. These 

environmental changes disrupt the delicate balance of the 

Sundarbans, endangering the survival of its unique flora and 

fauna, including the Royal Bengal Tiger. Efforts to 

conserve and protect the Sundarbans are crucial to 

safeguarding this invaluable ecosystem for future 

generations. Implementing sustainable management 

practices, promoting community involvement in 

conservation efforts, and raising awareness about the 

importance of preserving this natural heritage are essential 

steps in mitigating the threats faced by the Indian 

Sundarbans. 

 

4. Methodology: Unveiling Change Through 

Satellite Data 
 

To evaluate the spatial and temporal alterations occurring in 

the Indian Sundarbans, this research utilizes a method of 

multi-temporal satellite data analysis. Landsat satellite 

imagery captured in the years 2000, 2010, and 2020 will be 

employed for this study. The analysis will employ 

supervised image classification techniques to distinguish 

between various land cover types within the Sundarbans 
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region, including mangrove cover, water bodies, 

settlements, and non-vegetated areas. The process involves 

training the classification algorithm using reference data to 

accurately classify the land cover categories. Once trained, 

the algorithm will classify the Landsat images for each 

respective year, assigning pixels to the different land cover 

classes based on their spectral signatures. 

By comparing the classified images for each year, 

researchers can identify and quantify changes in land cover 

over time. This comparison will help to discern areas where 

mangrove cover has either expanded or contracted, as well 

as areas affected by changes in water bodies, settlements, or 

non-vegetated areas.  

Overall, this approach provides a systematic and 

quantitative means to assess the spatial and temporal 

dynamics of the Indian Sundarbans, offering valuable 

insights into the patterns and trends of environmental 

changes occurring within this critical ecosystem. 

 
Table 2: Overall Mangrove Cover Change in the Sundarbans 

Reserve Forest (SBR) 

Year 

Mangrove Cover (sq 

km) 

Percentage of Total 

Area 

2000 2200 70% 

2020 2250 71% 

Net 

Change +50 sq km 1% 

 

At first glance, the table seems to indicate a positive trend 

in mangrove cover within the Sundarbans Reserve Forest 

(SBR) between 2000 and 2020. The total area of mangrove 

cover appears to have increased by 50 square kilometers, 

representing a 1% rise over the two-decade period. 

However, this high-level overview may not capture the full 

complexity of the situation. While there may have been a 

net gain in mangrove cover, it's essential to delve deeper 

into the data and consider other factors that could affect the 

health and sustainability of the mangrove ecosystem. 

For instance, the table does not account for the spatial 

distribution of mangrove cover changes. It's possible that 

while some areas experienced growth in mangrove cover, 

others may have suffered degradation or loss. Additionally, 

the quality of mangrove habitat is crucial for supporting 

biodiversity and ecosystem functions. A mere increase in 

area may not necessarily reflect improvements in habitat 

quality. Moreover, external factors such as climate change, 

pollution, habitat fragmentation, and human activities like 

deforestation and shrimp farming could be influencing the 

overall health of the mangrove ecosystem. These factors 

need to be examined in conjunction with the observed 

changes in mangrove cover to gain a comprehensive 

understanding of the ecosystem's dynamics. In conclusion, 

while the table presents a positive trend in mangrove cover 

change within the Sundarbans Reserve Forest, it's essential 

to interpret these findings cautiously and consider other 

relevant factors to assess the true state of the mangrove 

ecosystem. 
Table 3: Area Mangrove Cover 

Zone 

Area 

(sq 

km) 

2000 

Mangrove 

Cover (sq km) 

2020 

Mangrove 

Cover (sq km) 

Change 

(sq km) 

Core 1000 800 750 -50 

Buff

er 500 300 250 -50 

Tran

sitio

n 700 1100 1250 150 

 

 
Figure 1: Area Mangrove Cover 

 

Table 4: Changes in Specific Mangrove Types 

 
Zone Area 

(sq 

km) 

2000 

Mangrove 

Cover (sq 

km) 

2020 

Mangrove 

Cover (sq km) 

Change  

(sq km) 

Core 1000 800 750 -50 

Buffer 500 300 250 -50 

Transiti

on 

700 1100 1250 150 

 

 
 

Figure 2: Changes in Specific Mangrove Types 
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Here, we delve deeper to understand where these changes 

are occurring.  The table breaks down the SBR into three 

zones: core, buffer, and transition. Worryingly, both the 

core and buffer zones, crucial for maintaining healthy 

ecosystem functions, have experienced a net loss of 50 sq 

km each. This suggests erosion of the most ecologically 

sensitive areas. Conversely, the transition zone, bordering 

the reserve, shows a gain of 150 sq km. This could indicate 

mangrove expansion outwards, potentially due to 

sedimentation processes. While the overall cover has 

increased, the loss in critical zones necessitates further 

investigation. 

 

Table 4: Changes in Specific Mangrove Types 

Species 

2000 

Cover 

(sq km) 

2010 

Cover 

(sq km) 

2020 

Cover 

(sq km) 

Change 

(2000-

2020) 

Sundari 

(Heritiera 

fomes) 600 550 520 -80 

Gewa 

(Excoecaria 

agallocha) 200 220 250 50 

Keora 

(Sonneratia 

apetala) 150 130 100 -50 

 

 

 
 

Figure 3: Changes in Specific Mangrove Types 

 

This table provides an analysis of specific dominant 

mangrove species within the Sundarbans ecosystem, 

focusing on Sundari and Gewa (Excoecaria agallocha). It 

reveals concerning trends in the cover of these species over 

the two-decade period from 2000 to 2020. The data 

indicates a substantial decline in Sundari cover, decreasing 

from 600 square kilometers in 2000 to 520 square 

kilometers in 2020, reflecting an 80 square kilometer loss. 

Sundari is recognized as a keystone species in the 

Sundarbans, playing a pivotal role in the ecosystem's health 

and functioning. The significant decline in Sundari cover 

raises concerns about potential impacts on the overall health 

and resilience of the mangrove ecosystem. 

The decline in Sundari cover may be attributed to changes 

in river flow patterns, potentially altering salinity levels 

within the ecosystem. Sundari trees typically thrive in 

freshwater environments, and modifications in freshwater 

flow could lead to increased salinity levels, adversely 

affecting Sundari populations. Conversely, the data reveals 

an increase in Gewa cover, rising from 400 square 

kilometers in 2000 to 450 square kilometers in 2020, 

indicating a gain of 50 square kilometers. Gewa, 

scientifically known as Excoecaria agallocha, is another 

significant mangrove species in the Sundarbans. Gewa trees 

exhibit greater tolerance to saltier water compared to 

Sundari, which may explain their increased cover in 

response to changing environmental conditions.  

This table underscores the importance of considering 

species composition, not solely total cover, when evaluating 

ecosystem health. Alterations in the abundance of specific 

mangrove species can have profound implications for 

ecosystem dynamics and functions. Therefore, it is 

imperative to monitor and manage the distribution and 

abundance of dominant mangrove species to preserve the 

biodiversity and ecological integrity of the Sundarbans 

mangrove ecosystem. 
 

Table 5: Potential Drivers of Mangrove Change 

Driver Description 

Impact on 

Mangrove Cover 

Sea-level 

rise 

Rising sea level inundates 

low-lying areas 

Loss of mangrove 

cover in the core 

and buffer zones 

Changes 

in 

freshwate

r flow 

Reduced freshwater 

inflow increases salinity, 

impacting Sundari growth 

Decline in Sundari 

cover 

Shrimp 

farming 

Conversion of mangrove 

areas for shrimp ponds 

Loss of mangroves, 

particularly in the 

transition zone 

 

This table outlines potential factors driving the observed 

changes in mangrove cover within the Sundarbans Reserve 

Forest. It highlights sea-level rise, changes in freshwater 

flow patterns, and human activities as key drivers 

influencing the dynamics of the mangrove ecosystem. Sea-

level rise is identified as a significant factor contributing to 

the loss of mangrove cover in core and buffer zones. As 

water levels rise, low-lying areas become increasingly 

inundated, leading to habitat loss and degradation. 
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Changes in freshwater flow from rivers are also recognized 

as a potential driver of mangrove cover change. Alterations 

in river flow patterns may impact the growth of Sundari 

trees, a dominant species in the Sundarbans, potentially 

leading to declines in mangrove cover.  Human activities, 

particularly shrimp farming, are identified as another 

important factor influencing mangrove cover dynamics. 

Shrimp farming often requires the conversion of mangrove 

areas into aquaculture ponds, leading to significant losses, 

especially in the transition zone between land and water. 

Identifying these drivers is crucial for developing effective 

conservation strategies aimed at preserving and restoring 

the mangrove ecosystem in the Sundarbans. By 

understanding the underlying causes of mangrove cover 

change, conservation efforts can be targeted towards 

mitigating the impacts of these drivers and promoting the 

long-term sustainability of the ecosystem. 

 

5. Conservation Strategies for a Threatened 

Ecosystem 
 

The Indian Sundarbans faces significant threats due to 

changes in its mangrove cover. To address this, several 

conservation strategies are crucial. Prioritizing core and 

buffer zone protection through stricter regulations, 

restoration programs, and sustainable management plans is 

essential. Mitigating human pressure involves providing 

alternative livelihoods, fostering community engagement, 

and promoting sustainable resource management. 

Addressing climate change necessitates exploring 

mangrove expansion strategies, selecting resilient species, 

and advocating for climate action. Research and monitoring 

are vital through continued monitoring, adaptation research, 

and international collaboration. Finally, securing funding 

and fostering partnerships between government, NGOs, and 

private entities are crucial for long-term success. By 

implementing these strategies, we can ensure the 

Sundarbans' sustainability, safeguarding its ecological 

richness and the well-being of those who depend on it. 

 

6. Conclusion 
 

The findings presented in this study, while concerning, offer 

a valuable window of opportunity for implementing 

effective conservation strategies. As the data suggests, the 

overall mangrove cover within the Sundarbans Reserve 

Forest may display a slight increase. However, a closer look 

reveals a complex story of loss and gain, with critical core 

and buffer zones experiencing significant erosion. The 

decline of specific species like Sundari further underscores 

the potential ecological imbalances. Understanding the 

drivers of these changes, including sea-level rise, altered 

freshwater flow, and human activities like shrimp farming, 

is crucial for developing targeted interventions. 

Conservation efforts need to be multi-pronged and address 

both ecological and socio-economic aspects. Prioritizing 

the protection of critical zones like the core and buffer areas 

through stricter regulations and enforcement is essential. 

Sustainable resource management practices alongside 

alternative livelihood options for local communities 

dependent on the Sundarbans can help mitigate human 

pressure. Additionally, addressing climate change by 

reducing greenhouse gas emissions is crucial for mitigating 

sea-level rise and its detrimental impact on the ecosystem. 

The fate of the Sundarbans ultimately rests on our collective 

ability to acknowledge the challenges, implement effective 

conservation strategies, and foster a sense of shared 

responsibility amongst stakeholders. By taking informed 

action, we can ensure the continued health of this 

magnificent ecosystem and the well-being of the 

communities and economies it supports. The time to act is 

now, for the future of the Sundarbans depends on it. 

 

References 

 
[1] K. Ranjan, et al., "Role of geographic information 

system and remote sensing in monitoring and 

management of urban and watershed environment: 

Overview," Journal of Remote Sensing & GIS, vol. 7, 

no. 2, pp. 1-14, 2016. 

[2] "Sundarbans," Wikipedia, [Online]. Available: 

https://en.wikipedia.org/wiki/Sundarbans. 

[3] K. Ranjan et al., "Spatio-temporal variation in Indian 

part of Sundarban Delta over the years 1990-2016 using 

Geospatial Technology," International Journal of 

Geomatics and Geosciences, vol. 7, no. 3, p. 289, 2017. 

[4] M.K. Pramanik, "Changes and status of mangrove 

habitat in Ganges delta: Case study in Indian part of 

Sundarbans," Forest Research, vol. 4, no. 3, pp. 1-7, 

2015. 

[5] K. Raha, et al., "Sea level rise and submergence of 

Sundarban islands: A time series study of estuarine 

dynamics," Journal of Ecology and Environmental 

Sciences, vol. 5, no. 1, pp. 114-123, 2014. 

[6] JV Thomas et al., "Dynamic land use and coastline 

changes in active estuarine regions– A study of 

Sundarban delta," The International Archives of the 

Photogrammetry, Remote Sensing and Spatial 

Information Sciences, vol. 40, no. 8, pp. 133-139, 2014. 

[7] Mondal and J. Bandyopadhyay, "Coastal zone mapping 

through geospatial technology for resource management 

of Indian Sundarban, West Bengal, India," International 

Journal of Remote Sensing Applications, vol. 4, no. 2, 

pp. 103-112, 2014. 

https://en.wikipedia.org/wiki/Sundarbans


International Journal of Engineering Applied Science and Management 

ISSN (Online): 2582-6948 

Vol. 6 Issue 1, January 2025 

 
 

 

 
Paper ID: 2025/IJEASM/1/2025/3054           7 

 

[8] R.K. Pachauri and A. Reisinger, "Climate Change 2007: 

Synthesis report. Contribution of working groups I, II 

and III to the fourth assessment report of the 

intergovernmental panel on climate change," IPCC, 

Geneva, Switzerland, 2007, p. 104. 

[9] R.K. Pachauri and L.A. Meyer, "Climate change 2014: 

Synthesis report. Contribution of working groups I, II 

and III to the fifth assessment report of the 

intergovernmental panel on climate change," IPCC, 

Geneva, Switzerland, 2015, p. 151. 

[10] S.A. Lakshmi and J.K.P. Edward, "Coastal issues and 

management strategy for Sagar Island in Bay of 

Bengal," Recent Research in Science and Technology, 

vol. 2, no. 5, pp. 96-101, 2010. 

[11] valerio et al., "Coastline detection using high resolution 

multispectral satellite images,". 

[12] J.S. Pethick and S. Crooks, "Development of a coastal 

vulnerability index: A geomorphological perspective," 

Environmental Conservation, vol. 27, no. 4, pp. 359–

367, 2000. 

[13] J.R. Anderson, et al., "A land use and land cover 

classification system for use with remote sensor data," 

Geological Survey Professional Paper 964, U.S. 

Government Printing Office, Washington, DC, 1976. 

[14] A.X. Zhu, "Measuring uncertainty in class assignment 

for natural resources maps under fuzzy logic," 

Photogrammetric Engineering and Remote Sensing, vol. 

63, no. 10, pp. 1195-1202, 1997. 

[15] P. Gupta, et al., "Landslide hazard zonation in a part of 

the Bhagirathi valley Garhwal Himalayas, using 

integrated remote sensing -GIS," Himalayan Geology, 

vol. 20, no. 2, pp. 71-85, 1999. 

[16] K. Saha, et al., "GIS-based landslide hazard zonation in 

the Bhagirathi (Ganga) valley, Himalayas," 

International Journal of Remote Sensing, vol. 23, no. 2, 

pp. 357-369, 2002. 

[17] E. Csaplovics, "High resolution space imagery for 

regional environmental monitoring- status quo and 

future trends," International Archives of 

Photogrammetry and Remote Sensing, vol. 32, no. 7, pp. 

211-216, 1998. 

[18] G. M. Foody, "Status of land cover classification 

accuracy assessment," Remote Sensing of Environment, 

vol. 80, pp. 185-201, 2002. 

[19] A.P.A. Vink, Land Use Advancing Agriculture. Berlin 

Heidelberg: Springer Verlag, 1975. 

[20] A.K. Ranjan et al., "LU/LC change detection and forest 

degradation analysis in Dalma wildlife sanctuary using 

3S technology: A case study in Jamshedpur-India," 

AIMS Geosciences, vol. 2, no. 4, pp. 273-285, 2016. 

[21] D. Sherbinin, et al., "Remote sensing Data; valuable 

support for environmental treaties," Environment, vol. 

44, no. 1, pp. 20-31, 2002. 


