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Abstract: Coastal ecosystems in Purba Medinipur, West Bengal are critical for biodiversity, local
livelihoods, and climate resilience. However, they are increasingly threatened by coastal erosion, salinity
intrusion, mangrove degradation, and pollution due to both natural processes and human activities. This
review paper synthesizes existing studies on the causes and extent of ecosystem degradation in the
region. It further examines sustainable management strategies, including Integrated Coastal Zone
Management (ICZM), community-based conservation, mangrove restoration, pollution control, and
policy frameworks. The paper highlights key knowledge gaps, such as insufficient long-term monitoring,
lack of socio-economic impact assessments, and poor integration of indigenous knowledge in
management practices. Recommendations include strengthening data collection, enhancing community
participation, and improving policy enforcement. The review emphasizes that a multidisciplinary and
participatory approach is essential to achieve sustainable conservation and resilience of coastal
ecosystems in Purba Medinipur.
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I. INTRODUCTION
Coastal ecosystems are among the most productive and biologically diverse ecosystems on Earth, providing critical
ecological services such as shoreline protection, habitat for marine life, nutrient cycling, and livelihood support for
millions of people. The coastal region of Purba Medinipur, West Bengal, lies along the Bay of Bengal, making it
ecologically significant due to its rich mangrove forests, estuarine ecosystems, and productive fisheries. Local
communities depend heavily on these coastal resources for agriculture, fishing, and small-scale industries, contributing
to the socio-economic fabric of the region.
However, in recent decades, Purba Medinipur’s coastal ecosystems have faced significant threats due to a combination
of natural and anthropogenic factors. Climate change has accelerated sea level rise, increased frequency of cyclones,
and altered rainfall patterns, while unregulated human activities such as deforestation, industrialization, unsustainable
agricultural practices, and excessive groundwater extraction have intensified ecosystem degradation.' One of the most
pressing environmental challenges in this region is coastal erosion, which leads to the permanent loss of land and
habitat, threatening both biodiversity and human settlements.
Additionally, salinity intrusion into soil and freshwater resources is causing major agricultural decline, severely
impacting farmers’ livelihoods.> The mangrove cover, crucial for coastal protection and biodiversity, is also shrinking
due to illegal logging, encroachment, and development pressures. Pollution from industrial and agricultural sources,
including plastic waste, heavy metals, and chemical runoff, further deteriorates the fragile coastal ecosystem, harming
aquatic life and reducing water quality.
In this context, it becomes essential to critically analyze the current status of coastal ecosystem degradation in Purba
Medinipur and evaluate the effectiveness of existing sustainable management strategies.” Several studies have
documented individual aspects of degradation, but there is a need for an integrated review that synthesizes these
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findings to provide a holistic understanding. This paper aims to systematically review existing literature, highlight gaps
in knowledge, and suggest actionable policy recommendations focused on sustainable management and conservation of
coastal resources in Purba Medinipur.’

Coastal Ecosystem Degradation in Purba Medinipur

We have discussed four major reasons for coastal ecosystem degradation in Purba Medinipur as following.

(i) Coastal Erosion and Sea Level Rise: Purba Medinipur's coastline, particularly around areas like Tajpur and Digha,
is experiencing significant coastal erosion. Studies utilizing remote sensing and GIS technologies have documented
shoreline changes, indicating a trend of erosion in certain segments of the coast. This erosion is exacerbated by rising
sea levels, which are attributed to climate change and have been observed to increase at rates higher than the global
average in this region. The combined effect of these factors poses a threat to coastal infrastructure, habitats, and the
livelihoods of local communities. °

(ii) Salinity Intrusion and Agricultural Impact: Salinity intrusion into groundwater and soil is a pressing issue in the
coastal blocks of Purba Medinipur. Research indicates that increased salinity levels are adversely affecting soil quality,
leading to reduced agricultural productivity. This phenomenon is primarily driven by rising sea levels and altered
freshwater flow patterns, which are linked to climate change. The encroachment of saline water into agricultural lands
diminishes soil fertility, making traditional farming practices increasingly untenable and forcing farmers to seek
alternative livelihoods. ’

(iii) Mangrove Degradation: Mangrove forests in Purba Medinipur, such as those along the Rupnarayan and Hooghly
rivers, are facing degradation due to various factors. These forests, which play a crucial role in coastal protection and
biodiversity conservation, are threatened by human activities like illegal logging, land reclamation for agriculture and
aquaculture, and pollution. Studies have identified several mangrove species in the region, including Avicennia marina,
Rhizophora mucronata, and Ceriops decandra. However, the health and extent of these mangrove ecosystems are
declining, which undermines their capacity to act as natural barriers against storm surges and coastal erosion. ®

(iv) Pollution and Industrial Impact: The industrial activities in and around the Haldia region, a major industrial hub
in Purba Medinipur, contribute significantly to coastal pollution. Discharges from industries, coupled with inadequate
sewage treatment facilities, lead to the contamination of seawater with heavy metals, chemicals, and organic pollutants.
This pollution adversely affects marine life, disrupts local fisheries, and poses health risks to coastal communities. The
degradation of water quality further exacerbates the challenges faced by the coastal ecosystems and the dependent
human populations. °

Sustainable Management Strategies

(i) Integrated Coastal Zone Management (ICZM): The Integrated Coastal Zone Management (ICZM) approach is a
comprehensive strategy aimed at promoting sustainable development in coastal areas. In Purba Medinipur, the
implementation of ICZM plans has been initiated to address the multifaceted challenges faced by the coastal
ecosystems. These plans focus on balancing ecological conservation with socio-economic development, ensuring the
protection of coastal resources while supporting the livelihoods of local communities. °

(il) Mangrove Restoration and Biodiversity Conservation: Mangrove forests play a crucial role in protecting coastal
areas from erosion, providing habitat for diverse species, and supporting local fisheries. Efforts have been made to
restore degraded mangrove ecosystems in Purba Medinipur through afforestation programs and community
participation. These initiatives aim to enhance biodiversity, improve ecosystem services, and strengthen the resilience
of coastal communities to climate change impacts. 1

(iii) Pollution Control and Waste Management: Addressing pollution is vital for maintaining the health of coastal
ecosystems. In Purba Medinipur, measures have been implemented to control industrial discharges, manage solid waste,
and reduce plastic pollution. Community awareness programs and stricter enforcement of environmental regulations are
key components of these efforts, aiming to mitigate the adverse effects of pollution on marine life and human health. '*
(iv) Community-Based Coastal Resource Management: Engaging local communities in coastal resource management is

essential for the sustainability of conservation efforts. In Purba Medinipur, commumty—based initiatives have been
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established to involve residents in decision-making processes, resource monitoring, and sustainable livelihood
practices. These participatory approaches empower communities, promote stewardship of natural resources, and
enhance the effectiveness of conservation strategies.

(v) Policy and Institutional Framework: The establishment of a robust policy and institutional framework is crucial for
effective coastal management. In West Bengal, the Coastal Regulation Zone (CRZ) notifications and the State Coastal
Zone Management Plan (CZMP) provide guidelines for sustainable development in coastal areas. However, challenges
remain in the enforcement of these policies and the coordination among various stakeholders. Strengthening
institutional capacities and ensuring compliance with regulations are necessary steps toward achieving sustainable
coastal management. 1

Knowledge Gaps and Research Challenges

(i) Lack of Long-Term Monitoring Data: Despite several studies documenting coastal ecosystem degradation in
Purba Medinipur, a significant research gap remains in the availability of long-term and systematic monitoring data.
Most studies rely on short-term field surveys or satellite imagery snapshots, which are inadequate for capturing
seasonal variations and long-term trends. Continuous multi-year data collection through integrated remote sensing and
field surveys is essential to understand cumulative ecosystem changes, track shoreline shifts, monitor salinity levels,
and assess biodiversity health over time.

(ii) Insufficient Socio-Economic Impact Assessments: While much attention has been paid to the ecological
dimensions of coastal degradation, the socio-economic impacts on local communities remain poorly understood. There
is a critical need for comprehensive research that links environmental degradation to changes in livelihood patterns,
income loss, health issues, and social vulnerabilities of the population dependent on coastal resources. Such
assessments will enable the design of more effective, people-centered management strategies that promote both
ecological sustainability and socio-economic resilience.

(iii) Inadequate Understanding of Climate Change Impacts: Existing climate models tend to provide broad regional
or global projections, failing to capture the localized impacts of climate change specific to Purba Medinipur. Site-
specific projections related to sea-level rise, changes in rainfall patterns, frequency of cyclonic events, and coastal
erosion rates are largely absent. The development and application of localized climate models are crucial to improve
risk assessments and to guide the design of adaptive infrastructure and conservation strategies that are well-tailored to
local environmental and socio-economic contexts.

(iv) Limited Integration of Indigenous Knowledge: The indigenous knowledge and traditional practices of local
communities are invaluable resources for sustainable ecosystem management. However, current research and
management strategies often overlook this wealth of experience. Documenting indigenous ecological practices and
integrating them into formal management frameworks can foster community participation, enhance local stewardship,
and improve the effectiveness of conservation efforts by combining scientific and traditional wisdom.

(v) Fragmented Policy Implementation and Coordination Challenges: Policy implementation in Purba Medinipur’s
coastal zone is fragmented, with multiple agencies working in isolation and overlapping jurisdictions. The Coastal
Regulation Zone (CRZ) notifications and State Coastal Zone Management Plans (CZMP) are important regulatory
frameworks, yet their enforcement suffers from institutional coordination gaps. A lack of unified governance,
ineffective data sharing, and unclear responsibilities reduce the overall efficacy of regulatory mechanisms.
Strengthening institutional coordination and improving policy integration are essential to ensure coherent and impactful
coastal resource management. *

II. CONCLUSION
The coastal ecosystems of Purba Medinipur, West Bengal, are under increasing pressure due to a combination of
natural factors and anthropogenic activities. Through this review analysis, it is evident that major causes of ecosystem
degradation include coastal erosion, salinity intrusion, mangrove loss, and pollution from industrial and agricultural
sources. Existing studies highlight significant ecological deterioration, threatening both biodiversity and the livelihoods
of local communities.
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Sustainable management strategies such as Integrated Coastal Zone Management (ICZM), mangrove restoration,
community-based resource management, and policy frameworks have been partially implemented but still face
critical challenges, including lack of enforcement, poor institutional coordination, and insufficient local participation.
There is also a significant lack of comprehensive long-term data, socio-economic impact assessments, and region-
specific climate change models. Indigenous knowledge remains underexplored in existing frameworks. These research
and policy gaps hinder effective decision-making and adaptive management in the region.

Recommendations

e Implement Long-Term Monitoring Programs: Establish systematic long-term monitoring using remote
sensing and field surveys to track changes in shoreline, biodiversity, and water quality. Continuous data will
help in detecting trends and planning timely interventions.

e Conduct Socio-Economic Studies and Livelihood Diversification: Carry out detailed socio-economic
assessments to understand how coastal degradation affects local communities. Promote alternative livelihood
options such as eco-tourism and sustainable aquaculture to reduce dependency on degraded resources.

e Develop Site-Specific Climate Models: Develop and apply localized climate models to project impacts like
sea-level rise and cyclonic patterns. This helps in designing precise and adaptive infrastructure to withstand
region-specific climate risks.

e Integrate Indigenous Knowledge into Management Practices: Document traditional ecological practices of
local communities and incorporate them into conservation strategies. Community involvement improves the
sustainability and cultural acceptance of management plans.

e Improve Policy Enforcement and Institutional Coordination: Strengthen coordination among government
agencies to implement Coastal Regulation Zone (CRZ) guidelines effectively. Clear roles, responsibilities, and
data-sharing mechanisms will enhance regulatory efficiency.

e Promote Public Awareness and Capacity Building: Conduct educational programs to raise awareness of
ecosystem degradation and its impacts. Empower local populations with knowledge and skills to participate
actively in conservation efforts.

Finally, to ensure the long-term sustainability of the coastal ecosystems in Purba Medinipur, a multidisciplinary
approach is essential. Combining scientific research, community participation, and effective policy frameworks will
help in preserving biodiversity, enhancing resilience against climate change, and promoting sustainable development.

REFERENCES

[1]. Saha, S.; Dey, S.; Chakraborty, S. Studies on Tidal Vegetation in East Midnapore Coastal Belt, West Bengal,
India. Environ. Sci. J. 2021, 10 (3), 75-83. https:/environmentaljournals.org/article/studies-on-tidal-
vegetation-in-east-midnapore-coastal-belt-west-bengal-india.

[2]. Ghosh, S.; Mukhopadhyay, S.; Bera, S. Impact of Soil Salinity on the Increasing Trends of Aqua Farming in
the Coastal Blocks of Purba Medinipur District: A Geospatial Approach. Res. Environ. Life Sci. 2023, 16 (2),
128-135.
https://www.researchgate.net/publication/390268247 Impact_of soil_salinity on_the increasing_trends_of
Aqua_farming_in_the coastal blocks of Purba Medinipur District a Geospatial Approach.

[3]. Sarkar, R.; Roy, S.; Bhattacharyya, S. Assessment of Pollution Impact in Coastal Aquatic Ecosystem at
Haldia, West Bengal, India. Int. J. Adv. Res. Sci. Technol. 2021, 7 (6), 145-153.
https://ijarsct.co.in/Paper1 198 5B.pdf.

[4]. Mishra, P.; Sen, D.; Mandal, S. Studies on the Role of Tidal Vegetation and Management Practices in Coastal
Ecosystem Protection of  Purba Medinipur. Tijer J. 2021, 5 D), 34-45.
https://tijer.org/tijer/papers/TIJTER2405146.pdf.

[5]. Government of West Bengal. Draft State Coastal Zone Management Plan 2019 for North 24 Parganas
District; Department of Environment, Government of West Bengal: Kolkata, India, 2019.

417

7 1sSN

Copyright to IJARSCT E?@IE DOI: 10.48175/IJARSCT-28951

www.ijarsct.co.in i 2581.9429 !

©\ IJARSCT /¥




(X
O%
IJARSCT

ISSN: 2581-9429

[6].

[7].

[8].

[9].

IJARSCT

International Journal of Advanced Research in Science, Communication and Technology

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Volume 5, Issue 1, September 2025 Impact Factor: 7.67

https://ieswm.wb.gov.in/admin/pdf upload file/WB%20Draft%20CZMP%202019%20for%20North%2024
%?20Parganas.pdf.

Majumder, S; Fatma, R. Alteration of shoreline in a macrotidal setting induced by rising sea level: A case
study of Purba Medinipur coastal stretch. Marine Pollution Bulletin 2025, 213, 117657.
https://doi.org/10.1016/j.marpolbul.2025.117657

Saha, S.; Saha, P.; Dey, S. Impact of Soil Salinity on the Increasing Trends of Aqua Farming in the Coastal
Blocks of Purba Medinipur District: A Geospatial Approach. In Water Resources Monitoring, Management,
and Sustainability: Application of Geostatistics and Geospatial Modeling; Elsevier, Development in
Environmental Science; 2019; pp 153—178. https://doi.org/10.1016/B978-0-443-23665-5.00007-7

Jana, B.; Mondal, A. K. Studies on Tidal Vegetation in East Midnapore Coastal Belt, West Bengal, India.
World J. Environ. Biosci. 2020, 9 (2), 45-52. https://environmentaljournals.org/article/studies-on-tidal-
vegetation-in-east-midnapore-coastal-belt-west-bengal-india

[10]. Pandit, J. Impact of Pollution on Environment — A Case Study of Coastal Region of Purba Medinipur District,
West Bengal. Int. J. Adv. Res. Sci. Commun. Technol. 2023, 3 (3), 394. https://doi.org/10.48175/IJARSCT-
11985B

[11]. National Centre for Sustainable Coastal Management (NCSCM). Coastal Zone Management in India.
https://ncsem.res.in/iczm (accessed September 11, 2025).

[12]. Lohar, A.; Samanta, A.; Samanta, A. Assessing Flora and Faunal Diversity in Purba Medinipur, West Bengal:
A Comprehensive Study. TIJER - Int. Res. J. 2024, 11 (5), b87.
https://tijer.org/tijer/papers/TIJER2405146.pdf

[13]. Pandit, J. Environmental Change in Coastal Region of West Bengal: A District Level Study. Int. J. Adv. Res.
Sci. Commun. Technol. 2024, 4 (1), 303. https://doi.org/10.48175/IJARSCT-15342

[14]. Datta, S.; Roy, J. Exploring Adaptive Capacity: Observations from the Vulnerable Human-Coastal
Environmental System of the Bay of Bengal in India. Front. Clim. 2022, 4, 1007780.
https://doi.org/10.3389/fclim.2022.1007780

[15]. Patkar, M.; Bahuguna, S. Community-Based Approaches to Sustainable Coastal Resource Management in
Purba Medinipur, West Bengal. Front. Clim. 2022, 4, 1007780.
https://www .frontiersin.org/journals/climate/articles/10.3389/fclim.2022.1007780/full.

/ 418
ISSN ¢

Copyright to IJARSCT E.’i’f‘@ DOI: 10.48175/IJARSCT-28951
www.ijarsct.co.in b Bt ey

| 2581-9429 |}




