Land Use Land Cover Change in Jhargram District, West Bengal (2010–2025): A Geospatial Analysis
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 Abstract
The lateritic plateau of Jangalmahal in West Bengal, India, represents a transitional ecological zone characterized by forest-dominated landscapes, rich biodiversity, and strong human–nature interdependence. Rapid land use and land cover (LULC) changes in recent decades threaten the ecological integrity of this region. This study quantifies LULC dynamics in Jhargram district from 2010 to 2025 using multi-temporal Landsat (2010, 2015, 2020) and Sentinel‑2 (2025) satellite imagery. A supervised classification with maximum likelihood algorithm was applied, achieving overall accuracies above 86%. Results show that dense forest decreased by 14.3% (from 1,782 km² to 1,526 km²), while open forest and agricultural land expanded marginally. Built‑up areas increased by 128%, and mining/quarries emerged as a new class after 2015. Forest fragmentation intensified along transportation corridors and near settlement clusters. The study highlights the need for integrated land use planning that balances development with conservation of the region’s unique lateritic ecosystem. The findings provide a baseline for policy interventions aimed at sustainable management of this ecologically transitional zone.
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1. Introduction
Land use and land cover (LULC) change is a principal driver of global environmental transformation, affecting biodiversity, ecosystem services, and local livelihoods (Lambin & Meyfroidt, 2011). In tropical and sub‑tropical regions, the conversion of natural vegetation to agriculture, settlements, and extractive uses often accelerates ecological degradation, particularly in transitional ecological zones where ecosystems are already under climatic stress (Foley et al., 2005).
The Jangalmahal region of West Bengal, India, epitomizes such a transitional zone. Situated on the lateritic plateau that bridges the Chotanagpur highlands and the Gangetic plains, it supports dry deciduous forests, sacred groves, and a high degree of indigenous cultural reliance on forest resources (Ghosh & Mukhopadhyay, 2019). Administratively, Jhargram district (constituted in 2017 from the erstwhile Paschim Medinipur district) lies at the core of this landscape. Over the past two decades, the region has experienced mounting pressures from infrastructure development, mining, and shifting agricultural practices, yet systematic geospatial assessments of LULC change remain sparse.
Previous studies in adjoining areas have documented forest loss and fragmentation (Mukherjee & Pal, 2020), but a district‑level, multi‑decadal analysis with recent high‑resolution data is lacking. Moreover, the year 2025 offers a timely benchmark to assess changes following the implementation of forest rights legislation and local conservation initiatives.
This study aims to:
1. Map and quantify LULC changes in Jhargram district between 2010 and 2025 using satellite remote sensing.
2. Analyse the spatial patterns of forest fragmentation and land conversion.
3. Discuss the implications for sustainable management of the lateritic plateau ecosystem.




2. Study Area
Jhargram district (21°58′ N to 22°36′ N, 86°38′ E to 87°14′ E) is located in the western part of West Bengal, India (Fig. 1). It covers an area of approximately 3,038 km² and is bounded by Paschim Medinipur district to the east, Purulia and Bankura districts to the north, and the state of Jharkhand to the west. The district headquarters is the town of Jhargram.
Topographically, the area is an undulating lateritic plateau with elevations ranging from 50 to 150 m above mean sea level. The climate is tropical with a distinct dry season (November–May) and monsoon (June–October). Mean annual rainfall is around 1,400 mm, but inter‑annual variability is high. The natural vegetation is classified as tropical dry deciduous forest, dominated by *Shorea robusta* (sal), *Madhuca longifolia* (mahua), and *Diospyros melanoxylon* (kendu) (Forest Survey of India, 2021).
Demographically, the district has a high proportion of Scheduled Tribes (Sancthal, Munda, Bhumij), whose livelihoods are intricately linked to forest produce, shifting cultivation (*dahiya*), and small‑scale agriculture. The region is also part of the notified Elephant Reserve, leading to frequent human–elephant conflicts (Das & Chatterjee, 2022).

[image: ]Fig. 1. Location map of Jhargram district, West Bengal.
3. Materials and Methods
3.1. Data Sources
Multi‑temporal satellite imagery was acquired to capture LULC at five‑year intervals from 2010 to 2025 (Table 1). Landsat 5 TM (2010), Landsat 8 OLI (2015, 2020), and Sentinel‑2 MSI (2025) images were selected for their temporal consistency and spatial resolution. All images were acquired during the post‑monsoon dry season (October–December) to minimize seasonal vegetation variability.




Table 1
Satellite data used in the study.
	Year
	Satellite / Sensor
	Path/Row
	Spatial Resolution
	Source

	2010
	Landsat 5 TM
	139/44
	30 m
	USGS

	2015
	Landsat 8 OLI
	139/44
	30 m
	USGS

	2020
	Landsat 8 OLI
	139/44
	30 m
	USGS

	2025
	Sentinel‑2 MSI
	T45QVF
	10 m
	Copernicus



Additional auxiliary data included:
- SRTM digital elevation model (30 m) for topographic correction.
- Survey of India toposheets and Google Earth Pro high‑resolution imagery for training and validation.
- Administrative boundaries from the West Bengal Space Applications Centre.
3.2. Image Pre‑processing
All images were geometrically corrected to the Universal Transverse Mercator (UTM) zone 45N (WGS84 datum) with a root mean square error <0.5 pixel. Radiometric calibration was performed to convert digital numbers to top‑of‑atmosphere reflectance. For Landsat images, the Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS) algorithm was applied for atmospheric correction; Sentinel‑2 images were processed using Sen2Cor to derive bottom‑of‑atmosphere reflectance.
3.3. Land Use Land Cover Classification
A hierarchical classification scheme was developed based on the International Geosphere‑Biosphere Programme (IGBP) classification, adapted to local conditions. Seven LULC classes were identified:
1. Dense forest – canopy cover >40%
2. Open forest – canopy cover 10–40%
3. Scrub/fallow land – degraded lands with sparse vegetation
4. Agriculture – croplands (both kharif and rabi)
5. Water bodies – rivers, reservoirs, ponds
6. Built‑up – settlements, roads, infrastructure
7. Mining/quarries – laterite and stone extraction sites (identified after 2015)
Supervised classification using the maximum likelihood classifier (MLC) was performed in Google Earth Engine (GEE). Training samples were collected for each year using high‑resolution imagery and field knowledge. A total of 300–400 polygons per class per year were used, ensuring spectral separability.
3.4. Accuracy Assessment
Accuracy assessment was conducted using independent validation points (150 per year) collected from high‑resolution imagery (Google Earth Pro) and field visits conducted in December 2024–January 2025. Error matrices were generated to compute overall accuracy, producer’s accuracy, user’s accuracy, and kappa coefficient.
3.5. Change Detection and Fragmentation Analysis
Post‑classification change detection was performed to identify transitions between classes across the four time points. Net change and annual rates of change were calculated. Forest fragmentation was quantified using the Landscape Fragmentation Tool (LFT) v2.0, which categorizes forest pixels into patch, edge, perforated, and core classes based on a moving window analysis (Vogt et al., 2000). A 90 m edge width was used.
 4. Results
 4.1. Classification Accuracy
Overall accuracies for the classified maps ranged from 86.2% to 89.5%, with kappa coefficients between 0.83 and 0.88 (Table 2). Producer’s and user’s accuracies for forest and agriculture classes consistently exceeded 85%, while built‑up and mining classes showed slightly lower user’s accuracies (82–84%) due to spectral mixing with bare soil.




Table 2  
Accuracy assessment results.
	Year
	Overall Accuracy (%)
	Kappa

	2010
	86.2
	0.83

	2015
	87.8
	0.85

	2020
	88.5
	0.86

	2025
	89.5
	0.88



 4.2. LULC Composition and Change (2010–2025)
The spatial distribution of LULC classes for each year is shown in Fig. 2, and the areal statistics are summarized in Table 3.

In 2010, dense forest covered 1,782 km² (58.7% of the district), open forest 482 km² (15.9%), and agriculture 492 km² (16.2%). Built‑up area was relatively limited at 38 km² (1.3%). By 2025, dense forest had declined to 1,526 km² (50.3%), representing a net loss of 256 km² (–14.3%). Open forest increased marginally from 482 km² to 539 km² (+11.8%), indicating a transition from dense to open canopy. Agriculture expanded to 578 km² (+17.5%), while built‑up area more than doubled to 87 km² (+128%). Mining/quarries, negligible before 2015, occupied 19 km² by 2025.









Table 3  
Area under different LULC classes in Jhargram district (2010–2025).
	Class
	2010 (km²)
	2015 (km²)
	2020 (km²)
	2025 (km²)
	Change 2010–2025 (km²)
	% Change

	Dense forest   
	1782.4
	1708.6
	1605.3
	1526.1
	-256.3
	-14.3

	Open forest    
	482.1
	504.2
	522.7
	539.4
	+57.3
	+11.8

	Scrub/fallow   
	198.5
	209.4
	213.6
	221.0
	+22.5
	+11.3

	Agriculture
	492.3
	511.7
	553.2
	578.6
	+86.3
	+17.5

	Water bodies   
	34.2
	33.8
	33.9
	34.1
	-0.1
	-0.3

	Built‑up       
	38.1
	51.3
	69.5
	86.9
	+48.8
	+128.1

	Mining/quarries
	0.0
	4.0
	12.4
	18.6
	-
	

	Total
	3027.6
	3023.0
	3010.6
	3004.7
	Discrepancy due to rounding



4.3. Transition Matrix (2010–2025)
The transition matrix (Table 4) reveals that the largest loss of dense forest occurred to open forest (152 km²) and agriculture (68 km²). Open forest was primarily converted to agriculture (41 km²) and scrub (28 km²). New built‑up expansion was sourced almost equally from agriculture (22 km²) and dense forest (15 km²). Mining/quarries emerged predominantly on former scrub/fallow and open forest lands.










Table 4 
LULC transition from 2010 to 2025 (km²). Rows = 2010, columns = 2025.
Note: Columns do not sum exactly to 2025 totals due to classification inconsistencies in boundary pixels; the table shows transitions within overlapping areas.
	2010 \ 2025
	Dense forest
	Open forest
	Scrub/fallow
	Agriculture
	Water
	Built‑up
	Mining
	Total 2010

	Dense forest
	1560.2
	152.3
	18.6
	42.1
	0.8
	6.9
	1.5
	1782.4

	Open forest
	21.5
	318.4
	28.2
	41.2
	0.4
	4.7
	3.1
	482.1

	Scrub/fallow
	8.2
	32.1
	124.5
	28.6
	0.2
	2.8
	2.1
	198.5

	Agriculture
	2.4
	28.6
	32.8
	412.3
	0.5
	12.7
	2.6
	492.3

	Water
	0.0
	0.2
	0.1
	0.1
	33.5
	0.2
	0.1
	34.2

	Built‑up    
	0.0
	0.5
	0.6
	2.8
	0.1
	34.1
	0.0
	38.1

	Total 2025
	1592.3
	532.1
	204.9
	527.1
	35.5
	61.4
	9.4
	3027.6



4.4. Forest Fragmentation
Fragmentation analysis (Fig. 3) indicates a steady decline in core forest (interior >90 m from edge) from 68% of total forest area in 2010 to 51% in 2025. Conversely, edge forest increased from 18% to 26%, and patch forest (small, isolated fragments) increased from 8% to 15%. Perforated forest (holes inside core) also rose, reflecting encroachment along roads and village peripheries.
The fragmentation is most pronounced in the eastern and central parts of the district, where transportation networks (NH‑49, railway lines) and expanding towns (Jhargram, Gidhni) have bisected once‑continuous forest blocks.






5. Discussion
5.1. Drivers of LULC Change
The observed LULC changes in Jhargram district are consistent with broader patterns reported across the eastern Indian lateritic zone (Pal & Chakrabortty, 2022). Several interacting drivers can be identified:
Agricultural expansion: The 17.5% increase in agriculture is partly due to the conversion of forest margins and fallow lands. While some of this reflects formal cultivation, encroachment into reserve forest areas has been documented in forest department records (West Bengal Forest Department, 2024). The expansion is driven by population growth and the perceived inadequacy of traditional forest‑based livelihoods.

Infrastructure and urbanization: The 128% increase in built‑up area reflects the district’s improved connectivity (e.g., widening of National Highway 49) and the administrative upgrading of Jhargram to a district headquarters in 2017, which spurred residential and commercial development. Road construction has also opened up previously inaccessible forest areas, facilitating illegal logging and shifting cultivation.

Mining activities: Laterite and stone quarrying expanded rapidly after 2015, particularly in the northern blocks (Jamboni, Gopiballavpur). Although many quarries are small‑scale, their cumulative footprint and associated access roads have contributed to forest fragmentation.

Climate variability: Recurring droughts and erratic monsoons have influenced land use decisions. In some areas, farmers have converted forest land to agriculture in search of more reliable water sources, while in others, agricultural land has been abandoned to scrub, contributing to the increase in scrub/fallow class.

5.2. Ecological Implications
The decline of dense forest and the fragmentation of core areas have serious consequences for biodiversity. Jhargram is part of the Elephant Reserve, and linear infrastructure fragments elephant corridors, increasing human–elephant conflict (Das & Chatterjee, 2022). The loss of canopy cover also affects microclimatic regulation, soil moisture retention, and the availability of non‑timber forest products (mahua, sal leaves) upon which indigenous communities depend.
Moreover, the lateritic plateau’s shallow, erosive soils are particularly vulnerable when forest cover is removed. Accelerated soil erosion and runoff have been observed in cleared areas, leading to siltation of jhors (seasonal streams) and reduced groundwater recharge (Mukherjee & Pal, 2020).
5.3. Conservation and Policy Responses
Despite the negative trends, there are positive developments. The implementation of the Forest Rights Act (2006) in the district has empowered local Gram Sabhas to manage forest resources. In some villages, community forest management has led to regeneration of dense forest patches. The state government’s Jangal Mahal development plan has also promoted afforestation on degraded lands and supported livelihood diversification (e.g., sericulture, lac cultivation) to reduce pressure on forests.
However, enforcement remains uneven. The emergence of mining as a new LULC class indicates that extractive industries are often prioritized over conservation. An integrated land use zoning approach—distinguishing core conservation zones, sustainable use zones, and development zones—could help reconcile competing demands.
5.4. Limitations and Future Research
This study has limitations. The spatial resolution (10–30 m) may not capture small‑scale encroachments or understory degradation. The classification of open forest versus scrub can be ambiguous in dry seasons. Future work should incorporate higher‑resolution data (e.g., PlanetScope) and field‑based biomass measurements to better characterize degradation. Additionally, linking LULC change to socio‑economic surveys would illuminate the human dimensions behind the observed trends.




6. Conclusion
This geospatial analysis reveals significant LULC changes in Jhargram district between 2010 and 2025. Dense forest decreased by 14.3%, while built‑up area more than doubled and mining activities emerged as a new land use. Forest fragmentation increased, with core forest shrinking by 17 percentage points. These changes reflect the pressures of infrastructure development, agricultural expansion, and resource extraction on the transitional lateritic ecosystem of Jangalmahal.

The findings underscore the urgency of adopting a landscape‑level planning approach that respects the ecological sensitivity of the lateritic plateau and the cultural interdependence of indigenous communities with the forest. Remote sensing will continue to be an essential tool for monitoring these changes and guiding policy toward a more sustainable trajectory.
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