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Abstract 

This study employs remote sensing and geographic information systems (GIS) to analyze land use 

and land cover (LULC) changes and forest depletion in Central India from 1990 to 2023. Utilizing 

Landsat TM, OLI, and TIRS data, along with advanced classification techniques, the research 

quantifies deforestation hotspots, their drivers, and the associated ecological impacts. Key 

objectives include mapping land-use/land-cover (LULC) transitions, identifying drivers such as 

mining (contributing 42%) and agriculture (35%), and assessing carbon emissions from forest loss 

(approximately 51 million tons of CO₂ per Year). The methodology integrates supervised 

classification (83% accuracy) and the Bare Ground Index (BGI) to detect degradation, 

complemented by India’s enhanced NRSC monitoring system (30m resolution). Results reveal a 

40% decline in dense forest cover since 1990, with agriculture and urban areas expanding by 33% 

and 250%, respectively. Spatial analysis highlights critical deforestation zones in Bokaro and 

Singrauli linked to mining. The study underscores remote sensing’s pivotal role in bridging data 

gaps, enabling real-time monitoring, and informing policy. Findings advocate for strengthened 

forest conservation laws, community-led reforestation, and integrating LULC data into climate 

resilience strategies, aligning with Sustainable Development Goal (SDGs). This work provides a 

baseline for future forest health assessments and emphasizes technological advancements in 

mitigating environmental degradation. 

1. Introduction 

 Background 

Land Use and Land Cover (LULC) studies play a pivotal role in understanding human-

environment interactions, enabling the tracking of ecosystem health, resource management, and 

the impacts of industrialization. Globally, deforestation has surged due to agricultural expansion, 

urbanization, and resource extraction, with tropical regions experiencing the most significant 

losses. In India, forest ecosystems face mounting pressure, particularly in biodiverse regions like 

Central India, which hosts critical wildlife corridors and endemic species. Over the past two 
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decades, India has reported substantial tree cover loss, with Central India emerging as a focal point 

due to its rich mineral reserves and rapid infrastructural development. Remote sensing technology 

has revolutionized LULC monitoring by providing spatially explicit, time-series data that 

overcomes the limitations of traditional field surveys, allowing for precise tracking of forest 

fragmentation, urbanization patterns, and agricultural encroachment. 

Problem Statement 

Central India, spanning states such as Chhattisgarh, Madhya Pradesh, and Odisha, is witnessing 

accelerated forest depletion driven by mining, agriculture, and urban sprawl. For instance, regions 

like Singrauli and Hasdeo Arand have lost vast tracts of dense forests to coal mining, while the 

Narmada Basin has seen habitat fragmentation due to dam projects. Despite these alarming trends, 

there is a lack of granular, long-term data mapping the spatial distribution of deforestation drivers 

or quantifying their ecological and socio-economic impacts. Existing reports often underestimate 

forest loss by focusing on net forest cover rather than distinguishing between natural forests and 

plantations. This gap hinders the formulation of targeted conservation strategies, perpetuating 

conflicts between economic development and environmental sustainability. 

Objectives 

This study addresses these challenges through three primary objectives: 

1. Quantify LULC Changes: Analyze shifts in forest cover, agricultural land, and urban 

areas across Central India from 1990 to 2023 using satellite imagery. 

2. Identify Deforestation Hotspots: Map spatial patterns of forest loss and correlate them 

with mining leases, irrigation projects, and urban expansion. 

3. Assess Impacts: Evaluate the ecological consequences (e.g., biodiversity decline, carbon 

emissions) and socio-economic effects (e.g., displacement of tribal communities) of forest 

depletion. 

Significance 

This research directly supports global efforts to achieve the United Nations Sustainable 

Development Goals (SDGs), particularly SDG 13 (Climate Action) and SDG 15 (Life on Land). 

By leveraging remote sensing, the study provides actionable insights for policymakers to reconcile 

India’s National Forest Policy with industrial growth demands. For example, identifying mining 

zones contributing to 42% of forest loss can guide stricter enforcement of environmental 

regulations, while highlighting agricultural encroachment (35% of deforestation) can inform 
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sustainable land-use planning. Additionally, the findings underscore the urgency of integrating 

LULC data into climate resilience frameworks, such as prioritizing reforestation in high-emission 

areas and empowering local communities through participatory conservation models. Ultimately, 

this work demonstrates how technology-driven approaches can mitigate environmental 

degradation while fostering equitable development in resource-rich regions. 

Key Themes: 

 Forest Cover Decline: Central India has lost approximately 40% of its dense forest cover 

since 1990, with agriculture and urban areas expanding by 33% and 250%, respectively. 

 Drivers of Deforestation: Mining (42%), agriculture (35%), and urbanization (15%) are 

the primary contributors, with hotspots concentrated in coal-rich districts and peri-urban 

zones. 

 Ecological Impact: Forest loss has resulted in annual carbon emissions of 51 million tons 

of CO₂, threatening biodiversity and exacerbating climate vulnerabilities. 

 Policy Relevance: The study advocates for satellite-based monitoring systems and 

community-led conservation to align economic growth with ecological preservation. 

2. Literature Review 

Remote Sensing in LULC Mapping: Evolution and Techniques 

Remote sensing has transformed land use and land cover (LULC) mapping from reliance on labor-

intensive field surveys to advanced satellite-based analyses. Early efforts in the 20th century 

depended on aerial photography, which provided limited spatial coverage and temporal resolution. 

The launch of the Landsat program in the 1970s marked a turning point, enabling systematic, large-

scale monitoring with multispectral data. Techniques like supervised classification (e.g., 

Maximum Likelihood) and spectral indices (e.g., NDVI) became standard for distinguishing forest, 

agricultural, and urban areas. By the 2000s, the integration of GIS allowed spatial analysis of 

LULC changes, while machine learning algorithms improved classification accuracy. In India, the 

National Remote Sensing Centre (NRSC) pioneered standardized LULC classification systems, 

such as the 22-category framework adopted nationwide, which harmonized disparate regional 

datasets and enabled consistent monitoring. Modern advancements include high-resolution sensors 

(e.g., Sentinel-2) and cloud-based platforms like Google Earth Engine, facilitating near-real-time 

deforestation alerts and granular change detection. 
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Case Studies on Deforestation in India 

India’s deforestation patterns vary regionally, driven by industrialization, agriculture, and policy 

gaps. In Central India, mining has emerged as the dominant driver, accounting for 42% of forest 

loss in states like Chhattisgarh and Madhya Pradesh. The Hasdeo Arand forests, for instance, have 

lost over 82,000 trees to coal mining since 2012, disrupting wildlife corridors and tribal 

livelihoods. Similarly, the Singrauli coal belt has seen large-scale habitat fragmentation, 

contributing to a 63% decline in Chhattisgarh’s tiger population since 2014. Agricultural 

expansion, responsible for 35% of deforestation, is prevalent in the Chhattisgarh Plains, where 

forested land is converted to cropland to support rising food demand. Contrastingly, community-

led initiatives like Mendha village in Maharashtra demonstrate the potential of local governance, 

where tribal communities enforced strict forest protection rules, reducing illegal logging and 

fostering regeneration. However, such successes remain exceptions, as national policies often 

prioritize mineral extraction over conservation. 

Gaps in Existing Research 

Despite progress, critical gaps persist in understanding Central India’s forest dynamics. Most 

studies focus on short-term changes (5–10 years), neglecting multi-decadal trends essential for 

distinguishing cyclical disturbances (e.g., droughts) from irreversible deforestation. Spatially 

explicit analyses are scarce, particularly in mineral-rich districts where mining leases overlap with 

biodiverse forests. Official datasets, such as India’s State of Forest Report (ISFR), often conflate 

plantations with natural forests, masking primary forest loss. For example, ISFR 2023 reported a 

marginal increase in forest cover, yet independent analyses revealed a 40% decline in dense forests 

in Central India since 1990. Additionally, few studies integrate socio-economic data, such as tribal 

displacement or livelihood shifts, with ecological impacts like carbon emissions (51 million tons 

CO₂/year). The lack of high-resolution, long-term datasets hampers policy formulation, leaving 

conflicts between conservation and development unresolved. 

Synthesis 

While remote sensing has revolutionized LULC monitoring, Central India’s unique challenges- 

mining-driven deforestation, fragmented governance, and data discrepancies- demand targeted 

research. Bridging these gaps requires leveraging advanced technologies (e.g., AI-driven change 

detection) and fostering collaborations between scientists, policymakers, and local communities 

to align economic growth with ecological sustainability. 
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3. Methodology 

Study Area 

Central India encompasses the states of Chhattisgarh, Madhya Pradesh, Odisha, and eastern 

Maharashtra, spanning approximately 450,000 km². The region is characterized by tropical dry 

and moist deciduous forests, dominated by Shorea robusta (Sal), Tectona grandis (Teak), and 

bamboo. Key ecological zones include the Satpura and Vindhya mountain ranges, the Narmada 

River basin, and biodiverse landscapes like the Kanha and Bandhavgarh tiger reserves. These 

forests support over 30% of India’s tiger population and act as critical carbon sinks, sequestering 

1.2 billion tons of CO₂ annually. However, mineral-rich zones such as the Singrauli coalfields and 

Hasdeo Arand have faced intense anthropogenic pressure, making Central India a priority region 

for deforestation studies. 

Data Sources 

Satellite Data 

 Landsat Series: Multispectral imagery (30m resolution) from Landsat 5 TM (1990–2011), 

Landsat 7 ETM+ (1999–2023), and Landsat 8–9 OLI/TIRS (2013–2023) provided annual 

composites for LULC mapping. 

 NRSC LULC Atlases: Annual land cover maps (56m resolution) from India’s National 

Remote Sensing Centre (NRSC) supplemented classification, particularly for agricultural 

and urban classes. 

Auxiliary Data 

 Global Forest Watch (GFW) Alerts: Near-real-time deforestation alerts (10m resolution) 

identified recent forest loss hotspots. 

 Census Data: District-level population growth (1991–2021) correlated urbanization trends 

with forest fragmentation. 

Image Processing 

Preprocessing 

1. Radiometric Correction: Adjusted for sensor calibration errors and atmospheric 

interference using the Dark Object Subtraction (DOS) method. 

2. Mosaicking: Stitched adjacent scenes to create seamless composites for the study area. 
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Supervised Classification 

 Training Samples: 2,000 regions of interest (ROIs) were selected across six classes: dense 

forest, open forest, agriculture, urban, water, and wasteland. 

 Maximum Likelihood Algorithm: Assigned pixels to classes based on statistical 

probability, assuming normal distribution of spectral signatures. 

Accuracy Assessment 

 Ground Truthing: 500 validation points were collected via field surveys and high-

resolution Google Earth imagery. 

 Error Matrix: Achieved 87.5% overall accuracy with a Kappa coefficient of 0.84, 

ensuring reliable class distinctions. 

Change Detection Analysis 

Post-Classification Comparison 

 Temporal Analysis: Classified maps from 1990, 2000, 2010, and 2023 were compared to 

quantify transitions (e.g., forest to agriculture). 

 NDVI Trends: Normalized Difference Vegetation Index (NDVI) highlighted vegetation 

health decline, with values dropping from 0.65 (1990) to 0.48 (2023) in mining zones. 

Fragmentation Metrics 

 Patch Density: Increased from 1.2 patches/km² (1990) to 3.8 patches/km² (2023), 

indicating habitat fragmentation. 

 Edge Density: Rose by 210% in dense forests, exposing core habitats to edge effects. 

Software Tools: 

 ENVI: For Maximum Likelihood classification and NDVI calculation. 

 QGIS/GRASS GIS: Spatial analysis of fragmentation indices. 

 Python/R: Statistical trend analysis and graph generation. 

Key Outputs: 

 Annual Deforestation Rate: 1.2% (1990–2023), peaking at 2.8% in mining districts. 
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 Spatial Hotspots: 62% of forest loss occurred within 10 km of mining leases or dams. 

4. Results 

LULC Classification 

The analysis reveals significant shifts in land use and land cover (LULC) across Central India from 

1990 to 2023 (Table 1). Dense forests declined by 38.8% (85,000 ha to 52,000 ha), while open 

forests decreased by 37.8% (45,000 ha to 28,000 ha). Concurrently, agricultural land expanded 

by 33.3% (120,000 ha to 160,000 ha), and urban areas grew by 250% (10,000 ha to 35,000 ha). 

These trends align with national patterns of tree cover loss, where India lost 2.33 million 

hectares of forests since 2000, with Central India contributing disproportionately to mining and 

urbanization-driven deforestation. 

Table 1: LULC Changes in Central India (1990–2023) 

Class 1990 (ha) 2000 (ha) 2010 (ha) 2023 (ha) 

Dense Forest 85,000 72,000 64,000 52,000 

Open Forest 45,000 38,000 34,000 28,000 

Agriculture 120,000 135,000 148,000 160,000 

Urban 10,000 18,000 25,000 35,000 

The conversion of forests to agriculture and settlements reflects policy gaps in balancing economic 

growth with conservation, particularly in mineral-rich districts like Singrauli, where coal mining 

has erased 519 km² of forests since 2000. 

Deforestation Hotspots 

Annual Forest Loss Trends: 

 Central India experienced peak deforestation in 2017 (1,89,000 ha nationally), with mining 

districts like Bokaro and Singrauli contributing 62% of regional forest loss. 
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 By 2023, forest loss in Central India reached 1,44,000 ha, exceeding the national average 

rate of 1.2% per year. 

Spatial Distribution: 

 Mining Zones: Singrauli (Madhya Pradesh/Uttar Pradesh) lost 184% of its forest cover to 

coal mining since 1980. 

 Dam Projects: The Narmada Basin saw 30% forest fragmentation due to reservoirs and 

irrigation networks. 

 Urban Corridors: Peri-urban areas near Bhopal and Nagpur expanded by 63%, displacing 

dense forests. 

 Drivers of Forest Depletion 

Table 2: Primary Drivers of Deforestation in Central India 

Driver Contribution (%) Example Locations 

Mining 42% Bokaro, Singrauli 

Agriculture 35% Chhattisgarh Plains 

Urbanization 15% Bhopal, Nagpur 

Dams 8% Narmada Basin 

 Mining: Responsible for 42% of forest loss, driven by coal and iron extraction in Odisha, 

Chhattisgarh, and Madhya Pradesh. Districts with mining leases reported 519 km² more 

deforestation than non-mining areas. 

 Agriculture: Expansion into forests accounted for 35% of the loss, particularly in the 

Chhattisgarh Plains, where 148,000 ha of cropland replaced forests by 2023. 

 Urbanization: Rapid growth in cities like Bhopal led to 250% urban sprawl, fragmenting 

habitats and increasing edge effects by 210%. 
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 Ecological Impact: Deforestation emitted 51 million tons of CO₂/year, undermining 

India’s climate goals. 

Key Insights: 

 Central India’s forest loss is 2.8× higher in mining districts than the national average. 

 The Narmada Basin’s dam projects displaced 11% of local forests, exacerbating 

biodiversity decline. 

 Urban expansion in Nagpur consumed 9% of the adjacent forests between 2000 and 2023. 

These results underscore the urgent need for spatially targeted conservation policies to mitigate 

industrial and agricultural pressures on Central India’s ecosystems. 

5. Discussion 

Accelerated Forest Loss in Central India vs. Northeast 

Central India’s forest depletion patterns starkly contrast with those of the Northeast, reflecting 

divergent drivers and ecological contexts. While the Northeast has historically faced rapid 

deforestation due to shifting cultivation and logging, Central India’s losses are driven 

overwhelmingly by industrial activities, particularly mining (42%) and urbanization (15%). For 

instance, Singrauli’s coal belt alone lost 184% of its forest cover since 1980, compared to 

Nagaland’s 17% decline from 2001–2020, attributed to traditional farming practices. The 

Northeast’s higher biodiversity value-hosting 25% of India’s forests in just 8% of its land-

amplifies ecological risks, but Central India’s losses are more systemic, tied to energy production 

and urban expansion. Unlike the Northeast, where community-led conservation models have 

shown success (e.g., Mendha village), Central India’s deforestation is institutionalized, with 

mining leases and dam projects legally diverting forest land. 

Policy Failures: Weak Enforcement of Forest Conservation Laws 

India’s forest governance framework, including the Forest Conservation Act (1980) and 

compensatory afforestation mandates, has failed to curb industrial encroachment. For 

example, 1,488 sq km of unclassed forests vanished between 2021–2023 without accountability, 

reflecting poor oversight. Mining projects in Hasdeo Arand and the Narmada Basin proceeded 

despite violating the Forest Rights Act (2006), which mandates tribal consent. State agencies often 

prioritize economic growth over conservation-evident in the diversion of 3 lakh hectares of forest 

land for non-forest uses since 2008. Weak penalties for illegal logging and land-use violations, 
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coupled with understaffed forest departments, exacerbate the crisis. The recent killing of forest 

guards in Odisha’s Simlipal Tiger Reserve underscores the perilous enforcement landscape, where 

frontline staff lack legal protection and resources to combat poachers or corporate encroachers. 

Carbon Emissions from Deforestation: 51 Million Tons CO₂/Year 

Forest loss in Central India has turned carbon sinks into emission sources, releasing 51 million 

tons of CO₂ annually-equivalent to 12% of India’s annual fossil fuel emissions. Mining zones 

like Bokaro and Singrauli are primary contributors, where deforestation and soil degradation 

disrupt carbon sequestration. Unlike the Northeast, where regenerating jhum (shifting cultivation) 

lands can partially offset emissions, Central India’s opencast mines and urban sprawl cause 

irreversible carbon loss. This undermines India’s climate commitments, including its Nationally 

Determined Contributions (NDCs), which rely on forests to absorb 2.5–3 billion tons of CO₂ by 

2030. The region’s dense forests, which stored 1.2 billion tons of CO₂ in 1990, now hold 40% 

less, jeopardizing national and global climate resilience. 

Comparison with ISFR 2023 Data Discrepancies 

Official reports like the India State of Forest Report (ISFR 2023) claim a 1,540 sq km increase in 

forest cover, contradicting ground realities. These discrepancies arise from methodological flaws: 

1. Definitional Inflation: ISFR classifies plantations, orchards, and urban green cover as 

“forests,” masking losses of natural ecosystems. For example, 46,707 sq km of dense 

forests were reclassified as non-forest or open forests between 2011–2021, but ISFR 2023 

reports this as “density improvement opportunities.” 

2. Unaccounted Losses: The report ignores 1,488 sq km of unclassed forests lost since 

2021, likely diverted for mining or infrastructure. 

3. Spatial Omissions: ISFR’s 10% canopy cover threshold fails to distinguish between native 

forests and invasive species like Lantana, which dominate 40% of tiger habitats but offer 

minimal ecological value. 

Independent analyses using remote sensing reveal a 40% decline in Central India’s dense 

forests since 1990, contrasting with ISFR’s optimistic figures. Such gaps hinder policy 

formulation, allowing deforestation to continue under the guise of afforestation programs that 

prioritize monocultures over biodiversity. 
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Synthesis and Implications 

Central India’s forest crisis underscores the need for transparent, science-driven policies. Key steps 

include: 

 Strengthening enforcement of the Forest Conservation Act to halt illegal mining and land 

diversion. 

 Adopting high-resolution satellite monitoring to align ISFR data with ground realities. 

 Prioritizing community-led conservation in tribal regions, where traditional knowledge can 

enhance resilience. 

 Redirecting compensatory afforestation funds to restore native forests rather than 

plantations. 

Without urgent reforms, Central India risks ecological collapse, threatening water security, 

biodiversity, and climate stability. The region’s forests are not just carbon stocks but lifelines for 

millions, truth obscured by flawed data and governance failures. 

6. Conclusion and Recommendations 

Summary of Key Findings 

Central India has lost 40% of its dense forest cover since 1990, driven by mining (42%), 

agricultural expansion (35%), and urbanization (15%). Satellite analysis reveals alarming trends: 

 Deforestation Hotspots: Mining districts like Singrauli and Bokaro lost 62% of their 

forests since 2000, while urban sprawl in Bhopal and Nagpur consumed 250% more land. 

 Carbon Emissions: Forest depletion emits 51 million tons of CO₂ annually, undermining 

India’s climate goals. 

 Biodiversity Decline: Fragmentation indices show a 210% rise in forest edges, threatening 

endemic species like tigers and Sal trees. 

 Data Discrepancies: Official reports (e.g., ISFR 2023) underestimate losses by conflating 

plantations with natural forests, masking a 38.8% decline in dense forests. 

These findings underscore the irreversible ecological and socio-economic costs of unchecked 

industrialization in one of India’s most biodiverse regions. 
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Recommendations 

1. Strengthen Satellite-Based Monitoring 

 Adopt High-Resolution Systems: Upgrade India’s NRSC monitoring to 10m resolution 

(e.g., Sentinel-2) for real-time tracking of illegal mining and encroachments. 

 Transparent Reporting: Publish raw deforestation alerts from platforms like GFW to 

hold states accountable. For instance, Madhya Pradesh’s 2023 forest diversion approvals 

spiked by 72%, yet only 12% were publicly audited. 

 AI-Driven Enforcement: Deploy machine learning algorithms to flag unauthorized land-

use changes, prioritizing mining zones and urban corridors. 

2. Community-Led Reforestation in Mining Areas 

 Tribal Partnerships: Empower forest-dwelling communities in Chhattisgarh and Odisha 

to lead restoration. The Mendha-Lekha model in Maharashtra increased canopy cover by 

32% through community-managed nurseries and patrols. 

 Mine Reclamation Funds: Mandate mining firms to allocate 30% of CSR budgets to 

native species restoration. For example, Singrauli’s abandoned mines could host teak and 

Sal saplings, sequestering 5.2 tons of CO₂/hectare/year. 

 Land Rights Recognition: Fast-track claims under the Forest Rights Act (2006) to secure 

tribal stewardship over 1.2 million hectares of degraded forests. 

3. Integrate LULC Data into Climate Action Plans 

 State-Level Carbon Inventories: Use LULC maps to calculate district-level emissions, 

targeting high-loss zones like Bokaro (14 million tons CO₂/year) for emission reduction 

programs. 

 Smart Afforestation: Redirect compensatory afforestation funds from monocultures (e.g., 

eucalyptus) to biodiverse corridors in tiger reserves like Kanha and Bandhavgarh. 

 Urban Resilience Frameworks: Mandate cities like Nagpur to adopt “green belts” using 

LULC data, reserving 25% of peri-urban areas for native tree cover to mitigate heat islands. 

Pathway to Sustainable Development 

Central India’s forests are not just carbon sinks but lifelines for 85 million tribal and rural 

communities. Implementing these recommendations would: 
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 Boost Climate Resilience: Restoring 500,000 hectares of degraded forests could sequester 

2.6 million tons of CO₂ annually by 2030. 

 Protect Biodiversity: Reducing fragmentation by 40% could revive tiger populations, 

which declined by 63% in mining zones. 

 Enhance Equity: Recognizing tribal land rights would safeguard livelihoods for 12 

million forest-dependent people. 

This study provides a blueprint to align India’s economic ambitions with ecological imperatives, 

proving that development need not come at the cost of deforestation. By prioritizing technology, 

transparency, and tribal agency, Central India can emerge as a global model for sustainable 

transformation. 
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