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Abstract 

This review paper presents a comprehensive analysis of the environmental transformation experienced by 

the Udham Singh Nagar district of Uttarakhand, with a particular focus on Rudrapur, a rapidly developing 

town within the district. The transformation follows the wave of industrialization initiated by the 

establishment of the State Industrial Development Corporation of Uttarakhand Limited (SIDCUL) in 2003. 

The paper investigates the environmental repercussions of this industrial surge, focusing on key climatic and 

ecological parameters such as changes in average annual rainfall, fluctuations in temperature, and variations 

in groundwater levels over the past two decades. By drawing on a wide array of sources—including 

scientific research articles, government databases, satellite imagery, and field reports—the study provides a 

nuanced understanding of the environmental trajectory of the region. The review highlights the correlation 

between accelerated industrial growth, rapid urbanization, deforestation, and the subsequent environmental 

degradation that has ensued. Forest cover loss, encroachment on agricultural land, air and water pollution, 

and increased carbon emissions have all emerged as by-products of unchecked industrial expansion. The 

paper further explores how urban sprawl has altered land use patterns and contributed to ecological stress in 

and around Rudrapur. In response to these challenges, the paper examines the implementation and 

effectiveness of various government policies and mitigation strategies. These include the State Action Plan 

on Climate Change (SAPCC), the National Action Plan on Climate Change (NAPCC), biogas plant 

initiatives aimed at sustainable energy production, rejuvenation of traditional water bodies and ponds, and 

community-based afforestation and tree protection programs. By synthesizing past and current research 

findings with policy evaluations, the study identifies critical gaps in environmental governance and planning. 

It concludes by proposing actionable strategies for sustainable development and environmental conservation, 

with recommendations focused on integrated land use planning, stricter environmental regulation 

enforcement, and stronger community participation in ecological preservation efforts. 
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Introduction 

1.1 Background and Geographical Context 

Rudrapur, the administrative headquarters of Udham Singh Nagar district in the state of Uttarakhand, India, 

is located in the Terai region of the Himalayan foothills. Geographically, Rudrapur lies at approximately 

28.98°N latitude and 79.40°E longitude, with an elevation of around 830 feet above sea level. The city spans 

an area of 47.65 square kilometers and has experienced rapid urbanization and industrial development since 

the early 2000s, primarily following the establishment of the State Infrastructure and Industrial Development 

Corporation of Uttarakhand Limited (SIDCUL) in 2003.  

The district of Udham Singh Nagar is bordered by Nainital to the north, Champawat to the northeast, Nepal 

to the east, and the Indian state of Uttar Pradesh to the south and west. Rudrapur’s strategic location along 
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major transportation routes, including National Highways 9, 109, and 309, has made it a focal point for 

industrial investment and urban growth . The city is also well-connected by rail and is served by the 

Pantnagar Airport, located approximately 12 kilometers away, facilitating easy access to major cities like 

Delhi and Dehradun.  

The establishment of SIDCUL's Integrated Industrial Estate in Rudrapur has attracted numerous national and 

multinational companies, transforming the city into a significant industrial hub. Prominent industries 

operating in the area include Tata Motors, Britannia Industries, Parle Agro, Nestlé India, and Bajaj Auto, 

among others . This industrial boom has led to a substantial increase in employment opportunities, 

contributing to the city's rapid population growth.  

According to the 2011 Census of India, Rudrapur had a population of 140,857, making it the fifth most 

populous city in Uttarakhand . The city's demographic profile is diverse, with communities from various 

parts of India, including Punjab, Haryana, Uttar Pradesh, and Nepal, contributing to its cultural mosaic. This 

diversity is a legacy of post-independence resettlement programs, where refugees from different regions 

were rehabilitated in the fertile Terai belt .  

Despite its economic advancements, Rudrapur faces environmental challenges, including deforestation, 

groundwater depletion, and pollution, primarily due to unplanned urbanization and industrial activities. 

These issues underscore the need for sustainable development practices and effective environmental 

management policies to ensure the long-term well-being of the region. 

1.2 Climate Conditions before Industrialization (Pre-2003) 

Before industrial development began in Rudrapur, the region featured a sub-tropical climate with relatively 

stable weather patterns conducive to agriculture. The average annual temperature was around 24.3°C, with 

peak summer temperatures in June reaching up to 40°C, and January lows averaging about 14.9°C. The 

average annual rainfall stood at approximately 1,302 mm, largely due to the southwest monsoon, which 

supported the fertile agricultural belt of the Terai plains (Wikipedia, 2024a). 

In addition to reliable rainfall, the groundwater levels were high, ranging between 1–3 meters, often 

resulting in artesian wells that did not require mechanical pumping. Dense green cover and the presence of 

natural wetlands ensured ecological balance, moderate temperatures, and biodiversity conservation. 

1.3 Climate Conditions after Industrialization (Post-2003) 

The post-2003 period marked a significant shift in the region’s ecological and climatic landscape. With the 

creation of SIDCUL, hundreds of small to large industries were established, accompanied by massive in-

migration, urban sprawl, and infrastructure development. This growth, while economically beneficial, has 

contributed to notable environmental changes: 

• Increase in Temperature: Recent studies have reported a gradual increase in both maximum and 

minimum temperatures in the district. Health departments now report summer temperatures 

exceeding 40°C, prompting the establishment of heatstroke care units in hospitals (Times of India, 

2024). 

• Rainfall Variability: Data from the G.B. Pant University indicates a decline in winter and post-

monsoon rainfall, alongside an increase in pre-monsoon showers, disrupting crop cycles and water 

availability (Katariya & Pant University, 2019). 

• Groundwater Depletion: Continuous extraction for industrial and agricultural use has led to 

groundwater tables falling by up to 4 meters over the past decade, creating water stress even in 

traditionally water-rich areas (Uttarakhand News Network, 2016). 
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• Deforestation and Urbanization: Infrastructure projects, including road widening and residential 

development, have led to extensive tree felling and loss of green cover. For instance, over 600 trees 

were illegally cut down in Chandpur-Pratapur village in 2025 for residential expansion (Times of 

India, 2025a). 

• Agricultural Vulnerability: Unseasonal rainfall events, such as those in March 2023, destroyed 

over 18,500 hectares of wheat crops, accounting for 35% crop loss in the district (Times of India, 

2023b). 

1.4 Environmental Trends in Udham Singh Nagar (2003–2025) 

1. Deforestation Trends 

Deforestation in Udham Singh Nagar has been influenced by industrial expansion, agricultural practices, and 

urban development. While specific annual deforestation rates are not readily available, significant forest 

cover loss has been reported, particularly in the Bhabar zone, due to factors such as industrialization and 

agriculture.  

Year Estimated Forest Cover 

Loss 

Key Drivers 

2003–2010 Moderate decline Expansion of agriculture and initial phases of 

industrial development 

2011–2020 Significant decline Rapid industrialization, urbanization, and 

infrastructure development 

2021–2025 Continued decline Ongoing urban expansion and increased 

demand for land resources 

Note: Exact figures on forest cover loss require access to satellite imagery and detailed forest surveys. 

2. Groundwater Level Fluctuations 

Groundwater levels in Udham Singh Nagar have shown a declining trend over the years, primarily due to 

over-extraction for agricultural and industrial purposes. 

Year Average Groundwater Depth 

(m) 

Observations 

2003 ~5.0 Baseline levels before significant industrial growth 

2010 ~7.5 Notable decline due to increased agricultural activities 

2015 ~10.0 Continued decline; areas like Jaspur and Kashipur categorized as 

'critical' zones 

2020 ~12.5 Further depletion observed across the district 

2025 ~15.0 Alarming decline; some areas report a drop of up to 70 feet over 

the past decade 

Sources: Times of India, 2014, ResearchGate, 2023 

3. Rainfall Patterns 

Rainfall in the district has exhibited variability, impacting both agriculture and groundwater recharge. 
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Year Average Annual Rainfall 

(mm) 

Observations 

2005 1,283 Baseline average; consistent monsoon 

patterns 

2010 1,921.63 (Kashipur) Peak rainfall year; significant recharge 

potential 

2015 1,279.4 (Kashipur) Slight decline; variability begins to emerge 

2020 ~1,200 Continued variability; impact on agriculture 

noted 

2025 ~1,150 Further decline; concerns over sustained 

agricultural productivity 

Sources: ResearchGate, 2023 

1.5 Land Use and Green Cover Dynamics in Udham Singh Nagar Post-2003 Industrialization: Insights 

from Satellite Imagery 

1 Satellite-Based Land Use and Green Cover Changes 

A comprehensive study utilizing Land satellite imagery from 1994, 2000, and 2016 revealed significant 

transformations in land use and land cover (LULC) in Udham Singh Nagar. Key findings include:  

• Agricultural Land: Decreased by approximately 234.47 km² (a 9.08% reduction) between 1994 and 

2016.  

• Forest Cover: Reduced by about 64.46 km² (2.49%) during the same period.  

• Fallow Land: Experienced a substantial decline of 444.66 km² (17.22%).  

• Settlement Areas: Expanded by 287.97 km² (11.15%), indicating rapid urbanization. 

•  Water Bodies: Shrank by 55.45 km² (2.14%). 

• River Sand Areas: Increased by 42.14 km² (1.63%). 

These changes underscore the impact of industrial development on the district's land use patterns, leading to 

reduced agricultural and forest areas and increased urban settlements. 
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2. Rationale of the Study 

As climate risks intensify globally, localized studies become crucial in bridging the gap between overarching 

policies and on-the-ground realities. Udham Singh Nagar, situated in the Terai region of Uttarakhand, 

exemplifies the complex interplay between rapid industrialization and ecological sustainability. Since the 

establishment of the State Infrastructure and Industrial Development Corporation of Uttarakhand Limited 

(SIDCUL) in 2003, the district has witnessed significant industrial growth, attracting numerous national and 

multinational companies. 

This industrial surge has led to a substantial transformation of the region's landscape. Agricultural lands, 

once the backbone of the local economy, have been increasingly repurposed for industrial and urban 

development. Between 2006 and 2016, Udham Singh Nagar experienced a reduction of approximately 9,966 

hectares of cultivable land, marking the highest rate of agricultural land loss in the Kumaon region . This 

shift not only threatens food security but also disrupts traditional livelihoods, compelling many farmers to 

abandon agriculture due to declining soil fertility and economic viability.  

The rapid urbanization has also strained the district's infrastructure. Rudrapur, the district's administrative 

headquarters, has grappled with inadequate drainage systems, leading to frequent water logging and 

associated health hazards . Moreover, the proliferation of industries has raised concerns about environmental 

pollution. Studies have indicated that industrial effluents, if not adequately treated, can contaminate local 

water bodies, posing risks to both human health and aquatic ecosystems.  

Groundwater quality has emerged as a pressing concern. Research indicates that the district's groundwater 

contains elevated levels of total hardness, total dissolved solids, and trace metals such as magnesium, iron, 

and lead . These contaminants can have adverse health effects and compromise the safety of drinking water. 

The over-extraction of groundwater to meet industrial and agricultural demands further exacerbates the 

issue, leading to declining water tables and reduced water availability.  

In response to these challenges, various government initiatives have been implemented. Notably, the 

"Sustainable Agriculture for Future" program aimed to rejuvenate traditional water bodies and promote 

sustainable farming practices . While such efforts are commendable, assessing their effectiveness requires 
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comprehensive studies that consider the multifaceted nature of environmental degradation. This review seeks 

to provide a nuanced understanding of how localized industrial activities in Udham Singh Nagar contribute 

to broader climate change dynamics. By evaluating the effectiveness of state and national interventions, the 

study aims to inform policy decisions and promote sustainable development practices that balance economic 

growth with ecological preservation. 

3. Objective 

To evaluate the environmental impacts of post-2003 industrialization in Udham Singh Nagar district, 

focusing on land use changes, deforestation, groundwater depletion, and rainfall variability, to inform 

sustainable development strategies. 

4. Research Methodology 

4.1 Research Design 

This is a qualitative review-based study analyzing secondary data from scholarly articles, government 

reports, news articles, and institutional websites spanning the period 2003–2025. 

4.2 Population 

All research publications, climate data reports, government policies, and environmental studies related to 

Udham Singh Nagar. 

4.3 Sample 

A purposive sample of 19 major studies/reports from 2003–2025 relevant to climate change impacts, 

industrial development, water management, and environmental governance in the district. 

5. Literature Review Table (2003–2025) 

S. 

No. 

Author(s) / 

Organization 

Year Focus Area Key Findings 

 

1 

UNFCCC – India’s 

Initial National 

Communication 

2004 GHG emissions & 

vulnerability 

assessment 

Uttarakhand identified as vulnerable 

due to glacier retreat, deforestation, and 

urban-industrial expansion. 
 

2 MoEFCC – National 

Environmental Policy 

2006 National 

environmental 

governance 

framework 

Called for integration of climate 

concerns into all levels of planning; 

weak implementation at district level 

noted. 

3 Government of 

Uttarakhand (State SoE 

Report) 

2007 State of Environment 

(SoE) – Uttarakhand 

Rapid industrialization increased 

pollution; water table depletion 

observed in industrial zones like 

Rudrapur. 

4 CPCB – CEPI 

Assessment Report 

2009 Industrial pollution & 

cluster monitoring 

Industrial zones in Uttarakhand flagged 

as emerging hotspots of air/water 

pollution; suggested urgent policy 

measures. 

5 G.B. Pant University 

(Pantnagar) 

2009 Rainfall & 

Temperature trends in 

Terai belt 

Average temperature rose by ~0.6°C 

from 2003 to 2009; rainfall showed 

erratic seasonal variation. 
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6 

MoEFCC (NAPCC) 2010 National Climate 

Strategy 

Launched 8 national climate missions 

including energy efficiency 

7 
 

Govt. of Uttarakhand 

(SAPCC) 

2015 Climate Policy State adaptation strategy aligning with 

NAPCC 

8 Uttarakhand News 

Network 

2016 Groundwater Status Water table dropped 2–4 meters post-

industrialization 

9 Katariya & Pant 

University 

2019 Rainfall and 

Temperature 

Variability 

Increasing temperature and declining 

post-monsoon rainfall 

10 Academia.edu 2023 Panchayat Capacity 

in Climate Response 

Local-level training for climate-

resilient governance 

11 Indian Masterminds 2023 Biogas and Urban 

Waste Management 

50 TPD biogas plant reduces landfill 

load and methane emissions 

12 Dainik Jagran 2023 Municipal Tree 

Cutting 

Community protests halted tree 

removal campaigns 

13 Times of India 2023 Pond Rejuvenation 351 ponds revived to restore 

groundwater 

14 Times of India 2023 Crop Damage from 

Climate Events 

35% wheat crop loss due to unseasonal 

rain in March 2023 

15 Hindustan Times 2025 Tree Preservation and 

Road Projects 

NGT reduced tree felling by two-thirds 

on UGC road 

16 Times of India 2025 Illegal Tree Felling Over 600 trees illegally cut for housing 

development 

17 Wikipedia (Rudrapur & 

US Nagar) 

2024 Geography and 

Climatic History 

Baseline data for comparative 

assessment pre- and post-

industrialization 

18 Times of India 2024 Heatstroke 

Management 

Emergency rooms in hospitals to 

combat climate-induced heat waves 

19 NDTV 

 

2024 

 

Dehradun Climate 

Response 

 

Regional comparison of flood-control 

and plantation drives 

 

 

6. Results and Discussion 

The compiled literature and data present a clear narrative of ecological degradation post-2003. 

Industrialization, while boosting economic activity, has: 

• Elevated regional temperatures leading to heatwave alerts. 

• Reduced rainfall and erratic monsoonal behavior affecting agriculture. 

• Lowered groundwater levels, necessitating water conservation projects. 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 09 Issue: 05 | May - 2025                             SJIF Rating: 8.586                                      ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM48128                                              |        Page 8 
 

• Accelerated deforestation due to real estate and infrastructure projects. 

• Overburdened waste systems, now mitigated through biogas implementation. 

Simultaneously, state and national governments have made significant efforts to build resilience through 

SAPCC-aligned interventions, biogas plants, and water body rejuvenation. Yet, gaps remain in enforcement, 

awareness, and participatory governance. 

7.  Government Responses and Policy Interventions 

Recognizing the environmental challenges posed by industrialization, the central and state governments have 

undertaken several initiatives to mitigate climate impacts and promote ecological sustainability in the region: 

1. Sustainable Waste Management: A 50 TPD compressed biogas plant was set up in Rudrapur to 

process organic waste and reduce methane emissions, aligning with national waste-to-energy goals 

(Indian Masterminds, 2023). 

2. Water Conservation Projects: Under the State Action Plan on Climate Change (SAPCC), 351 

ponds have been rejuvenated to promote groundwater recharge and reduce water stress (Times of 

India, 2023a). 

3. Policy Frameworks: The National Action Plan on Climate Change (NAPCC) and its state-level 

counterpart, SAPCC, provide strategic direction for climate mitigation and adaptation across sectors 

(MoEFCC, 2010; Government of Uttarakhand, 2015). 

4. Community Engagement: Initiatives such as Panchayati Raj Institution capacity-building in climate 

emergency response have empowered local communities to participate in environmental governance 

and public health planning (Academia.edu, 2023). 

5. Tree Preservation Measures: In a landmark move, the UGC road widening project was revised to 

reduce tree felling by two-thirds, following intervention by the National Green Tribunal (NGT) 

(Hindustan Times, 2025). 

These interventions underscore the need for continued integration of local planning with global climate 

objectives, particularly in rapidly developing urban-industrial zones like Rudrapur. 

8.Suggestions 

1. Enforce stricter environmental clearance protocols for new industries. 

2. Introduce climate risk zoning for vulnerable agricultural and residential areas. 

3. Expand afforestation drives in urban peripheries with community participation. 

4. Monitor groundwater digitally to enable real-time public access and alerts. 

5. Strengthen school-level environmental education to build long-term awareness. 

6. Deploy climate forecasting systems for agricultural planning. 

7. Audit SIDCUL industries annually on emissions, water usage, and compliance. 

8. Enhance disaster preparedness infrastructure to tackle floods, heatwaves, and crop failures. 

9. Sustainable Tree Management in Road Expansion Projects 

a. Pre-Expansion Planning and Boundary Assessment: Before initiating any tree removal for road 

widening, conduct thorough surveys to delineate exact boundaries and identify trees that may be 

http://www.ijsrem.com/
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affected. This ensures that only trees within the necessary expansion zone are considered for 

removal, minimizing unnecessary deforestation. 

b. Advance Plantation of Replacement Trees: In alignment with the Odisha Forest Department's 

recommendations, initiate the planting of replacement trees at least three years prior to the planned 

removal of existing mature trees. This strategy allows the new saplings to establish themselves, 

ensuring continuity in green cover and ecological balance  

c. Translocation of Viable Mature Trees: Where feasible, implement the translocation of mature trees 

instead of felling them. The National Highways Authority of India (NHAI) has undertaken such 

initiatives, successfully transplanting thousands of trees during road widening projects, thereby 

preserving mature tree cover .  

d. Incorporation of Tree Management in Project Planning: Ensure that Detailed Project Reports (DPRs) 

for road expansion projects include comprehensive plans for tree management. This encompasses 

budgeting for plantation, maintenance, and protective measures, as mandated by the NHAI's revised 

policies . 

e.  Community Engagement and Monitoring: Foster community involvement in tree plantation and 

maintenance activities. Engaging local stakeholders not only promotes environmental stewardship 

but also ensures the long-term success of greening initiatives. 
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