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Abstract  
Tourism in Dehradun and Haridwar, while bringing economic benefits has 

significantly impacted the region’s ecosystem services primarily through increased land use 

pressure, infrastructure development and resource consumption, leading to potential 

environment degradation and environment risk . Uttarakhand, the “Land of the Gods,” is 

steeped in history and culture, making it a treasure trove for heritage tourism. The state’s 

ancient temples, forts, and cultural traditions provide a window into its rich past. For 
history enthusiasts and culture seekers, Uttarakhand offers an enriching journey through its 

timeless heritage, which reflects the essence of its vibrant and spiritual ethos. Uttarakhand 

is renowned for its ancient temples, many of which are over a thousand years old. These 

architectural marvels are deeply rooted in mythology and spirituality. The Kedarnath and 

Badrinath temples, part of the Char Dham Yatra, attract millions of devotees every year. 

The Jageshwar Temple Complex near Almora is a stunning ensemble of 124 stone temples 

dedicated to Lord Shiva, showcasing the intricate craftsmanship of the Katyuri dynasty. The 

Baijnath Temple, situated in the serene Garhwal region, stands as a testament to the 

region’s historical and spiritual legacy.  
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Costanza Coefficient  
Introduction  

The historical context of tourism in Dehradun, driven by natural beauty and cultural 

heritage has been overshawded by rapid growth, creating challenges for sustainable development. 
Haridwar is a historically significant religious site ,has both positive and negative impact on local 

ecosystem services .While tourism brings economic benefits and infrastructure development ,it 
also puts a strain on natural resource and can degrade the quality of ganga river and its 

surroundings .Haridwar is a holy city for Hindus ,is a major pilgrimage destination with long 
history of religious and cultural significance. Ganga river ,which flow through Haridwar ,is 

considered sacred and is a key attraction for tourists. Tourism, particularly religious tourism, has 
a significant impact on the quality of the Ganga River. Increased waste generation, untreated 

sewage, and improper sanitation practices can pollute the river. Uncontrolled tourism and 
infrastructure development can disturb the natural flow of the river and its surrounding 

ecosystem. To conduct field-based assessments to examine local perceptions and ground realities 
of tourism's impact on ecosystem services and landscape change.  By recognizing value of these 

services, we can make informed decisions that promote sustainability and protect the 
environment for future generations. Studying ecosystem services is crucial because it helps us 

understand the vital benefits that nature provides to human wellbeing and the economy, allowing 
for better management and conservation of natural resources. The study will utilize Multispectral 

Landsat satellite imagery was taken from the United States Geological Survey  (USGS) 
Earth Explorer platform (https://earthexplorer.usgs.gov/). The analysis incorporated data from 

Landsat 4–5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper Plus (ETM+) and 
Landsat 8 Operational Land Imager/Thermal Infrared Sensor (OLI/TIRS) to ensure temporal 

continuity and consistency across the study period.   
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Multispectral Landsat satellite imagery was taken from the United States Geological Survey (USGS) Earth Explorer 

platform (https://earthexplorer.usgs.gov/). The analysis incorporated data from Landsat 4–5 Thematic Mapper (TM), 

Landsat 7 Enhanced Thematic Mapper Plus (ETM+) and Landsat 8 Operational Land Imager/Thermal Infrared Sensor 
(OLI/TIRS) to ensure temporal continuity and consistency across the study period. The Municipal Corporation of 

Dehradun provided the municipal boundaries of the city of Dehradun in  Uttarakhand.  The  road  network  

was obtained from Bhukosh India.  (https://bhukosh.gsi.gov.in/Bhukosh/Public) as well as digitized from Google Earth. 

Further field survey of the study has been done by the using field questioners. All datasets were resampled to a 30-

meter resolution for the purpose of the analysis. The Municipal Corporation of Dehradun and Haridwar provided the 

municipal boundaries for the both cities in Uttarakhand.  

To quantify the economic value of ecosystem services provided by various land use/land cover (LULC) types in 

Dehradun and Haridwar, we employed the benefit transfer method using the global ecosystem service valuation 

coefficients proposed by Costanza et al. (2014). This approach is widely accepted for large-scale assessments where 

primary valuation data are not available and involves assigning a standardized monetary value to each LULC type 

based on its associated biome.  
Landscape fragmentation refers to the breaking up of larger, contiguous natural land areas Minto smaller, isolated 

patches. This process results in increased patch isolation and edge effects, along with a reduction in the average patch 

size within a landscape. Such fragmentation can significantly hinder the ability of wildlife managers to sustain species 

that require large, undisturbed habitats  

Costanza coefficient 2014 

Land use types Equivalent biome ESV  
(USD/ha/yr) 

coefficient  

Urban Urban 6661  

Water bodies Lakes and river 12512  

Dense vegetation Forest 3800  

Sparse vegetation Grassland 4166  

Agricultural cropland Cropland 5567  

Scrubland Grassland 4166  

Bare soil Barren land 0  

Exposed rock 0  

 
Calculation of Total ESVs  

For each time period, the area of each LULC class (in hectares) was calculated using GIS based zonal statistics. The 

total ESV for each LULC type was computed using the formula (eq.1):  

𝐴  

 𝐸 = ∑ ×  … … … 𝑒. 1  

where ESVt  denotes the overall ESV, Ak denotes the LULC type k's area, Vk  denotes the type k's ESV, and ESVki 

denotes a particular form of ESV for LULC type k.  

The total ecosystem service value (TESV) for each year was then estimated as the sum of ESVs across all land use 

types (eq.2):  
= ∑ 𝐸 … … … 𝑒. 2  
=1  

The change in E0 
SVs over time (1991–2051) was analysed to understand the ecological impacts of land transformation, particularly the 

conversion of natural vegetation and water bodies into urban land. The spatial distribution of ESVs was visualized 

using ESV density maps in ArcGIS. 
  

  



 

Journal of Research and Development 
A Multidisciplinary International Level Referred and Double Blind Peer Reviewed, Open Access 

 ISSN : 2230-9578 |  Website: https://jrdrvb.org  Volume-18, Issue-6| June-2026 
 

62 

 

 

Land Use/Land Cover Dynamics and Future Simulation  

Incorporating artificial intelligence (AI) techniques such as machine learning (ML) and deep learning (DL) in 

land use/land cover (LU/LC) studies represents a significant improvement in environmental sciences and resource 
management (Rahman et al., 2012; Zhang., 2022; Gu & Zeng., 2023; Alshari et al., 2023). Today by using AI 

technology the accuracy and efficiency of LU/LC mapping may be improved by processing large amount of satellite 

imageries and environmental data sets (Li et al., 2022; Segan et al., 2022; Mallick et al., 2021; Tejasree & 

Agilandeeswar., 2024). The potential of AI for predictive modelling forecasts LU/LC changes may provide valuable 

insights for sustainable land use practises and policy decisions. However, the application of AI goes beyond 

environmental studies and affect various aspects of our lives and work (Vinuesa et al., 2020; Dwivedi et al., 2021), 

including critical areas with significant impact on individuals, the economy and society (Makridakis., 2017; Budhwar 

et al., 2023). The contribution of AI to understand the Earth system through remote sensing provides important data for 

policy development, but the rapid growth of big data in the field of geospatial data is much better than that of 

conventional approaches.  

 
  
Fig : Showing the difference between land use land cover change from year (1991 to 2051)  

Dehradun  
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Fig: Showing the difference between land use land cover change from year (1991 to 2051) Haridwar  

Conclusion  

The analysis of Land Use Land Cover changes in Dehradun and Haridwar from 1991 to 2021, coupled with 

future projections (2031-2051) using machine learning and simulation techniques, reveals a consistent and significant 

trend of rapid urbanization in both foothill cities of the Uttarakhand Himalaya. The expansion of built-up areas has 

come largely at the expense of agricultural land, forest cover, and water bodies, posing substantial environmental and 

socioeconomic challenges. These transformations underscore the urgent need for sustainable landuse planning, robust 

environmental conservation strategies, and integrated development policies to mitigate the adverse impacts of urban 

sprawl and ensure the long-term ecological balance and resilience of the region.  

The study of LULC changes and ecosystem service values in Dehradun and Haridwar from 1991 to 2051 paints a clear 
picture of ecological degradation under the pressures of urbanization and industrial development. While development 

is essential for economic progress, it necessitates a balanced approach through sustainable land use planning. Both 

districts are experiencing a decline in forest cover and an increase in built-up areas, leading to reduced ecosystem 

functionality and intensifying landscape fragmentation, particularly in vital forest zones. The projected losses in ESV 

raise concerns about future air and water quality, climate regulation, and resilience to natural disasters. To address 

these challenges, the study recommends integrating ESV into regional planning, promoting afforestation and green 

buffer zones, establishing urban growth boundaries, incorporating ecosystem-based adaptation strategies, and 

implementing regular LULC monitoring to guide policy and zoning decisions, ultimately striving for a balance 

between development and ecological preservation  
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