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Abstract 
Tourism is a financial enabler that contributes around 4.4% to the state's GDP. While tourism contributes to 

economic growth, it must preserve the environment and help in community development, this is where sustainable 

tourism serves as a powerful catalyst for advancing various sustainable development goals. Since Uttarakhand 

is culturally rich but it is ecologically fragile, tourism should be such that it aids not only to economic growth but 

also paves a pathway to sustainable growth and development. This study investigates the role of digital 

technologies —such as Geographic Information Systems (GIS), artificial intelligence (AI), Internet of Things 

(IoT), and mobile applications—for the promotion of sustainable tourism which will also align to fulfil various 

SDGs. It also explores various tools used by the Government for ecotourism, water resource management, forest 

management and also draw on real-world examples from across the state. Uttarakhand holds the distinction of 

being the first Indian state to adopt AI for Biodiversity conservation and climate change adaptation. Various 

digital platforms are also being used to promote local handicrafts and home-stays. However, the use of technology 

comes with its own setbacks and limitations, so the paper shall identify and address key features like digital 

literacy, infrastructure and stake holder alignment which are pivotal to the success of technology-based 

platforms. The study highlights technology driven sustainable tourism models in Uttarakhand and actionable 

strategies that shall enable Uttarakhand to strengthen its capacity for tech based sustainable tourism. Models 

proposed here can visibly help other environmentally sensitive zones too. 
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I. Introduction 
Uttarakhand is situated in the central-western Himalayan belt in North India. It is fondly known as the 

“Land of the Gods” as it harbours major pilgrimage destinations which occupy a vital place in the Hindu Vedic 

traditions (Char Dham: Badrinath, Kedarnath, Gangotri, Yamunotri), it is also a home to various biologically rich 

ecosystems (Corbett, Rajaji, Valley of Flowers), designated adventure tourism belts (trekking, skiing, rivers), and 

traditional mountain areas. A substantial part of the economy of Uttarakhand is reliant on tourism as tourism is a 

financial enabler that contributes around 4.4% to the state's GDP and employs approximately 2-11.8% of the state 

population. Uttarakhand is culturally rich but however it is ecologically fragile, hence tourism should be such that 

it aids not only to economic growth but also paves a pathway to sustainable growth and development.  Being 

ecologically sensitive is quite prone to climate change, glacial recession, extreme events like landslides and 

everchanging precipitation which becomes a major constraint to the local communities and the thriving tourism 

infra. 

 

II. Urbanisation And The Need For Sustainable Tourism 
Midst of the urbanisation boom and better financial stance especially for the middle-income classes has 

tremendously increased the number of visitors to hilly regions including Uttarakhand. This number is beneficial 

in terms of finances, but however it causes strain on the limited resources pertaining to infrastructure, water 

supply, waste accumulation etc which in turn can lead to environmental degradation and loss of flora and fauna. 

Over the last decade the increase in the carrying capacity has also led to an increase in calamities like cloudbursts, 

soil erosion and landslides. Tourism, however must contribute to economic growth, while preserving the 

environment and helping community development, this is where sustainable tourism serves as a powerful catalyst 

for advancing various sustainable development goals that are inclusive of economic development, ecosystem 
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protection, climate action and responsible consumption of natural resources. In Uttarakhand, this balance is 

essential to protect both nature and the livelihoods that depend on it. 

 

III. The Sustainable Development Goals At Stake 
The Sustainable Development Goals (SDGs), also known as the Global Goals, were adopted by the 

United Nations in 2015 as a universal call to action to end poverty, protect the planet, and ensure that by 2030 all 

people enjoy peace and prosperity. 

 

SDG in Uttarakhand: A tourism context: 

SDG 8 — Decent Work and Economic Growth 

Tourism in Uttarakhand is one of the major employment generators especially in regards to the smaller 

towns and villages. SDG 8 aims to promote sustained, inclusive and sustainable economic growth, full and 

productive employment and decent work for all. In accordance of the same various state level policies have been 

created and implemented the resultant of which is that the state stands at the score 67 as per SDG Index score 

(Niti Ayog Methodology). 

 

SDG 11 — Sustainable Cities and Communities 

Uttarakhand is home to various tourist towns (e.g., Rishikesh, Mussoorie, Nainital) that need very robust 

infrastructure: waste systems, water supply, hazard management, heritage conservation, and accessible transport. 

Smart infrastructure are a need of the hour to make the state tourist friendly and resilient at the same time. In 

regard to the same state stands at the score 41 as per SDG Index score (Niti Ayog Methodology). 

 

SDG 12 — Responsible Consumption and Production 

Over the years the amount of plastic waste has increased substantially and it must be managed 

appropriately. SDG 12 highlights sustainable consumption patterns. To implement the same intervention has been 

strict and robust throughout the state like a plastic ban which was implemented in the year July 1,2022 which 

aligns with nationwide prohibition on single-use plastics. Also, the state has implemented the Digital Deposit 

Refund System (DDRS) especially in sights of Char Dham pilgrimage where the consumer pays a small 

refundable deposit on plastic bottles which can be reclaimed by returning the empty bottle at the designated DDRS 

Centre. Local municipalities have established plastic banks which collect plastics and recycle them to create 

benches etc. 

 

SDG 13 — Climate Action 

Mountain ranges like that of Uttarakhand are a hotspot to climate impacts and altercations. SDG 13 

requires mitigation and adaptation measures. To fulfil the same satellite based monitoring systems, ‘U-prepare 

scheme’ and Early warning System (EWS) are being implemented. 

 

SDG 15 — Life on Land 

SGD 15 aims to Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 

manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss. As per 

the same state stands at the score 100 as per SDG Index score (Niti Ayog Methodology). 

 

IV. Technology Stack: GIS, IoT, And AI 
GIS (Geographic Information Systems) 

Geographic Information Systems (GIS) is generally defined as a computer-based tool for mapping and 

analysing information.  A Geographical Information System (GIS) is a computer-based tool that allows users 

to capture, store, manipulate, analyse, manage, and visualize geographic or spatial data. 

 

Types of GIS Data: 

Vector Data: One of the two primary data models used in GIS. It represents geographic features using points, 

lines, and polygons. 

Raster data: It represents the Earth's surface as a grid of cells or pixels, with each cell holding a value that 

represents a specific attribute, such as temperature, elevation, or land cover. 

 

GIS and Sustainable Tourism Development 

Geographic Information Systems (GIS) is a vital tool for sustainable tourism development in 

Uttarakhand. It helps to map feasible locations for eco-tourism by analyzing environmental factors, and also aids 

to differentiate areas that are valuable but have low tourism volume thereby supporting the creation of strategies 

that will eventually help to balance economic gains, community wellbeing and at the same time preserving the 

https://www.drishtiias.com/daily-updates/daily-news-analysis/geospatial-intelligence#:~:text=Geospatial%20technology%20uses%20tools%20like,location%20on%20earth%2C%20geotag).
https://www.drishtiias.com/daily-updates/daily-news-analysis/national-geospatial-policy-2022
https://www.google.com/search?q=sustainable+tourism+development+in+Uttarakhand&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIARAB
https://www.google.com/search?q=sustainable+tourism+development+in+Uttarakhand&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIARAB
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environment. The Uttarakhand Tourism Policy and initiatives like "13 Districts, 13 Destinations" are guided by 

principles that GIS can help implement to ensure responsible tourism growth. 

 

How GIS Supports Sustainable Tourism in Uttarakhand 

• Site Suitability Analysis: it can help identify spots for sustainable tourism using parameters and environmental 

variables like vegetation, land surface temperature etc. Thereby It helps identify locations that are vegetation 

dense but have gentle slopes for eco-tourism away from sensitive areas. 

• Carrying Capacity Assessment: It also aids to understand the physical capacity of any given destination in terms 

of the number of people and vehicles so as to prevent overburden and preserve and maintain the ecological 

balance. 

• Infrastructure and Resource Mapping: Mapping new tourism sites and identifying tourism resources can also 

be done via GIS. 

• Monitoring and Planning: By identifying the changes because of continued land use and environmental 

conditions it can monitor the impact of tourism and facilitate in future planning of sustainable development. 

• Balancing Multiple Objectives: Protecting the wellbeing of host communities is important in regards to 

preservation of the environment but at the same time also balancing the economic benefits of tourism, GIS here 

facilitates an integrated approach to tourism development by integrating data from various sources. 

 

Key Initiatives and Policies 

• Uttarakhand Tourism Policy: The tourism policy of the state lays emphasizes on various principles of 

sustainability, which includes assessment and evaluation of carrying capacity and advocate high-value, low-

volume tourism, with GIS providing the data-driven insights for the same. 

• 13 Districts, 13 Destinations: As per this initiative the state advocates development of tourism in remote areas 

and also at the same time holistically propagating sustainable tourism across the state. GIS can be contributory 

in recognizing fit land banks and development of infrastructure in these diverse locations. 

• Eco-Tourism Focus: AS Uttarakhand can boast of a rich natural heritage, there is a noteworthy effort towards 

eco-tourism, a sector where GIS is particularly effective in finding suitable development sites. 

 

Applications 

• Recognizing appropriate zones for nature-based tourism and adventure sports. 

• Handling tourist flow to sensitive areas like Gangotri Glacier and Binsar Wildlife Sanctuary. 

• Creating land banks for tourism in remote districts to encourage equitable development. 

• Evaluating and understating the impact of tourism on sensitive ecosystems like the Nainital Lake region. 

 

IoT (Internet of Things) 

The term IOT implies to devices that collect real-time data through sensors placed in different locations 

to monitor crowd counters, water quality, landslides and to track smart bins with fill-level. In context of tourism 

management, IOT assist in live monitoring of visitors, waste generation, water use and maintaining ecological 

carrying capacity. In pilgrimage routes and protected zones, IOT aids to improve safety and resource efficiency 

by letting managers enforce limits, generating alerts for cleaning or maintenance, and send warnings during 

natural calamities like heavy rainfall or landslides. 

The Internet of Things, through interconnecting devices and sensors, contributes to the creation of smart 

destinations capable of responding in real-time to the needs of both tourists and the environment. Smart 

infrastructure, equipped with IoT sensors, can monitor and manage energy consumption, waste generation, and 

air quality, facilitating more efficient and sustainable urban planning. Additionally, IoT-enabled wearables and 

devices enhance the tourist experience by providing personalized recommendations based on preferences and 

real-time conditions. This not only enriches the overall travel experience but also guides tourists towards 

sustainable choices, such as less crowded attractions or eco-friendly transportation options. 

 

Application of IoT 

1.Smart city infrastructure for energy efficiency. 

2. Monitoring and managing tourist traffic and behaviour. 

3. Smart buildings for energy conservation 

 

AI (Artificial Intelligence) 

Artificial Intelligence (AI) comprehends the capacity of machines to perform tasks that traditionally rely 

on human intelligence supported with greater speed, accuracy, and efficiency. With time, AI has evolved through 

multiple paradigms, including machine learning and natural language processing, and is now embedded across 

https://www.google.com/search?q=Uttarakhand+Tourism+Policy&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIARAF
https://www.google.com/search?q=13+Districts%2C+13+Destinations&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIARAG
https://www.google.com/search?q=Site+Suitability+Analysis&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIAxAB
https://www.google.com/search?q=Carrying+Capacity+Assessment&sca_esv=7fc613d9cd9ef286&sxsrf=AE3TifPJo1-F2-8JveBIo3Kh_x1au3DNng%3A1756825859317&ei=Awm3aN2GE-uh1e8PmO2m2QY&oq=gis+in+uttarakhand+and+sustainable+tourosm+&gs_lp=Egxnd3Mtd2l6LXNlcnAiK2dpcyBpbiB1dHRhcmFraGFuZCBhbmQgc3VzdGFpbmFibGUgdG91cm9zbSAqAggAMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKMgcQIRigARgKSMicAlDuAlishAJwBHgBkAEAmAHaAaABrTaqAQYwLjQyLjG4AQHIAQD4AQGYAi-gAqQ4wgIKEAAYsAMY1gQYR8ICDRAAGLADGNYEGEcYyQPCAg4QABiABBiwAxiSAxiKBcICEhAAGIAEGLEDGEMYigUYRhj7AcICEBAAGIAEGLEDGEMYyQMYigXCAg0QABiABBixAxhDGIoFwgIKEAAYgAQYQxiKBcICCxAAGIAEGJIDGIoFwgIeEAAYgAQYsQMYQxiKBRhGGPsBGJcFGIwFGN0E2AEBwgIKEAAYgAQYFBiHAsICEBAAGIAEGLEDGEMYgwEYigXCAgUQABiABMICCxAAGIAEGJECGIoFwgIGEAAYFhgewgIIEAAYFhgKGB7CAgcQABiABBgNwgIFECEYoAHCAgQQIRgVwgIFECEYnwWYAwCIBgGQBgq6BgYIARABGBOSBwY0LjM5LjSgB7zyAbIHBjAuMzkuNLgHhTjCBwkwLjIwLjI1LjLIB7kB&sclient=gws-wiz-serp&mstk=AUtExfAs6fONWFHum-JJ7ctUzkogd63QXqufBeND4chr17Bb3ximr8HAK8lDq9LhLl2Uln26u8gC3PehCj4amU-T4kowks3OB3B1sMWGZKVhyq3AfhNbtO4coblYdYOWdO5x8Vm-xsRmD2As527EVkLR7oJXH667sQZSgCPwdP1RhEYMjS2ntIXGRmX0Gmqsm-QqzIwnkjg6DgXkWbDhWhFgFeFF0alkXBrzG-4P-ntJNOYS36KMyLyGN1HM7iUXDlybjECQu_ps5QD6ReA93LC6EfRlAcIBzRys6f6iW4DE7M9FVA&csui=3&ved=2ahUKEwjHmf7JrrqPAxUxh1YBHSegEXEQgK4QegQIAxAE
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various fields such as robotics, content creation, financial modelling, and healthcare diagnostics. Its potential is 

widely recognised to advance human development, yet its societal and economic consequences have provoked 

debates. 

AI application consists of chatbots and virtual assistants which helps in curating customer service, AI-

driven language translation, customised recommendations, automated check-ins, security surveillance, and 

dynamic costing strategies. AI’s potential is emphasized by Consultancies to sustainably boost tourist experiences 

and improve service efficacy through heritage conservation, improving socio-economic well-being, 

environmental monitoring, and evaluation of tourist satisfaction. 

AI collects data from GIS layers, sensor streams, social media, booking data and generates market trend 

analysis, anomaly identification, and decision-support tools. Leveraging AI technologies in tourism sector can 

help in forecasting seasonal flows for smooth arrivals, AI based image classification from camera traps for 

detection of habitat disturbances, analysing visitor feedback and optimization of procedures for mapping 

emergency response. 

Recent studies and pilot schemes have also highlighted the role of AI in forest conservation and 

sustainable tourism management in Uttarakhand. To quote an example, the Uttarakhand Tourism Development 

Board (UTDB) has recently signed a Memorandum of Understanding with a travel technology platform – 

LastClues to empower local tourism stakeholders by deploying its AI driven digital platform to create and manage 

their profiles emphasising on services, local cuisine, heritage, traditional arts and cultural experiences. 

 

V. How The Technologies Map To SDGs In Practice 
SDG 8 (Jobs & Economic Growth) 

• AS the GIS can help map the markets, it thereby supports in identification of marginalised tourism circuits 

where the local businesspeople can make homestays, community tours etc, hence branching the income outside 

the high-volume Char Dham. 

• The use of AI-driven can benefit the smaller local micro-enterprises in promotion of their goods, managing the 

inventory and plan staffing, and also caution against over-investment. 

• IoT can aid in reduction of the overhead and operational costs in smaller lodges and hotels through micro 

infrastructure (solar microgrids, smart water meters). 

 

SDG 11 (Sustainable Communities) 

• GIS can enable the planning of towns to withstand hazard via maps guided spatial planning and evacuation 

routes. 

• IoT can control and prevent overcrowding especially in areas of pilgrimage thereby protecting the local 

infrastructure. 

• Multiple resource allocation like sanitation services can be facilitated by AI-based analytics especially during 

the festival season refining liveability for residents and tourists. 

 

SDG 12 (Responsible Consumption) 

• To prevent overflowing dumpsters IoT smart bins and waste-level sensors have been proposed and implemented 

to allow efficient collection schedules. 

• AI can prevent food wastage by analysing point-of-sale or inventory data from hotels. 

• GIS can identify waste processing units that are not vary far away from collection sites thereby preventing the 

transportation of waste for long distances. 

 

SDG 13 (Climate Action) 

• To prevent mishaps along vulnerable trails combined GIS and IoT networks can track microclimate, glacier 

melt indicators, and hydrological changes. 

• Early warnings of extreme events can be identified by AI-driven early-warning systems (trained on historical 

rainfall, soil-moisture, and slope data) so precautions can be taken to avoid and reduce casualties and guide and 

identify road closures. This can also be used to assist rescue operations in time of extreme events like landslides, 

cloudbursts etc. 

 

SDG 15 (Life on Land) 

• Forest conservation can be enabled via camera traps and AI species recognition as these can provide guidance 

in detecting wildlife movement and human disturbance and restricting tourist access during species breeding 

or migration. 

• With the help of GIS mapping ecological impact can be reduced in sensitive habitats and community-managed 

forests informs routing of trails. 
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VI. Examples And Pilot Efforts Relevant To Uttarakhand 
Policy and Scheme-Backed Infrastructure 

The notable tourism schemes of Government of India like Swadesh Darshan and PRASAD have 

sanctioned multiple projects in Uttarakhand for optimising facilities especially related to tourism which lack 

digital management. Therefore, integrating the policies and schemes with technology like GIS, IOT and AI can 

boost sustainability and resilience of such investments. 

 

Uttarakhand Tourism Policy & Operational Guidelines 

The Uttarakhand Tourism Policy has laid down its operational guidelines emphasising on sustainable 

tourism providing management directives and incentive framework which can be aligned with technology 

adoption. The policy framework creates an conducive environment for climate conscious investment and tourism 

services through which tech-supported sustainable practices can be encouraged like solarization or smart waste 

systems. 

 

AI for Forest Conservation Pilots 

Uttarakhand is one of the early adopters in India to pilot AI for forest monitoring and preservation via 

using remote sensing and AI driven classification techniques for deforestation and land encroachment control 

with patrolling support. 

This technological capability can be expanded to the tourism sector to achieve the concept of 

sustainability by tracking illegal construction near protected areas, monitoring trail encroachment and detecting 

conflict prone areas between human and wildlife. 

 

Academic Studies and Applied Research 

Recent academic work has proposed AI and data driven tourism planning of Himalayan states by 

emphasising on the technical feasibility and potential policy uses. Researchers have used GIS and remote sensing 

to study the ecological footprint of tourism in some of the regions of Uttarakhand to identify land-use changes 

and biodiversity disturbance hotspots and have provided suggestions to implement tech solutions. 

 

Implementation Blueprint: Integrating GIS, IOT and AI For Sustainable Tourism 

Below is a stepwise proposal for implementing technologies like GIS, IoT and AI for sustainable tourism 

that the stakeholders of Uttarakhand (State Government, Uttarakhand tourism Development Board – UTDB, local 

municipalities, private agencies and local development groups) can opt for. 

 

Step 1 — Baseline Spatial Inventory (GIS) 

• Creating an integrated geographic database for Uttarakhand’s hospitality assets including trails, 

accommodation units, parking slots, waste collection points, water sources, natural habitat patches, and natural 

hazard prone areas with the help of field surveys, high-resolution satellite images, Incredible India Digital 

Platform (IIDP), Digital Elevation Model (DEM), etc 

 

Step 2 — Sensor Deployment (IoT) for Real-Time Monitoring 

• Deployment of low-cost IoT sensors at key locations for use of counting visitors at trailheads and river ghats, 

smart bins with fill sensors in tourist spots and pilgrimage sites, water quality sensors, micro-weather stations 

especially in the areas which are prone to landslides, etc. 

• The sensors should be moduled on solar power, low-bandwidth devices to increase their operational efficiency 

in remote areas. 

 

Step 3 — Data Platform and Dashboards (AI-Enabled) 

• Building a cloud-based platform that incorporates GIS layers, IoT streams, booking data and social media 

feeds. 

• Build a cloud-hosted data platform that ingests GIS layers, IoT streams, booking/ticketing data, and social-

media feeds. Use AI for analytics: forecasting visitor flows, anomaly detection (e.g., sudden surge in visitors), 

and image analytics (trail damage from crowdsourced photos). Provide role-specific dashboards (tourism 

board, municipal services, park managers, community leaders). Several papers suggest AI dashboards as 

decision tools for Uttarakhand. 

 

Step 4 — Operationalize Rules and Triggers 

• With the help of AI, define and model parameters and its related automated actions according to season and 

vulnerability. To cite an example, when visitor count exceeds a specific count according to the carrying 

capacity of that area an SMS alert can be triggered for temporary closure of some access points. 
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Step 5 — Community Integration & Capacity Building 

• Training the grassroot stakeholders i.e. homestay operators, community forest guards, gram panchayats to 

participate in operating and maintaining the sensors, monitoring dashboards and interpreting alerts. 

• Contributing to SDG 8, provision should be made to access data and dashboards for local entrepreneurs to 

optimize supply and staffing 

 

Step 6 — Policy & Financing Alignment 

• Uttarakhand’s tourism policy incentives can be utilised to provide subsidy on tech investments like installing 

sensors, solarization, etc or integrating with smart waste schemes. Implement tech adoption as an eligibility 

criterion for certain incentives or by offering higher subsidies for eco-certification supported by data 

transparency. The 2023 policy guidelines can act as an instrument for these frameworks. 

 

VII. Practical Applications And Use-Cases 
Managing Char Dham and Pilgrim Surges 

Char Dham pilgrimages create short, intense visitor waves. A combined GIS-IoT-AI system can: 

• Use map alternative parking to curb roadside lounging and last-mile shuttle routes (GIS) to restrict the sprawl. 

• Daily pilgrims can be capped with the usage of IoT crowd counters and booking data so to direct the inflow 

towards sustainable quotas (AI to forecast and regulate) 

• Come up with live advisories (mobile apps) to provide pilgrims real time route surroundings, toilet and waste 

station accessibility, and weather risk notifications. 

 

Waste Management in Tourism Towns 

• Installation of smart bins equipped with full sensors and augmented routing analysis will thereby reduce the 

collection regularity and cost. 

• Segregated compost and hazardous waste would be ensured by GIS siting to minimize transport across frail 

field/area. 

• AI can anticipate rise of waste by predominantly assessing past festival calendars and occupancy rates 

allowing for allotment of pre-emptive resource 

 

Trail and Biodiversity Protection 

• Tracing wildlife with camera traps provisioned with AI species detection and signalling human intervention 

• GIS maps arrange trail sensitivity I.e., high-altitude meadows and breeding region to anchor seasonal closures. 

AI can locate violations with the help of image sensors and keep an eye on social media. 

• Community keepers receive alerts when intrusion of human activity is detected in delicate areas. 

 

Climate-Risk Informed Tourism Planning 

• Climate sensitive sensors (IoT) and satellite enabled snow or glacier monitoring (GIS) cater AI models to 

interpret safe trekking windows and endangered routes in advance. 

• Early warning systems that utilise AI on vulnerable weather conditions such as on rainfall data reduce the 

number of casualties and infrastructure damage during adverse conditions like flash floods and landslides. 

Uttarakhand’s climate vision statement highlights the necessity of such adaptive measures. 

 

VIII. Government Initiatives And Policy Environment In Uttarakhand 
Uttarakhand Tourism Policy and Operational Guidelines 

The Uttarakhand tourism policy and its operational guideline highlight sustainable tourism and potential 

inducement for investment in tourism and conventional clarity for the purpose of implementation. 

The Operational Guidelines (2023) supply hands-on instructions for approval, incentive claims and 

qualified tourism categories. The said policy clearly upholds “sustainable tourism” and devices mechanism to 

formally validate the enterprise of tourism - a platform to constitute tech-based sustainable conditions into 

incentive format. 

 

National schemes applied in Uttarakhand 

Chief government schemes including Swadesh Darshan (tourism circuits) and PRASHAD (pilgrimage 

infrastructure) have infused resources in projects of Uttarakhand (e.g., Eco-circuits), upgrading facilities and 

accessibility. Such schemes broadcast golden opportunities to include smart components (sensor enabled 

sanitation, GIS system backed visitor flow planning) in project design and manuals outlining operations. The 

Ministry of Tourism maintains various lists of authorised projects for the state of Uttarakhand as a part of such 

schemes. 



Leveraging Technology For Achieving SDGs Through Sustainable Tourism In Uttarakhand, India 

DOI: 10.9790/5933-1701043140                              www.iosrjournals.org                                               37 | Page 

Climate and Forest Conservation Plans 

The Uttarakhand Action Plan on Climate Change (UAPCC) acknowledges the susceptibility of tourism 

and therefore suggests awareness, watershed protection and disaster readiness among options - aligning quite 

naturally with competence of tech monitoring systems, early warning sign systems and GIS enabled planning. 

The state has also integrated AI trial in conservation of forest - a breakthrough in incorporating AI based 

environmental assessment into tourism governance. 

 

Implementation Gaps and Opportunities 

Although policy and documents underline sustainability, often there is a crack between operational 

management (crowd monitoring, efficient waste management) and infrastructure investments (roads, bridges, 

plazas). Combining GIS, IoT and AI into the project structure (proposal - funding- construction- operation) can 

harmoniously close this gap: amalgamation of technology with project proposals and endorse Operations and 

Maintenance Budgets for AI platforms and sensors and data-driven reporting as a part of regulatory compliance 

would be essential. 

 

IX. Challenges, Risks And Safeguards 
Technical Challenges 

• Connectivity: Remote regions in the hilly areas have irregular power and network connectivity. To overcome 

this obstacle, digital tools like solar powered sensors, low power NB-IoT or LoRaWan could be used. 

• Data interoperability: Different tourism agencies may use incompatible formats. Therefore, a statewide tourism 

GIS-data standard system should be incorporated, like the Char Dham Yatra Vehicle registration Portal which 

helps in analysing accurate footfall data. 

• Maintenance: Sensors require local trained workers for maintenance to ensure long run functionality as it 

enhances response time in sustaining operations. 

 

Social, Governance and Equity Challenges 

• Digital divide: to avoid unequal participation, Government incentives and training are essential particularly for 

small homestay owners and local guides as they may lack capacity to adopt latest technology. 

• Data governance & privacy: the visitor tracking applications and sensors should be based on policies limiting 

personal data retention, respecting privacy and transparency about the data 

• Avoiding Centralization risk: Technology should strengthen local stakeholders, not centralize control away 

from communities. Data-sharing agreements and local dashboards can enable local decision-making. 

• Decision making should be made decentralised by giving control in the hands of local communities through 

data sharing agreements and local dashboards which will in turn strengthen the local stakeholders. 

 

Environmental risks 

• Hardware pollution: E-waste from sensors must be managed responsibly through eco-friendly procurement 

standards, take back schemes to reduce burden on the environment. 

• Over-reliance on tech: Technology should complement but not substitute policy frameworks and local 

ownership. It should remain the central decision maker. 

 

X. Policy Recommendations 
Create a State Tourism Spatial Data Framework: 

The state should create a unified Tourism Spatial Data Framework built on a common GIS base which 

would integrate biodiversity, hydrology, infrastructure, and hazard zones, and be mutually hosted by the 

Uttarakhand Tourism and Environment Departments. To ensure consistency and data interoperability all tourism-

related projects should be encouraged to use this GIS framework. 

 

Incentivize Technology Adoption for Small Operators: 

Small tourism operators such as homestays, eco-lodges, and local hotels have a significant contribution 

towards the tourism sector of the state. Therefore, it is important to provide support to incorporate smart 

technologies into their operations. Through the Uttarakhand Tourism Policy, incentives can be granted for sensor 

deployment, solarization, and data integration. Financial support in the form of low-interest loans or similar grants 

can also help these small enterprises modernize sustainably, improve efficiency, and participate in technology 

driven destination management. 
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Pilot Integrated Smart-Destination Projects: 

The state may initiate pilot smart-destination projects across different tourism segments for instance, a 

pilgrimage area, an eco-trail, or an adventure hub. These prototypes should implement technology including GIS, 

IoT devices and AI operations for monitoring and execution. Outcomes from these pilot programmes can guide 

statewide implementation and can further be linked with central schemes like Swadesh Darshan or PRASHAD 

for better outputs. 

 

Establish Data Governance Rules: 

It is essential to develop a clear data policy framework to safeguard privacy and ensure ethical data use. 

The policy should exemplify data retention limits, community access rights and be anonymised for collection of 

tourism planning data. Transparency and local consent must also be ensured, particularly in villages and protected 

areas where monitoring technologies are implemented. 

 

Build Community Capacity: 

Building community capacity is pivotal to make smart tourism systems sustainable. To ensure that 

technology adoption creates employment opportunities, these programs can be linked with employment schemes. 

Alongside, training programs should be launched for tourism related enterprises, panchayats, and local guides to 

enable them to operate dashboards, maintain sensors, and interpret alerts to strengthen community ownership of 

tourism resources. 

 

Integrate Climate Adaptation Metrics into Tourism Approvals: 

Tourism infrastructure projects should be prescribed to include climate-risk assessments through GIS 

and sensor data. The projects should be granted approvals depending on integrating resilience measures with 

specific maintenance budgets. This approach aligns with the Uttarakhand Action Plan on Climate Change 

(UAPCC) which can aid in developing tourism in Uttarakhand, sustainable and climate resilient 

 

Foster Research Partnerships: 

The Government should encourage collaboration between educational institutions and tourism agencies 

to develop models incorporating GIS and AI sensors for species recognition, visitor flow management or to study 

climate dynamics. Mobilising existing academic work and local datasets, according to Uttarakhand’s unique 

ecological and cultural contexts, for designing digital tools that can strengthen innovation and local knowledge 

systems. 

 

Monitoring Progress Towards the SDGs 

To demonstrate impact of leveraging technology in tourism sector, set of measurable indicators can be 

linked to relevant SDGs: 

• SDG 8: The total number of formal tourism jobs created in the state; percentage of tourism operators receiving 

green or technology related subsidies. 

• SDG 11: Number of towns which have incorporated sensor-based waste and traffic systems; average response 

time to public alerts during peak tourism season. 

• SDG 12: Decline in per-tourist waste generation; share of hotels mitigating food-waste reduction systems. 

• SDG 13: Number of routes encompassed with AI-based early-warning system; reduction in disaster-related 

tourism loss. 

• SDG 15: Extent of ecological zones with decreased human intervention; number of wildlife incidents detected 

and prevented through AI systems. 

The State GIS and IoT-enabled dashboards should serve as the primary source for these indicators, 

enabling reporting, decision-making, and management. 

 

XI. Conclusion 
Uttarakhand stands at a crucial juncture as it carries a significant potential for tourism but at the same 

time is ecologically vulnerable. Its tourism economy thrives on its assets namely the snow-capped peaks, holy 

rivers, forested valleys, and rich cultural heritage, however these are under threat owing to the tourism overload, 

climate changes and development without formal oversight. The natural cultural appeal can however get eroded 

if measures are not taken to control the overcrowding. Sustainable tourism is a necessity not just the mere part of 

the Uttarakhand Tourism Policy, that is extremely essential for the long-term prosperity of the state. 

The upsurge and innovation in the field of technology can aid in achieving this balance. Geographic 

Information Systems (GIS), the Internet of Things (IoT), and Artificial Intelligence (AI) become robust tools for 

data-driven, organisational management of tourism and environmental systems. GIS can identify the parts of the 

ecosystem that are fragile, define carrying capacities, and also help recognize the regions of ecological sensitivity, 
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allowing fact-based decision-making. IoT can help in enabling resource efficiency by usage of smart sensors for 

air and water quality, also it can aid in tracking the effectiveness of the waste management and tourist flow 

regulation. AI, meanwhile, encompasses the quality for predictive analysis, foretelling visitor demand, mapping 

environmental disturbances, and improving logistics and energy consumption across destinations. Amalgamation 

of these technologies form an unified framework for sustainable tourism governance—one that resilient, 

transparent and accountable. 

Incorporating these technologies within Uttarakhand’s policy ecosystem is an important step towards 

progress. The state’s tourism and environment departments, in conjunction with national initiatives such as 

Swadesh Darshan 2.0, PRASHAD (Pilgrimage Rejuvenation and Spiritual Heritage Augmentation Drive), and 

Mission LiFE (Lifestyle for Environment), offer established platforms and financial instruments to gauge such 

innovation. GIS-based plans need to be embedded into the main tourism plans, installing IoT infrastructure in 

pilgrimage areas that have high number of visitors, and identifying climate risks and mapping diverse habitat 

align in concordance with India’s broader SDG commitments. 

These interventions specifically advance SDG 8 (Decent Work and Economic Growth) via green jobs 

and entrepreneurship; SDG 11 (Sustainable Cities and Communities) by nurturing robust mountain towns; SDG 

12 (Responsible Consumption and Production) through competent reserve management; SDG 13 (Climate 

Action) through adaptive risk governance; and SDG 15 (Life on Land) by preserving delicate mountain and forest 

ecosystems. 

The transformation capacity of the technology is highly dependent on the empowerment of the 

community and cooperation from the administrative authorities. For all the initiatives that are focused on smart 

tourism participation of the local sector, literacy pertaining to data and profit sharing on an equitable basis is 

imperative.  Digital literacy is also one of the building blocks towards the progress of sustainable tourism. Pilot 

projects like “smart destination” that are tech savvy need to be undertaken in eco-sensitive zones like Tehri, 

Almora, and Chopta— as these could assist in mapping the success of interventions that are context appropriate. 

The challenges that lay in the hands of the state can serve as an opportunity to harness and implement 

tech tools such as GIS, IoT, and AI which become facilitators of a new era of development-one that compliments 

employment, ethos, and ecology. By streamlining funding schemes, reenforcing institutional coordination, and 

allocating of community-centric data ecosystems can aid in building a model of tech-enabled sustainable tourism 

that other Himalayan and hill states can learn from and duplicate. The need for action is instant and important; by 

incorporating innovation with governance, Uttarakhand can revamp tourism as a tool of sustainability, progress 

and growth. 
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