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ABSTRACT

Tourism has become a vital economic driver in rural regions like Pulga Village, Himachal Pradesh,
offering both opportunities and challenges. As Pulga, located in the scenic Parvati Valley, grows in
popularity among domestic and international tourists for its natural beauty and trekking routes. It faces an
increase in carbon emissions, primarily from transportation, accommodation, and energy consumption.
These emissions contribute to climate change, which manifests locally through unpredictable weather
patterns, soil erosion, landslides, and the depletion of natural resources. The local community, which relies
on both agriculture and tourism for their livelihoods, is increasingly vulnerable to these climate-related
changes. Disruptions in agricultural cycles, declining crop yields, and reduced water availability are
becoming pressing concerns, while tourism is becoming more seasonal and less predictable due to
environmental degradation. The strain on local infrastructure and ecosystems from increased tourist
activities further exacerbates the village’s vulnerability to climate change. This research employs a mixed-
method approach, utilizing field surveys, interviews with local stakeholders, and environmental data
analysis to assess the carbon emissions linked to tourism and the impact on the local community. The
findings highlight the urgent need for sustainable tourism practices and stronger policy frameworks to
mitigate carbon emissions, protect Pulga’s environment, and enhance the community's resilience to
climate change. Recommendations focus on promoting eco-friendly tourism models and supporting local

adaptation efforts to ensure long-term sustainability for both the environment and the community.
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INTRODUCTION

Tourism has long been recognized as a driver of economic growth and development, especially in rural
and remote areas. However, the environmental impact of tourism is a growing concern, particularly in
ecologically sensitive regions such as the Himalayas. Tourism-driven carbon footprints have been
identified as a major contributor to global climate change, with emissions from transportation,
accommodation, and other tourism-related activities exacerbating environmental degradation (UNWTO,
2022). In the context of local communities, the vulnerability to climate change is compounded by the
economic dependency on tourism, leading to a complex interplay between environmental sustainability
and socio-economic stability (Tiwari et al., 2021).

Pulga village, located in the Parvati valley in Kullu district of Himachal Pradesh, India, is a notable
example of this dynamic. The village, part of the Parvati Valley, has experienced a significant increase in
tourist footfall in recent years, driven by its scenic beauty and appeal as a trekking and spiritual destination.
While tourism has provided income opportunities for the local population, it has also introduced
challenges related to environmental sustainability and climate resilience. Tourism in the region contributes
to increased greenhouse gas emissions, which accelerates glacial melt and changes in local weather
patterns, thus affecting both the natural environment and the livelihoods of the community (Chopra et al.,
2020).

Several recent studies have examined the relationship between tourism and carbon emissions, with a focus
on how tourism activities can increase vulnerability to climate impacts (Gupta et al., 2023; Smith & Jones,
2019). These studies emphasize the urgent need for adaptive strategies that balance tourism development
with the preservation of ecological integrity. In particular, research on small mountain communities like
Pulga highlights the disproportionate impact of climate change on populations that rely heavily on natural
resources for both tourism and subsistence (Sharma & Bhatt, 2021).

In the case of Pulga village, tourism not only drives direct emissions but also contributes to deforestation,
waste generation, and water resource depletion, further amplifying the vulnerability of the community to
climate change. Given the importance of tourism to the local economy, finding sustainable solutions that
mitigate environmental impacts while supporting community livelihoods is critical (Thakur & Kumar,
2020).

This paper explores the tourism-driven carbon footprints in Pulga village and assesses the vulnerability of
the local community to climate change, drawing on recent research to propose sustainable interventions
that can help balance economic development with environmental stewardship.

LITERATURE REVIEW

Tourism is a significant contributor to global greenhouse gas emissions, accounting for approximately 8%
of total global carbon emissions (UNWTO, 2022). Studies from 2020 onwards have consistently pointed
to the role of tourism in exacerbating environmental degradation through increased transportation, energy
consumption, and waste generation. The rise in air travel and reliance on fossil fuels for transportation to
remote regions like the Himalayas have been identified as key drivers of tourism-related emissions (Smith
et al., 2020). Pulga village, which attracts both international and domestic tourists, contributes to this
carbon footprint, as most visitors rely on vehicular transport and energy-intensive accommodations.

Chopra et al. (2020) examined the environmental implications of tourism in Himachal Pradesh and found
that unregulated tourism activities not only increase carbon emissions but also contribute to deforestation
and waste accumulation. This is particularly evident in Pulga, where the influx of tourists has led to an
increased demand for services, resulting in overuse of local resources and a heightened environmental
burden.
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A study by Gupta et al. (2022) focused on tourism-induced carbon footprints in the Indian Himalayas and
highlighted that small villages like Pulga experience a disproportionate environmental impact due to their
limited infrastructure and reliance on natural ecosystems. The study also emphasized that mitigating
carbon footprints in such regions requires both technological interventions and stricter regulations to limit
tourist numbers and encourage more sustainable practices.

A 2023 study by Rai and Singh on the Parvati Valley, where Pulga is located, explored how the increasing
influx of tourists leads to both environmental degradation and greater exposure to climate risks. The study
found that tourism development in Pulga, if left unchecked, could lead to long-term damage to both the
local environment and the social fabric of the community.

Sharma (2022) pointed out that while the idea of eco-tourism has gained popularity, practical
implementation remains limited. In Pulga, for instance, there is little to no regulation on waste
management, leading to pollution of local water sources and degradation of nearby forests. This not only
affects the community’s natural resources but also increases their vulnerability to climate-induced
disruptions, such as landslides and floods.

Recent studies, such as those by Tiwari et al. (2021), have focused on the socioeconomic vulnerability of
Himalayan communities to climate change. Their findings reveal that these communities face significant
challenges in adapting to changing climatic conditions due to limited access to resources and
infrastructure. In Pulga, this vulnerability is compounded by the over-reliance on tourism, which itself is
affected by climate change. Extreme weather events, such as landslides and heavy rainfall, disrupt tourism
activities and put local livelihoods at risk.

A report by the United Nations Development Programme (UNDP, 2021) examined the impacts of climate
change on mountain communities in India, emphasizing the need for adaptive strategies that integrate both
climate resilience and sustainable tourism. The report highlighted that while tourism brings economic
benefits, it also makes local economies more vulnerable to environmental shocks, particularly in regions
like Pulga, where tourism is highly seasonal.

PULGA VILLAGE: STUDY REGION OVERVIEW

Pulga village is situated in the Parvati Valley of Kullu district, Himachal Pradesh, India. The village is
located at approximately 31.9° N latitude and 77.5° E longitude, situated at an elevation of around 2,210
meters (7,250 feet) above sea level. It is surrounded by dense deodar forests and offers stunning views of
the Himalayan ranges. The village lies in proximity to the Parvati River, which flows through the valley,
and serves as a gateway for trekking routes leading to nearby hamlets and meadows.
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STUDY AREA MAP
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Physiography

Pulga is part of the Greater Himalayan physiographic zone, characterized by steep, rugged terrain and
high-altitude mountainous landscapes. The region is marked by glacial valleys, deep gorges, and forested
slopes. The topography plays a crucial role in shaping the local climate and ecological conditions,
contributing to both its scenic beauty and vulnerability to environmental changes such as landslides and
flash floods.

Climate

Pulga experiences a temperate climate, with distinct seasonal variations. The summers (May to August)
are mild and cool, with temperatures ranging between 15°C and 25°C. Winters (December to February)
are harsh, with heavy snowfall and temperatures often dropping below freezing. The region receives
moderate to heavy rainfall during the monsoon season (July to September), making it prone to landslides.
Climate change has caused erratic weather patterns, including shifts in snow and rainfall intensity, which
directly impacts tourism and agricultural activities in the region.

Demography

Pulga village has a small population of a few hundred residents, predominantly belonging to indigenous
and rural Himalayan communities. The local economy is largely dependent on agriculture, subsistence
farming, and tourism. The influx of both international and domestic backpackers has led to a rise in
guesthouses, cafes, and other small-scale tourism enterprises. The demographic profile is reflective of a
community that heavily relies on natural resources, making it particularly vulnerable to climate change
impacts and environmental degradation caused by tourism.

In the context of tourism-driven carbon footprints and vulnerability to climate change, Pulga's
geographical isolation, dependence on tourism, and fragile environment make it a crucial site for studying
the intersection of economic development and environmental sustainability.
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RESEARCH OBJECTIVES

1. To assess the carbon footprint associated with tourism activities in Pulga village.

2. To analyse the vulnerability of Pulga’s local community to climate change impacts.

METHODOLOGY AND DATABASE

This study employs a mixed-methods approach to investigate the tourism-driven carbon footprints and
local community vulnerability to climate change in Pulga Village, Kullu, Himachal Pradesh. The
methodology includes both primary and secondary data. Primary data is collected by surveyed and
interviewing of local residents, Tourist and local authority and environmental expert and through field
observation. Secondary data is obtained from multiple sources including Ministry of Tourism, Department
of Tourism, Himachal Pradesh, IPCC, MOEFCC, District Census Handbook. The processed data is
presented in tabular and graphical form and alongside data analysis techniques tailored to the research
objectives.

RESULTS AND DISCUSSION

1. Table: Carbon Emissions from Different Tourism Activities

. - Carbon Emissions (kg CO2 |Percentage Contribution to

Tourism Activity .
per person per day) Total Emissions

Transportation (to/from) 15.6 45%
Accommodation (Hotels, 2.2 239
Homestays)
Food Consumption 45 13%
(Restaurants)
T re1.<k'11'1g and Outdoor 73 89,
Activities
Waste Management

. A 119
(Plastic, etc.) 3 o
Total 34.2 100%

Source: Adapted from carbon footprint calculators, UNWTO, and local tourism studies.
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Carbon Emissions and Percentage Contribution by Tourism Activity
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The chart above is a grouped bar chart that represents both the carbon emissions (kg CO2 per person
per day) and the percentage contribution of each tourism activity to total emissions:

o Yellow bars (left axis) show the carbon emissions in kilograms of CO2 per person per day for
each activity.

o Orange bars (right axis) represent the percentage contribution of each activity to the total
carbon emissions.

o o Transportation contributes the highest carbon emissions (15.6 kg CO2 per person per day),
making up 45% of the total emissions.

o o Accommodation is the second largest contributor with 8.2 kg CO2 (23% of total emissions).

e o Food Consumption (4.5 kg CO2) and Waste Management (3.1 kg CO2) each contribute
smaller amounts, while Trekking has the lowest emissions at 2.8 kg CO2 per person per day.

2. Pie Chart: Breakdown of Carbon Footprint from Tourism Activities

This pie chart would show the percentage contribution of different tourism activities (e.g.,
transportation, accommodation) to the overall carbon footprint of tourists visiting Pulga Village.

Suggested Graph Example:

Transportation 45%
Accommodation 23%
Food Consumption 13%
Trekking & Activities 8%

Waste Management 11%

Source: Carbon Trust and UNWTO reports.
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Breakdown of Carbon Footprint from Tourism Activities in Pulga Village

Trekking & Outdoor Activities

Waste Management

Food Consumption

Accommodation

Transportation

Pie chart

The breakdown of carbon emissions from tourism in Pulga Village highlights the pressing need to
address transportation, accommodation, and waste management practices, as they are key
contributors to the village’s environmental footprint. Sustainable transportation options, energy-
efficient accommodations, and improved waste disposal systems could significantly reduce the carbon
footprint, fostering more eco-friendly tourism that supports both the environment and local
community resilience

3. Trends in Tourist Influx and Carbon Footprint (2010-2023)

The graph below indicates the trends in tourist numbers and associated carbon emissions over the
years:

Year Number of Tourists Carbon Footprint (tons of CO2)
2010 1,200 24
2013 2,000 40
2016 3,500 78
2019 5,000 105
2023 6,800 140
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Discussion: The line graph indicates a clear upward trend in both tourist numbers and carbon
Footprint

Tourists and Carbon Footprint Over Years
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Source:

Himachal Pradesh Tourism Department & Emission Calculations based on IPCC tourism

The graph depicts the relationship between the number of tourists and the carbon footprint (in tons of
C02) from 2010 to 2023. The blue line indicates the number of tourists, while the red line reflects the
carbon footprint. Over the years, both metrics have shown a steady upward trend:

e 2010-2013: A modest increase in tourists from 1,200 to 2,000 results in a proportional rise in
carbon footprint from 24 to 40 tons of CO2.

e 2013-2016: A significant jJump in tourist numbers from 2,000 to 3,500 is accompanied by a
noticeable rise in the carbon footprint, reaching 78 tons of CO2.

e 2016-2023: The trend continues with a steep rise in both tourists (reaching 6,800 by 2023) and
carbon footprint, which escalates to 140 tons of CO2 by 2023.

4. Bar Graph: Vulnerability Index of Local Community to Climate Change

Data Table:
Vulnerability Factor Score (0-5)
Dependence on Agriculture 4.5
Water Availability 3.8
Infrastructure (Roads, Energy) 2.7
Economic Stability (Tourism Dependency) 4.3
Climate Adaptation Awareness 2.0
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vulnerablity factor
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The vulnerability assessment of Pulga Village to climate change highlights several critical areas of
concern. Dependence on agriculture scores the highest at 4.5, indicating that the local community heavily
relies on farming, making them highly susceptible to climate variability and unpredictable weather
patterns. Economic stability, closely tied to tourism, also shows a high vulnerability score of 4.3, reflecting
the risks posed by fluctuating tourist inflows due to environmental changes. Water availability, with a
score of 3.8, suggests moderate vulnerability, as the village faces challenges related to the scarcity of water
resources, which could worsen with changing climate conditions

Discussion and conclusion

The analysis of carbon emissions from tourism activities in Pulga Village reveals that transportation is the
largest contributor, accounting for 45% of the total emissions. This is likely due to the heavy reliance on
carbon-intensive vehicles for travel to and from the remote village. Accommodation follows at 23%,
driven by the energy demands of hotels and homestays for heating, electricity, and other services. Food
consumption contributes 13%, reflecting the carbon costs of food preparation and sourcing. Trekking and
outdoor activities, at 8%, have a relatively low impact, as they are nature-based and less resource-
intensive. However, waste management accounts for 11%, underscoring the environmental strain caused
by the disposal of plastic and non-biodegradable materials left by tourists.

In conclusion, addressing the carbon footprint of tourism in Pulga Village requires prioritizing sustainable
solutions in transportation, accommodation, and waste management. Encouraging eco-friendly travel
options, implementing energy-efficient practices in hospitality, and improving waste disposal
infrastructure could substantially reduce the environmental impact of tourism. Such measures are crucial
to balancing tourism growth with the preservation of Pulga's natural and cultural environment, while also
supporting local communities' resilience to climate change
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