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Abstract  Snow cover is a critical resource for ski 

athletes, particularly in Gulmarg, India, where climate 

change has resulted in significant reductions in snow cover 

extent. This study investigates the socio-economic and 

psychological impacts of snow cover depletion on 

international-level ski athletes from 2004-2024. This study 

employs the Sport Ecology Framework and the Geospatial 

and Socio-Environmental Systems Framework to explore 

the interplay between environmental changes, sports 

performance, and mental well-being. Using Landsat data 

the Normalized Difference Snow Index (NDSI) has been 

calculated in ArcMap 10.1 and correlated with the 

socio-psychological and economic challenges athletes face 

through thematically analysed qualitative interviews. Key 

findings of the study reveal a measurable 14.82% reduction 

in snow-covered areas, leading to a shortened ski season. 

Psychological challenges such as demotivation and 

frustration were observed, alongside heightened financial 

strain as athletes often resorted to crowdfunding or 

personal savings to cover training costs due to travel for 

training to European countries. The findings emphasize the 

need for targeted policy interventions, including enhanced 

snow sports infrastructure, improved government support 

for winter sports, and the use of artificial snowmaking 

technology. The study underscores the urgency for 

adaptive strategies, such as indoor ski training facilities and 

diversified funding models, to ensure the sustainability of 

competitive skiing in Gulmarg. The research significantly 

contributes to understanding snow cover depletion in 

Gulmarg due to climate change impacts on winter sports in 

general and Ski Athletes in particular, offering practical 

implications for policymakers, sports authorities, and 

stakeholders in the skiing industry. It highlights the 

necessity for comprehensive strategies to support athletes 

while addressing climate-induced challenges in 

snow-dependent sports. The study is limited to a specific 

geographic region and a small sample size, which may 

affect the generalizability of the findings. Further research 

is recommended to assess long-term impacts and explore 

cross-regional comparisons to strengthen policy 

frameworks for winter sports sustainability. 

Keywords  Skiing, Snow Cover Depletion, Climate 

Change, Athlete, Gulmarg 

1. Introduction

In recent decades, climate change has emerged as a 

significant environmental concern, with global warming 

causing a measurable reduction in snow cover extent. 

Gulmarg, despite its prominence as a leading skiing 

destination, is not immune to climate change impacts. A 

notable decline in snow precipitation and a shortening of 

the ski season have already been observed in the region. 

These changes not only threaten the ecological balance but 

also pose severe challenges to the sustainability of skiing 

as a sport and a catalyst for local economic development. 

At present, climate change represents a significant issue 
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for the natural environment. Global warming is regarded as 

the primary driver of global climate change. With rising 

environmental temperatures, numerous processes have 

undergone significant alterations. Global warming 

influences snow cover area, making snow cover analysis an 

essential indicator for assessing the broader impacts of 

global warming and specifically Land Surface 

Temperature (LST) [1, 2]. Increased LST accelerates 

glacier melting, resulting in a global reduction of snow 

cover area [1]. Numerous studies demonstrate the 

substantial reduction of snow cover areas in the late 

twentieth and early twenty-first centuries [3–5]. The 6th 

Assessment Report of the IPCC (2023) indicates that 

human-induced increases in global temperature, exceeding 

1.1℃ over the past decade, will lead to the loss of sea ice 

and melting of snow at lower elevations. Notarnicola [6] 

quantified the negative trend of global snow cover at an 

annual rate of -3.6%, with a more pronounced decline 

observed in the mountainous regions of Asia. Additionally, 

he observed a significant decline in the number of seasonal 

snow cover days. The Himalayan region in India contains 

numerous important permanent glaciers and seasonal 

snow-covered areas, which have substantial environmental 

implications. The continuous increase in land surface 

temperature leads to the retreat of glaciers and the loss of 

snow coverage in lower mountainous regions. Rawat et al. 

[7] found that as land surface temperature (LST) increased 

in the Mana Basin, snow cover decreased at an accelerated 

rate. Dar et al. [8] illustrated the alterations in snow 

precipitation linked to land surface temperature variability 

in the Kashmir Valley, observing. 

Gulmarg in India stands out as Asia's highest ski resort, 

attracting domestic and international skiers due to its 

pristine slopes and unique features [9, 10]. Snowfall 

patterns in Gulmarg exhibit a decline in annual 

precipitation at the higher altitude of Gulmarg, with a 

substantial reduction in winter precipitation [11, 12]. 

However, this dependence on snow makes skiing highly 

vulnerable to the impacts of climate change, which has 

caused significant alterations in snow cover patterns 

globally [9, 13]. 

Ski resorts rely on snowmaking to compensate for the 

lack of natural snow, but this also increases operating costs. 

The ski industry is at risk due to climate change, with a 

projected decrease in the number of operating ski areas 

globally. Snowmaking has become a crucial adaptation 

strategy for ski resorts to maintain ski tourism seasons and 

reduce snow reliability [14–16]. 

1.1. Conceptual Frameworks 

This study uses two complementary frameworks: the 

Sport Ecology Framework and the Geospatial and 

Socio-Environmental Systems Framework (Figure 1). The 

Sport Ecology Framework explores how environmental 

degradation, like snow cover depletion in this study, 

impacts skiing activities and suggests potential solutions 

like technological advancement to mitigate these 

challenges. The Geospatial and Socio-Environmental 

Systems Framework guides the GIS analysis to map snow 

cover changes and relate these to the socio-economic 

challenges faced by athletes. The spatial overlay of snow 

cover extent and the geographical locations of training sites 

help us understand the distribution of affected areas and 

their implications for skiing activities. The Geospatial and 

Socio-Environmental Systems Framework provides a 

structured approach to integrating geospatial data on snow 

cover changes with socio-economic dimensions, such as 

the experiences and challenges of international-level ski 

athletes. 

Figure 1.  Adopted Conceptual Framework 

The study adopts a holistic perspective that integrates 

environmental, socio-economic, and technological 

dimensions to comprehensively address its objectives. This 

multifaceted approach not only enriches the analysis but 

also highlights the interconnectedness of various factors 

affecting the skiing industry. By doing so, it provides 

practical implications that offer a robust foundation for 

actionable recommendations, particularly aimed at 

policymakers and stakeholders within the skiing and 

tourism sectors. Furthermore, the research enhances its 

academic contribution by positioning itself within 

well-established theoretical traditions, thereby 

strengthening its scholarly impact and facilitating a deeper 

understanding of the complex dynamics at play in this 

niche field. 

1.2. Winter Sports Participation of India at 

International and National Level 

Snow skiing is a game played at national, international, 

and Olympic-level competitions. At present, there are three 

types of snow skiing: namely Alpine skiing, Nordic skiing, 

and snowboarding. The International Ski and Snowboard 
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Federation (Federation Internationale de Ski FIS), which 

has 136 member nations as of 2022, oversees the sport at 

the international level where athletes’ participation and 

performance in all FIS events are listed [17]. India’s 

participation in winter sports, particularly snow skiing, 

remains relatively limited on the global stage. Since its 

debut in the Winter Olympics in 1964, India has seen only 

13 athletes compete in 22 skiing events without securing a 

medal [18]. This highlights the challenges faced by Indian 

athletes in gaining recognition and achieving success in a 

sport that demands significant resources, infrastructure, 

and consistent snow cover. 

As per the data given in the Table 1, only 13 Indian 

athletes have participated in 22 competitions of snow 

skiing till 2022; India has not secured a single medal in the 

Winter Olympics [19]. 

The Indian government took a major step in promoting 

winter sports by organising a national-level event called 

the Khelo India Winter Games (KIWG) (Table 2) under the 

initiative of the Khelo India programme. While the KIWG, 

initiated in 2020, marks a commendable effort to promote 

winter sports at a national level, their potential impact is 

hindered by the critical challenge of diminishing snow 

cover. KIWG has been conducted in four editions so far at 

Gulmarg, Union Territory of Jammu & Kashmir, since 

2020. Gulmarg, a primary venue for these games and a hub 

for winter sports in India, has witnessed significant 

reductions in snowfall and shorter skiing seasons. This has 

had a direct impact on athlete’s training schedules and the 

viability of organising snow sports competitions. Therefore, 

the ability of athletes to train consistently is compromised, 

limiting their preparedness for international competitions. 

Furthermore, the increased reliance on artificial snow and 

reduced operational days of ski resorts lead to higher costs 

for event organisers, which could limit future editions of 

KIWG and other national initiatives. 

Table 1.  Winter Olympic Participation of Indian Athletes 

Events Competitions Athlete Name 

1964 Winter Olympics Downhill, Men Jeremy Bujakowski 

Giant Slalom, Men Jeremy Bujakowski 

1968 Winter Olympics Downhill, Men Jeremy Bujakowski 

Giant Slalom, Men Jeremy Bujakowski 

Slalom, Men Jeremy Bujakowski 

1988 Winter Olympics Slalom, Men Kishor Rahtna Rai 

 Gul Dev 

Slalom, Women Shailaja Kumar 

1992 Winter Olympics Giant Slalom, Men Nanak Chand Thakur 

 Lal Chuni 

Slalom, Men Nanak Chand Thakur 

 Lal Chuni 

2006 Winter Olympics Giant Slalom, Men Hira Lal 

Giant Slalom, Women Neha Ahuja 

Slalom, Women Neha Ahuja 

2010 Winter Olympics Giant Slalom, Men Jamyang Namgial 

2012 Winter Youth Olympics Giant Slalom, Girls Aanchal Thakur 

Slalom, Girls Aanchal Thakur 

2014 Winter Olympics Giant Slalom, Men Himanshu Thakur 

2016 Winter Youth Olympics Super G, Boys Saurabh Saurabh 

Giant Slalom, Boys Saurabh Saurabh 

Slalom, Boys Saurabh Saurabh 

Combined, Boys Saurabh Saurabh 

2022 Winter Olympics Giant Slalom, Men Arif Khan 

Slalom, Men Arif Khan 

Source: Olympedia, 2024 
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Table 2.  List of Khelo India Winter Games 

Edition Year Dates Venue Participants Financial Assistance (USD) 

1st 2020 March 7th - March 11th Gulmarg, J&K 1123 261200 

2nd 2021 Feb 26th - March 2nd Gulmarg, J&K 1200 434700 

3rd 2023 Feb 10th - Feb 14th Gulmarg, J&K 1500 N.A. 

4th 2024 Feb 2nd - Feb 6th (Leh) Leh, Ladakh 

Gulmarg, J&K 

1700 N.A. 

Source: Ministry of Youth Affairs and Sports 

1.3. Research Gap 

Despite the increasing awareness of climate change's 

effects on snow-dependent activities, limited research has 

been conducted to assess the direct impacts of declining 

snow cover on skiing athletes, particularly those competing 

at the international level. The availability and quality of 

snow significantly impact athlete’s training routines, 

performance, and career sustainability. Prior research 

focuses on evaluating variations in snow cover through 

remote sensing techniques in the Gulmarg region [8, 12, 

20–26] and investigates the effects of climate change on 

snow cover and the skiing industry [14–16, 27]. However, 

there is a noticeable lack of research that directly examines 

the implications of snow cover variability on individual 

skiing athletes, particularly at the international level. 

Several studies have examined skiing in the context of 

climate change and winter sports tourism in Gulmarg [9, 10, 

13, 28], yet they overlook significant concerns such as 

disrupted training schedules, financial burdens, and 

psychological impacts on athletes. 

The literature indicates that many global ski resorts like 

Gulmarg are adversely impacted by climate change, the 
study of the decrease in snow cover extent in the region 
and the challenges that it poses becomes an important 
issue of research. The absence of empirical research that 

combines geospatial analysis of snow cover depletion 

with qualitative insights into athletes' issues in Gulmarg 

has created a significant gap in understanding. Addressing 

this gap is essential, as it highlights the personal and 

professional challenges faced by athletes and hinders 

policymakers, sports organisations, and stakeholders from 

formulating effective adaptation strategies. This study 

aims to address this gap by utilising GIS to assess 

variations in snow cover and thematic analysis to clarify 

the experiences of international ski athletes in Gulmarg. 

1.4. Objectives 

1. To assess the variability in snow cover extent from

2004 to 2024 in the Gulmarg region using geospatial

techniques.

2. To explore the key challenges faced by

international-level ski athletes due to snow cover

depletion, using qualitative interviews.

Further, this study recommends adaptation strategies 

and policy implications to ensure the sustainability of 

suitable ski conditions for athletes in the Gulmarg region. 

2. Dataset and Methodology

2.1. Study Area 

Gulmarg is a Municipal Council located in Tangmarg 

tehsil of Baramulla district in Jammu and Kashmir state of 

India. Gulmarg is situated at the foothill of the Pir Panjal 

Mountain range in Kashmir Valley between 33°99′N to 

34°08′N Latitude and 74°31′E to 74°46′E Longitude at an 

altitude of 2,730m above sea level. The Pir Panjal 

Mountain range of the Indian Himalayas provides a unique 

skiing experience, with heavy snowfall and a long skiing 

season from November to mid-April. Gulmarg's ski 

tourism industry contributes to tourist satisfaction and 

loyalty, impacting visitors' overall experience [13, 17]. 

Gulmarg is a hub of winter adventure sports like 

snowboarding, heli-skiing (skiing down a mountain after 

being taken up by a helicopter), off-piste skiing (skiing on 

unconventional ski runs) etc. Therefore, it has been hosting 

the national-level Khelo India Winter Games for 4 years 

since it was started in 2020. The location of the study area 

is given in the following Figure 2: 
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Figure 2.  Location of the Study Area 

Gulmarg skiing gained popularity due to its unique 

features such as being the largest skiing resort in India 

and the highest in Asia as well, offering a downhill ski 

run of 3 km. It lies in the lap of the towering Apharwat 

peak, which is accessible by the Gulmarg Gondola – the 

second-highest cable car ride in the world [29]. 

Furthermore, the resort has three ski lifts and one chair 

lift, catering to beginners and intermediate-level skiers 

[9]. The Gulmarg is less commercialized, making it more 
affordable and less crowded, providing more exotic 
cultural experiences as compared to other ski destinations 

around the world. The famous French skier              
Sylvain  Saudan  started  Heli-skiing  in the Himalayas for 

European skiers. He would take the skiers by helicopter to 

the top of Gulmarg Mountain and other peaks from where 

they would ski down the immense Himalayan slopes [28]. 

Gulmarg's elevated location allows skiing from 8,700 to 

10,500 feet, reaching heights of up to 13,500 feet at 

Apharwat Peak [20]. 

Western disturbances bring heavy precipitation to the 

Gulmarg region during the winter months from November 

to April [11, 23, 30]. It receives maximum snowfall during 

February (39%) [21, 25]. This brings the maximum 

number of tourists to Gulmarg during the February and 

March months. Gulmarg recorded a maximum decrease of 

-15.6 mm/year in annual precipitation from 1980 to 2016 
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[24]. This is consistent with an increase in minimum and 

maximum temperatures by 0.7°C and 0.4°C respectively. It 

is also observed that insignificant decadal increases in 

temperature are observed over Gulmarg during January, 

February and March. The mean winter temperature of 

Gulmarg indicates an increase of less than 1°C. The mean 

spring temperature in Gulmarg shows an increase of less 

than 1.4°C. In summer, the temperature rise for Gulmarg is 

about 0.4°C; in autumn, Gulmarg shows an increment of 

0.9°C [26]. The table below shows the number of rainy 

days and annual precipitation in the Gulmarg region from 

2005 to 2022. 

Table 3.  Annual Rainfall in Gulmarg (2005-2022) 

Year No. of rainy days Annual rain 

2005 140 1663 

2010 98 1406 

2015 158 1778 

2020 112 1234 

2021 121 1262 

2022 123 1247 

Source: Directorate Of Economics & Statistics, J&K 

Considering all the above-mentioned specific 

characteristics and being one of the most important ski sites 

in Asia, the Gulmarg region has been chosen for the study. 

2.2. Methodology 

This study used a blended approach to assessing the 

impact of variation in snow cover extent on international 

ski athletes. The Sport Ecology Framework informs the 

qualitative analysis by examining how environmental 

changes, such as snow cover depletion, disrupt skiing 

practices. The Geospatial and Socio-Environmental 

Systems Framework guides the GIS analysis to map snow 

cover changes and relate these to the socio-economic 

challenges faced by athletes. The spatial overlay of snow 

cover extent and the geographical locations of training sites 

help us understand the distribution of affected areas and 

their implications for skiing activities. The Geospatial and 

Socio-Environmental Systems Framework provides a 

structured approach to integrating geospatial data on snow 

cover changes with socio-economic dimensions, such as 

the experiences and challenges of international-level ski 

athletes. 

Geospatial analysis (GIS) has been used to assess the 

change in snow cover from 2004 to 2024 in the Gulmarg 

region. To understand the impact of snow cover depletion 

on skiing, we approached international-level Ski Athletes 

in the Gulmarg region to gain a deeper insight into the 

challenges faced by them. An outline of the adopted 

methodology in the paper is given in Figure 3. 

2.2.1. Quantitative Methodology (Geospatial and 

Socio-Environmental Systems Framework) 

The Geospatial and Socio-Environmental Systems 

Framework guides the GIS analysis to map snow cover 

changes and relate these to the socio-economic challenges 

faced by athletes. The spatial overlay of snow cover extent 

and the geographical locations of training sites help us 

understand the distribution of affected areas and their 

implications for skiing activities. 

Dataset: 

Snow cover extent change significantly impacts skiing 

in Gulmarg. To depict the change in snow cover between 

the years 2004 and 2024, satellite imageries of Landsat-7 

Enhanced Thematic Mapper (ETM) for the year 2004 and 

Landsat-8 Operational Land Imager/ Thermal Infrared 

Sensor (OLI/TIRS) for the year 2024 have been 

downloaded from an open website USGS Earth Explorer 

(https://earthexplorer.usgs.gov/). The cloud cover 

percentage is minimised to less than 10% before 

downloading the data. Data for both years are from the 

second week of February month because the snow cover 

extent becomes the highest during the same period [25, 29]. 

The radiometric and atmospheric corrections are applied to 

remove the sensor errors, surface reflectance variations and 

to remove the effects of particles of vapour, aerosols and 

other atmospheric factors of distortion, respectively [31]. 

The scan line error correction was also applied to the 

Landsat-7 ETM dataset. A detailed description of the data 

is given in Table 4. 

2.3. Methods 

The study area has been extracted from each image tile 

specifically using a georeferenced shapefile of Gulmarg. 

The scanline error fixation is done for the Landsat-7 ETM 

using Landsat tools in ArcMap 10.1 and removing the 

cloud patches from both satellite images. This study uses 

the Normalized Difference Snow Index (NDSI) method for 

the snow cover extent change analysis. The NDSI is chosen 

over other spectral indices for snow cover assessment due 

to its strong sensitivity to snow particles, which produces 
more accurate results for snow cover extent measurement 

[32]. The NDSI is a normalized difference of reflectance 

between Green and short-wave infrared (SWIR) bands 

[33, 34]. All the processes are done using the ArcMap 

10.1 software and findings are supplemented by the 

ancillary data too. The formula is given in Equation 1: 

𝑁𝐷𝑆𝐼 =
(𝐺𝑟𝑒𝑒𝑛−𝑆𝑊𝐼𝑅)

(𝐺𝑟𝑒𝑒𝑛 +𝑆𝑊𝐼𝑅)
  (1) 

where, 

NDSI = Normalized Difference Snow Index, 

Green = Green band, which is Band-2 in Landsat-7 ETM 

and Band-3 in Landsat-8 OLI/TIRS. 

SWIR = Short wave infrared, Which is Band-5 and Band-6 

in Landsat-7 ETM and Landsat-8 OLI/TIRS, respectively. 
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Figure 3.  Adopted Methodology 

Table 4.  Description of satellite data 

Satellite Sensor Date of Acquisition Total Bands Path/Row Spatial Resolution 

Landsat-7 ETM 11-02-2004 8 149/036 30m×30m 

Landsat-8 OLI/TIRS 10-02-2024 11 

Source: USGS Earth Explorer 

2.3.1. Qualitative Methodology (Sport Ecology 

Framework) 

This study uses the case study method [35] to depict the 

experience and challenges of international-level ski 

athletes, who are exclusively different from other 

stakeholders like tourism business owners or tourists. To 

comprehensively understand the impact of snow cover 

depletion on international-level ski athletes in the Gulmarg 

region, focusing on their training routines, performance 

levels, and adaptation strategies, five international-level 

ski athletes from the Gulmarg region were selected through 

snowball sampling [36]. Skiing is a rare sport in India and 

the limited number of participants allows for in-depth 

exploration of athletes' experiences, despite logistical 

challenges in scheduling interviews. This study prioritizes 

capturing the nuanced, lived experiences of a select group 

of elite athletes, ensuring a rich and detailed exploration of 

their challenges. By employing in-depth interviews with 

five international-level athletes, the study provides a 

focused analysis of their perspectives. Despite these 

limitations, the data collected offers valuable insights into 

the intersection of climate change, snow cover depletion, 

and athlete performance, which would be difficult to 

achieve with a broader but less detailed approach. 

The semi-structured interview schedule [37] was 

divided into three parts where first part collects the 

socio-demographic data of the athletes, the second part 

focuses on understanding their level of participation (Table 

5 for respondents’ profiles) and the third part further 

highlights the challenges faced by the athletes particularly 

due to the decrease in snow cover extent over the last two 

decades (Table 7). To maintain the anonymity and 

confidentiality of the respondents, we have coded them as 

respondents R1, R2, R3, R4, and R5 [38, 39]. 

The researchers found contact with R1, an 

international-level skiing athlete from Gulmarg, who 

further provided contact details of the other athletes. The 

researchers telephoned the athletes and used a 

semi-structured interview schedule to understand the 

impact of declining snow cover extent in the region on 

athletes. Thematic analysis is indeed a valuable method for 

exploring intricate and subjective experiences, offering 

profound insights into participants' worlds and personal 

life stories [40, 41]. By examining transcripts, this 

approach aims to comprehensively grasp experiences, 

pinpoint essential themes, and compare significant themes 

among cases, emphasizing participants' perspectives 

through compelling quotes to showcase the depth of the 

data. The analysis of the interview is done under the 

following themes: Shortening of Ski Season, Financial 

Challenges, Psychological Impact, and Adaptive 

Strategies. 
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Table 5.  Profile of the Respondents 

Participants Variables R1 R2 R3 R4 R5 

Age 34 27 27 19 32 

Gender M M M M M 

Education 12th Graduate 12th Graduate Masters in Physical 

Education (MPEd) 

Occupation Full-time athlete Tour and travels Student Student Tour and travels 

Income of the 

household (USD) 

40370 11500 28800 17300 11500 

Years involved in skiing 28 21 10 10 10 

Expenditure on skiing 

(USD) 

17300 5500 8650 5500 3450 

Highest 

International level 

participation 

Winter Olympic-2022 

Beijing 

Asian Championship 

2021 Lebanon 

Kopaonik, 

Serbia 

Almaty, 

Kazakhstan 

Almaty, Kazakhstan 

Sponsership JSW, Hamdard, IOA No JSW JSW JSW 

Source: Telephonic Interviews 

2.4. Respondents Details 

All respondents interviewed were international-level 

players, aged between 19 to 34 years, and identified as 

male ski players. Two respondents were students and were 

not earning, so they were dependent on their families and 

sponsors to support their sports participation. Two 

respondents were found to run a tourism business and ski 

coaching in the region. One of the respondents R2 stated, 

“...To support my Skiing expenses…I started a small tour 

and travel agency in Gulmarg and teach skiing to 

tourists…because one set of kit cost around 3450 USD and 

needed to be renewed every year”. 

JSW, a corporate agency, is promoting sports in India. It 

has sponsored four participants, but one respondent did not 

receive any sponsorship. Only one athlete who competed in 

the Winter Olympics 2022 is a full-time athlete and is 

receiving sponsorship from both government and private 

agencies. The average expenditure of an athlete on sports 

ranges from 3450 USD to 17300 USD and a ski kit costs 

around 3450 USD because most of the equipment is 

imported from Europe. 

Most of the athletes were introduced to the sport at a 

very early age of around four to eight years by their parents 

and influenced by the popularity of snow sports in the 

Gulmarg. In this context, R1 mentioned that “…I started 

skiing at the age of six years on a small slope made by my 

father outside his (ski equipment) shop…he taught me the 

basic skills like balancing on skis…”. 

With 28 years of involvement and practice in skiing, R1 

at present has become the most experienced player, R2 has 

an experience of 21 years and the other three respondents 

have experience of about 10 years. R1 has participated in 

about 154 international-level FIS (International Ski and 

Snowboard Federation) competitions held in different 

countries including two competitions in the Winter 

Olympics 2022 Beijing (China), the Asian Championship 

2021 Lebanon and the South Asian Championship 2011. 

R2 has participated in 10 international-level FIS 

competitions and the Asian Championship 2021 in 

Lebanon. R3 has participated in two international-level FIS 

competitions held in Kopaonik (Serbia), rest two 

respondents R4 and R5 have participated in FIS 

competitions held at Shymbulak Ski Resort, Almaty, 

Kazakhstan. Other than international competitions all the 

respondents have performed tremendously well in National 

and district-level competitions. 

3. Results 

The results will be divided into two sections: first, snow 

cover change analysis presents the findings from the GIS 

analysis, and shows trends and patterns in snow cover 

changes. Second, the impact on International-Level Ski 

Athletes discusses athlete interviews, highlighting the 

real-world implications of snow cover depletion on 

training, performance, and overall participation in winter 

sports (Table 7). Finally, the paper will conclude with a 

summary of the findings and suggest measures to mitigate 

the identified challenges. 

3.1. Snow Cover Extent Analysis 

This section represents the snow cover extent change 

analysis in Gulmarg between 2004 and 2024. Figure 4 is 

classified into two major categories the snow-covered area 

and the snow-free area highlighted using light green colour 

and black colour legends respectively. According to the 

data given in Table 6, the snow-covered area in the year 

2024 is 79.13 Km2 (60.67%) which was 92.90 Km2 

(71.23%) in the year 2004 and a total decline of 14.82% 

recorded. In response to the declination of snow-covered 

areas, the snow-free area increased significantly between 

2004 and 2024. The snow-free was 37.52 Km2 (28.37%) in 
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2004 and hiked to 51.29 Km2 (39.33%) with an absolute surge of 36.70%. 

 

Figure 4.  Snow cover extent in Gulmarg 

Table 6.  Snow Cover Extent in Gulmarg 

Sr. No. Snow Analysis Area (in Km2) on 11-02-2004 Area (in Km2) on 10-02-2024 Changes in Area 

1. Snow Free Area 37.52 (28.77%) 51.29 (39.33%) +36.70% 

2. Snow Covered Area 92.90 (71.23%) 79.13 (60.67%) (-14.82%) 

3. Total 130.42 (100%) 130.42 (100%)  

Source: Compute from Landsat Imageries 

Table 7.  Responses of Respondents 

Participants Variables R1 R2 R3 R4 R5 

Perception of decreased snow cover 

(in the last 20 years) 

Yes Yes Yes Yes Yes 

Severity Moderate Severe Severe Moderate Severe 

Shortened skiing season Yes Yes Yes Yes Yes 

Decrease in month 3 2 3 3 3 

Increase in travel cost Yes Yes Yes Yes Yes 

Place of travel for training Austria, Italy No Italy Italy Italy 

Total visits in a year for training 4 0 1 1 1 

The burden on budget (USD) 8650 0 3460 3460 3460 

Decline in snow sport infrastructure Yes Yes Yes Yes Yes 

Lacking of snow sports facilities Yes Yes Yes Yes Yes 

Risk of Injuries High Moderate High Low Moderate 

Psychological effects Disappointment Demotivation Frustration and 

Disappointment 

Frustration and 

Disappointment 

Frustration and 

Disappointment 

Adaptation strategies Travel to other 

snow regions 

No Travel to other 

snow regions 

Travel to other 

snow regions 

Travel to other 

snow regions 

Decline in youth participation Yes Yes Yes Yes Yes 

Source: Telephonic Interview 
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3.2. Impact on International-Level Ski Athletes 

International-level athletes are facing significant 

financial challenges exacerbated by climate change, 

particularly the declining snow cover extent that affects 

winter sports. Training abroad has become increasingly 

costly, with each trip averaging around 2880 USD. Annual 

training expenses for certain athletes may surpass 17300 

USD, with government and private sponsorships remaining 

insufficient, resulting in a significant financial burden. The 

financial burden experienced by athletes differs 

significantly; for example, one (R1) athlete faces an annual 

expense of 8650 USD, whereas one (R2) has not engaged 

in international training, and others (R3, R4 and R5) reveal 

costs of approximately 3460 USD per year. 

The psychological impacts of these financial challenges 

are also notable. Athletes have reported negative effects 

such as disappointment, demotivation, and frustration due 

to the changing environmental conditions. These findings 

suggest that negative thoughts can lead to adverse 

emotional states and hinder performance. 

In response to these challenges, athletes have adopted 

various adaptive strategies. Many have opted to train in 

regions with more reliable snow conditions, such as Italy, 

which has helped boost their confidence and access to 

better facilities. Additionally, there is a growing need for 

technological solutions like snowmaking machines and 

indoor skiing facilities to mitigate the reliance on natural 

snow. 

Moreover, there is a concerning decline in youth 

participation in skiing attributed to high costs and reduced 

snow cover, alongside a decrease in snow sport 

infrastructure in places like Gulmarg. This trend reflects 

broader global concerns about the sustainability of winter 

sports as climate change continues to threaten their 

viability. 

3.3. Shortening of Ski Season 

The respondents unanimously observed a notable 

decrease in snow cover in Gulmarg over the past two 

decades as depicted through the analysis of the satellite 

imageries, with three describing it as severe and two as 

moderate. In this regard, R3 stated, “As it is usually 

covered with five to seven feet of snow in the coldest 

period… this year the almost barren slopes (at Apharwat 

Peak) are a disturbing sight…this (November to mid-April) 

is a peak season for skiing practice.” 

International-level athletes rely on high-quality snow 

and extended training durations, but diminishing snow 

depth and quality significantly impede their preparation. 

For instance, R2, a coach and aspiring Winter Olympics 

2026 participant, highlighted his inability to train 

effectively due to the barren slopes, which also impacted 

his livelihood, “I am also a professional ski coach, but this 

winter I am mostly without work…depleting snow cover 

and increasing barren slopes in the peak season are 

adversely impacting lives and livelihood here...we are 

praying for more snowfall and when there is no snow I am 

not able to practice skiing for upcoming events.” 

This reduction in snow cover extent has led to a 

shortening of the skiing season by 2-3 months, a critical 

period for training and competitions. The depth and quality 

of snow play a very important part in a good skiing 

experience. Athletes need a perfectly groomed track to 

practice and a professional athlete aims to practice at least 

four months a year during the snow season, to be able to 

compete at the high-level competitions. 

R1, R3, R4 and R5 have trained themselves in Italy, 

funded by the JSW Foundation (Jindal Education and 

Medical Trust and Jindal South-West Foundation), which 

boosted their confidence. R3, expressing his joy stated, 

“...When I got the news from IIS (Inspire Institute of Sports) 

and SBIG (State Bank of India General Insurance), they 

were ready to support us. I was in a celebratory mood and 

felt that they were joking with us…I did not know these 

facilities existed...” 

3.4. Financial Challenges 

The athletes need to travel to different countries, such as 

Italy and Austria, to practice for contests because the 

Gulmarg region lacks adequate snow conditions. All the 

respondents agreed that there is a huge financial burden on 

them when travelling for training to a different country. R1 

highlighted the difficulties in securing financial support, 

stating, “...the difficulties were always there in terms of 

financial support, the budget is so high for the 

sport…training a year would cost nearly over 100,000 

USD…and to search for even 50,000 was 

difficult…because the popularity of the sport was so low.” 

This has created a significant financial burden for them, 

with each training trip costing about 2880 USD. Some of 
them have been sponsored by different agencies which 
have facilitated them to train in Italy, but this 

phenomenon was also very recent when R1 participated in 

the Winter Olympics 2022, then the Indian Olympic 

Association (IOA), and JSW all came to support him. R1 

described the incident, “First in 2020 it was JSW, Mr. 

Parth, himself decided to support me…he found that 

athlete needs support…I have the potential for Olympics 

Games from India…we are very much grateful they came 

in time.” 
When the Indian government refused to fund him due to 

the lack of popularity of winter sports in India, he resorted 

to crowdfunding to support his sports participation. He 

described the challenges stating: “Initially my father 

emptied all his savings to support my sport…I also worked 

as a ski instructor to raise funds, before the 2018 Winter 

Olympic Games…I was crowdfunding with the hope of 

making it…I fell short of around 1700 USD…my ambition 

of going to Pyeongchang was not fulfilled…” 

R2 has received only one sponsorship from the Indian 

government for his participation in the Asian 

Championship 2022, Lebanon and is not receiving any 
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sponsorship to fund his training from government or 

private agencies. R2 describing the sponsorship funding 

process stated: “The Indian government only funded me 

once…and it was only after the selection finalised in the 

Asian Games…” 

R3, R4 and R5 have received sponsorship from JSW and 

SBI general insurance where they receive doctor treatment 

for sports injuries and attain physical training at Inspire 

Institute of Sports (IIS) in the skiing season. R5 mentioned 

“I had this shoulder injury in Manali…It happened during 

training…here I am getting medical assistance from the 

best doctors and physiotherapy.” 

3.5. Psychological Impact 

All the respondents interviewed by the researchers 

expressed concerns about the decreasing snow cover extent 

and lack of adequate practice sessions in India. These 

factors led to low motivation, increased frustration, and 

disappointment among skiers, negatively impacting their 

psychological well-being. 

Skiing is one of the most expensive sports as the 

majority of the equipment is imported to India from 

European nations. R1 mentioned that: “It is one of the 

expensive sports…we used to rely on importing 

high-quality ski equipment from foreign countries…to 

maintain a high level of performance…it requires a lot of 

financial support…” 

R3 sheds light on the challenges of both financial 

constraints as well a lack of institutional support for skiing 

athletes in the region. R3 also emphasises the importance 

of perseverance and self-motivation for pursuing skiing. 

R3 explains: “These sports don’t receive much support 

from the local sports federation…you have to make it on 

your own…ignore the voice telling you to quit…India’s 

snowboarding scene isn’t that developed.” 

Snow-skiing, being a seasonal and snow-dependent 

sport, is not widely practised across all Indian states due to 

specific environmental requirements. Thus, it has been 

predominantly popular in Himachal Pradesh Jammu and 

Kashmir, where snow conditions are suitable for skiing. 

All the respondents acknowledged that they spend a lot 

of time and money on the sport of skiing, which is a 

seasonal, snow-dependent sport and they feel that if they 

had chosen some other inexpensive popular sport, it would 

have been easy to gain sponsorship and exposure. R4 

highlights that the topography of their birthplace is the 

primary motivation behind choosing skiing. However, 

there is a prevailing sentiment among professional skiers 

that it is an undervalued sport in India compared to 

mainstream sports like cricket in terms of sponsorship. 

“The reason behind choosing this sport is that I grew up in 

a mountainous region…” 

R1 with disappointment confessed that: “Hoping for a 

medal in the Winter Olympics is a bit far for us 

(India)…targeting achieving good results like top 30 in the 

world can be a good result…” 

3.6. Adaptive Strategies 

Winter sports athletes in the Gulmarg region face 

significant challenges due to the underdeveloped sports 

infrastructure compared to other nations where winter 

sports are popular and well-funded. R1 highlighted the 

disparity in infrastructure by stating: “I travelled to 

Switzerland in Europe, we have a similar kind of landscape 

in Gulmarg …and just what is missing is the 

infrastructure.” 

Respondents emphasized the need for the Government 

of India to prioritise winter sports and allocate funding for 

professional athletes' training and infrastructure 

development. R4 elaborates by stating: “I understand that 

the government cannot support everyone…but GOI can 

support at least the professional athletes aiming for 

international-level competitions like the Olympics and 

Asian games…” 

They suggested innovations like snow guns to reduce 

reliance on natural snow, creating a more adaptable 

environment for training and competition. Taking 

inspiration from Ski Dubai established in 2005, the first 

indoor ski resorts in the Middle East, R1 and R2 both 

participated in Dubai and highlighted its success and 

potential for the development of India's winter sports status 

by stating: “Ski Dubai has a very good ski resort in the 

middle of a dessert…if India learns and tries to build 

winter sports infrastructure…in future we can see 

International competitions organized here.” 

The effective use of artificial snow technology at Ski 

Dubai has enabled the hosting of national and international 

snow sports events despite the absence of natural snowfall. 

Respondents suggested that implementing similar 

snow-making infrastructure in Gulmarg could help create a 

more reliable and consistent environment for ski athletes. 

R4 shared about snow technology in Kazakhstan: “At 

Shymbulak, in Kazakhstan snow machines were used to 

make snow …slopes were made feasible for skiing 

overnight…such technology in Gulmarg can be a blessing 

for both tourist and professional athlete…” 

4. Discussion 

It has been proven certainly from the existing studies [1, 

6] that snow cover extent worldwide is declining due to 

climate change in general and global warming in particular. 

GIS analysis revealed a 14.82% decline in snow-covered 

areas from 2004 to 2024. These results are consistent with 

previous studies linking increased temperatures to reduced 

snowfall in the region [12, 21, 24, 25]. This local trend 

mirrors global trends, as a recent study projects that 13% of 

current ski areas worldwide will lose natural annual snow 

cover completely by 2071–2100 [42]. 

Overlaying this data with athlete demographics showed 

that athletes from regions with significant snow cover loss 

faced higher training costs due to travel to alternative 
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locations, highlighting the socio-environmental disparities 

in snow cover depletion's impact. The challenges faced by 

international-level ski athletes in Gulmarg reflect broader 

trends in the impact of climate change on winter sports 

globally. The 14.82% decline in snow cover area over two 

decades in Gulmarg is consistent with projections for other 

regions, such as the European Alps, where snow cover is 

expected to decline by 30% to 70% by the end of the 

century [43]. Shorter ski seasons and less consistent 

snowfall can have significant implications for 

international-level athletes, affecting their training 

preparation, motivation, race pacing, and equipment 

stability. These findings are in line with [44]. 

The economic implications of snow cover depletion are 

significant. While Gulmarg-specific economic data is not 

available, the situation can be contextualized using 

examples from other regions. For instance, in Colorado, the 

winter sports industry contributes about 1.3 billion USD 

annually to the state's economy, but this is threatened by 

warming temperatures and reduced snowpack. Similarly, 

decreased snowfall and shorter seasons may cause 

financial instability for winter tourism-dependent 

businesses, potentially resulting in job losses and economic 

decline [45]. The study reveals significant financial 

burdens on athletes, with annual training costs reaching up 

to 8650 USD for some. This highlights a critical disparity 

between sponsored and non-sponsored athletes. While 

some athletes receive sponsorships from entities like JSW 

and SBI General Insurance, others struggle to secure 

funding, resorting to crowdfunding or depleting personal 

savings. This disparity calls for more equitable funding 

solutions. Potential approaches could include: 

Public-private partnerships to create a dedicated fund for 

winter sports athletes, Corporate Social Responsibility 

(CSR) initiatives targeting winter sports development and 

Government policies to incentivize private sector 

investment in winter sports. 

The psychological impacts of these financial challenges 

are also notable. Athletes have reported negative effects 

such as disappointment, demotivation, and frustration due 

to the changing environmental conditions. These findings 

suggest that negative thoughts can lead to adverse 

emotional states and hinder performance. To address these 

psychological challenges, the following interventions 

could be considered: implementing mental health support 

programs specifically tailored for winter sports athletes, 

training coaches in techniques to foster psychological 

resilience in the face of environmental challenges and 

creating peer support networks among athletes to share 

coping strategies and maintain motivation. 

While adaptive strategies like travelling abroad for 

training and implementing snowmaking technology offer 

short-term solutions, their long-term sustainability is 

questionable. A cost-benefit analysis of these strategies 

reveals that snowmaking can significantly enhance the 

skiing experience by providing more reliable and 

consistent   snow    conditions,    which    is     particularly  

beneficial for ski resorts aiming to attract visitors 

throughout the season. However, this process involves a 

considerable financial commitment. For instance, travel 

for training can be quite costly, with expenses averaging 

around 2880 USD per trip. While this investment grants 

access to superior facilities and the opportunity to learn 

from experts, it also requires time away from home, 

which can lead to potential burnout for those involved. 

Additionally, the implementation of snowmaking 

technology offers the advantage of extending the ski 

season, allowing resorts to maintain optimal conditions 

even when natural snowfall is lacking. Despite these 

benefits, the initial investment in snowmaking equipment 

can be substantial, coupled with ongoing operational costs 

that include energy and water usage. Furthermore, there 

are environmental considerations to keep in mind, as the 

resources required for snowmaking can impact local 

ecosystems. Balancing these benefits and costs is essential 

for ski resorts looking to thrive in a competitive market 

while being mindful of their environmental footprint. 

The lack of appropriate technology and infrastructure 

coupled with a decrease in snow cover extent has been a 

growing concern over the last two decades about the 

sustainability of Gulmarg Ski Resort and skiing in the 

region. This result is consistent with authors who advocate 

for the use of technology and infrastructure development 

for the sustainability of ski resorts and snow sports with the 

decrease in snow cover extent [8, 13, 15, 28]. Financial 

limitations, inadequate infrastructure, and limited 

governmental and private sector support compound these 

challenges, further hindering the development of the sport. 

The lack of year-round opportunities and minimal media 

attention also reduce youth engagement, adversely 

affecting the sport's popularity and funding. Given these 

considerations, a multi-faceted approach to adaptation is 

recommended: invest in energy-efficient snowmaking 

technology for critical training areas, develop indoor 

training facilities for year-round skill development, and 

explore partnerships with international resorts for 

cost-effective training programs. 

5. Conclusions and Suggestions

Climate change emerges as the primary driver of snow 

cover depletion, posing threats to the sustainability of 

skiing in Gulmarg. Climate change has taken its toll on 

snow and skiing activities at Gulmarg, resulting in less 

consistent snowfall. This study seeks to analyse the 

changes in snow cover extent from 2004 to 2024 in the 

Gulmarg region utilising geospatial techniques, while also 

investigating the difficulties encountered by international 

ski athletes as a result of decreasing snow cover through 

qualitative interviews. 

This study provides critical insights into the challenges 

faced by international-level ski athletes in Gulmarg due to 

declining snow cover. The findings highlight that 
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international-level athletes face financial challenges 

exacerbated by climate change, notably the decrease in 

snow cover affecting winter sports. The psychological 

impact of these challenges is significant, as athletes often 

encounter feelings of disappointment and frustration that 

can negatively influence their performance. Many 

individuals have adapted by training in regions with more 

stable snow conditions, such as Italy, which has enhanced 

their confidence and provided access to superior training 

facilities. The adaptive strategies demonstrate athletes' 

resilience in overcoming environmental and financial 

challenges. 

The findings highlight the complex interplay between 

environmental changes, economic pressures, and 

psychological impacts on athletes. By contextualizing 

these issues within broader global trends and proposing 

evidence-based recommendations, this research 

contributes to the growing body of knowledge on climate 

change impacts on winter sports. The proposed adaptive 

strategies and policy recommendations offer a pathway for 

sustaining winter sports in Gulmarg and similar regions, 

while also addressing the unique needs of 

international-level athletes. As climate change continues to 

reshape the landscape of winter sports, ongoing research 

and adaptive management will be crucial for the long-term 

viability of skiing and related activities in vulnerable 

regions like Gulmarg. 

Despite these challenges, Indian ski athletes demonstrate 

resilience and determination to succeed on international 

platforms. Addressing the challenges requires a 

multifaceted approach, as outlined in the study's 

recommendations: 

a. Environmental Conservation and Climate Change

Mitigation: Implement strict waste disposal and

recycling policies to maintain the pristine

environment. Sustainable practices in ski resort

operations, such as using renewable energy sources

for snowmaking and resort operations.

b. Infrastructure Development: Invest in modern snow

sports infrastructure, including snowmaking

machines, snow grooming technology, and separate

gondolas for athletes.

c. Funding Mechanisms: Establish a dedicated winter

sports development fund, combining government

allocations, private sector contributions, and

international partnerships.

d. Athlete Support Programs: Create comprehensive

support programs for athletes, including financial

assistance, mental health services, and career

development opportunities.

e. Increased Media and Public Engagement: Elevate the

visibility of skiing through targeted media campaigns,

enhancing sponsorship opportunities and encouraging

broader public interest.

By implementing these strategies, stakeholders can 

create a more resilient and sustainable environment for 

skiing in Gulmarg. Addressing climate change, 

strengthening infrastructure, and fostering greater support 

for athletes will enhance the sport's future in India and 

contribute to global efforts to preserve snow sports amidst 

evolving climatic conditions. 

6. Limitations of the Study

This study's limitations include its small sample size 

(n=5) and focus on a single region. While the study aims to 

understand the impact of snow cover depletion on 

international-level ski athletes, it might have missed the 

experiences of the local stakeholders, such as ski resort 

operators, ski instructors and tourism-related business 

owners, and may have also overlooked the potential 

adverse effects on local business, employment and overall 

socioeconomic well-being of the region which could be 

considered for future research. It has adopted a very small 

sample size that poses a limitation for the generalization of 

the findings; however, it can be considered to show the 

pathways to proceed further and mitigate the challenges of 

the athletes. 

Future research should: 

1. Expand the sample size to include a broader range of

athletes, coaches, and stakeholders.

2. Conduct comparative studies with other ski

destinations facing similar challenges.

3. Implement longitudinal studies to track the long-term

impacts of climate change on winter sports in the

region.

4. Explore the experiences of local communities and

businesses dependent on winter sports tourism.
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