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ABSTRACT

	Ladakh, a mountainous region nestled in the north-western part of India, is a cold desert Himalayan area known for its predominantly agricultural economy. Tourism significantly contributes to its economic growth, drawn by its scenic landscapes and impressive ancient monasteries. Historically, Ladakh has championed eco-friendly practices, where resources were meticulously reused or recycled ensuring minimal environmental impact. The region's traditional dry toilet system utilizes human waste as organic fertilizer, embodying its sustainable practices. In the past, Ladakh maintained a delicate ecological balance. However, recent economic advancement and increasing tourism have disrupted this equilibrium. Agricultural lands are being left barren or repurposed for construction, altering the regions natural landscape. Ladakh's proximity to Pakistan and China has resulted in a substantial military presence, which has played a significant role in infrastructure development, while also impacting region's economic landscape. Despite contributing to economic growth, both tourism and military activities have also posed challenges to Ladakh's environmental stability. This study will primarily focus on the implications of evolving tourism industry and the pressing challenges of solid waste in Ladakh's fragile environment. Due to security constraints, the study does not include an analysis of the military's environmental impact. Methodologically, the study will rely on the primary collection of data from sampled tourist accommodation in Leh district pertaining to tourism and waste challenges in the region.
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1. INTRODUCTION 

Ladakh is a trans-Himalayan region located in the north-western part of the Indian subcontinent. To the west, it borders the Pakistan-occupied Gilgit-Baltistan, while to the east, it is flanked by the Chinese-controlled Aksai Chin. The Union Territory of Ladakh is divided into two districts: Leh and Kargil (Figure 1). The region's cultural and social practices are unique and distinct from those of the rest of India. Ladakh's stunning landscapes and the diverse lifestyles of its inhabitants attract a significant number of tourists (Rizvi, 1999)
.
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Figure 1: Map of Ladakh
Source: Prepared by author

For much of the 19th and early 20th centuries, Ladakh remained isolated from the rest of India due to its challenging terrain. However, it maintained strong trade connections with Central Asia, Tibet, and China. It was only after India gained independence that the region became more accessible. Despite becoming more approachable by the 1960s, Ladakh saw little change until it was opened to international tourism in 1974 (Fewkes, 2006). The introduction of tourism brought with it imported goods, foreign media, and Western education. This marked a significant shift in Ladakh's economic landscape. From 1974 onward, the region experienced not only changes in its economy and social fabric but also in its physical landscape. Tourism became a key economic driver, with locals engaging in related activities such as opening guesthouses, hotels, and offering taxi and private bus services to cater to the growing influx of visitors (Sood, 1940).

Today, tourism accounts for 50 percent of Ladakh's GDP and provides employment to many people in sectors such as transportation, hospitality, catering, and the cottage industry (District Statistical Handbook, 2017-18). As shown in Table 1 and Figure 2, both domestic and foreign tourist arrivals have steadily increased over the years. In the base year of 2010, the total number of tourists was 77,800, and this number has consistently risen, with the exception of 2020, when the pandemic led to a decline in arrivals. However, this setback was quickly overcome, with tourist numbers surging to 304,077 in 2021, a figure surpassing Ladakh's entire population (Sharma, 2008).

Table 1: No of Tourist arrival (2010-2021)
	Year
	No of Foreign Tourists
	No of Domestic Tourists
	Total

	2010
	22115
	55685
	77800

	2011
	36662
	142829
	179491

	2012
	38510
	140460
	178970

	2013
	31143
	106559
	147702

	2014
	59305
	121996
	181301

	2015
	29614
	116887
	146501

	2016
	38005
	197693
	235698

	2017
	46593
	230662
	277255

	2018
	49477
	277889
	327366

	2019
	38652
	241285
	279937

	2020
	1126
	6743
	7869

	2021
	1054
	303023
	304077




Figure 2: Increasing number of tourist arrival in Leh district.
Source: Tourism Department Leh District, Field Work 2023-24


With the growing number of tourists, the local community in Ladakh has made several adjustments to its landscape and environment to meet the demands of visitors. However, these changes are having negative impacts on the region’s environment. The continuous rise in tourist arrivals is raising concerns about whether the region can sustain and manage such high numbers. Table 2 illustrates the number of accommodations and agencies that have been established between 2010 and 2019. In 2011, there were 149 hotels, 386 guesthouses, and 352 travel agencies and guides in Ladakh. By 2019, these numbers had significantly increased, with 291 hotels, 663 guesthouses, 218 homestays, and 738 travel agencies (Dolma & Kumar, 2022).

The rise in both tourist inflows and infrastructure development related to tourism clearly indicates economic growth in the region, particularly in terms of income generation and employment opportunities. This large-scale infrastructure expansion also demonstrates how tourism has contributed to the overall development of the host community. This increase in hotels and guesthouses indicates significant construction activity to accommodate tourists, which often involves converting agricultural land into built-up areas for lodging purposes (Clouse, 2020).


Table 2: Tourist Accommodation in Leh District
	Year
	No of Hotels
	No of Guest Houses
	No of Homestays
	No of Travel Agencies

	2011
	149
	386
	-
	352

	2012
	153
	337
	-
	303

	2013
	175
	420
	-
	379

	2014
	190
	397
	-
	426

	2015
	213
	433
	-
	468

	2016
	213
	433
	-
	468

	2017
	234
	467
	-
	527

	2018
	274
	602
	-
	636

	2019
	291
	663
	218
	738




Figure 3: Accommodation in Leh District
Source: Tourism Department Leh, Field Work 2023-24

Generation of Waste is one of the major challenges that the increasing number of tourisms is leading. The haphazard and improper management of waste highly contributes in environmental degradation while polluting the water, soil and air. The waste generated in Leh region has become a menace to the serene environment of Ladakh (G.B. Pant National Institute of Himalayan Environment, 2023). The waste generated are classified as Municipal Waste, Agricultural Waste, Construction and Demolition Waste, Industrial and Commercial Waste and Healthcare Waste. According to UNICEF waste is classified into biodegradable and non-biodegradable waste.

Biodegradable wastes are those which are completely decomposed by biological process either in presence or absence of air eg., food waste, animal dung, agricultural waste etc.  Non-biodegradable wastes are those waste which cannot be decomposed or degraded by natural agents. Non-biodegradable substance such as plastics, metallic cans and pesticides cannot be broken down easily by biological processes and such can serve as a source of pollution (UNEP, 2024). According to the UN Environmental report every year, an estimated 11.2 billion tonnes of solid waste is collected worldwide and disposal of these wastes in huge amounts is a vast environmental problem. 

	In developing countries such as India, generation of Municipal Solid Waste (MSW) is a menace. Figure 4 below illustrates the country-wide per capita waste generation, with bigger and more affluent cities adding more waste per day. It can be observed from the figure that Leh and Panaji both tourist towns, have a much higher waste generation footprint than the country’s average of 0.3–0.5 kg/day/person (Biswas, Parida, & et al., 2021). The abundance increase in Municipal Solid Waste with economic growth and tourism is one of the major challenges faced in Ladakh especially in urban areas like Leh and Kargil. 
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Figure 4: Per capita per day generation of MSW (in kg)
Source: (Biswas, Parida, & et al., 2021)


2. RESEARCH OBJECTIVES

Given Leh city's significant contribution to per capita daily municipal solid waste generation, this study will focus on examining the impact of the tourism industry as a key driver of increased waste production. It will explore the relationship between tourism and waste generation in the region, analyzing the waste composition and quantity from various tourist accommodations over a 7-day period between April and September. Additionally, the study aims to assess the operations of the Municipal Corporation of Leh in managing municipal solid waste (MSW).


3. material and methods 

The negative effects of tourism are particularly pronounced in urban areas such as Leh and Kargil, where rapid changes and a range of challenges are increasingly visible. These impacts are often linked to the rise in tourist numbers, which can place considerable pressure on local infrastructure, services, and the environment. In light of this, Leh town has been chosen as the primary area of focus for the present study, as it serves as one of the main tourist hubs in the region.

The study specifically targets the tourism sector, particularly the accommodations that cater to visitors-such as hotels and guest houses-since these are the primary establishments that both house tourists and generate significant waste due to their operations. To gain a comprehensive understanding of the effects of tourism on waste generation, a random sample of 10 tourist accommodations, including a mix of hotels and guest houses, was selected from across Leh town.

To track the impact of tourism on waste production, the study involves continuous monitoring of the selected accommodations over a span of seven days in each of the five months. The seven-day monitoring period each month is designed to capture a representative snapshot of waste generation, accounting for fluctuations in the number of tourists throughout different times of the year. By gathering this data, the study aims to assess how varying tourist numbers influence the amount and types of waste produced in these accommodations, as well as to explore any seasonal patterns or changes in waste management practices that may arise as tourist arrivals increase. Through this systematic and extended period of observation, the research seeks to provide insights into the link between tourism and waste generation, helping to better understand the challenges faced by local authorities and accommodation providers in managing the environmental impact of tourism in Leh. 

[image: ]Figure 5: Study Area Map
Source: Prepared by the Author



To further examine the relationship between tourist arrivals and waste generation, the study adopted the Pearson Correlation Coefficient model. This statistical tool was used to assess the strength and direction of the linear relationship between the two variables tourist arrivals and the volume of waste generated. The Pearson Correlation Coefficient (denoted as "r") measures the degree to which changes in one variable are associated with changes in another, indicating whether and how strongly the two variables are related.
A positive correlation would suggest that as tourist arrivals increase, waste generation also rises, while a negative correlation would imply that an increase in tourists results in a decrease in waste production. The closer the value of "r" is to +1 or -1, the stronger the relationship, whereas values near 0 indicate a weak or no correlation.

By applying this model, the study aims to quantify how closely linked waste generation is to the influx of tourists, providing valuable insights into how tourism activities impact the environment, particularly in terms of waste management. The Pearson Correlation Coefficient helps to measure not only the direction of this relationship (whether positive or negative) but also the extent to which one variable can be predicted based on changes in the other. This statistical approach thus serves as a key tool in understanding the dynamic between tourism growth and waste accumulation in Leh town.

r = ∑ (xi - X̄) (yi - Ȳ)
      		   	  √∑ (xi - X̄)2 ∑ (yi - Ȳ)2



4. results and discussion

According to a survey carried out by the Green Tribunal in 2023, it was observed that the amount of waste generated in a year in Leh district is categorized in four quarter as shown in Figure 6 i.e., waste generated in the first quarter (Jan-March) is less i.e., only 244.53 MT compared to waste generated in second quarter, 1033.47 MT (April-June), it was found that waste in second quarter is highest because of the high footfall of tourists and migrant labours in the city. In the third quarter (July-Sept) it is reduced to 658.84 MT and in fourth quarter (Oct-Dec) it is the lowest 319.08 MT (UT of Ladakh, 2023).


Figure 6: Waste generation in Leh district in four quarters 
Source: (Union Territory of Ladakh, 2023)

The data reveals that waste generation in Leh district is highly seasonal, with significant fluctuations across the four quarters of the year. The lowest waste generation occurs in the first quarter (244.53 MT), when both tourism and migration are at their lowest. The second quarter sees a sharp increase in waste generation (1033.47 MT), driven by the peak tourism season and the influx of migrant laborers, indicating that these two factors are the primary contributors to waste production in the region. In the third quarter, waste generation decreases to 658.84 MT, likely due to a decline in tourist numbers and the departure of many migrant workers as construction activities wind down. The fourth quarter sees a further reduction to 319.08 MT, as tourism ends and the population of the district shrinks, with fewer visitors and workers contributing to waste (Union Territory of Ladakh, 2023). 

In the present study, a more detailed analysis has been conducted on the relationship between tourist arrivals and waste generation specifically for the months of April to September, which correspond to the second and third quarters of the year. This period is of particular interest because it covers the peak tourist season, as well as the gradual tapering off of tourism, allowing for a closer examination of how fluctuations in the number of visitors and seasonal migration affect the amount of waste generated in Leh district. By analyzing these six months in greater depth, the study aims to provide a clearer understanding of the dynamics between tourism and waste production during the months of high activity.

The study found that the total number of tourists accommodated in the selected establishments showed a steady increase in arrivals from April to September. The highest influx of tourists occurred in May, June, and July, marking the peak of the tourist season. However, this number began to decline in August and September (Figure 7). While the tourist season in Ladakh officially begins in April, the number of visitors during this month is relatively low, as many areas of the region remain closed or inaccessible due to lingering winter conditions. As the region fully opens up to tourism in May, the number of tourists rises sharply, reaching its peak in June and July when the weather is most favorable for outdoor activities. With the onset of cooler weather in August and the approach of winter in September, the number of tourists begins to decrease, signaling the end of the peak tourist season. This pattern underscores the strong seasonality of tourism in Ladakh, where the summer months are the most popular, and visitor numbers gradually taper off as the region prepares for the winter months.


Figure 7: Tourist Arrival for Months of April-September
Source: Field Visit 2023-24

The waste generated during the months of April to September mirrors the pattern of tourist arrivals, with higher waste production during the peak months of May, June, and July, and a decrease in waste during the months of April, August, and September. As illustrated in Figure 8, the waste generated over a seven-day period in April, August, and September is notably lower than the waste produced in the same duration during May, June, and July. This trend clearly indicates that the volume of waste closely correlates with the number of tourists visiting the region. When tourist numbers are at their highest, particularly in the summer months, there is a corresponding increase in waste generation, likely due to higher consumption, more services being used, and greater human activity in the area. Conversely, when the number of visitors declines either due to some tourists place in the region not being fully accessible in April or the retreating summer in August and September there is a significant drop in the amount of waste produced. This reinforces the conclusion that tourist arrival directly influences the level of waste generated, highlighting the need for effective waste management during peak tourism seasons.


Figure 8: Waste generation by sampled hotels in 7 days for months of April- September
Source: Field Visit, 2023-24


	The study is further strengthened by running the model Pearson co-relation coefficient to analyze the correlation coefficient of tourism arrival and waste generation. 

r = ∑ (xi - X̄) (yi - Ȳ)
      		   	  √∑ (xi - X̄)2 ∑ (yi - Ȳ)2
r= correlation coefficient 
xi= values of the x variables in the sample
X̄= mean of the values of the x variables
yi= values of the y variables in the sample
Ȳ= mean of the values of the y variables

The analysis revealed that the Pearson correlation coefficient (r) between tourist arrivals and waste generation was 0.87, indicating a strong positive correlation between these two variables. The Pearson correlation coefficient is a statistical measure that assesses the strength and direction of the linear relationship between two variables. In this case, the X-values on the correlation chart represent the number of tourists arriving in the region, while the Y-values represent the corresponding amount of waste generated (Figure 9). A value of 0.87 suggests that as the number of tourists increases, there is a substantial increase in waste generation, and vice versa. This strong positive linear relationship underscores the direct connection between tourism activity and waste production, with higher tourist influx leading to significantly more waste being generated. 
[image: ]
Figure 9 : Pearson Correlation Coefficient Analysis
Source: Prepared by Author

The management of waste with the increase of waste has become a tedious task. Currently the waste is managed through both controlled and uncontrolled method. In the controlled method waste is collected and then either recycled or disposed of in a controlled facility. In an uncontrolled method either the collection of waste does not happens and the waste is dumped or burned in the open by the waste generator or it is collected by the local authorities and then dumped or burned at its final destination (Pathak et al. 2023).  Black carbon emitted from open burning has adverse impacts on human health and environment. This is a powerful atmospheric warming agent that increases the melting power of polar ice (Arctic Council Secretariat, 2021). Dumping of wastes are prone to fires which can smolder continuously beneath the surface for month and can be very difficult and dangerous to extinguish. 
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Figure 10: Global Municipal Solid Waste destinations in 2020: Controlled (landfilling, waste to energy, recycling) and uncontrolled
Source: (UNEP, 2024)


In Leh district, waste management is primarily overseen by the Municipal Corporation of Leh. Waste collection is conducted through a door-to-door service, where garbage is collected from both households and commercial establishments. However, there is no effort made to segregate the waste at the source for recycling purposes. The collected waste is taken to the solid waste management plant which is a solar based treatment plant. According to the study, this door-to-door collection service, however, is operational only in certain areas within Leh town, such as Sankar and Tukcha, which fall under the municipal jurisdiction. Unfortunately, this waste collection service is not available in more remote rural areas. In these areas, dry waste is either dumped or burned, while wet waste is often repurposed for feeding animals or used in the process of vermi-composting to create manure.

The Solid Waste Management Plant in Leh district, powered by solar energy, boasts an impressive capacity of 30 tonnes per day (20 tonnes of dry waste and 10 tonnes of wet waste). Located in Skampari, Leh town, this innovative initiative aims to achieve 100% source segregation of waste and a 90% material recovery rate. Through the use of advanced technologies and processes, such as efficient recycling and composting, the plant seeks to effectively tackle the solid waste issue while also generating revenue from the sale of valuable recyclable materials and organic compost ((Dorjey, personal communication, August 8, 2024).
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Figure 11: Solid Waste Management Plant Leh
Source: Field Visit, 2023-24
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Figure 12: Operation of Solid Waste Management Plant, Leh
Source: Field Visit, 2023-24 



5. Conclusion

Tourism has undeniably emerged as a major driver of economic growth in Ladakh, providing significant livelihood opportunities and fostering development in the region. However, the rapid influx of tourists has also led to severe environmental challenges, particularly in the form of solid waste generation. The sheer volume of waste produced during the peak tourist seasons is overwhelming, and it often accumulates at waste management sites to such an extent that effective disposal and treatment become unmanageable. This growing waste crisis poses a grave threat to Ladakh's already fragile ecosystem, which is highly vulnerable due to its remote, high-altitude location. If not addressed, the unchecked accumulation of waste could have catastrophic consequences for the region's natural environment and its long-term sustainability.

It is crucial to recognize that the management of such large amounts of waste is not only difficult but can have far-reaching consequences, especially in the context of the Himalayan environment. Therefore, adopting a more sustainable and responsible approach to tourism is of paramount importance. This includes the implementation of robust waste management policies that encourage the practice of the "3 Rs"- reduce, reuse, and recycle. Additionally, raising awareness among both the host communities and residents about the importance of waste segregation and the concept of "My Waste, My Responsibility" is essential. By involving local populations in waste management efforts and encouraging tourists to take responsibility for their waste, the region can move towards more sustainable tourism practices.
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Tourists arrival in Leh District
(2010-2021)

No of Foreign Tourists	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	22115	36662	38510	31143	59305	29614	38005	46593	49477	38652	1126	1054	No of Domestic Tourists	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	55685	142829	140460	106559	121996	116887	197693	230662	277889	241285	6743	303023	Total	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	77800	179491	178970	147702	181301	146501	235698	277255	327366	279937	7869	304077	



Accommodation in Leh district

No of Hotels	2011	2012	2013	2014	2015	2016	2017	2018	2019	149	153	175	190	213	213	234	274	291	No of Guest Houses	2011	2012	2013	2014	2015	2016	2017	2018	2019	386	337	420	397	433	433	467	602	663	No of Homestays	2011	2012	2013	2014	2015	2016	2017	2018	2019	0	0	0	0	0	0	0	0	218	No of Travel Agencies	2011	2012	2013	2014	2015	2016	2017	2018	2019	352	303	379	426	468	468	527	636	738	



Waste Generation in Leh District Q1-Q4


Waste in Q1	Waste in Q2	Waste in Q3	Waste in Q4	244.53	1033.47	658.84	319.08	


Tourist Arrival in selected Hotels for the Month of

April	May	June	July	August	September	3300	6703	8789	7407	5279	4598	


Total waste generated by sampled hotels in 7 days for months of 

D1	April	May	June	July	August	September	9.6660000000000004	29.529	72.224999999999994	61.896000000000001	44.637999999999998	35.872999999999998	D2	April	May	June	July	August	September	10.292	28.123000000000001	63.210999999999999	65.677999999999997	40.509	29.239000000000001	D3	April	May	June	July	August	September	9.6969999999999992	28.95	50.424999999999997	65.867000000000004	38.834000000000003	33.726999999999997	D4	April	May	June	July	August	September	4.21	27.052	61.744	50.850999999999999	39.564	31.943000000000001	D5	April	May	June	July	August	September	10.538	23.876999999999999	58.348999999999997	56.529000000000003	37.713999999999999	37.578000000000003	D6	April	May	June	July	August	September	7.22	26.89	60.844999999999999	54.6	38.707999999999998	36.746000000000002	D7	April	May	June	July	August	September	8.0169999999999995	33.680999999999997	63.237000000000002	52.96	37.052	34.21	total waste generated by sampeled hotels in 7 days for months of	April	May	June	July	August	September	
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