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Abstract

:

Small and medium-sized towns in the high mountain regions of South Asia are characterised by rapid and mostly unplanned urbanisation processes, regularly resulting in an increased risk of urban agglomerations being exposed to natural hazards. After the administrative capital of Leh, Kargil town is the second-largest urban centre in the Union Territory (UT) of Ladakh. This article discusses the development and dynamics of the Trans-Himalayan town in terms of its historical development, expansion and population; land use and land cover (LULC) change; and the specific role of tourism. Based on a multi-temporal approach using high-resolution satellite images, statistical data and field surveys, the urban landscape dynamics of Kargil town are analysed. The total population of this town increased almost tenfold from 1681 in 1961 to 16,338 in 2011, which resulted in an increase in the urban population from 3.7% to 11.6%, while the population of the entire Kargil district only tripled from 45,064 to 140,802 over the same period. Migration from rural villages to Kargil town has been a major cause for the construction and growth of new residential colonies and settlements. The built-up area increased more than ninefold from 0.25 km2 (1.3%) to 2.30 km2 (11.7%) between 1965 and 2020. During the same period, irrigated land and hygrophilous vegetation increased considerably from 4.51 km2 (23.0%) to 8.56 km2 (43.6%) due to the construction of new water channels. Similarly, the barren area decreased significantly from 14.88 km2 (75.8%) to 8.78 km2 (44.7%) between 1965 and 2020. Moreover, the massive increase in tourist arrivals has led to the construction of more hotels, guesthouses and travel agencies. These key factors play a significant role in the emergence, growth and development of this high-mountain town.
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1. Introduction


A drastic increase in the urbanisation trend has been observed in the Himalayan region [1,2,3,4,5,6,7,8]. On the global scale, the urban population in mountains almost doubled from about 550 million to more than 1050 million between 1975 and 2015, so that more than 66% of the population in mountains lived in urbanised areas [9]. This dynamic development is associated with massive environmental and socioeconomic changes [10,11] that come along with the expansion and intensification of urban land use [3]. The tremendous pace of urban growth has resulted in multiple challenges for infrastructure and the environment [12]. Together with the impact of climate change, risks of cloudburst floods and cryospheric hazards are increasing [13,14,15,16]. The haphazard growth of urban mountain centres in fragile environments makes them vulnerable to water scarcity, congestion and pollution [5]. Due to the largely unplanned urban development, many Himalayan towns have faced severe water crises and heavy pressure on water consumption [4,16,17,18,19,20]. Examples along the Indian Himalaya include the cases of water crises in Mussoorie and Devprayag [17,21], ground water exploitation and unplanned urban growth in Nainital [21,22] and a massive increase in the built-up area in Shimla [23]. In all these cases, the main drivers of urban land cover change have been identified as rapid urbanisation, massive construction activities for housing and infrastructure, population growth and the ongoing tourism boom.



Separated from the Indian subcontinent by the Great Himalayan range and edged by the Karakoram range to the north, the Trans-Himalayan region of Ladakh is connected with Kashmir and Himachal Pradesh over high passes [24,25,26]. The sensitive environment has been affected by climatic variability, the exploitation of natural resources, natural hazards and disasters of varying scales over several decades [13,14,27,28]. Various changes in the administrative and political setup of this region and the socioeconomic conditions have affected strategies to secure food security [29]. The rapidly urbanising town of Leh, the capital of the Union Territory (UT) of Ladakh (since October 2019), has experienced a major shift from agricultural livelihoods towards monetary incomes, mainly based on the tourism sector. This development path becomes evident in an unprecedented increase in cars and hotels, mostly built on formerly cultivated agricultural areas [4,18,30,31].



The present study investigates the rapid but largely neglected urbanisation process of Kargil town, one of the emerging urban centres in Ladakh, to address and understand the key factors and complex interactions of processes and driving forces. Previous studies on Kargil solely focus on individual aspects, such as the 1999 Kargil war [32], local politics in Suru [33], irrigation systems [34], trade [35,36] and the borderland communities of Brogpas and Baltis [37,38]. For an improved understanding of mountain urbanisation in the Trans-Himalayan region, this article addresses the role of historical development and the determining factors of current urban dynamics based on the case of Kargil town. It concludes with potential recommendations and suggestions for sustainable urban development in the region.




2. Study Area


The mountain town of Kargil is located on a fluvial terrace on the orographic left bank of Suru River, a tributary of the Indus. Between the Suru and Wakha rivers, a succession of flat terraces, consisting of alluvial gravel, cover an area of around 20 km2, forming important sites for urban expansion and development. The surrounding rugged topography ranges from about 2600 to over 4500 m a.s.l. with steep slopes of more than 75° (Figure 1). The annual precipitation in Kargil town amounts to less than 300 mm with a maximum in winter, when most of it falls as snow. January is the coldest month with a mean maximum temperature of about 2 °C and a mean minimum temperature of about −12 °C. July and August are the warmest months with a mean maximum temperature of about 28 °C and a mean minimum temperature of about 13 °C [39]. The region is prone to multiple natural disasters, such as earthquakes, snow avalanches, landslides, cloudbursts and flash floods [40]. Most recently, cloudburst floods in Kargil town and adjoining villages of Chiktan, Suru and Drass occurred in 2022.



Due to the semi-arid conditions, agricultural production in the area is entirely dependent on irrigation from the two main rivers, Suru and Wakha, and small tributaries, which are fed by meltwater from glaciers and snow [34]. Settlements and residential colonies (new settlements) combined with irrigated areas cover large parts of Kargil town (Figure 1B). The urbanised area is situated in the temperate montane desert belt of the South Karakorum and Lower Ladakh. The zonal vegetation is scarce, treeless and poor in species of herbs and subshrubs, including, e.g., Artemisia spp., Echinops cornigerus, Haloxylon thomsonii and Lactuca orientalis. Lush greeneries of Cyperaceae-turf, meadows, cultivated fields (barley, wheat, potatoes) and plantations of deciduous trees (willows, poplars and apricot trees) are confined to stream-sides and irrigated areas [41].



With a population of 16,338 as per the 2011 census of India, Kargil is the second largest town of the UT of Ladakh [42]. It is the administrative and economic centre of the district with the same name. Their inhabitants were adherents of Tibetan Buddhism until the 14–15th centuries, when Muslim missionaries began to proselytise to the local people. Today, 90% of the population are Shia Muslims, 5% Sunnis and 5% Tibetan Buddhists [43]. The culture and history of Kargil are closely connected to Gilgit-Baltistan, Jammu and Kashmir and to Tibet.




3. Historical Overview


3.1. Pre-Colonial and Colonial Period


Before the 19th century, Kargil was the capital of a district called Purig [44,45] and functioned as the “chief place” [46] with a fort and a tax collectorate situated at the top of the settlement [44]. Scattered villages were located on both sides of Suru River, connected by an old sagging bridge [47,48,49], and wheat, barley, apricots, mulberries, willows and poplars were cultivated along the watercourses of the terraced fields [45,49,50]. The place was inhabited by Ladakhis who had embraced Islam and subordinated to the government of Baltistan, located in Skardu [47]. In historical times, Ladakh was a busy entrepôt for Silk Route trade between Central and South Asia [36]. Both Leh and Kargil benefitted from the trade between South and Central Asia [35,51,52] as a post and halting place on the “Treaty Road” of caravan routes from Srinagar to Leh and on to Central Asia until the mid-20th century [51,52]. The supraregional economic and administrative function of Kargil was manifested by a large serai, a rest-house and communication infrastructure, including a post and a telegraph office [44,45,47,53]. Furthermore, in a small bazaar with tiny wooden shops and enormous emporiums, matches and kerosine oil, varieties of sugar and tea, cotton cloth from Bombay and Manchester, and cheap glass and tinsel ornaments were offered [54]. Further principal places in the neighbourhood of Kargil were Pashkyum and Sodh [55]. Pashkyum had a few shops stores selling flour, butter, rice and other supplies [56], while Sodh, located on the right bank of the Suru to the east of Kargil, only had one fort [56].



In 1894, floods destroyed all bridges on the Suru River [57], so that all means of communication and trade from Leh to Central Asia were completely cut off [45,57]. A new road along with a suspension bridge was built about 3 km above the old bridge, completed in January 1902 [45].




3.2. Post-Independence Period


After the partition of India and Pakistan in 1947, Ladakh became part of India as a component of the federal state of Jammu and Kashmir [58]. Until the beginning of the 1960s, accessibility and communication was limited to mule tracks, which connected central places and trading posts between South and Central Asia [51,59,60]. Modern road infrastructure improved in 1962, when the Srinagar–Kargil highway, crossing the town of Kargil, was extended to Leh and connected to the Manali–Leh highway in 1970, mainly for military purposes, and later opened for civil transport [61]. A bypass of the national highway was completed in 2010, which has released the main bazaar from heavy military and civilian truck traffic [51]. However, the construction of these major roads has functioned as a driving force for the development of Leh and Kargil [62,63]. After the Sino-Indian war in 1962 and the Kashmir wars with Pakistan in 1965, 1971 and 1999, large numbers of troops were stationed in Ladakh [64]. Since the early 1960s, the massive military build-up in Ladakh has also opened up employment opportunities for many Ladakhis [65].



In 1965 and 1971, the Kargil district found itself on the frontlines of military conflicts between India and Pakistan [66] due to unsettled disputes over Kashmir and Siachen glacier [32,67]. The long-lasting political conflict between the two rivalries led to the undeclared Kargil war in 1999 [68,69] and almost 35,000 people were displaced in Kargil, Matayan, Pandras, Drass and Batalik due to Pakistani shelling [70].



Kargil has also been affected by power politics and conflicts in the neighbouring Kashmir valley [71]. The place has experienced significant administrative and governance transformation over the last decades. It was bifurcated from the erstwhile Leh district and became an independent district of Ladakh in 1979. However, the division led to conflicts over the distribution of resources, economic development and the position of Ladakh in relation to Kashmir [72]. In 1993, a semi-autonomous body called the Ladakh Autonomous Hill Development Council (LAHDC) was granted, which came into effect in Leh in 1995 (LAHDC-Leh) [73] and in Kargil in 2003 (LAHDC-Kargil) [74]. LAHDC-Kargil has administrative power to govern and plan urban and district development to foster the process of nation-building in borderland frontiers through participatory development, decentralisation and self-governance [74]. In February 2019, Ladakh was granted divisional status [75], and eight months later, the federal state of Jammu and Kashmir was bifurcated into two separate Union Territories (UTs), the territory of Ladakh and the territory of Jammu and Kashmir, on 31 October 2019 [76]. Recent protests in Kargil and Leh, demanding full statehood, the reservation of jobs for Ladakhis, political representation in Lok Sabha and Rajya Sabha and safeguards under the 6th schedule of the constitution, were demanded and supported by Leh Apex Body (LAB) and the Kargil Democratic Alliance (KDA), which are the two Ladakh-based amalgamations of religious, social and political organisations [77,78]. Different views must be integrated to realise good governance for the inclusive urban development of Kargil town.





4. Materials and Methods


A combined approach based on multi-temporal and multi-scale remote sensing data and secondary data has been used to analyse the urban dynamics since 1965. Corona images from 1965 and 1979, ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) from 2000 and PlanetScope from 2020 have been used for land use and land cover mapping (Table 1). Field surveys were carried out during the summer season of 2021 and 2022 for ground truthing and data collection from government offices. Data for urban population changes and tourism were extracted, sorted and analysed from the Office of the Registrar General and Census Commissioner, India and the District Statistical and Evaluation Office Kargil [79,80,81,82,83,84]. Data for tourism were also collected from the district tourism department of Kargil. The historical development information was compiled from travelogues, gazetteers and the relevant literature.



A supervised classification was carried out for ASTER and PlanetScope imagery, using a maximum likelihood algorithm in ENVI 5.6. Based on spectral signatures and the probability of each pixel belonging to a particular object class, this algorithm is widely used for land use and land cover (LULC) classification [85,86,87,88]. Training sites were digitised on screen for three classes—built-up area, irrigated land and vegetation, and barren area (Table 2)—based on visual interpretation and supported by ground truthing from field surveys. Post-classification editing was carried out to improve the results and reduce misclassifications [89].



Panchromatic images of Corona 1965 and 1979 were used for analysing land use and land cover due to their 2 m and 3 m high resolution. Visual image interpretation elements, such as tone, pattern, size, shadow and association, were utilised to digitise the land use and land cover manually on screen. The digitisation process was supported by ground truth knowledge and the visual interpretation of historical imagery (Google Earth Pro). The land use and land cover during 1965–1979, 1979–2000, 2000–2020 and 1965–2020 has been compared to examine changes. Based on randomly selected regions of interest (ROI) representing the three classes (built-up area, irrigated land and vegetation, and barren area), a confusion matrix for each classification was calculated [90,91]. The confusion matrix provides accuracy by comparing a classification result with ground truth data (ROI). Several statistical tests exist for the accuracy assessment; one of them is the Kappa coefficient, whose values range from –1 to 1, where values larger than 0.6 represent good agreement [92,93,94]. Another accuracy test is the quantity disagreement and allocation disagreement [95]. These two component measures of disagreements are considered more useful to summarise a cross-tabulation matrix than the various Kappa indices. The overall accuracy was 69.1%, 77.3%, 93.5% and 96.9% in 1965, 1979, 2000 and 2020, respectively (Table 3). The Kappa coefficient amounted to 0.53, 0.65, 0.90 and 0.95 in 1965, 1979, 2000 and 2020, respectively.




5. Results


5.1. Urban Expansion and Development


The town has evolved around the old local market, where the density of buildings is highest. The expansion of old town incorporated the neighbouring areas of the old local market such as Changchik, Thaskangrong, Balti Bazaar, Daythang, Changrah and Lankore. Due to the topographical conditions, the growth and urban expansion have occurred in the directions of the Kurbathang plateau, towards Titichumik to the south and Akchamal to the east as well as to the north (Figure 1B). According to the Master Plan of Kargil [96] the demand for serviced land increased tremendously to accommodate the increasing population in and around Kargil town. The residential colony of Baroo was constructed in the 1970s. Poyen and Tumail were constructed in the 1990s, the latter one was the first residential settlement on the Kurbathang plateau. After the 1999 Kargil war, many further new colonies were developed, such as Haidery Mohalla and Silmo on the left side of Suru River and Andoo, Barchey, Al-Zehra and Fatima on the Khurbathang plateau. Most of them are located on steep slopes and are vulnerable to natural hazards (Figure 2 and Figure 3). Additionally, in 2006, the administrative boundaries were redefined and enlarged, and the settlements of Poyen, Bagh-e-Khomeini, Baroo and Goma Kargil were added in the Kargil municipal committee area [96]. Until 2010, the town was a melange of old and new buildings [51]. The central town and residential colonies are already densely developed with buildings and infrastructure. A haphazard growth pattern occurs with the absence of building by-laws and proper town planning strategies [96]. Overall, a massive growth of urban expansion is detectable in Kargil town from 1965 to 2020, particularly in the recent two decades. Population growth and rural to urban migration have been identified as major drivers. New employment opportunities and access to administrative offices, the district hospital, business and army areas, banks, and private and government schools are attracting factors for migrants to the headquarters of the Kargil district. Future urban expansion depends on the availability of land and infrastructure development.



On the Kurbathang plateau, the urban development has started with small cantonment boards on both sides of Iqbql bridge and in some few scattered areas. Thus, military settlements have contributed significantly to the urban expansion of this plateau. Since the construction of Tumail, the plateau has experienced a significant growth of small residential colonies, administrative and commercial buildings, such as the newly established secretariat (LAHDC-Kargil) and the district hospital (Figure 3). As the town further expands outside the municipal boundary, robust urban planning becomes even more necessary for the sustainable growth of this town.




5.2. Land Use and Land Cover (LULC) Change


A drastic change of land use and land cover (LULC) between 1965 and 2020 can be observed (Figure 4). The built-up area has increased more than ninefold within six decades and increased from 0.25 km2 (1.3%) in 1965 to 0.43 km2 (2.2%) in 1979, 1.11 km2 (5.7%) in 2000 and 2.30 km2 (11.7%) in 2020 (Table 4). Irrigated land and vegetation cover changed from 4.51 km2 (23%) in 1965 to 4.88 km2 (24.8%) in 1979 and to 8.18 km2 (41.6%) in 2000 after the construction and completion of new irrigation channels. Since then, only a minor increase to 8.56 km2 (43.6%) can be detected in 2020.



The barren area decreased from 14.88 km2 (75.8%) in 1965 to 14.33 km2 (73%) in 1979, 10.35 km2 (52.7%) in 2000 and 8.78 km2 (44.7%) in 2020. The Kurbathang plateau was the primary reason for the area increase in irrigated land and vegetation cover. Before its conversion into lush green plateau through irrigation by water diverted from the Wakha river [97] in the 1980s, it was a barren area with low creeping vegetation [51]. Nearly a thousand hectares were brought under irrigated cultivation as a major Watershed Development Programme for the arid and high altitude region of Ladakh by the government [51], introduced in 1996 through the Desert Development Programme [98]. Recently, the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) Programme was launched in 2015–2016 by LAHDC-Kargil to strengthen irrigation infrastructure in the district.



Overall, the built-up area increased by 0.18 km2 (0.9%) between 1965 and 1979 and by 0.68 km2 (3.5%) between 1979 and 2000 (Table 4). A further increase of 1.19 km2 (6%) can be detected for the period between 2000 and 2020. Over the entire observation period from 1965 to 2020, the built-up increased by 2.05 km2 in total. The irrigated land and vegetation increased only slightly by 0.37 km2 (1.8%) between 1965 and 1979 and then by 3.30 km2 (16.8%) from 1979 to 2000, following the construction of new irrigation canals. After this drastic expansion, the total area of this land use and land cover class remains almost stable with a slight further increase of 0.38 km2 (2%) between 2000 and 2020. However, houses and commercial buildings have been constructed on former irrigated land. However, over the entire observation period from 1965 to 2020, the total irrigated land and vegetation cover expanded by 4.05 km2 (20.6%).




5.3. Urban Population Change


The urban population of Kargil town increased tenfold from 1681 in 1961 to 16,338 in 2011. The decadal growth rate of the urban population increased from 42.2% in 1971 to 53.3% in 2011 due to natural population growth and rural to urban migration (Table 5). The proportion of the urban population increased from 3.7% in 1961 to 5.3% in 1981, 8.9% in 2001 and 11.6% in 2011. In contrast to the rapid population growth of Kargil town, the rural population in the Kargil district only tripled from 43,383 in 1961 to 124,464 in 2011 as per the latest available census of India. Moreover, both the Kargil district and the entirety of Ladakh witnessed a massive increase in population, which was tripled from 45,064 to 140,802 and from 88,651 to 274,289, respectively, between 1961 and 2011.




5.4. Increase in Tourism


After Ladakh was opened to tourism in 1974, the new economic sector in Kargil grew gradually. After an increase in tourist arrivals from 4325 in 1976 to 17,501 in 1989, a drastic decline occurred from 1990 (1134 arrivals) until 2003 (4244), because Kargil was badly affected by the Kashmir conflict [99], which led to the Kargil war in 1999. An exponential growth in total tourist numbers, particularly in domestic tourists, can be detected after 2003, with a slight decrease in 2013 and 2014 (Figure 5). Since then, tourist numbers increased to 28,756 in 2010 and 108,532 in 2018. Between 2019 and 2021, tourist arrivals declined again, first because of the bifurcation of the Jammu and Kashmir state in 2019 [100] and then due to the COVID-19 lockdown and international travel restrictions in 2020 and 2021. The number of tourist arrivals in Kargil more than doubled in 2022 (225,543) compared to 2018. Compared to the domestic arrivals, the number of international tourists is on a lower level.



Because of the increase in tourists, the number of hotels more than doubled within seven years from 17 in 2015–2016 to 48 in 2021–2022, while the number of guesthouses increased only slightly from 70 in 2015–2016 to 104 in 2021–2022 (Figure 6). Similarly, the number of travel agencies increased from 40 to 77 between 2015–2016 and 2021–2022. A total of 21 tourist accommodation units were registered in 2021–2022. Tourism is one of the major factors in shaping and changing the urban landscape of this mountain town.





6. Discussion


This study shows that historical development, spatial expansion, population growth and tourism are the major driving factors in shaping and transforming the urban landscape of the mountain town of Kargil. The urban landscape started to transform rapidly, after the Kargil war and when Kargil was given the status of LAHDC-Kargil in 2003 [74]. The major factors have been population growth, rural to urban migration and employment opportunities in Kargil town. However, compared to the district of Leh, which has experienced a higher level of urbanisation (23%), the Kargil district was characterised by a much lower level of urbanisation (9%) in 2001 [101]. Similar to Leh [101,102], Kargil town has witnessed large migration from the surrounding villages, which puts immense pressure on the land and infrastructure of the town [96]. There are presently 10 private schools in addition to government public schools in Kargil town. The total number of state and national banks doubled from 13 to 29 between 2009–2010 and 2020–2021 [80,83].



The central town and the residential colonies are densely develped and have already started to surpass the carrying capacity. The urban encroachment and unplanned urban development to agricultural and barren areas, riverbanks and slopes led to increases in critical urban challenges, such as traffic congestion, solid wastes, sanitation and drainage problems. Many new administrative, commercial and residential buildings were constructed in Kurbathang plateau, where a new township has been proposed for urban development, including military compounds.



Similar to Leh town, it can be seen that urban growth is driven by infrastructure development, tourism, the administrative centre, urban culture and the geopolitical importance of the region [4]. In the case of Chitral town, urban development manifests in the expansion of the bazaar, residential areas and modern built-up areas with private and public services, largely driven by regional population growth, extensions of governmental administration and economic factors including mountain tourism [103,104]. The Himalayan mountain ecosystems are also going through a rapid transformation of their natural landscape and demographic profile due to economic development and rural to urban migration [1]. Urban expansion has emerged as a key driver of socioeconomic and environmental change, particularly in the context of the Himalayan mountain region [105].



Furthermore, there is high variability in the tourism sector and its dependence on geopolitical conflicts in Kargil. In contrast to Leh, most travellers on their route from Leh to Zanskar or Kashmir stay only for one night in Kargil. However, as in Leh, the increasing tourism sector results in drastic social changes and impacts on the land and environment [106].




7. Conclusions


Taking the case study of Kargil town, this article presents an overview of the current challenges of mountain urbanisation in Ladakh and provides potential lines of future applied and solution-oriented research work based on existing studies. There is an urgent need to implement robust urban planning mechanisms to tackle the existing and future problems of Kargil town. This includes a systematic approach to deal with the unregulated and unplanned haphazard development. The Ladakh Autonomous Hill Development Council Kargil (LAHDC-Kargil) and the administration of UT Ladakh need to take drastic decisions with respect to policy formulation, urban planning and the governance mechanism of Kargil town. Similarly, the municipal committee and urban local bodies need to focus more on planning norms and the enforcement of regulations to foster sustainable, equitable and inclusive urban and regional development in Ladakh. Urban dynamics are not only affecting local population and economic activities, but they are also transforming landscape structures.
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Figure 1. (A) Location of Kargil town in Ladakh and (B) detailed distribution of settlements and residential colonies of Kargil town (Source: PlanetScope (8 June 2020); SRTM (11 February 2000); OpenStreetMap). 
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Figure 2. Photographs showing settlements of different areas in Kargil town. Top: Baroo and Baroo colony urban settlements along with cultivated fields at the upper part of Baroo on the opposite side of Suru River in August 2009 (A) and March 2023 (B). Middle: urban structure of Kargil town at the junction of Suru and Wakha rivers (C) and Andoo colony on steep slope area (D). Bottom: local bazaar of old town (E) and along National Highway-301 (F). Photos—(A): Susanne Schmidt, August 2009, (B): Marcus Nüsser, March 2023; (C–E): Altaf Hussain, August and September 2021, 2022, (F): Susanne Schmidt, March 2023. 
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Figure 3. Establishment of new residential colonies and army areas (Source: PlanetScope (8 June 2020); draft and cartography: Altaf Hussain). 
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Figure 4. Land use and land cover (LULC) maps of Kargil town from 1965 to 2020. 
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Figure 5. International and domestic tourist arrivals in Kargil, Ladakh from 1976 to 2022 (Source: District Tourism Department of Kargil, Union Territory of Ladakh). 
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Figure 6. Total number of hotels, guest houses and travel agencies in Kargil, Ladakh (Source: District Tourism Department of Kargil, Union Territory of Ladakh). 
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Table 1. Details of satellite datasets used in the study.
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	Satellite
	Acquisition Date
	Scene ID
	Spatial Resolution (m)
	Spectral Bands
	Source





	Corona
	8 October 1965
	DS1025-1039DA025_c
	2
	pan
	USGS



	Corona
	17 June 1979
	DZB1215-500431L009001_b
	3
	pan
	USGS



	ASTER
	4 September 2000
	AST_L1T_00309042000060203_20150411131129_5580
	15 + 30
	VNIR/SWIR
	USGS



	PlanetScope
	8 June 2020
	20200608_032410_1052_3B_AnalyticMS

20200608_032411_1052_3B_AnalyticMS
	3
	VIS/NIR
	PlanetScope



	SRTM
	11 February 2000
	N34_E075 to N34_E077,

N33_E075 to N33_E077
	30
	C-band
	USGS
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Table 2. Description of land use and land cover class in the study area.
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	Class
	Class Description





	Built-up area (BU)
	Residential, commercial, and administrative areas, army compounds and other buildings



	Irrigated land and vegetation (ILV)
	Cultivated fields, lucerne (alfalfa), poplars, willows, fruit trees, meadows and grassland



	Barren area (BA)
	Barren soils, slope areas without vegetation and sediment deposits at river banks
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Table 3. Accuracy assessment of land use and land cover (LULC) detection of Kargil town in 1965, 1979, 2000 and 2020.
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Reference Data (%)

	
CE

	
OE

	
PA

	
UA




	
Classified Data (%)

	
BU

	
ILV

	
BA

	
Total

	
(%)

	
(%)

	
(%)

	
(%)






	
1965

	
BU

	
21.4

	
0

	
0

	
7.32

	
0

	
78.6

	
21.4

	
100




	

	
ILV

	
45.3

	
84.4

	
0

	
37.40

	
41.3

	
15.6

	
84.4

	
58.7




	

	
BA

	
33.3

	
15.6

	
100

	
55.28

	
27.9

	
0

	
100

	
72.1




	

	
OA

	

	

	

	
69.1

	

	

	

	




	

	
KC

	

	

	

	
0.53

	

	

	

	




	
1979

	
BU

	
33.3

	
0

	
0

	
10.2

	
0

	
66.67

	
33.3

	
100




	

	
ILV

	
28.8

	
91.7

	
0

	
34.3

	
25.7

	
8.33

	
91.7

	
74.3




	

	
BA

	
37.9

	
8.3

	
100

	
55.5

	
25

	
0

	
100

	
75




	

	
OA

	

	

	

	
77.3

	

	

	

	




	

	
KC

	

	

	

	
0.65

	

	

	

	




	
2000

	
BU

	
79.5

	
0

	
1

	
24.2

	
1.5

	
20.5

	
79.5

	
98.5




	

	
ILV

	
11.2

	
100

	
0.2

	
36.9

	
9.3

	
0

	
100

	
90.8




	

	
BA

	
9.3

	
0

	
98.8

	
38.9

	
7.1

	
1.2

	
98.8

	
92.9




	

	
OA

	

	

	

	
93.5

	

	

	

	




	

	
KC

	

	

	

	
0.9

	

	

	

	




	
2020

	
BU

	
92.3

	
0

	
0

	
36.1

	
0

	
7.7

	
92.3

	
100




	

	
ILV

	
7.7

	
100

	
0

	
36.1

	
8.4

	
0

	
100

	
91.6




	

	
BA

	
0

	
0

	
100

	
27.8

	
0

	
0

	
100

	
100




	

	
OA

	

	

	

	
96.9

	

	

	

	




	

	
KC

	

	

	

	
0.95

	

	

	

	








BU: built-up area, ILV: irrigated land and vegetation, BA: barren area, CE: commission error, OE: omission error, PA: producer’s accuracy, UA: user’s accuracy, OA: overall accuracy, KC: Kappa coefficient.
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Table 4. Percentage and square kilometre of land use and land cover (LULC) in 1965, 1979, 2000 and 2020 and their changes.






Table 4. Percentage and square kilometre of land use and land cover (LULC) in 1965, 1979, 2000 and 2020 and their changes.





	

	
LULC Area in km2 (%)

	
LULC Changes in km2 (%)






	

	
1965

	
1979

	
2000

	
2020

	
1965–1979

	
1979–2000

	
2000–2020

	
1965–2020




	
BU

	
0.25 (1.3%)

	
0.43 (2.2%)

	
1.11 (5.7%)

	
2.30 (11.7%)

	
0.18 (0.9%)

	
0.68 (3.5%)

	
1.19 (6.0%)

	
2.05 (10.4%)




	
ILV

	
4.51 (23.0%)

	
4.88 (24.8%)

	
8.18 (41.6%)

	
8.56 (43.6%)

	
0.37 (1.8%)

	
3.30 (16.8%)

	
0.38 (2.0%)

	
4.05 (20.6%)




	
BA

	
14.88 (75.8%)

	
14.33 (73.0%)

	
10.35 (52.7%)

	
8.78 (44.7%)

	
−0.55 (−2.8%)

	
−3.98 (−20.3%)

	
−1.57 (−8.0%)

	
−6.10 (−31.1%)








Source: Corona (8 October 1965), Corona (17 June 1979), ASTER (4 September 2000) and PlanetScope (8 June 2020).
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Table 5. Town population, town decadal growth rate, level of urbanisation and population of Kargil district and Ladakh.
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	Years
	Kargil Town Population
	Town Decadal Growth Rate (%)
	Level of

Urbanisation (%)
	District

Population
	Ladakh

Population





	1961
	1681
	-
	3.7
	45,064
	88,651



	1971
	2390
	42.2
	4.5
	53,400
	105,291



	1981
	3527
	47.5
	5.3
	65,992
	134,372



	1991 *
	6074
	72.1
	6.8
	89,334
	179,410



	2001
	10,657
	75.4
	8.9
	119,307
	236,539



	2011
	16,338
	53.3
	11.6
	140,802
	274,289







Source: Census of India (1961, 1971, 1981, 2001, 2011) [79]: Note: * The 1991 Census was not held in Jammu and Kashmir. Hence, the population figures for 1991 of Kargil town were interpolated by the author with the help of a linear projection method.
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