Ladakh: tradition and adaptation.
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Physical and political boundaries

Demographic

Ladakh, the land of many (dakh) passes (la), is a
region located in the North of India. Geographically
it is delimited in the north by the Ladakh mountain
range (part of Karakoram range) and in the south
by the Zanskar range (part of the Great Himalayan
Range). As with the rest of North-West India, the
political borders of surrounding regions (Figure 1) are
under dispute with Pakistan and China. Recently, tension in the region has escalated leading to clashes with
China (Goldman, 2020) and with Kashmir population
(Human Right Watch, 2019). In 2019 it changed from
being part of Jammu-Kashmir and gained the status
of Union Territory within the Republic of India and
is now under direct control from the Central Government (The Jammu and Kashmir Reorganization Act,
2019, n39 of 2019).

Ladakh covers an area of 59,146 km² with a population of 274,289 (+12% from 2001, density <5/
km²) distributed in the two districts of Leh and Kargil
(Census Organization of India, 2011).Despite its
limited size, the population of Ladakh is very diverse
in terms of ethnicity, language and religion. With a
degree of generalization, three main groups can be
defined. The first one (roughly 40%) characterized
by Buddhist religion, Tibeto-Khanauri languages
(Ladakhi, Bothi, Tibetan) with Tibetan alphabet and
ethnically related to Tibetan populations. The second
group (46%) characterized by Muslim religion, speaking Dardic languages as Purgi, Balti, Shina with arabic
alphabet and ethnicity and culture more related to
Kashmir, Punjab. The third group (14%) includes various Hindi, Sikh, Christian minorities (Census Organization of India, 2011).

Independently of the definition used (Kapos et al.,
2000; Karagulle et al., 2017; Körner et al., 2017; Sayre
et al., 2018), it is classified as a mountainous area due
to its altitude (> 2,550 masl) and lack of high plateau
(USGS, 2020) (Figure 2).

Two thirds of the population live in rural settings
(Census Organization of India, 2011) but the region is
experiencing a migration towards the urban centres of
Leh and Kargil (Goodall and District, 2004).

Figure 1:
political map of Ladakh
showing the boundaries
of contested territories
with Pakistan and
China.
Source:
mapsofindia.com

part of the Himalayan mountain arc in India, between the latitude 32.28–37.06° and
longitude 72.53–80.32°, at an altitudinal range of 220 to 8611 m amsl (Fig. 6.1).
Figure 2:
elevation map of
Ladakh and surrounding areas. (Dar 2020,
p 130)
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Fig. 6.1 Location of the study area (Jammu
State) Arc (KLA, boxed area
Fig. 1 and
LocationKashmir
map of the Kohistan–Ladakh
marked as Fig. 2) and the Himalayan Range showing its major tectonic
units. Thick dark lines indicate major tectonic boundaries (MKT, Main
Karakoram Thrust, Northern Suture also referred to Shyok Suture or
Yarlung–Zangbo Suture; MMT, Main Mantle Thrust, Indus Suture or
Southern Suture; MCT, Main Central Thrust; MBT, Main Boundary
Thrust). Location of various geological units are shown (䊉; 1, Hazara
region; 2, Zanskar region; 3, Tingri section; 4, Gamba section; 5, Makran
region; location of the Makran region is extrapolated from a southwestern
extension of the Himalayan Range). Map modiﬁed after references Bard
(1983), Searle et al. (1987), and Rowley (1996).
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Fig. 1 Location map of the Kohistan–Ladakh Arc (KLA, boxed area

marked as3:Fig.
2) and the Himalayan
major tectonic
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Yin &Harrison 2000; Rolland et al. 2002; Yin 2006;
Dhuime et al. 2009; Jagoutz et al. 2009; Khan et al.
2009; Jagoutz 2010). There are two schools of
thought regarding the timing of collision of the
KLA with Asia and India. One school of thought
favors the collision of the KLA ﬁrst with Asia
during 102–75 Ma, and then with India during
55–50 Ma (e.g. Molnar & Tapponnier 1975; Petterson & Windley 1985; Beck et al. 1995; Rowley 1996;
Bignold & Treloar 2003), whereas others favor the
collision of the KLA ﬁrst with India (ca 95–60 Ma)
before its collision with Asia (e.g. Tahirkheli et al.
1979; Sharma & Gupta 1983; Schärer et al. 1984;
Yin & Harrison 2000; Ding et al. 2005; Yin 2006;
Khan et al. 2009). Several authors proposed the
presence of dual subduction system within the
Neo-Tethys (Van der Voo et al. 1999), where a separate intra-oceanic arc system was present, a
system different from that of the KLA–Lhasa
block which was docked to India before the ﬁnal
accretion of the KLA–Lhasa block to Asia (e.g.
Aitchison et al. 2000, 2007).
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Fig. 2 Simpliﬁed geological map of the Northwest Himalaya showing major tectonic units of the Indian Plate, undifferentiated rocks of the Kohistan–
Ladakh Arc sequence, and the southern margin
of the Asian Plate. Map modiﬁed after Bard (1983), Searle et al. (1987), Kaneko et al. (2003), Mahéo et al.
K2
(2004),
Gilgit and Petterson & Treloar (2004)). Abbreviations as in Figure 1 (except KKH, Karakoram Highway; NP, Nanga Parbat; ZSZ, Zanskar Shear Zone).
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Ladakh: The High-Altitude Indian Cold Desert

Orogeny and landform.
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Fig. 3 East-west trending
glacially carved ‘‘U’’ shaped
valley near Kahardung La. Note
the present Kahradung Glacier
sticking to valley headwall

The Himalayan range is the result of the collision
between the Indian and Asian Plate. The timing of
the collision is still object of debate (Hu et al., 2016;
Khan et al., 2009; Rehman et al., 2011) with estimates
ranging from 100 to 40 Ma. Isostatic adjustment
following the collision begun 20 Ma lifting the newly
formed Himalayan batholith. The currents height was
probably reached between 2.5 to 1.8 Ma (Powell and
Conaghan, 1973). The isostatic movement created
three main thrust lines visible in Figure 3. A geological map is shown in Figure 6. For a more detailed one
Fig. 4 Neolithic rock engraving
hunting scene can be
refer to Phillips (2008). The region isdepicting
still geologically
found on glacially polished bedabove
Tirith
and and
Deskit
active and has experienced earthquakerocks
as
in
2008
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villages.
The engraving suggests
that after the recession glacier did
2015.
Fig. 9 a Obstacle dune near Leh
not occupy this region at least
and b the barchans
during
last 5 ka on the
ﬂoodplain of Shyok River near
Nubra-Shyok conﬂuence

The landform of Ladakh is predominantly dominated by glacial processes causing the “U” shaped valley
(Figure 4) typical of the region reaching a width of 4
km near Nyoma. Fluvial activity created additional features as gorges, strath terraces, glacial outwash plains.
More recently (25-17 ka) eaolian activity contributed
by creating dunes and sand ramps as seen in Figure 5
(Juyal, 2014; Kumar and Srivastava, 2018).
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6 Jammu and Kashmir State: An Overview

Figure 4: East-west trending glacially carved ‘‘U’’ shaped valley near Kahardung La.
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Note the present Kahradung Glacier sticking to valley headwall.
(Kale 2014,
6.3
Soils p.of119).
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6 Jammu and Kashmir State: An Overview

N. Juyal

Very little information is available on the soils of J&K. Analysis of the soil dataset,
based on FAO-UNESCO Soil Map of the World (FAO 2007, 2014) at 1:5,000,000
scale, reveals that a thick soil cover is conned only to the Valley bottoms and terraces. Immature soils are found as the altitude rises on the mountain slopes, where
low temperature slows down weathering. Higher up, the soil cover becomes thinner
till the alpine pastures appear. Altogether, ve soil types have been recognized in the
state according to FAO-UNESCO soil standard (Fig. 6.12).
Calcaric uvisols are mostly present in the foothill plains of Jammu region,
spread over an area of ~588 km2. Eutric cambisols are predominant in the Lesser
Himalaya, Jhelum plains, Karewa, Sindhu furrow, and the Lower Shyok, covering
an area of ~43,262 km2. As per the FAO data, the glaciated areas are abundant in
Karakoram, Great Himalayan–Zanskar region, covering an expanse of ~37,396 km2.
Lithosols cover the maximum portion of the state, spread over an area of
~127,629 km2. Orthic Acrisols are present in parts of the Great Himalayan–Zanskar
ranges, Ladakh range, and Sindhu furrow, spread over an area of ~7409 km2. Orthic
Figure 5:are
Obstacle
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nearSiwaliks
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2014,region
p. 124).
Luvisols
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over an area of ~5174 km2.

In the Indus River, around Leh, the fans which predominantly emanate from the Zanskar Ranges (southern
ﬂank of Indus River) are of coalescing type (bajada).
Compared to the size of the debris-ﬂow dominated alluvial
fans, the valleys from where they emanate are quite small
(Fig. 6). Thus, it can be speculated that the contribution of
large volume of sediment from small valleys can only be
explained by considering the availability of glaciogenic
sediments following the recession of the valley glaciers.
The lateral and vertical sedimentary facies show a wide

variation in grain size; ranging from boulders to clay (Sant
et al. 2011) and can be used to reconstruct the post-glacial
climate and seismicity in the arid mountainous regions.

4.3

Fluvial Landforms

Although glaciers are effective excavators of sediments
and rocks, their transportation capabilities are spatially
limited. Compared to this, rivers not only erode the

Maximum (LGM) as expected, due to unfavorable moisture
and temperature conditions. In the Zanskar Valley, three
events of glaciation have been identiﬁed between 78 and
10 ka (Taylor and Mitchell 2000). Similar observation was
made by Brown et al. (2002) in Khardung Valley near
Ganglas village where they found that the most recent major
glacial advance occurred *90 ka and not during the global
LGM. In comparison, at least ﬁve major glacial events, with
progressive decreasing magnitude have been identiﬁed in
Leh Valley (Owen et al. 2006). The oldest event is dated
between 130 and 385 ka, whereas the youngest event is
Figure 6: geological map of Ladakh and Jammu & Kashmir
state
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2020,
5Late Quaternary Climate
assigned early Holocene age. The decreasing magnitude is
Fig. 6.5 Geological map of the J&K state
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Fig. 6.12 Soil types of the J&K state
(Source:FAO-UNESCO)
The timing and amplitude of palaeoglaciations represent Himalayan Ranges to the south and the Karakoram Ranges
important cornerstones of terrestrial palaeoclimatic research, to the west.
Table 6.3 Areas under
S. no. Category
Areaarguably
(km2) the most sensitive recorders of
because glaciers are
Further north in the Karakoram (Nubra-Shyok Valleys),
different geological
1.
Bedded tuff, ash, and
lava changes 17024.17
climate
as
they
respond to the combined effect of Dortch et al. (2010) identiﬁed three glacial stages which
formations in the state of
2.
Granite
11596.41 In recent years, attempts have been they named as Deshkit-3 (144 ka), Deshkit-2 (81 ka) and
snowfall and temperature.
J&K
3.
Granite gneiss
7981.83 ages on the moraine successions. Deshkit-1(45 ka). Deshkit-1 and 2 glacial stages seem to be
made to generate numerical
4.
Granite with epidiorite Multiple glaciation
19743.30
events have been recognized in the inﬂuenced by the Indian summer monsoon precipitation.
5.
Limestone
936.53
Ladakh Region. Interestingly,
some workers believe the However, ages of 18 and 24 ka for moraines from Nubra
6.
Limestone and shaleevents did not 40345.86
coincide with the global Last Glacial Valley (eastern Karakoram) suggest that the area was
between Shey and Sabu on Upshi–Leh Highway, which
abut against the Ladakh (Batholith) Range (Pant et al. 2005;
Sant et al. 2011). In the Karakoram Valley, near NubraShyok conﬂuence (at Hunder), *2–5 m high barchans
dunes with their horns pointing towards the east (downwind) can be found. Lack of weathering suggests frequent
mobilization and replenishment by fresh sediment supply
(Fig. 9b) under hyper-arid conditions (intense wind activity) in Nubra–Shyok Valley.

7.
8.
9.
10.
11.
12.
13.
14.

Older alluvium
Quartzite
Recent alluvium
Sandstone and shale
Sandstone, shale, and conglomerate
Shale
Slate and quartzite
No data

1533.78
471.17
7337.54
8295.06
11265.97
4827.19
40004.17
49564.65

Soil

Climate

Thick soil cover is limited to valley bottoms and belong mostly to Eutric Cambisoils and Lithosoils with
presence of Orthic Acrisoil (Figure 7). They have a
coarse grained structure, low water, high organic matter, high pH, relatively high N and P concentration.
Organic matter, N, P, ammonia, nitrates increase with
elevation with highest value in alpine zones and lowest
in deserts (Doležal et al., 2018).

Following the Köppen-Geiger classification, the
climate of the region could be classified as: polar
(Figure 8) and arid with limited presence of temperate
climate(Beck et al., 2018). Low precipitations (<500
mm/year) are caused by the Zanskar range blocking
the northward movement of the Indian Summer
Monsoon. The altitude and continentality generate
rigid winter temperatures and high annual temperature
excursion (-27 to +25C) (Chevuturi et al., 2018).
Latitude (34°N) influences solar radiations, reducing
day-length annual excursion, and mitigating temperatures (Barry, 2008; Whiteman, 2000). Areas above
3600 m are mostly covered with snow and with approximately 6100 glaciers in the basins of Shyok, Zanskar, Upper Indus (Dar and Khuroo, 2020, pp. 148,
164). Glaciers in the area are following different trends
regarding their size (Schmidt and Nüsser, 2017) with a
decrease in the Central Ladhak Range and stability in
the rest.

Water
The Indus and Shyok are the two main rivers crossing the region in parallel and divided by the Ladakh
Batholith. The average discharge of the Indus in Leh
198.3 ± 45.4 m³/s (August, year 2002–2006) (Thakur
and Singh, 2018, p. 55). The hydrological system also
allowed for the development of wetlands (Gujja et
al., 2003). Water availability is a key element in Ladakhi society since it limits agriculture and is a possible
source of energy (Nüsser et al., 2019). Water management (Angchok and Singh, 2006) has always been
strongly linked with political and socio-economic
factors (Müller et al., 2020; Nüsser et al., 2012). In the
coming years, increasing demand and climate change
will create a stress to the water system (Wangchuk,
2018) that will require new management practices
blending traditional and contemporary approaches.

Figure 8: climate zones
of Ladakh (Beck 2018)

Biodiversity and conservation
Ladakh has an important role regarding biodiversity
recognized by the establishment of 15.000 km² of
protected area (Goeury, 2010). This include Hemis
National Park, Karakoram and Changtang Wildlife
Sanctuary and four conservation reserves in Tsomoriri, Norrichain, Pangong Tso, Hanley Marshes. The
region belongs to the Trans-Himalayan ecosystem
characterized by flora and fauna with low distribution
densities and high adaptation to elevation and aridity
(Geneletti and Dawa, 2009).
Due to anthropogenic expansion, several floral and
faunal species (Dar and Khuroo, 2020, chaps. 37, 38)
are under threat in Ladakh. Particular attention in
conservation should be given to medical plants (Phani
Kumar et al., 2011) and wildlife (Fox et al., 1994).
In recent decades steps were made toward the understanding and achievement of natural conservation
both from a legislative (Dar and Khuroo, 2020, chap.
42) and implementation (Goeury, 2010) point of view.
Activities such as eco-tourism aim at creating synergies between conservation, economic practices and
communities (Anand et al., 2012; Vannelli et al., 2019).
Several challenges still exist (data paucity, funding,
awareness, contrasting legislation) but Ladakh seems
to have defined his contemporary identity in a close
relation with its natural environment whose preservation would be beneficial for all actors of societies(Wester et al., 2019, chap. 6).

Flora
The flora is almost entirely of Holartic affinity. The
region can be divided into three subareas: Karakorum
Province (1) with a very sparse Central Asian Flora;
the south and western area (2) with a generally depauperate, but still relatively large, share of Himalayan
herbs and shrubs; the south-east (3) with a Tibetan
flora and the region within the disputed borders
(Chantang Province) with a depauperate Tibetan Flora
(Behera et al., 2014; Doležal et al., 2018; Khatoon et
al., 2008). No precise up-to date checklist of Ladakh’s
flora exists. Estimates of vascular plants range from
611 to 1250. The species richness is governed by elevation, culminating at 4500-5000m.

Forest coverage is very limited , reaching only 1.47%
(2,489 km2) of the territory (MEFC, 2019). Most
of the forest are anthropogenic and consist of poplar, willows, Juglans regia, Prunus armeniaca that are
grown to provide food, fodder and timber. The existing natural forests can be classified as Himalayan Dry
Temperate (HDTF) and Subalpine (Singh, 1987).
Different vegetation belts exist: desert and semidesert
(up to 4200m), alpine steppe (up to 4700 m in the
west and 5400 m in the east), a narrow alpine grassland occur and subnival vegetation (5200-5700m).
Medicinal plants are present and represent an important element in the flora and livelihood of the area
(Joshi et al., 2006; Lamo et al., 2019). Most people still
use them for health purposes by consulting local doctors (amchis). Their cultivation is promoted and seen
as an economic opportunity.

Fauna
Regarding fauna, 1,561 species/subspecies including
protozoa and animalia have been recorded of which
33 mammals and 276 avifauna species have been
reported (Shawl et al., n.d.). As a term of reference,
for India as a whole, 100,000 species were recorded
(Chandra et al., 2018). The fauna includes flagship
species as hangul (Cervus elaphus hanglu), markhor
(Capra falconeri), snow leopard (Panthera uncia) and
Asian black bear (Ursus thibetanus). Several species
(71) are under threat or near threat of extinction.
These include 33 species of birds, 26 species of
mammals, 5 species each of reptiles and fishes and 2
species of amphibians (Dar and Khuroo, 2020, chap.
38). The main causes of threat are habitat loss and
fragmentation, poaching.

Agriculture and industry
Agriculture is the main sector by occupation (~70%
of the population). The growing season is short
(May-September) and fields are mostly mono-crop
with some double crop in Khaltsi and Nubra. In the
district of Leh, out of 10,000 hectares of cultivated
land the main cultures are barley (4288 he), wheat
(2776 he) and fodder (2161 he). There is an increasing
interest in horticulture (apricots, apples and seabuckthorn) aiming at creating goods (fruit, dried fruit,

juices) to be sold to tourist and export to the national
market (LAHDC, 2015). The cultivable land is limited ( ~0.3% (Fox et al., 1994)) by water location and
availability. Irrigation is provided by canals/khuls
(Angchok and Singh, 2006).
Animal husbandry is another important pillar for the
livelihood of the local population. It is common for
households to combine a mixed mountain agriculture
and animal husbandry to mitigate risks and ensure
livelihoods (Figure 9). Various development programs
have been launched trying to fill the demand-supply
gap. The main uses are for milk production, meat,
wool and as labour in the case of yak, dzo, horses and
donkeys. The wool from pashmina-goat is an example of high-value production that is increasing but
not without trade-offs and consequences on natural
resources (Namgail et al., 2010; Sabharwal, 2016; S. A.
Wani et al., 2018). Industry and manufacturing play a
minor role, mostly targeting local demand.

(Dame and Mankelow, 2010) while connected areas tend to expand (Dame et al., 2019; Nüsser et al.,
2012). This expansion is creating a higher vulnerability
to floods (Dame et al., 2019; Ziegler et al., 2016).
Generally most of the land is made of rocky sloped
terrain with vegetation along water courses (Figure 10)
and limited cultivated land (<1%) surrounding villages
(Joshi et al., 2005).

Transport infrastructure
Transport infrastructure is limited. Access to the
region is given only by two roads (from Srinagar and
Manali) that are closed during winter months. Roads
are essential for imports of goods from India. In
Leh an airport with daily connections to Delhi exists
and the Army base of Nyoma has an airstrip. Mobile
phones and signals are increasingly available while
internet is mostly available in Leh and Kargil with
unstable and poor connection reaching more remote
areas.

In the past decades, two trends can be observed in
areasandtend
remain fairly
sameland-use change in Central Zangskar
2010land use: remote
J. Dame
J. S.to
Mankelow:
Stongdethe
revisited:

367
Figure 9: economy of a
household in Zanskar
region. It can be observed
how differentiated the
income and livelihood is.
This allows for mitigation of agricultural risk
and seasonal variation.
(Dame 2011)

Fig. 4: Economy of a Zangskari household

petitiveness between households that is also motivating agricultural change. Whilst the Agriculture
Department is promoting uptake with incentives
such as subsidised machinery, manufactured fertilizer application and cash cropping, at the village level,
a proportion of change is being encouraged simply
through peer pressure. This was pointedly illustrated
by farmers ploughing with animals adjacent to elds
being worked by a hired tractor and plough13). Those
using the traditional draught alternative felt an enor-

Stongde’s farmers continue to rely heavily upon
their agricultural production. Yet, in terms of basic survival, the dependency on this production has
largely been removed along with the risk and uncertainty inherent to subsistence agriculture. Any
shortfall in agricultural production, whether intentional or as a result of environmental variables, is
now offset through a combination of subsidised imports, Zangskar’s cash economy and, when required,
government relief rations14). Subsidised rations of

Tourism
Since Ladakh opening in 1974, international and
mostly national tourism has increased in the past
three decades (Geneletti and Dawa, 2009; Pelliciardi,
2016). There are three main type of attractions: nature
and wildlife, adventure activity and religious sites.
This phenomenon creates opportunities for the local
economy but also additional threat to the environment
(Geneletti and Dawa, 2009; Goswami, 2018; M. A.
Wani et al., 2018) and to society wealth distribution
(Rajashekariah and Chandan, 2013). To address these
issues there is a growing number of initiatives aiming
for more sustainable and pro-poor tourism (see The
Ladakh Ecological Development Group (LEDeG),
SECMOL, Snow Leopard Conservancy, Ladakhi
Women’s Travel Company).

Climate change
The impact of climate change in the Western Himalayan Region (WHR) is still under debate. Several factors
may be causing this situation: the complex topography

of the region creating significant localized climate variability, a paucity of well distributed data and weather
stations, the use of different sets of input for the
studies (Das and Meher, 2019; Namgail, 2008; Wester
et al., 2019, chap. 3).
In the last century, within the WHR, there seems to
be an increase in temperature of approximately 1.6°C
(Bhutiyani et al., 2007), no trend in winter precipitation and a decrease in monsoon precipitation (Bhutiyani et al., 2010). Another study, based on changes
happening in the city of Leh, confirmed the rising
trend for temperature but did not confirmed the same
results for precipitation. (Chevuturi et al., 2018).
Trends in the cryosphere cannot be expanded to a
regional scale (Wester et al., 2019, chap. 7). A decreasing in size was identified in the Central Ladakh Range
but an increasing one in the Shyok basin (Schmidt and
Nüsser, 2017). Decreasing trends in the cryosphere
have a significant impact on irrigation (Nüsser et al.,
2019). These contrasting results mean that there is no
single likely future and actions in the present and coming years may be crucial (Wester et al., 2019, chap. 4).

Figure 10: vegetation
cover and land cover
map of Nubra valley in
2001. The distribution
and density of the
different zones is a good
reference for other remote
areas of Ladakh:
vegetation is scarce and
next to waterways, agricultural land is minimal
(<1%) and most of the
land is made of steep
rocky slopes.
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