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Abstract: This paper aims at identifying the perception of local indigenous Peoples’ living in the cold desert area of
Nubra valley (Ladakh), India, on climate variability resulting in extreme events such as floods and cloudbursts and
their impacts on various economic activities such as agricultural productivity, land degradation, soil erosion, water
availability, and forest resources. It also aims to ascertain the vulnerability of the key sectors such as forest, agriculture
and water sources, and local adaptation strategies to adapt to climate variability and extreme events. Stratified random
sampling technique was adopted to select the sample size. The study is based on the primary data and information
collected from 288 sample households in three blocks i.e., Diskit, Panamik, and Turtuk through semi-structured
interviews, questionnaires, focus group discussions, and PRI tools. Study findings revealed that more than 90 percent of
overall households’ respondents of three blocks observed that temperature has been increased and low rainfall/snowfall
over the last three decades. The result showed that the majority of respondents admitted that land degradation, severe
soil erosion and shortage of water, low agricultural productivity, and decline in forest resources are major climaterelated problems due to low rainfall/snowfall, increase temperature, and natural disasters. To alleviate these problems,
local people have implemented various adaptation strategies such as mixed farming, more plantations of trees,
organic farming, and changing crop patterns. The policy recommendations for appropriate adaptation strategies are in
consideration with the knowledge of local indigenous peoples and their perception of climate change. The study could
be helpful to policymakers to design appropriate adaptation strategies to cope up with the impacts of climate change.
Keywords: adaptation strategies, vulnerability, climate change, perception, natural disaster, Nubra valley
JEL Code: C83, Q23, Q24, Q25, Q54

1. Introduction
Climate change is considered as a global challenge and it has become the key environmental issue around the
world (Hussain et al., 2021), and the average surface temperature has increased by 0.85 °C over the past 100 years (IPCC,
2018), and it is predicted to increase further by at least 1.5 °C by the end of the 21st century, with serious consequences
for biodiversity, natural ecosystems, agriculture productivity, food security and human livelihoods (IPCC, 2019).
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Climate change is the biggest environmental threat facing the world due to increasing temperature, the unpredicted
pattern of rainfall and snowfall (Marzeion et al., 2020). The glaciers of the Himalayas are receding, thinning, and
shrinking as the planet warms and its impacts are more serious to the mountainous people because they heavily depend
on the glacier meltwater for their irrigation and drinking purpose (Sharma et al., 2019).
Agriculture, forest, and water resources are the key sources of food production and livelihoods of the inhabitant of
the mountain areas. Mountain agriculture is highly sensitive, and many difficult challenges have been facing due to its
harsh climate (Falco et al., 2012), and due to any kind of climatic change have a major effect on their crop yield, and
food supply in the Himalaya region (Berrang et al., 2014). Despite that, most of the people are engaged in agricultural
production for their livelihoods.
Local people have deep experiences about the impacts of climate change (Parry et al., 2007). Mountainous
peoples have various indigenous methods to come back to the impacts of climate change and its impact can be altered
into a source of livelihoods by using the potential adaptation strategies. The adaptation strategies seem to be the
most efficient strategy to uplift the source of income of the rural farmers (Dannevig & Hovelsrud, 2015). Similarly,
traditional knowledge and experiences of local farmers on local environment can be accepted as a practical contribution
to mitigating the environmental problems and possible solutions for the impacts of climate change, and it also helps to
develop adaptive capacity and resilience to climate change (IPCC, 2007; Weber, 2010).
The cold desert area of the Ladakh region is one of the most fragile and sensitive to the impact of climate change
due to its harsh climate and high dependence on natural resources for their livelihoods (Hewitt, 1998). Any change in
the climatic variables such as increasing temperature and declining rainfall or snowfall directly affects the source of
water of mountain people. Furthermore, the Khardungla glacier in Nubra valley has receded by 19.5 km and is on the
threshold of extinction (Gupta et al., 2012). Therefore, the variability of climatic factors such as rising temperature
is one of the major causes of receding glaciers and increasing natural disasters in the western Himalayas. It results in
massive losses, damages of properties, assets, and even losses of human life (Kumar et al., 2013). It has also retarded
their economy, social, and livelihoods due to which they become more vulnerable, with high sensitivity, and low
resilience to the impacts of climate change (Chevuturi et al., 2018).
Variability of temperature and irregular rainfall are the main cause of natural hazards (Tripathi et al., 2014). For
instance, on August 6, 2010, the shocking flash floods had happened in the surrounding region of Leh town and Turtuk
block in Nubra valley which had killed 255 people, affected 52 villages, and destroyed 1,749 houses in the region and
the rage of the flash floods caused serious damages to the roads, bridges, hospitals, and crops, etc. As a result, it has
directly affected the livelihoods of the people and their food security (Tashi, 2010).
The most appropriate way to understand the climate change adaptation mechanisms requires a reliable knowledge
of the vulnerability background and local ground realities, which is difficult to comprehend without taking into
consideration of indigenous knowledge and experiences of local inhabitant communities which have empowered them
to cope with extreme weather and environmental change over centuries. Thus, a better understanding of the farmers’
perceptions about climate change impacts and their ongoing adaptation mechanisms are needed to expertise and
consideration through the development of policies and strategies for better rural economy and less adverse impacts of
climate change to the rural farmers (Chaudhary & Bawa, 2011; Lechowska, 2018). Therefore, the main objective of
the present study was to examine the local people’s perception and their traditional knowledge on climate change, its
impacts on various economic activities, and to understand the degree of key sectors climate vulnerability and how they
cope up and adapt to climate change impacts and to strengthen the adaptation strategies to reduce their vulnerability in
the Himalayan region of Nubra valley.

2. Literature review
Himalayan mountains are represented as one of the highest mountain ranges of the world and it has rich in
biodiversity and glaciers (Williamson et al., 2020), besides, important sources of water to the Asian countries which
are popularly known as the water tower of Asia (Xu & Grumbine, 2014). The inhabitant of Himalayan mountain
communities who are heavily dependent on glacier meltwater for irrigation and drinking purposes and their rural
subsistence economy is also based on natural resources (Belay et al., 2017). Natural resources such as land, water, and
forest resources are the main significant role in agriculture, horticulture, and livestock production and are the primary
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occupation of mountain communities for their livelihoods, and outcome of these productions fully relies on climatic
variables such as temperature and pattern of precipitation.
Thus, due to the variability of climatic factors such as temperature, and unpredicted rainfall has directly affected
the livelihoods and economy of the mountain communities (Liedtke et al., 2020), and it has also been evident from
several studies that the negative impacts of climate change like natural disasters such as floods, and cloudbursts had
frequently occurred in the hilly area compare to other areas in the last decades (Pandey et al., 2017).
Climate change and its impact are more apparent in the mountain region of Himalaya, Andes Mountain, and
Tibetan Plateau and it is considered that the inhabitant of the hilly areas are facing various kinds of problems and need
to pay attention in a priority (Gao et al., 2019).
The inhabitants of the Himalayan regions are more vulnerable to climate change as compared to other regions
(Khanal et al., 2018), and the Intergovernmental Panel on climate change (IPCC) reports that the impacts of climate
change are more on agricultural activities of hilly areas (IPCC, 2014b), mostly affected after the 1990s, because of
the rising trend in temperature, decline trend in rainfall/snowfall and extreme events (Paudel et al., 2016). Several
studies show that impacts of climate change differ from region to region and are a more severe threat to the hilly areas
due to their fragile and sensitive environment (Shrestha & Aryal, 2011). Agriculture and climate change are a close
relationship and any climate change can have substantial impacts on crop yield and agriculture become more sensitive
(Probstl, 2016). Studies expressed that climate change will negatively be affected the hilly areas of agriculture by a 3-7%
reduction in the yields of wheat, mustard, barley, and potato with every one-degree increase in temperature (Aase &
Chapagain, 2017).
Climate variability is one of the key factors influencing local adaptation strategies in the rural areas where
agriculture is the prime source of income for the rural people and their livelihood (Dieye & Roy, 2012). Farmers have
been changing their crops patterns such as crop rotation, mixed farming, water allocation policies, planting trees,
reducing tillage, planting cover crops and reintegrating livestock into crop production systems to adapt to the impacts
of climate change or changing climatic conditions (Simelton et al., 2013). Farmers, being sensitive to the impacts of
climate change, are using local adaptation strategies to reduce the climate risk (Rufat et al., 2020). Thus, it is essential
to understand the farmers’ perception of climate variability and information about the local environment and weather
pattern to grasp the concrete knowledge for the advancement of policymaking and programs (Mertz et al., 2011).
Decreasing precipitation, erratic rainfall, more frequent floods, soil erosion, the difficulty of tillage and poor
transportation facilities make it more challenging for agriculture production. Farmers have been modifying some of the
topographical factors to some extent by manual efforts. For example, they carry water to land where there is little rain or
supply fertilizers to the soil that is deficient in plant food. So, the applied techniques of crop production by farmers and
the real challenges that they face can contribute a lot to comprehending the severity of climate change and can be used
to find out new farmer-friendly adaptation strategies and policies (Chapagain et al., 2017).
Depending upon the water availability, soil conditions, variation in temperature and moisture, farmers at different
regions face altogether different challenges. Accordingly, solutions to adapt and mitigate climate change are site and
regional-specific. Therefore, considering the viewpoints of region specified farmers would help to develop a holistic
approach to mitigate numerous risks of changing climate.
Some parts of the Himalayan region satisfactorily mitigate the impact of climate change by using various
adaptation mechanisms such as rotating crops, mixed farming, adjusting planting times (early and late) and crops
diversifications (Negi et al., 2017). If the national policies support the climate change responses, the adaptive capacity
which is already being applied by the local peoples can be improved (Carman & Zint, 2020).
Mountain people who are mainly dependent on agriculture and subsistence farming for their livelihoods are
vulnerable and challenged to the effects of climate change (IPCC, 2018). The adaptation responses in such communities
in the Himalayas are insufficient due to a lack of resilience or resources and a fragile environment (Mitter et al., 2019).
Several studies revealed that the role of local indigenous people and their knowledge in handling and tackling
the adverse impacts of climate changes are very significant and it can be helpful to achieve the solution and effective
adaptation (McDowell & Hess, 2012). Individual adaptation strategies to protect their households from the negative
impacts of climate change in the communities. Moreover, this kind of positive individual technique can give more
beneficial outcomes to reduce the vulnerabilities and to improve the climate resilience and adaptation mechanisms in the
community (Carman & Zint, 2020), and government should intervene in these considerations and encourage the local
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indigenous techniques through various incentive methods (Jarawura, 2014), and this kind of individual sound steps can
lead to more positive externalities in the societies (Van & Steg, 2019). Furthermore, the integration of both scientific
knowledge and local indigenous peoples’ perception is the most effective adaptation strategies to cope up with the
impacts of climate change and to reduce the climate risk vulnerabilities.

3. Research gaps
Ladakh has a unique cold arid climate with unusual precipitation, and scarce vegetation in the Trans-Himalaya
and is considered as a “hotspot” of climate change impacts. Therefore, the issues of vulnerability, exposure, adaptive
capacity, and adaptation strategy need to be understood in a local context in the communities.
Several studies have been worked on the perceived impacts of climate change and adaptation strategies in India
and some other countries also. But no such studies have been done on the perceived impacts of climate change, and
adaptation strategies focusing on land degradation, soil erosion, and availability of water, forest resource, livelihoods of
population, and their coping and adaptation mechanism in the Nubra valley of Ladakh. From the above, it is clear that
none of the studies have been conducted on “Perceived impacts of climate change on economic activities and adaptation
strategies in the cold desert of Ladakh, India”. Thus, the present study will be a medium attempt to fill the data and
information gaps in this vital area of research, which will also be useful for drawing significant policy implications for
the sustainable development of Nubra valley in Ladakh, specifically in the context of climate change impacts and their
adaptation mechanism. This will also provide some policy recommendations for Government and Non-Government
agencies for implementing climate resilience policies and programs.

4. Objectives and methodology
The main objectives of the present study are as follows:
• To identify the local peoples’ perception on climate change in the Nubra valley.
• To examine the perceived impacts of climate change on various economic activities and to ascertain the climate
risk vulnerability of three key sectors such as forest, agriculture, and water resources in the Nubra valley.
• To understand how local people use adaptation strategies to cope up with the impacts of climate change and to
reduce climate vulnerability in the Nubra valley.

4.1 Information on climate change assessment
A mixed-method was used i.e., qualitative and quantitative methods to comprehend the people’s perceptions and
traditional environmental knowledge on climate change. Understanding about the impact of climate change on various
economic activities i.e. agricultural productivity and availability of water and forest resources was collected through
household surveys, focus group discussions, and PRA tools i.e. group discussion, historic information, etc. Local
indigenous knowledge is a process of practices, beliefs, and understanding about the local environment. To alleviate
this problem, local people developed various adaptation strategies through their indigenous knowledge based on past
experiences and learning under local climatic conditions. Surveys were carried out in the Ladakhi language because
most of the respondents preferred to speak in the local language (Ladakhi).

4.2 Sampling design
The statistical population was composed of different areas of Nubra valley. To improve the accuracy of sampling
and to incorporate statistical population features in the sample, the stratified sampling method was adopted in
which the entire population was divided into different subgroups or strata, and then selections were randomly made
proportionally from the different strata. A stratified sampling technique often requires a smaller sample, which saves
money and efficiency. Since the Nubra valley consists of three different areas or blocks, 288 samples of the households
were gathered out of 3606 households in these three blocks or strata, including 137 from the Diskit block, 85 from the
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Panamik block, and 66 from the Turtuk block. Meanwhile, the sample size of each block was determined by using the
(ni) formula. The sample size of each block was enough and truly represented the population. The sample size has been
selected by using the formula (ni = Ni/N*n). Sampling details are shown below.

Table 1. Total population (N), Strata ( Diskit, Panamik and Turtuk), Sample size (n), and Formula (Ni/N*n).
Region

Sub-groups

Statistical Population (Ni )

Sample Size (ni)

Diskit

1715

137

Panamik

1065

85

Turtuk

826

66

Total

N = 3606

n = 288

Nubra Valley

Source : Village amenity directory, (2015-16), Leh

4.3 Qualitative and quantitative assessments
Qualitative and quantitative approaches were used which are based on exploratory research to understand the
perception of local people on climate change and its impact in the region. Open-ended questions were used to cover a
wide range of information through group discussions and meetings conducted at the village level to establish the general
perceptions regarding climate change impact in the study area (Negi et al., 2017)
Descriptive research was used and household data were collected through closed-ended questions i.e. local peoples’
perception and knowledge towards climate variability and its impacts, vulnerabilities and adaptation strategies adopted
by local people. This was further updated and verified with the data generated through the qualitative methods (Maikhuri
et al., 2003; Rao et al., 2012). Information was collected through a questionnaire based approach on various economics
activities and the vulnerability of three key sectors of forest, agriculture and water resources and local adaptation
measures adopted to cope up with the climate change impacts.

4.4 Overview of the study area
The present study was undertaken in Nubra valley lies between the two great mountain ranges-the Ladakh (on the
South) and the Karakoram (on the North). The valley located between 34o15’45’ to 35o31’00’ N and 76o55’ to 78o05’
E co-ordinates (Kumar et al., 2009) and is located in the cold desert area in Karakorum Mountain range of Himalaya
in the Union Territory of Ladakh, India (Figure 1). There are two main rivers i.e., Nubra river (a tributary of Shayok
river) and originates from the Siachen glacier, the second-longest non-polar glacier in the world, and the Shayok river
(a tributary of Indus River) and originates from the Remo glacier (Joshi et al., 2006). The glacier meltwater is the key
source of water for irrigation and drinking purposes. Nubra valley is known for the richness of natural resources in
the history of Ladakh due to its fertile area and the rural populations of the region are fully dependent on agriculture
production, horticulture production, and forest resources for their livelihoods. Likewise; the region is characterized
by an agricultural subsistence economy in which they are cultivating various kinds of crops as compared to the rest of
the Ladakh region due to its fertile area. Besides, the valley is also known as a climate-prone area due to the frequent
natural disasters that have been occurring in past decades (Table 2). The survey was carried out in the three mountainous
blocks viz. Diskit, Panamik, and Turtuk of Nubra valley in a cold arid area of Himalaya.

Volume 2 Issue 2|2021| 197

Regional Economic Development Research

NTAJIKISTAN

LADAKH
LOCATION MAP

E

LADAKH

AN

S

IS
TA
N

W

AF

GH

Leh
CHINA
(TIBET)

PAKISTAN
New
Delhi

NEP
AL

BHUTAN

BANGLADESH

BAY
OF
BENGAL

MYANMAR
(BURMA)

LEH

LADAKH

ARABIAN
SEA

MUZAFARABAD
BANDIPURA
KUPWARA
GANDERBAL
BARAMULA
PUNCH

SRINAGAR

KARGIL

BUDGAM PULWAMA
ANANTNAG
SHCPIAN

J A M M U & K A SH M I R

alk

P

KULGAM

LEGEND

il

a
Str

MIRPUR

International Boundary
State/UT Boundary
Country Capital
State/UT Capital

SRI
LANKA

KISTWAR

RAJOURI
RAMBAN
RIASI
UDHAMPUR
JAMMU
SAMBA

Map not to Scale

DCDA

KATHUA

Copyright © 2020 www.mapsofindia.com

INDIAN OCEAN

N

INDIA
STUDY AREA

NUBRA

KARGAL

LEH

Phyang Village

CHANGTHANG

Union Territory of Ladakh Boundary
Elevation in (m)
High: 7602
Low: 2096

0

15 30

60

80

120

kilometers

Figure 1. Map of the study area
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Table 2. Natural disasters have occurred over last one decade in Nubra valley
Year

Type of natural disasters

Village

Block

2010

Cloudburst and Flashflood

Turtuk and Takshi villages

Turtuk

2015

Glacier Lake Outbursts flood (GLOFs),
Flood and cloudburst

Tegger, Udmaru, Hundri, Diskit and
Khalsar villages

Diskit and Panamik

2019

Flashflood and Flood

Waris, Charasa, and Burma villages

Diskit and Panamik

2020

Flood

Hundri village

Diskit

Source: Field Survey

5. Results

5.1 Farmers’ perceptions towards climate change or variability
Analysis of farmers’ perception of climate change is a precondition for evaluating the climate change impacts,
vulnerabilities and their adaptation strategies. Data obtained from the survey indicated that more than 90% of the total
respondents of three blocks were acknowledged and observant of significant alterations in weather patterns over the
last three decades (Table 3). During the focus group discussion, the local respondents are confident that the climate has
changed, not because they know much about global warming and scientific knowledge about the process of climate
change but due to their past experience about the local environmental change and also their long experience in the
agricultural farming. In this present study, most of the respondents were farmers’ and data were purposively collected
from the head of the households to know about their past indigenous knowledge and experience about the reality of
local environment or climate. Thus, the study result clearly indicates that weather pattern has been changing over the
past three decades, because of which the variability of climate is also changing in the study area (Table 3).

Table 3. Farmers perception towards weather changes over past three decades in the Nubra valley

Response

% of respondents
Turtuk

Diskit

Panamik

Yes

98

93

90

No

2

7

10

Total

100

100

100

Source: Field Survey

The changing of climatic factors is validated by the local indigenous farmers, and they can be perceived the
fluctuating trends of climatic variables such as temperature, rainfall, and snowfall with the help of their past extensive
experienced, and knowledge about the local environment and above 90% of the respondents from each block perceived
that the nature of the precipitation is changing (Table 4). They have observed, the month of peak rainy seasons started
around the middle of July in the past, whereas now it has changed and shifted to the third week of August.
The study results indicate that 99% respondents of Turtuk block, 98% respondents of Diskit block and 96%
respondents of Panamik block observed that temperature has been increasing over the last three decades, the summers
have become hotter and the frequency of natural disasters has increased in the region. Based on analysis, during the
focus group discussion the local people have highlighted the core issues which they have faced due to changing climate
patterns such as the decrease in rainfall and snowfall. Similarly, the study found that more than 90% respondents of
the three blocks acknowledged a decrease in the rate of rainfall and snowfall (Table 4). Due to decline in rainfall and
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snowfall, the availability of water is reduced and it leads to negative impacts to the people of Nubra valley as glacier
melt water is the only source of water for their irrigation and drinking purpose. In the present study, 87% respondents of
Turtuk block, 80% respondents of Diskit block and 94% respondents of Panamik block respectively were observed that
the availability of water has been declining in the Nubra valley of Ladakh (Table 4).

Table 4. Peoples’ perceptions on indicators of climate change in Nubra valley of Ladakh

Indicators

Change in nature of precipitation

Decrease in water availability

Decrease in snowfall

Increase in temperature

Decrease in rainfall

Has the climate changed?

% of respondents
Response

Turtuk

Diskit

Panamik

Yes

91

94

90

No

9

6

15

Yes

87

80

94

No

13

20

6

Yes

97

94

96

No

3

6

4

Yes

99

98

96

No

1

2

4

Yes

95

97

91

No

5

3

9

Yes

81

76

88

No

19

24

12

Source: Field Survey

5.2 Impacts of climate change on various economics activities
Agriculture is the main activity of people living in Nubra Valley as it provides food and livelihood security.
However, any variability of climate has directly impacted agricultural productivity and sustainability. The study
revealed that 78% respondents of Turtuk block, 83% respondents of Diskit block and 71% respondents of Panamik
block realized that the productivity of agriculture had decreased due to the impacts of climate change (Figure 2).
Furthermore, the irrigation and productivity of agriculture depend on the supply of glacier melt water. Any change in the
supply of water leads to a serious threat to agriculture production, and therefore to the livelihoods, economy, and food
security of the region. Also, 71% respondents of Turtuk block, 78% respondents of Diskit block, and 80% respondents
of Panamik block have revealed that the availability of water has decreased in their areas respectively due to the impact
of climate change (Figure 2). Therefore, the reduction of water availability is one of the main driving forces for reducing
agricultural productivity in the region.
Local farmers experienced that the impacts of climate change on agriculture production have two aspects i.e.,
negative and positive both. The traditional staple crops of food grain such as wheat and barley and fruits such as apricots
and walnuts have been adversely affected due to rising temperature and its productivity has been decreasing. Whereas,
various cash crops are being cultivated now due to increasing temperature which couldn’t have been cultivated in the
past due to harsh climate or weather in the cold arid mountain area. Thus, an increase in temperature helps to raise
many agricultural productions which are difficult to cultivate in a cold place. But the magnitudes of negative impacts of
climate change are much higher in the mountain area of Nubra valley. There have frequently increased climate Hazards
like cloudbursts, floods, flash floods, and global lake outburst floods (GLOFs) in the Nubra valley. Local people have
Regional Economic Development Research

200 | Tsering Tashi, et al.

witnessed that the recurrence of natural disasters has been happening almost every alternate year in the last decade
(Table 2). Natural events have negative impacts on various economic activities and their livelihoods. The study results
indicate that 81% respondents of Turtuk block, 75% respondents of Diskit block and 87% respondents of Panamik block
perceived that land degradation and soil erosion has increased due to the impact of climate change (Figure 2) which has
led to a serious threat to their livelihoods.

(a)

(b)

Land degradation and soil erosion

Water availability

100%

90%

90%

80%

80%

70%

70%

60%

60%

50%

50%
40%

40%

30%

30%

20%

20%

10%

10%
0%

turtuk

diskit

Increase

panamik

Decrease

(c)

0%

Don't know

Same

90%

80%

80%

70%

70%

60%

60%

50%

50%

40%

40%

30%

30%

20%

20%

10%

10%

Same

diskit
Decrease

panamik
Increase

panamik
Increase

Agricultural productivity

90%

turtuk

diskit
Decrease

(d)

Forest resource availability

0%

turtuk

0%

turtuk

Increase

diskit
Decrease

panamik
Same

Figure 2. Farmers’ perception of climate change impacts on various economic activities in the Nubra valley
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In the cold desert area, constitute of forest resources is less as compared to the other regions and forest resources
is a major role to sustain their life and increase livelihoods. But the impact of climate change has threatened the
forest resources of the mountain communities. Similarly, the study revealed that 78% respondents of Turtuk block,
71% respondents of Diskit block and 82% respondents of Panamik block were experienced that the forest resource
availability has declined due to the impacts of climate change in the Nubra valley. Furthermore, most of the forest
resources are found on the riverside and the rivers, streams located in villages of three blocks have been severely
affected because of climatic disasters such as floods and glacier lake outburst floods (GLOFs) in the region. These
climatic disasters, therefore, make the livelihood of the people more susceptible in Nubra valley as it is already
vulnerable to scanty natural resources.

5.3 Climate risk vulnerability of three key sectors
Climate risk vulnerability is the degree to which a structure is vulnerable to and unable to cope up with adverse
effects of climate change, climate variability and extremes (IPCC, 2007a). Vulnerability can be measured using three
dimensions of exposure, sensitivity and adaptive capacity to the effects of climate change. The adaptive capacity refers
to the ability to respond to exposure and sensitivity to reduce adverse impacts and to develop resilience. While exposure
is, the presence of people, livelihoods, environmental functions, ecosystems, resources, economic, social and cultural
assets in places that could be adversely affected by climate events and sensitivity is the degree to which the system is
affected by the exposure to risk (IPCC, 2019).
5.3.1 Forest vulnerability

100%
100

91.4%

90%
90
80%
80
70%
70
60%
60

61%
52.1%

50%
50
40%
40
30%
30

25%

22.9%

23.9%
15.1%

20%
20

7.2%

10%
10

1.4%

0%
0
turtuk
Turtuk

diskit
Diskit
Increase

Decrease

panamik
Panamik
Same

Figure 3. Forest vulnerability

The forest resources such as plants, trees, sea buckthorns and grasses are the major sources of livelihood of the
rural people of Nubra valley. Increasing forest vulnerability due to the impact of climate change varies from region to
region. Due to the variability of climatic factors such as increasing temperature and erratic rainfall and snowfall, the
forest resources become more vulnerable. The study result shows that 91.4% respondents of Panamik block admitted
that the impact of climate change on forest resources is a serious problem and frequent natural disasters particularly
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global lake outburst floods (GLOFs) due to increasing temperature is the major cause of the forest vulnerability in
the Panamik block (Figure 3). Due to that forest land has degraded and has led to adverse effects to the poor people
who fully depend on forest resources for their livelihoods. Global lake outburst flood (GLOFs) is an indicator of
exposure and higher forest vulnerability due to increasing temperature in the Panamik block. Similarly, 52.1% and 61%
respondents of Turtuk and Diskit blocks respectively revealed that forest vulnerability has increased due to less rainfall
and snowfall and it leads to increase water deficiency to the plants, grasses and trees in the forest (Figure 3). It shows
that water deficiency in plants, grasses and trees are an indicator of exposure and higher vulnerability due to less rainfall
and snowfall.
Whereas, 22.9% and 23.9% of local household respondents of Turtuk and Diskit blocks, respectively admitted that
forest vulnerability has declined due to increasing temperature (Figure 3). The people in these two blocks have planted
more trees in the hilly area and, thus have a positive impact on pastureland, trees and sea buckthorn in the forest due to
rising temperature and they earn some money by selling these forest resources such as sea buckthorn in the market. So,
planting trees, pasture land and sea buckthorn are an adaptive capacity indicator due to increasing temperature and forest
vulnerability is lower in the Turtuk and Diskit blocks. Thus, the results clearly indicate that the forest vulnerability is
higher in the Panamik block as compared to Turtuk and Diskit blocks. To reduce the impact of climate change and also
to reduce the forest vulnerability plantation of more trees moderates the adverse impact of climate change.
5.3.2 Agriculture vulnerability
People primarily depending on agriculture for their livelihoods in the rural areas have a direct relationship with the
climatic variable with respect to daily agricultural activities. Any change in the climatic variables directly affects the
agricultural production both in the short-run and long-run periods thus affecting the status of food security to the poor
people.
In the present study, the result shows that agriculture vulnerability is high in all three blocks of the study area (Figure
4). The vulnerability of traditional crops of wheat and barley and traditional fruits such as Apple, Apricot and Walnut
productions are very high due to the climate variability such as increasing temperature which in turn leads to an increase
in new crop-related diseases thus affecting the productivity of the crops. The production of these crops is declining and
is thus categorized as vulnerable crops and fruits in the study area.
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Figure 4. Agriculture vulnerability
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Hailstorm in late spring has badly affected the apricot production particularly during the flowering and budding
season. The late snowfall also affects the process of pollination of the fruit plants in the study area. Higher agricultural
vulnerability is observed in the Wheat, Barley, Apricot, Apple and Walnut due to the climate variability.
Whereas some local respondents revealed that due to rising temperature, they are cultivating various kinds of cash
crops and fruits which were not cultivated in the past due to harsh climatic conditions in the hilly areas (Figure 4). The
cultivation of different crops has significantly improved their sources of income and has thus improved their standard
of living. The new cash crops that are now produced by the locals are Brinjals, Capsicums, Cucumbers, Peas, Broccoli,
Tomatoes, Chili, Mustard, Kala Masoor (Pulses), etc. The new fruits are Grapes, Almonds, and Watermelons. All these
new crops and fruits are an adaptive capacity indicator due to rising temperature and lower agricultural vulnerability in
a cold desert area of Nubra valley.
5.3.3 Water vulnerability
Water is a serious problem of the rural people of Nubra valley because glacier meltwater is the only source of
water and demand for water has been rising in the study area for different purposes such as irrigation, drinking and other
purposes. The variability of climate such as rising temperature and scanty rainfall leads to more stress towards water
vulnerability.
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Figure 5. Water vulnerability

The study result shows that almost all the respondents of the three blocks in the study area revealed that water is
a core problem and water vulnerability has increased over the year in the Nubra valley (Figure 5). Water scarcity is the
biggest issue in each village of the study area particularly for irrigation purposes. Due to the impact of climate change,
the pattern of climate variables such as snowfall and rainfall is rather unpredictable and it usually happens untimely,
and due to that farmer faces various problems such as shortage of water during sowing season. It has become a serious
problem in the study area. Most of the people’s household income in the study are fully dependent on farming activities
and due to the shortage of water the farmer become more vulnerable and poorer. Thus, the result shows that water
vulnerability is higher for the farming activities in the study area and it has adversely affected the poor people in the
study area. Thus, it clearly indicates that due to rising temperature, snowfall has declined resulting in reduction of the
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water availability in the study area. So, water availability particularly for irrigation is an indicator of exposure and water
is highly vulnerable in each of the village in the study area due to rising temperature. Hence, it is very necessary to take
certain active steps to reduce water vulnerability and improve water sustainability in irrigation system in the study area.

5.4 Farmers’ response and adaptation strategies to climate change impacts
People living in the mountains of the Himalayan region are highly dependent on weather and glacier melts water
to do the farming activities. The change in climatic conditions over the years has negatively impacted the agricultural
productivity, crop yield, and food supply in the region. People experienced that over the last several years there is
irregular rainfall (delayed or shift in rainfall, low rainfall or no rainfall), drastic changes in the frequency and volume
of precipitation patterns, low snowfall, and rising temperatures resulted in the low yield of crops and vegetables in the
region. Climate change also resulted in increase in natural disasters such as floods, cloudbursts, flash floods caused by
land degradation, and soil erosion which has a direct impact on crop productivity and food security. The major changes
induced by climate variability as observed by the traditional communities to cope with these changes are presented
in (Figure 6). People’s perception of the impact of climate change on agricultural productivity, land degradation,
availability of water and forest resources is evaluated (Figure 2).

No

Yes
16%

Planted trees-Panamik
Planted trees-Panamik

84%

14%

trees-Diskit
PlantedPlanted
trees-Diskit

86%

13%

trees-Turtuk
Planted Planted
trees-Turtuk

87%
21%

Mixed farming-Panamik
Mixed farming-Panamik

79%

17%

Mixed farming-Diskit
Mixed farming-Diskit

83%

21%

Mixed farming-Turtuk
Mixed farming-Turtuk

79%

12%

Organic farming-Panamik
Organic farming-Panamik

88%
21%

farming-Diskit
Organic Organic
farming-Diskit

79%
33%

Drganic farming-Turtuk
Organic farming-Turtuk

67%
39%

pattern change-Panamik
Crop patternCrop
change-Panamik

61%

27%

Cropchange-Diskit
pattern change-Diskit
Crop pattern

73%

30%

Cropchange-Turtuk
pattern change-Turtuk
Crop pattern
0%
0%

20%
20%

40%
40%

70%
60%
60%

80%
80%

100%
100%

Figure 6. Community response and adaptation to climate change impacts in three selected blocks of Nubra valley viz. Turtuk, Diskit and Panamik
Source: Field survey data, 2020
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The study result revealed that 70% of respondents of Turtuk block, 73% of respondents of Diskit block, and 61%
of respondents of Panamik block respectively have adopted local strategies of cropping patterns in the study area (Figure
6). Traditional agriculture production has declined due to uncertainty of climatic conditions and the local inhabitants
developed their adaptation strategies by using their past experiences and local indigenous knowledge to cope with
the changes of climatic factors such as increasing temperature, low rainfall, natural disaster, land degradation and soil
erosion (Figure 6). The productivity of traditional crops of food grain such as wheat and barley has declined due to
rising temperature and also due to the less availability of water has changed their traditional cropping practices into
the mixed cropping system. Due to which they had minimized the production of traditional crops and instead started
cultivating cash crops such as Kidney bean (Rajma dal), Len culinaris (Kala masoor), Solanum melongena (Brinjal),
Capsicum annuum (Capsicum), Cucumis sativus (Cucumber), Lagenaria siceraria (Bottle gourd), Capsicum frutescens
(Chilli) and Brassica oleracea var. italica (Broccoli), to cope with the rising temperature and adapt their cropping
practices to alleviate negative impacts and maximize the potential benefits of climate change at the mountain region of
Nubra valley.
Floods have frequently been occurred in Nubra valley since the last decade (Table 2) thus, adversely impacting
agriculture and forest resources i.e., land degradation, soil erosion, and losses of crops, etc. Local indigenous people
had learned to deal with the changing climate and more frequent events. More than 75% of the respondents of each
block practiced that the adaptation strategy of mixed farming to increase soil fertility by using local manure in crops
cultivation and to protect the soil erosion (Figure 6). Besides, 67% respondents of Turtuk block, 79% respondents of
Diskit block, and 88% respondents of Panamik block revealed that the local population has started practicing organic
farming to increase soil water retention/drainage (better response to droughts and floods) and also to avoid land
degradation to adapt the impacts of climate change in the region. Furthermore, to adapt to land degradation and soil
erosion. The majority of the respondents in each block were planting more trees to cope with climate change (Figure 6).

6. Discussion
The scientific information and data regarding the impacts of climate change on the people living in the mountainous
region are limited. However, the indigenous people of these mountainous regions felt and experienced the impact of
climate change on various economic activities such as livelihoods, lifestyles, and natural resources availability (Sharma
et al., 2009). Several indicators of climatic conditions have been changing like increasing temperature, frequent natural
disasters, decrease in snowfall and rainfall (Below et al., 2010). The impacts of climate change are a serious threat to
those people whose livelihoods are fully reliant on natural resources.
Thus, the perception of local peoples and their indigenous knowledge about climate change is the most significant
to improve their local adaptation strategies and to reduce the vulnerability of the key sectors due to the impact of climate
change and to uplift their society (Mehta et al., 2010).
In the present study, the majority of the respondents have reported numerous indicators of climate change such as
changes in the pattern of precipitation, increase in temperature, disease in crops, seasonal change in rainfall, shifting and
adaptation of vegetation, water scarcity, changing pattern of crops, frequent floods, early or late crop maturity.
The impacts of climate change are very serious to the inhabitants of mountain regions especially those living in the
Trans-Himalayas due to their fragile ecosystem. The main source of livelihood of the rural people is agriculture, and
climate change has directly impacted their agricultural production and indirectly to livelihoods.
One of the greatest impacts of climate change in the study area is the shortfall in the availability of water, rising
temperature, and less snowfall in winters. Agriculture is the main occupation of the people of Nubra valley and the main
source of irrigation is the melt water from the glaciers. Due to its higher dependence on glacier melt water as it is the
only source of water for both irrigation and potable water in the Nubra and the productivity of agricultural production
has declined and the local people have become more vulnerable as the availability of water from spring has reduced to
a considerable amount due to increasing temperature and less rainfall and snowfall in the region. Hence, water scarcity
is a major issue in each village of the study due to increasing temperature. Thus, water requirement particularly for the
irrigation purposes is an indicator of exposure and higher vulnerability in the study area.
There are both positive and negative impacts of climate change in the study area. The negative impacts are land
degradation, soil erosion, water scarcity, and frequent natural disasters in the hilly regions are a very serious concern.
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New diseases has increased over the year in the traditional crops and fruits such as wheat and barley, apricots, apples
and walnuts due to rising temperatures and thus, decline in its productivity. The apricot production is severely affected
in many villages of the study area due to the decline in the amount of snowfall and hailstorm in late spring in the form
of precipitation as it badly affects the flowering and budding and late snowfall affects the process of pollination of the
plants in the hilly region. Therefore, the indicators of traditional crops and fruits is an exposure and highly vulnerable in
the study area (Partap et al., 2012).
However, the positive impacts of climate change in the study area are seen in both agriculture and horticulture
production such as kidney bean, cabbage, broccoli, capsicum, chili, cucumber, bottle gourd, and other cash crops. These
crops are mainly grown because of an increase in the temperatures which was not possible in the past due to extreme
weather conditions in the study area. Similar studies have also been found from Urgam and Niti valleys in Uttarakhand
(Negi et al., 2017). Thus, all the indicators of cash crops are an adaptive capacity and lower vulnerability to the impacts
of climate change. All the indicators of adaptive capacity are the best alternative to reduce the exposure of climate
vulnerability and improve resiliency in the study area. Therefore, government should take certain steps to improve their
adaptive capacity and to reduce climate vulnerability in the study area.
To make the adaptation strategies are more reliable, replicable, flexible, and resource-conserving in nature, the
local adaptation mechanism should be used with scientific knowledge by using modern techniques and tools. The role of
traditional knowledge of local indigenous people should be focused more actively in the design of policy and adaptation
strategies at the national and global levels. Thus, it is important to understand the local people’s traditional knowledge,
experienced, and their responses and adaptation strategies to climate change to sustain their livelihood and environment.

7. Conclusion
This study was conducted in the Nubra valley of Ladakh to identify the local indigenous people’s perception of
climate change, its impacts, vulnerabilities, and their adaptation strategies to climate change. The paper asserts that
most of the respondents perceived dealing with climatic factors such as changes in temperature, precipitation level,
and frequent floods as the most profound climate condition which impacts their livelihoods. In the study area land
degradation, severe soil erosion, low agricultural productivity, less water availability and low forest resources are the
common climate change-related hazards and impacts. To overcome these challenges, local indigenous people are using
different adaptation strategies by utilizing their past experiences such as mixed farming, changes in cropping patterns,
organic farming, and planting more trees.
Adaptation strategies are the best way to respond to the ongoing and immediate threats of climate change and
to minimize their vulnerabilities. Local people’s perception and understanding of climate change can be an important
strength to adaptation to climate change though it is hardly taken into consideration by the policymakers at the national
and international level. Thus, the syntheses way of approach is more appropriate to adapt the climate change impacts
in which people’s perceptions and indigenous knowledge with the available scientific knowledge about climate change
can bring the more constructive way of methods to increases our capacity for global climate change mitigation and
adaptation.

8. Policy implications
People living in the hilly regions have been using the local adaptation strategies and mitigation mechanisms to
cope up with extreme weather and environmental change over centuries through their traditional knowledge. Organic
farming and traditional agricultural practices are very popular in the world due to their higher potential for mitigation
and cope up with the impacts of climate change and it has also a greater ability to reducing greenhouse emissions gases
like carbon dioxide, methane, and nitrous oxide (Goh, 2011).
However, the policy planners are not giving utmost importance to the usage of traditional knowledge regarding
adaptation strategies and mitigation mechanisms. Due to changes in climatic patterns, local people in the study area
have started using various local adaptation strategies like changing their crop and cropping patterns to improve their
resilience. However, despite having high coping power, traditional crops have been excluded from agricultural programs
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and policies. Hence, there is an urgent need to implement these traditional practices and also need to design appropriate
policies towards the impact of climate change on the environment at the grass-root level and to develop a network with
governmental projects, NGOs, and other institutions working on climate change to preserve environmental conservation
in the Himalayan region.
Effective water governance should be implemented to maintain a well-functioning watersheds and it can improve
the resilience of rural communities and their economies as water is the core issue in the study area due to the impacts
of climate change. It is important to strengthen local indigenous peoples’ knowledge, experiences, innovations,
and practices within ecological and social systems to cope up with the impacts of climate change. Sound scientific
knowledge together with credible, indigenous knowledge is necessary to support the development and implementation
of comprehensive policies and sound adaptation mechanisms. Similarly, an artificial glacier technology should be
constructed to mitigate the water scarcity in the sowing time and solar greenhouse low carbon vegetable production
should be applied and it is a suitable technique in the fragile environment and ecological harsh climate.
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