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Abstract

Pastoral nomads of the Himalayan region are the least responsible but most threatened by climate change. Therefore, the present
study was conducted to analyze vulnerability to climate change among the randomly selected 200 Changpa pastoral nomads of
Leh-Ladakh. A vulnerability to climate change index was developed underlying the principle of IPCC by using 18 household-
level indicators of bio-physical and societal importance. The study indicated that the average vulnerability scores of Changpa
pastoral nomads were positive, which indicated their shock-absorbing capacity to extreme climatic conditions, whereas 32% of the
households were extremely vulnerable. But vulnerability index score of 7.50% of households was negative, which indicated their
inability to cope with the extreme climatic conditions. Hence, immediate attentions are required to formulate better adaptation

strategies to improve the adaptive capacity of the vulnerable Changpa pastoral nomads to changing climate conditions.
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Vulnerability indicator is a fundamental concept of
research on climate change (Hinkel, 2011; Sarkar et al.,
2017). The IPCC defined ‘vulnerability as the propensity
or predisposition to be adversely affected.” A vulnerable
system is more sensitive to climate stimulus than a system
having more adaptive capacity (Smit and Wandel, 2006).
This vulnerability can be determined by the character,
magnitude and rate of climate change, the system’s
sensitivity and its adaptive capacity (McCarthy, 2001).
Vulnerability has multi-dimensional drivers. Climate
events are becoming a significant aspect of it, which needs
to be addressed with utmost care (Smit and Wandel, 2006;
Cutter, 2008; Prasad ef al., 2014).

Changpa, nomadic pastoralists who originally migrated
from Tibet in the eighth century A.D. (Jina, 1999), used
to graze the rangelands of the Changthang region of
Leh-Ladakh and rear different categories of livestock,
including yak, sheep, goat and horse. These livestock
species are adapted to the hostile and marginal pastures
of the region and provide a range of animal products
and services. The domestic Changthangi goats of the
Changthang region produced the finest cashmere or
pashmina fiber in the world (Misra ef al.,, 1998; Ahmed,
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2002). But in the recent past, Changpa pastoral community
is faced newer challenges due to the degradation of high-
altitude pastures and, subsequently, shortage of feed
and fodder resources due to climate change. Tundup et
al. (2016) observed that from 2003 onward monthly daily
minimum temperature during May increased from 4 to
8°C up to 2007 in Leh district. The further monthly mean
daily maximum temperature was higher (>20°C) before
2003 but decreased from 2003 to 2009 (range 15-20°C) and
snowfall was a common phenomenon during month of
May before 2003, but it was not observed during 2003 to
2009. Tundup et al. (2016) also concluded that Changpas
acutely feel climate change and in recent years, the
migration routes of Changpas have changed due to a
decrease in pasture land. However, these challenges
would transform into threats as a synergistic effect of
impending climatic change in the region. Therefore,
studies on vulnerability to climate change among the
Changpa pastoral nomads of the Changthang region of
Leh-Ladakh were considered as an important response
option worthy of research and assessment, not simply
to guide the selection of best adaptation and mitigation
policies but to reduce the vulnerability of climate change
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effect on people, thus to minimize the costs on strategy
and/or policy framing in the long run.

The present study was carried out in the purposively
selected Changthang region of Leh-Ladakh. Changthang
region is the home of Changpa pastoral nomads. Bhasin
(2012) reported that there were 14 groups of Changpas,
averaging 130 families in each group. About 1500
Changpas are residing in the Durbook and Nyoma blocks
of the Leh district. In the present study, Changpa, with
more than 30 years of experience in yak, sheep, goat, and
cattle rearing as their main income, was considered as
respondents. A total of 200 respondents were selected
randomly for the study.

The study was based on secondary data (climatic
parameters) and primary data collected at the household
level, either from doorstep or grazing land. Household-
level data were collected by using various indicators of
adaptive capacity and sensitivity. Climatic indicators
were calculated from the climatic data generated
by the Defence Institute of High Altitude Research,
Leh. Livelihood vulnerability was postulated as the
vulnerability of a household as a function of the
household’s exposure, adaptive capacity and sensitivity,
which help them to cope with, recover from and adapt to
climate change and its impacts. A composite vulnerability
to climate change index (VCCI) was developed by
underlying the principle of Maiti et al. (2015a).
Adaptive capacity was conceptualized as the overall
effect of five types of livelihood capital, viz., human,
social, physical, natural and economic capital. Nine
indicators were identified from a different source of
published literature and consultation with the experts
for calculating adaptive capacity at the household level
and these were the average age of adult household
members, number of bovines in the herd, number of small
ruminants in the herd, social participation, community
participation, community cohesiveness, distance to
market, distance to the human health center and distance
to a veterinary center.

For the study, historical changes in climatic variables
were considered as the indicators of exposure. Two
climatic parameters, viz., temperature and precipitation
(considering both rainfall and snowfall), were considered.
There were constraints regarding the availability of a
long-range climatic data set for the Leh-Ladakh region.
Therefore, published climate data of the Defence Institute
of High Altitude Research, Leh, was considered to
calculate the parameters of exposure like the average
change in monthly maximum temperature from normal
during the last ten years, the average change in monthly
minimum temperature from normal during last ten years,
coefficient in variation of snowfall during last ten years
and yearly average deficit in total precipitation during
last ten years. Five indicators were also considered to
calculate the degree of sensitivity of the household in
the study area. These were dependent ratio, proportion

of income from livestock, wool production, distance to
collect drinking water and livestock mortality during
the last ten years.

Principal component analysis (Ravindranath et al., 2011;
Maiti et al., 2015a) was used to identify the significant
indicators and eliminate non-significant indicators.
Two-factor analyses (one for adaptive capacity and
another for sensitivity) for each data set (indicators) were
run, choosing Principal Component Analysis (PCA)
for extraction and the varimax method for rotation of
factors in SPSS20. Indicators having a communality
value less than 0.50 were dropped for further analysis,
i.e.,, assignments of weights to the indicators. Methods
followed by Feroze and Chauhan (2010) and Maiti et al.
(2015a) were adopted to assign the weight to indicators.
Finally, the composite vulnerability to climate change
index (VCCI) for each household was calculated by the
formula of Maiti et al. (2015a); Livelihood vulnerability =
Adaptive capacity — (Exposure + Sensitivity).

All the nine identified indicators of adaptive capacity
had a communality value of more than the cut-off (0.50).
The identified indicators were fixed according to their
weightage score and indicators with higher weightage
were comparatively more important determinants than
the indicators with lower weightage (Table 1). Among
the identified indicators of adaptive capacity, ‘number
of the bovines in the herd” had the highest influence
on the overall adaptive capacity of farm family with
a weightage of 2.44, followed by ‘distance to market’
(2.36), ‘community participation’ (2.01), ‘community
cohesiveness’ (2.00), ‘average age of the adult household
members’ (1.98) and ‘number of the small ruminants
in the herd’ (1.93). Changthang Pashmina Growers
Cooperative Marketing Society was established by the
government in 1995 with the objective of eliminating
middlemen and giving nomads a better price for their
produce, i.e.,, raw pashmina fiber and assured market
for their produce. The marketing aspect had the highest
influence on the adaptive capacity of Changpa pastoral
nomads to cope up with climate change. On the other
hand, Changpas had to travel a long distance to avail
the infrastructural facilities like human and veterinary
health centers. But many times, particularly in extreme
winter, it was very difficult to access the service of these
centers. Therefore, these infrastructural facilities had a
comparatively lower level of influence on the adaptive
capacity of Changpa pastoral nomads.

The communality values of each five indicators were
above the cut-off, i.e.,, 0.50. Therefore, indicators were
further analyzed for weightage calculation (Table 2). It
was found that wool production was the highest sensitive
indicator to climate change with a weightage of 1.59,
followed by livestock mortality during the last ten years
(1.56), the proportion of income from livestock (1.20),
dependency ratio (0.99) and distance to collect drinking
water (0.86). Newey (2020) argued that if weather patterns
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Table 1. Relative importance of the indicators used to
measure adaptive capacity (n =200)

Table 3. Vulnerability and its components among the
Changpa pastoral nomads (n = 200)

Adaptive capacity  Sensitivity Exposure Vulnerability

S. No. Indicators of adaptive capacity Svilifglllll:; ;g
1 Average age of the adult household 1.98
members
2 Number of the bovines in the herd 2.44
3 Eeu;?ber of small ruminants in the 1.93
4 Social participation 1.61
5 Community participation 2.01
6 Community cohesiveness 2.00
7 Distance to market 2.36
8 Distance to human health centre 1.26
9 Distance to veterinary centre 1.46

6.09 +£0.10 1.29+0.14 3.08 1.69 + 0.08

Table 2. Relative importance of the indicators used to
measure sensitivity (n =200)

S.No Indicators of sensitivity szlicgtllll:; ;g
1 Dependent ratio 0.99
2 Proportion of income from livestock 1.20
3 Wool production 1.59
4 Distance to collect drinking water 0.86
5 Livestock morality during last 10 years  1.56

continue to change, then it could have an irreversible
impact on pashmina goat-rearing in the Changthang
region. Therefore, the production of the pashmina fiber
was supposed to be highly sensitive to climate change
in the Changthang region of Leh-Ladakh.

The index value for the adaptive capacity, exposure
and sensitivity of the sample households of the
Changpa pastoral nomads were recorded (Table 3). Net
vulnerability value was positive which indicated higher
adaptive capacity than the combined effect of exposure
and sensitivity among the Changpa pastoral nomads of
the Changthang region. It was also found that 7.50%
(Fig 1) of Changpa pastoral nomads had negative
vulnerability value, which is a matter of serious concern
and these households are under threat to any type of
shocks related to climate change. Hence, necessary
efforts might be undertaken to improve their adaptive
capacity as well as to reduce their sensitivity to climate-
led disasters. Maiti et al. (2015b) studied the vulnerability
to climate change of Brokpa pastoral nomads in western
Arunachal Pradesh and found that the vulnerability
profile of Brokpa was largely influenced by their adaptive
capacity than exposure and sensitivity. Aryal et al. (2014)

also studied the vulnerability of the transhumant pastoral
communities of Nepal as a function of the differential
level of exposure, sensitivity and adaptive capacity. Piya
et al. (2012) reported that adaptive capacity was the main
driver of higher-level vulnerability among the Chepang
community of Nepal. However, Tambe et al. (2011) found
higher vulnerability in Sikkim due to higher exposure
and sensitivity to climate change. Whereas Shrestha (2011)
reported different causes of higher levels of vulnerability
among the highlanders of Nepal and these causes were
income and the fragile ecosystem of the region.

All the sampled Changpa pastoral nomads of the
Changthang region were categorized into low, medium,
and extreme levels of vulnerability (Table 4). It clearly
depicted that 42.50% of the Changpa were moderately
vulnerable. But 32.00 and 25.50% of them had extreme
and lower levels of vulnerability, respectively. Maiti et al.
(2015b) also studied the differential level of vulnerability
among the Brokpa pastoral nomads of western Arunachal
Pradesh and found nearly half of Brokpas were highly
vulnerable. Bhutiyani et al. (2007), Chevuturi et al. (2018)
and Tundup et al. (2016) reported the climatic scenario is
changing in Leh-Ladakh, which has made the life and
livelihood of Changpa more fragile. Mahapatra (2013)
reported that the life of Changpas became more vulnerable
due to untimely heavy snowfall and the death of more
than 25000 livestock in Changthang region.

The present study successfully integrates the bio-physical
with social indicators to comprehend the impact of
climate change on indigenous communities, which
were found to be highly vulnerable. But they were least
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Fig 1. Household-wise vulnerability status of Changpa
pastoral nomads
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Table 4. Differential level of vulnerability among the
Changpa pastoral nomads (n = 200)

S.No Level of adaptation Frequency Percentage (%)
1. Extremely vulnerable 64 32.00
2. Moderate vulnerable 85 42.50
3. Lower vulnerable 51 25.50

responsible for climate change. The study also found
that 7.50% of the Changpa pastoral nomads had a negative
vulnerability index score which is an alarming situation.
Hence, necessary efforts may be initiated to improve their
adaptive capacity to cope with the changing climatic
scenario.
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