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Climate 
Change

ÅClimate change refers to long-term 
shifts in temperatures and weather 
patterns. 

ÅBut since the 1800s, human activities 
have been the main driver of climate 
change, primarily due to burning fossil 
fuels like coal, oil, and gas.

ÅGreenhouse gas concentrations are at 
their highest levels in two million years 
and emissions continue to rise. 

ÅAs a result, the Earth is now about 
1.1°C warmer than in the late 1800s. 
The last decade (2011-2020) was the 
warmest on record.



Mountains

Mountains are among the 
most sensitive ecosystems to 

climate change, occupying 
нп҈ ƻŦ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ 

Mountains provide numerous 
and diverse sources of 

ecosystem services, with 
water supply one of the most 

critical. 

10 % of the world 
ǇƻǇǳƭŀǘƛƻƴΩǎ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ 
well-beings rely directly on 
mountainous resources. 

About 40% of the world 
population depends indirectly 

on mountain resources for 
water supply, agriculture, 

hydroelectricity, and 
biodiversity. 

Climate impacts form an 
essential threat to mountain 
ecosystem services and the 
populations depending on 

them. 
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The freezing level height in mountain areas is projected to rise and will alter snow and ice 
conditions (high confidence). 

Warming has occurred in the Himalayas, the Swiss Alps, and the central Andes and has increased 
with altitude. Such elevation-dependent warming could lead to faster changes in the snowline, the 
glacier equilibrium-line altitude and the snow/rain transition height (high confidence). 

The global warming-induced earlier onset of spring snowmelt and increased melting of glaciers 
have already contributed to seasonal changes in streamflow in low-elevation mountain 
catchments (high confidence). 



It is virtually certain that snow cover will decline over most land regions during the 
21st century, in terms of water equivalent, extent and annual duration. 

Extreme precipitation is projected to increase in major mountainous regions (medium 
to high confidence, depending on location), with potential cascading consequences of 
floods, landslides and lake outbursts in all scenarios (medium confidence).

Projected runoff is typically decreased by contributions from small glaciers because of 
glacier mass loss, while runoff from larger glaciers will generally increase with 
increasing global warming levels until their mass becomes depleted (high confidence).



Climate 
Change 
Impacts in 
Mountains

Å Apple cultivation belt has been shifted greatly 
to higher elevations, same as, citrus, nut-stone 
fruits and other agricultural crops.

Å Due to continuous changes in climatic 
conditions and as the temperature is increasing 
in the valleys and mid-altitudes, the pine 
forests have been shifted towards higher 
elevation and they have already invaded the 
areas where oak forests were grown. 



Livelihoods and 
Mountain 
Livelihoods

ÅEconomically vulnerable and socially backward.

ÅCultural and traditional diversity is high. 

ÅEcological, aesthetic and socio-economic 
significance both as natural ecosystems and as 
ǇŜƻǇƭŜΩǎ ƭƛǾƛƴƎ ǇƭŀŎŜΦ 

ÅDepend on subsistence agriculture, wage labor, 
circulatory labor migration, tourism, and 
mountaineering services for survival.

ÅMost households survive on a combination of 
livelihoods. 

ÅMany indigenous people, with their valuable 
cultures and indigenous knowledge



ά! ƭƛǾŜƭƛƘƻƻŘ ŎƻƳǇǊƛǎŜǎ ǘƘŜ 
capabilities, assets (stores, 
resources, claims, and access) and 
activities required for a means of 
living: a livelihood is sustainable 
which is capable to cope with and 
recover from stress and shocks, 
maintain or enhance its capabilities 
and assets, and provide the next 
generation with sustainable 
livelihoods; and which offers net 
livelihood benefits at local and 
global levels and in short and long-
ǘŜǊƳǎΦέ
(Chambers & Conway, 1992, p.7) 



Livelihood Strategies: Assets, Decision and Activity portfolios 



Sustainable livelihood framework (DFID, 2001) 



Livelihood 
Analysis

ÅLivelihood comprises the 
capabilities, assets (including 
both material and social 
resources), and activities 
required for a means of living. 

ÅIt is sustainable when it can cope 
with and recover from stresses or 
shocks and maintain or enhance 
its capabilities and assets both 
now and in the future, while not 
undermining the natural 
resource base. 



Livelihood Analysis 

Å Livelihood analysis refers to finding out the degree to 
which the pattern of life differs from one social class to 
another social class in terms of size of the family, type 
of house, technology adoption pattern, size of 
landholding, annual income, sources of income, food 
habits, expenditure pattern, indebtedness, type of 
animals owned, migrants in the household, seasonality 
of variation, crisis management pattern, etc. 

Å In reality, livelihood analysis analyses multiple activities 
(Chambers, 1992). 



Livelihood Analysis 

ÅThe history of livelihood analysis stems from the 
agroecosystem analysis developed by Conway and 
Gypmantasiri at the University of Chiang Mai. 

ÅSati (2014) introduced Livelihood Sustainability Index 
(LSI) through livelihood analysis. 

ÅThe analysis was based on interviews with farming 
families, artisans, families belonging to the Scheduled 
Castes, and women. Data were gathered about levels 
of annual family income from various sources, family 
expenditure on household needs/other categories, 
and the interviewees' perceptions of the proportion 
of the population dependent on various livelihoods in 
the village. 



Variables 
for 
Livelihood 
Analysis 

Household size and composition

Number of labour migrants in the household

Livestock and land ownership

Proportion of income by source

Expenditures

Seasonality



Variables 
for 
Livelihood 
Analysis 

Relative income

Credit and debt

Food habit 

Source of food

Material possession

Education



Livelihood Sustainability Index

8ὼ ὼ ὼ ὼ
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ÅWhere, X stands for household 
income that includes 
Åx1= income from farming, 
Åx2 = income from business, 
Åx3 = income from government 

service and 
Åx4 = income from labour. 

ÅFurther, Y stands for 
household expenditure, 

Åy1= for food,

Å y2 = for shelter, 

Åy3= for cloth, 

Åy4 = for education and 

Åy5= for others. 

ÅX ς Y is equal to XY, i.e., saving. 

ÅThe objective towards the 
formulation of this index was 
to understand the level of 
sustainability in livelihood. 
Based on this, LSI at the 
village level and household 
level was prepared. It was 
inferred from the study that 
the trend of saving money is 
high even among low-income 
group people.



Household Income (X)  
& 
Household Expenditure (Y) 

Å The major sources of livelihoods comprise 
agriculture, daily wage labour, jobs, artisanry, 
pensions, animal husbandry and NTFP 
collection. 

ÅNearly a quarter of the income is spent on the 
purchase of food grains. Household supplies in 
the form of sugar, spices, edible oil, salt and 
cooking gas rank second in household 
expenditure. 



Mountain 
Ecosystem Services 
and Livelihoods

ÅMountain agroecosystems not only 
provide agricultural commodities such 
as food and fibre, but also help protect 
biodiversity, water, carbon storage, and 
landscape amenity. 

ÅGlobal climate change scenarios 
suggest that there will be considerable 
impacts on ecosystems and their 
associated ecosystem services with 
serious consequences for the 
livelihoods of communities, 
particularly in the most economically 
challenged parts of the world. 



Mountain Ecosystem 
Services and Livelihoods

ÅWomen play a vital part in mountainous regions. Women 
are very hardworking, and they toil through the day, 
starting with the family work, nurturing children and 
livestock, going out for fodder, fuel, drinking water, and 
NTFPs collection for sustaining livelihoods. 

ÅRemote areas have inadequate networking of transport 
and other basic supporting facilities, which come in the 
way of proper benefits of agriculture, horticulture, and 
other developmental programs conducted by the state 
and other organizations in the ICHR (Uniyal, 2006).



Livelihood affected by Climate Change

Å¢ƘŜ ǿƻǊƭŘΩǎ ǇƻƻǊ ƭƛǾŜǎ ƛƴ Ƴƻǳƴǘŀƛƴ ǊŜƎƛƻƴǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ 
countries. Mountain landforms trigger precipitation, which, coupled with 
the water-storage capacity of glaciers, give them a vital hydrological role. 

Åthe climatic conditions have become less predictable, causing major 
impacts on traditional livelihood activities such as agriculture and animal 
husbandry 



Pros and Cons of 
Mountains

ÅInaccessibility: isolation, distance, poor 
communication, and limited mobility

ÅFragility: Due to altitude, steep slopes, and 
other biophysical conditions

ÅMarginality: Remoteness and physical 
isolation



Major Constraints 
to Sustainable 
Livelihood

Lacking in Infrastructural Facilities 
(both physical and social) 

Scarcity of water

Poor road networks

Lacking in Holistic Government 
Initiatives

Frequent landslides



Major Constraints to 
Sustainable Livelihood

Lack of Proper Marketing

Lack of Training Programmes

Absence of livelihood opportunities except for tourism 

Limited Understanding of Mountain Environments and

Climate Change



Opportunities 
and Options 
for 
Sustainable 
Livelihoods

AGRICULTURAL 
DIVERSIFICATION

USE OF NON-TIMBER 
FOREST PRODUCTS 

(NTFP)

ALTERNATE 
OCCUPATIONS

VALUE ADDITION POLICY 
INTERVENTIONS



Prospects of Sustainable Livelihoods

Development of infrastructural facilities such as transportation, 
hydroelectricity generation, hotels and housing without damaging the 
ecology of the mountain.

Management of forest resources for the well-being of mountain people 
should be the priority of the forest department as well as of the local 
ƎƻǾŜǊƴƳŜƴǘΤ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜ ǇŜƻǇƭŜΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ŜƴǎǳǊŜŘΦ



Prospects of Sustainable Livelihoods

Sustainable use of natural resources and mountain niche products 
should be ascertained and natural resources should be properly 
managed. 

Efficient and sustainable use of landscape, biospheres/ sanctuaries for 
the construction of dam, development of tourism and for the use of 
timber/non-timber forest products/ medicinal plants will ensure 
sustainable livelihoods and wellbeing of the marginal mountain people.

Capacity building to absorb new technology and innovation. 



Options for future 
adaptation and climate 
resilient sustainable 
development in mountains

The current pace, depth, and scope of adaptation is insufficient to 
address future risks in mountain regions, particularly at higher warming 
levels (high confidence).

Adaptation decision-making processes that engage with and incorporate 
ǇŜƻǇƭŜΩǎ ŎƻƴŎŜǊƴǎ ŀƴŘ ǾŀƭǳŜǎ ŀƴŘ ŀŘŘǊŜǎǎ ƳǳƭǘƛǇƭŜ Ǌƛǎƪǎ ŀǊŜ ƳƻǊŜ Ǌƻōǳǎǘ 
than those with a narrow focus on single risks (medium confidence).

Regional cooperation and transboundary governance in mountain 
regions, supported by multi-scaleknowledge networks and monitoring 
programmes, enable long-term adaptation actions where risks 
transcend boundaries and jurisdictions (medium confidence).

With warming above 1.5oC, the need for adaptation to address key risks 
in mountains becomes increasingly urgent (high confidence).



Key Messages

ÅClimate impacts form an essential threat 
to mountain ecosystem services and 
populations. Many glaciers are retreating 
under the influence of rising 
temperatures. 

ÅMountain people depend on survival 
agriculture, wage labor, circulatory labor 
migration, tourism, and mountaineering 
services for survival. Most households 
survive on a combination of livelihoods. 

ÅDevelopment of infrastructural facilities, 
forest resources management, 
sustainable use of natural resources and 
education are necessary for the mountain 
ǊŜƎƛƻƴΩǎ ŎƻƳƳǳƴƛǘƛŜǎ ǎǳǎǘŀƛƴŀōƭŜ 
livelihood.
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