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Abstract There is a growing understanding that the impacts of climate change affect

different communities within a country, in a variety of ways—not always uniformly. This

article reports on research conducted in the middle hills region of Nepal that explored

climate change vulnerability in terms of exposure, sensitivity and adaptive capacity across

different well-being groups, genders of the head of household and household location. In

the study region, dry land farming has increasingly experienced climate-induced changes

to farm productivity and natural resources. The experience of vulnerability to decreased

livelihood options and natural resource hazards due to a changing climate varied according

to household wealth and well-being status, with very poor and poor households more

vulnerable than medium and well-off households. The research indicates that the climate

change adaptation would benefit by considering: (i) differential impacts of vulnerability

mainly based on well-being status of households; (ii) understanding of the local socio-

political context and underlying causes of vulnerability and its application; and (iii)

identifying vulnerable populations for the units of vulnerability analysis and adaptation

planning.
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1 Introduction

Although climate change is a global phenomenon, the impacts are mostly local (Adger

et al. 2004; IPCC 2007). The design and implementation of effective adaptation strategies

requires local knowledge to cope with climate vulnerabilities (Gippner et al. 2012; Picketts

et al. 2013). Many studies have confirmed differential impacts of climate change with

higher vulnerabilities in: (i) developing countries (Ayers and Huq 2009; World Bank

2009); (ii) communities dependant on natural resource-based livelihoods (Agrawal and

Perrin 2008; Paavola and Adger 2002); (iii) geographically remote areas (Kohler et al.

2010); (iv) poor within a society of class differences (Adger et al. 2003; Mirza 2010); and

(v) women within the society and households based on gender differences (Terry 2009).

Households dependent on the natural resource base for their livelihoods have been rec-

ognized as the most vulnerable communities in Nepal (Gentle and Maraseni 2012; GoN

2010).

Nepal has experienced increasing temperatures, erratic rainfall and the unpredictable

onset of monsoon seasons, which has led to an increasing vulnerability to glacial lakes

outburst floods (GLOF), and experiences of droughts, floods and landslides (MoE 2010).

Warming in Nepal has been steadily increasing at an average annual rate of 0.06 �C with a

higher rate of warming in the high-altitude mountains than in the lowland plains (Ebi et al.

2007; Shrestha et al. 1999). While monsoon and pre-monsoon precipitation have been

heavier than previous records indicate, precipitation has become more unpredictable and

more erratic with more droughts and shorter periods of winter rainfall (Duncan et al. 2013;

Shrestha et al. 2000).

A projection of changes in temperature and precipitation is of great concern. The

general circulation models (GCM) run underpin the Special Report on Emission Scenarios

(SRES) B2 scenario, based on pre-2000 baseline data, predict an increase in mean annual

temperature of 1.2 �C, 1.7 �C and 3 �C by 2,030, 2,050 and 2,100, respectively (Agrawala

et al. 2003). Other predictions indicate that mean annual temperatures across Nepal may

increase by: (i) 0.5–2.0 �C, with a multi-model mean of 1.4 �C, by the 2,030 s; (ii)

1.7–4.1 �C, with a multi-model mean of 2.8 �C, by the 2,060 s; and (iii) 3.0–6.3 �C, with a

multi-model mean of 4.7 �C, by the 2,090 s (NCVST 2009). Both studies predict higher

temperature increases during winter than summer and higher temperature increments in

western and central regions than in eastern regions of the country (GoN 2010). Precipi-

tation projections indicate an increase in amount and intensity of monsoon and post-

monsoon rainfall and a decrease in winter rainfall (GoN 2010). Spatial variation in both

monsoon and winter precipitation is expected to continue with less rainfall in the western

in comparison with eastern region (Agrawala et al. 2003; NCVST 2009). Run-off is

expected to decrease in the long term with retreating glaciers and snow melt (Bates et al.

2008). High rates of glacial melt due to increased temperatures, and resultant glacial lake

outburst floods (GLOF) are expected (Bates et al. 2008; Eriksson et al. 2009; Xu et al.

2007).

More than 1.9 million people are estimated to be highly vulnerable to climate changes

and another 10 million are increasingly at risk in Nepal (GoN 2010, p. 11). The country is

identified as one of the ten most climate vulnerable of the developing countries due to

geography, poor physical infrastructure and low levels of social sector development

(Agrawala et al. 2003; Saito 2012). The climate change risk atlas 2010 ranks Nepal as the

fourth most vulnerable country based on its extreme vulnerable situation (Maple Croft

2010). The National Adaptation Program of Action (NAPA) of Nepal identifies glacial lake

outburst flood (GLOF) drought, flood and landslide as major climatic hazards causing

Nat Hazards

123

https://www.researchgate.net/publication/200032572_Adaptation_to_Climate_Change_in_the_Developing_World?el=1_x_8&enrichId=rgreq-7ad27305-61f0-4c35-af0a-d8538425eb4a&enrichSource=Y292ZXJQYWdlOzI2MjQ1MTAxMDtBUzo5OTA3MjQyNTg1NzAzMkAxNDAwNjMyMTE1NTg1
https://www.researchgate.net/publication/240536736_No_climate_justice_without_gender_justice_An_overview_of_the_issues_Gender_and_Development_171_5-18?el=1_x_8&enrichId=rgreq-7ad27305-61f0-4c35-af0a-d8538425eb4a&enrichSource=Y292ZXJQYWdlOzI2MjQ1MTAxMDtBUzo5OTA3MjQyNTg1NzAzMkAxNDAwNjMyMTE1NTg1


vulnerability (GoN 2010). Considering the urgency, climate change policy and a frame-

work for local adaptation plans of action (LAPA) have been prepared in 2011 with a

primary focus on addressing climatic hazards (GoN 2011a, b).

Although vulnerability is experienced locally, the causes of vulnerability lie at different

social, geographical and temporal scales (Ribot 2010). However, limited studies have been

conducted in developing countries that analyse and project vulnerabilities, and formulate

effective adaptation policies and programs (Mertz et al. 2009). A micro-level climate

change vulnerability has been analysed at household and community levels to identify:

(i) major hazards increasing risks and vulnerability; (ii) most impacted livelihood

resources; and (iii) the most vulnerable population (daze 2009). The micro-level vulner-

ability is important in Nepal in a context where social exclusion and marginalization

remain a major obstacle for the empowerment and overall development of poor and

marginalized people (Bennett et al. 2006; Murshed and Gates 2005). Due to lack of clear

understanding of micro-level impacts and their relation with socio-political and cultural

issues, the policy documents lack the notion of differential vulnerability, and the adaptation

responses are planned mainly according to the nature and intensity of hazards and their

impacts in different geographical locations. There is a strong need to review whether

climate change is impacting different people in the community differentially.

This paper examines differential impacts of climate change vulnerability in the rural

hills of Nepal to understand more about:

(i) What are the major climate-related hazards impacting livelihoods of local

communities;

(ii) Which livelihood options are considered as most vulnerable by local communities;

and

(iii) Who are most vulnerable to the impacts of climate change?

The following sections of the paper present the theoretical background of climate change

vulnerability, a description of a case study in Nepal where a vulnerability assessment was

undertaken, and the methods used to determine the theoretical and policy implications.

2 Climate change vulnerability

The term vulnerability has been originally derived and rooted in geography and natural

hazards disciplines (Fussel 2007). However, it has gradually grown as a key element of

research in various disciplines such as ecology, economics, anthropology, livelihoods and

development and poverty (Adger 2006; Fussel 2007). Vulnerability approaches devel-

oped within different disciplines have been applied in understanding and analysing cli-

mate change vulnerability as climate change presents multi-scale problems including

diverse actors, multiple stressors and multiple time scales (Adger 2006; Oreskes 2004).

Vulnerability assessment has been approached in several ways such as the risk–hazard

approach, pressure and release approach, resilience approach and integrated approaches

(Adger 2006; Fussel 2007; O’Brien et al. 2007). The risk–hazard framework is based on

technical literature related to risk and disaster management and it conceptualizes vul-

nerability as a relationship between an exogenous hazard to a system and its adverse

effects (Burton 1997; Burton et al. 1993; Dilley and Boudreau 2001). The pressure and

release model defines vulnerability linking types of physical hazards with underlying

causes of vulnerability from the political economy approach (Blaikie et al. 1994; Pelling

2003). The political economy approach is based on poverty and development literature.
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The approach equates vulnerability with socio-economic vulnerability to multiple stresses

(Fussel 2007).

A holistic approach to climate change vulnerability has been developed by the Inter-

governmental Panel on Climate Change (IPCC) combining various methods on ecological,

bio-physical and social vulnerability. The IPCC defines vulnerability as: ‘‘the degree to

which a system is susceptible to, or unable to cope with the adverse effects of climate

change, including climate variability and extremes. Vulnerability is a function of the

character, magnitude, and rate of climate variation to which a system is exposed, its

sensitivity, and its adaptive capacity’’ (IPCC 2001, p. 995). Based on this definition,

exposure is considered as the magnitude and duration of the climate-related exposure due

to climate-induced disasters and variability such as drought, flood, landslides and vari-

ability in average annual temperature and precipitation. Sensitivity is considered as the

degree to which the system/major components are affected by the exposure such as sen-

sitivity to health, food and water. Adaptive capacity is considered as the system’s ability to

withstand or recover from the exposure mainly based on socio-demographical profile and

livelihood strategies. The state of exposure is usually based on geographical locations

rather than individual and social characteristics (Adger 1999), while adaptive capacity of

individuals and society varies according to inequality and social exclusion such as gender,

ethnicity and socio-economic status (Ribot 2010).

Adger (1999) disaggregated vulnerability into individual and collective vulnerability to

clarify the issues of scale and unit of analysis. As defined, individual vulnerability is caused

by access to resources, income and social status of individual and households, whereas

collective vulnerability is caused by institutional and market structures such as social

security, insurance, infrastructure and income (Adger 1999, p. 252). Vulnerability of

individuals and society is also linked to poverty as poverty is both a condition and deter-

minant of vulnerability (Brown 2011; Tanner and Mitchell 2008). Sen (1999) describes the

multidimensionality of poverty as insufficient outcomes related to health, nutrition and

literacy, as well as with weak social relations, insecurity, low self-esteem and powerless-

ness. The poverty and climate change nexus describe that the poor in the developing world

are already facing and are more likely to suffer from, the impacts of climate change-induced

extreme events (Adger et al. 2003; Hedger et al. 2008; Tubiello and Fischer 2007). This is

due to several factors inherent in developing countries: (i) current and projected physical

impacts are relatively higher in developing countries (high temperatures and low precipi-

tations); (ii) economic structures and livelihoods of a large population dependant on agri-

culture are very sensitive to climate change; (iii) relative proportions of the populations are

poor with lower adaptive capacity; and (iv) economic and technical capacity of developing

countries make it difficult to adapt to climate change (Mertz et al. 2009).

Climate change-related hazards such as droughts and flood create stress on rural live-

lihoods by reducing existing livelihood options and by creating volatility and unpredict-

ability in streams of livelihoods benefits (Agrawal and Perrin 2008; Conway and Schipper

2011). The poor and marginalized are severely affected by the impacts of climate change

due to settlement on marginal lands, high dependence on climate-sensitive livelihoods,

limited livelihood options, inequitable access to productive assets, limited information, poor

education, limited skills and inadequate access to services (Adger et al. 2003; Gentle and

Maraseni 2012; IISD 2003; Paavola and Adger 2005). Institutional constraints such as lack

of property rights and social protection further prevent poor people from investing their

scarce resources in managing climate risks (IFRC 2004; Ribot 2010).

Methods and tools to analyse and assess climate vulnerability quantify both vulnerable

livelihood options and adaptation strategies. Most of the analyses are based on IPCC’s
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definition of vulnerability as a function of exposure, sensitivity and adaptive capacity (Ebi

et al. 2006; Hahn et al. 2009; O’Brien et al. 2004; Polsky et al. 2007; Urothody and Larsen

2010; Vincent and Cull 2010). The Livelihood Vulnerability Index (LVI) was developed

(Hahn et al. 2009) to quantify the vulnerability of different livelihood assets. The LVI is

based on IPCC’s framework (IPCC 2001) that defines vulnerability as a function of

exposure, sensitivity and adaptive capacity. The LVI has been applied in micro-level

vulnerability analyses (Hahn et al. 2009; Urothody and Larsen 2010), supported by par-

ticipatory rural appraisal (PRA) (Chambers 1983, 1994; Chambers and Conway 1992) and

other participatory tools in assessing livelihoods, vulnerabilities and risks related to

disaster and climate change (Daze et al. 2009; de Dios 2002; Gaillard et al. 2013; Macchi

2011; Pasteur 2010). The use of these methods in this research is outlined in the following

section.

3 Case study location and research methods

3.1 Case study location

The research was conducted in the Lamjung district of Nepal (Fig. 1). The district is

located in the middle hills region of western Nepal where over two-thirds of the population

of the district depends on subsistence agriculture with a strong linkage between farming,

pasture lands and forestry. The population of the district in 2011 was 169,104 in 44,068

households (GoN 2012b). The district is ranked as one of the very high climate change

vulnerable districts in Nepal based on high vulnerabilities due to landslides and GLOF

(GoN 2010). The district has a diverse mixture of people in terms of caste, culture and

ethnic identity with a mixed population of indigenous castes (Gurung, Magar, Tamang,

Dalits). The research was conducted in four Village Development Committees (VDCs) of

the district, two from the downstream (altitude about 500 m) and two from upstream region

with altitude above 1000 m along the Marsyangdi River. One community forest user

groups (CFUG) each from the selected VDCs were selected as research units (Fig. 1). The

CFUG is one of the largest community-based organizations in Nepal that includes over

40 % of total population in Nepal comprised of more than 17,500 groups and responsible

to manage 1.2 million ha (36 % of total) forest resources in Nepal (DoF 2011).

3.2 Research methods

A mixed method approach was used based on pragmatism using an interpretivist

perspective (Johnson et al. 2007; Tashakkori and Teddlie 2003). The perspective links

quantitative data collection methods with social science-based qualitative methods those

often deal with individual actions and their relationship with society. The political

ecological approach had a complementary role in linking ecological, social and political

dimensions from critical paradigms in this research (Springate-Baginski and Blaikie

2007). Qualitative methods as a primary technique of data collection included: in-depth

interviews (n = 62 interviewees), focus group discussions (FGDs) (n = 11 events with

117 participants) and participant observations. A household level survey (n = 133

respondents) provided quantitative data. The research adopted a multi-scaled and multi-

phased data collection process. Data collection was carried out at community, district

and national level in three phases focusing on various actors related to the research.
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The primary data were collected through two field trips in Nepal, the first field work

from December 2011 to April 2012 and the second in May 2013. The first fieldwork

focused on collecting data at community and district levels. Following the analysis of

community and district level data, the second field programme focused on national

level data. In addition to the primary data, secondary data were collected from different

organizations and institutions related to the research. The meteorological data on

temperature and precipitation records (1971–2010) from nearby Khudi weather station

were obtained from Department of Hydrology and Meteorology (DHM), Nepal.

Participatory well-being ranking was conducted in the research sites to categorize

the research households into four well-being strata (well-off, medium, poor and very

poor) based on the relative well-being position of households in the community using

local criteria of well-being (Mosse 1994). The empirical validity of this method as a

means of socio-economic stratification of households has been tested by different

researchers in Nepal and abroad (Adams et al. 1997; Gentle and Maraseni 2012;

Richards et al. 2003; Scoones 1995; Sharma 2010; Sharma and Filius 1999). Most

common criteria used were: assets such as landholding size, quality of land, quality of

house, food sufficiency, income sources, status of money lending and borrowing,

number and quality of livestock, as well as educational and social status of the family

(Table 1).

Survey respondents and interviewees for in-depth interview were selected using a

stratified random sampling process and represented all well-being groups. Vulnerability

indicators developed and applied by Hahn et al. (2009) to estimate livelihood vulnerability

of two districts in Mozambique were updated in the Nepalese context and applied to

Fig. 1 Location of the research areas
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estimate livelihood vulnerability according to well-being status, location of villages and

gender of household head of the respondents. Descriptive information generated from the

survey based on 34 sub-components has been grouped into eight major components and

three vulnerability factors to form the LVI (Table 2 and Appendix 1 in supplementary

material).

Descriptive and quantitative data collected from the randomized household survey were

framed by the data needs of the LVI, with this data analysed using the Statistical Package

for the Social Sciences (SPSS) and significance of mean values were confirmed by using

Pearson’s chi-square test. Qualitative data arising from interviews, FGDs and observations

on individual hazards and vulnerability were analysed based on a thematic hierarchy

approach (King and Horrocks 2010) using NViVO 10 and presented in the forms of

frequency, charts, quotes and comparisons.

Table 1 Local criteria of well-being developed and applied by research participants

Local criteria
of wellbeing

Characters of different well-being groups

Well-off Medium Poor Very Poor

Food
production
and
sufficiency

Food production
enough for the year,
sale of surplus
products

Food production
enough for around
nine-month
period

Food production
enough for
around six-
month period

Food production
enough for three
months or less

Size and
quality of
agriculture
land

Large size of
irrigated and non-
irrigated land

Limited irrigated
and some non-
irrigated land

Limited irrigated
and non-
irrigated land

Mostly landless or
small parcel of non-
irrigated land

Sources of
employment

Additional source of
income (job,
pension, remittance
or business) in
addition to
agriculture

Additional source
of income (job,
pension,
remittance or
business) in
addition to
agriculture

Mostly depend on
agriculture and
some
remittances, also
sell labour to the
local market

Sell labour to the
local market

Social status
in the
community

Mostly higher caste,
occupy major
positions in the
local institutions

Mostly higher and
medium caste,
occupy some
positions in the
local institutions

Mostly from
medium or
lower caste,
rarely hold
positions in
local institutions

Mostly from lower
caste, generally not
in any positions of
local institutions

Education Most of the family
members educated,
children admitted
to private schools
and sent to urban
cities for education

Family members
partially
educated, children
admitted to local
private schools or
public schools

Few members in
the family are
educated,
children
admitted to
public schools

Family members are
rarely educated,
children either
admitted to public
schools or dropped
from the schools

Money
lending and
borrowing

Lend money in the
local community

Occasionally lend
money in the
community

Loan borrowed
for household
needs

Consumption loan
borrowed from local
lenders and
indebted
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4 Results and discussion

4.1 Major hazards and most impacted livelihoods resources

Interviewees (n = 62) were asked to describe the major climate-related hazards (maximum

three per interviewee) and to relate these to the most impacted livelihood resources

(maximum three per interviewee). Interviewees identified all together nine hazards they

considered to be directly impacting their livelihoods. These hazards included features of

changing weather patterns and impacts on natural resources including: erratic rain and

snowfall, unusual or unseasonal frost, increasing incidence of landslides, gully formation

from increased precipitation and erratic hailstorm and winds. Hazards related to farm

productivity included increasing coverage of invasive weeds, increasing incidence of crop

damage from insects and crop diseases and increasing incidence of livestock diseases. In

Table 2 Vulnerability factors, components and sub-components applied to develop LVI

Vulnerability
factors

Major components Sub-components

Exposure Natural disasters Average number of hazards in the past 6 years
Receiving warning about natural disasters
Injury or death as a result of natural disaster
Loss/damage of physical properties as a result of natural disaster

Climate variability Mean standard deviation of monthly average of average
maximum daily temperature

Mean standard deviation of monthly average of average
minimum daily temperature

Mean standard deviation of monthly average precipitation

Sensitivity Health Average time to reach basic health facility
Affordability of basic health services
Household with chronic ill members
Household members missing school or work due to illness
Average mosquito exposure prevention
Household having toilet in use
Household using LPG or other smokeless stoves

Food Food sufficiency
Average crop diversity
Saving seeds

Water Dependency on natural water sources
Reported water conflict issues
Average time to get water source
Consistency of drinking water supply

Adaptive
capacity

Socio-demographical
profile

Dependency ratio of family members
Female-headed households
Households with/without television, radio or telephone

Livelihood strategies Family members working in different community for casual work
Landless or land poor households
Dependency on agriculture as a main source of income
Average agricultural livelihood diversification
Household with/without irrigation facility to grow primary crops

Social networks Ratio of getting and providing support in a social network
Borrowing money from social networks
Borrowing money from private money lenders for consumption
Visiting local government office to seek services
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addition, there were more extremely hot and cold days, which threaten agricultural pro-

duction, livestock and communities. The perception of communities with respect to

changing temperature has been compared with meteorological data (1971–2010) available

from the nearby Khudi reading station. The analysis shows that both mean annual maxi-

mum and minimum temperature were constantly increasing with high variations.

The most vulnerable livelihood resources mentioned by the interviewees were paddy

cultivation, cultivation of other crops and vegetables, drying water sources, livestock,

forages and condition of grazing land, farmlands, forests, orange farming and the trans-

humance pastoral system. The responses of interviewees are presented in Fig. 2 to show

direct linkages (impacts) between each hazard and livelihood resources.

4.1.1 Major hazards and their impacts

Fifty-six (90 %) interviewees reported erratic rain and snowfall as a most common hazard,

described as erratic snowfall by interviewees from high-altitude villages. Erratic rain and

snow were mentioned as a hazard as it was: (i) causing delayed planting of crops; (ii)

decreasing water availability with unseasonal water recharge in the local water sources;

(iii) affecting growth and production of crops; (iv) damaging crops during the harvesting

season; and (v) increasing uncertainty in farming productivity. Erratic rain and snowfall

were major causes of crop failure and decreased production of primary crops, lowering

productivity of pastures. The hazard had a direct impact on livelihoods as most of the

primary crop production was based on rain-fed cultivation. The meteorological data

(1971–2010) obtained from the nearby Khudi reading station show that the pattern of

average annual, monsoonal and winter precipitation was erratic. The historical timeline

prepared by research participants indicates that the rainfall pattern has been more erratic in

the last 20 years in comparison with the past.

Twenty-five (40 %) interviewees mentioned frost as an emerging hazard for winter

crops. Interviewees who reported frost as a hazard planted winter crops, mainly potato, in

the lowlands along the river basins. Most of the interviewees claimed that frost had

appeared in their village in recent years. One of the interviewees reported ‘‘we never had

frost in this area in the past but it is now common in every winter for the last 10 years and

it is damaging our winter crops every year’’. Historical timelines prepared by the research

participants revealed that damage of winter crops by frost had been observed from 1999

onwards. Twenty-five (40 %) interviewees mentioned landslide and gully development as

devastating hazards. Landslides were differentially experienced by interviewees from

different well-being groups and in different areas, in rural, residential and communal lands

(Fig. 3).

In Fig. 3, the well-off and medium respondents reported landslide- and flood-affected

farmlands and communal lands such as forests, roads and pastures. Landslides and floods

were reportedly more hazardous to very poor and poor households by impacting their

residential areas and farmlands as most of them were living close to landslide and flood

prone areas. One of the very poor interviewees from Raniswanra CFUG explained ‘‘we had

a landslide close to our house so we feel stress in the rainy season because of landslide.

Sometime we can’t sleep the whole night because of our fear of the threat’’. Hazard and

livelihood maps indicated that most of the very poor households were living in marginal

(unproductive and sloppy) lands close to landslide prone areas.

Emergence and expansion of unwanted weeds such as Nilo Gandhe (Ageratum

houstonianum) and Banmara (Eupatorium odoratum) were reported as hazards by 20

(32 %) interviewees mainly from downstream villages. The Nilo Gandhe was reported
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as a common weed in the farmlands which was replacing many nutritious grasses and

limiting agriculture production. The transhumance pastoralists from Manasalu CFUG in

the upstream reported that when they bring their sheep and goats in the downstream

Climate related 
hazards 

Most impacted 
livelihood resources

Impacts

Paddy cultivation
(n=39) 

Water sources 
(n=31)

Cultivation of 
other crops 

(n=36)

Livestock & 
forage (n=27) 

Forests (n=12)

Farmlands 
(n=14)

Orange farming 
(n=9) 

Pastoralism (n=5)

Erratic rain & 
snow (n=56) 

Landslide & 
gullies (n=25) 

Frost (n=25) 

Invasive weeds 
(n=20)

Livestock 
disease (n=12) 

Insect & disease 
(n=17) 

Hailstorm (n=9) 

Erratic wind 
(n=5)

Extreme hot & 
cold days 

(n=11)

Fig. 2 Major hazards and most impacted livelihood resources. Source: Analysis of interview transcriptions

Fig. 3 Number of people experienced landslide, flood and gullies in different land use practices. Source
Analysis of interview transcription
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villages in the winter, they face scarcity of grass in the grazing lands due to invasive

weeds.

Increasing number of insects and crop diseases was reported as one of the hazards by 17

(27.4 %) interviewees. Common insects and diseases in the farmlands were reported as Lie

(aphids) in the legumes, Gabaro (stem borer) in the maize, Patero (rice bug) and Kalo

Poke (rust) in the paddy and Dadhuwa (blight) in potatoes and other winter crops.

Increasing incidence of livestock diseases was reported as a major hazard by 12 (19 %)

interviewees. Diseases were experienced by goat owners in the recent years. One of the

agriculture service providers mentioned increasing trends of livestock diseases in the hills

which were uncommon in the past. As he mentioned ‘‘in the past livestock diseases were

common in Terai and there were not many livestock diseases in the hills. Now there are

many livestock deaths in the hills due to diseases. It may be due to increasing warming

days and extreme cold days in the winter’’.

Extreme hot and cold days were reported as a major hazard by 11 (18 %) interviewees.

One of the interviewees (district level NGO leader) described a shorter winter period in

recent years in comparisons with the past. As explained ‘‘in the past cold days remained up

to Chaitra (spring) but now there is no cold after Magh (winter). We used to have cold days

from Aashauj (autumn) but we feel cold only after Kartik (late autumn)’’. Nine intervie-

wees reported that the erratic nature of hailstorm was a hazard to their crops. Maize

farmers in the high-altitude villages claimed damages of maize crops due to unseasonal

winds.

4.1.2 Most vulnerable livelihood options

Paddy cultivation was mentioned as most vulnerable by 63 % of interviewees as there was

uncertainty in planting time due to erratic rainfall, inadequate water following the planting

of seedlings, damage of crops by erratic rainfall, damage of paddy fields by landslide and

floods and damage by insects and diseases. As reported by a very poor interviewee, ‘‘We

have to wait for rainfall. We used to grow paddy but we do plant millet where there is no

irrigation facility’’. A well-off farmer from Manasalu CFUG explained ‘‘this year we had

weeklong unusual rainfall in the Mangsir (during the paddy harvesting time in late

autumn) which had damaged paddy and straw’’. The availability of irrigation facilities was

found to be crucial in determining crop loss in the face of erratic rainfall. Survey data

revealed that altogether 67 % of respondents had irrigation facility to grow their primary

crops including 95 % of well-off, 76 % medium, 48 % poor and 6 % very poor house-

holds. The irrigation facility to produce primary crops has a significant association with

well-being status (P \ 0.01) of the respondents.

Thirty-six (58 %) interviewees reported cultivation of crops such as potato, maize,

mustard and green vegetables as most vulnerable. According to the interviewees, major

causes of vulnerability of these crops were increasing frequency and duration of frost,

erratic rainfall, increasing damage by insects and diseases, hailstorm, wind and invasive

weeds. Survey data indicated that about 95 % of respondents (total respondents = 133)

reported crop loses or reduction in crop production in recent years due to climate-related

reasons.

Thirty-one (50 %) of interviewees reported drying water level in their traditional

sources such as spring-fed ponds, rain-fed ponds and streams. As reported, drying water

sources increased stress and caused livelihood vulnerability due to: (i) scarcity of drinking

water; (ii) inadequate water in irrigation canals; (iii) decreasing production of agriculture

crops; (iv) internal migration of people due to water scarcity; and (v) conflicts in water use.
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As one interviewee said, ‘‘Water sources are gradually drying everywhere. We were 30

families in this village in the past, now we are only 12 families as other families migrated

to Besi area. The drinking water was enough for all families in the past but it is not enough

even after migration of more than 60 % households as the source has dried’’. A very poor

interviewee from Raniswanra expressed a story of displacement of a community due to

water scarcity. As described: ‘‘water in our wells, streams and river is decreasing. The

wells where we used to fetch drinking water are now almost dried. There was a small

village near ours but there is not a single house now. The village has been displaced due to

scarcity of water’’.

Twenty-seven (44 %) interviewees reported climate change impacts on livestock,

livestock forages and grazing lands. Livestock were dying due to extreme cold- and

temperature-related diseases. Interviewees described that the livestock forages have

decreased in the farm and grazing lands due to expansion of invasive weeds mainly the

Nilo Gandhe and Banmara. Interviewees also reported that the damage to straw due to

erratic rainfall during the paddy harvesting season caused shortage of forages and became a

source of diseases for many livestock. According to survey data, about 60 % of the

respondents (n = 133) reported losing livestock production due to reduced numbers of

livestock and thus less production of milk, meat and compost in recent years. The reported

loss in livestock production significantly varied according to well-being status of the

respondents (P \ 0.01) with higher losses for the very poor followed by poor, medium and

well-off households.

Fourteen (23 %) interviewees described that their farmlands were increasingly being

damaged by landslides, floods and gully development. Twelve (19 %) interviewees

reported various impacts on forests, reported as: (i) loss of forest regeneration and growth

of native plants from invasive weeds; (ii) landslides in the forests; (iii) damage by insects

and caterpillars; and (iv) forest fires. Nine (15 %) interviewees reported loss of orange

trees. Five (8 %) interviewees claimed that the transhumant pastoral system has become

more vulnerable due to scarcity of grasses in the pastures, shortage of water and increasing

livestock diseases. Impacts on agriculture crops were mostly reported by those depending

on agriculture as a primary occupation, as well as by very poor and poor interviewees share

cropping on rented land.

The research revealed that almost all local communities have already experienced

climate change and its impacts on their livelihoods. However, impacts of hazards

reported by communities varied according to the well-being status, geographical loca-

tion and occupation of the communities. For example, invasive weeds, mosquitoes,

increasing pests and diseases in the farms were reported as major hazards by the

research participants residing in downstream villages. The impacts of erratic snowfall

and wind were common in the upstream villages above 1000 m. Frost was reported as

a new hazard by the farmers who were cultivating winter crops such as potatoes,

mustard and other vegetables in the Besi area along the river corridor. Scarcity of

drinking water was a result of gradually drying water sources, more commonly found

in the uplands. The analysis above presents differential impacts of climate change

according to different geographical locations and occupations. The analysis considers

impacts of climate change as environmental issues caused by natural hazards. However,

a deeper analysis of the hazards and their impacts showed many linkages between

climate change impacts and socio-political structure of the society. For example, erratic

rainfall was one of the major causes of declining agriculture productivity. However, the

impacts were greater for poor families who were cultivating in rain-fed uplands. The

significant association between well-being of the households with irrigation facilities to
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grow primary crops confirmed that the very poor and poor households lacking irrigation

facilities suffered more from erratic rainfall.

Increasing occurrence of landslides was impacting farmland, residential areas, forests

and other public and communal lands. However, the impacts were experienced differently

by different households. More than two-thirds of very poor and almost all Dalit families

were historically living in landslide prone areas in all research villages. The landslide and

gullies had severe impacts on those living close to landslide prone areas, farming their

crops in the marginal slopes. Households were mostly landless, indebted and had a poor

social network. The hazards were not only impacting the physical resources, the house-

holds living close to these hazards were experiencing threats and psycho-social stress. The

analysis confirmed that the impact of landslides on livelihoods was related to historical

marginalization processes where powerless households and communities were compelled

to live in the marginal lands.

A majority of the interviewees reported that water sources were gradually drying. The

water sources were traditionally used for drinking water, sanitation, livestock feeding and

small-scale irrigation. In recent years, drinking water systems had been installed in most of

the villages with common taps in each cluster. However, nearly half of very poor

households were still dependent on traditional drinking water sources such as wells and

streams and over 87 % of these households were facing water stress and water use con-

flicts. In many cases, the public taps were far from the settlement of very poor households

as they were living in isolated marginal lands or were not able to afford maintenance fees

and depended on the traditional and natural water sources. Likewise, the prevalence of

mosquitoes was greater in the lower altitude villages. However, prevention of mosquito-

related impacts significantly (P \ 0.01) varied according to the well-being status of the

households as very poor and poor households could not afford to buy protective bed nets.

The results confirms that the poor within the communities are differentially affected by the

impacts of climate change due to settlement on marginal lands, high dependence on

climate-sensitive livelihoods, limited livelihood options, inequitable access to productive

assets, limited information, poor education, limited skills and inadequate access to

services.

4.2 Most vulnerable communities

Climate change vulnerability was tested to examine the vulnerable communities according

to their well-being status, gender of household head and location of the respondents

(CFUG). The LVI was used to examine the vulnerability in terms of exposure, sensitivity

and adaptive capacity. Exposure was measured in terms of natural disasters and climate

variability; sensitivity was measured in terms of impacts on health, food and water; and the

adaptive capacity was measured in terms of socio-demographical status, livelihood strat-

egies and social network of the respondents (Survey results for indicators of each of these

factors is given in Appendix 1 in supplementary material). The participatory hazard and

resource maps prepared by research participants also confirmed who are most vulnerable in

the community.

4.2.1 Livelihood vulnerability according to well-being status of the respondents

Results indicated that the vulnerability factors (exposure, sensitivity and adaptive capacity)

varied according to well-being status of respondents (Fig. 4). Although exposure to climate

change varied according to well-being status with very poor and poor more exposed to
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natural disasters than well-off and medium respondents, the difference was not significant.

Sensitivity in terms of impacts on health, food and water, as components, was found

significantly different according to well-being status of the respondents (P \ 0.01).

Major differences in the health component according to well-being status were mainly

due to: (i) lower affordability of health services and facilities by very poor and poor

households; (ii) higher percentage of family members with chronic illness among very

poor and poor households; (iii) higher mosquito exposure index among very poor and poor

due to lack of bed net and other preventive measures; (iv) higher number of households

among very poor and poor without a toilet in use; and (v) lower percentage of very poor

and poor households with smokeless stoves in comparisons with well-off and medium

respondents. The differences in food component were mainly due to: (i) higher average

food deficit months among very poor and poor households; and ii) lower crop diversity

among very poor and poor households in comparisons with the well-off and medium

respondents. Likewise, the differences in water component were due to: (i) higher per-

centage of very poor households using natural sources for drinking water; (ii) higher

percentage of very poor and poor households reporting problems related to water conflict

and availability; and (iii) higher average time taken to fetch drinking water by very poor

and poor households in comparisons with well-off and medium households.

The adaptive capacity of respondents was also significantly different according to well-

being status of the households (P \ 0.01). Differences were mainly due to: (i) higher

dependency ratio of family members among poor and very poor households; (ii) high

percentage of uneducated household head among very poor and poor households; (iii) high

percentage of very poor and poor households without means of information and com-

munication; (iv) high percentage of very poor and poor households working in a different

community as a source of income; (v) low agriculture diversification among very poor and

poor households; (vi) small landholding size or landlessness among very poor and poor

households; and (vii) less irrigation facility to grow primary crops by very poor and poor

households in comparisons with well-off and medium households. Differences in adaptive

capacity were also due to poor social network of very poor and poor households in

comparisons with well-off and medium households. The main differences were: (i) lower

percentages of very poor and poor households borrowing money from their social network;

(ii) higher percentage of very poor and poor households borrowing money from local

landlords at high interest rate and indebtedness; and (iii) less service seeking practices from

nearby VDCs by very poor and poor households in comparisons with well-off and medium

households.

This analysis confirmed that climate change results in a differential vulnerability (in

terms of sensitivity and adaptive capacity) with significant association between climate

change vulnerability and well-being status of the communities.

4.2.2 Livelihood vulnerability according to location of the respondents

The livelihood vulnerability slightly varied according to location of households in different

CFUGs (Fig. 5). The exposure was reported higher in Chisapani CFUG due to: (i) higher

events of natural disasters such as floods and landslides; (ii) higher number of injuries as a

result of natural disasters; and (iii) more damage of properties such as houses, land and

livestock as a result of natural disasters in comparisons with other CFUGs. The overall

sensitivity was higher in Kataharbari and Chisapani CFUGs in comparisons with Manasalu

and Raniswanra CFUGs. The sensitivity of health component was higher in Manasalu

CFUG, whereas the sensitivity on food and water components was higher in Kataharbari
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CFUG. The adaptive capacity in terms of dependency ratio was relatively lower in

Chisapani CFUG, and the livelihood strategies and social network were relatively higher in

Raniswanra and Chisapani CFUGs. The Chisapani CFUG has higher rate of exposure,

sensitivity and adaptive capacity in comparison with other CFUGs. Despite these differ-

ences, no significant relationship was observed between the location of respondents with

exposure (P [ 0.05), sensitivity (P [ 0.05) and adaptive capacity (P [ 0.05) as major

factors of vulnerability.

The analysis shows that there was not a uniform pattern or trend between vulnerability

factors and components with location of households rather it was more random. Although

the location of CFUGs varied according to altitude, livelihood opportunities, distance from

service centres and ethnicity of the households, the differences were not significant and

decisive factor in defining level of vulnerabilities.

4.2.3 Livelihood vulnerability according to gender of household head

Livelihood vulnerability was also analysed according to gender of the household head

(Fig. 6). The survey data show that the proportion of male- and female-headed households

was 71 % (n = 74) and 29 % (n = 39), respectively. The analysis of vulnerability

according to household head was relevant in the rural context of Nepal as number of

female-headed households was rapidly increasing mainly due to migration of male

members to the Gulf and other countries as migrant labourers for remittance purpose.

According to the population census carried out in Nepal in 2011, the female-headed

households in the country have increased from 14.87 % in 2001 to 25.73 % in 2011 (GoN

2012a, p. 3). In the research area, the percentage of female-headed households was higher

than the national average. Among the female-headed households, 54 % had male members

who had migrated overseas as labourers, 31 % were headed by females as widow, and in

15 % of households male members were living in other parts of the country. According to

well-being status, very poor households had the highest percentage (37 %) of female-

headed households followed by well-off (32 %), medium (30 %) and poor (21 %)

households.

The analysis shows that female-headed households, in general, had slightly higher

exposure and sensitivity and lower adaptive capacity in comparisons with male-headed

Fig. 4 Livelihood vulnerability according to well-being status of the respondents. LVI values 0 = low to
1 = high. Source Analysis of survey data
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households (Fig. 6). The exposure was slightly higher among female-headed households as

higher number of female-headed households reported more events of natural disasters such

as floods and landslides; and more injuries due to natural disasters. The difference in

sensitivity was due to: (i) higher impacts on health component encountered by female-

headed households such as low affordability to health services; (ii) higher average mos-

quito prevention index due to lower number of bed nets; and (iii) less number of toilets in

use by female-headed households. Likewise, average food deficit was higher and average

crop diversity was low among female-headed households in comparisons with male-

headed households.

The female-headed households also reported higher dependency on natural sources of

drinking water, spending higher time in fetching water and depending more on inconsistent

supply of drinking water than male-headed households. Female-headed households had

lower percentages of household heads who had attended school and higher percentage of

households having communication means such as radio, television and mobile phone in

comparisons with male-headed households. The female-headed households were receiving

less support from their social networks and less frequently visiting their VDC office for

basic services in comparisons with male-headed households. Despite these differences, no

significant association was observed between gender of household head with exposure

Fig. 5 Livelihood vulnerability according to location of respondents. LVI values 0 = low to 1 = high.
Source Analysis of survey data

Fig. 6 Livelihood vulnerability
according to gender of household
head. LVI values 0 = to low to
1 = high. Source analysis of
survey data
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(P [ 0.05), sensitivity (P [ 0.05) and adaptive capacity (P [ 0.05) as major factors of

vulnerability.

4.3 Overall vulnerability

The overall climate change vulnerability according to IPCC’s definition (Vulnerabil-

ity = exposure - adaptive capacity 9 sensitivity) showed differential vulnerability

according to well-being status of the respondents. The very poor well-being groups were

most vulnerable followed by poor, medium and well-off respondents. The overall vul-

nerability of Raniswanra was found higher followed by Chisapani, Manasalu and

Kataharbari CFUG. Likewise, the overall vulnerability of female-headed households was

found higher than male-headed households (Table 3), derived from household survey

data.

This analysis of climate change vulnerability confirms that although livelihood vul-

nerability varies according to well-being status, location of households and gender of

household head, the well-being status of households was the only tested characteristic that

produced a significant difference in vulnerability factors and that only for sensitivity and

adaptive capacity. Exposure was not found to vary significantly with well-being status of

households. The other characteristics of location (CFUG) and gender of household head

were not found to significantly influence exposure, sensitivity or adaptive capacity.

5 Conclusions

The research findings conclude that the local communities in the middle hills region of

Nepal are already experiencing impacts of climate change in their livelihoods. The rain-fed

and subsistence agriculture are mostly impacted by various climatic hazards together with

other non-climatic factors. The erratic rainfall, increasing trend of drying water sources,

prevalence of invasive weeds, increasing trend of pest, diseases and frost show a trend that

subsistence farming in the rural hills of Nepal will become more challenging with the

impacts of climate change. The findings presented in this article provide empirical evi-

dence from a context where there is a very limited information and knowledge available on

climate change impacts and vulnerability.

The research findings confirm that climate change has differential impacts. Although the

climate change vulnerability varies according to location of communities, occupation,

gender of household head, the overall vulnerability largely varies according to well-being

status of the households within the communities. Major differences were due to higher

sensitivity of very poor and poor households on food, water and health components and

lower adaptive capacity in terms of poor socio-demographical status, limited livelihood

diversification strategies and a weak social network. The findings show similarity with

Ribot’s (2010) research that describes that the socio-economic, institutional and policy

dimensions of the households and communities govern sensitivity and adaptive capacity as

components of vulnerability.

Access to information, services and resources; access to and control over natural

resources such as land and water; as well as affordability of basic services such as water,

health and credit remained major determining factors causing differential vulnerability.

The findings are consistent with and provide further evidences and ground realities to

previous research (Adger et al. 2003; IISD 2003; Paavola and Adger 2002; Smith et al.

2000) which indicate that the poor within the communities are differentially affected by the
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impacts of climate change. The finding has an implication for the recently developed

climate change policies and frameworks in Nepal (viz., climate change policy 2011; NAPA

2010 and LAPA framework 2011) which effectively ignore the notion of differential

vulnerability in terms of analysis and adaptation planning.

The research revealed that climate change vulnerability in the research area is governed

by both climatic and non-climatic factors. Many underlying and structural causes were

found responsible to make certain groups of people more vulnerable than others. As

discussed in the previous section, the marginalization process prevailing in the society was

pushing certain families in the communities to live in insecure and marginal lands. Sim-

ilarly, historically, landless and land poor families are those cultivating in rain-fed mar-

ginal uplands and depending upon natural sources of drinking water were found more

vulnerable. The impacts of climate change are not the only causes of vulnerability in

Nepali society. The very poor and Dalit population in Nepal are historically marginalized

and vulnerable based on class, caste, gender and ethnic differences. The analysis of poverty

trend in Nepal shows that poverty in Nepal is unevenly distributed and Dalits and mar-

ginalized Janajaties living in the rural mountains and hills of Nepal are continuously

facing higher incidences of poverty in comparison with the other population (Bennett et al.

2006). The research findings confirm that the impacts of climate change is making a group

of people further vulnerable and at risk who are already vulnerable as a result of ongoing

poverty, inequality and marginalization. The findings also support the view that addressing

climate change vulnerability of the most vulnerable may not be possible without

addressing issues related to social exclusion and marginalization as these issues remain a

major obstacle for the empowerment of marginalized and socially excluded people in

Nepal (Bennett et al. 2006; Murshed and Gates 2005). The findings show similarity with

the pressure and release model of vulnerability (Blaikie et al. 1994; Pelling 2003) which

links risks and hazards with underlying causes of vulnerability from the political economy

framework.

The research found that household vulnerability is more strongly determined by well-

being status than by geographical location. The findings suggest and justify that the local

communities as unit of vulnerability analysis and most vulnerable communities as pri-

oritized groups for adaptation planning. The finding has practical implications to an

approach of vulnerability analysis and adaptation planning considering geographical area

as a unit. Both NAPA and LAPA frameworks in Nepal are oriented towards addressing

climate hazards, ignoring socio-political and underlying causes of vulnerability and

lacking a process to identify and target the most vulnerable population. This process may

result in an inaccurate vulnerability analysis and further paralyse the adaptation needs of

the most vulnerable communities. This research suggests that climate change vulnerability

is a complex process which requires analysis of vulnerability at multiple scales (location,

timeframe and population units), multiple disciplines (actors, institutions and roles) and

multiple causes (underlying causes related to structure, policy and systems) as indicated in

some previous literature (Adger 2006; Oreskes 2004; Ribot 2010). A micro-level analysis

of vulnerability may help in understanding the complexities and in designing adaptation at

the local level. However, the accuracy is based on relevancy of indicators, and reliability

of local responses including well-being ranking and stratification of households.
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