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ABSTRACT
The study focuses on four river basins, Gandaki, Indus, Upper Ganga and Teesta, in the Hindu Kush
Himalayan (HKH) region in South Asia. The region is considered one of the more environmentally
vulnerable areas in the world due to recurrent natural hazards that can be exacerbated by future
climate change. The dependence of the population on natural resources based livelihoods makes the
region particularly vulnerable to adverse climate change impacts. Labour migration can help
household adaptation, particularly when it incurs significant cash investment. The paper analyses the
determinants of household adaptation, including migration, in three sectors, namely, agriculture,
livestock, and water. It shows that household adaptation to the negative effects of climate change
was very poor in the region, with less than a third of the households undertaking adaptation
measures. While labour migration showed a positive influence on household adaptation, it was
statistically significant only in agriculture. Nevertheless, migration influenced household adaptation
indirectly through livelihood diversification, access to services provide of external stakeholders, and
changes in household composition. The study identified location, access to climate information, and
services provided by external stakeholders as important factors in household adaptation to climate
change.
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1. Introduction

South Asia is highly susceptible to the adverse effects of climate
change. In the mountains, the temperature increase is expected
to be higher than the global average due to the elevation-
dependent warming effect (Pepin et al., 2015). When the global
temperature increases by 1.5°C, it will increase by 2.1 ± 0.1°C
in the high mountains of Asia (Kraaijenbrink et al., 2017).
This region is already prone to recurrent natural hazards
such as glacial-lake outburst floods, storm surges, droughts,
river floods and erosion, and heavy and erratic precipitation
that can be further exacerbated by future climate change
(IOM, 2016; Krishnan et al., 2019). The high dependence of
the population on natural-resources-based livelihoods makes
the region particularly vulnerable to the adverse impacts of cli-
mate change. The study focuses on four river basins – Gan-
daki, Indus, Upper Ganga and Teesta – that are part of the
Hindu Kush Himalayan (HKH) region, which is already con-
sidered as one of the more environmentally vulnerable areas in
Asia (IPCC, 2014a; Messerli et al., 2004; Wester et al., 2019).

People in the HKH region and those living in the dependent
downstream have long adapted to living in a fragile environ-
ment, including labour migration to diversify livelihoods and
spread risks (Pathak et al., 2017). Consequently, remittance

plays an important role at national as well as household levels
in the HKH region. The HKH countries accounted for nearly
19% of the international migrant stock in 2013 and about 29%
of the global remittance inflows in 2015 (World Bank, 2017,
2018). Internal migration is even higher which, in the case of
India, accounts for about 30% of its total population (Census
of India, 2001), in Nepal 14% (CBS, 2012) and in Bangladesh
10% (BBS-GOB, 2015).

There is a growing understanding that migration may serve
as an adaptation strategy and/or support the adaptation
capacity of households in areas vulnerable to the negative
impacts of global environmental change (Bardsley & Hugo,
2010; Black et al., 2011; Jha et al., 2018; Lonergan, 1998; McLe-
man & Hunter, 2010; McLeman & Smit, 2006). Emerging
theoretical and empirical evidence suggests that migration
influences household adaptation through remittance, skill
transfer, and transnational and translocal ties (Afifi et al.,
2016; Mortreux & Barnett, 2009; Scheffran et al., 2011). It
can also help households to absorb climate shocks (Gioli
et al., 2014; Tebboth et al., 2019). In climate vulnerable
areas, remittance can help in building the adaptive capacities1

of households, particularly when the adaptation option incurs
a significant cash investment by the households (Ng’ang’a
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et al., 2016). Migration offers households an opportunity to
diversify livelihoods and spread risks in ways that make their
households less vulnerable to the impacts of global environ-
mental changes (Greiner & Sakdapolrak, 2013; Hampshire,
2002; Leighton, 2006; Piguet, 2013). One of the benefits of
migration is enhancement in transnational or translocal ties
(Sakdapolrak et al., 2016) which facilitates better access to
information, services and technology for households. But
migration also brings about second order changes in the com-
position and structure of the migrant households that can
affect the adaptive capacity of the households (Rao et al.,
2019a; Rao et al., 2019b; Singh, 2019a). Most migrants tend
to be male which results in an increase in female-headed
households (Goodrich et al., 2019; Rao et al., 2019b; Rigg &
Salamanca, 2015). There are both positive and negatives out-
comes to this. On the one hand, the absence of male household
members can increase the workload of the women left behind
(Maharjan et al., 2012), resulting in severe time poverty and
increased vulnerability (Arora et al., 2017; Bhagat, 2017; Bhatta
et al., 2015; Bhattarai et al., 2015; Lawson et al., 2020; Singh,
2019b). On the other hand, it can increase women’s
decision-making capacity and enhance their agency (Djoudi
et al., 2016; Rao, 2019), thereby facilitating household
adaptation.

Adaptation studies have focused heavily on assessing vul-
nerability or adaptive capacity through construction of various
outcome indices (Balasubramanian et al., 2007; Gbetibouo
et al., 2010; Hahn et al., 2009; Iglesias et al., 2011; Malone &
Brenkert, 2008). There are only a few studies that provide
empirical evidence of how household decision-making on
adaptation is influenced by various household and external
factors (e.g. Vincent, 2007; Yohe & Tol, 2002). However, a bet-
ter understanding of household adaptation decisions, includ-
ing migration options and the processes resulting in reduced
vulnerability or enhanced adaptive capacity, is critical to ident-
ify and develop robust policies (Adger & Vincent, 2005; Smit &
Wandel, 2006).

The study contributes to the scholarship on migration and
climate change adaptation in four ways. Firstly, it identifies the
determinants of household adaptation, including the role of
migration. Secondly, the study analyses household adaptation
in three crucial sectors, namely, agriculture, livestock, and
water. To the best of our knowledge, there have not been
many studies that categorically analyse multiple sectors simul-
taneously using surveyed household data. Thirdly, the study
covers diverse study areas in terms of the socio-cultural con-
text and climatic stressors, thereby demonstrating the loca-
tional specificity of the adaptation behaviour of households.
Finally, the study also brings in the mountain perspective by
taking into consideration the ecological zones in the study
sites in order to show the differential impacts on the moun-
tains and the plains.

2. Theory

The IPCC’s Fifth Assessment Report makes a strong case for
the capacity of migration outcomes to reduce vulnerability of
populations exposed to environmental and climatic hazards
and longer-term change (Adger et al., 2014). Studies have

also shown that, in the face of environmental and climatic
stress, migration is a strategy aimed at supporting basic
needs and livelihoods (Foresight, 2011; Hampshire, 2002;
Piguet, 2013). There is an increasing interest among scholars
in the potential of migration to contribute to adaptation
(Bardsley & Hugo, 2010; Black et al., 2011; McLeman &
Smit, 2006). Migration can help the adaptive capacity of house-
holds if it helps improve the households’ existing resource base
to spread risk and reduce vulnerabilities (Gemenne & Blocher,
2017; Tacoli, 2011; Warner & Afifi, 2014) or helps expand the
asset base. However, there are very few empirical studies
exploring the role of migration in shaping household adap-
tation decisions and processes (Milan et al., 2015).

The New Economics of Labour Migration (NELM) (Stark &
Bloom, 1985) is the underlying theory in this study to further
investigate the contribution of migration to household adap-
tation in the specific context of the HKH region. Three
major aspects of NELM contribute directly to the analytical
framework of the study: (i) the migration decision is taken at
the household level; (ii) migration is a household strategy to
diversify livelihoods rather than maximize incomes; and (iii)
migration helps to overcome other market failures such as
capital and insurance markets. Hence, under NELM,
migration is considered as a risk management strategy of the
households (Robert & Stark, 1985; Stark & Levhari, 1982).
Households dependent on the natural resource base for pro-
duction and consumption often spatially diversify the house-
hold income sources by becoming involved in labour
migration (Bohra-Mishra et al., 2014; Ramin & McMichael,
2009). Income diversification via migration helps households
to reduce risks and relax financial constraints through remit-
tance transfers (Katz & Stark, 1986; Robert & Stark, 1985;
Stark & Levhari, 1982; Taylor, 1999). In the absence of formal
insurance markets, migration via remittance acts as a house-
hold co-insurance strategy.

The main objective of this study is to analyse the role of
migration in influencing the determinants of household adap-
tation decisions. For this purpose, we supplement the NELM
theory with the sustainable livelihoods framework (SLF) devel-
oped by Chambers (1989) and later elaborated by Scoones
(1998) as well as the conceptual approach of Yohe and Tol
(2002). According to Chambers’ (1989) theory of vulnerability
and adaptation, poor households seek to reduce vulnerability
by diversifying their income sources and capital assets. Thus,
both NELM and the Chambers’ theory postulate that poor
people do strategize to reduce risks through livelihood diver-
sification. While both Chambers (1989) and Yohe and Tol
(2002) consider household and community level factors in
determining adaptation capacities, Yohe and Tol (2002) also
consider factors beyond household capital such as access to
critical infrastructure, adaptation technology and climate
information. The SLF identifies five capital assets: human,
natural, financial, social and physical (Scoones, 1998). Yohe
and Tol (2002), on the other hand, have listed eight determi-
nants of adaptation: (1) the range of available technological
options for adaptation; (2) the availability of resources and
their distribution across the population; (3) the structure of
critical institutions, the derivative allocation of decision-mak-
ing authority, and the decision criteria that would be
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employed; (4) the stock of human capital, including education
and personal security; (5) property rights; (6) the system’s
access to risk-spreading processes; (7) the ability of decision
makers to manage information, the processes by which these
decision makers determine which information is credible,
and the credibility of the decision makers themselves; and
(8) the people’s perceived attribution of the source of stress
and the significance of exposure to its local manifestations.
These eight determinants of adaptive capacity include a variety
of systems, sectors, and location-specific characteristics. But, as
Below et al. (2012) have pointed out, even though these deter-
minants of adaptive capacity are specific enough to explain
local adaptation processes, they might not fully explain the
processes undergone by poor households to adapt to climatic
variability and change. To understand the specific processes
leading to reduced vulnerability or enhanced adaptive capacity
at household level, especially those triggered by migration, a
set of variables drawn from the three theories that can explain
household adaptation decision making is needed. The vari-
ables that are described in the next section have been identified
taking into consideration the HKH context.

3. Material and methods

3.1. Study area

The study area consists of four river basins: Indus, Upper
Ganga, Gandaki and Teesta (Figure 1). To ensure that different
altitudes from the study area are represented, sites from the up-,
mid- and down-stream areas of all rivers basins were included
(Table 1). Although all the river basins are largely fed by rainfall,
particularly monsoon rains, glacier and snowmelt water also
play an important role in basin runoff. An exception is the
Indus basin where the glacier and fresh snowmelt contributions
to the run-off in the river are comparatively high. But a higher

level of warming is expected across the four river basins under
study (Conway et al., 2019). The three sub-areas of the basins
show the impacts of climate change in the form of both
increased snowmelt and flash floods during the monsoon as
well as reduced rainfall especially during the cropping period,
leading to drought-like conditions, (Abbasi et al., 2017).

In all four basin sites, the major income sources are agricul-
ture and forest products; livestock and fishing; tourism; rent
and business; formal salary or wages; and casual labour. Of
these, agriculture remains the primary source of income.
Due to topographical and climatic differences, agriculture is
more productive in the plains than in the mountains but it is
mostly subsistence in nature. For instance, in the Teesta
river basin in Bangladesh, about 54% of the population is
involved in subsistence agriculture, with 8% of the farmers
having less than 1 ha of cultivable land (Syed et al., 2017).
With limited opportunities both in farm and non-farm sectors,
out-migration has been key in the search for better livelihoods,
particularly, in the mountain areas. For instance, in the state of
Uttarakhand, India, all the mountain districts in the Upper
Ganga basin have recorded less than 5% decadal growth rate
in population, including the study areas Rudraprayag and
Teri Garhwal. Similarly, the 36 hill and mountain districts in
Nepal have recorded a negative decadal growth rate in popu-
lation, including the study sites Rasuwa and Nuwakot districts
(CBS, 2012). Among the resident population, labour migration
is an important livelihood strategy.

There is significant diversity in terms of ethnicity, religion
and caste among the population in the study sites. This diver-
sity is reflected in the different socio-cultural norms that influ-
ence the governance of access to assets among the different
ethnic groups residing in the different locations. However,
when it comes to gender relations, patriarchy is the norm
among most households although the norms are more
woman-friendly in mountain areas than in the plains in all

Figure 1. Map of the study sites at up, mid and downstream of Indus, Upper Ganga, Gandaki and Teesta river basins.
Source: Background image from Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.
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the four river basins under study. But there is significant diver-
sity with regard to ethnicity. For example, in the Teesta basin,
the higher elevation villages are inhabited by indigenous
groups, the mid-stream villages by mixed Nepali ethnic com-
munities and other scheduled tribes (Bhadwal et al., 2017),
and the villages in the downstream floodplains by Bengalis
(Syed et al., 2017). A similar diversity is prevalent in relation
to religion. While Buddhism and Hinduism are dominant in
the Indian part of the Teesta river basin, Islam is the major reli-
gion in the Bangladeshi part of the Teesta. As regards caste and
other social hierarchies, differences are similarly evident. So,
while in the Upper Ganga basin, scheduled castes and tribes
constitute the marginalized section of the society, in the plains,
the other backward castes (Sainis and Gade Muslims) consti-
tute the marginalized groups. As regards literacy, people in
higher elevation sites were generally more literate compared
to those in the plains, except for the Gandaki basin. Population
density was higher in the plains than in the hills across all four
river basins under study.

3.2. Sampling design and data collection

To determine a statistically reliable sample size, Cochran’s
sample size formula (Cochran, 1977) was used in all four
study basins. The formula is presented in Equation (1).

n = D× Z2 × (p)× (1− p)
e2

[ ]
(1)

In the equation, while sample size is denoted by n, p rep-
resents the percentage of households picking a choice

(expressed as decimal = 0.5). Put differently, it is an assumed
proportion of household population in the study areas that
is likely to have the characteristic of interest. In this study,
the characteristic of interest is ‘adaptation to climate change
induced impacts’. In the equation, (p)× (1− p) expresses an
estimate of variance. Z represents Z-value (1.96 for 95% confi-
dence interval), e is margin of error (0.06), and D is design
effect (1.50).

A stratified sampling design is followed in the study. The
design effect has been considered in the sample size formula
to compensate for any loss of statistical robustness in the stra-
tification procedure within the river basins (the strata being
upstream, midstream and downstream). The design effect is
the ratio of the actual variance, under the sampling method
actually used, to the variance computed under the assumption
of simple random sampling.

Using Equation (1), a sample size of 402 households was
determined for each river basin. However, the number of
actual surveyed households was higher than the determined
sample sizes in all river basins. The researchers contacted a
higher number of households than that required for the
sample because, through past experience in conducting similar
surveys, they knew that there would be a high number of non-
responding households and incomplete questionnaires. In
total, 1987 households were surveyed in the four river basins.
The determined sample in each river basin was unequally dis-
tributed across strata using the ‘probability proportional to size
(PPS)’method. There is one limitation in the sampling design.
In each stratum, districts and study settlements within districts
were selected purposively in view of their high vulnerability to
climate-change-induced impacts. In view of this limitation, the

Table 1. Study sites in river basins.

River basins Altitude Surveyed sample size Target districts Selected settlements within districts

Indus (Pakistan) Upstream 127 Nagar Hopper
Hunza Passu

Gircha
Midstream 131 Chakwal Akwaal

Rawalpindi Saroba
Dhok Chawan
Gang

Downstream 155 Sargodha Chak 7
Sada Kamboh

Ganges (India) Upstream 164 Rudra Prayag Guptkashi
Huddu

Midstream 159 Tehri Grahwal Kimkhola
Ammi
Baghi

Downstream 161 Haridwar Hakeempur
Badal

Gandaki (Nepal and India) Upstream 202 Rasuwa (Nepal) Gatlang
Midstream 200 Nuwakot (Nepal) Charghare

Khanigaon
Downstream 201 Chitwan (Nepal) Gardi

Kathar
Madikalyanpur

West Champaran (India) Shampur Kotraha, Nautan Block
Teesta (India and Bangladesh) Upstream 84 West Sikkim (India) Gumpa Dara

Simphok
Midstream 166 West Sikkim (India) Hee Gaon

Martam
North Sikkim (India) Sudur

Downstream 237 Rangpur (Bangladesh) Panjarbanga
Nilphamari (Bangladesh) Purba-Chatnai
Chor Dhubni (Bangladesh) Chor Dhubni

Total 1987
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data and findings of the study may not be a true representative
at river basin and strata levels.

A structured questionnaire was prepared to collect data
from households. The questionnaire was digitalized in a
mobile/tablet-based application called Akvo-flow. Predesigned
survey forms, which had undergone multiple iterations, were
input into the Akvo-flow application running on Android-
enabled smartphones. This would enable the user to upload
the data directly onto a central server from which they could
be readily accessed and prevent transcribing mismatches.

The survey enumerators were trained on both the use of
Akvo-flow and ethics in data collection at a training workshop.
In April–May 2017, the questionnaire was pre-tested in all
strata to ensure the consistency of questions and for smooth
collection of data through electronic devices. The actual survey
was administered in the English language from June to Sep-
tember 2017 in all the study sites. In each settlement, house-
holds for the survey were selected using the random route
procedure. Enumerators were instructed to select the respon-
dents in households based on their age. Respondents who
were more than 25 years of age were interviewed because the
questionnaire contained many questions relating to percep-
tions of past events (i.e. recall data of the situation going
back 5–10 years).

The questionnaire consisted of information on migration
(destination, remittance, migrant profile), climate change
perceptions (changes observed and overall impacts), adap-
tation in the selected three sectors (type of crop/livestock
produced and source of water, climate change impacts in
these sectors, and measures undertaken to reduce the nega-
tive impacts).

3.3. Empirical strategy

This study is mainly based on household level data gathered
from the quantitative survey described above. In addition, it
also used qualitative data from a different component of the
overall project under which this study was conducted. That
component, titled ‘social vulnerability to climate change’,
used focus group discussions (totalling 111 FGDs), key infor-
mant interviews (totalling 68 KIIs) and multi-stakeholder con-
sultations for data collection purposes. The present study used
select information from the qualitative data to cross-validate
the findings of the household survey.

Survey data were analysed using both descriptive and
analytical statistical tools. Descriptive statistical tools were
used to understand migration, climate change and adaptation
actions. In the case of analytical statistical tools, logistic
regression models were used to investigate the determinants
of the household adaptation decision. Several studies (Deressa
et al., 2009; Gbetibouo, 2009; Gebrehiwot & van der Veen,
2013; Hussain et al., 2018; Kurukulasuriya & Mendelsohn,
2008; Nhemachena & Hassan, 2007; Piya et al., 2013; Seo &
Mendelsohn, 2007) have used probability models, including
logistic regression, to understand a household’s decision to
adapt to climate change induced stresses. In this study, logistic
regression is applied to investigate the adaptation decision of
households in three sectors, e.g. agriculture, livestock, and
water. Adaptation measures taken by households were

classified into sectors, while households taking measures in
multiple sectors were included in multiple sectors for purposes
of analysis. The Equation (2) of the logistic regression model is
given below:

Pi = E(Y = 1|Xi) = 1
1+ e−(a+BiXi)

(2)

where Pi represents the probability of 1; α is constant; Xi is the
vector for independent variables; Bi is the vector for coefficients
of independent variables; and e is the base of natural logarithm.

Although the main focus of this study is to examine the
effect of migration on a household’s adaptation decision, it is
also important to include other relevant variables (control
variables) in the regression analysis to ensure the internal val-
idity of estimates. In this regard, the most relevant variables
were mainly identified based on the Sustainable Livelihood
Framework (SLF) (Scoones, 1998) as well as a set of adaptation
determinants identified by Yohe and Tol (2002). All indepen-
dent variables were classified into five classes of household
assets as defined under SLF and the eight determinants of
adaptation as proposed by Yohe and Tol (2002). The identified
variables together with their expected relation with the dichot-
omous dependent variable are presented in Table 2.

4. Results

4.1. Migration and remittance status

In the river basins, 29% of all surveyed households reported hav-
ing at least onemigrantmember (see Table 3). Amigrant, for the
purposesof this study, is definedas amember of a householdwho
spends at least 3 months of the year away from home for work
purposes. A household with at least one migrant is considered
a migrant household.Whenmigration is within a country’s bor-
ders, it is called internal migration; when it is beyond the coun-
try’s borders, it is called international migration. Most of the
migration in the study area is internal (>80%) comprising both
seasonal and temporary migration. Gandaki is, however, an
exception. It has 53% international migration with the Gulf
countries and Malaysia as major destinations. Similar findings
of high internal migration in environmentally vulnerable areas
have been reported in other studies (Gioli et al., 2014; Rigaud
et al., 2018; Warner & Afifi, 2014). Most migrants were male
household members although, increasingly, women too are par-
ticipating in the process. Apart from labour migration, house-
holds have also reported temporary displacement as a result of
extreme weather events such as floods, extreme rainfall and
cloud bursts. Temporary displacement due to extreme events
was reported as higher in the Teesta (17%) and Indus (16%)
basins than in the other two basins.

Remittance, which is the direct benefit of labour migration,
plays an important role in supporting the livelihoods of left-
behind household members. Almost 80% of migrant house-
holds reported receiving remittances but the remittance
amount was low, on average less than 3 USD per day for
internal migrants and less than 5 USD per day for international
migrants. The annual average remittance amounts differed
among the study basins (Table 3). The highest average internal
remittance was reported in the Indus basin while the
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corresponding international remittance was reported in the
Upper Ganga basin. About 18% of surveyed households
reported using remittance incomes to cope with household
food and non-food needs during extreme events, with the
highest such use reported in the Teesta basin (29%), a
finding similar to those of Le De et al. (2015) and Suleri and
Savage (2006).

4.2. Climate change and its impacts

Almost 90%of surveyed households have perceived some changes
in the climate during the last decade (2007–2017) and therewasno
noticeable difference in perception between migrant and non-
migrant households (Table 4). A large majority of households
across the river basins perceived an increase in annual and sum-
mer temperatures and a decrease in precipitation and snowfall.

Table 2. Dependent and independent variables of household adaptation.

Assets category under
Sustainable Livelihood
Framework Variables Description of variables

Yohe and Tol (2002)
determinants

Expected
sign

Dependent variable
Household adaptation Dummy variable: If household has undertaken at least one

adaptation measure, D = 1; Otherwise = 0
−

Independent variables
Human Household migration status

(variable of interest)
Dummy variable: If household has at least one labour migrant,
D = 1; households without migrant = 0

No. 6 +

Age of household head Age of household head +/−
Literacy status of household
head

Dummy variable: If household head is literate, D = 1;
Otherwise = 0

No. 7 +

Marital status of household
head

Dummy variable: If household head is married, D = 1;
Otherwise = 0

No. 4 +

Household size No. of members in a household No. 4 +/−
Financial Insurance facility Dummy variable: If at least one household member has life or

health insurance, D = 1; Otherwise = 0
No. 6 +

Livelihood diversity Number of income sources No. 2 +
Outstanding debt Dummy variable: If household has outstanding debt, D = 1;

Otherwise = 0
No. 2 +

Social Sex of household head Dummy variable: If household head is male, D = 1; Otherwise
= 0

No. 5 +

Membership in community
group

Dummy variable: If household is member of any community
groups such as cooperative/CFUG/Mother group, D = 1;
Otherwise = 0

No. 5 +

Access to government
services

Dummy variable: If household is visited by the government
service providers, D = 1; Otherwise = 0

No. 7 +

Access to services of NGOs Dummy variable: If household is covered by the services of
NGOs, D = 1; Otherwise = 0

No. 7 +

Natural Landlessness Dummy variable: If household does not have any agricultural
land, D = 1; Otherwise = 0

No. 2 −

Physical Distance to road Distance to nearest motorable road in km No. 3 −
Access to climate related
information

Dummy variable: If household has access to climate related
information, D = 1; Otherwise = 0

No. 1 +

Note: Barring ‘household migration status’, all other independent variables are included as control variables.

Table 3. Migration and remittance status among households with at least one labour migrant.

River
basins

Migration
destination

% migrant
households

% of migrant households
receiving remittances

Average annual remittance (USD
per migrant)**

Average cost of migration (USD
per migrant)***

Gandaki Total 27* 78a

Internal 37b 52d 643 205
International 65c 87e 1402 1603

Indus Total 31* 74a

Internal 85b 71d 1082 255
International 15c 91e 1576 2699

Teesta Total 20* 76a

Internal 99b 76d 542 118
International 1c 100e – –

Upper
Ganga

Total 32* 84a

Internal 95b 83d 142 30
International 9c 67e 1793 297

Overall Total 28* 78a

Internal 76b 73d 557 319
International 26c 85e 1426 1611

*Percentage of surveyed household with at least one labour migrant in particular river basin.
**Calculated only for remittance receiving households.
***Calculated for all migrant households.
aPercentage of migrant households receiving remittance.
bPercentage of migrant households with internal migrant.
cPercentage of migrant households with international migrant.
dPercentage of internal migrant households receiving remittance.
ePercentage of international migrant households receiving remittance.
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However, there was a difference in response to various climatic
variables across the fourbasins reflecting the local climatic context.

A large portion of households also perceived a change in the
incidence of extreme events such as floods, droughts, extreme
rainfall, landslides and heat waves. There was only a slight
difference in response between migrant and non-migrant
households in this regard. However, the nature of extreme
events differed across the four basins. While drought was
reported as a major concern in the Gandaki basin, it was
heat waves in the Indus, floods in Teesta, and extreme rainfall
in the Upper Ganga.

Studies based on climatic data also indicate that climatic
changes are already happening in the Indus, Ganges and Brah-
maputra river basins. Some of the main changes observed in
the recent decades include increasing temperature trends, erra-
tic rainfall patterns, and alterations in climatic extremes (Nepal
& Shrestha, 2015; Wijngaard et al., 2017). A study by Nepal
and Shrestha (2015), which took the same four river basins
as their sample, reported an increase in temperature across
the basins although precipitation patterns and trends varied
among the basins based on seasons and locations. Karki
et al. (2017) also reported erratic and extreme precipitation
in one of the river basins that forms part of our study.

A large number of households reported impacts of climate
change on all three sectors–agriculture, livestock and water
(Table 5). Some of the impacts reported were increased
water scarcity, drying up of freshwater sources, decrease in
crop and livestock productivity, increase in disease/pest inci-
dence in crops and livestock, and degradation of pasture
land and forests. There was no difference in perception
between migrant and non-migrant households except with
regard to drying up of freshwater sources and degradation of
pasture land and forest.

4.3. Adaptation situation of the households

The results of the survey show that more than 90% of house-
holds perceived some changes in climate but less than one
third of the households reported undertaking adaptation
measures to reduce the negative impacts of such change
(Table 6). An adaptation measure is defined as a measure
that the households have undertaken to reduce the negative
impacts of climate change. Most adaptation measures are
reported in the agriculture and water sectors.

A comparison between migrant and non-migrant house-
holds in terms of adaptation measures reveal that, overall, a

Table 4. Perceptions of households about changes in climatic variables (%).

Climatic variables

% reporting households

River basin Migration status

OverallGandaki Indus Teesta Upper Ganga Migrant household Non –migrant household

Increased annual average temperature 85 96 66 79 81 81 81
Increased summer average temperature 86 96 63 83 83 81 81
Increased winter average temperature 59 61 46 58 59 55 56
Increase in erratic rainfall 63 62 80 90 77 72 73
Decrease in average rainfall 70 46 48 60 64 55 57
Decrease in snowfall 32 30 15 44 30 31 30
Increase in hailstorms 32 27 32 58 35 38 37

Table 5. Household perception of climate change impacts.

Perceived impacts of climate change (compared with 10 years
before situation)

% of reporting households*

Overall

River basin Migration status

Gandaki Indus Teesta
Upper
Ganga

Migrant
households

Non migrant
households

Increased water scarcity for domestic use 30 21 27 33 30 27 28
Increased water scarcity for crops and animals 39 27 24 18 31 27 28
Drying up of freshwater sources 57 27 42 73 63 49 53
Decrease in crop productivity 35 30 30 53 44 41 42
Increased incidence of diseases/pests in crops 75 69 56 61 68 64 65
Decrease in livestock productivity 18 42 7 36 24 24 36
Increased incidence of livestock diseases 37 62 23 41 39 40 40
Degradation of pasture land and forests 8 43 6 31 32 16 21

*Calculated among the total surveyed households.

Table 6. Proportion of households reporting adaptation by sector and migration status.

River Basin

Adapting* households by sector Adapting households by migration status

OverallAgriculture Livestock** Water Migrant households Non-migrant households

Gandaki 47 11 21 35 27 29
Indus 32 30 43 15 15 15
Teesta 18 10 23 9 7 7
Upper Ganga 16 13 58 36 35 35
Total 29 15 35 24 21 22

*Adapting households are those that have taken at least one adaptation action to cope with climate change impacts.
**Livestock sector also includes the forest sector.
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slightly higher proportion of migrant households reported
undertaking adaptation measures in the agriculture sector
(Table 6). However, in other sectors, there is negligible differ-
ence between migrant and non-migrant households.

The most common adaptation measures in the agriculture
sector were the use of pesticides/insecticides; introduction of
new crop varieties; adjustment of timing; improved irrigation;
and use of organic fertilizer. The top five adaptation measures
in the livestock sector were improvements in animal sheds and
ponds; investments in disease control through medicines and
vaccines; switching to native breeds; switching to new breeds;
and support from external stakeholders. The top five adap-
tation measures in the water sector were switching to an
alternative water supply, mostly a piped water supply; main-
tenance of water sources; construction of water storage units;
improved recharge systems; and construction of a resilient
water supply. Some differences between the migrant and
non-migrant households were noted with regard to the pre-
ferred adaptation measures.

4.4. Factors influencing household adaptation decision

The descriptive analysis indicates that, in general, a higher pro-
portion of migrant households reported undertaking adaptive
measures to reduce the negative effects of climate change, par-
ticularly in the agriculture sector. In order to identify the key
factors that influence household adaptation decisions, the
logistic regression models are used. Table 7 presents the
descriptive statistics of the explanatory variables used in the
regression analysis.

The Table shows that differences between migrant and non-
migrant households with regard to the selected variables is
generally low barring a few variables such as education of
household head, average age of household head, and house-
holds with insurance and group membership. The regression
analysis results, according to sectors, are given in Table 8
below.

4.4.1. Any adaptation measure
Before analysing the relationship between migration and adap-
tation measures in the three key sectors, a regression model
was run to examine the relationship of migration and other
variables to overall adaptation measures in any one of the sec-
tors. It revealed that migration did not have a statistically sig-
nificant relationship with aggregated adaptation measures. It
also revealed that households headed by males had a 30%
less chance of taking adaptation measures compared to female
headed households (Table 8). However, the addition of one
income sources was likely to increase the chances of adaptation
by 72%. Likewise, access to climate information, group mem-
bership and access to NGO services were likely to increase the
likelihood of adaptation by 88%, 71% and 39%, respectively.
But an increase in distance to a motorable road by one kilo-
metre was likely to result in a decline in adaptation chances
by 3%. Similarly, landlessness was likely to result in a decline
in the chances of taking adaptation measure by 38% (Table
8). Moreover, the likelihood of taking adaptation measures
was less in the Indus and Teesta than in the Upper Ganga.
The likelihood of adaptation was lower in the upstream and
midstream areas than in the downstream areas.

4.4.2. Agriculture sector
The regression results showed that migration status had a
highly significant positive influence on household adaptation
decisions. Households with at least one labour migrant were
1.5 times more likely to undertake at least one adaptation
measure as compared to non-migrant households. Among
the household human and natural capital variables, edu-
cation and age of household head showed a highly signifi-
cant positive influence on the adaptation decision. Having
a literate household head increased household adaptation
by 1.5 times. However, having a woman as household
head was likely to decrease adaptation by 72%. Similarly,
landless households were 32% less likely to undertake adap-
tive measures than households with land ownership. House-
holds with diverse sources of income were much more likely
to adapt than those depending on fewer sources of income.
The addition of one more local income source was likely to
double household adaptation.

Household adaptation decisions were also highly influenced
by access to external stakeholders and information. House-
holds with access to climate related information were twice
as likely to adapt than households without access to such infor-
mation. Similarly, being part of community groups and having
access to non-governmental services increased household
adaptation by almost 1.5 times. Locational variability was
also observed among the river basins as well as the up, mid
and down streams within a basin. As compared to the Upper
Ganga basin, households in the other three basins were
much more likely to adapt and the difference was statistically
significant for the Gandaki and Indus basins. Households in
the Gandaki basin were 6 times and those in the Indus basin
were almost 3 times more likely to adapt than households in
the Upper Ganga basin. As compared to the down-stream
flood plains, households in both the upstream and mid-
streams were less likely to adapt.

Table 7. Descriptive statistics of variables by migration status.

Variables
Non-migrant
household

Migrant
household

Sex of household head (% female) 16.3 16.4
Education of household head (% literate) 66.8 62.0
Average age of household head (in yrs.) 47.1 51.1
Marital status of household head (%
married)

89.3 85.9

Average household size 4.2 4.6
Households with insurance (% of
households)

15.4 29.3

Livelihood diversity (average number of
income sources)

1.2 1.1

Access to climate information (% of
households)

51.5 52.6

Outstanding debt (% of households with
loans)

33.1 34.2

Group membership (% of households) 39.5 44.5
Access to government services (% of
households)

17.9 15.2

Access to NGO services (% of
households)

11.7 12.3

Average distance to motorable road (in
km)

1.9 2.3

Landlessness (% of landless households) 45.9 45.4
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4.4.3. Livestock sector
The household migration status had a positive influence on the
household adaptation decision in the livestock sector but it was

not statistically significant. The gender and age of the house-
hold head showed a significant influence on household adap-
tation. Women-headed households were 42% less likely to
adapt than households headed by men. Households with lit-
erate household heads were 66% less likely to adapt than
households with illiterate heads. Large households were
more likely to adapt than small households. Households with
diverse livelihood income sources were 1.2 times more likely
to adapt than those without them. Similarly, households with
insurance were 72% less likely to adapt than those without
insurance. Landless households were 60% less likely to adapt
than households with land ownership.

Among the external factors, group membership, access to
non-government services, and access to climate information
were likely to increase household adaptation by 2.1, 1.7 and
2.7 times, respectively. There were statistically significant vari-
ations observed in adaptation decisions among the river basins
and streams of the study. Compared to the Upper Ganga basin,
households in the Gandaki and Teesta basins were more than
50% less likely to adapt whereas households in the Indus basin
were 1.8 times more likely to adapt. As was the case with the
agriculture sector, compared to households in the down-
stream, households in both the up-stream and mid-stream
were more than 30% less likely to adapt.

4.4.4. Water sector
Unlike in the case of the agriculture and livestock sectors, the
household migration status seemed to exert a negative influ-
ence on adaptation decisions in the water sector but it was
not statistically significant. The age and sex of household
head, household livelihood diversification and debt showed a
statistically significant relation with the household adaptation
decision. Women-headed households were 60% less likely to
adapt than male-headed households while a literate household
head was 67% less likely to adapt than a literate household
head. An addition of one more household income source
was likely to increase adaptation by 1.5 times. Households
with outstanding debt, a proxy variable for households’ access
to finance, were 1.2 times more likely to adapt.

Once again, the influence of external stakeholders was
found to be highly significant on the household adaptation
decision. Variables such as access to climate information,
group membership and access to government services
increased household adaptation by 1.6 times. Access to non-
government services was likely to increase adaptation by 1.3
times. An increase in distance by one kilometre to a motorable
road was likely to decrease household adaptation by 92%.

Compared to households in the Upper Ganga basin, house-
holds in the other three basins were less likely to adapt and it
was statistically highly significant. Again, compared to the
down-stream, households in the up and mid-streams were
less likely to adapt though it was statistically significant only
in the case of the up-stream.

5. Discussion

In the study sites, migration was an important livelihood strat-
egy undertaken by nearly one third of the surveyed households
although most migration was internal. The study showed how

Table 8. Results of logistic regression analysis.

Variables Odds ratios

Adaptation
measure in any

sector Agriculture Livestocka Water

Household
migration
status

1.1754 1.4638*** 1.0864 0.9146

(0.1334) (0.1836) (0.1683) (0.1084)
Household size 1.0186 0.9706 1.0984*** 1.0279

(0.0246) (0.0259) (0.0314) (0.0252)
Sex of HH 0.6986** 0.7242* 0.4205*** 0.6021***

(0.1086) (0.1267) (0.1069) (0.0989)
Education of HH 0.8816 1.5131*** 0.6595*** 0.6742***

(0.1057) (0.2067) (0.1042) (0.0837)
Age of HH 1.0016 1.0120*** 1.0051 0.9991

(0.0039) (0.0044) (0.0055) (0.0040)
Marital status of
HH

0.9498 0.7553 0.8939 0.8507

(0.1571) (0.1404) (0.2164) (0.1480)
Household
member has
insurance

0.976 0.8905 0.7278* 0.9071

(0.1307) (0.1344) (0.1331) (0.1209)
Livelihood
diversity

1.7176*** 1.9794*** 1.2517* 1.5841***

(0.1586) (0.1961) (0.1463) (0.1436)
Access to
climate
information

1.8752*** 2.1924*** 2.7318*** 1.6642***

(0.2201) (0.3466) (0.4554) (0.2623)
Outstanding
debt

1.0219 1.1682 1.1958 1.2687*

(0.1217) (0.1513) (0.1922) (0.1584)
Group
membership

1.7124*** 1.7979*** 2.1563*** 1.6195***

(0.1970) (0.2321) (0.3683) (0.2027)
Access to
government
services

1.1000 0.9729 1.1891 1.6105***

(0.1642) (0.1525) (0.2284) (0.2312)
Access to NGO
services

1.3927** 1.5868*** 1.7288*** 1.3917**

(0.2265) (0.2741) (0.3445) (0.2284)
Distance to
motorable
road

0.9732* 1.0011 1.0029 0.9271***

(0.0138) (0.0153) (0.0179) (0.0159)
Landlessness 0.6243*** 0.3209*** 0.6186*** 1.0430

(0.0735) (0.0450) (0.1013) (0.1244)
Gandaki basin 0.7507 5.8107*** 0.6805 0.1602***

(0.1424) (1.2696) (0.1897) (0.0315)
Indus basin 0.6186** 2.8830*** 1.847** 0.5263***

(0.1229) (0.6516) (0.4519) (0.1024)
Teesta basin 0.1831*** 1.2877 0.5443** 0.1339***

(0.0315) (0.2642) (0.1316) (0.0235)
Up-stream
dummy

0.2919*** 0.3196*** 0.3748*** 0.5935***

(0.0391) (0.0497) (0.0694) (0.0810)
Mid-stream
dummy

0.4930*** 0.7450** 0.3378*** 0.8496

(0.0640) (0.1036) (0.0602) (0.1142)
Constant 1.5165 0.0737*** 0.842***. 0.9117

(0.5402) (0.0159) (0.0403) (0.3481)
Pseudo R2 0.14 0.19 0.16 0.14
LR Chi2 371.95*** 460.81*** 281.3*** 360.98***

Note: Figures in parentheses are respective standard errors.
aThe livestock sector also includes ‘forest’ based on the strong linkage between
the two due to the use of fodder plants from and grazing in forests.

***p < 0.01, **p < 0.05, *p < 0.1.
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migration affects household adaptation in both direct and
indirect ways. By simultaneously analysing the results overall
and, separately, in the three sectors, the study was able to
show the differential effect of migration on the different
sectors.

However, while the regression analysis showed that
migration had a positive influence on the household adap-
tation decision, both overall and in relation to the agriculture
and livestock sectors, it was statistically significant only in the
case of the agriculture sector. In the agriculture sector, having a
family member as migrant was likely to increase the house-
holds’ adaptation by 1.4 times. The results show that house-
holds were more likely to invest the limited remittances on
agriculture and livestock, both of which are private enterprises.
The literature on migration and development scholarship sup-
port our finding that remittances are often invested in small
enterprises (Black et al.,). In rural areas where farming is the
only economic sector or where farming is still competitive, it
thus leads to investment in farming (Gartaula et al., 2014;
Milan et al., 2015; Sunam & McCarthy, 2016; Yang & Choi,
2007). In contrast, migration had a negative effect on adap-
tation in the water sector. A likely explanation is that access
to drinking or irrigation water is either provided by the gov-
ernment through a piped water supply or through collective
action such as maintenance of water sources or construction
of a resilient water supply rather than through individual
effort. Although the roles of the government and the private
sector are diverse when it comes to in provisioning water for
drinking and irrigation purposes, water is still mostly con-
sidered a collective good or common property resource by
people in the study sites (Ahmed & Araral, 2019).

Conceptually, the indirect influence of migration on house-
hold adaptation can be assessed via the following household
characteristics: livelihood diversification, female headship of
households, translocal/transnational ties, . In the present
study, the empirical results showed diversified livelihoods to
have a positive influence on household adaptation. The liveli-
hood diversification effect is statistically significant both over-
all and separately in all the three sectors. According to studies,
migration is often leveraged by households in areas facing
severe climate change impacts as a critical livelihood diversify-
ing strategy (Adger et al., 2015; Singh & Basu, 2019). In our
sample, a majority of households reported a single source of
local income irrespective of migration status (Table 7). Thus,
the addition of remittances increases the diversity of income
sources for migrant households. Hence, in addition to the
direct effect of migration on household adaptation, it could
affect household adaptation through spatial livelihood diver-
sification as postulated by the New Economics of Labour
Migration theory. Livelihood diversification due to migration
has been reported in several other studies as well (Afifi et al.,
2016; Mortreux & Barnett, 2009; Oudry et al., 2016).

The results also show the importance of external stake-
holders in influencing household adaptation decisions. A
growing body of empirical studies have shown how migration
expands the local social network to incorporate transnational
(Glick Schiller et al., 1992; Levitt et al., 2006) and translocal
networks (Sakdapolrak et al., 2016) to establish links between
the migrant and the left-behind family and between the host

and the home community of migrants. This spatially extended
social network is made possible by expansion in information
technology, such as mobile phones, internet and cable net-
works (Horst, 2006; Hunter, 2015; Madianou, 2012). In the
study sites, mobile phones and internet access have become
indispensable for migrant households to maintain communi-
cations between the migrant and the left-behind family. At
first glance, there was no obvious relationship between the
household access to external services and their migration sta-
tus (see Table 7). But the field observations suggested a
nuanced linkage between migration and household access to
weather related information (see Box 1). A higher proportion
of migrant households than non-migrant households, more-
over, reported having insurance (health, life and livestock
insurance), which indicates their connection with external sta-
keholders facilitated by translocal/transnational ties.

Box 1: Access to climate app in Huddu village, Uttarakhand.

In this study site, it was observed that the locals were using a certain mobile-
based app that updated them about the weather conditions. Though
traditional ways of understanding changes in wind patterns and likelihood of
rains were still being maintained, the use of the app gave them further
information that would strengthen decision making related to protection of
their backyard crops, fodder and harvested crops. On further inquiry, it was
revealed that local youth working in the cities came to know about this app
and disseminated this information to their families in the village.

Migration can also indirectly influence household adap-
tation outcomes through the emergence of female-headed
households due to migration. However, there was not much
difference between migrant and non-migrant households
with regard to the percentage of female-headed households,
which was roughly 16% for both.

Household adaptation was also influenced by household
human and natural capacities such as gender and education
of the household head and land ownership. The study findings
highlight the importance of gender equality and education for
improving household adaptation. A female household head
was likely to decrease household adaptation both overall and
separately in all the three sectors. The findings reveal that, as
regards marital status, 65% of female heads of households
were married while 30% were either widowed or divorced.
The impact of gender on household adaptation is supported
by other empirical studies by Below et al. (2012), Deressa
et al. (2009), Goulden et al. (2009), Iglesias et al. (2011) and
Jost et al. (2016). Studies have established that the gender
differentiated impacts of climate change is due to constraints
on women’s access to land, credit and other resources (Rao
et al., 2019a) although climate adaptation and mitigation pol-
icies still remain gender blind (Goodrich et al., 2019). Thus the
study adds to the existing empirical work on the importance of
gender integration in adaptation policies and actions.

The education of the household head showed mixed results
as regards household adaptation. Having a literate household
head was likely to increase household adaptation by 1.5
times in the case of the agriculture sector but it was likely to
reduce adaptation by about 66% in the case of the livestock
and water sectors. A similar positive relation in the agriculture
sector was reported by Shah et al. (2019) and Gebrehiwot and
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van der Veen (2013) although Below et al. (2012) reported a
negative relation. The negative effect of education on the live-
stock sector is understandable as subsistence livestock predo-
minates in this region, which requires high family labour
(particularly child labour) that is difficult to be substituted
by hired labour. With aspirations of better education for
their children, households are, therefore, increasingly opting
to reduce or give up livestock keeping. However, the negative
effect of education of household head, in the case of the water
sector, is counter-intuitive. Logically, an educated household
head would be expected to prioritize adapting to water stress.
One reason could be that educated households are better
equipped to choose more cost-effective response measures
and the water-related response measures might be costlier
than other measures. However, this finding needs further
investigation.

The regression analysis showed that access to services pro-
vided by external stakeholders showed a much stronger influ-
ence on household adaptation than household characteristics.
Hence, having access to climate information was likely to double
household adaptation in all three sectors as well as overall adap-
tation. Exposure to climate information could generate aware-
ness regarding climate change impacts and thus facilitate
adaptation (Deressa et al., 2009; Keil et al., 2008; Kibue et al.,
2016; Lutz et al., 2014). When a household is a member of a
local community group (such as a savings and credit group or
forest group) and has access to NGO services, it increases the
likelihood of household adaptation in all three sectors. Having
access to government services were particularly important for
adaptation in the water sector. Thus, the study findings add to
the large body of empirical evidence on the importance of access
to information and service provision from external stakeholders
for adaptation to climate change impacts (e.g. Abdullah Al-
Amin et al., 2019; Bailey et al., 2019; Cooper et al., 2008; Defesta
& Rapera, 2014; Khanal et al., 2019; Mutabazi et al., 2015; Nhe-
machena & Hassan, 2007).

A recent assessment report in the HKH region has shown
that although identification and verification of autonomous
local adaptation practices is important, they alone might not
be sufficient to manage the new risks and extreme changes
arising from climate change effects, both now and in the future
(Mishra et al., 2019). Our results highlight the important role
that external stakeholders play, particularly the state and col-
lective actions, as compared to individual efforts in adapting
to climate change effects.

The study also showed significant variability in household
adaptation across the four river basins under study and
between the mountains (up- and mid-streams) and the plains
(down-stream) within a river basin. Households in the moun-
tainous areas were significantly less likely to adapt in all sec-
tors. This finding shows that household adaptation is equally
influenced by external critical infrastructure such as motorized
roads and the topography of the location. The absence of criti-
cal infrastructure such as a road is a major factor behind lower
adaptation in mountainous areas as compared to the plains.
The need for investment in critical infrastructure (such as
good roads) for better adaptation to climate change has also
been reported by Halsnaes and Traerup (2009) and Nelson
et al. (2010).

In comparison with the Upper Ganga basin, the other three
basins were likely to have lower household adaptation in the
water sector. Similarly, in the livestock sector, household adap-
tation was likely to be lower in the Gandaki and Teesta basins
but higher in the Indus basin. But, in the agriculture sector,
household adaptation is likely to be higher by as much as 5.8
times in the Gandaki and 2.8 times in the Indus basin than
in the Upper Ganga basin. This finding confirms the general
understanding that adaptation is a complex and nuanced pro-
cess that is highly location-specific and necessitates focusing
on a local level analysis to gain a better understanding of the
adaptation processes, capacities and planning (IPCC, 2007;
Mano & Nhemachena, 2007; Smit & Wandel, 2006).

6. Conclusions

The analysis of household survey data from four river basins in
the HKH region has generated some interesting insights on the
role of labour migration in household adaptation to climate
change impacts in key livelihood-related sectors such as agri-
culture, livestock and water. Among the limited number (less
than a third) of surveyed households who were undertaking
adaptation measures, labour migration showed a direct and
positive influence on household adaptation decisions,
especially in the agriculture sector, with migrant households
prioritizing the investment of their remittances on private
enterprise such as agriculture and livestock. Overall, the
study shows that although both household assets (as posited
by SLF) and external factors (as proposed by Yohe & Tol,
2002) contribute to better adaptation, the influence of external
factors is comparatively stronger. Thus, emphasizing the role
of household characteristics alone will only serve to undermine
the role of external stakeholders, including government and
critical infrastructure, in enabling rural households to adapt
to the negative impacts of climate change.

The study adds to the existing evidence which highlights
the responsibility of governments and other stakeholders to
address the adaptation needs of vulnerable population
groups situated in hazard prone and economically deprived
circumstances. It is they who often face the compulsion to
migrate for livelihood purposes. In addition to providing
critical infrastructure, government policy measures could
ensure household access to a range of knowledges and tech-
nological means – including the option of safe migration –
for better preparedness and adaptation to climate change
impacts. Moreover, national policy-making on climate
change needs to take into account the potential of labour
migration to augment the household economy. This would
enable migrant households to utilize remittances for better
adaptation. A shift in the discourse is needed from
migration-as-adaptation to migration-for-adaptation. It
would help mobilize private investment for skill-building,
entrepreneurship and livelihood diversification in rural
areas. Further research and evidence generation on house-
hold choices with regard to migration and adaptation, loca-
tional differences in such choices, and associated gender and
equity issues will serve to strengthen the new direction that
the discourse should take.
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Note

1. In the context of climate change, adaptation is defined as the pro-
cess of adjustment to actual or expected climate and its effects,
which seeks to minimize harm or exploit beneficial opportunities
(IPCC, 2014b) while adaptive capacity refers to the ability of
people, system, or society to transform structure, function or
organization to manage better their response to weather hazards
and other negative changes (IPCC, 2012, p. 72).
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