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Abstract The application of a livelihood asset-based
approach to adaptation policy targeting is presented
through the creation of maps highlighting the spatial con-
trasts of access to various types of livelihood assets uti-
lizing primary household data. Thus, the livelihood maps
provide policy-makers with a tool to quickly identify areas
with limited access to certain types of assets, making the
latter less able to react to a changing level of climate-
related risks. In the case of Bhutan, distinct spatial patterns
of asset endowments is identified using five different asset
indicators drawing attention to the fact that some areas
facing increased level of climate-related risks lack access
to productive and human capital, while other areas facing a
similar situation have relatively insufficient access to
financial assets. This again shows that any non-targeted
policy aiming at improving households’ risk-management
capacities through asset-building would have quite diverse
results even among closely located districts in Bhutan.
Finally, relevant policy options concerning the various
dimensions of asset holdings are discussed so as to identify
options that may benefit poor and vulnerable no matter if
the expected outcomes of a changing climate are realized
or not.
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Introduction

The Intergovernmental Panel on Climate Change (IPCC)
states that projected changes in the frequencies and inten-
sities of extreme climate events are expected to have
mostly adverse effects on natural as well as human systems
(IPCC 2007a). These projected changes will have serious
consequences for household welfare outcomes such as food
security and poverty in rural areas due to increased crop
failures, loss of livelihoods, and yield declines (Food and
Agriculture Organisation of the United Nations 2008). The
projected changes include increased warm spells and heat
waves, resulting in droughts, increases in heavy precipita-
tion events in most areas, and an increase in intense trop-
ical cyclone activity (IPCC 2007a). In that sense, it is
crucial to understand how people living in disaster-prone
areas are adapting to and coping with such changes and
how they are affected when the shock occurs. Just as
importantly, it is essential to recognize how people facing
these climate-related risks can be assisted in the most
efficient way.

Given the expected adverse impacts of climate change,
the convergence of multiple stressors such as civil unrest,
economic or financial instability, and spreading diseases
provides a critical challenge for communities throughout
the developing world facing increased levels of climate-
related risks, especially if the resources needed to facilitate
adaptation efforts are lacking (Fields 2005). In the field of
poverty alleviation, minimizing the leakage of resources to
the non-poor is a key to maximizing the impact given
limited funds, and one way to minimize such leakage is
through proper targeting (Fujii 2008). For example, spatial
targeting may have potentially large impacts on policy
efficiency, as household welfare is commonly unevenly
distributed across regions or districts in developing
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countries. Linking this with climate change adaptation,
significant gains could be made if adaptation policies target
households with a low potential or chance of adapting to
the changing levels of risk. Thus, there is a need for proper
targeting tools when it comes to distributing the limited
amount of resources allocated for climate change adapta-
tion policies.

This study looks at how a livelihood asset-based approach
may be applied in order to provide a tool for targeting adap-
tation policies so as to disburse the efforts to the most vul-
nerable. The starting point is the asset-based approaches that
are commonly applied to analyses of household welfare. The
paper argues that a similar approach is suitable for discussing
households’ abilities to adapt and react to climate-related
risks. In order to provide an example of the practical appli-
cation of such a framework, the case of Bhutan is presented
through various maps highlighting the spatial contrasts in
households’ asset holdings. Based on these, relevant policy
options for improving households’ potentials for adaptation
are identified and discussed.

The rest of this paper is structured in the following way.
Section two describes asset-based approaches to household
welfare analysis, while section three describes the case
study used and the methodology. Section four presents the
results, while section five discusses them. Finally, section
six provides a conclusion.

Asset-based approaches relevant to household welfare
outcomes and climate change risk management

Sen (1981) introduced the concept of entitlements or
capabilities, where people with access to a sufficient range
of assets have the “freedom” to act in the face of adverse
situations. In that sense, Sen was one of the first to define
household well-being as being multidimensional and clo-
sely interlinked with access to assets and associated live-
lihood strategies (Moser 2006). Linking this to adaptation
to and the management of climate-related risks, people
need access to a range of assets and entitlements in order to
be able to adapt to changes in climate-related risks by, for
example, adjusting their livelihood strategies. Based on
Sen’s thoughts, among others, various asset-based
approaches to livelihoods and household welfare have
evolved since then, all underlining the value of having
stable access to and control of assets in order to ensure
household well-being when faced with adverse situations
such as climate-related risks.

One strand within this literature has been work on the
sustainable livelihoods approach (SLA), which is centred
on people and their skills, status, and possessions
(Department for International Development (DFID) 1999).
The focus is on how they are able to use these assets to
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improve their overall quality of life, acknowledging that no
single asset on its own is able to yield the self-desired
outcomes in terms of, for example, reduced vulnerability or
improved food security. The SLA shows how households
navigate in a so-called vulnerability context in which the
external environment among other things affects the
returns to household assets in form of price changes, nat-
ural hazards, and the like (Devereux 2001). In this context,
households employ their available assets in order to obtain
positive livelihood outcomes through various livelihood
strategies. Thus, the main focus of the SLA is to ensure that
people have adequate access to the various assets they need
to fulfil their individual potential, thus showing that live-
lihood assets may be grouped into several sub-groups, each
covering an important aspect of livelihood asset holdings.

Another approach is the social risk management (SRM)
framework put forward by the World Bank. The emphasis
here is to increase the risk-management capacity for each
household so that the maximum possible welfare loss is
minimized, together with the probability of a loss in con-
sumption below a given threshold (Holzmann and Jorgensen
2000). The framework is centred around the “risk-vulnera-
bility chain,” where risks are reduced through ex-ante man-
agement strategies such as reduction (e.g. livelihood
diversification) and compensation (savings and insurance), as
well as ex-post responses or coping strategies (e.g. increased
labour supply, asset sales, and credit) (Siegel et al. 2003). The
risk-management strategies available to each individual
household are then used to maximize the household’s well-
being outcomes. The availability of potential risk-manage-
ment strategies is determined by household access to relevant
livelihood assets.

Finally, an asset-based approach to poverty dynamics has
recently been explored, arguing that insufficient returns from
productive assets are a key driver of chronic poverty. The
reason is that households in developing countries often rely
on asset liquidation as a coping strategy to maintain their
consumption levels following an adverse welfare shock.
Thus, households often tend to maintain secure and easily
sellable asset portfolios, facing low expected returns as a
consequence. Such a strategy could give rise to a poverty
trap, from which households are able unable to escape due to
their inability to sustain their income-generating asset base
(Carter and Barrett 2006). Acknowledging the existence of
such poverty traps and the inter-linkages between short-term
coping and potential losses in long-term productivity and
adaptation are important for climate change adaptation,
especially as the adverse impacts of climate change accu-
mulate over time (Yamin et al. 2005).

Asset-based approaches to development are not new, but
many of these have primarily been linked to general pov-
erty alleviation. But as all these approaches acknowledge
that assets are not only inputs to certain livelihood
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strategies, but also grant households the ability to be and to
act, the link to adaptation should be pretty straightforward
(Bebbington 1999). The SRM approach has been used to
identify so-called “no-regrets” or “pro-poor” approaches
to climate change adaptation by arguing that adaptation
basically consists of risk-management strategies based on
households’ access to assets through which they can tackle
the risks associated with a changing climate (Heltberg et al.
2009)." Thus, the asset portfolios of households and com-
munities are key drivers in both reducing risks and coping
with and adapting to increased levels of risk (Moser and
Satterthwaite 2008). Furthermore, the multidimensional
approach of SLA also makes it possible to explore how the
different aspects of climate change may affect people’s
assets, as well as their livelihood strategies and hence their
welfare outcomes (Verner 2010). Thus, adaptation is seen
as an integrated part of households’ overall risk manage-
ment, as households in developing countries face many
other risks not related to climate.

The idea of this study is to show how a livelihood asset-
based framework can be used to highlight households’
potential for adaptation to climate-related risks when such
potential is defined as being determined by sufficient access to
livelihood assets. The results are presented through detailed
asset maps showing household access to various categories of
assets utilizing primary household data. Such maps have the
potential to present clearly existing spatial heterogeneity in
asset portfolios, providing an obvious tool for adaptation
policy targeting if they are linked together with, for example,
perceived climate-related risks.

This study proposes to use asset holdings on the
household level in order measure household resilience on
the district or community level. Using household-level data
makes it possible to include a much higher number of
asset-related variables in order to capture the true variation
in asset holdings on the household level. To my knowl-
edge, this approach has not been tried before when it comes
to disaggregated mapping of livelihood assets on the
country level. Moreover, linking actual climate-related
risks with disaggregated livelihood asset maps is also an
approach to adaptation policy targeting that has not been
explored thoroughly.

Data and methodology

In order to show how livelihood asset-based maps can be
used for policy targeting, the case of Bhutan was chosen

! The terms “no-regrets” and “pro-poor” should be seen as a way to
identify policy options that would be beneficial to the poor and
vulnerable, no matter what the uncertain future consequences of a
changing climate.

due to the availability of data and the country’s location,
which exposes it to several climate-related risks. The
analysis is based on the Bhutan Living Standard Survey
(BLSS) from 2007 conducted by the National Statistics
Bureau (NSB) of Bhutan and contains spatially disaggre-
gated and detailed household data. The nation-wide survey
was conducted from March to May 2007, covering a
national representative sample of nearly 10,000 house-
holds. The BLSS for 2007 collected information on assets,
housing, education, and the like, and the survey was made
representative down to the district level (dzongzhags). The
high level of detail makes it suitable for creating asset-
based measures on a disaggregated spatial level, in this
case the district level. This level of aggregation is chosen
due to two reasons. First and foremost, the BLSS data are,
as mentioned above, only representative at the district level
making further disaggregation difficult. Secondly, the size
of Bhutan itself makes it less appealing to further disag-
gregate the analysis, as targeting on such a disaggregated
level would be unfeasible.”

The mapping of welfare outcomes at highly detailed
levels has been employed frequently recently through the
use of small area estimation methods. However, most
studies have focused on uni-dimensional outcomes such as
incomes, consumption, or nutritional intake (see Elbers
et al. 2003; Minot et al. 2006; Benson 2006, for examples).
But while uni-dimensional approaches may fail to explore
the underlying causes of the low welfare outcomes, mul-
tidimensional approaches are able to provide more imme-
diate pointers to the corresponding welfare policy options
(Erenstein et al. 2010). Thus, this study looks at how
multidimensional asset-based maps can contribute if the
risks of climate change are to be reduced by improving
households’ asset portfolios. And in any case, disaggre-
gated targeting is able to enhance the efficiency of many
welfare-related interventions and to reduce leakage by
focusing efforts on smaller homogenous population groups
(Bigman and Srinivasan 2002).

In line with both SLA and SRM, assets are divided into
relevant categories so as to generate multidimensional
maps presenting the contrasts in asset portfolios across
Bhutan. Each indicator needs to be comparable across
geographical areas (districts in this case), and, given that
each asset category encompasses several types of assets, a
method for summarizing asset holdings within each cate-
gory is needed. Thus, this study introduces the Sahn—Stifel
method, which uses factor analysis to find a single common
factor that explains the covariance of a vector of assets by
assuming that these assets reflect a common latent
“wealth” variable that is impossible to measure directly

2 Bhutan is 47,000 km? large and has around 700,000 citizens.
Hence, 20 districts are quite disaggregated.
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(Sahn and Stifel 2000).3 Thus, the aim is to identify
common factors that are the source of more than one var-
iable, and then keep the common factor that accounts for a
larger part of the variation of the included variables (Perge
2010). The factor loadings from this common factor then
represent data-driven weights on the assets within each
category (Barrett et al. 2006). In that sense, the Sahn—Stifel
method will allow us to create a data-driven index for each
asset category based upon a series of asset variables.
More formally, the asset index takes the following form:

Al = dray + - + dyay, (1)

where Al is the asset index estimated for the i households
in the sample being a function of their J different assets and
their associated estimated weights. It is assumed that the
ownership of the different assets is explained by the so-
called common latent “wealth” variable as well as a unique
element, whose variance is uncorrelated across assets
(Sahn and Stifel 2000). So, each weight is given by:

ay = feci + &, (2)

where c; is the common factor that needs to be estimated.
The estimation derives a matrix of factor loadings
reflecting the relationship between assets and the
common factor; and the common factor can be obtained
from this matrix (Perge 2010):

¢ = fiap + -+ fiay. (3)

The weights for each of the asset categories are then
estimated using the normalized factor scoring coefficients.
Thus, a household’s score is the sum of its weighted
normalized responses within each category:

_filan —a) filaiy — ay)

ooyt A7 4
. + -+ oo 4)

Al;
1
Thus, if ownership of one type of asset is a good proxy for
ownership of other assets, it would receive a positive
coefficient. The size of the coefficient indicates if the
specific type of asset conveys more or less information
about the other assets.

In practice, data for each asset category are pooled
together across districts so as to ensure that the data-driven
index weights from the factor analysis are consistent. The
indices are then compiled on the district level, resulting in
estimates of district-level asset portfolios within each cat-
egory, and are mapped using ArcView in order to present
contrasts in asset endowments across districts.

3 Principal component analysis (PCA) has also been used to compile
the necessary indicators regarding asset-based maps (Erenstein et al.
2010). While the assumptions behind factor analysis and PCA differ,
the end result, that is, the inter-district ranking of asset holdings, is
virtually the same. Factor analysis was finally chosen primarily due to
its more relaxed assumptions regarding correlation structure.
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Such a multidimensional mapping approach has only
been used in a very few studies to date. Erenstein et al.
(2010) explored asset holdings in three regions in India, but
they relied on district-level data in order to construct the
various dimensions of asset holdings, thereby including
relatively few variables for each indicator. If the included
variables capture the true variation in the asset holdings at
the specified spatial level, this does not impose any prob-
lems. On the other hand, having too few variables may also
imply selection bias if the included variables are not able to
mimic the true variation in livelihood asset holdings. If this
is the case, any data-driven weights within a given indi-
cator are biased. Furthermore, utilizing household-level
primary data to measure the sub-components limits the
issues of having to combine data collected at different
times and/or spatial scales (Hahn et al. 2009).

An aggregate indexing approach also presents difficul-
ties in incorporating the variations between study popula-
tions, as sub-components are averaged into one major
index score (Vincent 2007). But by disaggregating the
analysis into a range of livelihood asset indicators, it is
much easier to explore the variations in sub-categories,
thus making spatial contrasts in asset holdings more visi-
ble. Multidimensional livelihood asset maps thus provide a
means for spatially disaggregating the root causes of a
given welfare outcome such as the ability to adapt to a
changing climate.* A few more studies have also used
approaches to poverty mapping similar to the India study
(Kristjanson et al. 2005; Baud et al. 2008; Fujii 2008).
Finally, the Alkire Foster method has also been used in
estimating multidimensional poverty. This method relies
on deriving the combination of deprivations that a house-
hold is experiencing by sorting them into a given number
of dimensions (Alkire and Foster 2009; Alkire and Santos
2010). However, this study refrains from considering
people either poor or non-poor and instead focuses on
measuring the individual household’s capacity and poten-
tial in dealing with risks. By aggregating these measure-
ments to a relevant spatial level (in this case district level),
it is then possible to indicate where larger groups of
households lacking access to certain kinds of assets or
entitlements are located.

Results

All household assets are grouped into categories, each
relevant for a distinct part of a households’ livelihood asset

4 Small area estimations of, for example, poverty are suitable for
identifying local pockets of poverty, but it is more difficult to
highlight the possible differences between two poor areas by focusing
solely on a single welfare outcome.
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portfolios. Five categories were identified based on both
SLA and SRM. Descriptive statistics for these are found in
Table 1.

Comparing the asset categories in Table 1 with the
suggested groups from SRM and SLA, categories relating
to natural and social capital are lacking due to insufficient
data, although the “agricultural productive capital” cate-
gory covers some of the natural capital dimension through
the ownership of various types of land.> Moreover, the
traditional physical capital category is split into two cate-
gories, one covering wealth-related assets such as dwelling
quality and durables, the other capturing agricultural pro-
ductive capital, thus making it easier to explore the reasons
behind a low risk-management capacity.

The factor loadings from the first common factor found
on the far right column of Table 1 present the data-driven
weights that the various asset indices rely on. One possible
disadvantage of using many variables within each category
is that the factor analysis could capture some spurious
correlations manifested by counter-intuitive weights.
However, the factor loadings associated with all five asset
indicators have the expected signs and are used as weights
for the indices.® However, the location capital indicator has
an inverse scale compared to the others, meaning that a
high value equals low access to this type of capital.

The factor loadings are used to estimate the district-level
asset holdings by the five indicators. The estimated indi-
cators are mapped and presented in Figs. 1, 2, 3, 4, and 5.
The inverse scale of the location capital indicator is taken
into account, meaning that dark colours always equal the
lowest ranking districts.’

The livelihood asset maps show significant contrasts in
the asset portfolios between the districts. It should, how-
ever, be noted that the indicators do not distinguish
between households living in urban and rural areas, which
explains some of the heterogeneity in the indicators. For
example, Thimphu district ranks as the worst district when
it comes to agricultural productive asset holdings, mainly
due to the large urban population in this district.

> Natural capital usually covers soil quality, rainfall and the like (and
such factors can be difficult to allocate to specific households), while
social capital is normally proxied by membership of community-level
organisations or cooperatives and similar networks.

S The factor loadings were taken from the first factor. For all the
indicators except human capital, the eigenvalue of the first factor
confirmed that the first factor loading captured the most significant
part of the variation. For the human capital indicator, the second set of
factor loadings was also considered due to the high eigenvalue, but it
was decided to use only the first factor, as this was the only intuitively
appealing one.

7 The categories are determined using natural jenks, meaning that
within each group the average deviation from the mean is minimized,
while the deviation from the other groups is maximized.

The physical capital indicator shows low physical cap-
ital bases in the central as well as the north-eastern districts
of Bhutan. This fits well with community-level rural pov-
erty rates, as some of the highest rates are found in com-
munities within these districts (World Bank 2010). The
main divergence between poverty rates and physical capital
holdings is that the northernmost district, Gasa, ranks as
one of the worst districts using the physical capital indi-
cator, while it is also found among the three districts with
the lowest poverty rates (National Statistics Bureau 2007).
Another study of multidimensional poverty in Bhutan also
confirms the discrepancy between actual poverty rate and
entitlements in Gasa, which is probably due to the very
sparse population in this mountainous area causing (Santos
and Ura 2008).

Human capital endowments are also quite divergent
spatially, following the same pattern as the physical
capital holdings. Not surprisingly, Thimphu ranks as the
best educated district, being the home of the capital and
the major urban centre in Bhutan. The lowest ranking
districts in terms of human capital correlate quite well
with the physical capital holdings, except that the central
districts of Daga and Chirang rank higher in terms of
human capital.

The location capital indicator captures how well
households are integrated into the existing infrastructure,
measured by the travelling time to various important
services such as health care and food markets. Lack of
location capital, for example, limits households’ options
in obtaining credit or selling products, especially in times
of stress, making them more vulnerable to risks, as it
would be difficult for them to obtain direct help due to this
lack of integration. Not surprisingly, Gasa ranks as the
worst region due to the large impassable areas in the
mountains.

The spatial pattern of financial capital access is quite
similar to the location capital indicator, as the south-eastern
part of the country seems to be the region where most
households fail to have sufficient access to credit. Sur-
prisingly, Thimphu also shows a lack of access to financial
capital. One reason could be the naturally low holdings of
small ruminants in the capital district of Bhutan due to the
urban character of the district.® Thus, the estimate of the
financial capital indicator was done again with the rumi-
nant variable removed, but the alternative specification did
not change the ranking of Thimphu.

Finally, the agricultural productive capital indicator
highlights that it is mainly the south-western and north-
eastern parts of Bhutan that lack access to agricultural
productive, if one ignores Thimphu. Again, this fits well

8 Ruminants are included to capture easily sellable assets in terms of
goats and the like.

@ Springer



224

K. Jakobsen

Table 1 Summary statistics

and factor loadings for
livelihood asset variables
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Mean Standard  Factor
deviation loading
Human capital
Literate household member 0.371 0.005 0.513
Household member with primary education 0.252  0.004 0.169
Household member with at least secondary education 0.123  0.003 0.442
Dependency ratio 0.374  0.002 —-0.277
Share of household members being ill for at least 1 week the past month  0.057 0.001 —0.164
Agricultural productive capital
Acres of wet land owned 0.581 0.015 0.291
Acres of dry land owned 1.323  0.025 0.372
Acres of orchard owned 0.218 0.012 0.261
Acres of forest (sokshing) owned 0.243 0.023 0.128
Acres of land used for shifting cultivation (zseri) owned 0.316 0.034 0.130
Number of cattle, yaks and buffalos owned 3.737  0.091 0.281
Location capital
Average travel time to nearest hospital (h) 1.485 0.033 0.277
Average travel time to district centre (h) 5.579 0.145 0.899
Average travel time to nearest tarred road (h) 3.698 0.131 0.955
Average travel time to nearest food market (h) 2.855 0.108 0.784
Financial capital
Household having access to credit from either banks or friends/relatives ~ 0.859  0.004 0.445
Household having no access to credit 0.070  0.003 —0.443
Number of ruminants per capita owned 0.145 0.507 0.057
Household receiving public transfers (e.g. pensions) 0.007  0.001 —0.031
Household receiving remittances 0.065 0.003 0.001
Physical capital
Household owning
Sofa 0.238  0.004 0.724
Bukhari 0.244  0.004 0.164
Motorbike 0.046  0.002 0.239
Heater 0.228  0.004 0.610
Family car 0.102  0.003 0.532
Curry cooker 0.485 0.005 0.661
Refrigerator 0.259 0.004 0.757
Washing machine 0.050 0.002 0.700
Mobile phone 0.393  0.005 0.758
TV 0.377  0.005 0.817
Camera 0.151 0.004 0.495
VCR/DVD 0.211  0.004 0.615
Bicycle 0.048 0.002 0.273
Radio 0.620  0.005 0.110
Dwelling with
Low-quality walls 0.649  0.005 —0.453
Low-quality roof 0.170  0.004 —0.350
Low-quality floor 0.472  0.005 —0.429
Piped water 0.648 0.005 0.439
Only surface water access 0.053  0.002 —0.221
Flush toilet 0.291 0.005 0.687
No toilet 0.041 0.002 —0.153
Firewood for cooking 0.012 0.001 0.127
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Fig. 1 Physical capital
indicator, Bhutan district level
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Fig. 2 Human capital indicator,
Bhutan district level
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with overall poverty prevalence in the country, as some of
the highest community-level poverty rates are to be found
in these areas.’

It is not surprising that ownership of physical and agricultural
productive assets correlates well with the estimated community-level
poverty rates, as these rely heavily on exactly the same variables.

Discussion

Given the spatial heterogeneity in asset holdings, it should
now be clear that an asset-based, non-targeted policy
intervention in Bhutan would have very diverse results in
terms of expected welfare outcomes. Thus, any policy
intervention in the country that aims to improve
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Fig. 3 Location capital
indicator, Bhutan district level

Factor Score of Locational Capital
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Fig. 4 Financial capital
indicator, Bhutan district level
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households’ livelihood asset bases so as to increase their
risk-management capacities would have to take the het-
erogeneity in asset endowments into account. Failing to
do so would hamper the efficiency of the given inter-
vention. However, some policy interventions that are
aimed at specific livelihoods are perhaps not suitable in all
geographical settings. For example, it could prove to be
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very costly to improve road access in highly mountainous
region such as Gasa District, despite the lack of location
capital. Finally, factors such as population densities
should be taken into account when using livelihood asset
maps for policy targeting so as to direct relevant inter-
ventions to as large a proportion of the people in need as
possible.
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Fig. 5 Agricultural productive
capital indicator, Bhutan district
level
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If the livelihood maps are to be used to target policies
aimed at improving households’ abilities to adapt to cli-
mate-related changes, it is necessary to identify the per-
ceived climate-related risks first.'” Bhutan faces numerous
climate-related risks identified in its National Disaster Risk
Management Framework, most of them related to the
mountainous nature of the country (Ministry of Home and
Cultural Affairs (MoHCA) 2006). The risks are primarily
related to floods, wildfires, landslides, and Glacier Lake
Outburst Floods (GLOFs). IPCC climate projections for the
South Asia sub-continental region, of which Bhutan is part
of, predict increases in average temperatures, especially at
higher altitudes, and greater precipitation despite an
expected decrease during the dry season. However, there is
no conclusive indication of changes in the occurrence of
extreme weather events (IPCC 2007b). Climate data from
Bhutan show an increasing trend in precipitation variability
over the past decade, while average temperatures also have
been higher than the mean from 1990 to 2003 (National
Environment Commission 2009). As regards extreme
weather events, twelve have been identified for the period
1993 to 2005, with floods being the most common (Danish
International Development Assistance 2008).

In this case, GLOF-related risks are selected in order to
narrow the analysis, especially spatially. However, the
focus on GLOFs is highly relevant, as they serve as one of
the most immediate and severe consequences of climate

1% In this case, identifying the perceived climate-related risks is
mostly linked to identifying the areas in Bhutan that are most likely to
be affected by changing levels of climate-related risks.

change in the Himalayan region, partly due their large
potential for damage (Namgyel 2003).

Figure 6 shows the locations of the areas that are most
threatened by GLOFs. The western GLOF areas are those
with the highest estimated threats, as the Po Chu basin
alone holds one-third of the so-called dangerous lakes.
GLOFs not only pose a great risk for households living in
the basins, they also threaten industrial infrastructure such
as hydropower projects, which contribute significantly to
the country’s export earnings.

The expected GLOF-affected areas cover six to seven
districts consisting of all districts in the north except Tashi
Yangtse (the easternmost district). Looking at the liveli-
hood asset portfolios of these areas, it is obvious that they
face diverse challenges, making policy targeting highly
relevant. The easternmost districts have limited access to
physical and human capital, while the more central districts
primarily have problems accessing financial capital. This
implies that the aim of potential livelihood support pro-
grams should be adapted to the given district-level context
that they are implemented in so as to ensure efficiency.

Adaptation policy examples using a livelihood
asset-based approach

Previously, there has been a general lack of connection
between general development plans in form of, for exam-
ple, Poverty Reduction Strategy Papers and a country’s
adaptation policies (Hardee and Mutunga 2010). But by
employing an asset-based framework to improve the
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Fig. 6 Major GLOF areas in
Bhutan Source: based on Mool
et al. (2001)

potential of households to cope with and adapt to a
changing climate, the link between adaptation policies and,
for example, general poverty alleviation should be clearer.
Such integration would also be useful in moving beyond
the ‘technical’ domain that climate change adaptation
efforts are sometimes isolated within (Moser and Satt-
erthwaite 2008).

Using the identified asset categories, it is now possible
to identify relevant adaptation policy options and relate to
the case of Bhutan’s GLOF areas:

Physical capital

The physical capital category does not focus on any direct
productive means, as the category covers mostly durable
goods and dwelling quality. Such assets do not generate
any income themselves and are for the most part not related
directly to livelihoods. On the other hand, they play an
important role in risk management, as they are linked to
both ex-ante, but especially ex-post risk management.
Thus, following risky events, physical assets can be drawn
down or sold in order to make up for losses generated by
the risky event, as seen in, for example, Latin America
following Hurricane Mitch in 1998 (Carter et al. 2007).
The physical capability of household members is naturally
also a key driver for adaptation to any given changes in the
surrounding natural as well as economic environment,
making the quality of sanitary conditions a key indicator of
vulnerability to climatic variability (Brooks et al. 2005).
Finally, some aspects of physical capital could actually
provide direct protection from climate-related risks, such as
using specifically reinforced buildings as shelters during
storms or floods.

Policy interventions for this type of capital could focus
on reducing the risk sensitivity of households by improving
the protection of the physical assets beforehand. One
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example would be to improve the building standards and
sanitary conditions of household dwellings, enabling them
to better withstand a realization of a risky event.

If the aim is to limit asset liquidation following a risky
event, implementing well-targeted safety nets is an option
for limiting the losses of the affected households. Such
safety nets need to be in place before realization and
would benefit from contingency plans for scaling up given
the severity of the shock. The design could involve direct
cash transfers, work programmes to ensure labour demand
and other in-kind transfers, and could be either condi-
tional or unconditional. Previous experiences have shown
that existing safety nets are able to protect affected
households by, for example, providing temporary
employment in shock-affected regions through the recon-
struction of damaged infrastructure (Grosh et al. 2008). All
in all, it is vital that a country possesses the capacity to
deliver transfers or work programmes when needed so as
to limit the impact of any adverse shock (Heltberg 2007).
In non-emergency contexts, safety nets are also an option
to reduce risk adversity by encouraging diversification into
riskier activities with potentially higher returns (Devereux
2001).

In our GLOF case, Gasa and Lhuntsi are clearly lack-
ing access to proper physical assets, while Wangdi
Phodrang and Bumthang seem to be better off. A further
investigation shows that another driver for the low
physical asset bases in both Gasa and Lhuntsi is lack of
proper sanitary conditions. And given the nature of
GLOFs, this could pose a serious constraint for household
adaptation both ex-ante and ex-post due to the associated
health risk. Especially following a flood-related event,
health problems could exacerbate, if the sanitary condi-
tions are of poor quality (for example, through water-
borne diseases) thereby severely constraining households’
risk-management abilities.
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Human capital

Human capital is an important aspect of building resilience
to climate-related events, for example, through increasing
households’ returns from their labour (Moser and Satt-
erthwaite 2008). Higher educational levels and awareness
also encourage the more efficient management of natural
resources, which is vital for the sustainability of many rural
livelihoods (Osman-Elasha et al. 2006).

Health-related issues are also a part of human capital,
and it is clear that illness and insufficient health services
can impose barriers for households in fulfilling their wel-
fare potential due to both the immediate loss in earnings
through inability to work, but also potentially through
contingent coping strategies (for example, selling produc-
tive assets to replace lost income). Thus, overall health
status is found to be a key driver in fulfilling the potential
of households to manage risks from climate-related events
(Brooks et al. 2005).

One widely used instrument available for improving
households’ human capital is conditional cash transfers
(CCTs), where households receive cash on the premise that
they will use health, education, or other services that are
considered to be of public interest. The basic CCT pays out
cash or in-kind support for school attendance, but other
schemes such as postponing some of the transfers by
making them conditional on graduation or tertiary enrol-
ment have also be tried (Barrera-Osorio et al. 2008).Il
CCTs could increase household resilience to climate-rela-
ted risky events ex-ante by helping children being immu-
nized, proper nourished, and better educated. At the same
time, they also raise the general awareness of service
providers and community support systems. However,
CCTs associated with schooling and health are relatively
poorly at delivering emergency support ex-post due to
more complex administration and difficulties in scaling up
(Fajth and Vinay 2010). Finally, efficiency gains from
CCTs can be obtained by calibrating transfers for increased
participation, as well as by reducing leakage through tar-
geting those cases where conditionality will most likely
imply a change in behaviour (De Janvry and Sadoulet
2004).

The eastern region of Bhutan encompasses districts with
some of the lowest human capital bases in the country
making these districts prime targets for interventions aimed
at improving households’ access to, for example,
education.

""" As a matter of fact, changing the timing of payments does not
change primary enrolment rates, but it does a positive effect on the
secondary and tertiary levels.

Location capital

Location capital relates to the physical infrastructure that
controls accessibility to markets and health care, thus
determining whether households are effectively cut off
from market integration. Thus, lack of location capital
limits their options in obtaining credit or selling products,
thus hindering them in realizing their adaptive potential.
On the other hand, proper infrastructure ensures that
households are able to engage in livelihoods depending on
market access, which again could diversify their income,
and this limits their vulnerability to specific shocks. In that
sense, vulnerability to climate change is linked to levels of
socio-economic development where limited rural infra-
structure is an indicator of regions associated with high
vulnerability (Gbetibouo et al. 2010). Moreover, proper
infrastructure is also associated with ex-post risk manage-
ment of a major aggregate shock, as insufficient infra-
structure creates isolated localities (due to, for example,
collapsing roads and bridges), but also through failures of
traditional communication networks that are essential for
adequately attending to the needs of the isolated population
(Debels et al. 2009). Also, proper access to extension ser-
vices has also shown to be a significant factor in describing
households’ perception of and adaptation to climate change
(Gbetibouo 2009). Finally, a well-functioning physical
infrastructure is a prerequisite for household risk manage-
ment, for example, if emergency aid is needed. Moreover,
proper communication networks such radio networks are
essential to integrate any remote population group, both
before and after a given climate-related shock.

Obviously, Gasa lacks proper infrastructure, but changes
in elevation throughout the district makes a better physical
integration with the rest of the country a significant chal-
lenge. But well-functioning physical infrastructure is a
prerequisite for household risk management, for example,
if emergency aid is needed. And given that Gasa encom-
pass the most dangerous glacial lakes, the construction and
improvement of infrastructure related to, for example,
transport in the district should be implemented taking these
risks into consideration by ensuring that it is able withstand
future weather events.

Financial capital

Access to financial services, whether formal or informal,
may be used to smooth consumption and manage risks, as
well as to engage in new income-generating activities and
build up vital assets. Many rural households across the
world lack access to formal credit institutions and therefore
have to rely on informal services that often prove to be less
stable and secure. Informal financial instruments are usu-
ally restricted to the village level (borrowing from friends
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and relatives), making them suitable to managing idio-
syncratic risks, while they risk failing when tackling
covariate shocks, as these affect all households within the
community (Alderman and Haque 2007). Thus, a lack of
access to credit is associated with a low potential to adapt
to climate-related risks, emphasizing the role of formal
credit as a catalyst for livelihood support and enhancement
through its abilities to tackle all kinds of risks (Eakin and
Bojorquez-Tapia 2008; Hammill et al. 2008; Gbetibouo
2009).

One instrument has been the implementation of micro-
finance, which aims to provide small loans without col-
lateral to households excluded from the formal financial
sector (Morduch 1999). While previous subsidized credit
schemes failed to deliver financial support, the more recent
attempts in, for example, Bangladesh have been more
successful at reaching the poor (Amin et al. 2003). In that
sense, microcredit is basically an ex-ante risk-management
option, as it builds household resilience through the
diversification of livelihoods and assets.

Interestingly, access to financial capital has a distinct
spatial distribution compared to, for example, physical or
human capital in the GLOF-related areas, meaning that
Wangdi Phodrang and Bumthang rank as the worse dis-
tricts. Below one-fourth of the households in Lhuntsi have
access to formal credit and instead rely on informal
arrangements, shown by the fact that more than 85 per cent
of households within the districts have the option of bor-
rowing from friends and relatives. In Wangdi Phodrang,
around 40 per cent of household have access to formal
credit, but only one-third of the households have access to
informal credit. This indicates that the challenges in the
two districts are quite different, as Lhuntsi would tend to
benefit solely from interventions focusing on providing
formal credit, while Wangdi Phodrang could also benefit
from arrangements building upon already existing informal
arrangements.

Agricultural productive capital

Naturally, access to agricultural productive capital is the
income-generating foundation of many rural livelihoods
and thus also a key driver for adaptation. For example,
small landholdings could be a barrier to crop diversifica-
tion, making small landholders vulnerable to climatic stress
(Gbetibouo et al. 2010). On the other hand, income
diversification by complementing crop income with, for
example, livestock income increases risk-management
capacity, although it might not be sufficient to tackle spe-
cific climate-related shocks (Eakin and Bojérques-Tapia
2008). And, according to the asset poverty literature,
households that are unable to sustain a decent welfare level
through their productive capital portfolio are caught a
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downward spiral, further deteriorating their asset pools, as
attempts are made to maintain consumption through
unsustainable responses (for example, reducing consump-
tion, selling remaining productive assets, withdrawing
children from school, etc.) (Carter and Barrett 2006; Bar-
rett 2007).

One option for protecting productive assets is the
introduction of index-based insurance schemes that initiate
payments to affected households when, for example, pre-
cipitation is below or above a certain threshold at which
asset holdings will be threatened, whether through direct
losses or distress sales (see, for example, Barnett et al.
2008). Such index-based insurance schemes may overcome
obstacles related to moral hazard, timely payouts, or
administrative costs associated with field evaluation, which
may arise when implementing more traditional insurance
schemes. And just like safety nets, index-based insurance
schemes could reduce household risk adversity and fuel a
transition towards livelihoods associated with higher risks
and gains (Alderman and Hague 2007). However, targeting
the most vulnerable households has so far also been a
challenge for pilot projects concerned with index-based
insurance, as the vulnerable households seem to have the
highest price elasticity of demand, despite their potentially
high welfare gains from the insurance (Chantarat et al.
2009).

In relation to our case, Bumthang is one of the well-
endowed districts in Bhutan when it comes to agricultural
productive assets. The main reason is the access to dryland,
as households in Bumthang have access to more than 4
acres of dryland primarily used for maize, while the
national average is around 1.3 acres of dryland per
household. At the same time, Bumthang also has one of the
highest average livestock holdings per household indicat-
ing that households within this district are quite diversified.
Gasa, on the other hand, is having a much more one-
dimensional asset portfolio, as households primarily rely
on livestock. This makes them much less diversified, and
they could be at risk from aggregate shocks that adversely
affect the livestock herds in this area. Finally, Lhuntsi is
located in a zone having very modest access to agricultural
productive assets limiting households’ risk-management
capacities within the district.

Limitations of multidimensional asset-based indicators
and their associated maps

First and foremost, it should be emphasized that many
policy options relevant for GLOF risk management focus
on the reduction of risk exposure in a broader perspective,
for example, by lowering the water levels of threatening
glacier lakes (MoHCA 2006). Due to the multidimensional
aspects of the livelihood asset maps, it is not
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straightforward to apply them to such broad interventions,
for which, for example, a single composite indicator of
overall vulnerability more suitable. In that sense, the
multidimensional approach also lacks direct measurement
of payoffs among different policy options, as the maps only
present the heterogeneity in asset holdings, thereby locat-
ing the areas where the specific asset groups are sparsely
distributed. But again, if one wants to explore estimated
returns of holdings of various assets, the analysis would
need to focus on a single measurable welfare outcome such
as poverty or expenditure, which again could be an
imperfect proxy for welfare (Lang et al. 2010).

Another possibility is to complement the livelihood
asset maps with a single aggregate asset index capturing
the overall status of asset holdings. However, it is prob-
lematic to pool all asset groups together, as various sig-
nificant factors emerge from the factor analysis due to
correlation within the various asset groups, thus making it
difficult to defend a single aggregate asset index. Another
possibility would be to take a reduced-form asset approach
where only the most important assets from each livelihood
asset group are taken into account. Studies comparing asset
trajectories over time and across countries especially have
utilized a reduced-form asset index (see Sahn and Stifel
2000; Booysen et al. 2008 for a few examples). But such an
approach is bound to rely on a high degree of subjectivity
regarding the inclusion of sub-components, thus making it
less appealing.

The masking of extreme values by focusing on an
aggregated spatial level should also be taken into consid-
eration when employing an asset-based approach similar to
the one suggested in this study. For example, pockets of
poverty could be hidden within wealthy districts and
should not be ignored. It is, however, reasonable to retain
an aggregated focus when looking at households’ abilities
to withstand and adapt to adverse risks, as a household
typically depends not only on its own resources, but also on
the resources of those who are likely to come to its aid
(Tache and Sjaastad 2010). In rare cases, however, an
increase in the risk-management abilities at household
level through asset accumulation could also imply negative
consequences for the risk-management ability of the
community as whole. For example, a significant increase in
livestock holdings would benefit the individual households,
but the increased number of livestock could also lead
environmental degradation making the positive effect of
increased asset holdings smaller. Such issues of scale are
also important to acknowledge, but are difficult to account
for empirical.

The link between livelihood assets and welfare out-
comes is perhaps also not so straight forward, despite the
close correlation between, for example, livelihood assets
and absolute poverty (Erenstein et al. 2010). Focusing

solely on assets implies the possibility of ignoring the
underlying drivers and modifiers that, together with live-
lihood assets, enable households to fulfil their welfare
potential through, for example, adapting to changing levels
of risks. Therefore, the insights drawn from livelihood asset
maps should be linked with any knowledge of how these
assets are adapted to create pathways of prosperity,
acknowledging, for example, the dynamic roles of farmers’
livelihood systems (Dixon et al. 2007).

Finally, the maps presented in this study only provide a
snapshot of the spatial contrasts in asset holdings: they
cannot capture any changes over time. Thus, asset-based
maps lack the ability to represent asset dynamics unless
they are updated over time. Maps generated for sequential
periods in time would, on the other hand, be able to
illustrate the spatial dynamics of the individual asset types,
together with their relative contributions and linkages to
welfare outcomes (Erenstein et al. 2010).

Conclusions

The application of a livelihood asset-based approach to
adaptation policy targeting has been presented through the
creation of maps highlighting the spatial contrasts of access
to various types of livelihood assets utilizing primary
household data. In that sense, it provides a multidimen-
sional and coherent approach to priority-setting and tar-
geting when it comes to improving households’ access to
livelihood assets, which are seen as the main determinants
of household-level risk-management capacity. The main
advantage of the methodology presented in this study is
that it is easily adapted to any given spatial scale and is
only limited by the detail level of the data provided. This
implies that it is possible to conduct a policy targeting
analysis from district-level and down to dwelling-level
scale given the specific needs.

The livelihood maps provide a tool for policy-makers to
identify areas with limited access to certain types of assets,
making the latter less able to react to a changing level of
climate-related risks. Such insights enhance the targeting,
prioritization, and efficiency of a given welfare-related
policy intervention by, for example, limiting the leakage of
aid. In the case of Bhutan, distinct spatial patterns of asset
endowments were shown using five different asset indica-
tors. Attention was drawn, for example, to the fact that
some areas facing GLOFs lacked access to productive and
human capital, while other areas facing similar risks had
relatively insufficient access to financial assets. This again
implies that any non-targeted policy aimed at improving
households’ risk-management capacities through asset-
building would have quite diverse results even among
closely located districts.
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Policy options relevant for each group of livelihood
assets have also been identified, focusing on those options
that would aid the poor and vulnerable in dealing with
potentially increased levels of climate-related risks, but
also when it comes to achieving more general welfare
outcomes such as escaping poverty. Thus, the examples
presented in this study are meant to be policy options that
benefit households, no matter what the realized outcomes
of climate change. This should be seen as a complement to
a narrower policy focus where adaptation measures are
taken to improve the adaptive potential of a specific sector
or ecosystem (for example, the construction of new infra-
structure or coastal management).

The development of a livelihood asset-based approach
to adaptation policy could be further improved by
exploring the impact of having sufficient access to live-
lihood assets when it comes especially to gradual changes
in the climatic environment, but also in connection with
more sudden events such as GLOFs. Thus, implementing
a dimension of time in the asset-based measures could
further improve knowledge of how access to livelihood
assets influences a household’s ability to fulfil its welfare
potential, given increasing levels of climate-related risks.
A further disaggregation beyond the district level would
also be appealing, but high data requirements would make
this approach difficult to implement on a wide scale,
especially if it were to rely solely on primary household-
level data.
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