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Abstract

This paper builds on an initial national and regidevel vulnerability assessment by
developing and applying a livelihood vulnerabilitgex at the community and household scales to
explore the nature of climate vulnerability. It pices innovative methodological steps in relation t
livelihood assessment to identify the vulnerabitifyfhouseholds and communities to drought. This
will help to improve drought vulnerability assessitsein Ghana and more widely as it shows extra
information can be obtained from local level vubdality assessment that may be lacking in national
and regional level analysis. The research emplagsitifative and qualitative data collected through
participatory methods, key informant interviews anguestionnaire survey with 270 households
across 6 communities in two regions in Ghana. Reshbw that within the same agroecological
zone, households and communities experience diffelegrees of climate vulnerability. These
differences can be largely explained by socioeconaimracteristics such as wealth and gender, as
well as access to capital assets. Results idenilfyerable households within resilient communiass
well as more resilient households within vulneratdenmunities. These outliers are studied in detail.
It is found that outlier households in vulnerabdeneunities have an array of alternative livelihood
options and tend to be socially well-connectedpéng them to take advantage of opportunities
associated with environmental and economic chafigesustain and enhance the livelihoods of
vulnerable households and communities, policymakees to identify and facilitate appropriate

interventions that foster asset building, impravatitutional capacity as well as build social calpit

Key words: climate variability, capital assets,narability assessment, resilience, households, &han

participatory methods.
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1. Introduction

Empirical evidence on the generic characteristicgoiculture-dependent communities that
have proven resilient or vulnerable to past clirratated problems is lacking at the household and
community levels. Addressing this gap will increase understanding of how communities cope
with the impacts of climate-related problems, pdiwg useful insights into the structure and drivers
of vulnerability (see e.g. Eakin and Bojorquez-Baf2008), and useful lessons for the management of
climate variability in agriculture-dependent comnti@s in developing countries in sub-Saharan
Africa.

Vulnerability assessments have been used to exihlereomplex set of interactions between
humans and their socio-physical environments (Hdlal., 2009; Fraser et al., 2011). Though
difficult to measure and describe as a concepgrséindicator-based vulnerability assessments have
been conducted at the national scale (e.g. Alletaai., 2009; Ericksen et al., 2011; Action-Aid.,
2011) and regional or district scales (Hahn e2&l09; Abson et al., 2012; Antwi-Agyei et al., 212
Such assessments allowed comparison of the relatinerability of different nations, regions or
districts to the impacts of climate change andallity. Hence, these index-based assessments may
be used to identify vulnerable groups within aipatar geographical area to inform policy regarding
resource allocation in such areas (Eakin and Bogz€[ apia, 2008).

Whilst contributing to the understanding of theiwas factors that may cause vulnerability,
many of these studies use national level dataratiddtors that have been selected somewhat
subjectively from the literature (e.g. Allison &t 2009; Davies and Midgeley, 2010; Ericksen et al
2011). Vulnerability assessments relying on ceustia at the national level could mask significant
local level variability in terms of access to assatd entitlements (Eakin and Bojorquez-Tapia, 2008
because of the problem of aggregation that makesylar poor regions seem less vulnerable than
they really are (see Morse and Fraser, 2005). €keldpment of such vulnerability indices (which
are based on pre-defined and theoretically-drineicators) rarely acknowledges the participation of
communities regarding what is perceived to inflieemaglnerability to climate variability at the local
level (Roncoli et al., 2002; Thomas et al., 20@Mdhough, such national level theoretically-driven
vulnerability assessments provide a strong founddtom which more detailed work can take place,
their relevance at the local level may be limit€de purpose of this paper is to identify and unpack
the extra information that can be obtained frortage level vulnerability analysis that is lackimg i
national and regional level assessments. Thisne &y developing and applying a livelihood
vulnerability index for households within six comnities across two regions in Ghana. We use
empirical data based on the factors that local éasrperceive to influence vulnerability to climate
variability.

Vulnerability is expressed as a function of expessensitivity and adaptive capacity (IPCC,
2007). It is best determined in response to a Bpatimatic risk (Vincent, 2007), which in the @as
of this paper, is drought. At the household le@ehit and Wandel (2006) argued that the concepts —
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exposure and sensitivity — as determinants of vability may be inseparable. In this regard, it is
assumed that households within the same agroecalagine may be exposed to the same level of
climate anomaly (drought in this case) (Eakin anjbBjuez-Tapia, 2008). This paper focuses on
drought because it is the major threat to Africamiing systems (UNDP, 2007), with some studies
predicting increased incidences of drought in thiark across sub-Saharan Africa (Boko et al., 2007)
In Ghana, agricultural production is highly sen&tio drought with recent reductions in food
production having been linked to drought eventsnfMitry of Food and Agriculture, 2007).

According to Walker et al. (2006), resilience refey the ability of a system to withstand
shocks in order to maintain its structure and idgnthough the literature also considers other
definitions. In his seminal paper, Holling (1973,1@) defines ecological resilience as the “ability
absorb change and disturbance and still maintaiiséme relationships that control a system’s
behaviour”. Extending this idea, Adger (2000) agtieat social resilience involves the capacity of
social group or community to withstand socio-poétias well as environmental stresses.
Consideration of resilience in this paper provittesopportunity to explore livelihood dynamics in
order to understand the capacity of a particulatesy to withstand climate variability (Marschke and
Berkes, 2006).

The household was selected as the main unit ofsisdlecause major decisions about
adaptation to climate change and livelihood preeesse taken at the household level (Thomas et al.,
2007). Nevertheless, households are connecte twitter community, which can greatly influence
the decision-making process in relation to theaiggoductive resources of a particular household;
hence the need to explore vulnerability and adaptatrategies at the household level in relation t
the wider socioeconomic and cultural processesrdoguat the community level (Yaro, 2006). At the
household level, sensitivity is reflected in thpeyof farming (i.e. monoculture or mixed farming,
land tenure security and farm holding) as agricaltproduction is a key livelihood activity. In ¢hi
paper, the vulnerability of a household to droughtonceptualised to be a function of the
household’s access to livelihood capital assetdi¢piarly natural capital) and the extent to whibke
household has diversified its livelihood activities

The overall aim of this paper is to explore therahteristics associated with those households
and communities that are resilient and vulnerabldiinate variability. This will help us to
understand the processes and factors that crelaterahility, allows input from the studied
communities themselves, as well as guiding theldpueent of effective policies. To achieve this
aim, the specific objectives for this paper are to:

1. Develop and apply a household livelihood vulnergbihdex in relation to climate variability
(particularly drought) in order to compare and casitthe components of vulnerability in
different case study farming communities;

2. Explore the socioeconomic, environmental and conityaeharacteristics associated with

resilient and vulnerable households and communities
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2. Resear ch design and methods

This paper follows and applies multi-scale, mixeetimods approach, allowing innovative application
of the sustainable livelihood framework to speailii¢ test climate vulnerability at community and
household levels. Climate change is a complex prolihteracting with different processes and the
use of mixed-method approach permits a holistiewstdnding of the different dimensions of the
problem (Adger et al., 2009).

2.1 Resear ch design

The Ejura Sekyeredumasi district of Ashanti regaod Bongo district of the Upper East region
of Ghana were selected for this study having beeniqusly identified as the most resilient and
vulnerable regions and districts respectively iratd (Antwi-Agyei et al., 2012). This was based on a
definition of “vulnerable” regions and districts tse where relatively minor perturbations in
rainfall over the past 40 years had significantactp on crop yields (Antwi-Agyei et al., 2012).
Conversely, “resilient” regions and districts welefined as those where even large droughts were
observed to have had only minor impacts on croldyiéf. Simelton et al., 2009). Advancing this
work further, an assessment of livelihoods offaesdpportunity to highlight the various adaptations
that might be available to determine how rural camities can cope with declining crop yields due
to drought, and also how such declining yields affect livelihoods (see Ziervogel and Calder,
2003).

Within one resilient and one vulnerable distrécgpecific resilient and vulnerable farming
communities (3 in each case) were selected fandumesearch, based on information gained through
interviews with experts and stakeholders (Antwi-Aggt al., 2012). Three communities were
selected from each district to allow comparisonsg¢anade among communities within the same
district without sacrificing the opportunity for-ohepth qualitative analysis; hence, three was ddeme
a suitable sample size. The resilient communitiesevAframso, Babaso, Nyamebekyere located in
the Ejura Sekyeredumasi district of Ashanti regiwhile vulnerable communities were Adaboya,
Ayelbia and Vea located in the Bongo district ia thpper East region (Figure 1; Antwi-Agyei et al.,
2012). These two districts (and 6 communities)esent a range of different agroecological and
socioeconomic characteristics in Ghana. The Ejely&edumasi district (the resilient district) lies
within the transitional agroecological zone andezignces bimodal rainfall patterns with the major
rainfall season from April to July and the minoinfall season from September to October (Ghana
Environmental Protection Agency, 2007). Averageumhmainfall ranges from 1200-1500 mm with
minimum and maximum temperatures ofQ@&nd 32C respectively (Ghana Environmental
Protection Agency, 2003). Bongo district (the vultide district) lies within the Sudan savannah
agroecological zone. The Bongo district experiencggnodal rainfall from May/June —
September/October, which constitutes the main fagraeason (Ghana Environmental Protection

Agency, 2003). Average annual rainfall ranges f&98-1000 mm with maximum temperatures of
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35°C (Ghana Environmental Protection Agency, 2003jetms of socioeconomic characteristics, the
economy of the resilient district is based on comuiaéfarming including crop production and
livestock rearing, whilst that of the vulnerablstdict is mainly subsistence farming (Ghana Statisc
Service, 2000).
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Figure 1: Ghana showing the study communities

2.2 Resear ch methods
Data presented in this paper were collected wusimixture of participatory methods such as
focus group discussions, household questionnaikegsl and key informant interviews. Data

collection started with a rapid rural appraisal §G#ers, 1994) during which community gatherings



and transect walks were conducted with communitgnbregs including opinion leaders at each of the
6 villages. This provided an overview of the sigraht social and physical features of the selected
communities that influenced their livelihood adiie$ (Sallu et al., 2009). A household questioraair
survey was used to collect both qualitative anchtjtaive data. The questionnaire survey assessed
households’ capital assets (financial, human, ahtphysical, and social). This information wasdise
to develop a household livelihood vulnerability éxdsee section 2.3). A total of 270 household
guestionnaire surveys were conducted in the 6 fagrmommunities (45 questionnaires in each).

A random sampling approach was used for the seteof communities that participated in the
study. Within communities, households were stedifinto different wealth groups. A random sample
of households was then surveyed. The criterionvialth ranking was developed based on the
perception of wealth and poverty by the commuriibggnion leaders and individual households
evaluated at the time of the survey. Where theramaunder-representation of any wealth group, key
informants were used to identify appropriate hookihto supplement the sample. At least one focus
group discussion was conducted at each village battveen 5 and10 farmers of different socio-
cultural backgrounds to further explore the maiemtias that emerged in the questionnaire surveys.
Oral narratives were used to reconstruct livelihbistiories to explore temporal dimensions of
vulnerability of outlier households, providing ighis into how past events shape livelihood actsiti
(Sallu et al., 2010).

2.3 Choosing specific indicator s as deter minants of household livelihood vulner ability

The sustainable livelihoods approach (SLA) was ({Sedones, 1998) to frame the
identification of indicators that determine houdeHivelihood vulnerability. During focus group
discussions and questionnaire surveys, househads asked to highlight indicators linked to each
form of capital asset (i.e. human, financial, nakyphysical and social capitals). These capitséiss
are employed by households to varying degreestigate the effects posed by climate variability
and change (see Eakin and Bojorquez-Tapia, 200&) nfajor themes that emerged from this
exercise were cross-checked with those mention#tkititerature (Yohe and Tol, 2002; Brooks et
al., 2005; Smit and Wandel, 2006). Table 1 showathin themes that were considered in this paper
after the literature review. What follows is a Ibdescription of how the livelihoods assets were
characterized in relation to household’s abilityattapt to climate variability with a view to usitigs

information to develop a livelihood vulnerabilitydex at the household and community levels.



Tablel: Indicators of household livelihood vulnéligbindex collected through a household survegoas six communities in Ghana

Component

Indicators

Questions posed during ddkaction to obtain information
on this indicator

Challenges and solutions with collecting this deta
experienced in the field

Social assets

No. of groups or
associations
households belong to

Do you belong to any social groups? Could you @eias
them in the spaces provided?

Once the definition of a group (and associationy wade
clear to respondents, there was very little coofusi

Human assets

Educational level

Could you please state the higighscation attained?

This was fairly a straightfand question.

Health status

Have any member of this household lilea the last 6
months?

Difficulties related to what constituted illnessae@ this was
explained as illness needing hospital treatmeatgtivere no
problems.

Natural assets

Farm holding size

Could you pletde the size of farm holding in acres?

Problerfsged to landholding but this was resolved as
respondents were made to understand that thisionestated
to farm holding under cultivation.

Tenure system

By what arrangements do you have access to youor far
holding for farming activities?

The only problem related to few farmers who hadertban
one tenure arrangements. In such cases, the reajaet
under which the household cultivates their crops wa
considered.

Financial assets

Access to credit

Do you have access to creditdar ygricultural activities?

Once respondents wstded what constituted credit, this
guestion posed no challenges.

Ownership of livestock

Do you have livestock or Ihge? List the types and
numbers of livestock.

This is was straightforward which posed no difftas.

Remittances received

Have you received remittafioes family or friends in the
last one year?

There were difficulties relating to memory lapsdsnce, the
duration was specified to be the last three mottthelp
households recollect.

Physical assets

Irrigation facilities

Do you have access to irrigatfacilities for dry season
farming?

This was a straightforward question and posed oblem

Ownership of radio,
television or mobile
phone

Could you please list all communication gadgets$ yoa
have? These include TV, mobile phone or radios etc.

These were clearly identified things so there eas |
confusion relating to this question.

Livelihood
diversification

Livelihood diversity
index

What are your main livelihood activities? Could yaimk
these in terms of their contribution to househaltbme?

Problem relating to what could be classified aseaihood.
Efforts were made to explain to respondents thatiticludes
all activities they undertake to make a living.
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2.3.1 Social capital

Social capital — including connections to techn&gbport and social resources such as
networks, associations and affiliations — was asgkby counting the number of associations or
groups to which the members of the household bglBrgity and Ward, 2001; Vincent, 2007). It was
assumed that households belonging to a high nuaflsercial groups and associations are better
networked to cope with the impacts of climate cleaog their livelihoods activities (Adger, 2003;
Pretty, 2003), as these represent the number @l safety nets and a form of informal grassroots
insurance available to the household during climekated crisis (e.g. Fraser, 2007; Vincent, 2007).
Both bonding and bridging social capital were asseésBonding social capital is based on
characteristics such as family kinship, ethnicityationality (Woolcock, 2001). Bridging capital
refers to ties to external groups and usually tends different socioeconomic statuses, natioesliti
religions, and ethnicities (Woolcock, 2001). A sogrprocedure for social capital followed the
methods of Vincent (2007). A score of 1 was givehauseholds that belonged to no identifiable
group, 2 for those who were members of one grodipr Bxembership of two groups and 4 for
membership of more than three groups. While thellef/interaction among the group members and
the strength of the ties within such social grocgsld affect their usefulness, interaction and ties

were beyond the scope of the assessment and werensidered.

2.3.2 Human capital

Human capital assets were represented by two itmdgcahe educational level of the head of
the household (or the most educated person indbsghold) and the health status of the household
Table 1). No formal education was afforded a valiug; 2 in the case of only primary education; 3 in
the case of secondary education; and 4 for houdghloht had tertiary education. As there is a link
between health and climate change (Haines etG6)?2it is assumed that households with
significant health problems will have lower humapital as they must allocate a substantial part of
their scarce resources to treating illnesses gdligon et al., 2009), thereby reducing their capato
withstand the impacts of climate variability. Teass health status, households were asked about the
number of times they have been to the hospitahgspitalised) within the last year. Households with
members that had been to the hospital were sconddldt those that had not been to hospital within

this period were scored 2.

2.3.3 Natural capital

Natural capital assets were assessed by two indicathe first was the size of the farm-
holding under cultivation (this was estimated asakierage area of cultivated land over the past fiv
years) (Table 1). It is assumed that the largefatma holding, the greater the opportunity for the
household to have more crops and yield, and héreclotver the vulnerability to climate change,

though it is noted that labour availability anddfittial capital both affect the reality of how muahd
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can be cultivated. Households which cultivated thag 5 acres scored 1; those cultivating between 5
acres and 10 acres scored 2; those cultivatingdeetvil and 15 acres scored 3; those cultivating 16-
20 acres scored 4, and households cultivating e&sacored 5. The type of land tenure system and
the level of security it provides may have serimoglications for the management of agricultural
soils, and could indirectly affect crop productvetnd environmental sustainability, consequently
influencing household vulnerability (Butt et alQ@B). Three different tenure arrangements were
identified in the study communities. These weradanherited”, “land purchased” and “land rented”
by the household. For tenure systems, a scorevaislgiven to households who rented their
farmlands; 2 for households who purchased themlands; and 3 for those who inherited their
farmlands. Households that inherited their farndtawere given the highest score because it is

assumed that they will have the most secure lama¢e

2.3.4 Financial capital

Financial capital assets such as savings and eetoés play a crucial role in cushioning
households against drought related food shorté&giesting information on financial assets was very
problematic because of a lack of records on saldsr@mory lapses. Livestock were considered to
offer readily available cash in times of crop fe@ulue to erratic rainfall patterns in the study
communities. Indeed, Hesselberg and Yaro (2006)eatigat a peasant household’s ability to obtain
food in northern Ghana, especially in the lean@edargely depends on the availability of dispdsab
livestock and poultry. Households without poultrfigestock scored 1 whilst those with livestock
scored 2. In addition, financial assets were asgdsg examining the remittances received by the
household from family members or friends over tastyear. In rural agriculture-dependent
communities, remittances from family and friendsyph crucial role in helping farmers to cope with
the livelihood impacts resulting from climate véildy. Households that received remittances in the
past year scored 2 and those that did not recaiyeemittances scored 1. Access to credit may also
influence adaptation to climate change (e.g. Fosmddh et al., 2012) including access to inputs such
as improved cultivars of crops (Butt et al., 2006@nce, it is assumed that households that have no
access to credit will be more vulnerable and scaredhilst those with access to credit were given a

score of 2.

2.3.5 Physical capital

Physical assets that were assessed included thengeeof irrigation facilities and ownership of
radios, television or mobile phones by a housefitéddble 1). Irrigation facilities are crucial forima
fed agriculture dependent households, as theddiéschelp farmers to practice dry season farming.
It is assumed that households with irrigation ftde# will be less vulnerable to changing rainfall
patterns. Hence, households without irrigationlifiées scored 1, whilst those with these facilities

scored 2. The presence of radios, television orilmgbone in a rural household can be an effective
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tool for communication and accessing informatiorcbanging weather patterns. Here, households
with any of these three assets scored 2, and thitiseut any scored 1. Physical assets such as road
networks and the availability of markets and heftilities may enhance the adaptive capacity of a
household (see Zhang et al., 2007). These assetsnakincluded in the vulnerability computation
because field observations suggested that thesgcphgssets did not significantly differ amongst

either the resilient or vulnerable communities.

2.3.6 Livelihood diversification

In addition to exploring the five capital asselss istudy also examined whether households in
resilient and vulnerable communities diversifiedithivelihood activities. This is important becaus
diversification has been reported as one of thensi@ategies for reducing the vulnerability of a
household to the impacts of climate change (seg, E®98; Barrett et al., 2001). Therefore, the
number of livelihood activities that a householdsveagaged in was also assessed. It is assumed that
households with more diversified livelihood sourogsy be less vulnerable to the impacts of climate
change compared to households that depend onlgrarutkiure. The livelihood approach argues that
agriculture-dependent households may be able tecectheir overall vulnerability to climate
variability by diversifying the strategies pursueithin their livelihood portfolios or specialisirtg
take advantage of a niche (see Ellis, 1998; Belbbimd.999; Fraser et al., 2005). Hence, the
livelihood vulnerability index is estimated to bieetttly proportional to the number of livelihood
activities in which a household engages. A scorkewas therefore given to households that had only
one livelihood activity, 2 for households havingtiwvelihood activities, 3 for those with three
livelihood activities, 4 for those with four livélood activities, and households with > 4 livelihood

activities scored 5.

2.4 Standar dization and weighting of selected indicators

To ensure the comparability of indicators that wesed in the construction of the household
livelihood vulnerability index, all indicators westandardized following the UNDP (2007) procedure
of standardising indicators for life expectancyardequation 1). This ensures that all indicatoesew

normalised to have a relative position betweendla(see Vincent, 2004; Hahn et al., 2009).

Actual value—minimum value (1)

Index value (standardized value) = , —
Maximum value—minimum viuae

Having standardised the indicators, it was theressary to elicit appropriate weights to the various
indicators. An unequal weighting system, basedetative importance attached to each indicator of
vulnerability by local households, extension offgsekey informants and experts was used because it

was deemed necessary to include the views of bo#i households and experts in the vulnerability
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assessment. Hence, a five-point Likert scale wad uhere farmers, extension officers, key
informants, and experts were asked to rank therfiest important indicators that they considered to
influence vulnerability at the household level (TeaB). The number of times a particular indicator
was cited was used to generate the weighting sy&tabie 2). The following weights were assigned:
149% to social capital, 11% to human capital, 9%dtural capital, 27% to financial capital, 10% to
physical capital and 29% to livelihood diversificat (Table 2). The household livelihood
vulnerability index for a household was then cadted using the following model (equation 2)
(Vincent, 2004).

HLVI = (Ssvi * Wi) + (Hsvi * Wii) + (Nsvi * Wiii) + (Fsvi * Wiv) + (Psvi * Wv) + (Lsvi * Wvi)  (2)

Where HLVI = household livelihood vulnerability ied, Ssvi = standardized value of social asset
sub-index, Hsvi = standardized value of human asggindex, Nsvi = standardized value of natural
asset sub-index, Fsvi = standardized value of Gizasset sub-index, Psvi = standardized value of
physical asset sub-index, and Lsvi = standardizdaevof livelihood asset sub-index. The Wi terms
refer to the weighting that was applied to eachdaedized value: Wi = 0.14, Wii = 0.11, Wiii = 0,09
Wiv = 0.27, Wv = 0.10, and Wvi = 0.29 (Table 2).

The inverse of the value for the indicators wasresded to ensure that high values always
indicated high vulnerability. The line of reasonimgre is that low vulnerability indices reflect lexv
vulnerability of a particular household. Indeeds thas important implications in conveying the
findings of this study to policy makers as it isieato communicate that high vulnerability index
scores denote high vulnerability.

Using current proxy indicators based on the exgstiminerability of households poses a
problem when considering vulnerability to climageaiability in the future since these indicators are
dynamic (Vincent, 2007; Eakin and Bojorquez-Tag@08). The HLVI provides a snapshot in time
of the vulnerability of a particular household ahdrefore does not capture its changes over tirde an
space. Nevertheless, it helps in the identificatibraulnerable communities and households at the
current time, as well as guiding appropriate adapiaathways ( see Adger and Kelly, 1999; Adger,
2003).

2.5 Data analysis

Qualitative data were coded and indexed througtecomnalysis and the major themes that
emerged (Krippendorff, 2004). This highlighted thejor characteristics of households and the main
livelihood assets accessible to such householdssélmajor themes were triangulated through more
in-depth key informant interviews and any contrédits between data sources were clarified through
focus group discussions. Quantitative data werestrdbed and analysed using SPSS and Minitab

(Edition 15). Using Minitab, a one-way ANOVA wasraputed to compare the relative vulnerability
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among the various households and communities &diffalences resulting ip<0.05 were
considered statistically significant. K-means atnstnalysis using STATISTICA software was
undertaken to group the households according iovhmerability. K-means cluster analysis, which
seeks to group cases into distinct clusters byisgajkoups that minimise variability within clusser
and maximise variability between clusters (Levid &age, 2000), has been applied to spatial

vulnerability assessment in dynamic systems (sewifgyei et al., 2012).
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Table 2. Weighting system based on local farmettension officers, key informants and experts peezkrelative importance of various indicators

Component Indicator Times cited as  Relative Weighting Rank  Weighting
most important  Importance (indicators %) (components %)

Access to climate information 11 3.86 4.00 9

Social assets Membership of social groupings 23 8.07 8.00 6 14.00
Availability of extension service 6 2.11 2.00 11

Human assets Educational level of the household 26 9.12 9.00 4 11.00
Health of the household 5 1.75 2.00 12

Natural assets Type of land tenure system 7 2.46 .00 2 10
Size of farm holding 19 6.67 7.00 8 9.00
Farmers receiving remittances 24 8.42 8.00 5

Financial assets Ownership of livestock/poultry 21 7.37 7.00 7 27.00
Access to credit facility 33 11.93 12.00 2

Physical assets Access to irrigation facilities 28 9.82 10.00 3
Ownership of radios, televison and 0 0.00 0.00 13 10.00
mobile phones

Livelihood Alternative livelihood options 82 28.77 29.00 1 @®.

diversification

(N= 270 households, 9 key informant3 extension officers, 3 285 100.00 100.00 100.00

expertd)

2 Key informants included persons who know sometisimecial about such villages including opinion kEradsuch as chiefs, assemblyman, village teachergauth
leaders who are decision makers in these commanitie
% Experts included academicians and other profealion NGOs who have specialist knowledge in clamariability and how it affects agricultural praivity in rural
agricultural-dependent households.
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3. Results

The results of the vulnerability analysis are pnéseé at the community and household levels.
First, the paper explores the differences in vahiity index between the communities studied, gsin
the livelihood vulnerability index that was constied based on the information collected in section
2.3. Following this, the paper identifies variousnerability clusters and characterise the houskshol
within these clusters. Finally, the paper idensifieutlier households” to explain the nature of
vulnerability at household level.

The results of the overall vulnerability of therfang communities are presented in Figure 2.
The vulnerability differs significantly amongst tliarious communitiegp&0.05). Within the resilient
region, Aframso showed the greatest vulnerabilit9.624 with Babaso demonstrating the lowest
vulnerability (0.387) whilst Nyamebekyere recordedulnerability of 0.487.
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Figure 2: Vulnerability of the farming communities

While the standard deviations are quite similaguFe 2 shows that amongst the vulnerable
communities, Vea recorded the lowest vulnerabdit®.629 with Ayelbia showing the greatest
vulnerability of 0.841. Adaboya recorded a vulndrighof 0.749. These results suggest that Babaso
and Vea showed the lowest vulnerability in thegpective study regions. The results also suggest
that Ayelbia was the most vulnerable community agsbthe six studied communities.

Figure 3 shows the major components contributingutoerability for a particular community.
Figure 3 suggests that a lack of financial capétéhe biggest contributor to overall vulnerabiiityall
the six communities studied. Regardless of theextrftvhether a household is located in a resilent
vulnerable community), low financial capital pulip the vulnerability index. The impact of financial

4 Aframso, Babaso and Nyamebekyere representedebiiént” communities while Adaboya, Ayelbia and
Vea are the “vulnerable” communities.
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capital on the overall vulnerability of a particummunity was, however, more pronounced in the

vulnerable communities.
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Figure 3: Components contributing to vulnerabitifyffarming communities

Despite significant socioeconomic differences axthe six study communities, Figure 4
shows that there are three major clusters of haldgtelonging téow, medium and high
vulnerability clusters. Households within a part&cluster share similar characteristics in teofns
access to livelihood assets and the livelihood/giets pursued. The means of the various
vulnerability clusters were significantly differeft<0.05). Figure 4 also shows that Babaso (which
demonstrated the lowest vulnerability) recordedhiglest percentage of households within the low
vulnerability cluster (49%) with only 9% being withithe high vulnerability cluster. Amongst the
vulnerable communities, Vea (which showed the Iawamerability) recorded 9% and 69% of
households in the low and high clusters respegtiffeiure 4). This compares with Ayelbia (the most
vulnerable amongst all the study communities) whextorded 2% and 84% of households within the

low and high vulnerability clusters respectively.
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Figure 4: Proportion of households in differentnarability cluster in study communities

Quantitative analysis shows a small proportionafdeholds (including 35% and 5% in the
resilient and vulnerable communities respectivéigl tend to engage in a number of livelihood
activities outside of agriculture were found todrgj to the ‘low vulnerability’ cluster (Figure 4).
Households belonging to this cluster had diverdifieelihoods including other non-farm jobs such as
teaching, petty trading and fishing, and also tdritdehave secure land tenure with relatively large
farm holdings. Hence, these could be describedudts-activity households in which the household
pursues more than one livelihood activity. Mossiych households have a principal livelihood
activity, with a number of complementary livelihostlategies. Households in this cluster also tend t
be highly socially connected with some having pxditpower in terms of decision making, because
of a leadership role as e.g. chief, assemblymaaf tdarmer and other opinion leaders (e.g. Case 3).

An estimated 21% and 77% of households in theieasibnd vulnerable communities
respectively belonged to the ‘high vulnerabilitybgp (Figure 4). This cluster comprises single-
activity households whose livelihoods were defipedcipally by agriculture-based activities. They
tend to depend solely on crop farming as the goaidivelihood activity and have limited social
capital in the communities. Households in this tugend to have insecure land tenure (e.g. Case 1
Table 3). In between the low and high vulnerabititysters is a group of households that were
classified as ‘medium vulnerability’. These incldd&% and 18% of the households in the resilient
and vulnerable communities respectively. Thesénamseholds that may have crop farming as a
principal livelihood activity but also tend to irsten livestock and poultry production which can be

sold when things become hard for such households.
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In addition, Figure 4 revealed that there wereieubouseholds within both the resilient and
vulnerable communities. An outlier household isrEd as a household that belongs to the resilient
community but actually is put into the high vulngtiy cluster by the k-cluster analysis or a
household that belongs to the vulnerable communitywhich k-analysis puts into the low
vulnerability category.

The qualitative differences between such outlierdetolds and typical households within the
same community were explored in greater depth tifigérg such households provides useful insights
into the problems that lead to households beingerable even in relatively resilient communities.
Results revealed that outlier households in theenalble communities were more resilient because
they have alternative sources of income and ham@esdand tenure with relatively large farm
holdings. They were also characterised by extersieal networks and may have access to both
bonding and bridging social capital. Further, thguits suggest that some of these outlier housghold
tend to be politically connected because of thesitppns within the communities (e.g. Cases 3 and
4). Table 3 presents case study oral histories avithier householdms both resilient and vulnerable
communities. Table 4 shows how access to capisatasnd livelihood diversification can reduce the

vulnerability of farming households and communitieslimate variability.

20



Table 3: Oral history narratives with example cstsely of outlier vulnerable and resilient housebkold

Case 1- Vulnerable household in a resilient comtmyuMs Amina*, age 55 years, living with 5 childrahNyamebekyere

This household that is perceived by the local comitylas a poor household is headed by Ms AminanBod 956, Ms Amina, a widow, moved from the
Bunkprugu Yooyo district to Nyamebekyere in the A98ecause of the good soil and environmental tondifor farming in this village. During this time
her husband also used to work as a watchman t@dupge family. They used to cultivate about 8 aaEland and harvested about 50 bags of maize. Ms
Amina’s husband died in 2007 and she does not Aayeeliable source of income for the households Tbusehold cultivates on the average, 3 acres of
land and harvests about 15 bags of maize. As aamtigrorker, Ms Amina stressed the difficulties azessing the most fertile lands for agricultural
activities. She indicated that she either rentd kamd in return gives a bag of maize per acreraf ta the land owner after harvesting or she catiéis the
land in what is locally termed aabanu’where the land owner gives you land and plantiatenmals and shares the yields equally after h&inges/Vithout
any formal education, Ms. Amina has no alternagimerce of livelihood apart from farming and sheyagrows crops. She has no livestock or poultry. To
supplement her income, she sometimes works in pégple’s farms to earn extra income, which meass fime on her own farm. She indicated that she
has no money to buy fertilizers to improve soitifédy and hence has to rely solely on animal diagp to enrich the soil. Ms Amina does not belangrty
farmers’ associations in the village and does ective remittances. Ms Amina has observed lesfatiaiacently compared with when she first movein
this village. According to her the onset of thensahas delayed and the duration of the rains dilhi@darming season is quite uncertain. The houdalses
different climate adaptation options including chiaug timing of planting and planting different ceof cope with climate variability in the community
Explaining some the coping strategies, Ms Amind,s&ometimes | work in other farmer’s farm in exchafogdood for my family.”In terms of barriers to
climate adaptation, the household highlighted lafckinds, the high cost of improved varieties afps and land tenure insecurity. Ms Amina sdids

very difficult for farmers to obtain credit facilits for farming operations in this community. yreh my limited personal resources to plough timel ld
provide all the farm labour myself with the assista from my children.”

Case 2 - Vulnerable household in a resilient comtyuMs Adwoa Owusuwaa*, aged 58, living five cheld at Aframso

Born in this village, when Ms Owusuwaa started fagnthe rains were quite predictable and farmerdccappropriately time this for planting their pso
She used to cultivate maize and did not have yos@imuch on fertilizers for higher yields as tbé and the rainfall were reliable. According tarhgince
the late 1980s, the rainfall pattern started tmbecless reliable. The drought of the 1983 desttéyg maize farm and other cash crops includingadleat
she had planted. She and her husband started grotviar crops such as groundnut in the early 1980gsponse to the increasingly erratic rainfalt@rns
in the community, in the 1990s this household beggawing cassava which is drought tolerant. Duthig period, according to Ms Owusuwaa, the
household used to invest part of the money front titep farming into livestock and poultry. In 1at890s, the household used to receive supporein th
form of remittances from their elder son who waskirg as a driver in Accra. In the mid 1990s theigehold sold all their livestock and poultry to eop
with drought related famine. By early 2000, the $ehwld had no poultry or livestock. The son whalusesend her money has also lost his driving jah w
the company he used to work with. Currently, thedetold cultivates only 3 acres of land for maizé ace and sometimes has to rely on friends and
family to get food. Without formal education, Ms Osuwaa has no alternative sources of livelihoodtdpman farming. Ms Owusuwaa put this bluntly‘as
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have no alternative sources of livelihood and meat§irely on crop farming to feed my family. Thisamethat any time the rains fail me then my houskiso
in serious trouble in terms of food for the famifis problem is compounded by the fact | recetveemittance from anywhereCurrently, this household
has no livestock or poultry. The household hasiopcke or spraying machine. Also, they have nogadiobile phone, or television in the house. Neithe
Ms Owusuwaa nor any of her children in the housgbelongs to any association in the village. Laickunds, limited access to and high cost of improbve
varieties of crops, and lack of farm implementssamee of the main barriers confronting the impletaton of appropriate climate adaptation by this
household.

Case 3 - Resilient household in a vulnerable conityiudr. Abanah*, age 43, living with wife and foahildren at Vea

Born and growing up at this village, the head of tlousehold, Mr. Abanah is a degree holder. Miarkih has being a professional teacher since 1293 an
is the head teacher of the local primary schoals Tibusehold is considered by the local commuwitye a rich household. Apart from farming, the
household also keeps livestock and poultry. Mr.ebais also the Assemblyman for the local commuenity one of the opinion leaders upon whom most of
the people in this community rely for decision nmgkconcerning this community. Mr. Abanah receivaalary from his teaching profession and sitting
allowances when he attends meeting at the asseAwmby strategy, this household invests part of theary in livestock production by buying livestoc

from other farmers in the village and surroundioghmunities during the dry seasons when the pridwedtock are generally cheap as farmers needito s

to get money to buy foodstuffs to feed their fagsliMr. Abanah indicated that his household skeés tivestock when the prices are good. The haoiseh

has two acres of irrigated land around the Vegation dam and this allows them to cultivate toreatduring the dry season. The household also owns a
motor bicycle, radio, and mobile phone, which theg to listen and access information. Mr. Abanaletibed his farming land from his father and theref

has secure land tenure. The household grows ldteaty millet, guinea corn, beans and sorghum.Adanah is a member of the Ghana National
Association of Teachers (GNAT) as well as The Ro@atholic Church at Vea. Since the mid 1990s, libissehold has changed their cropping patterns and
grows improved varieties of crops in responseitoate variability. Additionally, the household hasanged its timing of planting since the late 1$9806d
grows different crops at the same time. Importantig household is engaging in more non-farm jabsk of institutional support through extension
services, limited access to improved varietiesrops and lack of farm implements are some of thmnimarriers to climate adaptation highlighted bigt
household.

Case 4 - Resilierttousehold in a resilient community: Mr. Odum?*, adgedliving with 5 children at Nyamebekyere

Headed by Mr. Odum, this household lives in a thregroom aluminium zinc roofed house and is peetkby the local community as a rich household.
Born in 1957 in Mampong, Mr. Odum moved to Nyametaee& in 1971 with his elder brother. Mr Odum claihtieat the rainfall patterns have changed.
“When | moved into this village, the rains usedant & bit early in February for planting to be denBut now the rains do not come until late March.”
Apart from farming, Mr Odum keeps livestock and lrgu According to him, he has 30 sheep and 25guwadth a number of poultry. Mr. Odum has a
Middle School Leaving Certificate. Mr. Odum alsork®as a farm lands revenue collector which, aéogrth him, brings him extra income. He earns 15%
as commission of the total revenue he collect$ifer‘stool” land administrator in Kumasi. His wiflels Mantey is also a petty trader who buys foodstuf
from farmers at the Nyamebekyere village and sedisn at the Ejura market. The household is abteiltivate 15 acres of land and harvests, on theagee
100 bags of maize, and 25 bags of beans. Mr. Oduhiiz wife also have three older children who wiarllifferent parts of Ghana such as Kumasi, Ejura,
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and Dunkwa. Mr Odum claims that his household rdyireceives remittances from his older childi®ne of his sons is a teacher at Dunkwa, and another
is businessman at Kumasi. Mr Odum sail/“sons send us money regularly and this is uséélmwith our farming activities including plougigj,

purchasing fertilizers and other farm inputs. Tinakes us less vulnerable to drought because watdeeto plant on time to avoid the drought durihg t
critical period of maize.” Mr Odum continuedBecause of this we are always one of the firstdahwlds to harvest in this village and this givepremium
prices for our cereals including maizeMr Odum is a member of Millennium Development Aang which helps farmers with farm inputs such as
fertilizers and seeds. Mr Odum and his wife are s of the local Pentecostal church which sersesfarmal network for information sharing. Mr.
Odum’s wife, Ms Mantey belongs to the Nyamebekynaéze sellers association that helps during fueemalresponse to climate variability, Mr Odum
claimed to have changed his cropping pattetrmsow grow the improved varieties of maize suctohaatanpa, dobidi etc that are early maturinghe

major challenges confronting this household in gafclimate adaptation include the lack of andigh cost of farm inputs, lack of reliable climate
adaptation information especially regarding thespiasid duration of the rainfall, and lack of ingitbnal support. Elaborating on the barriers tmelie
adaptation, Mr Odum stateti¥e are not able to receive accurate and relialsiiormation from the weather people in terms ofdiséribution of the

rainfall during the farming season and this makegery difficult for farmers to plane their farmiragtivities.” The household owns a television, radio, and a
mobile phone, which they use to communicate and gedess information on, including weather forecast
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Table 4: Key characteristics of the outlier anddgbhouseholds in study communities

Household cluster ~ Within resilient communities Within vulnerable communities
Outlier vulnerable households  Typical households Outlier resilient households Typical households

Human assets Such households do not have Most households have at least Relatively educated households (withMembers of such households have
any formal education with primary education. Can be male or at least 6 years of education). no formal education.

Principal livelihood
activities

Natural assets

Poverty levels

Social assets

relatively large household sizes.female headed households.

Crop production on a Households have diversified their Households have at least one membéepend mainly on farming,
subsistence basis. May not havdivelihood sources into non-farm  who is in permanent employment or growing crops to feed the

livestock or poultry and income jobs. Mostly involved in commercial business. These non-farrhousehold. Crops include sorghum,
therefore depend solely on crop monoculture commercial crop income jobs are less negatively millet and beans. No form of non-
farming. production systems. impacted by climate variability. farm jobs for most households.

Majority of households tend toHave access to land and tenure  Households have access to land andHouseholds have relatively small
be migrant farmers who are security. Have relatively larger farmsecure tenure. Some households haviarm holdings with poor soil due to

landless and have insecure holding but tend to engage in access to irrigation facilities and are continuous cultivation of land
tenure. Hence, have small farm monoculture commercial cropping able to invest in improved varieties ofwithout the addition of suitable soil
holding. patterns because of mechanization.crops. amendments. Female-headed

households have no tenure security.

Poverty levels are relatively  Poverty is moderate because of  Received income from non-farm jobsExtremely poor without access to

high compared with typical access to non-farm income. May which gives such households some credit. Unable to sell farm produce
households in such received regular remittances from form of financial security. as a source of support because of
communities. Households have families and friends working in the small farm holding. Rely on
difficulties in accessing credit  cities. external support during climate-
and do not receive remittances. related crisis such as drought.

May belong to at most one  Highly connected to wide range of Have access to bridging social capitalenerally, households do not
social grouping. Have no real  social networks. Some households in terms of membership of recognisedelong to any recognised social

political power within such may have access to both bonding groups. May have political power in grouping. Have no political power
community. Social identity and bridging social capital assets. the village because of their social  in terms of decision making in the
includes crop producers. status. village. Mainly crop producers with

few livestock keepers.
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4. Discussion

The results show that rural households with acttesapital assets (financial, human, natural,
physical, and social) are less vulnerable to thyatiee impacts of drought (Tables 3 and 4). The
findings suggest that diversification of livelihoadtivities into non-farm income jobs is cruciat fo
coping and adapting to drought in rain-fed agrimalt systems. These points are expanded on in the

following sections and the implications for droughtnerability and food security are explored.

4.1 Gender and climate vulnerability

Female-headed households without any reliable sswtincome were more vulnerable than
male-headed households (Cases 1 and 2). For iestamtier households Case 1 and Case 4 provide
insightful characteristics. Outlier Case 1 shovet the household has no reliable source of income
and depends solely on crop farming. The head ofitisehold, Ms Amina claimed that she earned
about 10 Ghana cedi (US$6.67) per day by working labourer on another farmer’s farm. This
amount is able to take care of the household fouafour days and according to her, she will have t
wait for the opportunity to be employed by anotfaemer. This contrasts sharply with Case 4 in the
same community (i.e. Nyamebekyere), where the hmlddras other non-farm income sources and
receives regular remittances from children worlétggwhere. By receiving support from their sons,
this household is able to plan their planting atiebofarming activities that are crucial in these
farming communities. With rainfall becoming moreatic in sub-Saharan Africa (Boko et al., 2007),
if a household misses the onset of the rains nitutimately affect crop productivity. These findm
reaffirm previous research by Eriksen et al. (2088} contribute additional evidence that suggests
that female-headed households without any reliablefarm income jobs are more vulnerable than
male-headed households. This has implicationsditicyimakers and development partners in
enhancing drought preparedness of different houdgeo such communities and implies that a

targeted approach is needed to assist female hbadeseholds.

4.2 Vulnerability of different wealth groups

The wealth of particular households could greatfiuence their vulnerability. For instance,
Table 3 shows that households (such as Cases2) dmak were perceived to be poor by the local
community tend to be more vulnerable compared wlftively richer households within the same
community that may be experiencing a similar lefatlimate exposure (e.g. compare outlier Cases 4
and 1). Indeed, several writers have documentetbtheof wealth in enhancing the adaptive capacity
of rural poor households (e.g. Moser, 1998; Adger ldelly, 1999; Sen, 1999; Brooks et al., 2005;
Moser and Satterthwaite, 2008). Moser and Sattaitewf2008) argue that the asset portfolio of the
household is crucial in determining its capacitydduce the impacts of climate variability. This
paper advances this debate by highlighting thdteoutouseholds such as Cases 3 and 4 that were

considered as rich households by the local comnesnitere less vulnerable than poor households
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(Case 1). Results here support Sen’s (1999) arguimainpoverty constrains the capability of poor
households to cope with the impacts of climateakility (e.g. Case 1). This is because poor
households have limited asset portfolios that eanded to reduce the impacts of climate change and
variability on their livelihoods (Adger and Kell§999).

4.3 Access to human capital assets and vulnenabilit

The analysis shows that vulnerable households efeecterised by low levels of education.
Outlier households in the resilient communities gymical households in the vulnerable communities
that demonstrated the greatest vulnerability taudnd were defined by low educational levels (e.g.
Case 1 and Case 2; Table 4). Increased literacincegase the capacity of the household to access
climate information, which can subsequently enhaheeadaptive capacity of the household to buffer
against negative impacts induced by climate changevariability (see Leichenko and O'Brien,
2002). Education can also have a positive impaavanall farm productivity and this is especially
crucial in the context of dryland farming systemsub-Saharan Africa. Weir (1999) argues that
education may change the belief systems that mayifnécal to increased agricultural productivity.
Consequently, this may increase the householdIggiless to accept agricultural innovations and
new technologies to cope with current climate \ality that are essential for increased farm
productivity (e.g. Lin, 1991). Invariably, this Ipsl households to build their adaptive capacityojgec
with future climate variability. Low educationabsidards (such as Cases 1 and 2) limit the capacity

of a household to increase their potential for feom livelihood activities (Paavola, 2008).

4.4 Livelihood diversification

Supporting the studies by Ellis (1998) and Bawretl. (2001), this paper has shown that
vulnerable communities were characterised by haadslwith limited options in terms of livelihood
diversification. Households that diversified therelihood activities tend to be less vulnerable
compared with those that depended solely on agmi@ibased activities as typified by the ‘outlier’
households in the resilient communities and housishn the vulnerable communities (i.e. high
vulnerability cluster) (Case 2; Table 4). By divBring their livelihood sources and having access t
or ownership of a range of different capital as§elisser, 1998; Bebbington, 1999), such households
have a broader livelihood portfolio that they cae to reduce their vulnerability to drought (Ellis,
1998; Fraser et al., 2005). For instance, companutler case study households in Cases 3 and 4
with Cases 1 and 2 suggests that those househealdlsave diversified their livelihood activities ree
less vulnerable compared with those that depenalety n agro-based farming activities. Case 3
and Table 4 provide further evidence to suggestttigaavailability of alternative non-farm inconge i
crucial for the survival of rural agriculture-degkemt households in the face of climate variability.
Building on previous research on livelihood divécsition (e.g. Chambers and Conway, 1992; Ellis,
1998; Barrett et al., 2001; Paavola, 2008; Salki.eR010), these results provide additional evige
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to show how rural households in vulnerable comniemigmploy a range of non-farm livelihood
activities with different risk attributes as complentary strategies to buffer against the negative

impacts of drought.

4.5 Institutional support and social capital

Another significant feature of ‘outlier’ householdgt can shed some insights into the
characteristics of vulnerable households is thd kinnstitutional support and social capital
available. Outlier households in the vulnerable ocamities such as Case 3 (and Table 4) have greater
access to social capital compared with typical Bbakls within the same communities. In addition,
outlier households were also highly socially antitisally connected and were key decision makers
in their communities (Case 3 and Table 4). Orabhysnarratives with outlier households in the
vulnerable communities revealed that such housshwge access to both bonding and bridging
social capital.

Through family and ethnic ties, such outlier houdes in vulnerable communities can access
bonding capital whereas their positions as assamdily chiefs, teachers, and opinion leaders give
them access to bridging capital which transcenlsigty and socioeconomic factors. Also, such
households can rely on their informal networks saglkhe church in times of crisis or drought relate
famine in these communities (e.g. Case 3). Outiberseholds within the resilient communities and
‘typical’ households in the vulnerable communities/e limited access to bonding capital. Moreover,
their lack of access to external ties does notalleem to access bridging capital. Several writers
have documented the role of social capital in cgppiith impacts associated with environmental
(including climate) change in communities (Adged02; Pretty, 2003; Osbahr et al., 2010).

4.6 Interaction between natural capital assets elndate vulnerability

In terms of natural capital and vulnerability, #iealysis suggests that typical households in the
resilient region were characterised by a high méapital base compared with outlier households
within these communities (Table 4). A similar imsta was observed within the vulnerable
communities, where outlier households were chariget# by high levels of natural capital compared
with typical households. This high natural capiteéds to be explored in terms of its implication fo
food production in rural agricultural householdsub-Saharan Africa and how this relates to the
overall household’s vulnerability to climate vaii#ip. This is because natural capital assets may
provide useful economic opportunities to agricidtdependent households in rural communities. For
instance, picking of wild food such as oranges, gnanmushrooms and shails may constitute a
significant source of food to reduce vulnerabititydrought induced famine in the study communities

and sub-Saharan Africa more widely (Ziervogel et20006; Paavola, 2008; Sallu et al., 2010).
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5. Conclusions and policy implications

This paper builds on a national and regional leuéterability assessment (Antwi-Agyei et al.,
2012) by developing and applying a livelihood vulislity index at the community and household
levels to characterise the nature of climate vahbgity. This targets an important gap in the
literature, improving understanding of the processed factors that create vulnerability, with awie
to guiding the development of effective policiehislstudy has shown that within the same
agroecological settings, different communities hodseholds may experience differential
vulnerability that may be attributed to differenaedivelihood characteristics. The analysis also
shows that vulnerable communities tend to havedimlds that are characterised by low levels of
human, natural, financial, physical and social edgissets. Further, results identified vulnerable
households within the resilient communities as w&elmore resilient households within vulnerable
communities. These novel results suggest thateodibuseholds in vulnerable and resilient
communities could offer useful insights into climaulnerability at the household level. For insignc
outlier households in resilient communities haveany of alternative livelihood options and tead t
be socially connected, enabling them to take adwnof opportunities associated with
environmental and economic changes. Thereforetifgigny such outlier housholds provides valuable
insights into the problems that lead to househbéisg vulnerable even in relatively resilient
communities.

This study also provides innovative methodologstaps in relation to livelihood assessment
that can be used to characterise adaptive capauityhence the vulnerability to drought of a
particular farming community. This will improve drght vulnerability assessments in Ghana and
more widely. Use of a mixed-method approach allotiredvalidation and deepening of
understanding of the main issues involved in vidb#ity of farming systems to climate variability
through triangulation, thus providing a signifidgiricher understanding of the different dimensions
of the problem through its exploration across scdg using a multi-scale approach (i.e. community
and household) as widely called for in the vulnéitgiterature (Gibson et al., 2000; Cash et al.,
2006; Wilbanks, 2007), this paper avoids the danfearrowly focusing on one scale of climate
variability problems.

This study has provided a more nuanced understgudinow different households could be
impacted by climate variability. Building on preumresearch on livelihoods diversification (e.g.
Ellis, 1998; Barrett et al., 2001; Paavola, 2008|et al., 2010) and livelihood capital assetg.(e
Sen, 1981; Moser, 1998; Bebbington, 1999), theeeckear need to support rural households through
their participation in non-farm livelihood actiég to reduce the negative impacts of drought.
Findings in this paper will help to guide a moregel discussion of the sorts of food production
systems that enhance adaptive capacity to futimat# changes. The implication of the results & th
policy makers need to formulate specific and taadelimate adaptation policies and programmes

that foster asset building so as to increase thadity of vulnerable households to engage in non-
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farm activities that are less likely to be adverseipacted by climate variability and change. This
should be linked to enhancing livelihood diversifion as well as institutional capacity and social
capital. Vulnerable households should also be tadge terms of resource allocations and other

interventions aimed at reducing vulnerability torzte variability.

Acknowledgements
This study was funded by the Commonwealth SchalagsluK and the International Foundation for
Science (IFS). The authors also would like to thémekCentre for Climate Change Economics and

Policy, University of Leeds, for their support.

References

Abson, D. J., Dougill, A. J. & Stringer, L. C. (291 Spatial mapping of socio-ecological
vulnerability to environmental change in Southefrich, CCCEP Working Paper No. 95. University
of Leeds, Leeds,

Action-Aid. ( 2011) On the brink: who's best prepdifor a climate change and hunger crisis?
[http://www.actionaid.org/publications/brink-whossdberepared-climate-and-hunger-cris@pth
October, 2011

Adger, W. N. (2000). Social and ecological resitienare they related®ogress in Human
Geography24(3): 347-364.

Adger, W. N. (2003). Social capital, collectiveiant and adaptation to climate changeonomic
Geography79(4): 387-404.

Adger, W. N., Dessai, S., Goulden, M., Hulme, Morénzoni, I., Nelson, D. R., Naess, L. O., Wolf,
J. & Wreford, A. (2009). Are there social limitsadaptation to climate chang€#matic Change
93(3): 335-354.

Adger, W. N. & Kelly, P. M. (1999). Social vulneifity to climate change and the architecture of
entittementsMitigation and Adaptation Strategies for Global Qlge4(3): 253-266.

Allison, E. H., Perry, A. L., Badjeck, M. C., Ndildger, W., Brown, K., Conway, D., Halls, A. S.,
Pilling, G. M., Reynolds, J. D. & Andrew, N. L. (29). Vulnerability of national economies to the
impacts of climate change on fisheriesh and Fisheried0(2): 173-196.

Antwi-Agyei, P., Fraser, E. D. G., Dougill, A. &tringer, L. C. & Simelton, E. (2012). Mapping the
vulnerability of crop production to drought in Glaansing rainfall, yield and socioeconomic data.
Applied Geographp2: 324-334.

Barrett, C. B., Reardon, T. & Webb, P. (2001). Nonf income diversification and household
livelihood strategies in rural Africa: conceptsndynics, and policy implicationsood Policy26(4):
315-331.

Bebbington, A. (1999). Capitals and capabilitiedramework for analyzing peasant viability, rural
livelihoods and povertyWorld Developmer27(12): 2021-2044.

29



Boko, M., Niang, I., Nyong, A., Vogel, C., Githeka,, Medany, M., Osman-Elasha, B., Tabo, R. &
Yanda, P. (2007). Africa. Climate change 2007: iotpaadaptation and vulnerability. Contribution of
Working Group Il to the fourth assessment repothefintergovernmental panel on climate change.
Sous la direction det33-467.

Brooks, N., Neil Adger, W. & Mick Kelly, P. (2005Jhe determinants of vulnerability and adaptive
capacity at the national level and the implicatitorsadaptationGlobal Environmental Change Part
A 15(2): 151-163.

Butt, T. A., McCarl, B. A. & Kergna, A. O. (2006policies for reducing agricultural sector
vulnerability to climate change in MalClimate Policy5(6): 583-598.

Cash, D. W., Adger, W. N., Berkes, F., GardenL®&bgl, L., Olsson, P., Pritchard, L. & Young, O.
(2006). Scale and cross-scale dynamics: goverramgténformation in a multilevel worldEcology
and Societyl1(2): 8.

Chambers, R. (1994). The origins and practice digyatory rural appraisalVorld Development
22(7): 953-969.

Chambers, R. & Conway, G. (1998ustainable rural livelihoods: practical concepbs the 21st
centurylDS Discussion Paper 296., Institute of Developh&indies.

Davies, R. A. G. & Midgeley, S. J. E. (2018sk and vulnerability mapping in Southern Afriéa:
hotspot analysis. Information for adaptation seri€ape Town, South Africa,

Eakin, H. & Bojorquez-Tapia, L. A. (2008). Insightgo the composition of household vulnerability
from multicriteria decision analysi&lobal Environmental ChangE8(1): 112-127.

Ellis, F. (1998). Household strategies and ruxedlihood diversificationThe Journal of Development
Studies35(1): 1-38.

Ericksen, P., Thornton, P., Notenbaert, A., CrarberJones, P. & Herrero, M. (201 Mapping
hotspots of climate change and food insecurithéglobal tropicsCGIAR Research Program on
Climate Change, Agriculture and Food Security, Gbagen, Denmark,

Eriksen, S. H., Brown, K. & Kelly, P. M. (2005). &dynamics of vulnerability: locating coping
strategies in Kenya and Tanzaniade Geographical Journdl71(4): 287-305.

Fosu-Mensah, B. Y., Vlek, P. L. G. & MacCarthy,(R012). Farmers’ perception and adaptation to
climate change: a case study of Sekyedumase tlist@hanaEnvironment, Development and
Sustainability14): 495-505.

Fraser, E. D. G. (2007). Travelling in antique lsinaising past famines to develop an
adaptability/resilience framework to identify foegstems vulnerable to climate chanGématic
Change83(4): 495-514.

Fraser, E. D. G., Dougill, A. J., Hubacek, K., Qui&. H., Sendzimir, J. & Termansen, M. (2011).
Assessing vulnerability to climate change in drdédimelihood systems: conceptual challenges and
interdisciplinary solution€cology and Society6(3): 3.

Fraser, E. D. G., Mabee, W. & Figge, F. (2005)ra&fework for assessing the vulnerability of food
systems to future shocksutures37(6): 465-479.

Ghana Environmental Protection Agency (2008)tional action programme to combat drought and
desertification Environmental Protection Agency, Ghana Governmgotra, Ghana,

30



Ghana Environmental Protection Agency (20@knate change and the Ghanaian economy. Policy
Advice Seriegnvironmental Protection Agency, Ghana Governméatyra, Ghana.,

Ghana Statiscal Service (200Bppulation and housing census (200Bhana Statistical Service,
Ghana Government, Accra, Ghana,

Gibson, C. C., Ostrom, E. & Ahn, T. K. (2000). Té¢ancept of scale and the human dimensions of
global change: a survelicological Economic82(2): 217-239.

Hahn, M. B., Riederer, A. M. & Foster, S. O. (200Bhe Livelihood Vulnerability Index: A
pragmatic approach to assessing risks from clivati@bility and change--A case study in
MozambiqueGlobal Environmental Changi9(1): 74-88.

Haines, A., Kovats, R. S., Campbell-Lendrum, D. &n@lan, C. (2006). Climate change and human
health: impacts, vulnerability, and mitigatiorhe LanceB67(9528): 2101-21009.

Hesselberg, J. & Yaro, J. A. (2006). An assessHokthite extent and causes of food insecurity in
northern Ghana using a livelihood vulnerabilitymi@awvork. GeoJournal67(1): 41-55.

Holling, C. S. (1973). Resilience and stabilityeablogical system#nnual Review of Ecology and
Systematicg: 1-23.

IPCC ( 2007)Fourth Assessment Report. Intergovernmental Pamélonate Change Secretariat.
Geneva, Switzerland,

Krippendorff, K. (2004) Content analysis: An introduction to its methodgldgage Publications,
Inc.

Leichenko, R. M. & O'Brien, K. L. (2002). The dynas of rural vulnerability to global change: the
case of southern Africditigation and Adaptation Strategies for Global Clge7(1): 1-18.

Levia, J., D.F. & Page, D. R. (2000). The use ogt@r analysis in distinguishing farmland prone to
residential development: a case study of Sterlagsachusett&nvironmental ManagemeB6(5):
541-548.

Lin, J. Y. (1991). Education and innovation adoptio agriculture: evidence from hybrid rice in
China.American Journal of Agricultural Economical3-723.

Marschke, M. J. & Berkes, F. (2006). Exploring &gkes that build livelihood resilience: a caserfro
CambodiaEcology and Society1(1): 42.

Mininstry of Food and Agriculture (2007/pod and agriculture sector development pagliggcra,
Ghana,

Morse, S. & Fraser, E. (2005). Making [] dirty'reats look clean? The nation state and the problem of
selecting and weighting indices as tools for maagysrogress towards sustainabili@eoforum
36(5): 625-640.

Moser, C. & Satterthwaite, D. (2008). Towards pomipadaptation to climate change in the urban
centres of low-and middle-income countri§scial Dimensions of Climate Chan@31.

Moser, C. O. N. (1998). The asset vulnerabilityrfeavork: reassessing urban poverty reduction
strategiesWorld Developmeri26(1): 1-19.

31



Osbahr, H., Twyman, C., Adger, W. N. & Thomas, DGS(2010). Evaluating successful livelihood
adaptation to climate variability and change inteetn Africa.Ecology and Society5(2): 27.

Paavola, J. (2008). Livelihoods, vulnerability agthptation to climate change in Morogoro,
TanzaniaEnvironmental Science and Polit§(7): 642-654.

Pretty, J. (2003). Social capital and the collectivanagement of resourc8gience302(5652): 1912.
Pretty, J. & Ward, H. (2001). Social capital and émvironmentWorld Developmer29(2): 209-227.

Roncaoli, C., Ingram, K. & Kirshen, P. (2002). Reaglthe rains: local knowledge and rainfall
forecasting among farmers of Burkina FaSociety and Natural Resources: 411-430.

Sallu, S. M., Suckall, N. & Reed, M. S. (200Barticipatory Methods Training in Malawi -
Workshop Manudl.K., University of Leeds Press.

Sallu, S. M., Twyman, C. & Stringer, L. C. (201Bgesilient or vulnerable livelihoods? Assessing
livelihood dynamics and trajectories in rural Bogsa.Ecology and Society5(4): 3.

Scoones, |. (1998). Sustainable rural liveliho@amework for analysis. Brighton, Institute of
Development Studies 197,

Sen, A. (1999)Development as freedo®@xford University Press.

Sen, A. K. (1981)Poverty and famines: an essay on entitlement apdwion.Oxford, Clarendon
Press.

Simelton, E., Fraser, E. D. G., Termansen, M., teor®. M. & Dougill, A. J. (2009). Typologies of
crop-drought vulnerability: An empirical analysistbe socio-economic factors that influence the
sensitivity and resilience to drought of three m&md crops in China (1961-200Bnvironmental
Science & Policyi2(4): 438-452.

Smit, B. & Wandel, J. (2006). Adaptation, adaptrepacity and vulnerabilityGlobal Environmental
Changel6(3): 282-292.

Thomas, D. S. G., Twyman, C., Osbahr, H. & Hewifgn(2007). Adaptation to climate change and
variability: farmer responses to intra-seasonatipr&tion trends in South Afric&limatic Change
83(3): 301-322.

UNDP (2007)Human Development Report 2007/2008: Fighting cler@tange: human solidarity in
a divided world, New York, USA.,

Vincent, K. (2004). Creating an index of socialnerability to climate change for Africayndall
Center for Climate Change Research. Working P&terd 1.

Vincent, K. (2007). Uncertainty in adaptive capgeihd the importance of scafélobal
Environmental Chang#7(1): 12-24.

Walker, B., Gunderson, L., Kinzig, A., Folke, Car@genter, S. & Schultz, L. (2006). A handful of
heuristics and some propositions for understandiaijence in social-ecological systergsology
and Society1(1): 13.

Weir, S. (1999). The effects of education on farpreductivity in rural EthiopiaThe Centre for the
Study of African Economies Working Paper Sefés

32



Wilbanks, T. J. (2007). Scale and sustainabiymate Policy7(4): 278-287.

Woolcock, M. (2001). The place of social capitatimderstanding social and economic outcomes.
Canadian Journal of Policy Resear2fil)

Yaro, J. A. (2006). Is deagrarianisation real? Udgtof livelihood activities in rural northern Gran
Journal of Modern African Studie&}(1): 125.

Yohe, G. & Tol, R. S. J. (2002). Indicators for isb@nd economic coping capacity--moving toward a
working definition of adaptive capacit§adlobal Environmental Changk2(1): 25-40.

Zhang, X., Rockmore, M. & Chamberlin, J. (200K)typology for vulnerability and agriculture in
Sub-Saharan Africantl Food Policy Res Inst.

Ziervogel, G., Bharwani, S. & Downing, T. E. (2008dapting to climate variability: pumpkins,
people and policyNatural Reosurce ForurB0: 294-305.

Ziervogel, G. & Calder, R. (2003). Climate varidyiland rural livelihoods: assessing the impact of
seasonal climate forecasts in Lesothieea 35(4): 403-417.

33



