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Abstract

Changing climate is posing considerable threats to agriculture, the most vulnerable sec-
tor, and to smallholder farming systems, the predominant agricultural livelihood activ-
ity in Africa. Study of specific systems enables clearer and more effective responses to
be directly targeted for enhanced adaptation, but there is limited knowledge guiding spe-
cific subsector vulnerability assessments. We applied the Livelihood Vulnerability Index
to understand and identify the nature and sources of vulnerability among smallholder hor-
ticultural farming households to climate variability in two districts in Ghana. A total of
480 households engaging in fruit and vegetable crop production were surveyed in Keta and
Nsawam districts of Ghana. Data were collected on indicators for Livelihood Vulnerabil-
ity Index components such as socio-demographic profiles, livelihood strategies, social net-
working, health, food, production, water, natural disasters, and climate variability. The vul-
nerability-contributing factors were aggregated in a composite index and differences were
compared. The results indicate that smallholder horticultural farmers in Keta are more
vulnerable in relation to high exposure and high sensitivity to climate variability, while
smallholders in Nsawam are more vulnerable in terms of low capacity to adapt to climate
variability. As it is the case for smallholder horticultural farming communities, the study
suggests that Livelihood Vulnerability Index can be broadly applied to highlight potential
areas for intervention and reduce the vulnerability of sector-specific farming communities
within local and national levels.

Keywords Climate variability - Vulnerability - Smallholders - Horticultural production -
Livelihood Vulnerability Index (LVI) - Ghana

Electronic supplementary material The online version of this article (https://doi.org/10.1007/s1066
8-018-0292-y) contains supplementary material, which is available to authorized users.

P4 Portia Adade Williams
adadeposh @gmail.com

Climate System Analysis Group, Environmental and Geographical Science Department, University
of Cape Town, Rondebosch 7700, South Africa

CSIR - Science and Technology Policy Research Institute, Box CT 519, Accra, Ghana

Regional Institute for Population Studies, University of Ghana, Legon-Accra, Ghana

@ Springer


http://orcid.org/0000-0002-5919-3930
http://orcid.org/0000-0001-7320-9428
http://orcid.org/0000-0002-6455-0162
http://crossmark.crossref.org/dialog/?doi=10.1007/s10668-018-0292-y&domain=pdf
https://doi.org/10.1007/s10668-018-0292-y
https://doi.org/10.1007/s10668-018-0292-y

2322 P. A. Williams et al.

1 Introduction

The latest Assessment Report (ARS) of the Intergovernmental Panel on Climate Change
(IPCC) indicates widespread impacts from observed changing climate on all continents
(IPCC 2014). The report highlights Africa’s high exposure to climatic events coupled with
low adaptive capacity making the continent as one of the most vulnerable regions. Agri-
culture is Africa’s major economic sector (Challinor et al. 2007; OECD/FAO 2016), and
it is also considered as the most vulnerable sector posing considerable threats to farming
systems, particularly to smallholder farming systems (Rurinda et al. 2014). Smallholder
farming systems support livelihoods and economic growth over most countries as they
mainly constitute majority (about 80%) of all the farms in Africa (AGRA 2017) but are
characterized by various climatic, demographic, and socioeconomic stresses limiting adap-
tive capacity (Morton 2007).

Further changes in climate is inevitable for Africa in the coming decades (IPCC 2013),
and climate projections suggest likely increase in variability over the coming decade
threatening food security in the sub-Saharan Africa (SSA) (OECD/FAO 2016). Impacts
from changing climate differ among regions in SSA, subsectors, and from country to coun-
try (Adger et al. 2004). Western Africa is of particular concern since instability of total
agricultural production since 2007 has been mainly through them (OECD/FAO 2016). For
about 24 years, West Africa mainly accounts for the total value of outputs from agriculture
(60%) within Africa (OECD/FAO 2016). West African countries including Ghana are also
expected to strongly experience temperature increase and rainfall variability (Riede et al.
2016). Projections into the future reported in the AR5 over West Africa show increase in
temperature between 3 and 6 °C and rise in rainfall variability (Riede et al. 2016). Ghana
also came second after Ethiopia as the most exposed to climate-related hazards and its
risks on the African continent (World Bank 2009). Expectedly, impacts from changing cli-
mate including floods and droughts will continue in Ghana and that incidence of events
such as these would become more intense and frequent (Alley 2014).

A number of studies in Ghana have shown that impacts of climatic changes are already
manifesting in response to increased temperatures and rainfall variability (Arndt et al.
2015; Anim-Kwapong and Frimpong 2005) as well as in response to rises in sea level
(Stanturf et al. 2011). Consequently, various studies have indicated that change in climatic
variability leads to significant negative effects on livelihoods and food resources particu-
larly among subsistence and small-scale agricultural production which activities are mostly
land and natural resources dependent (Laube et al. 2012; Fosu-Mensah et al. 2012). This
increases vulnerability of people involved in such production systems through threatening
lives, property, and livelihoods in the country. Assessing agricultural sector’s vulnerability
to changing climate is therefore essential as it defines risks posed by climate as well as pro-
vides information for identifying measures to adapt to the impacts (Fussel 2007; Preston
et al. 2011). It further informs policy planning on climate risk reduction (Fussel and Klein
2006) and assists households to manage current climate variability by assessing their cop-
ing capacity (Notenbaert et al. 2013). As a first step toward preparing against increases in
extreme events, understanding and assessing current vulnerability are considered a prereq-
uisite (Adger 2003).

According to Chambers and Conway (1992), for sustainable living, vulnerability assess-
ment ought to provide explicit indications required on capabilities, assets, and activities.
Vulnerability research has developed in the last four decades and advanced from initial
natural hazards discipline to encompass socio-ecological systems (SES) and sustainable

@ Springer



Assessing vulnerability of horticultural smallholders’to... 2323

livelihoods framework (SLF) (Barsley et al. 2013). Sustainable livelihoods framework
(SLF) is a common conceptual framework dominant in understanding livelihoods of
resource-constrained individuals and their environment. It uses multiple indicators to
assess households’ exposure, sensitivity, and adaptive capacity to impacts from climate
change (Chambers and Conway 1992). It has been employed by various scholars under
distinctive contexts (Hahn et al. 2009; Gbetibouo et al. 2010; Antwi-Agyei et al. 2013).
The Livelihood Vulnerability Index (LVI) by Hahn et al. (2009) provides an insightful way
of assessing vulnerability at the community level using household-level data. It draws out
critical differences in exposure, sensitivity to climate variability, and households’ adaptive
capacity to inform policy and strategic community-level planning in Mozambique, South-
ern Africa. Although it is generally recognized that assessing vulnerability of specific sys-
tems enables clearer and more effective responses to be directly targeted (Barsley et al.
2013), there are dearth of studies guiding specific subsector assessments. Understanding
vulnerability of specific sector is essential to identify exposure, sensitivity, and adaptive
capacity for guidance on “best-fit” adaptation options effective for improved production
(Hinkel 2011). More so, given the context specificity from climate variability and change
impacts, subsector-specific vulnerability analysis is needed for enhancing resilience of
communities particularly smallholder livelihoods. Drawing on the LVI by Hahn et al.
(2009), this study exploits applicability of the LVI to understand and identify the sources
and nature of vulnerability to climate variability among smallholder horticultural house-
holds in two municipalities of Ghana.

Changing climate is reported to have direct implications on different aspects of hor-
ticultural production including challenging sustainable production and competitiveness
due to the growing demands in the environment with declining land and water resulting
in price hike for fruits and vegetable crops and/or reducing livelihood options for rural
producers (Malhotra 2017). Williams et al. (2017) also showed consequences of climate
variability on pineapple fruit quality and quantity during production in Ghana. High tem-
perature AND limited and excess moisture stresses are the major causes of low yields in
vegetables production (Malhotra 2017). Such climatic effects compound with other exist-
ing local stressors (economic and social wellbeing), including poor markets and weak insti-
tutional support, (Abdulai et al. 2017) to exacerbate the vulnerability of people involved
in the production system. Meanwhile, domestic market for vegetable production in Ghana
has been growing at more than 10% in recent times, and the potential value for vegetable
export is estimated at US$ 250 million with overall turnover of around US$ 800 million
(NAB Council 2014). Horticulture production provides income for smallholders’ and cre-
ates household employment opportunities at the farm level (Abdulai et al. 2017). Proceeds
from sales of fruits and vegetables also support farmers to access essential staples as food
and other goods and services (OECD/FAO 2016).

Most studies done on vulnerability assessments of farming households in Ghana have
so far focused on studying production systems of smallholders in general (Dumenu and
Obeng 2016; Etwire et al. 2013) and major crops such as cereals (Antwi-Agyei et al. 2013)
without adequate attention on horticultural production. More generally, vulnerability stud-
ies are not yet addressing fruit and vegetable producers and production areas. With little
information on how vulnerable smallholder horticultural production systems’ are to climate
variability, this paper aims to evaluate and compare climate vulnerability of smallholder
horticultural producers in two distinct districts in Ghana applying the LVI. Specifically,
it looks at how exposed, sensitive, and the adaptive capacity of smallholder horticultural
households are to changing climate; how applicable the LVI is in assessing sector-specific
vulnerability assessments; and how the livelihood vulnerability approach provides insights
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into future assessments and linkage to adaptation planning. Such contribution provides
sector- and context-specific knowledge for improving production and informing local
adaptation planning for resilience of horticultural producing communities in a changing
environment.

1.1 Concept of Livelihood Vulnerability Index (LVI)

Sustainable livelihood framework (SLF) employed in conceptualizing vulnerability assess-
ment is from IPCC which denotes vulnerability as exposure to natural disasters and cli-
mate variability; climate sensitivity to health, food, and water resource characteristics; and
households’ socioeconomic characteristics that affect their adaptive capacity (Chambers
and Conway 1992). Analyzing SLF is generally using either an econometric approach or an
indicator approach (Gbetibouo et al. 2010). According to Gbetibouo et al. (2010), econo-
metric approach is reported to indicate vulnerability of a given place but does not suffi-
ciently capture the dimensionality of vulnerability. Indicator-based approach also captures
the three dimensions of vulnerability in a comprehensible form though limited in subjec-
tivity in selection of indicators for assessments (Adger et al. 2004; Bisaro et al. 2010).
Most recent approaches combine diverse subcomponents (also referred as indicators) into a
single composite index of vulnerability using primary data, to better characterize and quan-
tify the multidimensionality of conditions studied (Shah et al. 2013).

Adapting the SLF, Hahn et al. (2009) developed an indicator-based LVI to provide
understanding of the contributions of factors such as social, demographic, and physical as
a practical tool to identify areas for possible interventions. The LVI uses household-level
data combined with secondary data on climate exposures to capture differences in commu-
nity-/district-level vulnerability into a single composite index of vulnerability (Hahn et al.
2009). LVI comprises seven major components, namely social networks, livelihood strate-
gies, access to food, water, and health, socio-demographic profile as well as climate vari-
ability and natural disaster risks. We added “production” as a major component (Fig. 1).
Production is considered due to the high perishability and susceptibility of horticultural
crops to post harvest losses as well as pest and disease attacks, and allows to better cap-
ture the susceptibility of households’ production to climate variability. Details of indica-
tors considered under the production component are shown in Table 2. We split up natural
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disaster risks from climate variability components as each factor. We also included climate
extreme indicators considered as relevant for the daily activities in the production of fruits
and vegetables. A total of nine major components (instead of seven) were therefore used in
this LVI evaluation of horticultural producing areas in Ghana (Fig. 1). Further connected
to the LVI is the LVI-IPCC method developed by (Hahn et al. 2009) which is also used for
calculating climate vulnerability based on categorization of the main components of LVI
framework into IPCC vulnerability framework: exposure, sensitivity, and adaptive capacity
as illustrated in Fig. 1. Same subcomponents used in the calculation of LVI are employed
in the calculation of LVI-IPCC with divergence in the combination of the major compo-
nents. That is, rather than computing the LVI by combining the major components in the
initial step, they were firstly merged according to the three main IPCC categorizations:
exposure, sensitivity, and adaptive capacity. Both methods estimate climate vulnerability.
Scores from LVI-IPCC has however been noted to be used with caution, as could lead to
counterintuitive results with LVI especially when greater value of adaptive capacity com-
pared to the exposure factor and increased sensitivity actually reduces vulnerability (Panthi
et al. 2016). Comparison of the IPCC contributing factors rather than the overall score is
applied in this study.

2 Materials and methods
2.1 Study areas

The study was conducted with smallholder households primarily engaged in horticultural
crop production in two geographical contexts: Nsawam Adoagyiri and Keta Municipalities
in the Eastern and Volta regions of Ghana, respectively. The two municipalities are two of
the main horticulture-producing areas in Ghana. Nsawam Adoagyiri is an inland area, at
the Forest Deciduous agro-ecological zone, while Keta is a coastal area and found at the
coastal savannah agro-ecological zone, allowing for some spatial comparative analysis. In
addition, rural communities in Nsawam are subjected to considerable climate variability, in
terms of both decreasing precipitation and increasing temperature (Williams et al. 2017).
Coastal communities on the other hand are prone to droughts and/or coastal inundation
and hence could be associated with experiencing climatic impacts (Shah et al. 2013; GSS
2014a).

Smallholders’ dominate crop farming in both communities (about 80%). Production
of fresh vegetables is strongly sensitive to weather in both areas, and use of irrigation in
Ghana is increasing overall for seasonal fruit and vegetable crop production (NAB Coun-
cil 2014). Summary of physical, climatic, and agricultural related characteristics for both
study areas are described in Table 1.

2.2 Research design

Assessing vulnerability of a system should be pragmatically done by comparing differ-
ent systems and identifying which components contributes more to vulnerability as well
as pushes vulnerability levels. (Panthi et al. 2016). A system may be the population, geo-
graphic region, or human environment studied. Starting with a selection of climate vul-
nerability indicators extracted from the literature (indicated as existing in Table 2), we
engaged with about 43 local stakeholders (subjectively by engaging smallholder farmers

@ Springer



P. A. Williams et al.

2326

medmed pue ‘orddesurd ‘0Feqqes s33o uopIed
‘uoruo ‘raddad ‘seojewio) ‘oo apnour pajeAnnd sdox)
Sunuerd san Aq pamoy[oy
SurLIBaI Y001SAAT] ST AJTATIOR [RIM[NOLISE Page3ud Jsow puo
-00s oy [, ‘Sururrej doio ur pageSus uonerndod Jo 9,09 1noqy

10q0100—1oquiaydag
pue aunf—Ae[\ Uaamiaq sporrad yead urew omJ, :;[epouwtrg
K1oanoadsal [Ldy pue 1sndny ur papI0d21 D, 0€—97
wnuue 1od ww )00Z—0SZ1

(%01) pue[SSeIS BUUBARS [BISBOD PUE (%()6) UONEITIA 1S9
-I0J SNONPIOAP-TWAS A[UTew s ew[d [eLIojenba-Twas jop
urerd Sunenpun

[eades [euoneu

9} WOy {INOS Uy ¢7 IN0Qe STI[ "No8S'S PUB NoST'S
OPMINE] PUE M, LT'( PUE A\,L0"0 SPMISUOT UIIA SaI']

UO[oULIdJEM PUR ‘SJO[[eYS ‘SjoLIed ‘suotuo Surids
‘suoruo ‘1addad ‘ojewo) ‘oryo apnpour payeannd sdoi)
Surysy £q pamoy|oy
SuLIBAI JD0ISAAT] ST AJNATIOR [RIM[NOLISE paSe3ud Jsow puo
-09s oy, "Sururej doxo ur page3us uonerndod Jo %89 noqy
IoquiaaoN—Ioquildog
pue An[—yoIrejy usamiaq sporiad yead urew om], ;fepouwrrg
K[oAn00dsal YoIeA pue 1SNy Ul papIodl D, 6761
wnuue 1od ww )00 1-008
uonejasoa
UBUUBAES [BISBOD [JIM dJewWI[d [eLIojenbs [eseod A1
urerd [e1se00 SUIA[-MOT
Tendeo [euoneu
9} Wolyises ury (O9[ N0qe STII "NoS00'9 PUB NoSP'S
apme[ pue g,60'| PUe H,0€'() SPMISUO] UIyIIM SaI']

umoi3 sdord ferynonioy Aoy

SONIANIOE POOYI[AAT] [eIM[NOLISE JOofe]\

wraped [[ejurey
o3uer amjeroduwe) uedN

Q3uel [[ejUTRI [ENUUE UBIJA]

aewD
BEIIEN|

uoneso|

wemesN

B

seare ApmS  SONSLINOBIBYD [BIN}NOLISE pue dNeWI[D ‘[BIISAYJ

(q ‘e$10T SSD) :90IN0S *SLAIR APNIS JO SONSLINOBIBYD [BIN[NOLISE pue ‘Onew[o ‘[edisAyq | ajqeL

pringer

Qs



2327

Assessing vulnerability of horticultural smallholders’to...

Ananisuas 1oysiy Ajdwir seorpur 1oysiy pue Ajrurey syoedwr
I[BAY MOY MOYS SIOJRIIPUT Y], "9[QRIAUINA SSI] PUB JATIISUIS IOW ) “JIOM
/IO0YDS SSTUI 1O [[T T SII[IWE] 210Ul Y} ‘AII[IOR] YI[ESY B O] WM 3} JFUO[ Y[,

KIIqRISUINA JOMO] ST}
JO sjurensuod 19y3Iy 1nq siowrrey jo Ayoeded oandepe usyiSuans s10jed1pul
JIom)aU [e100§ “s1auLIef Jo Ajroedes aandepe souequa [[im jndur paziprsqns
SIUSWILLIOAOT 0) $S00B 210JaIdY) dAIsuIuI-[e)Ides st eueyn) ur uononpoid
[BIM[NONIOY *SSNIUNWIWIOD UTYIIM SI[01 Juedyruss Ked Jnq 19y10 yors woiy
Jounsip are sdnois [e100s pue sQg.] ‘BULYD U] "SIOTAIP OISEq € 0) SSAIIL YIIM
asoy) axmbur 0} payIpow sem I0JedIpUI 9y, "prezey Surpuadwr JO sSoUSIEME
S[enpIAIpuI soA0IdWI SIOTAIP UOTIEITUNWWOD YSNOIY) UOTBULIOJUT 0) SSAIIY

ATiqerauna 1amof 2ouay Ayroeded
aAndepe 1oMo[ JO9[JAI SAOIPUT JO SON[BA JOYSIY ‘0I0JAIoY ], *SASSO] JO YSLI
$052a109p pue Ajroeded dandepe SISEAIOUT $90INOS AWOIUI JO UOHBOYISIOAL(

Anpiqerauna ay) J1oy3iy ay3 pue ydepe o3 spjoyasnoy jo A
-oeded ss9[ J09pau s10jed1pur 9[yoid sryderSowap-0100s Jo sedeiuadrad 1oySIy
depe ues spjoyasnoy Ajroeded ssof oy ‘sjuopuadop Jo 1oquunu Ay} Jy3Iy oy,

Sunstxg SSQU[JT 0} NP [OOYDS/SIOM PISSTW JIOQUISW B AIAYM SP[OYISNOH %

Sunstxg SSOU[JT OTUOIYD SUTABY JOQUISW YIIM SP[OYISNOH Y,

Sunsixg AJI[IOR) YI[EY 0] W) 93BIOAY
IesH

MIN dnoi3 1eroos Ayrununuod Aue yjm pajeIoosse J0u ployasnoHqy,

PSYIPOIA Onel puo :MOI1I0q 9SLIOAY

PSYIPOIA (0g:]) uoneziuesio paseq-Iouliej AU [)Im PJBIOOSSE JOU SP[OYISNOH Y,

maN  sindur uononpoid uo Aprsqns JUSWUIIA0T 0) $S900€ JUIARY JOU SPIOYISNOHY,

PAYIPOIN SOOIASP UONEOIUNWIWOD JUIARY JOU SPIOYISNOH Y,
JIOMIU [RIO0S

MIN J[001SAAT[ SULIBAT JOU SPIOYISNOH Y,

Sunstxg QWOOSUT JO 20IN0S ATUO S IN[NOLISE Y)IM SP[OYISNOH,

XOpU] UONIEOYISIOAI(] POOYI[OAT]

Sunsixg rexmnoLde a3eroAy

Sunsixg ATUnuIod 9pISINO JUrYIom JIqUIdW JNOYIM SPIOYISNOH Y,
SOI39)1E1IS POOYI[OAT]

Sunstxg [OOYDS PApU)E JOU Sty oYM PeaY P[OYISNOHY,

Sunsixg SP[OY2SNOY PIPea-[eW]%

Sunsixg oner Kouapuadog

9[yoi1d osyder3owap-0100S

Apiqerouna yim yusuodwooqns jo diysuone[ar [euonoun,y

IAT
ur JojesIpur
Jo snjeig jusuodwooqng pue Jusuodwod 1ofejy

soniediounpy WemesN pue e1ay] 1oy sjuouodwiodqns pue Iofew TA pysiqelsq g 3|qeL

pringer

As



P. A. Williams et al.

2328

Ky[iqerau[na pasearour pue amnsodxa I1oy3Iy 109gal sonjea xopur 1ysiy
‘AureIq “(600¢) T 32 uyeH Aq pajou seiq [[eda1 [enuajod uo aaoidur 0y

STe9A G 0} SJUQAD JO [0 AIOWAW SIEdA  [BNIUT WOIJ POYIPOW 1M SIOJEITPU]

J[qeIou[NA I8 SP[OYISnOY dI0W pue
K)AnIsuas ay) 19Y31Y Y} ‘Idem J0J sI03edIpul Jo soFejuadiad 1oysiy ay) ‘Tre
-IOAQ "(AJAT)ISUSS 9IOW Y} QOURISIP oY) JOFUO[ 9Y) uoneSrL sosn A[rrewrid
1B} SP[OYasNOoY JO JoqUUNU I} SSUIULIdIOP IOINOS I9JeM J[qR[IBAR 0] dOUBISIP
MO0 MOys 0) sem Juduwsnlpe siy, ‘Apnis siy) Jo asodand a2y 10J 90In0S 137EM
9} 0] PUBJULIE] WO} 9OUL]SIP AINSLIUW 0} PASUBYD SBM 9DINOS IdJem 0) SWIL],

Aynqiqerauna 9y} 1oy3ry ay3 20udy sesodind uononpoid doio 10y A110180S I9)EM

10§ [enuajod SMoYs ‘pue| pojeSLLIT IOW WOIJ PUBWAP 19)eaIT Y[, “KIANISUIS
19y31y sardur sassof uononpoid jo 9Fejuasiad 10y31y V "$901108Id [eI[Nd
-8y poon uo uoneuLIojul sjenbapeur se AJIfIqeIounA 10921 SOIpUI JYIIY
9xa1u09 sty uf Ayanonpord doxo [einnonioy uo ApAnesau joedwr Apsow
[oIyM ‘9JewII[o 0} ANISULS st uononpoid doiod fermnonioy “Aianonpord
/s10onpoid [eIn)nonIoY uo oewd jo sjoedwr Jo ANIANISULS Sunospel sawod
-)no pue suonipuod uononpoid swos uo ziseydwa syusuodwod uononpoid

Aniqeraurna oY) 12y31y ay) pue

QIe SP[OYQSNOY AATIISUSS DIOWI ) “POOJ J0J SIOJEIIPUT ) JAYSIY YT, "SIBUI[O

Surpnjout suonIpuod uononpoid [qrIOABIUN 0] UOSEIS IAI[IED 3 JO ANADIS
-UQs $109pa1 s)saATey Surpadard woiy stereyew Sunuerd aAes 03 AIqe pATwI|

P3YIPOIN
PSYIPOIN

Sunsixg
Sunsixg
POYIPOIN
Sunsixg

POYIPOIN
MIN
MON

MON

Sunsixg
Sunsrxg
P3YIPON
Sunsixg

SIUAD
/SIQISESIP [eINJeu pa}oadxa Jnoqe SuTuIemM ATIOI JOU PIP JBY) SPIOYISNOHY

s1eaA ¢ ised oy ur peyrodal sjuaAd JYINOIp/pooy JO IquINu AFLIAY
SIQ)SESIP [eINeN

90IN0S 19JeMm [eInjeu SurZifnn spjoyasnoHy,

A[ddns 197eM JU)SISUOD JNOYIIM SP[OYISNOH

90INOS JAJEM 0 QOUBISIP 9FLIOAY

SJOTJUO0D Iojem payiodal Jey) SpIOYasnoHy,
105

uoNeSLLII IOpUN puR[ WLIR) SP[OYISNOHY,

soseasIp pue sysad 03 3sof Indino uonoNpoIgy,

$0ss0[ JsaATey Jsod 0 3507 Indino uonoNpoIgy,

spoyiow uononpold pasoidwr uo uoneurIojur 193 jou op Jey) SpjoYISNOH%,
uononpoiq

xapuy Asaaal(q dox) a5eroay

Po0J 393 0) 9[33NAS SPIOYASNOY SYIUOW JO JAqUINU AFLIAY

srerojew Sunuerd 9Aes J0U Op Iy} SPIOYISNOH %,

PooJ 10§ wirey ATrurej uo juapuadap ATurew SpjoyasnoHy,

poog

Anqiqerouna Yy jusuodwooqns jo diysuone[ar feuonoun,j

IAT
ur Jojesrpur

Jo smels

juouodwooqng pue jusuodwod Jofej

(ponunuoo) zs|qey

pringer

A s



2329

Assessing vulnerability of horticultural smallholders’to...

] 92IN0SAI AUI[UO UI punoy aq ued syusuodwooqns

pue syuouodwods 9y Jo uoneue[dxa pue uondirdosep payreIdq Aously [BOISO[0I0RN BUBYD) WOIJ BIRp AJeWI[O A[Tep woIj painduwos arom sI0JedIpul ANfIqerriea jewl) Ko
-Ins p[oy oY) Surmp sjuapuodsal Wolj paurelqo dIom siojedrpul/sjuauodwiodqns ) Jo UOHEN[EAD I0J Blep Juauodwod ANfIqeLieA JewWI[D 10j SIOJIpUI Jo uondaoxa oyl YA

MIN 9102 01 L00Z woij uonedroard KAeay A1oA JO Ioquinu AFeIdAY
MIN 910T 01 LO0Z WO} uoneInp s[fods wem Jo Jquinu 93eIoAY
Apms snp Jo sesodmd orp 1o Junsrx o wo1j sIYIIU P[od JO IoqUUINU FBIOA
Pado[oAap SI0JEDIPUT MU 2T SIOJRIIPUT 0M] ISB] ) A[IYM (9107) Te 12 TyIued .e,. d 910¢ ) LODE tHod) ST PIo2 J0 15 HORY
woiy pajdepe os[e 91oM SI0IBIIPUT 231y} SUIMO[[OF a4} (6007) T8 1° UyeHq Sunsreg 910T 0} LOOT w01y sKep uLes Jo Joquinu 951Ny
woj paydepe a1om s10JBOIPUT 9214} Is1Y YL, (9107 ‘T8 12 Ipued (10T T8 10 Sunsixg 9102 0 £00Z WoIj (MD) SABP 1oM SATINOISUOD JO JOqUINU ITRIIAY
YEYS ‘600T ‘T¢ 30 uyeH) Aiiqersuna pue axnsodxs oy 1oySiy oy ‘Kousnbery Sunsixg 910T 03 L00Z Wol} (D) sAep AIp 9AIINOASUOD JO JOQUUNU IFLIOAY
o 10y31y oy “K[[esousD “(L10T e 0 SWEI[IM [00T Te 10 APIEDIN) 910Z O 00T WO
SPOOUI[AL] U0 SIoBdwWI [EIUSWLNIP Uit uononpoid A[quureIsns asuareyo Sunstxg (""'7) aamyerodwe) wnwrrur 95eI9AR ATYIUOW JO UOTIRIASD PIEPUER)S UBIAI
SJUQAD QUWIANXA YoNs UT sa3ueyd ‘uononpoid [eIN)[No1IoY J0 ‘SPOOYIIAI] UO o .. o
joeduur JueoyruSis aaey pue porrad e ury)im SurSueyd 918 SJUIAD SAUWAINXD o 910C 03 LOOT woly
1SOUL YOIYM JUSIXS SY) MOYS YoTyM “soatput axe uonendioard Aaeay K1oa pue Supsixg () aamyerodwe) wnwixew 93eI9AR A[JJUOW JO UONEBIAIP PIEPUL)S UBDIA
uonenp s[fods wrem Jo 1quinu ‘(9OQz) ‘Te 19 JOPUBXI[Y 0} SUIPIOdIY "JUU 9102
-odwos s1y) 19pun s1oyedIput [e Jo ansodxd 1oysiy sardw Ayjiqerrea 0y3iH Sunsixg 0} /00 woiy uoneydioaid Ajyuow a3eI9AR JO UOTIRIAD PIBPUR)S UBIIA
Aiiqetiea syewi()
IAT
ur Jojesrpur
Aniqerouna yim jusuodwooqns jo diysuone[ar [euonouny Jo smels jusuodwoogng pue Juauodwod 1ol

(ponunuoo) zs|qey

pringer

As



2330 P. A. Williams et al.

and experts at Ministry of Food and Agriculture (MoFA) including agricultural extension
agents at both study areas) to select the final set of vulnerability indicators. This inclusive
and participatory approach applied during the assessment process is acknowledged to sup-
port awareness creation and improvement in the quality and relevance of the assessment
data (Raemaekers and Sowman 2015; Tiani et al. 2015) addressing the challenge of indi-
cator-based approach by reducing subjectivity in the selection process as earlier noted. The
consultations resulted in the exclusion of some indicators commonly applied in the LVI
framework (in literature), yet considered inappropriate in the Ghana smallholder horticul-
ture context. For instance, existing indicators such as percent of households with orphans;
average Malaria Exposure and Prevention Index; average receive and give ratio; percent
of households that have not gone to their local government for assistance in the past
12 months; percent of households that do not save crops; inverse of the average number of
liters of water stored per household and percent of households with an injury or death as a
result of the most severe natural disaster in the past 6 years, were considered not relevant
in the local context studied and were removed. Other indicators were included (indicated
“New” under status of indicator in Table 2) to translate relevant and applicable compo-
nents and subcomponents. While applying the LVI approach, our study includes substan-
tial modifications (indicated “Modified” under status of indicator in Table 2) toward better
operationalization of vulnerability in Ghana. The remaining indicators (indicated “Exist-
ing” under status of indicator in Table 2) were adopted directly from the literature.

2.3 Data collection

We conducted data collection for this study in three steps. It started with a reconnaissance
visit to each of the municipality’s in order to introduce the purpose of the research and
seek approval to visit communities within the municipalities. During the visit, local stake-
holders were engaged in a workshop for the selection of the final indicators used for the
study as explained in Sect. 2.4. Following the reconnaissance survey, we pretested the sur-
vey instrument (to improve clarity and applicability of the questions) followed by the main
household survey. Data from primary and secondary sources were employed. Primary data
were obtained using field survey conducted between October and November 2017 in both
study areas in Ghana for original empirical data on all the major components and their indi-
cators except climate variability component. Secondary data on climate from the nearest
meteorological station in each municipality (daily precipitation, minimum and maximum
temperatures between 2007 and 2016) received from the Ghana Meteorological Agency
constituted data for climate variability component of the LVI. Mixed-method approaches
using structured questionnaire as well as participatory methods such as stakeholders’
workshop, Key Informant Interviews (KIls), and transect walks through study communi-
ties, were employed in the primary data collection process. We first selected four key fruit-
and vegetable-cropping areas (named ‘“‘agricultural operational areas”) affected by climate
change and used a multiple stage sampling method to select communities and households.
Without exhaustive access to population of smallholder households in identified areas, and
in consultation with the Agricultural Extension Agents (AEAs) to ensure thorough rep-
resentation of communities, we subsequently selected randomly three communities from
each agricultural operational area making a total of 12 communities from each munici-
pality. With consideration for availability and willingness of household heads to respond
to survey, we randomly selected and interviewed approximately 20 households from each
community. We surveyed a total number of 480 smallholder households (60 households in
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every four agricultural operational areas, in both municipalities). Culturally, even though
males are mostly considered as head of a household in Ghana, women were considered as
heads and interviewed when widowed, single, or male partner was absent for six or more
months per year (staying outside the community). Interviews were mainly conducted in
Ghanaian local languages (Twi and Ewe) with local interpretations where required. Data
were coded and analysis was done using SPSS 20.0.

2.4 Data analysis
2.4.1 Climate variability analysis

The climate variability component of the LVI was computed using daily temperature and
precipitation. Indices were calculated using RClimdex software before being collated
for standardization in the LVI. Temperature and precipitation indices were measured to
reflect aspects of changing climate such as changes in intensity, frequency, and/or dura-
tion of climatic events (Alexander et al. 2006). We computed absolute indices (e.g., mean
annual rainfall; mean annual minimum and maximum temperatures), duration indices (e.g.,
warm spell duration; number of consecutive dry and wet days), and extreme percentile-
based indices (e.g., number of cold nights and number of warm days and extremely wet
days). This analysis allows evaluating the extent to which temperature and precipitation are
changing under the climate variability component of the LVI. It was assumed the higher
the rate of change of those climate indicators, the higher the households exposure to cli-
mate variability and extremes will be. Exposure to climate variability is assumed to be of
equal amplitude within a municipality (relatively small spatial spread); hence vulnerability
variations within a municipality are mainly as a result of variations in climate sensitivity
and adaptive capacity.

2.4.2 Calculating LVI

The evaluation of the LVI relies on the equal weighting of major components (Hahn et al.
2009). Since the subcomponents/indicators were measured on different units, the range of
minimum to maximum value standardized them into a single index for comparability. This
approach has been similarly applied under different contexts in resource-poor settings and
considered accessible, simple, and appropriate in the estimation of standardized indices
and was adopted (Shah et al. 2013; Madhuri et al. 2014). Following standardization of all
indicators, averaging the standardized scores of related indicators for each main component
created the index for each major component. The scores were subsequently averaged using
Eq. 1. A combination of the weighted averages for all major components ensures equal
contribution of the main components to the overall LVI (Sullivan et al. 2002). The applica-
ble scale was 0 (least vulnerable) to 0.5 (most vulnerable).

wsppSDP, +w; LS, +weySN, + wyH, + wpF, + wpP, +wy W, + wypND, +w,CV,

Wepp + Wrg + Woy + Wy + Wi +Wwp + Wy, + Wyp + Wy

LVI, =

r

(1
where LVI, is the Livelihood Vulnerability Index for municipal r This equals the average of
the nine major components (socio-demographic profile (SDP), livelihood strategies (LS),
social networks (SN), health (H), food (F), production (P), water (W), natural disasters
(ND), or climate variability (CV)), each weighted by their number of subcomponents.
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2.4.3 Calculating LVI-IPCC

Based on IPCC’s definition, climate vulnerability was described as a function of a
household’s exposure, sensitivity, and adaptive capacity to climate (Fig. 1). Changing
events under climate variability and natural disaster occurrences was used in the esti-
mation of exposure in the study areas. Sensitivity was estimated by a municipality’s
current state of health, food, production, and water status. Adaptive capacity was also
estimated by the socio-demographic profile, types of livelihood strategies employed,
and the strength of social network of surveyed households in relation to the study dis-
tricts. Factors corresponding to the previously standardized indicators and weighted LVI
main components earlier estimated were applied in populate the LVI-IPCC measures as
illustrated in Fig. 1. Finally, climate vulnerability was calculated using estimations of
the scores for the three contributing factors (exposure, sensitivity, and adaptive capac-
ity) based on Eq. 2 as applied by other studies (Hahn et al. 2009; Shah et al. 2013).
The applicable scale for the LVI-IPCC was from — 1 (least vulnerable) to +1 (most
vulnerable).

LVI — IPCC = (Exposure — Adaptive Capacity) * Sensitivity )

3 Results
3.1 Livelihood Vulnerability Index (LVI)

Generally, the results of aggregate scores presented in Table 3 indicate that Keta had
a higher LVI (0.395) than Nsawam (0.378). Overall, smallholder horticultural produc-
tion in both municipalities shows a relatively higher vulnerability to climate variability,
but in contrast to smallholder horticultural producers in Nsawam, Keta may be more
vulnerable to overall climate variability (Table 3). In distinguishing the different com-
ponents of vulnerability, the LVI major components show Keta is more vulnerable in
terms of health, food, production, and natural disaster, while Nsawam is more vulner-
able in socio-demographic profile, social network, livelihood strategies, water acces-
sibility, and climate variability. The highest levels of vulnerability (score>0.5) were
exhibited in 11 indicators/subcomponents for Keta eight indicators/subcomponents for
Nsawam (Table 3).

3.2 IPCC-LVI results for Keta and Nsawam Municipalities

Results for the overall LVI-IPCC scores (using groupings of the subcomponents as
shown in Fig. 1) suggest that, on a scale of — 1 to 1, horticultural smallholder produc-
ers in both Keta and Nsawam shared an almost similar degree of vulnerability though
Keta households (—0.010) are marginally more vulnerable than Nsawam households
(—0.021). This finding is also consistent with scores from the LVI as Keta was more
vulnerable than Nsawam. In comparing the level of contribution from the three vulner-
ability-contributing factors, as depicted in Fig. 2, Keta is the most exposed (0.391) and
most sensitive (0.379) horticulture-producing municipality to climate impacts compared
to Nsawam’s exposure (0.372) and sensitivity (0.339). This resulted from mostly expo-
sure to natural disasters and high sensitivity to food availability (Fig. 2). In terms of
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Fig.2 Diagram showing the LVI major components and the vulnerability-contributing factors of the IPCC
(LVI-IPCCQ). a for Keta; b for Nsawam. Note: O=Ileast vulnerable/less contributing factor; 0.5 =most vul-
nerable/highly contributing factor a shows Keta is more vulnerable in terms of health, food, production,
and natural disaster, while b shows Nsawam is more vulnerable in socio-demographic profile, livelihood
strategies, social network, water accessibility, and climate variability. The highest levels of vulnerability
(score>0.5) were exhibited for natural disasters (0.604) and food availability (0.512) for Keta and for social
networking with scores of 0.554 and 0.5338 in Nsawam and Keta respectively

adaptive capacity, Nsawam has less adaptive capacity (0.434) to climate vulnerability
compared to Keta (0.418), which is mainly as a result of weak social network and liveli-
hood strategies (Fig. 2). Detailed results for corresponding indicators for the IPCC-LVI
are given in Online Resource 1.

4 Discussion
4.1 Exposure

Findings from the main components and subcomponents (indicators) revealed Keta is more
exposed to natural disasters compared to Nsawam. Keta has a higher exposure value as
a result of significant extreme climatic events. Coastal areas climatic exposures are often
greater and considered hotspots of vulnerability (Wolters and Kuenzer 2015). Our finding
concurs with other studies where vulnerability of coastal and inlands were compared (Shah
et al. 2013). Specifically, Keta has been more exposed to occurrence of natural disasters in
last 5 years, while over the past decade, number of consecutive dry days (CDD), average
number of warm days, warm spells, and cold nights all increased. Such extreme climatic
events often relate with occurrences such as droughts in addition to coastal erosion. Most
smallholder farmers are particularly exposed to natural disasters due to the lack of prior
warning, which is a worrying situation. Frequent drying up of natural water bodies result-
ing in salt intrusion from seawater with subsequent effect on the quality of fruits obtained
from fields and crops that suffer from such occurrences is prevalent in Keta. Although
Nsawam is an inland area, it is also exposed to climatic variability, and households mainly
do not receive prior information about impending natural events. Increased climate vari-
ability, particularly dry spells with increasing temperatures, has negative impact on horti-
cultural crop productivity (McCarthy et al. 2001). Untimely rains results in drought stress
and/or high temperatures during crop development stages (flowering and fruit growth),
that declines yield and causes physiological disorders in fruit and vegetable crops. Further-
more, increased rainfall variability together with rising temperatures reduces soil moisture
availability amid high risk of crop failure (Rurinda et al. 2014). Since smallholder farmers
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in both municipalities mainly crop throughout the year with intermittent irrigation support
whenever available, the exposure to natural disaster and climatic variation on crops and,
consequently on food security, is great and could further increase with projected future
increase in climate variability. This is important for horticultural production in both areas
as climate extremes coinciding with critical crop growth stages are detrimental and more
likely through the production year.

4.2 Sensitivity

Accounting for health, food, production, and water components in both municipalities,
smallholder households in Keta are more sensitive to climate than Nsawam. Smallholders’
in Keta are more sensitive to current health, food, and largely more sensitive to produc-
tion conditions, while households in Nsawam are largely more sensitive to prevailing water
conditions in the municipality. Higher sensitivity score for health status in the municipali-
ties mainly arises from prevalence of illness. According to farmers, horticultural produc-
tion is labor-intensive relatively to other crops hence health is particularly important as it
relates to labor availability for crop production. Particularly, resource-constrained small-
holders depend on family support to complement labor on family farms.

Indicators such as inability of households to save planting materials and low crop diver-
sity impact negatively the food component and consequently affect both municipalities’
sensitivity. Availability of planting materials from preceding harvests could save cost of
planting for subsequent production seasons. It could also be sold or bartered (as families
mostly rely on family farm for food) to economically support other production activities or
other family needs. Diversification of crops grown, on the other hand, could reduce risk of
production losses during periods of extreme climatic events as different crop types respond
differently to different climatic conditions (Malhotra 2017). Dedicated education and pro-
motion of those interventions to farmers could already reduce food vulnerability in Keta
and Nsawam.

Nsawam is relatively less sensitive to production conditions. In contrast, production con-
ditions in Keta heighten the vulnerability score. Water use for irrigation during dry spells
resulted in reduced quality from increased salinity and increased risk of production losses
through higher susceptibility to pest and disease affecting product quality and resulting in
low market prices. While production losses is already attributed to pest and disease, their
sensitivity to climate variability through limited effect of irrigation in Keta encourages the
call for production and dissemination of improved techniques toward better climate vari-
ability management. Yet, farmers in Keta have limited access to such information while
predominantly relying on irrigation. Active involvement of agricultural extension services
in the municipality is therefore required.

Nsawam’s sensitivity is affected by irrigation since most households cannot access
consistent water supply. Distance of farmland to water sources is three times farther rela-
tively to Keta; meanwhile, that distance largely determines the cost and ability of farmers
to irrigate. While farmlands in Keta commonly had traditional (hand-dug) wells on site,
farmlands in Nsawam depended on nearest rivers and streams as source of water for irri-
gation. While irrigation directly minimizes impacts of climatic stresses such as droughts,
smallholder horticultural producers in both municipalities are at increased risk of water
unavailability due to dependence on natural water sources, which in addition are becoming
more unpredictable and unreliable with changing climate. Alternative sourcing of water
such as rainwater harvesting or alternative water storage and management practices such as
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building ponds or digging wells/borehole (especially in Nsawam), or drip irrigation (espe-
cially in Keta) could decrease sensitivity and in some extent vulnerability of cropping sys-
tems during dry periods in both municipalities.

4.3 Adaptive capacity

It is critical to enhance the capacity of smallholder horticultural farmers to adapt to chang-
ing climate. The findings suggest that, comparatively, Nsawam is less adaptive than Keta.
Indicators such as number of female-headed households, dependency ratio, and number
of household heads that have not attended school contribute to a relatively low socio-
demographic profile in both municipalities. Education increases households’ willing-
ness to adopt new agricultural technologies to better cope with negative climate variabil-
ity and has a positive impact on the farm productivity overall (Lin 1991; Leichenko and
O’Brien 2002). With higher literacy rate and lower family dependency, adaptive capacity
increases and farmers are more likely to positively cope/adapt to changing climate in both
municipalities.

Livelihood strategies and social network had high vulnerability scores, which is critical
as they reduce households’ capacity in averting climatic risks. Not many farmers engage
with livestock rearing, the second most important agricultural livelihood activity after
crop farming in both areas. A community is considered more vulnerable if there is too few
options in terms of livelihood diversification (Antwi-Agyei et al. 2013). According to the
farmers, horticulture production is an intensive production activity demanding relatively
more resources and explains a lower capacity to diversify but depend on their horticultural
production as major livelihood and income source. This implies farmers hardly can cope
with short-term impact on their income. Livelihood stability for households in the study
areas is therefore critical especially in the face of changing climate. Additional non-farm
livelihoods are suggested to spread the risks from climate threats on farming households.

In both municipalities, the majority of smallholder horticultural producers do not pos-
sess basic communication devices (radio, television, and mobile phone) with direct impact
on social network scores as they strongly limit access to crop- and weather-related infor-
mation. It decreases the ability of farmers to plan for any impending climate risk. Addi-
tionally, most farmers in both municipalities are not actively associating with farmer-based
organizations (FBOs) and other social groups at the local level further limiting access to
crop and weather information. Smallholder farmers in Nsawam were better connected with
FBOs and other communities showing a higher social capital than Keta. Social capital
improves financial support, access to market, information accessibility as well as agricul-
tural technical support and access to formal government structures (Eakin and Bojorquez-
Tapia 2008). Furthermore, built trust among such associations is important in positively
influencing adoption rate of technologies or adaptation strategies through information dis-
semination and trials by proximity within the groups (Thomas et al. 2005).

Farmers in Keta have better access to government subsidies on production inputs, espe-
cially fertilizer. This may be related to a low-lying coastal plain with poor soil conditions
(sandy) characterizing Keta, which is considered less conducive. Nevertheless, Nsawam
has undulating land surfaces, and farming equally puts soil conditions at risk of reduced
fertility. Subsidized inputs generally enable farmers to reduce production costs, reducing
financial burden and in effect increasing adaptive capacity of households. Farmers in both
areas acknowledged government support for their production activities through subsidizing
inputs, yet this is very limited. Adaptive capacity of farmers would benefit from further
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governmental, non-governmental, and other institutional support for a horticultural produc-
tion, which is relatively capital-intensive.

4.4 Implications of findings

Vulnerability scores for the various components provide direction for recommendation
into implementation of both collective and area-specific strategies that could be developed
to cope/adapt to climate variability to reduce vulnerability. For instance, Nsawam could
benefit from alternative water sources such as ponds, wells, and boreholes to supplement
irrigation, while Keta requires water management practices such as drip irrigation to effi-
ciently manage its available water. Overall, both municipalities need district-level project
planning to consider providing alternative water sources such as harvesting rainwater at
the governance level to effectively manage and supplement irrigation and as solution to
water problems. Smallholder horticultural households in Nsawam further require govern-
ment and other institutional support in relation to further subsidizing production inputs for
enhanced productivity. At the farmer level, encouraging interactions and participation of
smallholder farmers in FBOs and other community social groups is important in for deal-
ing with emergency situations, adapting to climate variability and handling crises due to
changing climate in both municipalities. Farmers may also be introduced to agricultural
insurance to reduce and guard against adverse climatic losses. Though this is not practiced
among the horticultural producers and also not commonly applied in Ghana, it could be
considered as an important means of reducing climate sensitivity related risk and vulner-
ability during crop production. With fairly good socioeconomic conditions in both munici-
palities, sensitization and education of smallholder farmers would further build adaptive
capacity to cope with and adapt to changing climate in future. At institutional level, micro-
finance schemes could be introduced to help farmers through livelihood diversification in
terms of both agricultural and supplemental non-agricultural diversification options with
the potential to reduce vulnerability in both municipalities. Both areas would benefit from
climate disaster early warning systems and education programs to enhance adaptation plan-
ning. This includes improved dissemination and accessibility to reliable climate informa-
tion such as seasonal forecasts to enhance preparedness against extreme weather events. At
research level, further investigation into the identification of adaptation options suited to
smallholder horticultural producers, particularly in terms of implementation profitability,
is recommended. The integration of an economic analysis into the vulnerability framework
would provide empirical evidence in direct support of investment and development ini-
tiatives responding to a changing climate, in guiding policy recommendations to promote
climate adaptation and in providing farmers with critical profitability estimation given their
limited resources.

5 Conclusions

This study applied the Livelihood Vulnerability Index (LVI) and IPCC-LVI in the context
of smallholder horticultural production in Ghana. Both LVI and IPCC-LVI indicate that
smallholder farmers in Keta, a coastal area in Ghana, is more vulnerable to climate vari-
ability compared to smallholder farmers in Nsawam, an inland area. Overall, while Keta is
more exposed and sensitive to climatic impacts, Nsawam has less adaptive capacity. High
exposure was mainly attributed to occurrence of natural disaster and climate variability
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with limited prior warning. Inadequate family labor, low crop diversity, insufficient plant-
ing material or distance, and limited water sources translate into high vulnerability scores
for the health, food, production, and water components in both municipalities. Weak
social networking and unstable livelihoods resulted in lower adaptive capacity mainly for
Nsawam. Cognizant of a range of options that would reduce sensitivity and/or increase
adaptive capacity, identifying the most suitable for smallholder farmers, particularly in the
light of limited financial resources, can certainly benefit from the dedicated integration of
an economic assessment as part of the vulnerability assessment framework.

Overall, our study builds upon the LVI and IPCC-LVI developed by Hahn et al. (2009)
through the revision of some indicators (developing new and modifying indicators incor-
porated as credible local contextual factors) further reflecting multidimensional realities
of vulnerability in Ghana, and critical for uptake at different localities. It presents a range
of indicators, which can be used in other settings. The study on horticultural producers
also contributes to the understanding of sector-specific vulnerability, relying on a rigor-
ous and replicable approach to studies in other geographical and sectoral settings. The
study also contributes to addressing the critique of indicator-based approach studies, which
is considered lacking due to subjectivity in the selection of indicators by literature. We
employed a literature review together with stakeholder validation in framing and designing
indicators representing various components of the LVI to improve robustness of indicator
selection. This additionally contributes to a consistently framed vulnerability assessment
making it reflective of smallholder producers in Africa. Beside identification of vulnerable
people and places, the study further provides adequate understanding, information, and
practical guidance to support decision-making on adaptation as expected of vulnerability
assessments.
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