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This article argues that access to informational, financial, and human capital influences specific climate vari-
ability adaptation strategies. Even though this argument is highly supported within the conventional wisdom
circle, the extant literature remains sparing, particularly covering non-arid spaces in the global south. Relying on
cross-sectional data covering 150 smallholder crop farmers from southern Ghana, augmented with focus group
discussions, we answer the research question: What is the relationship between access to financial, informational,
and human capital and climate variability adaptation strategies in a peri-urban geography? The results were
estimated using multivariate probit regression. The findings showed that informational, financial, and human
capital significantly influenced climate variability adaptation strategies. Specifically, informational capital
significantly influenced organic manure application and irrigation. Financial capital through savings signifi-
cantly influenced crop rotation. Formal and informal credit sources had no significant influence on climate
variability adaptation strategies. Human capital - household labour significantly influenced mixed cropping,
organic manure, and irrigation. Formal financial institutions are encouraged to adapt tailor-made requirements
that are sensitive to the high-level informalities pertaining to peasant farming. And consider reducing loan in-
terest rates to foster financial inclusion. Governments in sub-Saharan Africa could target improving farmers

access to informational, financial, and human capital to build resilient climate variability adaptations.

1. Introduction

This article articulates the specificities of how access to information,
human, and financial capital influences climate variability strategies in a
non-arid space in the global south. Climate change and variability
continue to demand global attention, given the pronounced negative
effects (climate-related hazards). While climate variability represents
changes in weather patterns in a spatial location over a short period of
time, climate change manifests as long-term changes in climatic condi-
tions spanning several decades (Kolawole et al., 2016). Christensen et al.
(2007) defined climate variability as the fluctuations in the average state
of the climate covering temporal and spatial scales beyond individual
weather events. Climate change, however, refers to statistical changes in
climate over a prolonged period of time covering several years due to
natural and anthropogenic activities (IPCC, 2014). This article bothers
on how sustainable livelihood capitals (information, human, and
financial) influence climate variability adaptation strategies.

The question of how climate information influences farmers adop-
tion or adaptation decisions on climate variability strategies is not in
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doubt. For instance, Antwi-Agyei et al. (2013) underscored how access
and availability to climate information influence adoption and adapta-
tion strategies. Indeed, the literature on climate information and farmers
decisions on adaptation measures appear well documented. For
instance, Isaya (2015), argued that information sources influenced
farmers’ adaptation to climate variability. Varied climate information
sources exist including radio, television, mobile phones, extension
agents, peer farmers, farmer based organisations (FBOs), and family
members (Ndamani and Watanabe, 2015). Information sources consti-
tute important conduits that influence climate variability strategies;
thus, the specificity of an information source matters. As a case in point,
information emanating from agricultural extension and advisory ser-
vices has proven to improve the resilience and capacity of vulnerable
smallholder farmers adaptation to climate variability (Asare-Nuamah
et al., 2019; Fuhrer and Gregory, 2014). Oluwatayo (2019) argued that
access to information from FBOs influence climate variability adaptation
strategies.

Other studies have examined factors that determine the use of
climate information (Diouf et al., 2019; Muema et al., 2018; Partey et al.,
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2020). A strand of literature identifies farmers’ demographic charac-
teristics as critical factors that affect access to information and conse-
quently the adaptation strategies to climate variability (Belay et al.,
2017; Martey and Kuwornu, 2021). The related literature shows that
age, education, and gender influence specific information sources and
the adaptation measures thereof in adjusting to climate variability.

Specifically, the literature on factors that determine climate infor-
mation uptake identifies age (Asante et al., 2021; Carr and
Owusu-Daaku, 2016; Muema et al., 2018; Omerkhil et al., 2020; Partey
et al., 2020). For instance, Muema et al. (2018) showed that in Kenya,
older farmers had less affinity for climate information, given their
competence and preference for indigenous knowledge. Literature es-
tablishes that age positively correlate with climate variability strategies,
where older farmers appear more resilient to climate variability (Ale-
mayehu and Bewket, 2017; Keshavarz and Moqadas, 2021). However
age has been shown to be inversely correlated with climate variability
adaptation strategies (Kgosikoma et al., 2018). The literature, therefore,
appears inconclusive, with mixed results.

Educational attainment influences climate variability adaptation
(Akponikpe et al., 2010; Asante et al., 2021; Ndamani and Watanabe,
2015). For instance, the literature (Getahun et al., 2021; Anang and
Yeboah, 2019) showed that the likelihood of a smallholder farmer
adapting to climate variability increases when the individual attains a
high level of education. Educational attainment has been established to
have no significant relationship with climate variability adaptation
strategy (Clay et al., 1998). The literature on how educational attain-
ment influences climate variability adaptation appears mixed and
inconclusive in different geographical spaces.

Gender influences access to climate information source and conse-
quently, the climate variability strategies (Asrat and Simane, 2018; Carr
and Owusu-Daaku, 2016; Diouf et al., 2019; Gumucio et al., 2020;
Partey et al., 2020). In most rural areas, particularly in the global south,
men tend to have unlimited and unrestricted access to productive re-
sources such as land relative to women (Ankrah et al., 2020; Acemoglu
and Autor, 2012). This hinders smallholder crop farmers’ adaptation to
climate variability. Some literature established no relationship between
gender and climate variability adaptation (Partey et al., 2018).

Even though, information, human, and financial capital influences
climate variability strategies. Generally, we find that most of the extant
literature focuses on adaptation barriers and who experiences them
(Carr and Onzere, 2018; Carr and Owusu-Daaku, 2016; Hansen et al.,
2019; Vaughan et al., 2019). Attempts have been however made to
examine the extent to which information, human, and financial re-
sources influence climate variabilities strategies.

A strand of the literature shows that the lack of or access to financial
capital influences climate variability adaptation strategies. For instance,
the literature (Antwi-Agyei et al., 2013; Asante et al., 2021; Keshavarz
and Mogqadas, 2021) establishes that institutional barriers such as credit
access influence climate variability adaptation. Farmers with higher
financial capital and savings were more resilient to climate variability in
northeast Iran (Keshavarz and Moqadas, 2021). Whereas women with
limited access to financial capital have been found to be adversely
affected in their adaptation to climate variabilities (Asrat and Simane,
2017). In northern Ghana, Asante et al. (2021) found that access to
credit positively correlated with climate variability strategies. Other
limited (Belay et al., 2017; Hassan and Nhemachena, 2008; Maddison,
2007) accounts in sub-Saharan Africa establishes a positive relationship
between access to financial credit and smallholder farmers climate
variability adaptation strategies. Abraham (2018) showed that small-
holder farmers appeared more resilient in adapting to the effects of
climate variability, given their access to financial capital. However,
most farmers face certain constraints in accessing financial capital in
Africa. Transactional costs related to credit offered by financial in-
stitutions have been explained as a major factor that prevents farmer’s
from getting access to credit (Ojo and Baiyegunhi, 2020). According to
the authors, high interest rates on credit provided by financial
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institutions reduce the demand for credit by farmers because of their
inability to pay back on time. The extant literature shows that financial
capital indeed influences climate variability adaptation. However, the
specificities of the adaptation strategies they influence remain scarce,
particularly considering non-arid spaces in the global south. This article
attempts to fill the void.

The availability and access to human capital remain important in
smallholder climate variability strategies. The literature (Jacobs et al.,
2015) refers to human resource as an individual’s characteristics (skills,
attributes, experiences) that helps increase productivity. In the context
of this article, it includes farm labour. Studies (Asmare et al., 2019;
Enimu and Onome, 2018; Gebru et al., 2020; Nonvide, 2017) have
shown that access to human capital such as education, labour, and
training has the potential to influence adaptation to climate variability.
A school of thought (Lockwood et al., 2015; Zheng and Dallimer, 2016)
argues that the availability of labour influences farmers adaptive climate
variability strategies. Keshavarz and Moqadas (2021) showed that less
climate resilient farm households worked as farm labourers in adapting
to climate variability. Indeed, this finding is supported by Alam et al.
(2018). Guodaar et al. (2021) showed that large household size provides
an avenue for family labour but also has implications for household
livelihoods and leads to the fragmentation of lands. Ifeanyi-Obi and
Nnadi (2014), however, identified family labour as a useful climate
variability adaptation strategy in southern Nigeria. In the case of Ghana,
some literature (Antwi-Agyei et al., 2013; Ndamani and Watanabe,
2015) argued that inadequate labour constitutes a barrier that in-
fluences climate variability adaptation. Jha et al. (2017) showed that
human capital influenced climate variability adaptations in India. Other
studies (Aniah et al., 2019; Hermans-Neumann et al., 2017; Lawson
etal., 2020; Mueller et al., 2020) show how labour out-migration proved
to be a useful climate variability adaptation strategy. Most of the studies
(Ehiakpor et al., 2016; Williams et al., 2017) establish a positive cor-
relation between family labour and climate variability strategies.
However, studies that link access to labour (family and hired labour) and
labour availability and how it influences climate variability adaptation
remain scarce within non-arid spaces. This article, therefore, contributes
to empirical evidence that bridges the gap in knowledge.

Livelihood capital such as information (agricultural extension advi-
sory services), social networks (membership of Farmer Based Organi-
sations), financial (formal and informal credit, savings), and human
capital (hired or family labour) enable farmers to effectively adapt to the
climate variability crises. However, there is paucity of empirical evi-
dence on how access to these three capital influences smallholder
farmers’ climate variability adaptation in peri-urban spaces in the global
south, particularly from a bird’s eye view in a single study. The extant
literature appears fragmented and presents evidence considering silos of
the resources (financial, information, and human resources). This arti-
cle’s overarching objective is to determine the extent to which access to
financial, informational, and human capital influences climate vari-
ability adaptation strategies in a peri-urban geography. We hypothesize
that access to informational, human, and financial capital positively
influences climate variability adaptation strategies.

In explicit terms, this article contributes three ways to the climate
variability adaptation literature. First, the article contributes to the scant
literature (Owusu et al., 2021) on how access to climate information
influences climate variability adaptation in a non-arid space within
peri-urban geography in Ghana. This remains essential given the fact
that most scholarships on climate variability in Ghana, tend to overly
concentrate on northern Ghana. Even though this trend in scholarship is
understandable to some extent due to the extremes of the weather
conditions experienced in northern Ghana, it is equally important to
bring into the conversation, the peri-urban space. Secondly, the article
adds to the literature that establishes the nexus between access to or the
lack of financial capital and climate variability adaptation in the global
south. Finally, the article contributes evidence on how human resource,
specifically hired labour, inversely influences climate variability
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adaptation strategies, and we distil essential policy implications for
adaptation strategies in the global south.

2. Conceptual and theoretical frameworks

The study is embedded in the sustainable livelihoods analysis (SLA).
We attempt to explain the nexus between access to livelihood capital
(information, human and financial) and smallholder farmers climate
variability adaptation strategies. This is similar to other studies on
climate variability adaptation strategies (Azad and Pritchard, 2022; Guo
et al., 2022). Sen (1982) first introduced sustainable livelihoods in a
seminal work on understanding poverty. This birthed terminologies
such as sustainable livelihoods and sustainable livelihood analysis. The
earlier definition of sustainable livelihoods includes a collection of
income-earning activities, abilities, and assets acquired by individuals
and households to earn a living and improve long-term welfare out-
comes (Chambers and Conway, 1992).

The SLA serves as a useful framework for explaining adaptation, and
vulnerability to climate variability. The SLA provides an understanding
of how and why individuals make decisions related to livelihoods, and
responses to changes in climate (Scoones, 1998). The Department for
International Development (DFID) provides a popular normative
framework for understanding livelihood analysis. This received support
from most development partners (United Nations Development Pro-
gramme, Food and Agriculture Organization, and Care International). In
the DFID framework, decision making is underpinned and shaped by five
forms of capital (financial capital, social capital, physical capital, human
capital, and natural capital) (DFID, 2000). The DFID framework un-
derscores building resilience and reducing vulnerability using sustain-
able livelihood capital to undertake activities targeted at improving
livelihood outcomes (DFID, 2000). It captures five major variables, i.e.
livelihood assets, vulnerability context, livelihood strategies, trans-
forming processes and structures, and livelihood outcomes (DFID, 2000;
Liu and Xu, 2016). The availability, access, scale, and effective combi-
nation of these capital resources direct farm household’s livelihood
vulnerabilities, trajectories, and adaptive capacities (Choden et al.,
2021). Taking inspiration from this theoretical framework, we focus our
study on three capital resources (information/social, human, and
financial capital) to provide an understanding of how access to capital
shapes the adoption of climate variability adaptation strategies. Physical
and natural capitals were left out because our study did not set out to
undertake a comprehensive poverty analysis. We however acknowledge
this as a possible limitation of the study. The three capitals focussed on
are, however critical in understanding climate variability adaptations.

Human capital, in this study, includes labour used in farming ac-
tivities made up of hired labour and family labour. Human capital
consists of all the knowledge, skills, experience, and labour that a farmer
possesses that could enable an individual to respond to risks associated
with changes and variations in climate (Zanmassou, 2017). Some studies
have shown the importance of education and training in attaining skills
and knowledge through the theory of human capital (Acemoglu and
Autor, 2012)..

Informational capital is used interchangeably with social capital in
our conceptualization of the SLA analysis. Social capital refers to the
relationships and cooperation that a farmer has with other individuals,
and the ability to network with other individuals (Egyir et al., 2015;
Gharibvand et al., 2015). Smallholder farmers’ ability to deal with the
effects of climate variability depends on their access to climate infor-
mation from various sources (Getahun et al., 2021; Williams et al.,
2019)). However, according to Vaughan et al. (2019), the rate at which
climate information is distributed through various sources such as the
radio, television, mobile phones, FBOs, extension agents in many
developing countries appears irregular, and access to this information is
relatively low.

The literature establishes several indicators for measuring adaptive
capacity and vulnerability predicated on the sustainable livelihood
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assessment framework inclusive of current adaptive capacity index
(CACI), livelihood effect index, integrated agricultural livelihood
vulnerability index (IALVI) and (CVI) climate vulnerability index (Das
et al., 2023; Gallina et al., 2016; Kang et al., 2019; Leichenko & O’brien,
2002; Li et al., 2015; Mekonen and Berlie, 2021; Pandey and Jha, 2012;
Pandey et al., 2017; Taubenbock et al., 2008; Urothody and Larsen,
2010). The assessment of vulnerability is based on three main di-
mensions of the IPCC framework (sensitivity, adaptive capacity, expo-
sure). The dimension is based on social and environmental consideration
specific to sites and varied livelihood sectors at the community level.
This renders the framework useful for examining all the multidimen-
sional aspects of adaptation and vulnerability (Leichenko & O’brien,
2002; Pandey et al., 2017). Other models for assessing livelihood
vulnerability and risks include the exposure, sensitivity and adaptability
framework (Chang et al., 2021; Sano et al., 2015), the pressure and
response model (Kang et al., 2019) and the integrated assessment of
multi-hazards method (Gallina et al., 2016).

Four indicators were initially used to measure smallholder crop
farmers’ human and social capital, which included participating in FBO
activities, having access to public extension services, having access to
private extension services and access to any form of service from Non-
Government Organisations (NGOs). However, the last two indicators
were not readily available to the farmers in the communities selected.
Smallholder farmers’ access to labour (household labour, hired labour or
both) and training were used to represent their human capital. Access to
each indicator by farmers was denoted by 1, and no access was denoted
by 0. Access to public extension was used as the only indicator of social
capital.

Bryan et al. (2015) characterized financial capital to include formal,
informal credit, and savings. This study considers financial capital to
include savings, regular profits (income earnings), and formal and
informal credit, consistent with the SLA framework. Lax and Krug
(2013) argued that financial capital facilitates the adaptation to varied
livelihood strategies. Emanating from different perspectives to this
debate, other studies (Hammill et al., 2008; Hoff et al., 2005) earlier
resonated with this perspective using microfinance as an entry point,
that enhances resilient adaptative capabilities. Our study dwells on
savings, to illuminate how financial resource improves the adoption of
climate variability strategies (See Fig. 1). Financial capital remains
necessary for smallholder farmers to implement adaptation strategies to
climate variability successfully, such as irrigation, purchasing of inputs
such as fertilizers and pesticides. According to Ruiz Meza (2015),

Independent Variables Binary Dependent Variable

Combinations of Sustainable

Climate Variability

Adaptation Strategies

Livelihood Capitals

Financial Capital (savings, Decision -Mixed cropping
— .
formal, and informal credit) o adapt -Crop rotation

-Use of manure

Social /Information Capital “Early/late planting

(Extension services) Irricati
-lrrigation

Human Capital (family

labour, hired labour)

i i

Demographic factors (education, age, and gender), training, etc.

Fig. 1. Conceptual framework.
Source: Authors’ conception, 2023
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smallholder farmers need to have financial capital available to respond
to and recover from the effects of climate variability. Given that it serves
as a means of implementing climate adaptation strategies. A farmer’s
ability to save and obtain both formal and informal credit was used as
indicators to measure a farmers’ financial capital.

We note that the interactions between capital resources are very
useful in adopting climate variability adaptation strategies (Kibria et al.,
2018). Capital resource availability, as well as their accessibility, has
been identified in the related literature (Chepkoech et al., 2020; Nda-
mani and Watanabe, 2015; Williams et al., 2019) as factors that influ-
ence smallholder crop farmers’ adaptation to climate variability. Efforts
to adapt to harsh constraints, continually involving modifications,
management, and trade-offs among the different capital resources in the
short term, can be considered livelihood strategies (Bebbington, 1999).
Our study highlights how financial, human, and informational capital
influences the adoption of climate variability adaptation strategies
(Fig. 1). Jha et al. (2017) showed that financial capital through
increased income improves adaptive capacity. The source of labour
(family and hired) used on the farm affects specific climate variability
adaptation strategies.

In particular, our analysis advances two propositions. First, we note
that the access to and the combination of the capital (social, financial,
and human) influences the decision to adapt to a specific or a combi-
nation of climate variability adaptation strategies. This is similar to in-
sights from the literature (Frusher et al., 2016; Singh and Nair, 2014;
Thulstrup, 2015) that establishes the argument that capital influences
climate variability adaptation strategies. Finally, and most significant
for our analysis, a household’s possession of financial capital is a sig-
nificant resource that shapes access to other capitals (informatio-
nal/social and human) in influencing the adoption of climate variability
adaptation strategies and adaptive capabilities. Thus, financial capital
can be exchanged for human and informational capitals. Access to the
three capitals, as well as specific climate variability adaptation strate-
gies, are influenced by demographic factors (education, age, and
gender), and training (See Fig. 1). Formal education increases an in-
dividual’s chances of gaining knowledge to prepare for certain occur-
rences, such as extreme climatic conditions (Enimu and Onome, 2018;
Gebru et al., 2020). According to the authors, the more farmers are
educated, the more likely they are to adapt to weather risks among
farmers. Nonvide (2017) found that the training of farmers significantly
influenced their adaptation to climate variability. Training facilitates
adaptation to climate variability by improving an individuals’ adaptive
capacity (Thinda et al., 2020).

2.1. Specification of the multivariate probit regression

We foreground our model specification based on our conceptual
framework based on binary dependent variables, including mixed
cropping, crop rotation, manure, and irrigation (See Fig. 1). The inde-
pendent variables include the three main capital — extension and advi-
sory services (information), financial capital (savings, formal, informal
credit sources), and human capital (household labour/family labour,
hired labour). We employed Multivariate Probit (MVP) regression model
to estimate the capital resources influencing farmers’ adaptation to
climate variability. The multivariate probit model is a generalized probit
model that jointly estimates several correlated binary outcomes
(Greene, 2002). Since all our dependent variables are binary, we found
the MVP regression more suitable to jointly predict the effect of farmers’
access to capital (informational, financial, and human) on the adapta-
tion strategies to climate variability. Alternative models that can
potentially be used include either probit or logit model. However, using
probit or logit model may result in biased estimates since they ignore the
correlation or interrelationships among the binary regressands.

Belderbos et al. (2004) state that models such as probit, and logit are
inappropriate, especially when adoption practices used as dependent
variables are interrelated. This study presents four binary dependent
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variables (adaptation strategies) against six independent variables
(capital resource factors). We state that a farmer’s decision to adopt one
adaptation strategy does not preclude other strategies, given available
resources; hence neglecting the interrelationships among the binary
dependent variables may yield a biased estimate.

Following Donkoh et al. (2019), Danso-Abbeam and Baiyegunhi
(2017), MVP regression model with four sets of binary dependent var-
iables are specified as equations (1) and (2).

Yy =P + BXu + aAu + & @
Yu=1if Y; > 0 and otherwise 2)

Where K represents the adaptation strategies (mixed cropping, crop
rotation, organic manure, and irrigation), Y} is a latent variable that
captures the observed and unobserved choices associated with the Kb
adaptation strategy to climate variability, Yj denotes the binary
dependent variables and Xj denotes the vector of the explanatory var-
iables. Ay accounts for unobserved heterogeneity by representing the
unobserved climate factors, f, is the intercept. . and ay represent pa-
rameters to be estimated. & captures the multivariate normally
distributed stochastic error term (See Table 1 for measurements of
variables).

The multivariate probit model assumes that the error terms jointly
follow a multivariate normal distribution with zero conditional mean.
Denoting the individual adaptation strategies by alphabets (mixed
cropping = C, crop rotation = R, manure = M and irrigation = I), the
variance is normalised to unity where (uc, g, fiy, p;) = MVN(0, 2) and
the symmetric variance covariance matrix Q is specified by equation (3):

1 pCR pCM pCI
pPRC 1 PRM  pRI
pMC  pMR 1 pMI
pIC  pIR pIM 1

3

Where p is the tetrachoric correlation coefficient of the error terms with
respect to any two of the estimated adoption equations in the model. The
variance-covariance matrix off-diagonal elements (e.g., pCR, pMC and
pIR) indicate the correlation between the stochastic components of the
adaptation strategies employed (Danso-Abbeam and Baiyegunhi, 2017).
The correlation is underpinned on the notion that the adoption of one
climate variability adaptation strategy may be dependent on another
(complementarity or positive correlation) or may be influenced by a set
of accessible replacements (substitutability or negative correlation)
(Khanna, 2001).

Table 1
Framework for measuring smallholder farmers’ access to capital.
Indicators Type Dummy
variable
Informational Access to Public Extension Dummy No = 0; Yes =
Capital services 1
Financial Capital Ability to save Dummy No = 0; Yes =
1
Ability to obtain formal credit Dummy No = 0; Yes =
1
Ability to obtain informal Dummy No = 0; Yes =

credit 1
Access to household labour Dummy No = 0; Yes =
1
No = 0; Yes =
1

Human Capital

Access to hired labour Dummy

Source: Authors’ specification, 2023.
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3. Materials and methods
3.1. Research design

The study is embedded in a mixed-method approach. The approach
involves gathering quantitative and qualitative data, and combining
these two forms of data, within the context of philosophical assumptions
and theoretical frameworks to analyze the data (Creswell and Creswell,
2017). The combination of quantitative and qualitative data provides a
nuanced understanding of a research problem. Additionally, combining
quantitative and qualitative helps harness their strengths, compensate
for their weaknesses, improves validity and reliability than using either
method. Indeed, the literature (Guodaar et al., 2017; Ohene-Asante,
2015) establishes mixed-methods use in climate variability and change
studies. Both quantitative and qualitative field data were collected from
10th February 2020 to 9th March 2020. Field data were collected by
conducting in-person interviews, complemented by Focus Group Dis-
cussions (FGDs). This data collection method has the benefit of
providing in-depth data that is both qualitative and quantitative.

3.2. Sampling method and sample size

The study district was purposively selected because of the substantial
number of smallholder farmers engaged in food crop production. The
Nsawam Adoagyiri Municipal Assembly lies between longitude 0.07°W
and 0.27°W and latitude 5.45°N and 5.58°N. The study district spans a
land area of about 175 square kilometres (Anum et al., 2022).

The weather conditions in the study site are generally cool given the
wet semi-equatorial climate with a double maxima rainfall, recording an
average annual rainfall of between 125 cm and 200 cm. The first typical
rainy season starts from May to June, with the heaviest rainfall experi-
enced in June and a second rainy season from September to October,
accounting for the all-year-round farming practice of two farming sea-
sons based on rain-fed agriculture (Ghanadistricts.com, 2023). The
highest temperature averaging 30°C is recorded between March and
April. With the lowest average temperature of 26°C recorded in August.
The main agro-ecological zones are the coastal savanna grassland (10%)
and semi-deciduous forest (90%). Only a limited forest cover is currently
available in the municipal (Ghanadistricts.com, 2023).

We obtained from the Department of Agriculture (DoA), a sampling
frame of farmers in the Nsawam Adoagyiri Municipal Assembly. This
formed the basis upon which five communities (Akraman, Afumkrom,
Asantekweku, Sakyikrom, and Bowkrom) were randomly selected (See
Fig. 2). The agricultural extension agents (AEAs) indicated a total of 717
farmers present in the five communities. Based on Slovin’s formula, used
by Yamane (1967), the sample size was computed. Given financial, time

District Map of Ghana

e 157
N

T
f&i‘i
AW

g
20

I
g

Legend
@ Tovus

—— Roads

R oy

Kilometers
0 075 15 3

Fig. 2. Map of the study area.
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constraints, non-availability, and non-responses, 150 smallholder crop
farmers were used for this research (See Table 2). The sampling was
however proportionate to the population in the selected communities.
The sample size used made it easy to get the respondents for the study in
time. The crop farmers were randomly selected from a sampling frame
obtained from the AEA from the Municipal Assembly.

3.3. Sources of data

This study focuses on climate variability, hence data on climate
variability, adaptation strategies adopted, and institutional support to
smallholder farmers in the Nsawam Adoagyiri Municipal were obtained
from primary sources through a cross-sectional survey, semi-structured
questionnaires, and focus group discussions. The questionnaire collected
information on information sources available to farmers, financial re-
sources, terms of credit, credit access, interest rates, labour sources —
family labour hired labour, and how they affect specific adaptation to
climate variability. The focus group discussion guides were developed to
interrogate major capital resources available to farmers (informational,
financial, and human resources) and how they play out on specific
climate variability adaptation strategies, the reasons that embed specific
adaptation(s) selected by farmers, and how these happen.

3.3.1. Focus group discussion

Focus Group Discussions (FGDs) were carried out to understand in-
dividual, and collective opinions regarding the influence that access to
resources (informational, financial, and human) have on climate vari-
ability adaptation strategies. Participants of the FGDs were purposively
selected from the survey respondents to provide relevant information on
the trend of climate variability and issues regarding adaptation in the
area with the help of an AEA. According to Korstjens and Moser (2018),
key participants of FGDs were purposively selected because they held
expert knowledge about the phenomenon studied. Two focus group
discussions were conducted, and each FGD was made up of six partici-
pants consisting of three men and three women. The participants ages
ranged from 35 to 62 years and cut across major ethnic groups and re-
ligions. The dominant ethnic group was the Akan ethnic group, with the
Christian religion dominating, with only few Muslims. This small
numbers permitted in-depth discussion among participants. This is
supported by Stewart and Shamdasani (2014), who stated that the ideal
size for a focus group discussion is usually between five and eight par-
ticipants. Questions relating to smallholder farmers’ ability to access
information resource, financial and human resources, how access to the
resources happen, who benefits most, what accounts for who benefits
and who losses, how the three main resources (financial, informational,
and human) influence farmers adaptation to climate variability.

3.4. Method for data analysis

Stata version 14.2 formed the statistical tool used to analyze the data
obtained from the cross-sectional survey. Descriptive and inferential
analyses were used in the analysis of the data gathered. Descriptive
statistics were illustrated with proportions, and tables. Inferential sta-
tistics outputs were presented using multivariate probit regression. This

Table 2
Sample structure for selecting smallholder crop farmers.

Town/community Sample size Percentage (%)
Akraman 31 20.7
Asantekweku 18 12.0
Afumkrom 41 27.3
Sakyikrom 30 20.0
Bowkrom 30 20.0

Total 150 100.0

Source: Field data, 2020
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estimation approach allows the examination of possible complementary
or substitutionary relationships between any two strategies. The multi-
variate probit regression analysis was used to examine the relationship
between access to capital resources and the various climate variability
adaptation strategies put in place by the smallholder crop farmers and
how certain capital resources influence smallholder farmers’ decisions
to practice certain adaptation strategies. Descriptive statistics were used
to explain the results obtained from the multivariate probit regression
analysis. Qualitative data obtained from the FGDs were transcribed,
categorized into major and sub-themes that reflected the key research
objectives, and questions as used by Ankrah et al. (2021). Analysis of the
qualitative interviews was done using Nvivo. Direct quotes from the
narratives from the FGDs were used to explain some of the results
obtained.

4. Results and discussions

We state from the onset that the results and discussion is based on
analysis of climate variability. Table 3 below shows an uneven distri-
bution of men and women who engage in crop farming in the five
communities that were sampled through the cross-sectional survey, with
the majority (80.7%) being men. A probable explanation for this finding
could be that more men are engaged in crop farming than women. This is
in line with figures in a report by the Ghana Statistical Service (2020),
which indicated that the proportion of males (70%) engaged in arable
crop farming exceeds that of females (30%) in Ghana’s rural spaces.

Most (74%) farmers had formal education at the primary, junior high
school, senior high school, technical, and tertiary levels, while a small
(26%) proportion had no formal education. The average year of farming
experience was 19 years. This indicates that most of the farmers inter-
viewed had considerable years of experience in farming.

About (32.7%) smallholder crop farmers indicated that they depen-
ded on only household labour as their source of labour. The majority
(65.3%) of the farmers indicated that they depended on hired labour
only, with only (2%) labourers permanently employed on the farm
depended on family and hired labour for their crop production.

About (37.3%) smallholder crop farmers owned livestock. Poultry
was the most popular livestock that was owned by smallholder crop
farmers in the Nsawam Adoagyiri Municipal Assembly. Farmers who
owned livestock had an additional source of income from animal
products which made this an important strategy to increase income and
diversify food sources. The application of poultry manure to farms was
widespread in the area because it served as an alternative fertilizer

Table 3
Demographic characteristics of Smallholder farmers in the Nsawam Adoagyiri
Municipal.

Demographic characteristics Percentage (%)

Sex of respondents

Male 80.7
Female 19.3
Age [Mode(41-50 years)] 34.7
Educational level

No Formal Education 26.0
Primary Education 51.3
Secondary/Technical/Vocation 22.0
University/Polytechnic 0.7
Average farming experience (years) 18.91
Average Household Size (people) 5.36
Farm Labour

Household labour only 2.0
Hired labour only 327
Both 65.3
Livestock activities 37.3
Farmers who rear animals

FBO activity 37.3
Farmers who participate in FBO activities 17.3

Source: Field data, 2020.
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source for crop production (See Table 3).

Table 4 presents the result of the tetrachoric correlations between the
binary dependent variables (adaptation strategies) and the model sta-
tistics from MVP estimation. The results reveal that the joint probability
of adopting all the climate variability adaptation strategies is 1.9%,
while the joint probability of using none of the adaptation strategies is
28.2%. The linear predictions show that the probabilities of adopting
mixed cropping, crop rotation, manure and irrigation are —99.1%,
—101.4%, 55.1% and —180.6%, respectively. Also, the likelihood ratio
test for the overall correlation of the error terms is significantly different
from zero, indicating that the error terms across the adaptation strate-
gies are not correlated. All the adaptation strategies showed a positive
correlation coefficient, indicating a complementarity among the climate
variability adaptation strategies. The correlations between crop rotation
versus mixed cropping, manure versus mixed cropping, and irrigation
versus manure were significant at 1%, 5%, and 1% significance level,
respectively. Also, the result showed a perfect complementary rela-
tionship between irrigation and manure. This result shows that adop-
tions of climate variability adaptation strategies among farmers in the
study area are not independent. Farmers’ adoption of one adaptation
strategy may be influenced by the adoption of other strategies.

Table 5 presents the results of the Multivariate Probit Regression
(MVP). The likelihood ratio value is statistically significant at the 1%
significance level, explaining that at least one of the variable coefficients
is statistically different from zero. In other words, the MVP model sta-
tistically predicts the interaction between farmers’ access to resources
and their adaptation strategies to climate variability.

4.1. Relationship between agricultural extension services (informational/
social capital) and smallholder farmers’ adaptation strategies to climate
variability

The related literature suggests that relying on information alone does
not solely promote climate adaptation behaviour, given that the channel
of communication is important, as well as how information is utilized
(Andersson and Keskitalo, 2018; Pandey et al., 2018). Information
relating to climate variability is needed for smallholder farmers to plan
and develop frameworks for adaptation. Accurate, reliable, and timely
information on climate remains essential in adaptation strategies at the
individual and community levels. Climate related information helps
build resilience and improve livelihood outcomes under adverse climate
regimes (Archie et al., 2012; Kumar et al., 2021).This is because reliable
and timely information assists farmers in readily relying on information
to mitigate the adverse effects of climate variability. For instance, if a
farmer is certain of rains during a particular time of the day, it can assist
the farmer in knowing when to plant or undertake certain agronomic
activities on the farm.

Kumar et al. (2021) argued that climate information communicated
through channels such as newspapers, mobile phones, community
leaders, and television influences climate variability perception and
adaptations differentially. Generally, climate information assists in
planned adaptation. Information through agricultural extension officers
is a major conduit for disseminating climate information, particularly in
most developing countries.

Table 4
Tetrachoric correlations between the binary dependent variables and model
statistics.

Mixed cropping Crop rotation Manure Irrigation
Mixed cropping 1
Crop rotation 0.503 (0.125)¢ 1
Manure 0.381 (0.135)° 0.179 (0.148) 1
Irrigation 0.273 (0.167) 0.239 (0.173) 1.000° 1

Source: Authors’ analysis, 2020. b Significant at 5% (p < 0.05), € Significant at
1% (p < 0.01). standard errors are in the parenthesis
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Table 5

Multivariate Probit Regression estimates showing access to capital resources that influence smallholder farmers’ adaptation to climate variability.
Variable Mixed cropping Crop rotation Manure Irrigation

Coef. Std. Err Coef. Std. Err Coef. Std. Err Coef. Std. Err

Extension service 0.093 0.320 0.281 0.358 —-1.730°¢ 0.422 -1.730¢ 0.389
Savings —0.075 0.262 0.540° 0.253 0.410 0.265 0.447 0.397
Formal credit 4.000 0.682 3.762 0.691 0.931 0.525 —0.152 284.469
Informal credit 0.137 154.766 0.034 156.207 0.277 0.708 3.120 0.900
Household labour 1.003¢ 0.292 0.429 0.307 1.419¢ 0.498 1.485°¢ 0.382
Hired labour —-0.076 368.941 —0.323 390.442 —4.299 0317.226 —2.793 896.312
Constant -5.116 154.768 -5.125 156.209 0.189 0.868 —-3.620 284.470

Source: Authors’ analysis, 2020. ® Significant at 5% (p < 0.05), © Significant at 1% (p < 0.01).

Our findings show that access to public extension services was sig-
nificant but negatively influenced crop farmers’ decision to adopt
manure and irrigation as adaptation strategies to climate variability.
This implies that crop farmers’ access to public extension services will
reduce their probability of adopting organic fertilizers such as manure to
combat the effect of climate variability. We observe that most small-
holder farmers in the study area are pineapple farmers who additionally
produce other food crops such as maize and vegetables on a limited
scale. Generally, private extension services dominate in the study area
because of the presence of agribusinesses such as Blue Skies Limited,
Bomarts Farms, and other pineapple agribusinesses (PEELCO Limited,
Milani Limited, HPW Fresh and Dry Ghana Limited, Gold Coast Fruits,
Bio Exotic Company Limited) who provide extension and advisory ser-
vices for outgrower scheme members (Please see Ankrah (2022). Under,
existing outgrower schemes, specific agribusinesses provide agri-inputs
such as fertilizers to their outgrowers. Pineapple production is largely
dependent on inorganic fertilizers, given that none of the agribusinesses
in the study area support organic production of pineapples. This plau-
sibly explains the inverse relationship between extension services and
manure use.

We find a negative relationship between agricultural extension ser-
vices and irrigation. Indeed, the farming system in the study area re-
mains largely dependent on the natural rains. Therefore, the production
is conditioned on the onset of the rains. This renders smallholder farmers
vulnerable to the adverse effects of climate variability and change.
Agricultural insurance could serve as an important risk mitigation
strategy, but Ankrah et al. (2021) indicated in their study that agricul-
tural insurance remains very low among smallholder farmers. These
constitute plausible reasons why agriculture production is considered a
high-risk investment. Investment in irrigation is good, given that beyond
the benefits of agricultural production, Okyere et al. (2022) indicated
that irrigation leads to improvements in wellbeing. The challenge,
however, is that the financial capital required for investment in irriga-
tion is high and way beyond what the average smallholder farmer can
afford. This is contrary to the finding that farmers get access to agri-
cultural extension and advisory services through extension agents, they
are more likely to adapt to the adverse effects of climate variability, such
as erratic rainfall patterns through irrigation. Specifically, Enimu and
Onome (2018) and Gebru et al. (2020) support the finding that farmers’
access to extension services positively influences their use of some
adaptation strategies to climate variability. Jha et al. (2017) showed
that access to irrigation constitutes a useful adaptation strategy that
improved resilience to climate variability in India.

In a focus group discussion, farmers indicated that:

“We mostly benefit from the Agricultural Extension Agents (AEAs) who
work for Blue Skies Company. They often come around to provide advi-
sory services for our major crop — pineapple. We depend solely on rainfall
as our source of irrigation. We are smallholder farmers, and we cannot
afford irrigation technologies on our farms unless the company provides
that for us. So far, even though periodically, the rains delay, there has not
been any concern about having in place irrigation facilities. Therefore,
any effort by extension to encourage us to invest in irrigation will be mis-

directed and will not yield the needed results” (Participants of FGD,
March 9, 2020).

The implication is that educational campaigns by Agricultural
Extension Agents (AEAs) should not be directed towards investment in
irrigation, given that this does not inure positive gains for irrigation.
Rather, extensive education can be directed to other climate variability
strategies that will potentially yield positive dividends.

4.2. Relationship between financial capital and smallholder farmers’
adaptation strategies to climate variability

Taking inspiration from the conceptual and theoretical framework,
we argue that financial capital influences human and informational re-
sources, that shapes the adoption of climate variability adaptation
strategies. The ability to save was the only financial resource that
showed a significant positive relationship with crop rotation but had no
significant relationship with the other climate variability adaptation
strategies. The results imply that, as smallholder crop farmers’ access to
financial capital increases through savings, they are more likely to use
crop rotation as a climate variability adaptation strategy, all other things
being equal. Therefore, farmers are encouraged to improve their savings
culture to effectively adapt to climate variability. Azad and Pritchard
(2022) showed that financial capital enables households to enhance
adaptive capacity. Specifically, the authors show how individuals with
savings can better adapt to floods in northern Bangladesh. Panman et al.
(2022), showed that savings help individuals to better adapt to shocks,
including repeated flooding. The capital accumulated from savings can
be ploughed into diversified income generating activities to minimize
the negative effects of climate variabilities. Farmers can then conve-
niently purchase the needed agro inputs for farming, including
improved seeds, fertilizers, and pesticides. During focus group discus-
sions, farmers indicated that:

“Farming is a capital-intensive venture, but the returns are also very high.
Thus, if one does not spend all the profit obtained from farming and saves,
the individual can be better off in welfare outcomes and better adapt to the
climate variability effects. Indeed, for the few farmers who save, we
realized that they rotate crops grown on their farms” (Participants of
FGD, March 15, 2020).

In another focus group discussion, participants indicated that:

“In the past, some Non-Governmental Organizations encouraged us to
save with formal financial institutions or even at our farmer group level.
We realized that members who had savings could always purchase fer-
tilizers even when the prices kept increasing, and typically, they have
improved yields relative to farmers who do not save. Eventually, farmers
who save can diversify their crop portfolios and practice crop rotation”
(Participants of FGD, March 20, 2020).

Indeed, it was widespread among participants engaged in the focus
group discussions that savings encouraged investments in fertilizers,
other agro inputs, and eventually enhanced the practice of crop rotation.
Rotating crops on the same field enhances soil fertility and breaks
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diseases and pest cycles. The pineapple crop takes over 15 months to
reach maturity and harvest, rotating crops on the same land, therefore,
allows diversification of crop farming and reduces the risk in
monocropping.

Though farmers’ access to formal and informal credit was not sig-
nificant, they showed a positive relationship with adopting several
climate variability adaptation strategies. Abraham and Fonta (2018)
explained that farmers rely on both formal and informal credit to help
them cope with the adverse effects of climate variability. Azad and
Pritchard (2022) showed that microfinance from the Grameen Bank
facilitates climate variability adaptation, through a better adjustment to
floods, farm repairs, and relocation among others. However, informal
sources of credit such as friends, family, and other relatives are the most
preferred choices. This highlights the structural challenges related to
formal sources of credit.

In focus group discussions, participants indicated that:

“We have always had difficulties accessing money from the formal
financial institutions present in our communities. The requirements are
too stringent and do not conform to the informalities that exist within the
operation of our farming activities. Additionally, the interest rates are
skyrocketing and do not permit sustainable production. Most of us,
therefore, resort to credit from informal sources including friends, family
members, and some welfare schemes within our Farmer Based Organi-
zations” (Participants of FGD, March 20, 2020).

It became apparent from the focus group discussions that credit from
informal sources remained a prominent source among most smallholder
farmers. Most smallholder farmers expressed concern that the processes
required for accessing credit appear bureaucratic and cumbersome,
hence excluding most smallholder farmers from accessing formal credit.
Even more striking is the high interest rates on credit from formal credit
sources.

Also, in another focus group discussion, farmers indicated that:

“Accessing loans from formal credit sources is always tedious. They will
tell you to bring this, bring that. The farming we practice is not done along
formal lines, it is highly informal, with the absence of farm records on our
purchases and sales. So, by default, the financial requirements for
accessing loans exclude most farmers right from the onset. Even for the
few farmers who access bank loans, the interest rates are so high that it
prevents farmers from making profits. All the profit obtained is basically
used to service debts” (Participants of FGD, March 15, 2020).

Indeed, Azad and Pritchard (2022) rightly conclude in their study
that financial capital improves agricultural resilience and limits the
vulnerability of households to future floods in the case of Bangladesh.
The authors described financial capital to be catalytic to farmers adap-
tive behaviour.

4.3. Relationship between smallholder farmers’ access to human capital
and climate variability adaptation strategies

Access to household labour had a positive significant relationship
with farmers’ decision to adopt mixed cropping, manure application,
and irrigation as adaptation strategies to climate variability. This could
be explained by the respondents’ preference for household or family
labour. According to the farmers, they preferred household labour
because it remained readily available. This finding was supported by
participants in a focus group discussion:

"Most farmers use family labour on their farms because it is available all
the time. Family farming is common among farm households. So, spouses
assist each other on their farms. But for our pineapple farms, we tend to
use hired labour since that is our main farming business" (Participants of
FGD, March 9, 2020).

We observed an increased preference for family labour on food crop
farms but an increased use of hired labour on pineapple farms. Hired
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labour is used on pineapple farms mostly for land preparation activities,
planting, forcing, and harvesting. Hired labour is not typically used for
mixed cropping, crop rotation, manure, and irrigation. Thus, inverse
results were obtained in Table 5 for climate adaptation strategies. The
implication is that it is not economically viable to hire labour to perform
mixed cropping, crop rotation, manure, and irrigation on the farm.
Given that they are likely to yield negative returns.

Manure is usually made by farmers in their backyard without
employing the services of hired labour. The debris and compost gathered
are used in the composition of manure. Given that the materials for
making manure are gathered locally, farmers tasked family members to
assist in collecting and making composts. We found that in the study
area, compost is not commercially produced, but mainly produced by
farm households.

In another FGD, participants indicated that:

"We tend to use hired labour on our pineapple farms most often. Blue
Skies for instance, will not allow the use of children on farms because it is
against the fair-trade practices. But for our food crops farms that we
undertake to supplement our family consumption and income, we let
family members assist us on the farms. This is a cultural heritage, and we
do it to keep the tradition " (Participants of FGD, March 9, 2020).

The presence of Blue Skies Company Ltd and other agribusiness in-
sists on compliance with the fairtrade and Global Good Agricultural
Practices (Global GAP). It is therefore, not permitted for farmers to use
minors on their farms. Additionally, NGOs present in the study area have
adequately educated farmers on the need to avoid the use of school
children on family farms, particularly for commercial farming. Our
result contradicts the findings of Asmare et al. (2019), who showed that
farmers’ dependence on household labour when faced with the effects of
climate variability reduced due to household members’ involvement in
other income-generating activities. Indeed, most related studies show
that commercially oriented farmers rely more on hired labour on their
farms. Jha et al. (2017) showed that reducing labour migration, im-
proves resilience to climate variability. And effective human resource
management remains central to building climate resilience.

5. Conclusion and policy recommendation

The article argues that smallholder farmers’ access to informational,
financial, and human capital significantly influences climate variability
adaptation strategies in a peri-urban geography. Our results reveal that
the decision to adopt climate variability adaptation strategies in
southern Ghana, are jointly influenced by farmers’ access to different
capital specifically, informational, financial, and human capital. The
results show that farmers’ access to informational capital (public
extension services) negatively influenced the adoption of climate vari-
ability adaptation strategies such as irrigation and manure application.

Human capital (household labour) had a significant positive influ-
ence on the adoption of climate variability strategies such as mixed
cropping, manure application, and irrigation.

We find a positive influence between access to financial capital and
climate variability adaptation. Specifically, we find a positive influence
of savings on crop rotation as a climate variability adaptation strategy.
Smallholder farmers are encouraged to improve their savings culture
and harness the synergies in their informal savings to participate and
broaden their livelihood portfolios, given the adverse effects of climate
variabilities.

Given, the variabilities in climate and the unpredictable nature of the
climate, we find our findings very useful for other peri-urban spaces
within non-arid regions in Sub-Saharan Africa. Specifically, our findings
have implications for governments in SSA investment in financial,
informational, and human capital toward climate variability resilience.
Agricultural extension and advisory services should target education
and advocacy on low agricultural technologies and resource cost-
effective adaptation strategies that enhance the resilience of
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smallholder farmers to the adverse effects of climate variability.

We suggest that formal financial institutions be encouraged by the
government to have tailored credit facilities that accommodate the in-
formalities characteristic of peasant farming, by further reducing in-
terest rates on agricultural credit to widen and sustain participation.
Governments in sub-Saharan Africa, particularly through agricultural
extension and advisory services, could target improving farmers access
to informational, financial, and human capital to build resilient climate
variability adaptations in the global south.

5.1. Limitations of study

The authors note that the study was limited to just one administra-
tive region in Ghana. Even though communities with different charac-
teristics were studied to improve reliability and validity of the study. It
will be useful if more non-arid administrative regions in Ghana are
included in future studies.

Our study did not consider all the five capitals under the sustainable
livelihoods’ framework. We however believe that the three capitals
(social, human, and financial) considered are critical to understanding
climate variability adaptation strategies.
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