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Abstract

Climate change has become a global phenomenon in recent times. The geographical characteristics of
Northern Ghana exposes the region to the adverse consequences of climate variability. The northern sector
of Ghana is characterized by a unimodal rainfall pattern occurring between May and September.
Agricultural productivity and food security are threatened by the effects of climate change. Climate
change adaptation strategies are expected to reduce the negative impacts of climate change through
improvements in the resilience of the existing agricultural systems. The study sought to investigate the
factors influencing smallholder farmers’ choice of adaptation strategies to reduce the negative impact of
climate variability in the Gushegu Municipality of the Northern Region of Ghana. Since farmers in the
study district adopt a mix of adaptation strategies to reduce the negative impact of climate change, the
choice of a set of bundle of adaptation strategies becomes a multivariate decision. This study therefore
adopted the multivariate probit econometric technique to establish the relationships between climate
change adaptation strategies (dependent variables) and the factors influencing the choice of the adaptation
strategies (independent variables). With a sample size of 175 farm households, the study revealed that the
dominant climate change adaptation strategies in order of popularity were; mixed farming, use of
improved varieties of crops and animal breeds, income diversification, adjusting planting time, crop
rotation, and use of farm belts. The independent variables were; age, gender, size of household, farm
experiences, level of education, membership of farmer-based organization, access to credit, and income
level of the farmers. The study recommends that farmers should be supported in terms of financial and
technical assistance to improve their adaptive capacity to deal with the adverse effects of climate change.
Sensitization campaigns against climate change are essential to equip farmers with the requisite know-
how to minimize agricultural losses associated with climate change.
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1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) conceptualized climate change as long term
significant changes in either the average state of the climate or its variability (IPCC, 2001). Climate change
and its impact on livelihoods have attracted the attention of governments and policy makers in many parts
of the world, particularly in tropical Africa [IPCC, 2014; FAO, 2015; Akudugu et al. 2018]. At the global
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level, policy interventions have been implemented to deal with the negative effects of climate change. For
instance, the Sustainable Development Goal (SDG) 13 is aimed at combating climate change and its
impact. To comprehensively tackle the issues of climate, the World Bank has drawn up a medium term
climate change action plan spanning between 2021 and 2025. Unlike the first climate change action plan
of 2016-2020, the World Bank current plan on climate change is intended to be integrated into the
development agendas of participating countries (World Bank, 2021). The primary focus of the ongoing
World Bank plan on climate change is to accelerate the eradication of poverty on sustainable basis through
its green, resilient and inclusive development approach. In Africa, appropriate climate change adaptation
strategies are required to insulate agricultural productivity from the adverse effects of climate change,
(IPCC, 2014, Riede et al, 2016). Considering the heavy reliance of Ghana on the agricultural sector for
foreign exchange earnings, employment, and source of livelihood, much more attention needs to be
focused on climate change. Agricultural production is the main economic activity of the people of northern
Ghana. Northern Ghana is situated within the Savanna enclave, which is more susceptible to the Inter-
Tropical Conversion Zone (ITCZ) as it oscillates between the north and south (Antwi-Agyei et al. 2017).
The geographical location of northern Ghana exposes it to higher levels of climate change vulnerabilities
with the attendant consequences of low agricultural productivity, vicious cycle of poverty and food
insecurity (UNDP, 2018). Rain-fed agriculture that characterizes agricultural production system in
Northern Ghana is projected to suffer the consequences of climate change due to rising temperatures in
tropical regions of Africa (IPCC, 2014).

In terms of causes of climate change, observed climate variability is mainly attributed to either natural
occurrences or through the actions of humans (ISDR/UNEP, 2009; UNFCCC, 2001). As a result of human
actions, there is presently an upward trend of emission of greenhouse gasses coupled with the depletion
of the vegetative cover which have become the major agents of global warming (IPCC, 2007, 2014;
Alhassan et al. 2018). The natural causes of climate change on the other hand emanate from natural events
such as drought, floods, pest and disease outbreak (Akudugu et al. 2018). Evidence of climate change in
Ghana shows that annual rainfall pattern has become highly erratic (World Bank, 2010). Between 2010
and 2050, temperatures are projected to rise across the entire country, with northern Ghana experiencing
the highest levels of heat (World Bank, 2010). The evidence of distressed levels of climate change in
northern Ghana can be drawn from the drying up of major rivers during the dry season, culminating into
low levels of water from the northern territories into the Akosombo Dam (Alhassan et al. 2018; Kamkam-
Yeboah et al. 2011). The low levels of water in the Akosombo Dam partly accounts for the problems of
intermittent power outages in the country.

Characteristic of climate change trend analysis of rainfall pattern in northern Ghana between 1950 and
2000 shows that the onset of the rainy season has considerably changed from April to June and the dry
season ending abruptly (Laux et al. 2008). Furthermore, dry spells in the rainy season are common
occurrences in recent times (Tahiru, 2019). These observed trends are not only projected to last longer but
also facilitate the occurrence of extreme conditions of droughts and floods as well as worsening food
insecurity (Van de Gissen et al. 2010). Unlike Southern Ghana that has major and minor agricultural
seasons, the northern sector of Ghana is characterized by a unimodal rainfall pattern occurring between
May and September. The rainfall pattern is increasingly becoming unpredictable (Alhassan et al. 2019).
Agricultural production in the Savanna ecological zone is largely dependent on rainfall. Farmers in the
Northern Region are more exposed to shocks of climate change because of the heavy reliance on rain-fed
agricultural systems with the attendant high levels of poverty and food insecurity (Yiran and Stringer,
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2016).  Northern Ghana is widely recognized for the production of food staples such as maize, yam,
sorghum and rice (Fagariba et al. 2018). However, the negative impacts of climate variability on
agricultural production systems remains a serious threat to food security, poverty reduction and wealth
creation (IPCC, 2014). Furthermore, northern Ghana has recorded mass movement of able-bodied from
the north to the south of the country mainly because of the negative impacts of climate change on
agricultural performance in many rural communities of the north. In terms of gender dimension, rural
women whose livelihoods are directly connected with agriculture are more susceptible to climate
variability. The susceptibility of rural women to climate change has often been exacerbated by
discriminatory practices facing them (Tahiru, 2019).

Globally, climate change has dire consequences on livelihoods and therefore remedies are put in place to
reduce its impact on society. Depending on the levels, severity and perception of the effects of climate
change on livelihoods, different farmers may deploy different adaptive mechanisms to mitigate its
negative impacts (Kusakari et al. 2014). Climate change adaptation strategies are designed mechanisms
intended to respond to either an actual or anticipated negative occurrences of climate and leverage on
available opportunities (if any) presented by such climate variabilities (FAO, 2011). It is the expectations
of policy makers, researchers and climate change practitioners that the adaptation strategies will primarily
reduce the negative impacts of climate variability through improvements in the resilience of the existing
systems (FAO, 2011). Farmers adaptation strategies are either planned or spontaneous, proactive or
reactive, self-induced or externally planned, deployed on-farm or off-farm (Asare-Nuamah and Amungwa,
2021). Efforts of government, local and international non-governmental organisations at combatting the
negative effects of climate change in northern Ghana and the country at large are documented in the
literature (Tahiru, 2019, Alhassan et al, 2019, 2018, Kusakeri et al. 2014). To combat the negative effects
of climate change, and in line with international best practices, Metropolitan, Municipal, and District
Assemblies (MMDAS) are increasingly integrating adaptations strategies in their programmes (Republic
of Ghana 2015). Among other initiatives, the government of Ghana introduced the ‘Ghana National
Climate Change Adaptation Strategy (GNCCAS)’ in 2013. The Ghana government initiative was targeted
at improving the resilience of various ecosystems. Similar programmes aimed at addressing the adverse
effects of climate change have been introduced in northern Ghana by non-governmental organisations
(Tahiru, 2019). In northern Ghana for instance, well known adaptation strategies of farmers reported in
the literature are; crop rotation, mixed cropping, use of drought/flood resistant varieties, early-maturing
crops, tree planting, mulching, (Mabe et al. 2014, Akudugu et al. 2018). While admitting that climate
change is real, researchers and climate change practitioners bemoan that in spite of farmers exposure to
variety of climate change adaptation strategies, the outcome of such strategies have failed to adequately
reduce the negative impacts of climate change in many parts of the country (Yaro, 2013). A successful
deployment of any intervention programme to deal with the adverse effects of climate change depends on
the understanding of the factors influencing the choice of the adaptation strategies. Therefore, to achieve
the full impact of the adaptation strategies employed by farmers, policy makers and other stakeholders
need to take into account the major factors that influence farmers adaptation of climate change strategies
in different parts of the country (Atube et al. 2021). Generally, there is low adaptation capacity among
smallholder farmers, therefore intervention programmes designed to assist farmers adapt to climate change
have become necessary. Farmers decision to use any form of adaptation strategy depends on
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socioeconomic and cultural considerations such as farming system, expected yields, land topography,
demographic characteristics of the farmer (Mabe et al. 2014).

METHODOLOGY
Study area
Gushegu Municipality is one of sixteen (16) Metropolitan, Municipal and District Assemblies (MMDAS)
in the Northern Region of Ghana. It was created in 1993 by an Act of Parliament. Gushegu is the capital
of the Municipality. It is located within the Eastern Corridor enclave of the Northern Region. It shares
boundaries to the East with Saboba District, Karaga District to the West, Yendi District to the South and
borders East Manprusi District to the North. Majority (57.5%) of the inhabitants are Dagombas,
Konkombas constitute 33% of the total inhabitants of the Municipality (GSS, PHC, 2020).
The dominant economic activities in the municipality are farming, rearing of animals and trade in
foodstuff. Almost every household in the municipality (98%) is engaged in crop farming and 62.4% are
into livestock rearing. It is estimated that 90.3 percent of males and 86.7 percent of females are involved
in agriculture (GSS, PHC, 2020).

Fig. 1: Map of Gushegu District

DISTRICT MAP OF GUSHIEGU

INO343)

Source: Ghana Statistical Services, 2020

Study Design

The study relied on survey research design. Both quantitative and qualitative techniques were employed
to establish the major determinants influencing the choice of climate change strategies employed by the
farmers in the district.

Data Collection
The study used both primary and secondary data. Structured questionnaire was used to elicit primary data
from farmers. To gain insight on the subject, staff of the district agricultural department were interviewed.
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Sampling Design and Sampling Size

The study relied on multi-stage sampling technique to determine the study district and the farm
households. The first stage involved the purposive selection of the Gushegu District. The district was
selected on purposive basis for two reasons; i. the district is predominantly agrarian, thus, most of the
households in the districts (98.0%) are engaged in crop farming and 62.4% are involved in livestock
farming (GSS, 2014), and ii. there is scanty researched findings on farmers adaptation strategies to climate
change in the district. The second stage of the multi stage sampling technique involved a random selection
of seven (7) farming communities in the district. The farming communities served as clusters. In the third
stage, a total of 175 heads of farm households (Fisher et al 1998) were randomly and proportionally
selected from the seven (7) farming communities for interviews. The district agricultural census data was
used as sample frame.

Econometric Analysis and Model Specification

Utility maximization underpins the behavior of every rational farmer in terms of the application of any
designed adaptation strategy to curb the negative impacts of climate. The choice of any climate change
adaptation strategy depends on the expected net benefit to be derived from the deployment of such
adaptation strategies, therefore, subject to a set of constraints, farmers adapt strategies which maximize
net expected utility (Zivanomoyo and Mukarati, 2013; Minale 2012). Though the utility of the economic
agents is unobservable, their choices of the adaptation strategies are observable. Recent developments in
terms of technology adoption suggest that farmers choose from possible bundles of technologies that
maximize productivity and minimize cost (Assaye et al. 2020). Depending on the negative impacts of
climate change, farmers may adopt a mix of adaptation strategies to remedy the menace, therefore the
choice of a set of bundle of adaptation strategies becomes a multivariate decision. This study therefore
adopted the multivariate probit econometric technique to establish the relationships between climate
change adaptation strategies (dependent variables) and the factors influencing the choice of the adaptation
strategies (independent variables).

In this study, the adaptation strategies commonly employed by the farmers in the study area constituted
the dependent variables. These factors were; crop rotation, adjusting planting time, use of improved
varieties, mixed farming, income diversification, crop rotation, and farm belts, On the other hand, the
factors influencing the farmers’ choice of adaptation strategy which constituted the independent variables
were derived from literature. These factors were largely based on the demographic characteristics of the
farmer, topography of the land and nature of the farming systems. These factors include; farming
experience of the head of household, gender of head of household, age of head of household, size of
household, level of education, income level, access to credit, availability of farm land, farm size, and
access to agricultural extension services.

The econometric model is specified as;

Y = BO+B1X1+P2X2+B3X3+B4X4+P5SX5+B6X6+ £

Where;

Y represents a vector of climate change adaptation strategies employed by farmers, Y assumes a value of
1 if a farmer adapts a climate change strategy, and O if not.

X1-X6 represent a vector of variables influencing the choice of adaptation strategies
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B1-B6 represent a vector of parameters to be estimated
Bo represents the constant term, and e represents the error term
Table 1. Description of Variables

Independent Variables Type of Variable Expected Sign/Citation
Gender Dummy; male=1, Female=0 +

Age Continuous +

Marital Status Dummy; married=1, unmarried=0 +/-

Education level Dummy, Educated=1 uneducated=0 +

Farm Experience Continuous +

Household size Continuous +/-

Access to credit Dummy; Access=1, Otherwise=0 +

Extension Services Dummy; Access=1, Otherwise=0 +

Farm size Continuous +

Farm Income Continuous +

Membership of FBO Dummy; Access=1, Otherwise=0 +

Access to climate information ~ Dummy; Access=1, Otherwise=0 +

The dependent variables were the climate change adaptation strategies of the farmers;
Farm belts, mixed farming, income diversification, crop rotation, adjusting planting time, and use
of improved varieties.

RESULTS AND DISCUSSION

Analysis of sampled households

The socio-economic and demographic characteristics of the sampled households are presented in Table 2.
As summarized in Table 2, the study shows that majority (62%) of sampled households were headed by
males. The dominance of males in the agricultural sector demonstrates the prevalence of patriarchal system
of practice in northern Ghana and most parts of Africa. This outcome is consistent with many studies, eg
(CCAFS, 2021; Lambrecht and Karof, 2020; Britwum and Akorsu, 2016). The study further revealed that
the average age of the sampled head of households was 57 years. This suggests how older people continue
to engage in agriculture for their livelihood. In most parts of rural Ghana, there exist an exodus/drift of
youth from the rural areas to urban centers in search of greener pastures (Ansong, 2022). Furthermore, the
marital status of the sampled heads of household revealed that majority (83%) were married. In terms of
education, only 16% of sampled head of household pursued one form of formal education or the other.
The low rate of farmers with formal education in this study buttresses the point that agriculture is
considered as an occupation for those who do not have the required formal education and training,
therefore are unable to find jobs in the formal and semi-formal sectors of the economy in Ghana and Africa
as whole (Oduro-Ofori et al. 2014). The study further showed that the average farm experience of the
sampled heads of household was 21 years. Several studies show that farmers with relatively high
experiences consider climate change adaptation strategies more serious than those with lower farm
experiences (Karki et al. 2019, Jha et al. 2021). This study also shows that 38% of the sampled households
got access to credit from various sources (microfinance institutions, banks, savings and loans
organisations, individual money lenders, etc). It is perceived that access to funding opportunities enable
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farmers to employ climate change strategies effectively than those without access to such credit facilities
(Nyangau et al. 2021). In terms of access to extension services, 64% of the sampled households had access
to extension services. Farmers with adequate information on the consequences of climate changes are
more likely to insulate themselves against avoidable losses associated with climate change. Since the study
was mainly on smallholder farmers, the average farm size stood at 4 acres with an average income of GHc
34,200 per annum. The study also showed that 60% of the sampled farm households belonged to some
form of farmer-based organization (FBO). Farmers who belong to farmer-based organizations are
perceived to appreciate issues of climate change better than those who do not belong to any of such
groupings.
Table 2: Descriptive Statistics of Respondents

Variable Mean/proportion Std. Dev. Min  Max
Gender (male=1, female=0) 0.62 0.48 0 1
Age 64 24 24 82
Marital Status (married=1, unmarried=0) 0.83 0.36 0 1
Education Level 0.16 0.42 0 1
Farm Experience (yrs) 21.3 14.0 3 36
Household Size 7.7 4.1 3 16
Access to Credit (yes=1, No=0) 0.38 0.51 0 1
Extension Service (yes=1, No=0) 0.64 0.43 0 1
Farm Size (Acres) 4.2 1.3 1.0 9
Farm Income (Ghc) 34,200 25,600 8,200 75,600
Membership of FBO (yes=1, No=0) 0.60 0.36 0 1
Access to climate information (yes=1, No=0) 0.86 0.28 0 1

Farmers Adaptation Strategies to Climate Change
The results show that there were six (6) major adaptation strategies employed by famers in the study area
to deal with the adverse consequences of climate change. To reduce the negative impacts of climate and
thereby maximize productivity, most farmers employed more than one adaptation strategy. The commonly
used adaptation strategies were; Farm belts, mixed farming, income diversification, crop rotation,
adjusting planting time, and use of improved variety.

Table 3: Usage of Climate Change Adaptation Strategies

Adaptation Strategy Frequency Percentage Rank
Mixed farming 167 95.4 1%
Improved Variety 159 90.8 2nd
Income diversification 142 81.1 3
Adjusting planting time 121 69.1 4th
Crop rotation 119 68.0 5th
Farm belts 92 52.6 6t

Determinants of Farmers Choice of Climate Change Adaptation Strategy

Multivariate probit model was used to examine the factors influencing farmers’ choice of climate change
adaptation strategies in the study area. The use of the multivariate probit model was informed by the
farmers’ use of multiple adaptation strategies to reduce the impact of climate variability. The independent
variables consisted of the socioeconomic and demographic characteristics of the farmers, they included,;
age, gender, size of household, farm experiences, level of education, membership of farmer-based
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organization, access to credit, and income level of the farmers. The dependent variables on the other hand
consisted the climate change adaptation strategies employed by the farmers; they included the use of mixed
farming, improved varieties, income diversification, farm belts, crop rotation, and adjusting planting time.
The estimated results suggested that the model was significant for all the adaptation strategies employed
by the farmers. This was supported by the rejection of the null hypothesis at 1% level of significance. The
goodness-of-fit of the model was explained by the likelihood ratio test of significance. Thus, a rejection
of the null hypothesis that all the Rhoij values were jointly equal to zero. The Wald X? test value of 175.76
was significant at 1%, which implied a biased separate estimation of the choice of adaptation strategies.
The outcome indicates that the model used was suitable for the dataset. The results in Table 4 show the
different levels of impact of the explanatory variables on the climate change adaptation strategies of the
farmers.

Gender of head of household: It can be deduced from the multivariate probit results that sex (gender) of
the farmer had a positive influence on the use of almost all the identified climate change adaptation
strategies in the study. The positive coefficients for gender (with the exception of the use of improved
varieties) imply that male-headed farmers in the study area were more likely to employ adaptation
strategies to mitigate the negative impact of climate change than their female counterparts. The
multivariate probit results show that the gender of head of household had a positive and significant
influence on the deployment of farm belts and mixed farming as strategies against climate change. These
findings are consistent with the findings of the study conducted by Obayelu et al. (2014). Generally, male
farmers do not only have broader access to information on climate change but also possess higher adaptive
capacity than their female counterparts (Belaineh et al. 2013).

On the contrary, the negative coefficient for the use of improved variety suggests that the female headed
respondents were more likely to employ improved varieties of crops as an adaptation strategy than their
male counterparts, though not statistically significant. The findings are consistent with the results of
Assaye et al. (2020) where the gender of head of farm household was negatively related with the likelihood
of employing climate change adaptation strategies.

Level of education of the head of farm household; the role of education in addressing the negative
impacts of climate variability cannot be overstressed. It is expected that enlightened (educated) farmers
are more likely to employ climate change adaptation strategies than the uninformed (illiterate) farmers.
Consistent with the hypothesis of this study, the results revealed that adequately informed (educated)
farmers embraced the use of improved crop and animal varieties than the uninformed (illiterate) farmers.
The results also show that income diversification (non-farm income sources) and the use of improved
varieties were common practices among the educated farmers than their illiterate counterparts. The
deployment of improved varieties and income diversification (hon-farm ventures) as strategies against the
negative impacts of climate were statistically significant at 1% and 5% respectively. The results further
show that farm households headed by illiterates were more likely to employ mixed farming practices as
adaption strategy against the negative impacts of climate change. This outcome is consistent with Nyangau
et al. (2021). Broadly, educated farmers are willing and capable of accepting new practices that maximise
yield and minimize cost. On the contrary, some illiterate famers remain conservative and unwilling to
accept new practices (Karki, 2019).
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Farm Size; the results of the multivariate probit reveal that farm sizes have positive influences on mixed
farming, income diversification, crop rotation, adjusting planting time, and improved varieties. The results
further show that income diversification and the use of improved varieties were statistically significant at
1% and 5% respectively as adaptation strategies against climate variability. All things being equal, holders
of large tracks of farm lands try to maximize returns of economic of scale by employing climate change
adaptation strategies than their counterparts with smaller farm holdings. Larger farm sizes allow higher
returns, thereby improving the ability of farmers to engage in other economic ventures in order to diversify
their risk (income diversification). This outcome is consistent with similar studies on climate change (Pilo
et al. 2021, Deressa, 2007, Fosu-Mensah, 2012).

Size of farm household; with the exception of income diversification, the results of the study show a
positive relationship between the household size and the adaptation strategies employed by the farmers.
Broadly, lager farm households are characterized by larger workforce thereby increasing the likelihood of
employing such climate change adaptation strategies as mixed farming, crop rotation, use of improved
varieties, among others. These findings are consistent with similar studies on climate change (eg,
Daberkow and McBride 2003, Maddison, 2007, Nuhu and Matsui, 2019).

On the other hand, the negative correlation between the size of farm household and income diversification
may be attributable to poor savings and investments associated with larger households in rural Ghana

(GSS, 2010).

Table 4: Multivariate Probit Results on Climate Change Adaptation Strategies
Explanator | Farm belts Mixed Income Crop Adjusting | Improve
y Farming Diversicatio | Rotation | Planting d
Variables n Time Variety

Coef. (S.E) Coef.(S.E) Coef.(S.E) Coef.(S.E | Coef.(S.E) | Coef.(S.E
) )
Sex 2.11***(0.43 | 2.313***(0.60 | 0.194(0.479) | 0.211 0.127 -0.358
8) 2) (0.506) (0.404) (0.427)
Education 0.338 (0.236) | -0.071(0.311) | 0.788** 0.016 0.133 1.29%**
(0.265) (0.283) (0.235) (0.242)
Farm Size | -0.013 (0.022) | 0.048 (0.036) | 0.082*** 0.006 0.013 0.062**
(0.030) (0.029) (0.022) (0.024)
Household | 0.096** 0.138** -0.028 0.020 0.033 0.027
size (0.039) (0.055) (0.044) (0.448) (0.038) (0.036)
FBO 0.090 (0.233) | 0.287 (0.319) | 0.136(0.262) | 0.224 0.30*(0.238 | 0.041
membership (0.308) ) (0.223)
Farm 0.004 (0.027) | 0.005 (0.037) | 0.016** 0.015 0.026 0.036**
Experience (0.033) (0.032) (0.204) (0.028)
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Access to | -0.102 (0.235) | 0.261** -0.038 -0.187 0.801*** 0.772***

climate (0.322) (0.286) (0.306) (0.237) (0.241)

information

Access  to | -0.254 (0.239) | 0.447 (0.346) 0.036 (0.273) | 0.586* 0.437* 0.282

credit (0.347) (0.238) (0.245)

Farm 2.580 (0.000) | 7.790 (0.000) 2.030** -0.000 -0.000 3.950*

income (0.000) (0.000) (0.000) (9.556)

Constant 0.178 (0.724) | 0.468 (1.106) -0.124 -1.753* 0.416 0.060
(0.928) (0.886) (0.726) (0.717)

Number of 175

observation

Wald X2 175.76

(df)

Log -416.681***

likelihood

Likelihood

ratio test of X?(15) = 67.262***

Ho; Rhoij=0

Membership of Farmer Based Organisation:

Though not statistically significant, the multivariate results show that farmers membership of farmer-based
organization has positive impact on the likelihood of employing all the climate change adaptation
strategies to ameliorate the negative consequences of climate variability. The results of this study depict
that agricultural extension services are often extended to organized groups such as those belonging to
farmer-based organizations. Farmers who belong to farmer-based organisations have better chances of
receiving sharing relevant information on climate change among themselves than their counterparts who
do not belong to any farmer-based organisation. The positive impacts of membership of farmer-based
organization on the deployment of climate change adaptation strategies in this study are consistent with
previous study on the subject (Mwinkom et al. 2021).

Farm Experiences; In agreement with the hypothesis of this study, the relevant experiences of farmers
have positive impact on the deployment of all the climate change adaptation strategies. The results show
that the relevant experience of the farmers had positive all the climate change adaptation strategies. The
results further show that income diversification and the use of improved varieties were statistically
significant at 5% level of significance. Farmers levels of experiences are positively correlated with their
acceptance of new agricultural remedies, including new approaches to combatting the negative effects of
climate variability. The finding in this study is consistent with Amare et al. (2018).

Access to climate information; As hypothsised in this study, easy accessibility of the farmer to climate
information increases the likelihood of deploying adaptation strategies to reduce the adverse effects of
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climate change. The multivariate probit results revealed that the respondents’ access to climate
information had positive and significant impact on income diversification, adjusting plan size, and
improved crop varieties. Farmers ability to timely obtain the relevant pieces of information on climate
change improve their readiness to roll out the appropriate mitigation measures (Scheffran et al. 2012,
Rademacher-Schulz, 2014). Agricultural extension services play a critical role of providing the right
education campaign to the farmers towards remedying the negative effects of climate variability (Kumasi
et al. 2019).

Access to credit; The study shows that access to credit opportunities was positively correlated with all
the climate change adaptation strategies with the exception of the use of farm belts. Crop rotation and
adjusting planting time were statistically significant at 10% percent. Access to credit facilities improves
the financial and technical abilities of the farmers to employ the climate change adaptation strategies to
address the negative impacts of climate variability. The positive correlation between access to credit and
the deployment of the climate change adaptation strategies in this study is consistent with previous studies
(Deressa, 2007, Fosu-Mensah et al. 2012, Nyangau et al. 2021).

Level of farm income; Farm income was hypothesised to impact positively on the adaptation strategies
to climate change. Income level of farmers remain a critical factor in propelling farm practices that
improve productivity. Thus, wealthier farmers are more likely to deploy climate change adaptation
strategies than poor farmers. The multivariate probit results show that the income levels of the head of
farm household was positively related with the deployment of farm belts, improved varieties, income
diversification and mixed farming as climate change adaptation strategies. For instance, farm households
with higher incomes were 2.580, 7.790, 2.030 and 3.950 times more likely to employ farm belts, mixed
farming, income diversification and improved varieties respectively as climate change adaptation
strategies than their counterparts with lower levels of income. These outcomes are consistent with previous
studies (Nhemachena and Hassan, 2007, Kramer et al. 2013, Sun, 2015, Atube et al. 2021).

Conclusion

We set out to investigate the factors influencing smallholder farmers’ choice of adaptation strategies to
reduce the negative impact of climate variability in the Gushegu Municipality of the northern region of
Ghana. With a sample size of 175 farm households, the study revealed that the dominant climate change
adaptation strategies in the study area in order of popularity were; mixed farming, use of improved
varieties of crops and animal breeds, income diversification, adjusting planting time, crop rotation, and
use of farm belts. Since farmers in the study district adopt a mix of adaptation strategies to reduce the
negative impact of climate change, the choice of a set of bundle of adaptation strategies becomes a
multivariate decision. This study therefore adopted the multivariate probit econometric technique to
establish the relationships between climate change adaptation strategies (dependent variables) and the
factors influencing the choice of the adaptation strategies (independent variables).

Recommendations

On the strength of the findings of this study, we recommend to stakeholders, comprising, government,
Ministry of Food and Agriculture (MoFA), Municipal and District Assemblies, agricultural oriented non-
governmental organisations, and others, to intensify efforts at supporting the farmers to reduce the
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negative impacts of climate change. Financial and technical support for the farmers are critical in
addressing the menace of climate variability. Improving the adaptive capacity of farmers in dealing with
the problem of climate change has to be promoted to achieve food security in the study area and the country
at large. Sensitization campaigns against climate change are essential to equip farmers with the requisite
know-how to minimize agricultural losses associated with climate change. In the face of limited numbers
of agricultural extension assistants, agricultural extension services should be intensified to cover many
more farmers in different parts of the districts, region and country as a whole. Government should as a
matter of priority support colleges of agriculture to train many more agricultural extension assistants to
fill the existing gaps.
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