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Abstract

The significance of farmers’ perceptions of climate risks, particularly in developing countries with limited capacity for adap-
tation, is equally important as the actual impacts, considering the increased risks posed by global climate change. This study
examined smallholder farmers’ perceptions of climate risks and adaptation strategies in coastal Ghana using a mixed-methods
approach. A multi-stage sample technique was used to survey 800 farmers, and 8 farmers were selected as key informants
through interviews in the coastal Savannah agroecological zone. Existing climatological records were analysed using the
Kriging interpolation technique, and farmers’ adaptive capacity was predicted using binary logistic regression. The results
revealed a substantial increase in farmers’ climate change knowledge. The majority of the farmers perceived increased tem-
peratures (100%) and decreased total annual rainfall (64%), along with an increase in wind speed (100%) across the zone. The
farmers revealed that extreme temperatures, drought, and decreasing rainfall result in the ripening of unmatured crops, the
drying of crops, a decrease in crop yield, and farm losses. The farmers recognised poverty (75%) and food insecurity (23%)
as the main effects of climate risks. The farmers have employed various adaptation strategies, including cultivating different
types of crops (46%) and planting improved seed varieties (18%). However, financial constraints (48%) and high costs for
farm inputs or fertilisers (32%) hinder these strategies. Farmers’ age, gender, education, and years of farming significantly
predicted their decisions to adopt various adaptation strategies. Policy initiatives on subsidised farm inputs are required to
safeguard the farmers’ activities and enhance their livelihoods.
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Introduction

Climate change and variability continue to pose signifi-
cant risks to all life forms (Solomon et al. 2007), making
them one of the most pressing concerns of the twenty-first
century (Easterling 2007). Climate change and variability
have an impact on global temperatures, precipitation, and
other essential factors such as wind speed (Célestin et al.
2019). According to the Intergovernmental Panel on Climate
Change (IPCC) fifth assessment report (ARS), global mean
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surface air temperature increased by 0.85 °C (0.65 °C to
1.06 °C) between 1880 and 2012, with a further projected
increase of 0.3 °C to 4.8 °C between 2081 and 2100 in com-
parison to 1986-2005 (Bindoff et al. 2013). Global tempera-
tures are projected to increase, as are precipitation and wind
speed (Célestin et al. 2019). Changes in global precipita-
tion follow a pattern in which wetter regions remain wetter
and drier parts remain drier (IPCC 2007). Wind speed is
projected to increase in many northern hemisphere regions,
as well as in the tropics and subtropics (Akinsanola et al.
2021; Zha et al. 2021), as is the frequency of extreme events
(Hounkpe et al. 2022).

Climate change and variability pose risks to all sectors
of the global economy, particularly agricultural activity
and food security (Ayeni and Adewumi 2023; Aydinalp
and Cresser 2008; Brink et al. 2023). Several studies have
highlighted climate change and variability risks to agricul-
tural activities on the continental scale (e.g., Aryal et al.
2020; Steffen et al. 2011; Zhang et al. 2023) and on the
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global scale (Calzadilla et al. 2013; Wang et al. 2018) and
their related effects on farmers’ livelihoods (Tieminie et al.
2023). Despite this, the situation for farmers in developing
countries, particularly those in Sub-Saharan Africa (SSA),
whose agricultural activities are rain-fed and climate-sensi-
tive and who rely solely on farming for their livelihoods, is
dire (Batungwanayo et al. 2023; Hounnou et al. 2023; IPCC
2014; Naab et al. 2019). Temperatures in SSA are projected
to increase, and rainfall will be erratic, potentially leading
to a decrease in crop productivity, threatening food security,
and affecting agricultural livelihoods (IPCC 2014).

Risk perceptions and knowledge among farmers regard-
ing climate change and variability are thus critical for the
application of appropriate adaptation strategies (Ricart
et al. 2023; Yaro 2013). Ricart et al. (2023) describe risk
perception as the way by which people receive information
or stimuli from their surroundings and convert them into
psychological awareness in order to act or react appropri-
ately. Ado et al. (2019) argued that increased knowledge
is critical in the initial stages of the adaptation process to
reduce climate change and variability impacts and suscepti-
bility because awareness levels reflect a community’s level
of exposure to climate-related risks. Yaro (2013) empha-
sised that communities whose livelihoods depend on natural
resources are aware of their surroundings and are able to
detect climatic inconsistencies and their consequences. As a
result, Yaro (2013) stressed that local knowledge and percep-
tions of climate change and variability should form the basis
of agricultural policies in a bottom-up manner and not just
a mere acknowledgement by policymakers, as perceptions
define adaptation outcomes. Risk perceptions and knowledge
of farmers with varying characteristics are thus critical for
designing practical adaptation plans (Yaro 2013). The imple-
mentation of proactive measures across geographic locations
are required to adapt to the consequences of climate change
and variability (Christensen et al. 2007). As a result, proper
and precise risk perception is crucial for planned adaptation
actions, as poor risk perception may result in maladaptation
(Barnett and O’Neill 2010; Johnson et al. 2023), increas-
ing farmers’ susceptibility to climate change and variabil-
ity, whereas proper risk perception may positively affect the
adaptation process (Ricart et al. 2023; Yaro 2013).

Numerous research studies have been conducted on cli-
mate risk perception in various countries, including Ado
et al. (2019), Batungwanayo et al. (2023), Chaachouay and
Zidane (2024), Fahim and Sikder (2022), Hossain et al.
(2022), Hubertus et al. (2023), Kabir et al. (2022), Shah
et al. (2023), Smith (2018), Smith and Mayer (2018), Tas-
nim et al. (2023), and Wheeler et al. (2021). These studies
recognise the significant role of climate risk perception in
adaptation. Several studies in Ghana have also explored cli-
mate risk perception and adaptation strategies, with studies
conducted by Antwi-Agyei et al. (2017), Asravor (2018),
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Fosu-Mensah et al. (2012), Lawson et al. (2020), Naab et al.
(2019), Ntim-Amo et al. (2022), Sadiq et al. (2019), Tambo
and Wiinscher (2017), Yamba et al. (2019), Yaro (2013), and
Yiridomoh et al. (2021). Notwithstanding insights gleaned
from these studies, they focus solely on smallholder farmers’
activities in the mid-to-northern half of Ghana. However, no
research has examined smallholder farmers’ perceptions of
climate risks and strategies for adaptation in coastal Ghana,
particularly those located in the coastal Savannah agroeco-
logical zone. Therefore, conducting research of this nature is
necessary to bridge this information gap and improve under-
standing of farmers' perceptions of climate risks and their
decision-making process for adaptation in Ghana.

The aim of this study is to examine smallholder farm-
ers' perceptions of climate risks and adaptation strategies in
the coastal Savannah agroecological zone of Ghana, a zone
where there is currently a lack of research on this topic.
Specifically, the study seeks to examine: (i) the perceived
knowledge and causes of climate change and variability
among smallholder farmers; (ii) the perceived climate risks
that smallholder farmers face in their farming activities; (iii)
the spatial distribution of annual variations and trends in
climatological records in the zone and whether they support
farmers' perceptions; (iv) the adaptation strategies employed
by smallholder farmers to mitigate climate risks; and (v)
predicting the odds of smallholder farmers choosing specific
adaptation strategies using the binary logistic regression test.

This study not only contributes to the current literature
on farmers’ perceptions of climate risk but also has the
potential to provide insights for the formulation of efficient
adaptation strategies that aim to safeguard the livelihoods of
smallholder farmers in the zone. Furthermore, this empha-
sises the potential and additional benefits of enhancing the
climatological literacy of farmers, as well as the significance
of informal knowledge in the field of science.

Literature review

The continuous warming of the global climate, which is pri-
marily caused by negative anthropogenic activities (IPCC
2022; Karl and Trenberth 2003), is expected to endure for
an extended period of several centuries (Karl and Trenberth
2003). Based on the findings of Karl and Trenberth (2003),
the main cause of global climate change can be attributed
to the alteration of atmospheric composition resulting from
human activities. According to the IPCC’s ARG, it is evident
that the negative impacts of anthropogenic climate change
and related extreme events on people and the environment
are far greater than the inherent variability observed in nat-
ural climate patterns (IPCC 2022). According to Célestin
et al. (2019), there is a projected increase in global tem-
peratures and precipitation. The projected change in climate
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poses significant risks to several sectors of the global econ-
omy, with particular emphasis on the agricultural sector
(Hitz and Smith 2004). Furthermore, the potential impacts
extend to the interrelated food systems, as emphasised by
the IPCC’s AR6 (IPCC 2022). The potential consequences
of global warming on food security due to climate change
have been highlighted in previous studies (Calzadilla et al.
2013; Wheeler and von Braun 2013). This could result in
adverse effects such as hunger, malnutrition, and nutrient
deficiencies, particularly in the vulnerable regions of the
Global South that have limited or no adaptation measures
(IPCC 2022). The situation is worse for Africa (Tirado et al.
2015) and the Sub-Saharan African (SSA) region in par-
ticular (Adesete et al. 2023; Liu et al. 2008). For example,
Sylla et al. (2016) assert that the climate in West Africa has
been warming as a result of its response to harmful anthro-
pogenic greenhouse gas forcing. According to the IPCC’s
ARS, the West African region experienced a warming of
0.3 °C to 1.0 °C during the current decade (Bindoff et al.
2013). Sylla et al. (2016) reported that there is a projected
rise in temperature, while precipitation in the region exhibits
increased variability. The current circumstances have the
potential to result in a higher frequency of extreme events,
such as droughts and floods, which are characteristic of the
climatic conditions in the region (Ekwezuo and Ezeh 2020).
The findings of Gebrechorkos et al. (2019) showed that the
East African region has warmed and rainfall has become
more variable. According to Niang et al. (2014), rainfall
in East Africa has greater inter-annual variability, which is
characterised by devastating extreme events such as drought
and floods (Haile et al. 2020). The climate change situation
in Southern and Central Africa is no different from that in
East Africa (Niang et al. 2014). Temperatures have increased
and rainfall has become variable in Southern Africa (IPCC
2019; Kapuka et al. 2022). In most areas of Southern Africa,
the IPCC (2019) projects increased extreme temperatures
and wildfire incidence in drier summers. Southern Africa's
subtropical locations anticipate a decrease in rainfall (Archer
et al. 2017; Kapuka et al. 2022). Research studies such as
those of Aloysius et al. (2016) and Mba et al. (2018) have
highlighted the warming and variable rainfall in the Central
African region.

Sani and Chalchisa (2016) reiterate that climate change
poses severe impacts on agriculture in SSA, which has a
substantial number of smallholder farmers. Agricultural pro-
duction in most of the countries in SSA is climate-sensitive,
which makes them vulnerable (Briigger 2020; Omotoso et al.
2023). The impacts of climate change on agriculture in SSA
pose a significant challenge for the sustainable development
of the region and the entire African continent (Juana et al.
2013). Notwithstanding the increased impacts of climate
change on agricultural production in the SSA, research
studies such as those by Juana et al. (2013) and Mertz et al.

(2009) have established that most farmers in the SSA have
improved knowledge about climate change risks and have
adopted various adaptation strategies. The significance of
adaptation in addressing the challenges posed by global
climate change is widely recognised. However, it is impor-
tant to acknowledge the socio-political dynamics and power
struggles associated with the practice of adaptation (Eriksen
et al. 2015). As a result, research studies such as those of
Barnett and O’Neill (2010) and Johnson et al. (2023) have
highlighted the need for careful planning to prevent mal-
adaptation. Therefore, it is imperative to increase people’s
knowledge and perceptions of climate-related risks in order
to develop effective strategies for adaptation (Ricart et al.
2023; Yaro 2013). Ricart et al. (2023) provided a review of
climate change awareness, perceived impacts, and adapta-
tion based on the experiences and behaviours of farmers.
Within this context, the authors describe risk perception as
the way people receive information or stimuli from their sur-
roundings and subsequently convert them into psychological
awareness, enabling them to take appropriate actions or reac-
tions. Griffin et al. (2008) further explained risk perception
as the integration of an individual’s assessments regarding
the likelihood of a hazard occurring, coupled with their per-
ception of the potential severity of the ensuing outcomes.
The variations in climate risk assessment within a commu-
nity can be attributed to disparities in information, varying
levels of uncertainty, distinct political structures, and diver-
gent interests among individuals and groups (Glaus et al.
2020; Slovic 1987). The concept of risk perception has been
recognised by several researchers as a fundamental catalyst
for adaptive behaviour (Barbara et al. 2023; Ricart et al.
2023; Yaro 2013). However, Wiegel et al. (2021) contend
that its incorporation into environmental research has been
infrequent.

Several studies on the climate risk perceptions, knowl-
edge, and adaptation strategies of smallholder farmers have
been conducted in the SSA region. For instance, Chichongue
et al. (2015) reported that farmers in Lichinga and Sussun-
denga districts, Mozambique, perceive increased tempera-
tures and variable rainfall to have adversely affected maize
cultivation in the area. As a result, the farmers have diver-
sified their crops and cultivated drought-resistant crops as
a way of adapting to or coping with climate change (Chi-
chongue et al. 2015). According to Sutcliffe et al. (2016),
farmers in rural Ngabu Town and Kasungu-Lilongwe Plain,
Malawi, prefer to cultivate maize in the short season and
believe that it is the best adaptation strategy to drought
events. Regardless, the researchers found that the meteoro-
logical data for the locations showed contrary evidence for
the short season and advised that the adaptation effort by
the farmers may not be appropriate (Sutcliffe et al. 2016).
Additionally, Ochieng et al. (2017) pointed out that a sub-
stantial number of farmers in rural Kenya believe in climate
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change incidence, especially in the increasing and chang-
ing parameters of temperature and rainfall. The researchers
assert that the farmers adapt by cultivating different crop
varieties under the guidance of extension services (Ochieng
et al. 2017). According to the researchers, age and access to
extension services are the main factors that shape the farm-
ers’ perceptions of climate risks (Ochieng et al. 2017). In the
Zou Department of Benin, the findings of Fadina and Bar-
jolle (2018) showed that farmers have an increased percep-
tion of climate change, increasing temperatures and winds,
and decreasing rainfall. According to the findings, farmers
adapt by adopting strategies such as fertiliser and pesticide
application, improving seed varieties, crop diversification,
and livestock rearing, among others (Fadina and Barjolle
2018). The findings further demonstrated that the educa-
tional level and years of farming significantly influenced the
farmers’ adaptation decisions (Fadina and Barjolle 2018).
Tesfahun and Chawla (2020) reported that most farmers in
Ethiopia’s Eferatena-Gidem district believed that tempera-
ture and rainfall had increased and decreased in the last two
decades, respectively. The researchers further indicated that
the farmers in the area have employed a range of adapta-
tion strategies, including changing the planting dates of
their crops, engaging in off-farm livelihood activities, and
planting improved seed varieties, among others (Tesfahun
and Chawla 2020). The findings of Amadou et al. (2022)
showed that most farmers in the Béguéné village in central
Mali believe that temperature and rainfall have increased
and decreased, respectively. The researchers further stated
that the farmers cultivate drought-resistant crops and water-
saving measures as their adaptation strategy (Amadou et al.
2022). The findings of Amani et al. (2022) have once again
revealed farmers’ perceptions and adaptation strategies in
the Bafuliru and Lega areas of the Itombwe Mountains in
the eastern Democratic Republic of the Congo. According
to the researchers, the farmers in the Bafuliru area reported
more climate risks and have adopted numerous adaptation
measures than in the Lega area (Amani et al. 2022). The
researchers highlighted the diverse sociocultural contexts
that exist in the area and suggested a better adaptation strat-
egy (Amani et al. 2022). In Senegal, Zagre et al. (2024)
found that farmers in the Meouane, Daga Birame, and Thiel
regions have improved knowledge of climate risk indicators
such as increasing temperatures and variable rainfall pat-
terns. The researchers further indicated that various factors,
including government subsidies, credit access, extension
services, and farming experience, among others, influence
farmers’ adaptation choices (Zagre et al. 2024). The findings
of Alhassan and Haruna (2024) also established that aside
from possessing increased knowledge about climate risks,
rural farmers’ household income and land size shape their
adaptation decisions to climate risks in Nigeria and Ethiopia.
Local social networks and agricultural extension services
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heavily influence farmers’ adaptation choices, according to
the researchers (Alhassan and Haruna 2024).

Ghana is not exempt from the escalating effects of climate
change and variability, and it has comparable vulnerabilities
to other countries in the SSA region. The Ministry of Envi-
ronment, Science, Technology, and Innovation (MESTI) in
Ghana reported a temperature rise of about 1.0 °C from 1960
to 2006 and has projected a further increase ranging from
1.7 °C to 2.0 °C (MESTI 2013). The climate in Ghana has
undergone significant changes and has become more varia-
ble (Asare-Nuamah and Botchway 2019). Therefore, this has
posed considerable difficulties for agricultural practises and
the livelihoods of smallholder farmers (Cudjoe et al. 2021).
Considering the changing and variable nature of Ghana’s cli-
mate and its related impacts on agriculture, it is imperative
to acknowledge the significance of farmers’ risk perceptions
and knowledge, particularly among smallholder farmers, in
order to effectively implement suitable adaptation strategies.

A number of studies have been undertaken to examine
the risk perceptions, knowledge, and adaptation strate-
gies of smallholder farmers in Ghana in relation to climate
change and variability. For instance, Ntim-Amo et al. (2022)
reported that farm households in the northern region of
Ghana have a perception of severe floods, perceive a greater
likelihood of flooding, experience a sense of worry, and face
potential risks to their farm inputs and yields. According to
Ntim-Amo et al. (2022), it was found that farmers in north-
ern Ghana have a low rate of adoption of flood risk adapta-
tion strategies. However, the researchers suggest that these
farmers are inclined to adopt a greater number of strate-
gies in order to effectively adapt to and mitigate flood risks.
Using the climate variability perception index, Yiridomoh
et al. (2021) found that women smallholder farmers in the
Wa West district are vulnerable to drought, floods, and bush
fires. The researchers further indicated that the smallholder
farmers have engaged in multiple off-farm adaptation strate-
gies such as petty business, poultry and livestock keeping,
and agro-processing as a response to climate variability
(Yiridomoh et al. 2021). In the Lawra and Nandom districts
in the Upper West region, Lawson et al. (2020) highlighted
that women smallholder farmers perceive rainfall to be
increasing erratic and increased average temperatures. The
adoption of adaptation strategies in these districts is influ-
enced by socio-economic factors such as age, marital sta-
tus, and residential status. Within farmer households, power
dynamics and decision-making processes further shape these
factors (Lawson et al. 2020). Similarly, Yamba et al. (2019)
provided information indicating that smallholder farmers in
the Bosomtwe district in the Ashanti region have reported a
noticeable rise in temperature and erratic rainfall patterns.
These observations corroborated the meteorological data
collected in the area. According to Yamba et al. (2019), a
majority of farmers hold the belief that deforestation plays
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a substantial role in both climate change and variability.
Additionally, using multinominal logit regression, Sadiq
et al. (2019) reported that in the Yilo Krobo municipality
and the Ayensuano district in the Eastern region of Ghana,
smallholder farmers adoption of appropriate agricultural
practises is influenced by their perceptions of rainfall, credit
access, and farming experience, whereas their adoption of
soil-related strategies is influenced by gender and rainfall
perception. The researchers went on to state that smallholder
farmers farming experience and rainfall perception influ-
enced their adoption of improved variety strategies (Sadiq
et al. 2019). The findings of Asravor (2018) revealed that
the effects of the variations in crop yield, prices of fertiliser,
and crop prices on household income were perceived as the
greatest sources of risk by smallholder farmers in north-
ern Ghana. According to Asravor (2018), the most effective
risk management strategies of the farmers in northern Ghana
include stabilising household income through the cultivation
of different crops, storing feed and seed reserves, and spread-
ing sales. Furthermore, the study conducted by Antwi-Agyei
et al. (2017) revealed variations in the perception of climatic
and non-climatic stressors among smallholder farmers in
northern Ghana. Nevertheless, the researchers identified sev-
eral predominant stressors that were consistently reported
across different levels. These stressors encompassed a lack
of money, the high cost of farm inputs, erratic rainfall, dam-
age to crops by cattle, limited access to markets, and a lack
of farming equipment. Moreover, Yaro (2013) highlights
that small-scale farmers in Gomao-Akotsi and commer-
cial farmers in Nsawam, Ghana, possess a comprehensive
understanding of climate change patterns and their impact
on agricultural productivity and other aspects of their liveli-
hoods. According to Yaro (2013), the results indicate that
commercial farmers exhibited a broader understanding of
the scientific aspects of climate change, whereas small-scale
farmers provided a localised explanation of observed cli-
mate changes. Also, Fosu-Mensah et al. (2012) reported that
most smallholder farmers perceive increasing and decreas-
ing temperatures and rainfall, respectively, in the Sekyedu-
mase district in the Ashanti region. Using logit regression
analysis, the researchers went ahead to indicate that access
to extension services, credit, soil fertility, and land tenure
are the essential factors influencing farmers’ perception and
adaptation in the district (Fosu-Mensah et al. 2012).

In Ghana, like other SSA countries (Akinyi et al. 2021;
Gbegbelegbe et al. 2018), smallholder farmers employ vari-
ous strategies to effectively adapt to the negative impacts
of climate change and variability. The strategies encom-
pass a range of activities such as livestock husbandry, the
application of fertilisers, engaging in small-scale business
ventures, cultivating drought-resistant crop varieties, utilis-
ing improved seed varieties, practising crop rotation, using

irrigation systems, adopting mulching techniques, and
engaging in non-farm activities, among other approaches
(Asravor 2018; Sadiq et al. 2019; Yamba et al. 2019; Yaro
2013; Yiridomoh et al. 2021). Despite the implementation
of various adaptation strategies by smallholder farmers in
the country, they face several constraints, including finan-
cial limitations, pest and disease infestations, low market
demands, high input costs, and inadequate extension ser-
vices (Sadiq et al. 2019; Yiridomoh et al. 2021).

As previously noted, the aforementioned studies primar-
ily focused on examining the climate risk perception and
adaptation strategies of smallholder farmers’ activities in
the mid-to-northern half of Ghana. However, they over-
looked the equally significant coastal Savannah agroeco-
logical zone. This zone warrants an investigation in order
to gain a comprehensive understanding of climate-related
challenges and adaptive measures among smallholder farm-
ers. Conducting research on the climate risk perception and
adaptation strategies of smallholder farmers in the coastal
Savannah agroecological zone, an area where no research
exists, is of utmost importance. This study holds significant
importance for the region of Ghana as well as the broader
global society, given the spatial, temporal, and socio-politi-
cal dimensions of the phenomenon of global climate change.
This study contributes to the growing body of literature
about climate change risk perception and adaptation strate-
gies, examining these issues across several spatial, temporal,
socio-economic, and socio-political levels.

Methodology
Study area

The coastal Savannah agroecological zone is located within
the central and eastern portions of Ghana’s coast and
encompasses three distinct administrative regions, namely
the Central, Greater Accra, and Volta regions (Fig. 1). The
climate of the zone and Ghana as a whole is characterised
by a tropical environment that experiences distinct periods
of dryness and rainfall (Addi et al. 2021). The intertropical
discontinuity and the West African monsoon both play a
significant role in shaping this climatic pattern in the zone
(Addi et al. 2021).

Based on climatology, the zone is classified as a dry equa-
torial climate zone and is recognised as the driest in Ghana
(Addi et al. 2021). The zone has a maximum and minimum
mean annual temperature of 27.9 °C and 26.6 °C, respec-
tively (Ankrah et al. 2023a; Baidu et al. 2017). Despite
exhibiting a bimodal rainfall pattern, the zone is charac-
terised by the lowest precipitation levels in the country
(Baidu et al. 2017; Ghana Statistical Service [GSS] 2013).
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Fig. 1 Map showing the coastal Savannah agroecological zone and the selected municipalities and districts

According to Ankrah et al. (2023a), the range of average
annual rainfall varies from a minimum of 978.4 mm to a
maximum of 1339.9 mm. The major season of rainfall in the
zone spans from April to July, while the minor season starts
from September to early November. Subsequently, the dry
season commences from late November to March (Dickson
and Benneh 2001). The elevation of the zone varies from a
minimum of —3 m to a maximum of 641.2 m (Ankrah et al.
2023a). The terrain of the area is comprised of isolated hills,
undulating plains, and lowland cliffs characterised by sandy
beaches and marshes (GSS 2013).

The predominant vegetation in the zone consists pri-
marily of grassland, with a few trees in the central portion
and the presence of shrubs, thickets, and mangroves in the
eastern section (GSS 2013). The coastal nature of the zone
significantly contributes to Ghana’s gross domestic product
(GDP) (GSS 2013). Agriculture is widely recognised as a
significant economic activity within the zone, owing to its
favourable conditions for cultivating various crops, including
maize, cassava, cocoyam, plantains, and vegetables, among
others (Addi et al. 2021; GSS 2013; Yaro 2013).

Several factors led to the decision to study the coastal
Savannah agroecological zone. Despite having two distinct
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rainfall seasons, the coastal Savannah agroecological zone
receives the least amount of rainfall when compared to the
other five agroecological zones in the country (Addi et al.
2021). The area's coastal position increases its susceptibility
to impacts caused by land and ocean interactions (Addi et al.
2021). The findings of Addi et al. (2021) and the Ghana Sta-
tistical Service (GSS) (2013) confirm that agriculture plays a
significant role in the economic activities within the coastal
Savannah agroecological zone.

Description of data sources and collection
procedure

The study used a combination of data sources: qualitative
and quantitative data (mixed-methods approach) (Creswell
2014; Tashakkori and Creswell 2007) to gain insight into
smallholder farmers’ perceptions of climate risks and adap-
tation strategies in the coastal Savannah agroecological
zone of Ghana. The study used data from both primary and
secondary sources. Primary data were acquired through a
semi-structured questionnaire survey and interviews. The
Ghana Meteorological Agency (GMet) provided the second-
ary data, which included climatological records of maximum
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and minimum temperature, rainfall, and wind speed from
1981 to 2021. The use of this period was necessitated by
the presence of more gaps in the years preceding 1981. In
other words, this study did not include the years before 1981
because they had a percentage of missing values greater than
5%. The data was collected from eleven synoptic stations
of the GMet for various locations, such as Elmina, Cape
Coast, Saltpond, Apam, Winneba, Accra, Tema, Ada Foah,
Anloga, Keta, and Denu. In each dataset, the percentage of
missing values was less than 2%. In accordance with the
recommendation put forth by Monteiro et al. (2018), the
National Aeronautics and Space Administration/Prediction
of Worldwide Energy Resources (NASA/POWER) (https://
power.larc.nasa.gov/) satellite data were employed for the
purpose of addressing these data deficiencies.

The semi-structured questionnaire survey consisted of
four different sections: socio-demographic characteristics,
perceived knowledge and causes of climate change and
variability, perceived climate risks to farming activities,
and adaptation strategies. The survey instrument comprised
a combination of closed-ended and open-ended ques-
tions. Typically, the completion of a questionnaire requires
approximately 20 to 30 min of a respondent’s time. Six field
assistants were provided with training on the questionnaire,
the use of the KoboToolbox software (https://www.kobot
oolbox.org/), and ethical considerations pertaining to data
collection. The selection of field assistants was characterised
by diversity, as individuals proficient in distinct languages
such as Fante, Ga-Dangme, and Ewe were chosen to work in
the eight selected communities. The survey was conducted
among respondents using mobile devices through the Kob-
oToolbox platform from February to April 2023.

In order to qualify as a key informant for the interview,
several criteria must be met. First of all, the individual
must be a native of the farming community under study.
Additionally, they must have lived in this community for at
least 40 years. Lastly, their livelihood must be exclusively
dependent on farming. The farmers who were considered key
informants were also smallholder farmers. After receiving
recommendations from at least five respondents who com-
pleted the questionnaire in each community, the researcher
proceeded to engage with these farmers, who served as key
informants. Following the administration of the question-
naire survey, the field assistants proceeded to informally
engage the respondents in identifying a specific farmer
within the community whom they perceive as their 'leader’
and who possesses a longer history in farming (including
themselves if they believe they are the one). Leader here
means the person has been farming for at least forty years
and is a native of their community. The researcher com-
piled these farmers' names for each community, identified
the most frequently mentioned by the respondents, and
scheduled an interview with them. The respondents for the

questionnaire administration were distinguished from those
for the interview based on two factors: the number of years
lived and being a native of the community. The interview
primarily addressed inquiries pertaining to the strategies
employed for adaptation and the barriers hindering the adop-
tion of such strategies.

Nielsen and D’haen (2014) emphasised the significance
of the participants' perceptions provided to the research-
ers during the data collection process. Nielsen and D'haen
(2014) further underlined the importance of research-
ers' awareness, as these perspectives can either hinder or
aid the process of collecting data. Hay (2010) emphasised
the importance of thoughtful reflection, when researchers
recognise their social positions and carefully assess their
positionality, social interactions, and their possible effect on
data collection and interpretation of findings. Throughout
the interview process in the present study, the researcher rec-
ognised the concept of positionality and its possible effect on
data collection. Consequently, the researcher endeavoured
to reduce any possible prejudices. Because the selection of
the eight study communities did not include the community
the researcher belongs to in the coastal Savannah zone, the
researcher adopted an outsider (Holmes 2020; Richa and
Geiger 2007). The participants identified the researcher as
an insider based on the researcher's proficiency in speaking
native languages (Holmes 2020; Richa and Geiger 2007). As
a result, the researcher gained trust, which led the partici-
pants to be more truthful and elaborate in sharing their expe-
riences regarding their adaptation strategies and the barriers
that limit their adoption of such strategies. The participant
perceived the researcher as harmless, which encouraged the
researcher to ask more detailed questions and even extend
invitations to visit their farms. Some participants felt that
the researcher's high level of education made him appear
very informed about the interview topics. As a result, they
would occasionally seek confirmation from the researcher
based on their own answers. The researcher perceived this
as a concern and resolved it by instilling confidence in the
participants. The researcher achieved this by acknowledging
the participants' knowledge as long-standing farmers with
decades of experience. The researcher emphasised their role
in gathering valuable insights to inform more effective poli-
cies. The researcher's insider position did not have a negative
effect on the qualitative findings. Instead, it facilitated the
generation of more detailed and in-depth shared knowledge
and experiences from the participants, specifically address-
ing their farming adaptation strategies and the barriers that
limit their adaptation decisions. In the process of transcrib-
ing the interview, the researcher, although regarded as an
insider, maintained objectivity, cultural neutrality, and
impartiality towards the prejudices of the participants (Hol-
mes 2020; Kusow 2003).
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Prior to commencing the interview, the participant was
provided with a consent form that outlined their rights as
a participant, such as the voluntary nature of the inter-
view and their prerogative to withdraw from the study or
request the removal or deletion of their previously recorded
responses. Anonymity and confidentiality were ensured for
the participant through the omission of personal identify-
ing information, such as their name. The abbreviations D1,
D2, D3, D4, DS, D6, D7, and D8 were used to represent
the participant names, which were then followed by their
respective communities. For example, the abbreviations D1:
Emisano, D2: Baifikrom, D3: Brofoyedur, D4: Osobonpa-
nyin, D5: Borteyman, D6: Togbloku Okor, D7: Tegbi
Aklamatsi, and D8: Adafienu represent the participants in
the communities of Emisano, Baifikrom, Brofoyedur, and
Osobonpanyin, Borteyman, Togbloku Okor, Tegbi Akla-
matsi, and Adafienu, respectively. The commencement of
the interview was contingent upon the participant’s explicit
agreement and subsequent execution of the consent form.
The interview took place in a setting where the participant
was actively involved, specifically within the confines of
their own home, which gave them a sense of freedom and
privacy. The interview was carried out using the languages
that were familiar to the leaders, such as Fante, Ga-Dangme,
Ewe, and Twi. The interviews were recorded solely upon
the agreement of both the interviewer and the participant.
Furthermore, detailed notes were taken, leading to a total of
200 h spent, during which each of the eight key informants
was interviewed for a duration of 25 min. The responses of
the participants were transcribed verbatim, capturing their
exact words. The quotations provided in this study reflect
the individual viewpoints of the participants, which were
collected through interviews conducted from February to
April of 2023.

The study focused on two main research objectives:
identifying smallholder farmers' adaptation strategies and
understanding the barriers that limit their adoption of these
strategies. These objectives guided the analysis of inter-
views conducted with eight key informants. Subsequently,
the study utilised an engaging and inductive qualitative
approach to analyse the data and directly generate themes
(Arku et al. 2012; Strauss and Corbin 1990). The interviews
were transcribed from the local languages of the key inform-
ants into English. This was done thoroughly by carefully
reading the interview notes and continuously playing back
the recorded audio to guarantee the accuracy and reliabil-
ity of the findings (Arku et al. 2012; Krefting 1991). The
interview transcripts were categorised into themes accord-
ing to the participants' strategies for adaptation, barriers
that limit their adoption of these strategies, and additional
factors that encourage or hinder adaptation. The interview
transcripts were coded and analysed using the trial version
24.0 of ATLAS.ti software, available at https://atlasti.com/
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free-trial-version. This analysis enabled the identification of
the variations, similarities, and associations in the adaptation
strategies and barriers faced by the farmers (key inform-
ants). The graphical representation of a network of themes
was accompanied by direct quotations, serving to offer the
necessary context for the farmers' viewpoints.

Sampling procedure

A multi-stage sampling technique was used to collect pri-
mary data from the respondents. Saunders et al. (2012)
assert that the use of the multi-stage sampling technique is
advantageous in addressing the issue of face-to-face inter-
action with a sample that is geographically spread out. The
coastal Savannah agroecological zone was purposefully
selected in the first stage due to its lower rainfall amounts
compared to the other five agroecological zones as well as
its higher frequency of drought and wetness events, which
negatively affect agricultural activities (Addi et al. 2021;
Ankrah et al. 2023a). In the second stage, the simple random
sampling technique was employed to select eight districts or
municipalities (Table 1) across the zone. Additionally, one
community was randomly selected from each of the munici-
palities or districts, resulting in a total of eight communities
(Table 1). Due to the urbanised nature of the Greater Accra
region, the present study deemed it necessary to treat the
Ashaiman, Kpone-Katamanso, and Ayawaso West munici-
palities as a single community. This decision was made in
response to the challenges encountered in accurately identi-
fying farmers within these areas.

The third stage involved a random selection of 100 small-
holder farmers each from the eight communities, for a total
of 800 farmers. The random selection of 100 smallholder
farmers from each of the eight communities ensured a fair
representation of the farmers, as community-specific data

Table 1 Communities and districts/municipalities selected for the
study

Community District/Municipality Region

Asubonpanyin Effutu Central

Brofoyedur Gomoa West Central

Emisaano Komenda/Edina/Eguago/ Central
Abirem

Baifikrom Mfantsiman Central

Tema Community 22 Ashaiman® Greater Accra

Borteyman Kpone-Katamanso® Greater Accra
Dzorwulu Ayawaso West* Greater Accra
Togbloku-Okor Ada East Greater Accra
Adafienu Ketu South Volta
Tegbi Aklamasti Anloga district Volta

*Treated as a single community
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regarding the number of farmers at the municipal or district
level of the respective communities were unavailable. In the
last stage, a purposeful decision was made to interview eight
smallholder farmers who were recognised as key informants.
One participant was selected from each of the communities
in question.

Data analysis and statistical measures

The data obtained from the questionnaire survey was
exported in Excel format and subsequently imported into
the Statistical Package for the Social Sciences (SPSS)
software (version 26.0) for the purpose of analysis. As a
result, an appropriate statistical analysis was conducted.
The independent variables in this study encompassed the
socio-demographic characteristics of the smallholder farm-
ers, including age, gender, level of education, and years of
farming. These variables were chosen based on their theoret-
ical positive influence on climate risk perception and adap-
tation strategies (Fosu-Mensah et al. 2012). For instance,
researchers have suggested that the gender of farmers can
impact their perceptions of climate risks and the strategies
they use to adapt to them (Fosu-Mensah et al. 2012; Phiri
et al. 2004). Research has shown that there is a positive asso-
ciation between the level of education and the adoption of
modern technology among farming households (Deressa
et al. 2009; Fosu-Mensah et al. 2012). Fosu-Mensah et al.
(2012) and Nhemachena and Hassan (2007) argued that
more farming experience enhances farmers' odds of adopt-
ing adaptive strategies. According to the researchers, farmers
gain expertise and knowledge about the climate and make
informed decisions about the most suitable crops and plant-
ing methods (Fosu-Mensah et al. 2012; Nhemachena and
Hassan 2007). The study focused on the aforementioned var-
iables, but it is worth noting that other factors, such as farm
size, income, credit access, access to extension services,
household size, social networks (members of associations),
information, and social status, have also been identified as
influencing farmers' perceptions and adaptation strategies
(Ado et al. 2020; Bagambilana and Rugumamu 2023; Dasm-
ani et al. 2020; Jairo and Korir 2019). The binary logistic
regression analysis was employed to assess the effect of the
independent variables on the adoption of adaptation strate-
gies by farmers. The choice to use binary logistic regression
in this study was influenced by its extensive use in previ-
ous research on farmers’ perceptions of climate risks and
adaptation strategies. Notable studies that have employed
this method include Abid et al. (2015), Ado et al. (2020),
Bagambilana and Rugumamu (2023), Batungwanayo et al.
(2023), Fosu-Mensah et al. (2012), Sertse et al. (2021), Shah
et al. (2023), and Tesfahun and Chawla (2020). This study
assessed farmers’ adoption of particular adaptation strategies
based on five variables: cultivating different types of crops,

fertiliser application, planting improved varieties of seed,
rearing livestock, and the use of irrigation. Each of these
five dependent variables was measured on a dichotomous
scale and represented as 1 (if a farmer adopted a particular
adaptation strategy) and O (if a farmer did not adopt a par-
ticular adaptation strategy). Previous studies, including those
of Ado et al. (2020), Bagambilana and Rugumamu (2023),
Batungwanayo et al. (2023), Dasmani et al. (2020), Shah
et al. (2023), and Yaro (2013), informed the choice of these
variables. The statistical procedures mentioned above were
chosen because the variables involved are categorical and
dichotomous. The aim was to assess the predictive capacity
of these variables in determining the odds of farmers’ adop-
tion of particular adaptation strategies. The ordinary Krig-
ing interpolation technique was employed to understand the
spatial distribution of annual variations in the climate vari-
ables. The linear regression test was again used to represent
the trends in the climate variables across the zone, as used
earlier by Jaiswal et al. (2015).

Ethical considerations

The study started after adhering to the research ethics pro-
tocol and obtaining approval from the ethics commission
of the Faculty of Arts and Humanities at the University of
Porto. The research, including the instruments used for data
collection, went through an ethical review procedure to
ensure compliance with ethical standards and to eliminate
any potential risks or disadvantages for the participants. The
approval was granted through the adoption of Resolution
No. 31/CEFLUP/.

Results
Socio-demographic characteristics of respondents

Table 2 shows the socio-demographic characteristics of the
800 respondents who participated in the study. The major-
ity of respondents (48%) were within the age range of 41 to
50 years, while the lowest number (58, or 7%) were above
the age of 50. The survey indicated a higher participation
rate among males (78%) in comparison to females (22%). A
substantial number (790, or 99%) of the respondents were
in a marital relationship, with just a few (10, or 1%) identi-
fied as widows. The majority of the respondents (49%) had
only received a primary education, while 31% had no formal
education, according to their educational level, with the low-
est number (4%) having completed senior secondary or high
school. The majority of the respondents, specifically 43%,
reported having a household size of 4, followed by 27% who
reported having a household size greater than 5. Conversely,
the lowest proportions of respondents, each accounting for
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Table 2 Socio-demographic

L Variable Category Frequency Percentage (%)
characteristics of respondents
Age 20-30 0 0
30-40 361 45
41-50 381 48
>50 58 7
Gender Female 179 22
Male 621 78
Marital status Married 790 99
Widow(er) 10 1
Educational level Junior Secondary/high School 129 16
Senior secondary/high school 33 4
No formal education 245 31
Primary 393 49
Household size 3 121 15
4 343 43
5 121 15
>5 215 27
Native of a community Yes 800 100
No 0 0
Years of farming <20 380 47
20-30 344 43
>30 76 10

Source: (Field survey, 2023)

15%, reported having household sizes of 3 and 5. All of
the respondents (100%) indicated that they were native to
their respective communities. A substantial majority of the
respondents (47%) reported having engaged in farming for a
time frame of less than 20 years, followed by 43% between
20 and 30 years, and the least (10%) for more than 30 years.

Online Resource 1 displays the socio-demographic char-
acteristics of each community, highlighting the variations
between them. The majority of respondents (77%) in the
Dzorwulu-Borteyman-Tema Community 22 community
were between the ages of 31 and 40. The Togloku-Okor
community came in second with 74% in the same age
groups, while Tegbi Aklamatsi had the lowest percentage
(0%) among those over 50. None (0%) of respondents in the
communities were between the ages of 20 and 30 (Online
Resource 1). Their gender distribution ranged from 93% for
males in the Togloku-Okor community to 7% for females
(Online Resource 1). All (100%) of the respondents in the
communities of Emisano, Brofoyedur, Dzorwulu-Bortey-
man-Tema Community 22, and Togloku-Okor were married.
Only a few of them were widows, mostly in Baifikrom (1%),
Osobonpanyin (3%), Tegbi Aklamatsi (2%), and Adafienu
(4%). Their level of education ranged from a high of 59%
in the Togloku-Okor community for primary education to
0% in the Emisano and Baifikrom communities for senior
secondary or high school. None (0%) of the respondents in
the study communities had completed tertiary education at
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the time of the survey (Online Resource 1). Respondents
in the Tegbi Aklamatsi community had the largest (53%)
household size of four, while the Emisano community had
the smallest (3%) household size of three (Online Resource
1). All of the respondents (100%) were native to their com-
munity. The majority (64%) of respondents in Dzorwulu-
Borteyman-Tema Community 22 had less than 20 years
of farming experience, while the lowest (7%) were in the
communities of Dzorwulu-Borteyman-Tema Community
22 and Togloku-Okor with more than 30 years of farming
experience.

Perceived knowledge and causes of climate change
and variability

Table 3 shows the respondents perceived knowledge and
causes of climate change and variability. According to
Table 3, all of the respondents (800, or 100%) indicated their
awareness of climate change and variability. The majority of
respondents (662, or 83%) mentioned that television serves
as the primary medium through which they obtain informa-
tion regarding climate change and variability. A substan-
tial portion of respondents (316, or 40%) attributed climate
change and variability primarily to negative human actions.
Subsequently, a proportion of 284 or 35% was observed
for both negative human actions and natural events, while
the lowest percentage of 24 or 3% was attributed to God’s
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Table 3 Perceived knowledge and causes of climate change

Variable Category Frequency Percentage (%)
Awareness about climate change 1. Yes 800 100
2. No 0 0
Sources of information about climate change 1. Radio 138 17
2. Television 662 83
Causes of climate change 1. Both negative human actions and natural 284 35
events
2. Natural events 176 22
3. Negative human actions 316 40
4. Punishment from God 24 3
Factors contributing to climate change 1. A natural event 189 24
2. Bush burning 0 0
3. Deforestation 611 76
4. Urbanization 0 0
5. Vehicular fumes/carbon monoxide 0 0
Temperature over the last two decades 1. Increased 800 100
2. Decreased 0 0
3. No change 0 0
4. Don’t know 0 0
Dry season temperature over the last two decades 1. Increased 800 100
2. Decreased 0 0
3. No change 0 0
4. Don’t know 0 0
Rainy season temperature over the last two decades 1. Increased 762 95
2. Decreased 0 0
3. No change 38 5
4. Don’t know 0 0
Length of the hot periods over the last two decades 1. Increased 800 100
2. Decreased 0 0
3. No change 0 0
4. Don’t know 0 0
Length of the cold periods over the last two decades 1. Increased 0 0
2. Decreased 757 95
3. No change 19 2
4. Don’t know 24 3
Rainfall changes over the last two decades 1. Increased 285 36
2. Decreased 515 64
3. No change 0 0
4. Don’t know 0 0
Wet season rainfall over the last two decades 1. Increased 473 59
2. Decreased 326 41
3. No change 1 0
4. Don’t know 0 0
Dry season rainfall over the last two decades 1. Increased 8 1
2. Decreased 761 95
3. No change 31 4
4. Don’t know 0 0
Intensity of rainfall events over the last two decades 1. Increased 632 79
2. Decreased 168 21
3. No change 0 0
4. Don’t know 0 0
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Table 3 (continued)

Variable Category Frequency Percentage (%)
Wind over the last two decades 1. Increased 800 100

2. Decreased 0 0

3. No change 0 0

4. Don’t know 0 0
Intensity of dry season wind over the last two decades 1. Increased 800 100

2. Decreased 0 0

3. No change 0 0

4. Don’t know 0 0
Intensity of wet season wind over the last two decades 1. Increased 694 89

2. Decreased 106 13

3. No change 0 0

4. Don’t know 0 0
Gendered dimension of accessing information in farmers’ awareness and understanding of climate change
Sources of information about climate change
-Television 1. Males (females) 540 (122) 87 (68)
-Radio 2. Males (females) 81 (57) 13 (32)
Causes of climate change
-Both negative human actions and natural events 1. Males (females) 233 (51) 37 (28)
-Natural events 2. Males (females) 104 (72) 17 (40)
-Negative human actions 3. Males (females) 277 (39) 45 (22)
Punishment from God 4. Males (females) 7(17) 1(10)
Factors contributing to climate change
-A natural event 1. Males (females) 107 (82) 17 (46)
-Deforestation 2. Males (females) 514 (97) 83 (4)

Source: (Field survey, 2023)

punishment. The respondents identified deforestation (611,
or 76%) and natural events (189, or 24%) as the primary
factors responsible for climate change and variability. The
respondents in the study were unable to identify the signifi-
cant impact of urbanisation and vehicular emissions.

In terms of gender dimensions, both males and females
appeared to use television more than radio when accessing
information about climate change awareness and understand-
ing. However, more males (540, or 87%) used television than
females (122, or 68%). The causes of climate change vary
according to gender. A substantial number (277, or 45%) of
males assigned the reasons for climate change to negative
human actions, whereas 72, or 40%, of females attributed it
to natural events. Both male and female respondents attrib-
uted deforestation to causing climate change and variability.
Nonetheless, response rates varied from 514 (83%) for men
to 97 (54%) for women (Table 3).

All of the respondents (800, or 100%) indicated that
temperatures and particularly dry season temperatures in
their respective communities observed an increase over the
past two decades. A significant percentage (762, or 95%)
of respondents reported that there has been an increase in
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temperatures during the rainy season over the past two dec-
ades. However, a small minority (38, or 5%) perceived no
change in temperatures during this period. In addition, all
of the respondents (800, or 100%) stated that the length of
hot periods in their respective communities has shown an
increase over the course of the past two decades. Further-
more, a significant majority (757, or 95%) of the respondents
reported a decrease in the length of cold periods during the
same time frame. The majority of the respondents (515, or
64%) reported a decrease in total rainfall over the past two
decades, whereas 285 or 36% observed the opposite trend.
Notwithstanding, most of them (473, or 59%) reported an
increase in the wet season rainfall over the last two decades,
and the opposite of 761 or 95% was true for the dry season
rainfall. A large proportion of the respondents (632, or 79%)
reported an increase in the intensity of rainfall events in their
respective communities over the past two decades, with only
168 or 21% indicating a decrease. All of the respondents
(800, or 100%) claimed that overall wind speed, particu-
larly the intensity of the wind during the dry season, has
exhibited an increase over the past two decades. The vast
majority (694, or 87%) of respondents similarly reported
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the same pattern for the wet season wind in their respective
communities.

Online Resource 2 presents the differences in perceived
knowledge and causes of climate change, as well as the vari-
ability of the individual study communities. All respondents
(100%) from the individual communities were aware of cli-
mate change and variability (Online Resource 2). The high-
est number of respondents (94%) in Dzorwulu-Borteyman-
Tema community 22 identified television as their source of
climate change information, while the lowest number (6%)
identified radio as their source of information. None of the
respondents mentioned newspapers as a source of climate
change information (Online Resource 2). The respondents’
attribution of the causes of climate change varied from a
high of 63% for negative human actions in the community
of Dzorwulu-Borteyman-Tema community 22 to a low of
0% for punishment from God in Dzorwulu-Borteyman-
Tema community 22, Togbloku Okor, Tegbi Aklamatsi, and
Adafienu (Online Resource 2). The Togbloku Okor commu-
nity received the most (98%) responses on the factors con-
tributing to climate change and variability when compared
to the other communities (Online Resource 2). There were
no variations in respondents' perceptions of temperature
change, dry season temperature, rainy season temperature,
and the length of hot periods over the last two decades, as
all respondents (100%) reported an increase in the aforemen-
tioned variables (Online Resource 2). The majority (100%)
of respondents in Baifikrom, Brofoyedur, Dzorwulu-Bortey-
man-Tema community 22, Togbloku Okor, and Adafienu
reported that the length of cold periods had decreased over
the last two decades, while the lowest (8%) in the community
of Osobonpanyin reported no change. None of the respond-
ents (0%) reported an increase in the aforementioned issue
(Online Resource 2). Over the last two decades, the response
rate to rainfall change ranged from 100% in Osobonpanyin,
indicating a decrease, to 18% in Brofoyedur, indicating an
increase. The responses to the wet season rainfall ranged
from a high of 78% in Togbloku Okor, who indicated an
increase, to a low of 1% in Tegbi Aklamatsi, who observed
no change (Online Resource 2). The majority (100%) of
respondents in Baifikrom, Brofoyedur, Dzorwulu-Bortey-
man-Tema community 22, Togbloku Okor, and Adafienu
mentioned that dry season rainfall had decreased over the
last two decades, while the lowest (8%) in Osobonpanyin
reported both an increase and no change (Online Resource
2). Respondents in the Emisano community recorded the
highest (97%) response rate to increased intensity of rain-
fall events over the last two decades, while the lowest (3%)
emerged in that same community as a decrease. Over the
last two decades, there has been no variation in responses
to wind change or the intensity of dry season wind, with
all (100%) respondents indicating an increase. On the other
hand, responses to wet season wind changes varied from a

high of 95% in Emisano and Togbloku Okor communities to
a low of 5% in the same communities (Online Resource 2).

Perception of climate risks for farming activities

The respondents perceived climate risks for farming activi-
ties (Table 4). All of the respondents (100%) reported that
their farming activities are susceptible to risks caused by
climate change and variability. The respondents expressed
diverse viewpoints regarding the climate-related risks that
affect their farming activities. All of the respondents (100%)
unanimously identified extreme temperatures as the primary
climate risk that impacts their farming activities. This was
followed by 99% for both drought and pest and disease risk
on crops, with the lowest being 4% for erosion or soil fertil-
ity. The majority of the respondents (43%) identified the
ripening of unmature crops as the primary effect of tem-
perature changes, while 36% mentioned the drying of crops
or seedlings. According to the majority of respondents
(46%), a decrease in yield or harvest was the main impact
of changes in rainfall on farming activities. Conversely, poor
crop growth was deemed the least significant effect, with
only 12% of respondents considering it as such. All of the
respondents (100%) acknowledged that wind speed has sig-
nificant implications for farming activities, particularly in
terms of crop destruction and losses. The respondents also
identified low productivity (53%) and losses (34%) as the
primary effects of extreme events on farming activities. A
significant proportion of the respondents (75%) identified
poverty as the main effect of climate risks on their farming
activities, while 23% stated food insecurity as the additional
impact.

Online Resource 3 depicts the variations in respondents'
perceptions of climate risks for farming activities in the
various study communities. All respondents (100%) in their
respective communities stated that climate change poses a
risk to their farming activities (Online Resource 3). Extreme
temperature was unanimously identified as the most impact-
ful climate risk across all communities, with respondents in
the individual study communities having varying percep-
tions of other climate risks affecting their farming activi-
ties (Online Resource 3). Respondents from the study com-
munities had varying perspectives on the major effects of
temperature on farming activities. However, the Brofoyedur
community had the largest (63%) response rate to the ripen-
ing of unmatured crops, while the Osobonpanyin community
had the lowest (8%) response rate, believing that temperature
changes were less relevant than rainfall (Online Resource
3). Responses to the major effects of rainfall changes varied
substantially throughout the study communities. Regardless,
the majority (60%) of responses were about seedlings that
failed to germinate in Dzorwulu-Borteyman-Tema Commu-
nity 22, while the least (8%) were about poor crop growth
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Table 4 Perception of climate risks for farming activities

Variable Category Frequency Percentage (%)
Climate change poses risk to farming activities 1. Yes 800 100
2. No 0 0
Climate risks that affect farming activities® 1. Drought 791 99
2. Flood 83 10
3. Pest and diseases on crops 792 99
4. Heavy storms 519 65
5. Livestock diseases 359 45
6. Erosion/soil fertility 32 4
7. Heat waves 219 27
8. Delayed onset of rainfall 187 23
9. Early cessation of rainfall 443 55
10. Extreme temperature 800 100
Major effects of temperature on farming activities 1. Poor yields 157 20
2. Ripening of unmatured crops 343 43
3. Drying of crops/seedlings 292 36
4. Not important as rainfall 8 1
Major effects of rainfall on farming activities 1. Lower yields/harvest 369 46
2. Poor crop growth 92 12
3. Seedlings unable to germinate 339 42
Major effects of wind on farming activities 1. Crop destruction and losses 800 100
Major effects of extreme events on farming activities 1. Crop destruction 105 13
2. Losses 273 34
3. Low productivity 422 53
Overall impact of climate variability and change 1. Food insecurity 184 23
2. Low income 8 1
3. Poverty 600 75
4. Pest and diseases, rots and damages 8 1

*The participants had the option to select all the variable categories that were applicable to their case. As a result, each variable category had an
expected frequency between 0 and 800, as well as up to 100%. Source: (Field survey, 2023)

in the Emisano community (Online Resource 3). There was
no difference in responses to the major effect of wind on
farming activities, as all respondents (100%) in the study
community reported crop destruction and losses (Online
Resource 3). The major effects of extreme events on farm-
ing activities varied greatly. The majority (68%) of the Tegbi
Aklamatsi community reported low production, while only
10% of the Emisano community reported crop destruction.
Climate change has a wide-ranging impact, with 91% indi-
cating poverty in the Emisano community and 8% indicat-
ing low income, pests, diseases, rots, and damages in the
Osobonpanyin community (Online Resource 3).

Spatial distribution of annual variations and trends
in climate variables

Figures 2a—d illustrate the spatial variations of average

annual rainfall, maximum and minimum temperatures, and
wind speed, while Figs. 2e—g present the trends observed
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in the aforementioned climatic variables, excluding wind
speed, across the zone. Figure 2a shows variability in rainfall
across the zone. Notably, rainfall increased from the Central
region to the Volta region, with an average annual amount
ranging from a high of 1339.9 mm to a low of 978.4 mm
between 1981 and 2021 (see Fig. 1 to understand the
regional divisions). Thus, the communities located in the
Central region experience a greater amount of annual rain-
fall in comparison to those in the Greater Accra and Volta
regions. Figure 2b shows a contrasting pattern in the mean
annual maximum temperatures. Here, mean annual maxi-
mum temperatures decrease from the Central region to the
Volta region, with a range of 29.4 °C to 31.8 °C (Fig. 2b).
The zone exhibits variations in mean annual minimum
temperatures, ranging from 22.6 °C to 24.1 °C (Fig. 2c).
Mean annual minimum temperatures appeared to be higher
in some areas of the Greater Accra and Volta regions in
comparison to those in the Central (Fig. 2¢) (see Fig. 1 to
understand the regional divisions). In general, wind speed
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Fig.2 Spatial variations of average annual rainfall (a), maximum (b), and minimum (c) temperatures, wind speed (d), and trends in average
annual rainfall (e), maximum (f), and minimum (g) temperatures from 1981 to 2021

increases from the Volta region to the Central region, with
an annual average range of 2.9 m/s to 4.1 m/s (Fig. 2d). The
Greater Accra and Volta regions showed positive but weak
rainfall trends, while the Central region exhibited a combi-
nation of positive and negative trends (Fig. 2e). The Central

and Volta regions exhibited positive but weak trends in the
mean annual maximum temperature, whereas the Greater
Accra region displayed both positive and negative trends
(Fig. 2f). The annual minimum temperature mean showed
positive but weak trends across the zone (Fig. 2g).
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Adaptation strategies to mitigate climate
risks

Table 5 shows the adaptation or coping strategies utilised
by the respondents in order to effectively manage the risks
associated with climate change and variability in their farm-
ing activities. According to Table 5, 46% of the respondents
employ the strategy of cultivating different crops on a sin-
gle piece of land to adapt to or cope with the risks asso-
ciated with climate change and variability. Subsequently,
18% of the respondents opted to employ the strategy of uti-
lising improved seed varieties for planting, while only 1%
resorted to using their family members as a means of labour
in order to minimise costs. The main obstacles impeding
the respondents’ adoption of adaptation or coping strategies
were financial constraints, accounting for 48% of the identi-
fied barriers, and the high prices of farm inputs or fertilisers,
which constituted 32% of the barriers. The respondents iden-
tified the high prices of livestock feed as the least notable
constraint, with only 2%.

Online Resource 4 depicts the variations in respondents'
adaptation strategies as well as the barriers that limit their
adaptation strategies in the study communities. Respondents
in the various study communities use a variety of adaptation
strategies, as presented in Online Resource 4. The Baifik-
rom community received the most (57%) responses for cul-
tivating different types of crops, while the Osobonpanyin
community received the fewest (4%) responses for using
family labour (Online Resource 4). The major barriers to
respondents' adoption of adaptive techniques differ substan-
tially across study communities. A substantial number (65%)
mentioned financial constraints in the Brofoyedur commu-
nity, while just 4% reported poor extension services in the
Baifikrom community (Online Resource 4).

Themes and constructs based on qualitative
data

Participants’ adaptation strategies

Figure 3 shows the graphical representation of the themes
and constructs an analysis of the participants’ adaptation
strategies based on interview data derived from the eight
farmers who were considered key informants of the study.
Online Resource 5 displays a report on the farmers’ adapta-
tion strategies, the barriers that limit their strategies, and
other factors that aid or hinder adaptation. According to
Fig. 3, various themes were identified in the participants’
adaptation strategies. These themes ranged from a high net-
work of crop diversification to a low network of monocrop-
ping and support from microfinance groups. The networks
(in blue dotted lines) show similarities in the adaptation
strategies employed by the participants in the various com-
munities. It appeared that participants in the communities
of Emisano Togbloku Okor, Adafienu, and Osobonpanyin
diversified their crops. The participants are of the view that
it is always better to cultivate different types of crops, as
they believe that when one crop dies or does not grow well,
maybe the other can support it. For example, one partici-
pant shared their experience using crop diversification as
an adaptation measure and noted: “I grow different types of
vegetables like green pepper, cucumber, onion, cabbage, and
maize. The maize is on different land.” Another participant
stated that he cultivates lettuce and cauliflower, which take
a few months to harvest, and then cultivates cabbage, cum-
cumber, okro, or green pepper. A participant who cultivates
similar crops three times a year also expressed that:

It takes three months for the green pepper to mature.
I cultivate green peppers three times a year, as well

Table 5 Adaptation strategies
and barriers to mitigate climate
risks

Variable Category Frequency Percentage
(%)

Adaptation strategies 1. Cultivate different types of crops 371 46
2. Fertilizer application 120 15
3. Use of family labour 4 0
4. Plant improved variety of seeds 142 18
5. Plant drought resistant crops 8
6. Rearing of livestock 47 6
7. Use irrigation 108 14

Major barriers that limit the adop- 1. Financial constraints 386 48

tion of the adaptation strategies 2 High prices of farm inputs/fertilizers 255 32

3. Inadequate government support 62 8
4. Poor extension services 79 10
5. High prices of livestock feed 18 2

Source: (Field survey, 2023)
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Fig.3 A network of themes and constructs related to farmers’ adaptation strategies in the study communities

as cucumbers. Cucumber farming is very fast. It
takes a month and two weeks to mature, and you can
sell it to get your money. If I want to take a break
from the green pepper farming, I plant cucumber,
which is easier to work on than this green pepper
(D4: Osobonpanyin).

Some participants, particularly those residing in Bortey-
man, Togbloku Okor, and Adafienu, have years of expe-
rience in farming and possess knowledge regarding the

climatic conditions specific to their areas. To strategically
plant their crops, they rely on their knowledge of climatic
conditions and seasonal variations. Within this particular
adaptation strategy, a participant conveyed: “Every season
has its own crop to grow. If you grow a particular crop
at the wrong time, it will die, and you will not get back
the money you put in.” A participant again stated that he
plants his crops close to the months of May, June, and
July (the major season), where rainfall is reliable. Another
participant whose understanding of the climatic conditions
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helps him to save money by avoiding the need for frequent
irrigation, reported that

It is not common for the rain to come this month
(March). Probably next month (April) or May. Dur-
ing these months, we have more rainfall and less
irrigation. That also saves us some money. Even if it
rains, we still irrigate the land because the land here
dries up quickly as the temperatures continue to rise
every day (D5: Borteyman).

The participants in the communities of Emisano and
Osobonpanyin rear livestock such as goats as an adaptation
strategy along with crop diversification, which fetches them
money. The participants, particularly those in the commu-
nities of Osobonpanyin, Borteyman, and Tegbi Aklamatsi,
appeared to use irrigation as a major adaptation strategy.
A participant mentioned that he farms all year because he
has an irrigation network on his farm. Again, a participant
shared that he irrigates his crops with water from a nearby
dam, but it is costly. Another participant who has no river
or dam near his farm stated that he irrigates his crops with
pipe-borne water, which he believes is bad for his crops
because of the high ion content. The participants in Emisano
and Baifikrom employ farm labourers because they cannot
undertake their farm activities alone, especially during har-
vest. Some of the participants, especially those in the com-
munities of Baifikrom and Borteyman, also receive financial
support from their friends and relatives. They consider this
important because it helps them adapt. Regarding this mat-
ter, a participant indicated that he borrows money from his
brother, a public sector employee, who has easier access to
loans from banks than him. Aside from this support network,
some of the participants also receive assistance from micro-
finance groups. One participant stated that he and his wife
have joined a “susu” (savings and loans) group that provides
them with loans. The participant further noted that he can
borrow once, and the amount is not huge, and he can borrow
again after paying the previous loan.

Barriers that limit participants’ adaptation
strategies

Figure 4 depicts the graphical representation of the themes
and constructs an analysis of barriers that limit participants’
adaptation strategies based on interview data derived from
the eight farmers who were considered key informants to
the study. Figure 4 indicates that the participants encounter
several barriers to their adaptation decisions. These barriers
include lack of government support, financial constraints,
high prices of farm inputs, lack of agricultural extension ser-
vices, farm losses, the size of farmland, inadequate support
from financial institutions (banks), bureaucracy in securing
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bank loans, the need for irrigation systems, the need for the
right adaptation measures, the need for high-quality research
institutions, and poor soil nutrients. The network of barriers
ranges from a high lack of government support to a low level
of farm losses and farmland size.

Figure 4 also reveals a connection between some of the
barriers identified. For example, the lack of agricultural
extension services and the need for high-quality research
institutions are part of the lack of government support.
Again, the need for the right adaptation measures and poor
soil nutrients are part of farm losses. Inadequate support
from financial institutions (banks) and bureaucracy in secur-
ing bank loans is also part of financial constraints.

Most of the participants lamented the lack of government
support. According to these participants, a lack of govern-
ment support encompasses several other supports, such as
improved agricultural extension services and high-quality
research institutions. One participant lamented about the
lack of institutional support. A participant again stated that
the farmers in his municipality do not receive training from
anyone, and that no extension officer has ever been to his
farm. Additionally, one farmer lamented about the inad-
equate, high-quality research institutions that give signals
to the farmers on what the season will be like each year.
Another farmer shared a similar worry, stating that

For me, institutional failure is a major problem, despite
the incidence of climate change. There should be the
right instructions to help us, the farmers, with our
adaptation strategies. Why is it that in Burkina Faso,
there are tomatoes all year? Perhaps their research
institutions are working to help farmers find the right
species to grow, unlike here in Ghana (D7: Tegbi Akla-
matsi).

The participants again revealed financial constraints as a
major barrier to their adaptation decisions. The participants
assert that inadequate support from financial institutions
(banks) and bureaucracies in securing bank loans further
complicates this adaptation barrier. A participant expressed
that he cannot do the farming business without having
money. A participant again stated that crops such as maize
require regular weeding, and it is not easy for him to get
money to pay labour costs or buy farm inputs. A participant
who has the desire to cultivate more crops noted: “I wish I
had more land to plant more, but I cannot afford the price.”
The participants were also worried about the inadequate sup-
port they received from financial institutions and the bureau-
cracy for securing bank loans. One participant stated that a
bank asked him for collateral before they would give him a
loan, which he could not afford. Another participant who
was able to secure a loan from the bank indicated that the
process is tedious; however, he said that if farmers take their
time and present the right documents about their farm, they
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Fig.4 A network of themes and constructs related to farmers’ barriers that limit their adaptation strategies in the study communities

will get the loan they want from the banks. The participants =~ government to do something about it to ensure food secu-
considered the high prices of farm inputs a major concern,  rity in the country. Still on this issue, a participant noted:
as they rely heavily on these inputs for their activities to ~ “The fertilisers are very expensive. The cost of manure,
boost production. On this issue, the participants lamented  which should be more affordable, has also risen. When we
the high prices of fertilisers and manure, and they urged the

@ Springer



Journal of Environmental Studies and Sciences

Fig.5 A network of themes

and constructs related to other D 4: Osobonpanyin

factors that aid or hinder
farmers’adaptation strategies in
the study communities

D 5: Borteyman

Other factors: Farming is
profitable

Other factors: Rains save
money for farm irrigation

D 7: Tegbi Aklamatsi

D 3: Brofoyedur

Other factors

D 6: Togbloku Okor

buy fertiliser, instead of spreading it on the farm, we take
handfuls and place them on the crop, which is not the best
practice.”

Some of the participants also expressed concerns about
the need for irrigation systems, which they considered a bar-
rier to their adaptation. These participants recognised the
value of the use of irrigation even though they did not have
access to one. One participant reported that it is better for
him to irrigate his crop, but he cannot afford it as there is
no river nearby his farm. Regarding the issue of land size, a
participant expressed regret over his limited farmland, stat-
ing that it is not sufficient for his needs and that he must
cultivate various crops on it. The participants complained
about farm losses, which they attributed to poor soil nutri-
ents. Regarding this matter, a participant expressed concern
and advocated for the implementation of appropriate adapta-
tion measures by stating that

The pipe-borne water contains ions that harm soil and
crops. Even if you use fertiliser, it still does not pro-
vide support because the soil here is deficient in nutri-
ents.... Although climate change is a major problem,
having the right adaptation measures, like fertiliser
applications, will help, but we do not have them (D7:
Tegbi Aklamatsi).
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Other factors: Food insecurity

Other factors: Divine assistance

Other factors: Farming as the
only source of livelihood

Other factors that aid or hinder participants’
adaptation strategies

Figure 5 displays the graphical representation of the themes
and constructs an analysis of other factors that aid or hinder
participants’ adaptation strategies based on interview data
derived from the eight farmers who were considered key
informants to the study. According to Fig. 5, the partici-
pants identified several other factors that aid or hinder their
adaptation strategies. One of the participants underscored
that farming is a profitable venture that everybody, espe-
cially youth, should consider undertaking. Another partici-
pant pointed out that rainfall reduces the cost of irrigation.
Some participants argued that there will be food insecurity
in the country due to the low irrigation system utilisation and
the wrong adaptation choices. Another participant depends
solely on farming for a livelihood and strongly believes
in divine (God) assistance in his activities. A participant
expressed concern about farming as a profitable venture
and noted: “There is money in farming, but people have
not realised it.” A participant raised concerns about food
insecurity, stating

...If the government wants to see food in the mar-
ket every day, then they should take agriculture
seriously. Something like maize, if we have irri-
gation systems, we can grow crops like maize all
year round. To me, there should not be a shortage
of maize in the country. The same applies to some
vegetable crops, like tomatoes (D3: Brofoyedur).
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Table 6 Binary logistic
regression showing the
relationship between
independent variables and

Variables B

S.E Wald df Sig Exp(B) 95% C.I. for EXP
B)

Lower  Upper

adaptation strategies of farmers

Adaptation strategy: Cultivate different types of crops

Age —0.059
Gender 0.530
Education 0.157
Years of farming 0.078
Constant —1.480

Nagelkerke (pseudo R?) ~ 0.025

Adaptation strategy: Fertilizer application

Age —0.395
Gender 0.158
Education 0.747
Years of farming 0.038
Constant -3.105

Nagelkerke (pseudo R?)  0.094

0.124 0225 1 0.635 0.943 0.739 1.203
0.187 8.050 1 0.005*  1.698 1.178 2.448
0.091 3.001 1 0.083 1.170 0.980 1.398
0.081 0933 1 0.334 1.081 0.923 1.266
0.542 7464 1 0.006*  0.228

0.163 5865 1 0.015*  0.674 0.489 0.927
0.292 0295 1 0.587 1.172 0.661 2.075
0.152 24278 1 0.000*  2.110 1.568 2.840
0.114 0.114 1 0.736 1.039 0.831 1.300
0.823 14232 1 0.000*  0.045

Adaptation strategy: Plant improved variety of seeds

Age 0.751
Gender —0.669
Education —0.805
Years of farming —0.342
Constant 0.188

Nagelkerke (pseudo R?) ~ 0.167

Adaptation strategy: Rearing of livestock

Age 1.045
Gender —0.288
Education 1.015
Years of farming 0.032
Constant —7.636

Nagelkerke (pseudo R?) ~ 0.088
Adaptation strategy: Use irrigation

Age 0.285
Gender 0.070
Education —0.580
Years of farming 0.079
Constant —1.521

Nagelkerke (pseudo R?) ~ 0.051

0221 11542 1 0.001*  2.119 1.374 3.268
0.231 8373 1 0.004*  0.512 0.326 0.806
0.130 38445 1 0.000*  0.447 0.347 0.577
0.115 8.869 1 0.003*  0.710 0.567 0.890
0.776 0.058 1 0.809 1.206

0.343 9.307 1 0.002*  2.844 1.453 5.565
0.388 0551 1 0.458 0.750 0.350 1.604
0.281 13.027 1 0.000*  2.760 1.590 4.790
0.178 0.031 1 0.859 1.032 0.728 1.464
1411 29308 1 0.000*  0.000

0.204 1959 1 0.162 1.330 0.892 1.984
0.258 0075 1 0.785 1.073 0.647 1.780
0.134  18.690 1 0.000*  0.560 0.431 0.728
0.121 0431 1 0.511 1.083 0.854 1.372
0.787 3736 1 0.053 0.218

Significant at 0.05. Source: (Field survey, 2023)

Odds of choosing a specific adaptation
strategy using binary logistic regression

The binary logistic regression analysis shows that gender is
a significant predictor (p =0.005) of whether or not respond-
ents would cultivate different kinds of crops as a way to adapt
(Table 6). The Nagelkerke (pseudo R?) is 0.025, showing that
gender accounts for only 2.5% of the variations in respondents’
adoption of different types of crops as an adaptation strategy.
Based on their gender, the odds of respondents choosing to
cultivate different types of crops as an adaptation strategy

increase by 1.698. The use of fertiliser as an adaptation strat-
egy was significantly predicted by age (p=0.015) and edu-
cation (p=0.001). The pseudo R? is 0.094, indicating that
age and education account for just 9.4% of the variation in
respondents’ use of fertiliser as an adaptation strategy. Based
on their age and education, the odds of respondents choosing
to use fertiliser as an adaptation strategy increase by 0.674
and 2.110, respectively. Similarly, age (» =0.002) and educa-
tion (p=0.001) predicted respondents’ adoption of livestock
rearing as an adaptation strategy. The pseudo R? is 0.088,
implying that age and education account for only 8.8% of the
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variations in respondents’ adoption of raising livestock as an
adaptation strategy. Based on their age and education, the odds
of respondents choosing to raise livestock as an adaptation
strategy increase by 2.844 and 2.760, respectively.

Age (p=0.001), gender (p=0.004), education (p=0.001),
and years of farming (p=0.003) all predicted respondents’
choice to plant improved varieties of seeds as an adaptation
strategy. The pseudo R? is 0.691, indicating that age and edu-
cation account for 69.1% of the variations in respondents’ pref-
erences for planting improved seed varieties as an adaptation
strategy. The odds of choosing to plant improved varieties of
seeds as an adaptation strategy increase with age by 2.119,
gender by 0.512, education by 0.447, and years of farming by
0.710. Education was the only factor that significantly pre-
dicted irrigation as an adaptation strategy (p <0.001). The
pseudo R* is 0.051, indicating that education explains only
5.1% of the variations in respondents’ use of irrigation as an
adaptation strategy. Based on their education, the odds of
using irrigation as an adaptation strategy increase by 0.560.
Although the model is a significant predictor of the dependent
variable (the various adaptation strategies), given the small
variations in the model provided by the pseudo R, other sig-
nificant predictors may exist.

Discussion

This study examined smallholder farmers’ perceptions of
climate risks and adaptation strategies in the coastal Savan-
nah agroecological zone of Ghana. The agricultural sector
of many land economies faces substantial risks from climate
change and variability, thereby threatening global food secu-
rity and the livelihoods of people (Brink et al. 2023; Wang
et al. 2018). Farmers, particularly those in developing coun-
tries, face critical difficulties due to their climate-sensitive
agricultural practises and limited capacity for adaptation
(IPCC 2014; Yaro 2013). The significance of farmers’ per-
ceptions regarding the risks associated with climate change
and variability is equally as crucial as the resultant impacts.
Consequently, it is imperative to conduct research utilising
a bottom-up approach in order to comprehend the societal
perspectives on climate change and variability, as well as the
adaptive and coping strategies employed by people. specifi-
cally, those engaged in small-scale farming.

The results revealed that there has been a notable increase
in smallholder farmers’ awareness and understanding of cli-
mate change and variability. This positive change can be
attributed to the enhanced dissemination of information
through broadcast media platforms such as television and
radio. This finding is consistent with the previous research
conducted by Obossou et al. (2023) in the northern region
of Benin and Manandhar et al. (2011) in the Rupandehi dis-
trict of Nepal. The farmers attributed climate change and
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variability primarily to negative human actions, aligning
with the prevailing scientific consensus (IPCC 2014). The
gendered dimension of information availability in farmers'
awareness and understanding of climate change indicated
that both men and women farmers used television more than
radio. However, a large number (87%) of men used television
more than women (68%). Although both men and women
identified deforestation as a major contributor to climate
change and variability, the proportions ranged from 83% for
men to 54% for women. While the findings are consistent
with previous studies by Memon et al. (2023) in Pakistan and
Partey et al. (2020) in Northern Ghana, they contradict those
of Issa et al. (2015), who reported that personal experiences
were the primary source of climate change awareness and
understanding among farmers in Nigeria’s north-central and
north-west agroecological zones. The present study provides
a unique contribution to the existing literature by offering
a comprehensive and detailed analysis of the farmers’ cli-
mate risk perception and adaptation strategies in the coastal
Savannah agroecological zone. Although the findings align
with previous studies conducted in different contexts, this
study shows its originality in examining the farmers’ per-
spectives, understandings, and experiences on climate risk
and strategies for adaptation in the coastal Savannah agro-
ecological zone, where no study of such nature existed. The
study’s findings are consistent with and support the existing
scientific consensus in the broader literature regarding the
increasing adverse effects of climate risks on agricultural
activities. This underscores the need for enhanced adapta-
tion strategies across different countries and scales. Farm-
ers have identified deforestation as the primary factor that
contributes to climate change and variability. The findings
of this study align with the previous research conducted by
Codjoe et al. (2014) in Ghana and in the eastern portion of
the Amazon, Brazil, by Gatti et al. (2021). The viewpoints of
farmers regarding rising temperatures in the region, as well
as changes in hot and cold periods, agree with the findings of
Batungwanayo et al. (2023) in northeastern Burundi and the
IPCC AR5 (Bindoff et al. 2013; IPCC 2014). The perspec-
tives regarding the increase in hot periods and decrease in
cold periods within the zone agree with the previous study
conducted by Ankrah et al. (2023b). The farmers perceived
a decrease in the total annual rainfall in the zone, along with
an increase in the intensity of rainfall events.

The analysis of climatic variables revealed greater vari-
ability in rainfall patterns across the zone. Previous studies,
such as those conducted by Fosu-Mensah et al. (2012), Law-
son et al. (2020), and Yamba et al. (2019), have reported the
perceptions of farmers regarding the perceived decrease and
erratic rainfall in other parts of Ghana, in the Kirundo and
Muyinga in northeastern Burundi by Batungwanayo et al.
(2023), and in the northern Ethiopian highlands by Hubertus
et al. (2023). According to the IPCC’s AR5, the SSA region



Journal of Environmental Studies and Sciences

is expected to experience more erratic rainfall, which could
have adverse impacts on crop productivity, pose a threat to
food security, and impact the livelihoods of farmers (IPCC
2014). Previous studies by Ntim-Amo et al. (2022) and
Yiridomoh et al. (2021) found an increased perception of
extreme rainfall events among farmers in Ghana’s Sudan
and Guinea Savannah agroecological zones. The farmers
perceived a decrease in rainfall over the past two decades;
however, a study conducted by Ankrah et al. (2023b) indi-
cates that there is a projected increase in rainfall. According
to the farmers, there has been an observed increase in the
overall wind speed, particularly during the dry season, over
the past two decades. The findings of the spatial distribution
analysis of wind speed provided support for their assertions,
indicating an overall increase in wind speed and a greater
degree of variability in the zone.

Again, the farmers perceive extreme temperatures,
drought, pests and diseases as the major climate risks that
have an impact on their agricultural practices. The major
effects associated with temperature risks include the rip-
ening of unmature crops and the drying of crops or seed-
lings. The farmers have identified a decrease in crop yield
as the main impact of changes in rainfall on their agricul-
tural practices. These findings are consistent with the ear-
lier studies conducted by Yaro (2013) in Ghana, by Shah
et al. (2023) in Pakistan, and by Tasnim et al. (2023) in
northwest Bangladesh. According to the study by Rowhani
et al. (2011), variations in temperature and precipitation,
both within and between seasons, have a significant impact
on cereal crop yields in Tanzania. The main effects of wind
speed and extreme events, as determined by the farmers,
include crop destruction, losses, and low productivity. This
is consistent with the previous studies conducted by Ntim-
Amo et al. (2022), Yiridomoh et al. (2021) in other parts of
Ghana, in the U.S.A. by Yaddanapudi and Mishra (2022),
and in China by Zhang et al. (2017). The farmers believe that
the increased risks posed by climate change and variability
in their agricultural methods have led to poverty, thereby
impacting their means of livelihood and contributing to
food insecurity in the country. These assertions made by
the farmers support previous studies conducted by Aydinalp
and Cresser (2008), Aryal et al. (2020), Brink et al. (2023),
Hallegatte and Rozenberg (2017), Hounnou et al. (2023),
Zhang et al. (2023), and the IPCC AR5 (IPCC 2014).

The results also showed that the smallholder farmers
employed various adaptation or coping strategies, especially
the practice of cultivating different crops on a single plot
of land and the use of improved seed varieties for plant-
ing purposes. The findings are consistent with previous
studies conducted in other parts of Ghana, such as those
of Asravor (2018), Fosu-Mensah et al. (2012), Sadiq et al.
(2019), Yamba et al. (2019), Yaro (2013), and Yiridomoh
et al. (2021), and elsewhere, including those of Shah et al.

(2023), Tasnim et al. (2023), Batungwanayo et al. (2023),
Fahim and Sikder (2022), and Metcalfe et al. (2020). The
farmers have identified a number of obstacles that impede
their farming activities, with financial constraints and high
costs of farm inputs or fertilisers being the main obstacles.
This finding agrees with previous studies conducted by Yaro
(2013), Batungwanayo et al. (2023), and Shah et al. (2023).
The results of the binary logistic regression analysis revealed
that the socio-demographic characteristics, namely age, gen-
der, education, and years of farming experience, were found
to be significant predictors of the farmers’ decision to adopt
or employ various adaptation or coping strategies. These
strategies included cultivating different types of crops, using
fertilisers, engaging in livestock rearing, adopting improved
seed varieties, and employing irrigation techniques. This
finding is consistent with previous studies conducted by
Shah et al. (2023).

This study’s limitations include the lack of a sample
frame to determine the minimum required sample size for
the study communities. This was due to a lack of official
records indicating the total number of smallholder farmers in
the various municipalities or districts. This could affect how
representative the study results are for various study commu-
nities and the entire zone. However, the unbiased nature of
the sample process, in which 100 farmers were selected from
each of the eight communities, ensures fairness and allows
for generalisation of the study findings. Lawson et al. (2020)
encountered a similar challenge in determining the minimum
required sample size for their study on the intersectional
perceptions and adaptation strategies of women smallholder
farmers in Ghana’s Upper West region, as there were no
official records available. Also, all eight participants selected
for the interview were male, indicating a disparity in gender
representation. However, at least five respondents, including
the females who participated in the questionnaire survey in
each community, identified these key informants. Further
research that examines the influence of factors such as farm
size, income, credit access, extension services, household
size, social networks, information, and social status on the
perceptions and adaptation strategies of farmers, particularly
women farmers, and the power dynamics they face in access-
ing resources would be beneficial and contribute to informed
policy decisions for the farmers in the zone.

Conclusion

This study examined smallholder farmers’ perceptions of
climate risks and adaptation strategies in the coastal Savan-
nah agroecological zone of Ghana. The main findings indi-
cate a noticeable increase in understanding and awareness of
climate change and variability among farmers. The farmers
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attributed climate change and variability to negative human
actions. The farmers perceived increasing temperatures, hot
periods, and decreasing cold periods, as well as a decrease
in the total annual rainfall accompanied by a rise in the
intensity of rainfall events across the zone. The findings are
consistent with the existing body of scientific literature. The
farmers' agricultural practises are adversely impacted by cli-
mate risks, such as extreme temperatures, drought, and the
proliferation of pests and diseases. The effects that result
from these risks include the ripening of unmature crops, the
drying of crops or seedlings, a decrease in crop yield, crop
destruction, losses, and low productivity. The assertion made
by the farmers suggests that the increase in climate risks has
resulted in both poverty and food insecurity in the country.

Regardless of the increased risks, the findings indicate
that smallholder farmers have implemented various adap-
tation strategies, such as cultivating different crops on a
single plot of land, using improved seed varieties for plant-
ing, using fertilisers, and rearing livestock, among others.
Despite the adoption of various adaptation strategies by
farmers, they encounter numerous obstacles that hinder their
farming activities. The obstacles include a range of chal-
lenges, such as increased financial constraints, high costs
of farm inputs, inadequate government support, and poor
extension services, among others.

The findings above have major consequences for the agri-
cultural practises of smallholder farmers in the zone, spe-
cifically in relation to the changes in climatic variables. It is
anticipated that the majority of risks arising from changes
in temperature, rainfall, and related extreme events will per-
sist within the zone. However, the development of an early
warning system, increased awareness through mass media,
and improved academic engagement in addressing existing
and potential risks may prove beneficial for farmers. The
improved understanding of the risks resulting from changes
in temperature, rainfall, droughts, and floods among farm-
ers will serve as a basis for their informed choices regarding
adaptations or coping strategies. The limited implementation
of these initiatives for farmers results in a greater tendency
for maladaptation, potentially leading to increased risk and
resulting negative effects on their livelihoods. Based on
the findings of the study, it is evident that the smallholder
farmers have already implemented at least one adaptation
or coping strategy. However, they are faced with various
constraints that limit their ability to adapt or cope, thus
necessitating policy interventions and support. It is advised
that financial institutions, including both public and private
entities, undertake a reduction in interest rates applicable
to loans and enhance the flexibility of loan acquisition pro-
cedures, with a specific focus on catering to the needs of
farmers, particularly smallholder farmers. Ghana’s patriar-
chal society necessitates the implementation of targeted poli-
cies by the government and financial institutions, specifically
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designed to support women farmers. These policies should
address the domination faced by women, as well as their
limited access to resources such as land and capital and the
unequal power dynamics they encounter. It is recommended
that the government, through the ministry of food and agri-
culture, consider implementing subsidies for farm inputs,
with a particular focus on fertilisers, in order to enhance
affordability and availability for farmers. Taking a step in
this particular direction would consequently contribute to
the enhancement of the economic status, the safeguarding
of agricultural practises, and the improvement of the liveli-
hoods of the farmers.
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