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Abstract— This study assessed smallholder cocoa farmers' Ghana is the second-largest cocoa-producing country after
perceptions of climate variability in Ghana. Through a survey of Cote d’Ivoire. The cocoa industry is crucial to the country’s
600 farmers, findings indicate awareness of climate change, economic progress, contributing $2 billion, or 14.5% of GDP,
particularly in temperature, while perceptions of variability in in 2018 [10]. Despite this importance, climate change has
rainfall and other climate variables were more neutral. Farmers |ncrea5|ng|y |mpacted the cocoa sector [ll], affectlng farmers'
id_entified de_for_e_station and agrochemica_l use as key dri_vers of livelihoods and productivity [12]. For instance, shifting
climate variability. The study emphasizes the necessity for  \yeaiher patterns, including higher temperatures and erratic
targeted 'ntervent;ons to Enhance awargf'ess and aﬂapt!ve rainfall, compromise cocoa yields and quality, leading to lower
gzg;i%onargi’rna%eggm:;sd eéui::%cl’;nrcggodpge C:cTepsge ?Ifﬁé\;g incomes and increased food security concerns in Ghana [13].
insights aim to inform policymakers and stakeholders to promote g:llr_natle Va“ﬁblll';y podses mgmgoagt r!SkT’ to vmﬂ.sEctolr.s like
sustainable cocoa production in Ghana. griculture, health, and water [6]. Agriculture, which relies on

rainfall and traditional methods, is particularly vulnerable to

Keywords— Cocoa, Climate, Farmers, Perception, Variability the adverse impacts of climate change in developing countries
such as Ghana [6]. The forecasted intensification of climate
I. INTRODUCTION change is expected to increase the susceptibility of cocoa-

growing areas to extreme weather events [14]. Prolonged
droughts and severe flooding are likely to be key factors
affecting crop yields and food security [15]. Climate-related

internal processes or external factors [1]. Climate variability ~ SU€SSOrs include rising temperatures, unpredictable rainfall,
poses major challenges to global agricultural productivity and ~ disTuptions in seasonal patterns, and droughts [16]. These

drives global hunger [2]. The FAO [2] reported that the 2015- changes Wi". also affect com_panion species in _agroforestry
2016 El Nifio impacted over 60 million people, with 23 systems and impact cocoa pollinators, pests, and diseases [17].

countries requesting over USD 5 billion in international aid, ~ Shifts in climate patterns could heighten the vulnerability of

According to [3], while EI Nifio events occur every few years, ~ ©0C02 regions to adverse weather [12], with floods and
climate change alters their patterns and impacts. Climate  cxtended dry spells significantly impacting food security and

variability directly affects agriculture and crop production, cocoa yields [17].
endangering food security and livelihoods for the rural poor Perception and awareness of climate variability are
[4]. Consequently, climate variability reduces agricultural  jmportant for enhancing the resilience of smallholder farmers
productivity and hinders food access as livelihoods which are  to climate change and variability. However, studies on climate
dependent on natural resources are disrupted [5]. According to  variability and related topics in Ghana have largely focused on
[6], agriculture is particularly vulnerable, with yields heavily  food or annual crops [18], [19], [20], with little focus on cocoa,
impacted by temperature and precipitation changes. Porter et \which is the backbone of Ghana's economy [21]. Among the
al. [7] note that global wheat and maize yields have been  |imited studies on climate variability in the cocoa sector, the
affected, and Ray et al. [8] estimate that climate variability  negative impact of climate variability on cocoa production in
accounts for about one-third of yield variability in key crops.  Ghana has been reported. Still, little is known about how cocoa
Climate variability driven by EI Nifio—Southern Oscillation  farmers perceive and respond to climate variability. Such a gap
(ENSO) events significantly reduces crop yields [9], impacting  between perception and scientific literature can undermine the
all aspects of production —i.e., cropping intensity and cropping  adaptive capacity of cocoa farmers and the effective
area [5]. implementation of climate-related policies and programs. Also,
despite Ghana's estimated 800,000 smallholder cocoa farmers

Th Climate variability involves fluctuations in climatic
conditions over various timescales and is indicated by changes
in mean temperature, precipitation, and weather trends due to
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[22], there remains a need for broader and more representative
studies to capture the diversity of farmers' experiences and
responses to climate variability [23].

To address these gaps and further enhance the literature on
climate variability, this study assessed the awareness and
perception of climate variability in Ghana's top three cocoa-
producing regions. Specifically, the study: i. examined cocoa
farmers’ awareness and experience of climate variability; and
ii. assessed the perception of cocoa farmers on climate
variability. This study emphasizes climate variability rather
than climate change because: i. while climate change unfolds
over decades or centuries, daily life is more immediately
impacted by climate variability, which overlays ongoing
climate change; ii. climate variability can affect all aspects of
food security and nutrition, including availability, access,
utilisation, and stability, even in the short term [5].

Il. METHODOLOGY

A. Study Area

This study draws on quantitative data collected in Ghana's
Ashanti, Western, and Western North regions (Fig. 1). The
Ashanti Region in Ghana, with a population of 5,440,463, is
the second most populous region in the country [24]. It shares
borders with six other regions and has a bimodal rainfall with
1,270 millimetres of annual rainfall. Particularly in rural areas,
the region lends itself to agriculture. Cocoa farms account for
the region's greatest proportion of crops grown (22.1%) [25].
The Western Region, which is home to about 2,060,585
people, is bordered by the Gulf of Guinea, Cote d'lvoire, the
Central, and the Western North [24]. It experiences annual
rainfall between 1,250 and 2,000 millimetres, with two rainy
seasons. The region has three main vegetation types: evergreen
rainforest, deciduous forest, and coastal savannah. Its climate
and vegetation make it suitable for tree crop production [26].
The Western Region alone produces more cocoa beans than
any other region in Ghana, making it the country's leading
cocoa producer [26]. The Western North Region in Ghana,
bordered by Cobte d'lvoire and the Central Region, has a
population of 880,921 [24]. Its tropical rainforest climate, with
high temperatures and moderate to heavy rainfall, makes it
ideal for agricultural activities. The region is a top producer of
valuable cash crops like cocoa, with cocoa farms accounting
for the majority of crops grown [26]. Historically, these regions
have been the backbone of cocoa production in Ghana [27].
We adopted a cross-sectional survey design to assess
awareness and perceptions about climate variability by
focusing on cocoa farmers. This design enabled data collection
at a specific time, offering a brief overview of the current
situation among cocoa farmers in the study area, specifically
the Western, Western North, and Ashanti regions.

B. Some Common Mistakes

The study employed a quantitative technique, and the
population for the study were all cocoa farmers in the Western,
Western North and Ashanti regions. As of December 2022,
data from the Cocoa Management System (CMS) of the Ghana
Cocoa Board (COCOBOD) reported a total of 443,885
registered cocoa farmers in the three regions [28]. Since the
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population is known, the Yamane [29] formula was used to
compute the sample size. The formula is given as;
N
1+ N(e)?
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Fig. 1. Map of the study area

where N is the total population of cocoa farmers in the
three regions, n is the sample size and using a 95% confidence
level, e is the margin of error at 5%. Substituting N and e into
the formula, we have:

_ 443885
1+443885(0.05)2

= 399.64 = 400

Hence, the minimum sample size for the stated population
is 400. However, [30] proposed that oversampling by 40%-
60% is required to account for non-responses and difficult or
uncooperative respondents. As a result, the sample size was
raised by 50%. Therefore, the total sample size (n) for the
study was 600.

The study employed a multistage sampling technique. The
first stage involved stratified random sampling to divide each
region into two strata based on geographic locations, north and
south districts/municipalities. We wused simple random
sampling to select one district from each stratum, resulting in
two districts from each region. The sampled districts were
Amenfi Central and Wassa East Districts from the Western
Region, Bia West District and Babiani-Ahwiaso-Bekwai
Municipal from the Western North Region, and Ahafo Ano
North and Bekwai Municipalities in the Ashanti Region. In the
second stage, we randomly selected four (4) communities from
each of the six districts/municipalities. The final stage of
sampling involves a simple random sample of 600 respondents
from the communities.

The questionnaire was pre-tested on 15 farmers in Asanso
in the Bekwai Municipal Assembly with similar characteristics
to assess its clarity, accuracy, and coherence. The pre-test
helped the researchers to review the instrument before the
actual data collection. The actual data were collected between
August and September 2023. To help with data collection,



enumerators who were fluent in the Twi and Sefwi languages
were engaged. They were trained on the instrument and data
collection techniques before the survey. The study followed a
standard ethical protocol for gathering primary data. Initially,
we provided the respondents with information regarding the
objective of the study. We also told them they could leave the
interview anytime. We further explained the importance of
maintaining the secrecy of the information they give. The
privacy of the respondents was safeguarded, and their identities
and records were kept confidential. All interviews were
conducted at locations regarded as convenient and safe for the
respondents.

C. Data Analysis

We analyzed the questionnaires using both descriptive and
inferential methods. We used descriptive statistics to gain a
general understanding of the sample characteristics and
respondent distribution, including their awareness and
experience with climate variability. We used a five-point Likert
scale, ranging from 1 = strongly disagree to 5 = strongly agree,
to determine cocoa farmers' perceptions of climate variability
and its drivers in their farming system. We analyzed their
perceptions using a perception index. Mean scores for each of
the perception statements were computed as:

_ X(Frequencyjxcodeq)+--+(Frequencyyxcodey)
N

MS

where MS is the mean score and N is the number of
respondents. The perception index was computed by summing
mean scores for each statement and dividing by the number of
statements, and the formula is given as;

__ X Mean Score

PI
Nps

I11. RESULTS AND DISCUSSIONS

A. Respondents’ Demographic Characteristics

The socio-economic characteristics of the respondents are
presented in Table I. The majority of the respondents were
males (72.5%) and married (80.7%). The dominance of males
in cocoa production may stem from the relatively tedious
nature of cocoa farming compared to food crops. Females often
assist their husbands in cocoa farming [31]. This finding on
marital status aligns with a study by [32] that reported that
most cocoa farmers in Ghana fall within the married bracket.
Naamwintone & Bagson [33] further explained that most
married cocoa farmers see marriage as a supporting
opportunity for farming activities, aside from its primary
purpose. The majority of the respondents (73.0%) own the land
they farm on. Ownership of land gives farmers a higher level
of security and control over their farming operations compared
to those who do not [34].

Most respondents (85.7%) as presented in Table | do not
have access to skilled labour, and 66.2% lack access to climate
information. This suggests that cocoa farmers have relatively
low access to skilled labour, which could negatively impact
their adoption of good agronomic or climate-smart practices,
potentially affecting productivity [35]. Our findings on access
to climate information contradict an earlier study by [36] which
reported that a substantial majority of cocoa farmers have
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access to climate information services. Majority of the
respondents (91.7%) are members of Farmer-Based
Organizations (FBOs) (Table I). Being a member of the FBO is
a requirement to receive subsidized inputs from the state
through the Cocoa Health and Extension Division (CHED) of
COCOBOD, which could potentially explain the high FBO
membership rates among cocoa farmers. FBO membership can
influence farmers' responses because members may have
varying experiences and viewpoints compared to non-
members, and they play a crucial role in spreading information
and innovation [37]. Most of the respondents (66.8%) do not
have access to formal credit (Table 1), which aligns with
studies by [38] indicating that most farmers in Ghana lack
access to formal credit. Fiawoo et al. [37] reported that the
majority of farmers in Ghana prioritize specific interventions
and commercial goals over credit accessibility. The majority of
respondents (84.7%) have access to input markets for
agricultural supplies, and have access to agricultural extension
services (85.8%) (Table 1). Access to input markets and
extension services among cocoa farmers not only boosts
production but also helps them to be resilient against the
negative impacts of climate change [39].

The respondents’ ages range from 23 to 83 years, with a
mean age of 52 (Table ). This finding supports [40] 's
assertion that smallholder cocoa farmers in Ghana are elderly.
Due to the labour-intensive nature of cocoa farming, older
farmers may struggle to perform certain agronomic tasks and
may find it difficult to adopt modern innovations. This could
result in a decrease in productivity, which could potentially
impact Ghana's economy, given its reliance on the sale of
cocoa beans. On average, respondents have approximately 8
years of formal education. The number of years cocoa farmers
spend in formal education is not a requirement for cocoa
farming. However, educated farmers are better at performing
certain tasks and roles, and telling the difference between
beneficial and undesirable investment areas can affect how
they make decisions and use information [41]. This finding
suggests that cocoa farmers are literate enough to engage in
practices that reduce the impact of climate change [38].

Respondents have been involved in farming for an average
of 23 years (Table I). A higher average number of years of
farming experience indicates a farmer with a deep
understanding of farming operations. For instance, this
experience may allow farmers to respond to climate change.
However, a higher average farming experience does not
necessarily guarantee success in adapting to climate variability,
as experienced farmers tend to be more hesitant in adopting
modern innovations [42]. The mean household size is 7.06,
suggesting that households typically comprise seven
individuals. In their cocoa farmers' survey in Ghana and
Nigeria, [43] and [44] found an average household size of 6.3
and 6, respectively, which is comparable to the average
household size for this study. This implies that the respondents'
family size was relatively large, which further suggests that
there may be a high chance of available labour for farming
activities, thereby reducing the labour challenges in cocoa
farming [43].

Respondents have an average farm size of 3.76 hectares as
presented in Table I. The results indicate that the respondents



are mostly small-scale farmers, but the relatively wide range in
farm sizes could also suggest that small-scale and larger-scale
cocoa farms are in the study area. Crop diversification and
practices may be more feasible for farms of larger sizes, which
can enhance their resilience to climate variability [42], [43].
However, large farms may also encounter challenges in
managing their land and produce. For instance, larger farms
may encounter difficulties in farm maintenance activities such
as weeding, pruning, and applying agrochemicals and
fertilizers. Finally, respondents’ average distance from their
homes to their farms is 5 kilometers (Table I). Long commutes
to farms can be costly and time-consuming, which may restrict
farmers' capacities, such as their usual farm maintenance or
monitoring, and pose difficulties in adapting to climate
variability [42].

TABLE I. SOCIO-ECONOMIC CHARACTERISTICS OF RESPONDENTS

Discrete variables Frequency Per?:f/: )t age
Sex Male 435 725
Female 165 275
. Yes 484 80.7
Marital status No 116 193
Land ownership Yes 438 730
No 162 27.0
Access to skilled Yes 86 14.3
labour No 514 85.7
Access to climate Yes 203 33.8
information No 397 66.2
FBO membership Yes 550 91.7
status No 50 8.3
Access to formal Yes 199 33.2
credit No 401 66.8
Access to input Yes 508 84.7
market No 92 15.3
Access to Yes 515 85.8
extension service No 85 14.2
Cont_lnuous Minimum Maximum Mean Std. Dev.
variables
Age 23.00 83.00 51.89 0.45
Education (years) 0.00 26.00 7.51 6.15
Farming
experience (years) 3.00 55.00 22.51 10.01
Household size 1.00 25.00 7.06 3.52
Farm size (Ha) 0.32 14.98 3.76 2.52
Distance to farm 0.05 32.20 469 519
(Km)

B. Cocoa Farmers’ Awareness and Experience of Climate

Variability

A substantial majority of respondents (88.7%) are
knowledgeable about climate change and variability, indicating
that climate change is widely recognized within this group
(Table I1). Ali & Erenstein [44] suggests that awareness of
climate change plays a crucial role in agricultural development.
It improves understanding of climate change and strengthens
farmers' abilities to implement more effective, efficient, and
appropriate interventions. The finding is consistent with [45],
who reported that approximately 98% of cocoa farmers in Ekiti
State, Nigeria, are aware of climate variability. However, this
result contrasts with [46], who found very low awareness rates
among some rural populations in Tolon and Kumbungu in
Northern Ghana. It also differs from [47], who identified low

levels of awareness in West Africa and sub-Saharan Africa,
and [48], who noted that most respondents in rural Northern
Ghana (Kassena Nankana District), particularly older
individuals, had not heard of climate change. The study
regions' status as project locations for various climate change-
related programmes and projects, including the Ghana Forest
Investment Programme (GFIP), Reducing Emissions from
Deforestation and Forest Degradation (REDD+), and SNV
Shaded Cocoa Agroforestry Systems (SCAFS), may account
for the high awareness level. A high percentage of respondents
(92.0%) report having experienced climate variability, which
highlights the widespread impact of climate variability on their
daily lives and farming practices. The high levels of awareness
(88.7%) and experience (92.0%) with climate variability
among respondents reflect a strong recognition and direct
impact of climate change in their lives. This awareness and
experience are crucial for understanding the adaptation
strategies they employ and their need for support in addressing
climate-related challenges. On average, respondents have been
experiencing climate variability for approximately 6 years,
with a range spanning from 1 to 21 years. The standard
deviation of 3.925 years suggests considerable variation in the
length of time respondents have been experiencing climate
variability.

The results in Table Il indicate that while some respondents
have faced climate variability for a relatively short period,
others have been dealing with these issues for much longer.
This variability in experience duration might influence the
respondents' perceptions and coping strategies. According to
[49], past experiences and observations play an important role
in farmers’ awareness of changes in climate patterns. Given the
high awareness and experience levels, there may be a need for
targeted support and training programs focused on enhancing
adaptive strategies and resilience. Addressing the specific
needs of both long-term and more recent climate variability
experiences can help improve such interventions.
Understanding the depth of experience and awareness among
respondents can guide policymakers and practitioners in
developing more effective climate adaptation strategies and
support systems tailored to the needs and experiences of the
affected communities.

TABLE II. AWARENESS AND EXPERIENCE OF CLIMATE VARIABILITY
. I Yes No
Climate Variability Frequency |Percentage| Frequency |Percentage
Climate change and variabilit 532 88.7 68 113
lawareness
Experl'e_nce of climate| 550 920 8 8.0
\variability
Minimum |[Maximum Mean Std. Dev.

Duratl_on of climate variability| 1.00 21.00 5902 3.925
Experience (Years)

C. Perceived Changes in Climatic Variables

Fig. 2 presents the respondents' observations of changes
in various aspects of climate variability. The results indicate
that in terms of rainfall, the majority of the farmers (61.8%)
perceive a decrease in rainfall, 31.7% of the farmers perceive
an increase, and 6.5% of the farmers perceive no change in
rainfall patterns. This agrees with that of [49], who reported



that the majority of farmers perceive increases in rainfall as a
sign of climate variability. Thornton et al. [50] argue that as
climate variability increases, the frequency of human
displacement due to extreme events, particularly floods, could
also rise.

A significant majority (76.5%) of respondents, as shown in
Fig 2 report an increase in temperature. In line with this study,
[49] also reported that the majority of farmers who observed
temperature changes reported increases in recent times. Most
respondents (44.3%) observed an increase in harmattan
conditions (Fig 2). Farmers report that prolonged dry spells are
causing cocoa plants to wilt and dry up [49]. Climate change is
apparent in both developing and developed nations, evidenced
by shifts in precipitation patterns and unprecedented rises in
temperatures, which pose risks to livelihoods and hinder socio-
economic progress [51]. Extreme weather events like droughts
and floods disrupt economic activities and heighten community
vulnerability to further detrimental climate conditions [52].

D. Perception of Cocoa Farmers on Climate Variability

Table Il presents the perceptions of cocoa farmers
regarding various aspects of climate variability, including
rainfall, temperature, wind, flooding, and harmattan conditions.
The overall perception of rainfall changes has a mean score of
3.26, indicating a moderate agreement among farmers that
rainfall patterns have not substantially changed. This suggests
that respondents neither agree nor disagree with the statements
related to rainfall variability. It implies that while some
respondents may perceive rainfall patterns as somewhat
predictable or consistent, others may perceive them as
somewhat erratic or unpredictable. This middling perception
could stem from experiences of both regular and irregular
rainfall events, reflecting the variability inherent in local
climate conditions. High-intensity rainfall (mean = 3.53) is
perceived more strongly compared to other rainfall-related
changes, suggesting that farmers are particularly noticing more
intense rainfalls (Table I11). Consistent with this research, [20]
observed that farmers had a neutral stance on the variability in
rainfall. However, [53] and [19] reported that farmers in Ghana
perceived a change in rainfall patterns, which deviates from
this result. In contrast, the perception of temperature changes
has a higher overall mean (3.69), indicating a stronger
agreement among farmers (Table Ill). This suggests that
respondents may generally perceive temperature patterns as
more consistent or noticeable compared to rainfall patterns.
The higher mean score could imply that respondents are more
attuned to changes in temperature, whether they perceive them
as warming trends, increased heat waves, or other temperature-
related shifts. frequent heatwaves (mean = 4.06) and increases

34

in the earth's surface temperature (mean = 4.02) are particularly
notable, reflecting a significant concern among farmers about
rising temperatures and heatwaves (Table I11). In line with the
results, [53] found that most cocoa farmers in Ghana have
observed a rise in average temperatures. Nevertheless, [20]
found that farmers displayed a neutral attitude towards
variability in temperature.

Wind-related variability, as presented in Table Ill, has an
overall mean of 3.17. This suggests that respondents have a
relatively neutral perception of wind patterns. Thus, they
neither agree nor disagree with the statements provided. It
implies that while wind variability may be observed,
respondents may not perceive it as a significant factor
influencing their farming practices or livelihoods compared to
other climate variables. The perception of high wind speed
(mean = 3.43) and change in wind direction (Mean = 3.30) are
notable, indicating that farmers are experiencing and concerned
about changes in wind patterns and speed. The findings differ
from those of [20], who indicated that farmers were in
disagreement regarding climate change variability related to
wind.

The overall perception of flooding has a mean of 3.10,
showing a moderate agreement. This suggests that respondents
may perceive flooding events as less frequent or impactful than
climate variables such as temperature. However, even though
the perception is slightly lower, flooding events can still have
significant agricultural consequences, including crop damage
and infrastructure loss. Flash flooding (mean = 3.33) is more
strongly perceived than unusual/extreme flooding (mean =
2.78), indicating that flash floods are a more immediate
concern for the farmers. The results are at odds with those of
[19] and [20], who found that farmers were opposed to
statements regarding the variability of flooding.
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Fig. 2. Perception of changes in climatic variables



TABLE Il

PERCEPTION OF COCOA FARMERS ON CLIMATE VARIABILITY

Perception statements SD (1) D (2) N (3) A (4) SA (5) I Mean ‘ Std. Dev.
Rainfall (Overall mean=3.26)
Decreased rainfall days 91(15.17) | 130 (21.67) | 70 (11.67) | 176 (29.33) | 133 (22.17) | 3.22 1.40
Delay in the onset of rainfall 86 (14.33) | 159 (26.50) | 94 (15.67) | 174 (29.00) | 87 (14.50) | 3.03 1.31
Erratic/unusual rain 85(14.17) | 133(22.17) | 75(12.50) | 174 (29.00) | 133 (22.17) | 3.23 1.38
High-intensity rainfall 60 (10.00) | 88(14.67) | 79(13.17) | 219 (36.50) | 154 (25.67) | 3.53 1.29
Temperature (Overall Mean= 3.69)
Increase in earth surface temperature 25 (4.17) 35(5.83) | 72(12.00) | 237 (39.50) | 231 (38.50) | 4.02 1.06
Frequent heatwaves 14 (2.33) 36(6.00) | 72(12.00) | 259 (43.17) | 219 (36.50) | 4.06 0.97
High sunshine intensity 23 (3.83) 39 (6.50) | 104 (17.33) | 262 (43.67) | 172 (28.67) | 3.87 1.02
Longer hours of sunshine 106 (17.67) | 202 (33.67) | 85(14.17) | 121(20.17) | 86(14.33) | 2.80 1.33
Wind (Overall Mean= 3.17)
Erratic wind 79 (13.17) | 176 (29.33) | 135 (22.50) | 134 (22.33) | 76 (12.67) | 2.92 1.24
Typhoon wind 83(13.83) | 129 (21.50) | 164 (27.33) | 144 (24.00) | 80 (13.33) | 3.02 1.24
Change in wind direction 48(8.00) | 108 (18.00) | 146 (24.33) | 210 (35.00) | 88(14.67) | 3.30 1.16
High wind speed 45(7.50) | 100 (16.67) | 128 (21.33) | 209 (34.83) | 118 (19.67) | 3.43 1.19
Flooding (Overall Mean= 3.10)
Rainstorm flooding 79(13.17) | 113(18.83) | 125(20.83) | 187 (31.17) | 96(16.00) | 3.18 1.28
Flash flooding 70 (11.67) | 101 (16.83) | 131 (21.83) | 156 (26.00) | 142 (23.67) | 3.33 1.32
Unusual /extreme flooding 137 (22.83) | 83(13.83) | 194 (32.33) | 147 (24.50) | 39(6.50) | 2.78 1.23
Harmattan (Overall Mean= 3.17)
Short-lived Harmattan 94 (15.67) | 156 (26.00) | 85(14.17) | 177 (29.50) | 88 (14.67) | 3.02 1.33
Early onset and early cessation of Harmattan | 45 3 00) | 122 (20.33) | 108 (18.00) | 217 (36.17) | 105 (17.50) | 3.35 121
Barly onset and late cessation of Harmattan | 2¢ 15 55 | 139 (23.17) | 111 (18.50) | 183 (30.50) | 92 (15.33) | 3.3 1.28

Note: SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree

The perception of changes related to harmattan has an
overall mean of 3.17, closely aligning with the perceptions of
rainfall and flooding, indicating a neutral stance (Table IlI).
This suggests that respondents may have mixed experiences or
opinions regarding the effects of harmattan on their farming
activities. While some may view harmattan as a regular
occurrence with manageable impacts, others may perceive it as
a significant challenge, particularly concerning crop health and
productivity. The early onset and early cessation of harmattan
(mean = 3.35) are particularly notable, indicating that farmers
are observing shifts in the timing of this seasonal wind pattern.
The results are inconsistent with [20], who reported that
farmers rejected statements about variability in harmattan. The
results indicate that cocoa farmers are perceiving significant
changes in climate variability, particularly concerning
temperature and rainfall patterns. The higher overall means for
temperature-related perceptions suggest that changes in
temperature and heat waves are more strongly felt and could be
having a significant impact on cocoa farming practices.
Rainfall and wind changes are also of concern, though to a
slightly lesser extent. These perceptions highlight the need for
agricultural interventions and support systems to help farmers
adapt to these changing climate conditions. This might include
the introduction of drought-resistant cocoa varieties, improved
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irrigation systems, and better forecasting and early warning
systems to help farmers prepare for extreme weather events.

E. Cocoa Farmers' Perception of The Drivers of Climate
Variability

Table IV presents cocoa farmers' perceptions regarding
the drivers of climate variability. Deforestation was seen as the
most critical driver of climate variability among the
interviewed cocoa farmers (mean = 4.38, S.D. = 0.98). This
strong perception could be due to the direct impact of
deforestation on local microclimates, such as changes in
rainfall patterns and temperature regulation. Efforts to reduce
deforestation through sustainable farming practices and
reforestation programs could help mitigate some of these
perceived impacts. The finding is consistent with that of [49],
who reported deforestation as a contributing factor to climate
variability. Bush burning was also mentioned as a contributing
factor to climate variability after deforestation (mean = 4.15;
S.D. = 1.05). Bush burning is commonly used in agriculture to
clear land, but is known to release significant amounts of
greenhouse gases and reduce soil quality. The strong
agreement among farmers highlights the need for alternative
land management practices like no or minimum tillage that are
less harmful to the environment. Kosoe & Ahmed [49], found



bush burning to be one of the major factors influencing climate

variability.

TABLE IV. COCOA FARMERS' PERCEPTION OF THE DRIVERS OF CLIMATE VARIABILITY
Drivers SD (1) D2 (2) N (3) A (4) SA (5) Mean | Std. Dev.
Deforestation 21(3.50) | 16(2.67) | 41(6.83) | 157 (26.17) | 365 (60.83) 4.38 0.98
Bush burning 24(4.00) | 27 (4.50) | 64 (10.67) | 204 (34.00) | 281 (46.83) | 4.15 1.05
Population growth 24(4.00) | 39(6.50) | 81(13.50) | 217 (36.17) | 239 (39.83) | 4.01 1.07
Natural occurrence event 29 (4.83) | 33(5.50) |143(23.83)| 232(38.67) | 163 (27.17) 3.78 1.06
The use of fossil fuels (petrol, kerosene) 12 (2.00) | 24 (4.00) | 80(13.33) | 248 (41.33) | 236 (39.33) 4.12 0.92
E)’;‘if;‘(‘j’eesui‘zr"t; 2%:5“‘9”“'5 15(2.50) | 33(5.50) | 93 (15.50) | 227 (37.83) | 232 (38.67) | 4.05 0.99
Excessive use of inorganic fertilizers 29 (4.83) | 71(11.83) | 122 (20.33)| 196 (32.67) | 182 (30.33) 3.72 1.16

Note: SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree

The use of fossil fuels (petrol, diesel, kerosene) was also
perceived to impact climate variability (mean 4.12; S.D. =
0.92). The burning of fossil fuels is a well-known source of
greenhouse gases. Farmers' awareness of this issue indicates a
broad understanding of the role of energy consumption in
climate change. This could lead to support for renewable
energy initiatives and cleaner technologies. The results are
consistent with [54], who found that participants view human
activities, such as the use of heavy machinery on land, in the
air, and water, as significant contributors to climate change.

1V. CONCLUSION AND RECOMMENDATIONS

The study assessed the experiences of smallholder cocoa
farmers with climate variability by investigating their
awareness and perceptions. Using descriptive statistics and
perception index, the study revealed that the majority of cocoa
farmers are aware of climate variability. This awareness may
be due to various climate-related programs and projects that the
government, chocolate companies, and other international
development corporations have implemented in the cocoa-
growing communities in Ghana. The farmers perceived
changes in climate variables, including a decrease in rainfall,
an increase in temperature, wind, and harmattan, and a slight
increase in flooding. In their overall perception of climate
variability, the cocoa farmers agreed with statements about
temperature variability. However, they did not agree or
disagree with statements about rainfall, wind, harmattan, and
flooding, taking a neutral stance. Deforestation, bush burning,
the use of fossil fuels, and excessive use of agrochemicals are
the foremost perceived drivers of climate variability among
cocoa farmers.

Based on the study’s findings, there is a need to enhance
awareness and education on climate variability in cocoa
farming communities in Ghana. COCOBOD, NGOs, and other
international development agencies should create targeted
educational programs to raise awareness among cocoa farmers
about climate change, since it negatively affects cocoa
production. The awareness and education should not be limited
to community extension agents of COCOBOD training;
traditional media platforms should be employed. The study
also suggests promoting comprehensive adaptation measures,
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given the farmers' experience with climate variability. Through
their extension department, COCOBOD should encourage
cocoa farmers to adopt a mix of adaptation measures that
address various climate variability adverse effects. This can be
achieved by supporting research and innovation to develop
climate-resilient cocoa varieties and agronomic practices that
are tailored to local farming conditions. COCOBOD should
enhance the campaign and practice of afforestation,
reforestation, and the cocoa agroforest system in cocoa farming
communities since deforestation is a driver of climate
variability. This can be achieved when the carbon trading
model incentivizes trees in and around cocoa farms.
Furthermore, there should be support from the government and
other stakeholders to implement policies and programs that
address socioeconomic disparities and promote inclusive
access to resources and opportunities for all cocoa farmers.
This can be done by providing financial incentives and support
mechanisms to assist farmers, particularly those with limited
resources, in adopting climate-smart agricultural practices.
Finally, COCOBOD should collaborate with the Ghana
Meteorological Service to create a platform that ensures cocoa
farmers receive accurate and timely climate data regularly to
inform some of their agronomic decisions.
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