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SOIL & CROP SCIENCES | RESEARCH ARTICLE

Climate variability indicators - scientific data 
versus farmers perception; evidence from 
southern Ghana
Daniel Adu Ankrah1*, Jojo Mensah1, Jonathan Nicholas Anaglo1 and Seth Dankyi Boateng1

Abstract:  Even though copious knowledge has been advanced in the extant lit
erature on climate variability and change. Two schools of thought exist—one that 
views farmers’ perceptions of climate indicators as erroneous and inferior, while the 
other views, scientific data, specifically meteorological data, to be superior and 
accurate. The accuracy of farmers perception of climate variability indicators is in 
doubt relative to the scientific data. This article targets assessing farmers percep
tion of climate variability indicators compared to the scientific data with an eye to 
distil policy implications for climate variability resilience and adaptation. Using 
cross-sectional data on 197 smallholder maize farmers in southern Ghana, the 
article answers the research question: To what extent do smallholder farmers 
perception of climate variability indicators align or vary from objective climate data? 
We find variation between farmers perception of climate indicators and the objec
tive data from the Ghana Meteorological Agency. Specifically, while farmer percep
tions showed a decrease in rainfall over the past 10 years (2009–2018), the 
objective data proved otherwise. Again, a contradiction existed between farmers 
perception of sunshine and the scientific data. However, farmers’ perceptions of 
temperature aligned with the objective data. The scientific data established coeffi
cient of variations of 0.21, 0.04, 0.03, and 0.12 for rainfall, sunshine, maximum, and 
minimum temperatures respectively. We recommend collaborative efforts between 
the national research council’s, Ghana Meteorological Agency, and academic insti
tutions to commission further studies that will test, confirm, and harmonize the 
reliability of smallholder perceptions of climate variability and change in climate 
adaptation efforts.

Subjects: Agriculture & Environmental Sciences; Hazards & Disasters; Environmental 
Geography 

Keywords: climate crisis; meteorological data; smallholder farmers; maize farmers

1. Introduction
This article interrogates smallholder farmers perception of climate variability factors, specifically 
rainfall, temperature, and sunshine, relative to the scientific data obtained from the Ghana 
Meteorological Agency (GMeT), which is considered objective data. We answer the research ques
tion: To what extent do smallholder farmers perception of climate variability indicators align or 
vary from the objective climate data? This is a question that demands recognition and action. 
Particularly predicated within a context where most smallholder farmers in the global south are 
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rain-dependent and less sophisticated. Additionally, the adverse effects of climate variability and 
change are even more devastating within rural spaces rendering smallholder farmers in non-urban 
settings most vulnerable. This compound existing systemic challenges such as infrastructural 
deficits, endemic poverty, technological gaps, limited electricity access, limited economic oppor
tunities, and the exodus to urban spaces.

Given the challenges posed by climate variabilities and change, scientific prediction, and model
ing have come in handy in mitigating the effects. Thus, scientific prediction and modeling have 
taken center stage in the quest to minimize climate variability and change effects (Baig et al.,  
2021; Jourdan et al., 2021; Solaraju-Murali et al., 2022). Ayanlade et al. (2017) indicated that 
climate variability and change impacts remain principally assessed through rigorous quantitative 
data and modeling. However, most farmers, given their peculiarities in rural spaces, do not readily 
obtain information on scientific weather prediction to guide their farming activities. They tend to 
rely heavily on their perception in predicting climate variables such as rainfall, temperature, and 
sunshine intensity. Especially in contexts where meteorological data remain limited and, in some 
instances, unavailable for the rural folks, farmers perception proves useful (Roco et al., 2015). 
Smallholders tend to rely on their indigenous knowledge in making such predictions, given their 
experience in farming. Indeed, Ankrah et al. (2022) indicated that the indigenous knowledge base 
of farmers proved useful in climate prediction and hence should be harnessed with scientific data 
in climate prediction in their study in Ghana. Other studies (Ayanlade et al., 2017; Imran et al.,  
2020) cast doubt on the reliability and accuracy of farmer’s predictions and perceptions concerning 
climate variability and change prediction. For instance, Osbahr et al. (2011) found a variation 
between farmers’ perceptions of decreases in rainfall with the scientific data in Uganda. Yaro 
(2013) observed variation in farmer perception of decreased rainfall and the objective scientific 
data in southern Ghana.

The related literature (Ado et al., 2019; Le Dang et al., 2014) shows that farmers climate 
variability and change adaptation strategies are shaped by their perceptions and interpretation 
of climate variability and change. Imran et al. (2020) and Hasan and Kumar (2019) indicated that it 
is, therefore, essential to understand farmers’ perceptions for effective adaptation strategies. For 
instance, Imran et al. (2020) indicated that farmers’ perceptions about increases in temperature 
aligned with objective data from the meteorological services in Pakistan. Le Dang et al. (2014) also 
found consistency between farmers’ perceptions and scientific data. Krishna Bahadur et al. (2020) 
argued for integration of scientific data with the subjective perception of farmers since a single 
reliance on subjective perception alone limits the reliability given the subjectivities and biases. 
However, climate variability and change scholarships that address such integration remain limited 
in SSA (Akponikpè, Gérard, et al., 2010; Ayanlade et al., 2017; Dakurah, 2021; De Longueville et al.,  
2020; Mcsweeney et al., 2010; Simelton et al., 2013; Yaro, 2013).

For instance, Gbetibouo (2009) compared farmers’ perceptions of climate variables such as 
temperature and rainfall in South Africa and observed an alignment of farmers’ perceptions with 
the scientific data from the meteorological agency. Abid et al. (2015) compared farmers’ percep
tions with the objective data in Pakistan, while Mkonda et al. (2018) undertook such a comparison 
in Tanzania. Osbahr et al. (2011) found an alignment between farmers’ perceptions of temperature 
increase with the scientific data in Uganda. In the specific case of Ghana, Yaro (2013) examined 
farmer perception of rainfall and temperature and found agreement in farmers’ perceptions and 
the objective scientific data in southern Ghana. Most studies do not examine sunshine in the 
climate variables, even though it remains an important variable for plant growth and productivity.

Most studies have heavily focused on the analysis of scientific historical data on climate variables, 
especially rainfall, and temperature (Addisu, Selassie, Fissha, & Gedif, 2015; Asare-Nuamah et al.,  
2019; MacKellar et al., 2014; Mengistu et al., 2014). Others (Ajuang et al., 2016; Lee et al., 2015; 
Mamba, 2016; Owusu et al., 2019; Roco et al., 2015) have focused solely on farmers subjective 
perceptions of climate variability and change. For instance, in Ghana, Limantol et al. (2016) examined 
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farmers’ subjective local perceptions of climate variability in the Vea catchment and observed 
reduced rainfall precipitation, intensity, and duration. Some scholarships (Dickinson et al., 2017; 
Kuivanen et al., 2016; Niles & Mueller, 2016; Simelton et al., 2013) in Ghana have advocated for the 
integration of local subjective perceptions and the scientific data in northern Ghana.

The general conclusion from the related literature shows mixed conclusions between farmers’ 
perceptions of climate variability variables and the scientific data. In particular, variations exist 
between the perception of temperature and rainfall relative to the scientific data. While some 
studies (Dhanya & Ramachandran, 2016; Gbetibouo, 2009; Mekonnen et al., 2018; Mertz et al.,  
2009; Yaro, 2013) found agreement, others (Ayal & Leal Filho, 2017; Le Dang et al., 2014; Fatuase & 
Ajibefun, 2013; Niles & Mueller, 2016; Osbahr et al., 2011; Simelton et al., 2013) showed variations. 
This article seeks to answer the research question: To what extent do farmers’ perceptions of 
climate variables i.e. rainfall, temperature, and sunshine align with the scientific data from the 
Ghana Meteorological Agency (GMeT) in a non-arid space? Specifically, the objective of the study is 
to determine the extent to which farmers perception of climate variables (sunshine, rainfall, 
temperature) align with the scientific data from GMeT.

This article makes two contributions to the farmers subjective perceptions of climate variability 
and scientific data nexus literature. First, in addition to rainfall and temperature variables which 
have been examined adequately (Abid et al., 2015; Akponikpè, Johnston, et al., 2010; Dadzie, 2021; 
Osbahr et al., 2011; Yaro, 2013), the third variable of sunshine intensity has been introduced into 
the conversation. Given that its merits discussion, but sunshine intensity has remained under- 
discussed in the climate variability discourses. Even though sunshine intensity remains vital in crop 
growth, performance, production, and consequently outputs. Generally, earlier studies confirmed 
smallholder farmers perception of the changes occurring in climate. And consequently, the efforts 
that they put in place to mitigate the negative effects (adaptation strategies). However, subjective 
perceptions may not necessarily reflect the reality; hence, climate trends may be misinterpreted, 
and not understood, characterized by variances between farmers perceptions and the scientific 
data leading to counter-productive climate adaptation strategies. It remains imperative to assess 
the alignment or otherwise of farmers perception and the objective data, given that it is valid 
starting point for scientific prediction (Ayanlade et al., 2017). And this study deepens our under
standing in this light.

Finally, the article adds to the scant (Ayanlade et al., 2017; Dadzie, 2021; Hasan & Kumar, 2019,  
2020; Imran et al., 2020) literature on farmers perception versus objective scientific data in the 
global south, particularly considering a non-arid space in southern Ghana. This remains important 
because most of the few (Amadou et al., 2015; Guodaar et al., 2021; Nyadzi, 2016) studies tend to 
focus more on northern Ghana, a space that experiences the extremes of the weather. There is, 
however, the need to bring into perspective the accounts from southern Ghana to nuance the 
conversation. Dadzie (2021) appears to be the closest who attempted to examine farmers percep
tion and the scientific data in the study area (Central Region) but missed out on the inclusion of 
sunshine intensity.

The rest of the article is structured as follows: the next section presents pertinent literature to 
the study. Section 3 presents the study’s methodology. Section 4 presents the results and discus
sions. The final section concludes and provides policy recommendation.

2. Extant literature
To start off, perception has been viewed as a complete image of a phenomenon in question, 
that constitutes the final part of the psychological process preceded by information gathering 
(sensory input) and ends with a subjective interpretation to the information gathered (Kalat,  
2016; Steg et al., 2019). Bickerstaff (2004) and Niemeyer et al. (2005) viewed the perception of 
climate variability and change as a subjective evaluation that drives adaptation strategies. 
Climate variability and change perception is multidimensional and has remained extensively 

Ankrah et al., Cogent Food & Agriculture (2023), 9: 2148323                                                                                                                                           
https://doi.org/10.1080/23311932.2022.2148323                                                                                                                                                       

Page 3 of 19



examined with regard to the impacts, causes, and adaptation (Alam et al., 2017; Haque et al.,  
2012; Kabir et al., 2016; Shameem et al., 2015; Uddin et al., 2014). Climate variability and 
change inflicts climate-related hazards (Howe,), that vary across geographical space and 
scale. It creates fond memories among farmers across space, time, and scale, the extremes, 
are most often remembered. Thus, climate variability and change perceptions are differentiated 
by spatial locations, demographic, and socio-economic characteristics (Ahmed et al., 2016; Haq 
& Ahmed, 2017; Hasan & Kumar, 2019; Shukla et al., 2019). For instance, the literature 
(Foguesatto et al., 2020; Kais & Islam, 2019) shows that experience, social relationships, loca
tion, and culture affect the interpretation of climate events and variables. Demographic char
acteristics (age, sex, education, family size), economic status (asset endowment, job), social 
networks, communication, and education affect farmer perceptions of climate variability and 
change (Henslin, 2017; Liu et al., 2014; Roco et al., 2015). The effect of farmers perception of 
climate variability and change is mediated by the channel of communication i.e. interpersonal 
communication and mass communication (Clayton et al., 2015; Imran et al., 2020).

Generally, two schools of thought exist in the related literature. First, the thought that rural 
smallholder farmers’ knowledge and opinions about climate variability and change, coupled with 
their adaptive strategies, are erroneous and subjective. The IPCC (2014) report revealed that 
several scientists perceive farmers’ knowledge to be less rigorous and reliable to be used in 
evaluating planned adaptation. The literature (Abid et al., 2015; Li et al., 2013) shows that globally 
farmers adapt to climate variability and change based on their subjective perceptions. Farmers 
subjective perception of climate variability and change has been well documented (Ajuang et al.,  
2016; Lee et al., 2015; Mamba, 2016; Owusu et al., 2019; Roco et al., 2015). In particular, Crona 
et al. (2013) compared perceptions of climate change across countries in Fiji, Ecuador, Australia, 
United Kingdom, New Zealand, and United States of America where they found convergence in 
climate variable (rainfall and temperature) among highly educated individuals.

The second school of thought, views science-based predictors (meteorological or objective data) 
as superior and accurate relative to farmers perception. For instance, Ayanlade et al. (2017) argued 
that more focus had been paid to scientific prediction, including modeling of climate change 
systems, and the use of meteorological data for climate adaptation and risk assessment. Morton 
(2017), indicated that even though the scientific data has been very useful for climate change 
prediction and adaptations, there is a need to integrate farmers local knowledge and perception. 
Indeed, Ankrah et al. (2022) advocated for the integration of farmers indigenous knowledge into 
the scientific-based approaches towards climate mitigation in Ghana.

The evidence appears mixed. Specifically, farmers subjective perception of climate compared 
with the scientific data reveals that farmers correctly predicted increases in temperatures but 
wrongly perceived decreases in rainfall relative to the meteorological data (Akponikpè, Johnston, 
et al., 2010; Osbahr et al., 2011; Yaro, 2013). Alam et al. (2018) showed that farmers subjective 
perception of extreme climate events aligned with the scientific evidence but varied from the 
long-term climate variations in terms of maintaining consistency of the measurement (Shameem 
et al., 2015). There was a consensus between farmers perception and the scientific data in 
Bangladesh where smallholder farmers perception of temperature increase, and a reduction in 
rainfall aligned (Alam et al., 2017; Haque et al., 2012; Hasan et al., 2018; Shameem et al., 2015). 
Ahsan and Brandt (2015), also observed variations between farmers perception and the objective 
data in Bagerhat and Satkhira in Bangladesh. The literature generally appears mixed. Some 
literature (Dhanya & Ramachandran, 2016; Mekonnen et al., 2018) shows divergence, while others 
(Ayal & Leal Filho, 2017; Niles & Mueller, 2016; Simelton et al., 2013) show convergence between 
farmers’ perceptions and the objective data from meteorological agencies. Ayanlade et al. (2017) 
argued that a gap exists in the analysis of climate variability and change impacts between farmers 
subjective opinions and awareness and the scientific data, justifying the need for further 
interrogation.
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There has been a call for the integration of farmers subjective opinions into the science-based 
predictions in Africa (Ankrah et al., 2022; Heltberg et al., 2009; Mubiru et al., 2015; Tschakert et al.,  
2014; Van Griensven et al., 2016). Effective adaptation requires the right alignment of the integra
tion of subjective perceptions and scientific data (Dickinson et al., 2017; Kuivanen et al., 2016; Niles 
& Mueller, 2016).

Generally, the related literature (Anyoha et al., 2013; Le Dang et al., 2014; Yaro, 2013) has 
adduced adequate evidence about farmers’ perceptions of climate change and the objective data 
based on indicators such as temperature and rainfall. In the case of Bangladesh, Hasan and Kumar 
(2019) indicated that limited studies have compared farmers’ subjective perception of climate 
variables with the meteorological data. Few studies have attempted to add additional weather 
variables such as windstorms and sunlight intensity. For instance, the literature (Addisu et al.,  
2015; Asare-Nuamah et al., 2019; MacKellar et al., 2014; Mengistu et al., 2014) shows adequate 
focus on the scientific objective data taking into account rainfall and temperature. Sunshine 
intensity is deficient in the literature. Our study fills the gap in the literature by focusing on 
sunshine intensity to open up further empirical enquiries (Please see a summary of the related 
literature captured in Table 1).

3. Materials and methods

3.1. Research design
The study employed a cross-sectional survey covering 197 smallholder farmers through question
naire administration. Cross-sectional survey enables quantitative analysis of trends, attitudes, 
knowledge, opinions, and the determination of relationships among variables of a population by 
studying a sample (Creswell & Creswell, 2017). A structured questionnaire enabled the researchers 
to find out the perceptions of maize farmers concerning climate variability indicators. Cross- 
sectional surveys allow a researcher to collect two types of information—descriptive information 
(perceptions of maize farmers), and relational information (effects of climate variability adaptation 
strategies on maize yields). The cross-sectional survey consisted of a section that captured the 
socio-demographic characteristics of respondents, perception of maize yield differential due to 
climate variability and change. This method also allowed the collection of a wide range of data 
from a sampled population and the generalization to the larger population from which the sample 
was drawn (Leavy, 2017).

3.2. Study area
The study was conducted in the Cape Coast Metropolitan Assembly of Ghana (See study commu
nities in Figure 1). This is because data from the Statistics Research and Information Department 
(SRID) of the Ministry of Food and Agriculture (MoFA) indicated the Metropolitan to be one of the 
places in the Central Region where maize production has been low. GMeT also had data on maize 
yields from 2009 to 2018. Low yields in the Metropolitan Assembly, among others, could be 
attributed to climate variability, hence the need to examine farmers perception of the climate 
variables relative to the scientific data. Additionally, the Ghana Meteorological Agency (GMeT) had 
available data on all climate variables (temperature, rainfall, and sunshine) from 2009 to 2018, 
unlike other locations where data appeared scanty.

The Cape Coast Metropolis is the smallest in the country, with a total area of 122 square 
kilometers. Longitude 1o 15 W and latitude 50 06 N are the coordinates for this location. It is 
bounded on the south by the Gulf of Guinea, West by Komenda Edina Eguafo or Abrem 
Municipality, East by the Abura Asebu Kwamankese District, and North by the Twifo Hemang 
Lower Denkyira District. The population of the Metropolis, according to the 2010 population and 
housing census, was 118,106, out of which 57,365 were males and 60,741 females. Farmers, 
fishermen and those in agricultural-related activities, form about 60% of the population (Ghana 
Statistical Service, 2010). Active agricultural population is approximately 28,000. Commercial 
farmers are approximately 0.3% and peasants (majority) approximately 99.7%. The metropolitan 
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has about 8,000 Ha of available land for agriculture, out of which 3,500 Ha is currently under 
cultivation. This implies that higher production levels could be achieved for crops to meet both 
domestic and export markets.

Vegetation is mainly secondary forest with thickets and shrubs growing to an average height of 
4.5 m. There is a coastline that is about 13 km long. Temperatures range from 240 C to 320 C with 
a relative humidity of between 60% and 80%. There are two seasons of rainfall, with a peak in May 
to June and October. The annual rainfall ranges between 90 mm to 110 mm along the coast to 
between 110 mm to 160 mm in the hinterland. Dry periods (harmattan) are experienced between 
November and February (Ghana Statistical Service, 2010).

3.3. Study population
A study population, as defined by Babbie (2020) as the theoretically specified aggregation of 
survey elements in a study area. The population of this study comprises all maize farmers in the 
Cape Coast Metropolis.

3.4. Sampling and sample size
The sample size refers to subsets of units or individuals from the population that has been selected 
for the study. Using Yamane (1967) sample size determination formula, widely used by (Yaseen 
et al., 2018; Zulfiqar et al., 2017), the minimum sample size for the study was calculated as follows:

n ¼
N

1þ N eð Þ2 

Figure 1. Map of cape coast 
metropolitan assembly showing 
study communities.source: cen
tre for remote and geographic 
information services, 2021.
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Where n is the sample size, N is the population size, and e is the level of precision. At the time of 
data collection, the population size was 28,000. Adopting a 95% confidence level, a degree of 
variability (p = 0.5) and a level of precision or sampling (e = 5%). The minimum required sample 
size was: n ¼ 28;000

1þ28;000 0:05ð Þ
2 = 28;000

1þ28;000 0:025ð Þ
= 28;000

1þ70 ¼ 394

When this formula was applied, the sample size obtained was 394 farmers, but given the onset 
of Covid-19, it was challenging to get all the farmers to interview based on the fear of contracting 
the virus even though the safety protocols were followed. Given that the research was time-bound, 
time constraints did not allow the research to travel beyond certain months. Eventually, the 
authors, in consultation with the Agricultural Extension Agents (AEAs) as well as time constraints, 
eventually, the authors in consultation with the Agricultural Extension Agents (AEAs) agreed to 
sample half of the sample proportionate to the number of farmers in the community. Ekon had the 
lowest number of farmers, hence, 47 farmers were randomly selected from the community. 
Eventually, a final sample size of 197 farmers was obtained.

Simple random sampling is a method that gives everyone in the target population an equal 
chance of being selected (Creswell & Creswell, 2017). The simple random sampling was used to 
select respondents because of its representativeness and reduction in biases. A list of farmers was 
obtained from the Department of Agriculture (DoA), and farmers were randomly selected using the 
Stata 14.2 software to select 197 proportionate to the total number of farmers in the study 
communities. Figure 2 below represents the communities and the number of farmers. 50 farmers 
from each community were selected, but three failed to turn up in one community (Ekon), there
fore bringing the total number of respondents to 197.

3.5. Development of data collection instrument
A data collection instrument was developed by taking into consideration the research objective. The 
objective was to assess farmers perception of climate variables (rainfall, temperature and sunshine) 
in comparison with the scientific data from GMeT. Specific questions on To what extent do you agree 
that temperature increased over the past 10 years? 5 = Strongly agree, 4 = Agree, 3 = Neutral, 2 = 
Disagree, 1 = Strongly disagree, How has temperature impacted your maize yield over the past 
10 years. 1 =Increased, 2 =decreased, 3 = No changes, To what extent do you agree that rainfall 
increased over the past 10 years? 5 = Strongly agree, 4 = Agree, 3 = Neutral, 2 = Disagree, 1 = Strongly 
disagree, How has rainfall impacted on your yield over the past 10 years. 1 =Increased, 2 =decreased, 
3 = No changes, Has sunshine increased over the past 10 years? 5 =Strongly agree, 4 = Agree, 3 = 
Neutral, 2 = Disagree 1 = Strongly disagree, To what extent do you agree that sunshine impacted on 
your yield over the past 10 years. 1 =Increased, 2 =decreased, 3 = No changes, What was the average 
quantity of fertilizer applied per year for the past 10 years bags, Was there any loss in the value of 

CENTRAL REGION 

Cape Coast Metropolitan 

Dahia 

Community 

Mpeasem 

Community 

Efutu Mampon 

Community 

Ekon 

Community 

50 farmers 
50 farmers 50 farmers 47 farmers  

Figure 2. Sampling framework.
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yields as a result of climate variability?, and What is the quantity of maize produced bags. The first 
instrument was a structured questionnaire with closed and open-ended questions to collect primary 
data from correspondents on their perception of climate variables i.e. rainfall, temperature and 
sunshine intensity. Secondary data on rainfall, sunshine, and temperature were obtained from the 
Ghana Meteorological Agency (GMeT) covering 2009 to 2018. The data collection instrument was pre- 
tested for the validity and reliability. Kumar (2018) views validity as a concept of appropriateness and 
accuracy that is applied to a research process and is concerned with the accuracy of the measure
ment. The questionnaire was pre-tested at the Agona West Municipality in the Central Region. The 
preliminary interview started with the administration of questionnaires to 20 farmers. The informa
tion obtained through this informal consultative process led to changes that refined the final ques
tionnaire. The pre-test did not influence the subsequent survey results but helped identify 
weaknesses, and ambiguities in the questionnaire. The reference period for the questionnaire was 
the past ten (10) years i.e. 2009–2018.

3.6. Data collection
Secondary data on rainfall, sunshine, and temperature covering 2009 to 2018 was obtained from the 
GMet. The GMeT uses synoptic stations/data, satellite, radar, numerical weather prediction (NWP) 
models with a full range of meteorological instruments and equipment, operated 24 hours a day 
covering over 350 stations. Climate data is picked in real time and compiled on a daily basis through 
computer-assisted software’s. There are applications that support the 350 stations to measure 
temperature, wind, precipitation, sunshine intensity, evaporation, humidity, air temperature, and 
clouds. Based on a formal request to GMeT, relevant climate information pertaining on the Cape 
Coast Municipal Assembly was given to the researchers. Primary data covering farmers started in 
June, 2021 and ended in August, 2021. The administration of questionnaires were through face-to- 
face interview of respondents, and the participants were contacted early to reduce non-responses. 
The researchers ensured conformity to the necessary Covid-19 protocols such as wearing of masks, 
social distancing, washing hands, and using hand sanitizers. Few participants who were difficult to 
reach were interviewed through telephone calls, and the data collection ended in July, 2021.

3.7. Data analysis and processing
Data collected were analyzed using Stata 14.2. To describe the trends of climate variability 
indicators and maize farmers perception from 2009 to 2018 in the Cape Coast Metropolis, 
a linear trend model was employed. We recognized that recall of data over a long period of 
time could be challenging for farmers as argued by Ankrah, Agyei-Holmes, et al. (2021) . The 
researchers however, made a conscious effort using key events, and milestones in the past to 
help farmers recall changes in climate variables over time. The trend of climate variability 
factors such as rainfall, sunshine, minimum, and maximum temperature was compared to 
farmers subjective perceptions covering a 10-year period (2009–2018) in the Cape Coast 
Metropolis. Additionally, the descriptive statistics of these time series data were presented in 
a tabular form. That is, the minimum, maximum, mean, standard deviation, and coefficient of 
variations of each climate factor and maize yield were tabulated. The literature is dominated by 
several predictive models for analyzing climate variability. However, following Kyei-Mensah et al. 
(2019) and Omoyo et al. (2015), we utilized the coefficient of variation model to determine the 
variabilities in the climate indicators. The coefficient of variation remained critical because it 
measures the variability of the data or how dispersed the distribution of the data is from or 
around the mean. The higher the value of the coefficient of variation (CV), the higher the 
variability of the data. Similar models such as precipitation concentration index (PCI) model, 
only focus on the seasonal analysis of rainfall variability.

Coefficient of variation is specified as:

CVxi ¼
σx i
μx i

. Where xi is the climate variability indicators (rainfall, temperature, and sunshine), μ is 

the mean, and σ is the standard deviation of each climate variability indicator.
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4. Results and discussions

4.1. Socioeconomic characteristics of the respondents
This section presents the socioeconomic characteristics of the respondents. The socioeconomic 
variables such as sex, age, marital status, level of education, income, religious affiliation, farm size, 
and experience were captured during the data collection. These socioeconomic characteristics are 
required to understand and contextualize the objectives of the study (see Table 2).

Table 2 presents the distribution of the sex of the respondents. The result shows that the 
majority (85%) of the respondents are males. Men are predominantly engaged in agricultural 
activities than women in the Cape Coast Metropolis. This trend observed is supported by the 
Ghana Statistical Service (2020) report that shows male dominance in agricultural activities.The 
result indicates that the majority (66%) are married. Only (19%) are single, with 7% divorced. Also, 
about 8% of the respondents lost their spouses, hence widowed. The levels of education of 
respondents were categorized into six levels: no formal education, basic education (primary and 
JHS), Secondary/senior high school, and Tertiary education level. Sixty-seven percent of the 
respondents had no formal education. For those who had formal education, the highest level 
was a basic school (21%), followed by secondary school education (5%). The proportion of 
respondents who had tertiary and technical/vocational education were 4%, and 3%, respectively.

4.2. Continuous variables summary statistics
Table 3 presents other smallholder farmers socioeconomic characteristics such as income, farm 
experience, farm size, and maize yield. The result (Table 3) shows the average income of a maize 
farmer to be GH¢ 2,693 (US$ 456).1 The minimum and maximum income of the farmers were GH¢ 
960.00 (US$163) and GH¢ 8400.00 (US$ 1424), respectively. The average farming experience was 
estimated to be approximately 13 years, with an average farm size is about 1.08 hectares, with the 
minimum farm size being 0.4 hectares. The mean maize yield of the respondents was about 1.12 
tonnes.

Table 1. Summary of related literature
Theme References
Studies on farmers perception of climate trends with 
the objective data in Africa.

Dadzie (2021), Yaro (2013); Osbahr et al. (2011); 
Akponikpè, Gérard, et al. (2010); Gbetibouo (2009)

Adaptation to climate change based on farmers 
subjective perception globally.

Abid et al. (2015); Ajuang et al. (2016); Lee et al. 
(2015); Li et al. (2013); Mamba (2016); Owusu et al. 
(2019); Roco et al. (2015).

Studies that focus on the scientific data for analysis 
and prediction based on temperature and rainfall

Addisu et al., (2015); Asare-Nuamah et al. (2019); 
MacKellar et al. (2014); Mengistu et al. (2014)

Studies that show right alignment of farmers 
subjective perception and the objective data

Akponikpè, Johnston, et al. (2010); Osbahr et al.,  
2011; Yaro (2013). Alam et al. (2018), Ayal and Leal 
Filho (2017); Niles and Mueller (2016); Simelton et al. 
(2013), Ayal and Leal Filho (2017); Niles and Mueller 
(2016); Simelton et al. (2013)

Studies that show wrong alignment of farmers 
subjective perception and the objective data

Shameem et al. (2015), Ahsan and Brandt (2015), 
(Dhanya and Ramachandran (2016); Mekonnen et al. 
(2018)

Studies that show consensus between farmers 
subjective perception and the objective/scientific 
data.

Alam et al. (2017); Haque et al. (2012); Hasan et al. 
(2018); Shameem et al. (2015).

Studies that call for integration of farmer perception 
with the objective data

Ankrah et al. (2022); Heltberg et al. (2009); Mubiru 
et al. (2015); Tschakert et al. (2014); Van Griensven 
et al. (2016)
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4.3. Trend analysis of climate variability indicators and perception of maize from 2009-2018
We first analyze the trend of climate variability indicators by computing the summary statistics. 
The results (Table 4) revealed that the average annual rainfall in the Cape Coast Metropolis is 
about 1044.06 mm. The minimum and maximum annual rainfall are about 817.40 mm and 
1360.80 mm respectively. The coefficient variation value showed about 21% rainfall variability 
within the reference period (2009–2018). Indeed, rainfall remained variable, but Fig 7 shows 

Table 2. Farmers demographic characteristics
Variables Percentage (%)
sex

Male 15

Female 85

Total 100

Marital Status
Single 19

Married 66

Divorced 7

Widow 8

Total 100

Education
Basic School 21

SHS/Secondary 5

Technical/Vocational 3

Non-formal 67

Tertiary 4

Total 100

Source: Fieldwork, 2021. 

Table 3. Summary statistics of continuous variables
Continuous 
Variable

Mean Std. Dev. Min. Max.

Income (GH¢) 2693 1313.33 960 8400

Farm experience 
(years)

13.41 5.41 2 30

Farm size (hectares) 1.08 0.59 0.4 4

Maize yield (tonnes) 1.12 0.548 0.4 3.5

Source: Field survey, 2021. 

Table 4. Summary statistics of climate variables
Climate 
factors

Mean Std. Dev. Minimum Maximum CV

Rainfall (mm) 1044.06 215.75 817.4 1360.8 0.21

Sunshine (Hrs/ 
year)

197.80 8.75 176.90 210.10 0.04

Max. Temp (°C) 29.76 0.98 27.50 31.12 0.03

Min. Temp (°C) 21.94 2.66 18.09 25.83 0.12

Source: GMeT, 2021 

Ankrah et al., Cogent Food & Agriculture (2023), 9: 2148323                                                                                                                                           
https://doi.org/10.1080/23311932.2022.2148323

Page 10 of 19



a small proportion (0.5%) of farmers using only irrigation in their agricultural activities. Irrigation 
can serve as a risk mitigation measure, but few farmers resort to it due to the high cost. Ankrah, 
Kwapong, et al. (2021) also showed that even though agricultural insurance is a useful risk 
mitigation measure, insurance penetration remains low among smallholder farmers. The average 
sunshine is about 197.80 hours per year, and the least and highest sunshine is around 176.90 and 
210.10 hours per year. The sunshine coefficient variation (4%) signifies slight variation in sunshine 
over the past ten years. The mean maximum temperature is about 30°C, while the mean minimum 
temperature is about 22°C. For the least and highest temperature, the maximum temperature 
recorded was about 28°C and 31°C, respectively, while that of the minimum temperature was 18°C 
and 26°C, respectively. The temperature coefficient of variations indicates appreciable variations in 
the minimum temperature (12%) than the maximum temperature (3%).

4.4. Rainfall trend analysis (2009-2018)
Figure 3 depicts an oscillating annual rainfall trend in the Cape Coast metropolis. There was 
a steady decline in rainfall from 2009, followed by a steady rise in 2011. However, there was 
a sharp decline in annual rainfall in 2013, before a steady rise, with the highest rainfall recorded in 
2015. Afterward, there was a sharp decline in rainfall in 2016, and thereafter, there were oscilla
tions. The graphical illustrations in figure 8 show that rainfall experienced many variations within 
the period under consideration (2009–2018). Again, the coefficient of variation shows the degree 
of rainfall variability in the Cape Coast Metropolis from 2009 to 2018. It could be observed from the 
trend equation that rainfall increased marginally and also depicted a positive trend. The result is 
consistent with Kyei-Mensah et al. (2019), who analyzed rainfall trends and found a significant 
variation and positive rainfall trend in the Fanteakwa District. Johnson (2020) also found an 
upward decadal trend of rainfall in Winneba.
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Figure 3. Rainfall trend in the 
cape coast metropolis (2009– 
2018). Source: Ghana meteoro
logical agency (GMeT), 2021.
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4.5. Sunshine trend analysis (2009-2018)
Figure 4 shows that from 2009, there was a marginal increase in sunshine in 2010, followed by 
a sharp decline in 2012, i.e. the least sunshine, of 176.90 hours per year, was recorded in 2012. 
Sunshine increased sharply in 2013 and declined again in 2014. Since 2015, sunshine remained 
fairly stable. However, the trend equation shows a negative trend of sunshine in the Metropolis. 
This trend and the coefficient variation of sunshine is evident that sunshine experienced less 
variability over the period under consideration. The downward trend of sunshine could impact 
farming activities that require sunshine. An example includes drying food crops such as cereals, 
cash crops, and the tasseling of maize. Few studies examine sunshine intensity, and this article 
attempts to fill the void and open further conversations.

4.6. Minimum temperature trend analysis (2009-2018)
From Figure 5, it is evident that minimum temperature witnessed some variations but with a small 
degree of variability. There was a steady decline in minimum temperature from 2009 to 2011, it 
stabilized until 2014, when the minimum temperature increased. The increase in minimum tem
perature from 2014 did not go beyond the 2009 value. This shows that the minimum temperature 
under the reference period decreased marginally with less degree of variation. The trend equation 
further indicates a positive trend of minimum temperature in the Cape Coast Metropolis. Similarly, 
Guodaar (2015) found a positive minimum temperature trend in the Offinso North District of the 
Ashanti Region. This shows that temperature kept rising at an increasing rate due to climate 
variability and change.

4.6.1. Maximum temperature trend analysis (2009-2018)
Unlike the minimum temperature, where there was an initial decline, maximum temperature 
begun with an initial increase. The maximum temperature went up from 2009 to 2011, before 
witnessing decline. The highest maximum temperature was recorded in 2011, with a temperature 
of about 31°C. From 2014, the maximum temperature in the Cape Coast Metropolis started rising, 
but with a marginal increase. Similar to the minimum temperature, the Cape Coast Metropolis 

Figure 5. Minimum temperature 
trend in the Cape Coast 
Metropolis (2009–2018). 
Source: Ghana Meteorological 
Agency (GMeT), 2021.

Figure 6. Maximum tempera
ture trend in the Cape Coast 
Metropolis (2009–2018). 
Source: Ghana Meteorological 
Agency (GMeT), 2021.
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experienced less maximum temperature variability within the reference period (2009–2018). The 
trend equation shows a positive trend of maximum temperature. The annual maximum tempera
ture in the Metropolis is expected to increase marginally by about 5%, all things being equal. The 
result is similar to Guodaar (2015), who found a positive maximum temperature trend in the 
Offinso North District of the Ashanti Region. In the Central Region of Ghana, Johnson (2020) found 
a similar trend in temperature in the capital town of Effutu Municipal (Winneba).

4.7. Farmers perception of climate variability indicators
Farmers’ perception of the climate variability indicators was ascertained for alignment or variation 
with the scientific data from GMeT for the reference period (2009–2018). The results from Table 5 
below show that majority of the farmers disagreed that rainfall increased over the past ten years. 
Indeed, the extant literature (Fatuase & Ajibefun, 2013; Osbahr et al., 2011; Tambo & Abdoulaye,  
2013; Yaro, 2013) generally indicates smallholder farmers widely perceived view of reduced rainfall 
over three decades. Table 5, however, shows that the rainfall perception by farmers was contrary 
to the rainfall trend of the scientific data depicted in Figure 3. Even though there were declines and 
oscillations, rainfall increased marginally over the years. Farmers might have perceived the mar
ginal increase to indicate no increase over time. The reason for the difference could be attributed 
to changes in rainfall patterns. Farmers may assume that rainfall decreases when rainfall is 
delayed in the cropping season. This finding is consistent with Osbahr et al. (2011), which showed 
farmers perceived decreases in rainfall, while the scientific data showed no regular pattern in 
Uganda. Yaro (2013) also observed this disagreement between farmers’ perceptions and the 
scientific data in southern Ghana.

Table 5 shows that most (79%) farmers agreed that there had been increases in temperature 
over the past 10 years. Farmers perception of temperature increases was consistent with the 
positive trend of both the minimum and maximum temperatures recorded by the scientific data 
(See Fig 5 & 6). Generally, there had not been consistent increases in the maximum temperature, 
the increase fluctuated, and where increases were recorded, they appeared marginal. Southern 
Ghana does not typically experience extreme climatic conditions relative to northern Ghana. The 
comparative analysis indicates that farmer perceptions even though remain subjective are credible 
and can be helpful in climate variability adaptation strategies. It will therefore be useful if 
continuous efforts are made to validate farmers’ perceptions of temperature over time to build 
resilient adaptations that are readily available to the farmer. Indeed, Osbahr et al. (2011) observed 
farmers’ perceptions of increases in temperature as consistent with the increases recorded by 
scientific data in Uganda. Yaro (2013) indicated consistency between farmers’ perceptions of 
temperature increases with the objective data from the GMeT. Gbetibouo (2009) observed the 

Table 5. Smallholder farmers perception of climate variables
Farmers 
Perception of 
Climate 
Variables

Level of Agreement Frequency Responses

Strongly 
Disagree

Disagree Neutral Agree Strongly 
Agree

Increase in 
rainfall over the 
past 10 years

20 148 8 14 7

(10%) (75%) (4%) (7%) (4%)

Increase in 
temperature 
over the past 10

4 29 9 126 29

(2%) (15%) (4%) (64%) (15%)

Increase in 
sunshine over 
the past 
10 years

8 9 4 67 109

(4%) (5%) (2%) (34%) (55%)

Source: Fieldwork, 2021. 

Ankrah et al., Cogent Food & Agriculture (2023), 9: 2148323                                                                                                                                           
https://doi.org/10.1080/23311932.2022.2148323                                                                                                                                                       

Page 13 of 19



same finding regarding farmers’ perceptions of increases in temperature with the scientific data in 
South Africa.

Most (89%) smallholder farmers agreed that sunshine increased over the past ten years. This 
perception, however, was at variance with the scientific data, which showed a decline. This has 
implications for agricultural activities that are conditioned on increased sunshine. For instance, the 
tasseling and drying of grains. A false perception of consistent increases in sunshine when indeed, 
there are rather decreases can affect adaptation strategies. Few studies have, however, examined 
this pathway of examining the consistency of farmers’ views on sunshine with the scientific data. 
This finding seeks to bridge such gaps and stimulate further interest in more empirical findings to 
deepen understanding. To the best of our knowledge, this study appears to be among the few that 
focus on sunlight in the climate variables. We note, however, that variabilities exist in the climate 
even in the same geographic space, hence the need to further understand how farmer perceptions 
vary across different spatial locations and even the same location in informing climate variability 
adaptation strategies.

5. Conclusion and policy recommendations
This article examined smallholder farmers’ perceptions of climate variability factors such as rain
fall, temperature, and sunshine relative to scientific data obtained from the meteorological 
services, which are considered objective data. The findings showed variation between farmers’ 
perceptions of climate indicators and the scientific data from the Ghana Meteorological Agency 
(GMeT). Specifically, while farmers perception showed a decrease in rainfall over the past 10 years 
(2009–2018), the scientific data showed increases. The scientific data showed that rainfall experi
enced many variations within the period under consideration (2009–2018), and the trend equation 
revealed marginal increases in rainfall with a positive trend. Rainfall showed higher variations with 
a coefficient of variation of 21%. Minimum temperature witnessed some variations but with 
a small degree (0.12) of variability. The trend equation further indicated a positive trend of 
minimum temperature. Similar to the minimum temperature less (0.03) maximum temperature 
variability within the reference period (2009–2018). The trend equation shows a positive trend of 
maximum temperature. Most of the smallholder farmers’ perceptions of sunshine was inconsistent 
with the scientific data. Whilst most farmers agreed that sunshine increased over the past ten 
years, the scientific data declined. The scientific data showed minimal (0.04) variability over the 
period.

The Ghana Meteorological Agency is encouraged to explore innovative ways of providing farmers 
with timely and accurate data on climate variables through daily weather forecast information to 
guide farmers in their decision-making in minimizing the adverse effects of climate variability. We 
suggest that farmers’ perceptions should not be relegated to the background but integrated into 
the scientific(objective) data for climate forecasting.

6. Limitation of study
The study did not statistically analyze the perceptions of the farmers relative to the objective data 
but only used farmers subjective perceptions.
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