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Abstract 

This study analysed perspectives of smallholder farm households in the Kasena Nankana area on climate variability and change 

in comparison with meteorological data collected over a period of three decades. The study relied on descriptive and qualitative 

data that were collected through the administration of a household questionnaires, Focus Group Discussions, and Key Informant 

Interviews. The sample included 365 smallholder farmer household heads, 9 Key Informant Interviewees and 61 Focus Group 

Discussion Participants. The findings revealed that smallholder households viewed their climate to be one that has been very 

variable over the past three decades marked by a shift in the farming season in line with meteorological data analysed. It 

confirmed the view in previous studies that intense climate variability and change are causing major adverse impacts on 

smallholder farmers. Smallholder farm households concluded that variability of their climate is caused by cultural despondency 

by the youth who have been influenced by foreign cultures perceived as modern. The study recommends that policy formulators 

and development practitioners including Government and Non-Governmental Organisations need to seriously factor indigenous 

knowledge and culture into policy and interventions that seek to support smallholder farmers towards sustainable climate 

adaptation and resilience building. 
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1. Introduction 

It has been noted that globally, agriculture has been re-

garded as a prime livelihood activity that easily crumbles un-

der extreme climate events [1-4]. In Ghana, just as in various 

parts of Africa and indeed within the developing world, agri-

culture continues to be the core and the springboard for the 

development of national economies. Climatic factors have at 

many times been variable and are characterized by high intra 

and inter-seasonal variability in most parts of the world. For 

countries such as Ghana where agriculture is pivotal to food 

security, poverty reduction, industrial transformation, reduc-

tion in external aid and the possibility of gaining respect in the 

community of nations; the incidence and regularity of extreme 
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climate events become issues of great concern. 

Climate change and variability, as noted in [5] refers to 

weather fluctuations the long-term average. Variability of the 

climate may be within the short to medium term, due to natural 

internal processes within the climate system, variations in re-

spect of natural or anthropogenic external factors. 

Rising surface temperatures lead to more frequent and det-

rimental natural disasters affecting people’s lives. Visible ef-

fects of climate change and variability can easily be seen 

through events such as intense droughts in Africa, extreme 

flash floods in Southeast Asia, and devastating hurricanes in 

Central America. By the year 2100, the global average surface 

temperature is projected to rise within a range 1.8 degrees Cel-

sius to 4.0 degrees Celsius. These effects are usually associ-

ated with food insecurity, extreme hunger and deaths among 

the most vulnerable groups [5, 6]. 

The Guinea savannah of Ghana within which the Kasena 

Nankana people are situated is considered the most ecologi-

cally fragile vegetation zone in Ghana is experiencing dire en-

vironmental conditions including creeping desertification and 

degradation of the vegetative cover, as well as continued re-

duction in the capacity of the soil to support cultivation of 

crops. All these are further fueled by rapid population growth 

[7-9]. The area is also characterized by significant levels of 

poverty and deprivation [10, 11]. 

Indeed, an examination of how the worldviews of people 

and their local knowledge systems enable or constrain adapta-

tion and resilience building is very crucial in the development 

landscape of smallholder farming communities. A report by 

[12] notes that, culturally, Africans regard their existence as 

an integral part of the cosmic reality that comprises the social, 

natural and spiritual worlds. 

It has been discovered that climate change and its variabil-

ity are dominant elements that significantly retard develop-

ment in the northern savannah regions. For instance, [15, 35] 

indicates that climate change and variability in the territory 

have played various roles in stagnating agriculture. Next to 

these are the existing social and political policy decisions 

which remain stumbling blocks of livelihood improvement. It 

has been reported by [13] that there has been a decrease in the 

yield of maize ranging from 19% to 41% over the past decades. 

The investigations of [14-16] on the various dimensions of 

climate variability did not provide depth in terms of the com-

parative links of the perceptions of smallholder farmers to sci-

entific meteorological data. This paper contributes towards a 

full understanding of the spatio-temporal distribution of pre-

cipitation and temperature in the study area. It also addresses 

the opinions of smallholder farm households about the real 

causes and effects of climate change and variability in relation 

to their adaptive capacity within a worldview theoretical per-

spective. 

2. Theoretical and Conceptual Framing 

Worldviews is a set of assumptions, beliefs, and interpreted 

experiences that inform and influence the attitudes and under-

standing of people [17]. It has been noted by [18] that 

worldview is an interpretation of reality, which serves as a 

fundamental guide towards a clear understanding of the world 

or the cosmos. Worldview theory conceptualizes the cosmos 

as unified, sacred, and interconnected. It emphasizes cyclical 

time, reciprocal relationships with nature, the validity of spir-

itual knowledge, and decision-making. All aspects of the nat-

ural and spiritual world are linked. Humans are not superior to 

nature but act as caretakers alongside animals, plants, and el-

ements of the earth. The theory also espouses that Identity and 

knowledge are constructed through inter-relationships be-

tween ancestors, the land, and the unseen. Everything in the 

world possesses a life force. Worldview theory is very rele-

vant in this study because the actions and inactions of small-

holder farmers towards building their adaptive capacity in re-

sponse to climate change and variability depend largely on 

how they perceive reality. It must also be noted that 

worldviews vary across board in line with differences in be-

liefs, values and experiences in time and space [19]. Accord-

ing to [20], validity and objectivity of worldviews is rated 

highly by individuals thereby making it to become a person’s 

indispensable reality and the real basis for the lived experi-

ences of life and for action. Figure 1 constitutes the conceptual 

framework that guided the study. 

 
Figure 1. Conceptual framework of the study. 

In this study, particular attention was on answering ques-

tions relating to the considerations of the smallholder farmers 

regarding their climatic reality and how it shapes their exist-

ence and their livelihoods. In addition to that was the cosmo-

logical connection between the farmers social context, natural 

environment and their spirituality provided them essence 

based on which they worked within the context of increasing 
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vulnerability arising from climate change and variability in 

terms of precipitation and temperature. In their extreme for, as 

usually is the case, smallholder farm households tend to be 

impacted disproportionately even though their capacity to 

cope in the short-term, adapt in the medium to long-term and 

build resilience is usually called to question. This is because 

their understanding of how dire the situation is forms the basis 

of action or inaction. The extent to which that should happen 

now and in the future is predicated by availability and access 

to local resources, as well as external support. 

Smallholder agriculture is not just an economic occupation 

but part of the reality of life for the people who engage in it 

[21]. According to [22], eighty per cent of lands under culti-

vation in sub-Saharan Africa are catered for by smallholders. 

Smallholder farmers cultivate close to 80 per cent of the food 

supplied in sub-Saharan Africa. In addition, out of the 2.5 bil-

lion people in poor countries living directly from the food and 

agriculture sector, 1.5 billion of the 2.5 billion people who are 

dependent on agriculture are smallholder farmers. Majority of 

these people very poor. The relevance of indigenous 

worldviews to smallholder agriculture in a variable climate is 

within the perspective that the former is not just a single gen-

erational phenomenon but a process that transcends many gen-

erations with a deep-seated connection to the natural, spiritual 

and social realms [23]. The manner in which smallholder 

farmers perceive risks related to climate variability is also fun-

damentally linked with the culture and social organization 

[24]. 

The farmer is central to every agricultural production and 

the farm household is a definite decision-making unit, which 

the farmer superintends. The final decision regarding issues 

related to the farm rests on the farm household head. 

3. Materials and Methods 

3.1. Study Setting 

The study was conducted in the Kasena Nankana Tradi-

tional area, which comprised the Kasena Nankana Municipal 

area and the Kasena Nankana West District of the Upper East 

Region of Ghana. 

3.2. Research Design 

The paper adopted a Mixed Methods approach. This ap-

proach allowed for triangulation of methods which enabled 

both explanation and generalization; trust-worthiness and ri-

gor [25]. It also facilitated comparison of qualitative data from 

smallholder farmers’ climate change and variability 

worldviews with meteorological data. It also made it possible 

to achieve the dual objective of assessing the impact of climate 

change and variability due to floods and droughts on small-

holder farmers’ strategies and how traditional knowledge 

could mediate policy formulation, planning and implementa-

tion of projects and programmes towards sustainable adapta-

tion and or resilience building. The household was the pre-

ferred unit of analysis since livelihood activities in the study 

areas revolve around the agricultural use of water. The small-

holder farmer household and community level analyses were 

conducted because there is a continuum of interactions, activ-

ities and processes at macro levels that shape the underlying 

reality of households and individual farmers. 

3.3. Sampling Strategy 

The communities that participated in the study were sam-

pled because they have perennially experienced droughts, de-

structive torrential rain and occasional flooding, which are 

linked with climate change and variability; especially in the 

case of communities like Naaga, Manyoro and Gumongo that 

are characterized by extensive river networks. The Naaga 

community for example, which is low lying, usually experi-

ences extensive flooding whenever the Bagri dam in Burkina 

Faso overflows its water-holding elastic capacity resulting in 

spillage of the excess water by the Burkinabe authorities, in 

order to save the dam from collapse. In that scenario, the com-

bined effect of natural and man-made elements cause flooding 

of the area. Bonia is another community at the heart of the 

Tono River basin and have had some of its areas, particularly 

farms, always flooded at the peak of the rainy seasons. All the 

communities sampled also had visible signs of creeping des-

ertification. According to a report by [26], the nature of deser-

tification in the northern regions is extensive, and this covers 

the Kasena Nankana area. 

Agricultural households of Kasena Nankana West District 

and the Kasena Nankana East Municipal area are estimated to 

be 5,499 households [27]. In spite of the fact that the Kasena 

Nankana area is traditionally divided into the South, West, 

East and North zones, for the purpose of this study, commu-

nities in the area were clustered around the various para-

mountcies, notably: Paga, Chiana, Katiu, Nakong, Kayoro, 

Mirigu, and Sirigu (Kasena Nankana West District); Nav-

rongo, Kologo and Naaga (Kasena Nankana East Municipal 

area). In all, eleven (11) rural communities were purposively 

drawn taking into consideration the nature of their livelihood 

pursuits. Each community was allotted a quota of households 

proportionate to its total number of compounds. Consequently, 

a sample size of 373 households was drawn. Simple random 

sampling was then used to select the specific compounds for 

engagement in the study. This was facilitated by the fact that 

through the Navrongo Health Research Centre’s health re-

search activities in the area, houses have been already duly 

numbered. The Navrongo Health Research Centre’s house-

numbering system was relied upon in order to draw the final 

sample for the study. 

To ensure equitable distribution of the sample population, 

the ratio of households in each community and the total house-

holds was used to distribute the sample size determined using 

Yamane’s sample size determination formula. The number of 
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households in each of the communities was proportionately extracted from the sample size of 373 households (Table 1). 

Table 1. Sampled Smallholder Farming Communities in the Study Area. 

No. Paramountcy/Community Number of households Percentage of total number of households Sample size 

1 Kologo 282 5 19 

2 Naaga 373 7 25 

3 Paga-Nyania 1968 36 133 

4 Chiana Asunia 219 4 15 

5 Katiu 234 4 16 

6 Manyoro 809 15 55 

7 Akurugu Dabo 291 5 20 

8 Mirigu Gumongo 290 5 20 

9 Nyangania Sabonia 201 4 14 

10 Bonia 272 5 18 

11 Kandiga Akuka 560 10 38 

Total  5499 100 373 

 

However, only 365 households responded to the household 

survey questionnaire completely. 

3.4. Data Collection Strategy 

Apart from the semi structured household questionnaire 

that was administered, in-depth interviews were conducted at 

Katiu, Manyoro, Paga, Nyania, Gumongo, Naaga, Nyangania 

and Bonia. Nine individuals were interviewed. This com-

prised of 5 elders (one of whom doubled as an Assembly 

member, another one was a soothsayer while the third was a 

female pastor), 3 of the elders were old ladies, 3 chiefs and 1 

landlord. The average age of the interviewees was 75 years. 

The in-depth interviews were organized based on the three 

case groups identified under selection of the study sites and 

clustering according to the ten traditional chieftaincy para-

mountcies in the study area. 

Women were essential in this study because they cultivate 

much of the food crops and contribute close to 46% to national 

development [28], although they bear the unparalleled brunt 

of the challenges posed by climate variability. Their situation 

is precarious because male-dominated societal stratifications 

in the study communities worsen the situation of female vul-

nerability to climatic stressors and shocks. Studying such a 

category of people allows for a deeper understanding of the 

realities of climate variability, which is crucial for policy plan-

ning and intervention. 
Focus group discussions were indispensable. In all, 7 Focus 

Group Discussions were held in Chiana Asunia, Nyangania, 

Naaga, Akurugu Dabo, Paga Nyania, Manyoro and Bonia. A 

total of 61 smallholder farmers other than household heads 

participated. This number of farmers comprised of 35 males 

and 26 females. Separate Focus Group Discussions were held 

for males, females and the youth. The average size of each 

focal group was deliberately maintained at 8 members to en-

sure absolute control over the discussions and also ensure ef-

fective participation of group members in the discussions. 

This was done because the existing patriarchal structures may 

not freely allow women to actively express themselves in the 

presence of men. The thematic areas covered by the Focus 

Group Discussion guide included livelihood patterns, views 

on climate variability, observed variations in time and space 

as well as how these changes impacted on livelihoods and re-

silience building. In addition, attention was also directed to-

wards participants’ perceptions of vulnerability to climate var-

iability, the nature of the impacts on smallholder farm house-

holds and their adaptation strategies. The results of the Focus 

Group Discussions helped in confirming results from the ad-

ministration of the semi-structured questionnaire and the in-

depth interviews conducted. 

3.5. Data Processing Strategy 

Quantitative data were analysed using descriptive statistics 

while qualitative data were analysed thematically following 

the steps of data immersion, transcribing the audio recordings, 

reading through the transcripts over and over again, develop-

ing codes for themes that emerged and coding before coherent 
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narratives were constructed. 

3.6. Ethical Considerations 

Ethical approval was granted by the Research Ethics Re-

view Board of the University of Business and Integrated De-

velopment Studies, Wa, Ghana 

(UBIDS/RERB/001/2022/09/003). The study was conducted 

in accord with the key research ethics guiding principles of the 

1964 Helsinki declaration and the 1976 Belmont report. The 

aims of the study were explained to the participants. Informed 

consent was obtained from all participants involved in this 

study. The consent of all respondents and study participants 

was sought by enabling them to fill an informed consent form. 

The respondents and participants were also assured of their 

privacy and confidentiality regarding publication of their per-

sonal details and traceability of the data they provided. They 

were also informed that they reserved the right either to re-

spond or not to respond to questions that were posed to them 

and could also withdraw their participation at any stage of the 

study. 

4. Results 

Table 2 reveals that 23.86 percent of the household respond-

ents were between 18-40 years, 21/18 percent of the respond-

ents were within the 41-50 years age cohort, 24.40 percent had 

ages ranging from 51-60 and 17.69 percent of them were 

within the 61-70 age cohort. 

Table 2. Background of Respondents. 

Age Cohort Respondents Percentage 

< 18 -40 Years 89 23.86 

41-50 years 79 21.18 

51-60 years 91 24.40 

61-70 years 66 17.69 

> 71 48 12.87 

Gender   

Male 230 61.6622 

Female 143 38.3378 

Household Size   

≤ 4 people 123 33.3 

5 to 6 people 103 27.9 

≥ 7 people 147 38.8 

Small holder farm households’ understanding and percep-

tions of climate phenomena provide a compelling reason for 

farmers’ decisions regarding their approach to farming. This 

includes which knowledge systems or more specifically which 

strategies to adopt, how to adapt known strategies and or the 

search for entirely new ways of dealing with risks. Exploring 

climate risks and perceptions of climate is therefore impera-

tive to understanding the efficacy of their adaptation. 

4.1. Vulnerability of Smallholder Farm 

Households to Extreme Climatic Factors in 

the Study Area 

Interactions with various knowledge communities in the 

study areas including chiefs, landlords, elders, farmers and 

opinion leaders indicated that the climate has changed. They 

also pointed out that the perceived change has not been a one-

point occurrence but a phenomenon that is on-going and 

fueled by human factors as evidenced by the following words 

of an 84-year-old Key Informant 1: 
“God, man and nature are different but God oversees us and 

nature. This relationship between God, man and nature has 

changed and man is responsible for the change. We have 

refused to live according to the dictates of God and that is 

why our lives are worsening. There has been a change in 

the climate because human beings have not lived up to ex-

pectation. Over the past 20 years we have cleared so many 

trees, used so much agro chemicals to destroy the environ-

ment and burned so much that the water bodies and the air 

now heavily polluted. The air we breathe these days is no 

longer pure. The rainfall is no longer distributed properly 

and the amount of rain has reduced. When we farm, we 

longer get good yield. That was not the case in the past. The 

soil was fertile and you do not need to apply fertilizer but 

now, you cannot harvest anything without fertilizer. There 

has been flooding in this community because where we are 

not supposed to farm, we clear it for farming and where we 

are not supposed to build that is exactly where we built. In 

the past there were droughts but that did not result in so 

much suffering as is the case today. In the past, the dry 

spells come at the right time and allowed farmers to weed 

their farms. Every year, we now experience dry spells. just 

at the time the crops need water, the dry spells set in, even 

the time the rains start has shifted from April to June and 

the end of the rains is no longer November but September 

every year” (Interview with Key Informant 2). 
Meteorological data from 1985 to 2017, paints a vivid pic-

ture of the trend and changes of rainfall over the last thirty-

two years (Figure 2). 
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Figure 2. Annual Precipitation in the Kasena Nankana Area. 

With an annual rainfall average of 926.22 mm, the Kasena-

Nankana area typifies the Guinea Savannah and marks the 

transition to the Sudan Savannah. Figure 2 displays average 

annual precipitation for the study area has slightly declined 

with coefficient of -2.53 and R2 value of 0.024. However, the 

general decline is masked by extreme variability which oc-

curred in 1999 and 2014. In 1999, rainfall reached its highest 

with 1365 mm while 2014 marked the lowest point in the three 

decades with just about 617.2 mm. Although the general av-

erages are important in overall characteristics of changing cli-

matic pattern, extreme variability are defining moments for 

livelihood security in agrarian households. Generally, nine-

teen of the thirty-two years reviewed had average or below 

average rainfall. Sixteen out of the nineteen years recorded 

rainfall clearly below the expected average. The findings 

show that the period 2000 to 2017 especially has been charac-

terized by less than average rainfall. About a quarter of the 

smallholder farmers were of the opinion that the volume of 

rainfall had declined significantly. 

The findings also show that annual total rainfall may not be 

as important as rainfall distribution within the farming period 

as reflected in the Focus Group Discussants’ narratives. 
We have changed and that is why we are experiencing cli-

mate change. This change is not a positive change. Everything 

that we have changed worked effectively against our progress. 

The rainfall pattern has changed unfavourably because in the 

past planting always started a season earlier, especially to-

wards the end of the harvest period (Katiu, Focus Group Dis-

cussants). 
Timing of rainfall is vital for crop germination and people’s 

experiences, ways of knowing, perceptions, feelings, tradi-

tional norms, values and belief systems; aside mainstream sci-

ence are necessary in securing in-depth appreciation and com-

ing to terms about the reality of climate change. This helps 

farmers in determining appropriate coping, adaptation and 

mitigation measures towards building their resiliency. Close 

to 95% of the households who indicated that the climate has 

changed and cited local evidences of variability and change. 

The reasons that household respondents gave included rain-

fall variability in terms of its distribution (Figure 3). The re-

spondents also noted that precipitation and diurnal tempera-

ture patterns are no longer exhibiting patterns that were com-

mon in a couple of previous decades. They added that recent 

temperatures were particularly very high. 

 
Figure 3. Smallholder Farm Households' views on change and vari-

ability of Precipitation. 

According to 60% of the household respondents, the change 

in the rainfall pattern is manifested in the form of late beginning 

of the rains and their early cessation. The rest of the 38.9% of 

the 373 respondents indicated that there has been a reduction in 

the rainy months in a year. 
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The results further show that within a period of three dec-

ades (1985-2017), rainfall deviation from the mean has been 

remarkably negative in some years (1995 and 2014) leading 

to various incidences of meteorological droughts and very 

high in others (1986 and 1999) resulting in occasional flood-

ing (Figure 4). 

 
Figure 4. Annual Precipitation Deviation from the Mean. 

From Figure 4, years of recovery are followed by at least 

two successive years of below average rainfall. The Standard 

Precipitation Index (SPI) also show that 1986, 1989, 1999, 

2007 and 2010 were very wet years as opposed to 1993, 1995, 

2005 and 2014 were severely dry years. The rest of the years 

were either nearly normal or moderately dry years. 

Farmers’ experiences with climate variability and change 

are therefore not only a manifestation of poor yields and dwin-

dling income levels but also a precarious situation of house-

hold water availability and access, as well as poor control. 

This is further worsened by competing demand for water for 

alternative uses. Rainfall variability is expressed in agricul-

tural productivity and translated into low income. 

Technically, air temperature as measured using a Stevenson 

Screen in degree Celsius is the average of daily minimum and 

maximum for each month as an annual statistic overall year 

record. The concept Long-term in this study refers to the pe-

riod from 1985 to 2017 (33 years). Temperature perception, 

on the other hand, is based on the feelings of the people expe-

riencing the phenomenon. In that regard apparent temperature 

may be different from the actual temperature due to the pres-

ence of wind chill and humidity. Out of the 365 household 

respondents, 82.84 percent of them demonstrated the opinion 

that the mean long-term temperature has changed and nearly 

61.66 percent believed that the change is reflected in increased 

temperature. Only 64 (17.16 percent) did not notice changes 

in temperature with 21.18 percent of respondents observing a 

decreased temperature (Figure 5). 

 
Figure 5. Smallholder Farm Households’ Views on Temperature change and Variability. 
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Key Informant Interviewee 3 summarized the varied nature 

of temperature in his area as follows: 
“The climate has changed over time. This community used 

to have a lot of trees but the land is now bare. The lush veg-

etation has vanished. Temperatures are now higher than 

previously; it no longer rains like it used to do. There are 

now more frequent dry spells and occasional droughts. All 

these are caused by human activities such as farming close 

to rivers, clearing of the vegetation for farming, building 

construction, sand winning among many others. Bush burn-

ing has also taken a heavy toll on the environment. The ef-

fects are there for everyone to see. We produce very little 

and it is not adequate to last even three months after har-

vesting. We have to sell livestock to buy food, which is now 

very expensive. Because of this, very few young men are 

now willingly to take to farming. Incidence of diseases like 

Cerebral Spinal Meningitis is pronounced. Our people, es-

pecially the youth now die earlier and suddenly than it was 

the case in the past”. 

It must be noted that in spite of the general conclusions that 

smallholder farmers made about the nature of temperature var-

iation over the previous decades, there were peculiarities in a 

number of communities as outlined in Table 3. 

Table 3. Smallholder Farm Households' Views on Temperature Change and Variability disaggregated by community. 

Community 

Nature of Temperature change (% of Respondents in each community) 

Increased Decreased no changes 

Kologo 84.2% 10.5% 5.3% 

Naaga 60.9% 13.0% 26.1% 

Paga 63.8% 20.5% 15.7% 

Chiana Asunia 50.0% 14.3% 35.7% 

Katiu 46.7% 33.3% 20.0% 

Manyoro 67.3% 17.3% 15.4% 

Akurugu Dabo 42.9% 42.9% 14.3% 

Mirigu-Gumongo 44.4% 38.9% 16.7% 

Nyangania Sabonia 50.0% 8.3% 41.7% 

Bonia 43.8% 50.0% 6.3% 

Kandiga Akuka 51.5% 21.2% 27.3% 

Total 222 79 64 

 

Generally, 222 respondents and at least not less than 43 per-

cent of respondents in each community perceived temperature 

increase over the last three decades. The exception was Aku-

rugu Dabo where perception of increasing temperature is 

about two in five. Also, whereas 84.2 percent of respondents 

at Kologo community indicated that average annual tempera-

ture has increased over time, only 40% of them in Akurugu 

Dabo shared that view. 

Meteorological observation of temperature from the Nav-

rongo weather station from 1985 to 2017 shows an association 

between high temperature and drought years. In this paper, 

mean annual maximum temperatures are analysed. All years 

of below average rainfall are associated with years of above 

average temperatures. Navrongo recorded its lowest rainfall 

ever recorded in thirty years in 2014 albeit with slight recov-

ery in 2015. This low record was associated with a high tem-

perature record in 2015. However, years of high rainfall are 

not necessarily associated with average and below average 

temperatures as other non-climatic variables such as volcanic 

eruptions at the global level could have significant impact on 

local temperatures. For instance, the eruption of Mount 

Pinatubo in June 1991 and the consequent injection of Sulphur 

into the stratosphere has been linked to low temperatures in 

many communities including the Kasena Nankana area in 

1992 (Figure 6). 
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Figure 6. Annual Temperature trend from 1985 to 2020. 

Across board, post 1983 temperature reduced from the 1980 

level before sharply rising in 1985 and peaked around 1987 

and subsequently declined to an all-time low in 1992. The 

temperature level subsequently rose sharply again between 

1993 and 1994 and by 1995, it had declined again but not be-

low the 1983 level before rising steadily until it reached an all-

time peak of 36.2°C in 2015. This year 2015 was therefore the 

warmest in Navrongo. 

An inter-decadal analysis of temperature deviation from the 

mean shows an increase in the frequency of deviation above 

the annual mean with the previous 3 decades recording the 

highest deviation above the mean temperature. In fact, the last 

three years (2015, 2016 and 2017) mark a consecutive three-

year record of high temperatures in Navrongo. The observed 

changes the meteorological data have been linked with reduc-

tion in crop yields and output, which greatly food insecurity 

in the Kasena Nankana area. Such was the extent of variability 

and change in the climate that agricultural sector on which 

over 80% of the people in the area depended on as their main 

economic livelihood was severely challenged. This has had 

ripple negative effects on socio-economic development. 

4.2. Impacts of Climate Variability and Change 

on Smallholder Farm Households 

An analysis of the smallholder farm households’ views on 

consequences of climate variability and change revealed that 

the farmers possessed long-term extensive experiences of ag-

ricultural drought (95% of respondents). They noted that the 

frequency of occurrence of agricultural droughts has increased. 

A more nuanced community level analysis revealed differ-

ences in experiences of drought. The only community where 

10% of farmers held that they had not experienced drought 

was Bonia. Bonia is just adjacent to the Tono Irrigation dam 

hence; the farmers may not experience much drought since a 

conducive micro climate is created by proximity to the irriga-

tion dam thus ensuring that the fields are constantly kept moist 

for a congenial crop growth. In the dry season, water from the 

irrigation canal makes it possible for willing and able farmers 

to engage in irrigation farming. Irrigation farming in commu-

nities within the Tono Dam basin and others that have access 

to smaller dams and dugouts could always rely on them as a 

buffer to poor precipitation in the main rainy season farming. 

According focus group discussants at Katiu community, rain-

fall alone or sun shine alone is not good for farming. There 

must be moderation of all and good distribution of the rainfall, 

at least there is the need for one rain every week. 

This was what a seventy-year-old woman, who was ex-

plaining the nature of rainfall in her village, said at a Focus 

Group Discussion. Her concern is shared also by participants 

in the course of the Focus Group Discussions in the other vil-

lages. Discussants indicated that the erratic nature of rainfall 

is a feature of the climate that poses risk to crop cultivation. 
Smallholder farm households stated emphatically that alt-

hough dry spells were considered normal when they occur at 

the time that a few dry days are required for weeding to take 

place, it brings progress in farming. This was the situation 

three decades ago but in recent times the dry spells occur at 

the time that the major crops rather required water. This situ-

ation adversely affects agricultural production and household 

water security (Table 4). 

Table 4. Impacts of Drought on Smallholder Farm Households. 

 Frequency Percent 

Crop failure 269 73.69 

Drying up of water source 68 18.64 

Trees dying 28 7.67 

Total 365 100.0 

Nearly three out of every four smallholder farm households 

(73.69%) reported crop failure as the major devastating result 

of the agricultural droughts that they experienced. Another 

18.64% of the households reported the drying up of their water 

sources while 7.67% of the respondents indicated that dry 
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spells have been occurring more often than in the past decades. 

Additionally, 41% of the respondents noted that floods oc-

curred once in every five years while only 35.4% indicated 

that floods occurred every 2 years in the past. Irrespective of 

the interval of droughts and or dry spells, the reality is that 

drought-triggered water insecurity and excessive rainfall lead-

ing to flooding created various pressures that wiped out alter-

native livelihood options within the agriculture value chain. 

Key informants interviewed and focus group discussants 

also pointed to what they generally called recent changes in 

the pattern of rainfall, as a risk factor in the climate: 
“Right now, we are supposed to be harvesting early millet, 

but people are still sowing…. In the past, the rains used to 

start in April. People will sow massively in this month. 

Sowing was not done in June and July. The end of the rains 

was definite in the past. It was good for planning because 

every farmer knew that the rainy season ends in November. 

We were able to know the number of rains in a year. When 

it will rain and when it will not rain was common 

knowledge to farmers. However, these days you cannot be 

very certain but in most of the years, the rains ended at the 

end of August or early September. August rains have been 

very destructive. It makes it difficult to plan” (Key Inform-

ant 4). 

Moreover, over 91% of the smallholder farm households 

were emphatic about the agricultural droughts, the late begin-

ning of the rainy season and the destruction that perennial 

floods caused to their meagre assets. 

Focus Group Discussions and in-depth interviews suggest 

that drought and flooding are the most devastating climate ex-

tremes and risks in the study areas. It was, particularly quite 

clear from many Focus Group Discussions that the long-term 

reliance on the single rainy season was a common reason for 

the migration of the youth from the villages to the towns and 

cities in southern Ghana. The movement is said to be a strat-

egy that enable households to cope with the impact of climate 

risks and actual climate contingencies such as the effects of 

droughts in particular. According to the focus group discus-

sants at Mirigu-Gumongo, in 2017, they experienced a 

drought and many crops got burnt. Those who cultivated crops 

on gravel and clay sand were most affected. The situation 

caused the youth to migrate to Tumu, Techiman, Sunyani and 

Kumasi to farm in order to bring back food to feed their fam-

ilies. This trend has not abated and currently, the major towns 

and cities are overwhelmed by congestion. 

Participants at the Mirigu-Gumongo Focus Group Discus-

sion noted that the variable climatic change they are experi-

encing is the cumulative result of their own insatiable desire 

for wealth. They added that in spite of all the traditional inhi-

bitions, people still cut trees that are not tabooed or declared 

as traditional and spiritual relics. According to the participants, 

things that are immoral and should not be done under any cir-

cumstances are now being done by both youth and adults with 

reckless abandon. It was recognised that some of the youth 

even openly disrespect communal traditions. It was against 

this background that the participants concluded that their com-

munity acted willfully against the capacity of nature and God 

to continue to support them. 

In the case of participants of the Katiu Focus Group Discus-

sion, the vegetative cover was very lush in the past because 

their fore fathers consciously added to the tree species that 

were in existence at the time. By contrast, the current genera-

tion continuously depleted the environment without any seri-

ous efforts to at least replace the vegetation that they either cut 

or burn down. 
Cultural despondency was noted by interviewees as a driver 

of climate variability and one of the reasons accounting for a 

reduction in the resiliency of adaptation strategies in recent 

times. A seventy-four-year-old woman interviewed at Katiu 

notes that God has always remained resolute in his pledge to 

care for human kind in ways that may not easily be understood 

by ordinary beings. According to her, there are good and bad 

spirits all of which are under the domain of God. As a result, 

God is able to deal drastically with the bad spirits that bring 

bad weather. However, humans are responsible for the calam-

ities that befall them. It is their bad acts that compel God to 

respond or allowing the bad spirits to unleash various hazards 

on the human beings. According to her, their fore fathers were 

very obedient to their fathers and were brought up to venerate 

culture and tradition. However, current generations, especially 

the mentality of the youth is that tradition and culture are use-

less and have no place in their growth and development. In 

addition, she indicated that traditional knowledge and culture 

is expected to be passed on from previous generations to sub-

sequent ones but Christianity and other so called modern reli-

gions in addition to current communication technology ap-

pears to have worked against the sustenance of tradition and 

local culture. For her, it is now much more difficult to propa-

gate local culture and tradition than it was the case previously. 

5. Discussion 

Perception has been noted to have played a significant role 

in the determination of the efficacy of adaptation to variation 

and change in the climate. This is because the lived experi-

ences and views of the people affected climatic extremes have 

the greatest possibility creating in-depth comprehension what 

is regarded as scientific analysis of meteorological data [29, 

30]. In the opinion of [31], issues that weigh high in the mind-

set of people facilitates the scientific and social reliability of 

the representation of the issue at its most prominent level. 

It has been indicated in the works of [32] that the negative 

effects of climate variability and change are manifested 

through the extent of the sensitivity of human and natural eco-

systems. The empirical report of [33] even makes a definite 

claim that farmers whose livelihood is within a harsher envi-

ronment may be richly endowed with quality knowledge and 

awareness regarding the changes that occurred overtime and 

the attendant adverse effects. The need for human and natural 

eco-systems to cope and adapt to climatic change within the 

http://www.sciencepg.com/journal/hss


Humanities and Social Sciences http://www.sciencepg.com/journal/hss 

 

394 

short to long-term is not a novelty. Humans have some capac-

ity and the will to act in different ways in response to adversity 

within their environment. Local knowledge of the climate is 

something that has been long-standing and is considered to be 

common to residents of local communities who have lived all 

their lives or a better part of their lives in the community and 

have therefore experienced various major climatic events or 

have listened to stories and other narratives of such events in 

the past. 

This revelation is in sync with recent preliminary findings 

from the World Meteorological Organisation that Director-

general that this current decade has been the warmest [34]. A 

comparison of the meteorological data with smallholder farm-

ers’ perception of rainfall changes indicates internal con-

sistency. Nearly all farmers (94 percent) reported declining 

rainfall with about 57 percent of the farmers reporting that the 

changes are reflected in terms of distribution and amount of 

rainfall within a year. The respondents also indicated that the 

number of rainy months in a year has reduced with a shorten-

ing of the rainy season. These findings, which are consistent 

with previous studies shows that a new rainfall regime is 

emerging with a distinct pattern. The new regime is mani-

fested in late start of rainfall and a concomitant short rainfall 

season compared to three decades ago. The results of earlier 

studies noted the negative effects of environmental changes, 

especially unreliable rainfall on agricultural production in 

Ghana [15, 35, 36]. The main forms of environmental change 

identified by farmers was delays in the onset of rains, declin-

ing rainfall, fluctuations in the amount of rainfall and in-

creased temperatures which sometimes lead to crop failure 

and post-harvest loses. Crop failure associated with climate 

change has also negatively affected food security. 

Smallholder farm households have been emphatic that their 

major livelihood significantly depends on the natural environ-

ment. However, extreme variation in precipitation and tem-

perature rendered the agricultural value chain, which hitherto 

was synonymous to a gold mine that never dried, a subject 

matter that those of them who are lucky to survive will recount 

to their new generations with great pain. Periods of good pre-

cipitation across the entire Ghana often reflected in bumper 

crop harvests, relatively lower food inflation and a significant 

positive net contribution of the agriculture value chain to the 

Gross Domestic Product of the economy. Relative reduction 

in the level of absolute poverty accompanied by enhanced 

food security is also experienced in such times [37-39]. 

The 2007 flood followed by two successive years of declin-

ing rainfall and subsequently recovered in 2010. In 2011 and 

2018, severe thunderstorms followed by a torrential rainfall 

and flooding inundated residents of the Kasena Nankana Mu-

nicipality resulting in widespread destruction of dwelling 

places and small holder farms. 

The changing cycles of droughts and floods, especially 

when they occur within the same year, and the related losses 

have negative consequences on agrarian livelihood options for 

smallholder farm households [40, 41]. The damning impacts 

of floods and agricultural droughts combined with a general 

economic malaise fueled by long-term impacts of corruption 

and misgovernance continues to sink many West African 

countries [10, 42], particularly Ghana. This situation in Ghana 

and by extension to the Kasena Nankana area especially, ex-

ists the potent cocktail of agricultural droughts and perennial 

floods which have curtailed smallhouseholds’ ability to move 

out of the poverty trap. This also has had the tendency of push-

ing especially youthful male members of smallholder house-

holds to migrate out of their poverty ridden communities into 

urban centres of Ghana. This reinforces the spate of urbaniza-

tion with its attendant myriad problems while stagnating the 

rural economy of the country. 

The finding that climate variability and change manifested 

in poor crop yields, low income and serious challenges in con-

nection with households’ access and control over water rights 

further strengthens the nexus of extreme variation in the cli-

mate over the long-term and socio-economic development. It 

is logical that the droughts and near-droughts of 1983, 1988, 

1990, 1993, 1995, 1998, 2005 and 2014 triggered agricultural 

drought have caused an all-time significant havoc on the agri-

cultural value chain in the Kasena Nankana area. 

Temperature variability across time and space manifested 

in the communities in the form of a general increase with com-

munity-specific differences. The results suggest a marginal 

spatial variation in perception of temperature change con-

sistent with several studies on temperature changes among lo-

calities including [15] who found that perception of tempera-

ture changes slightly varied from one study community to an-

other. In the current study, communities which are close to 

major water bodies, respondents’ views of increased temper-

ature varied and this underscored how local dams may have 

positively influenced the growth of vegetation and by exten-

sion the micro-climate at the community level. For instance, 

Bonia lies adjacent to the Tono Irrigation Dam which may me-

diate the impact of temperature at the local level. 

The underlying explanation for the views of the respondents 

is that while vulnerability to climatic variability is not the 

same in the study communities, some smallholder farm house-

holds were found to be more vulnerable in view of the types 

of crops that they cultivated and the terrain within which the 

crops are cultivated. Those who cultivated early millet and the 

traditional guinea corn (yarah) were more vulnerable to rain 

storms and agricultural droughts as compared to farmers who 

cultivated groundnuts and soybean. Similarly, groundnut 

crops were found to be more sensitive to drought as compared 

to the traditional late millet which is noted to have adapted to 

semi-arid regions. As a result, smallholder farm households 

who have utilized this knowledge in planning which crop to 

cultivate and at which time were successful in reducing their 

level of vulnerability to climatic variability. This finding is in 

tandem with [15]. In addition, they noted that differences in 

water availability for agricultural activities underscores the 

different views about climate change [15]. This study con-

trasts this reportage by highlighting the convergence between 
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observed meteorological data and local community and small-

holder farm households’ views of a reducing trend of annual 

precipitation against an increasing trend of average mean tem-

perature over three decades. This finding rather corroborated 

[43-46] and who discovered a similar convergence in Pakistan 

and in Ghana respectively. 

A tale as it may seem but the narratives of focus group dis-

cussants underscored the long-standing presence and chal-

lenges associated with flooding and drought. These climate 

extremes have not only been a common feature of the climate 

of the study villages but presented many difficulties to farmers 

over time due to their devastative tendencies and the difficulty 

in dealing or adapting to them [47]. According to the respond-

ents, among the two climate extremes, agricultural drought 

has been the most common and has very devastating impacts. 

This finding constitutes a confirmation of [48] that droughts 

have played a major role in most of the climate extremes ever 

experienced in the northern Savannah agro ecological zone. 

Respondents also pointed to the increased drought and 

flooding risk posed by the single maxima rainfall regime that 

their communities experience. For example, hardly is any re-

markable quantity of rainfall experienced in the Kasena Nan-

kana area in October each year. However, in October 2019, the 

communities were shocked with a huge torrential rainfall that 

flooded major rivers and low-lying communities and caused 

extensive damage to homes, communal burial sites, drinking 

water sources and farms. Some lives were also lost in the pro-

cess. Whereas communities in the Kasena Nankana area ex-

perience a very short rainfall season and a very prolonged 

rainy season, it contrasts with the southern part of the country 

which experiences a double maxima rainfall regime. A double 

maxima rainfall system allows for a spread of drought and 

flooding risk across the two seasons as compared to just one 

maxima rainfall experienced in the northern Savannah where 

the study was carried out. Farmers attributed the adoption of 

certain livelihood strategies such as migration to the single 

rainfall regime overtime. 

The effects of Cerebral Spinal Meningitis outbreaks in the 

study area were multidimensional including physical, social, 

cultural and economic negative consequences. Small holder 

farm yields (of cereals) are typically low in the study area and 

high temperatures are among the causative factors for low 

yields. Physiologically, high temperatures induce higher rate 

of growth but the overall growing period becomes shorter. The 

shortened reproductive stages due to high temperatures limit 

carbohydrate accumulation resulting in overall yield reduction. 

High temperatures also lead to high evapo-transpiration rates 

which induce water stress and yield reduction in cereals. The 

dry weather situation had in some years worsened the plight 

of small holder farmers because it created conducive environ-

ment for pests such as army worm invasion. These worms 

have the tendency of consuming everything green on their 

way. 

Naturally, human beings are curious of the causes of differ-

ent phenomena they encounter. Therefore, attempts are made 

to search for meaning in order to satisfy their curiosity and to 

enable them determine how best they could relate to various 

phenomena. It is thus important to study people’s worldviews 

on an important phenomenon like climate variability. The 

causes of climate variability as noted by farmers in the study 

area are varied and range from human exploitative actions, 

disregard for culture and religious tendencies as well as natu-

ral causes. The expressions of participants during various fo-

cus group discussions reflect these causes. 

6. Conclusion 

The study examined how smallholder farm households in 

the Kasena Nankana area perceived climate variability, the ex-

tent of their exposure and impacts and how this local 

knowledge informed their adaptation through a mixed method 

approach. The results confirmed previous findings that rural 

smallholder farm communities are bearing much of the brunt 

of climate variability. Within these communities, women, who 

constitute more the majority of the food crop producers are 

particularly vulnerable to the impacts of climate variability, 

physically, socially and economically. Other vulnerable 

groups include children, the disable, old people, and the land-

less and generally small scale and peasant farmers. Study par-

ticipants did not mince words when they surmised that much 

of the change in their climate is self-induced. 

Smallholder farm households perceived a range of impacts 

of climate change on their livelihoods. These include rising 

erratic nature of rainfall, rising frequency of climate extremes 

particularly droughts, floods and winds all contributing to low 

yields and made farming unattractive to the youth. Other im-

pacts of climate variability identified were growing impover-

ishment of smallholder farm families that either have limited 

or no livelihood diversification opportunities and incidence of 

cerebral spinal meningitis, which claimed human lives and left 

others maimed for the rest of their lives. Some of farm house-

holds lamented their failure to make the most benefits out of 

government support in various forms over the last few decades, 

particularly in the form of infrastructure, subsidized fertilizers 

and availability of pesticides and herbicides and this has been 

the case because climatic factors stood in their way. This con-

cern is well attested to in the literature on agrarian develop-

ment in northern Ghana. The reports of [45, 48] have also 

noted that in spite of rising support for farmers by African 

governments since the droughts of the 1980s, agriculture in 

the region has failed to transform into one that is dependable 

for the elimination of hunger and to propel rural people out of 

poverty due to variations in climatic circumstances. 

7. Policy Recommendation 

Smallholder farm households consider knowledge to be an 

intrinsic in-depth possession that is propagated from one per-

son to another. It is created by listening and keeping track of 
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all that one has heard, seen, and done in their everyday lives 

and work. As part of their life processes, there is extensive 

learning by doing and that includes how to deal with different 

troubles. The older generations teach the younger generations 

the culture and traditions as was taught them by their forebears, 

years down the lane. This, evidentially, may be referred to as 

a succinct description of local knowledge. Local people de-

pend on existing knowledge to perform important actions in 

their livelihoods including farming. The government of Ghana, 

through the Ministry of Agriculture, the Ministry of Environ-

ment Science and Technology, the Ministry of Local Govern-

ment, Chieftaincy and Religious Affairs as well as all the al-

lied agencies and Civil Society Organisations need to neces-

sarily mainstream local knowledge into all the phases of pol-

icy formulation, planning, implementation and post-imple-

mentation actions towards supporting communities to sustain-

ably build resilience to climate extremes and climate change. 
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