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ABSTRACT
Climate variability threatens the sustainability of food crop production. It is therefore
important to understand the interaction between climate variability and food crop
production. This study examined the effect of climate variability on food crop production
in the Bawku Municipality. Five farming communities were selected in the Bawku
Municipality as the study sites. Quantitative and qualitative data were sourced from both
primary and secondary sources. Questionnaires, focus group discussions and oral
narratives were used as data collection tools to assess the situation. Quantitative data
were analysed with SPSS and E-views and the results presented in the form of charts and
tables whiles qualitative data were analysed thematically to support the quantitative data.
The results indicate a significant variation in annual rainfall for the 15 year period (1999
to 2013) but mean temperature variation in the Municipality was relatively stable. The
results of the regression model revealed that rainfall significantly explains variation in
maize production while temperature was not significant in explaining the variation of
rice, maize and millet production. The study revealed that farmers are particularly
vulnerable to climate variability owing to their low capital assets, exposure to frequent
drought, floods and wind storms. As copping strategies, some farmers have resorted to
migration, trading, crop and livelihood diversification to enhance their living conditions.
These strategies are however, not sufficient to sustain food crop production in the
Municipality in the long term. To sustain and enhance the livelihoods of food crop
farmers, the study recommends that urgent financial, education, capacity building,
infrastructure and institutional support are needed to improve food crop production and
make farmers‘ livelihoods resilient to climate variability.
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CHAPTER ONE
BACKGROUND TO THE STUDY
1.0 Introduction
Climate is a renewable resource which varies on all time scales, from year to year, as well as
from one decade, century or millennium to the next (Ghil, 2002). The variation in the climate
system on all temporal and spatial scales is referred to as climate variability
(Intergovernmental Panel on Climate Change-IPCC, 2007). The complex nature of this
variability is a major hindrance to the consistent detection of global alterations (Ghil, 2002).
Under global warming, it is expected that climate variability will increase and climate
extremes will become more intense and frequent in the future (Department for International
Development-DFID, 2004; cited in Scott, 2008). The process of global warming shows no
signs of diminution and is expected to bring about long term variations in weather conditions
(Food and Agricultural Organisation-FAO, 2008). This warming of the world has been linked
to higher concentration of greenhouse gases in the atmosphere. The main causes are the
burning of fossil fuels (coal, oil and gas) to meet rising energy demand, and the spread of
intensive agriculture to meet growing food demand (FAO, 2008). The consequences of which
can be manifested in the higher frequency of extremes such as floods, drought and cyclones
(Kandji et al., 2006).
Scientific evidence suggests that climatic variations have long term negative impacts on
agricultural productivity globally (Nellemann et al., 2009). For instance, in the tropics and
subtropics, crop yields are likely to fall by 10% to 20% because of increased adverse effects
climate variability (Thornton et al., 2007). Hence, it is imperative that climate variability and
climate change are well understood so as to formulate more sustainable policies and
strategies to promote food security (World Meteorological Organisation, 2001; cited in Scott,
2008). Particularly in Africa, climate variability and climate change issues need urgent
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attention, because a third of Africa‘s people already live in drought-prone regions and climate
variability and change could put the lives and livelihoods of an additional 75 to 250 million
people at risk by the end of the next decade (Fleshman, 2007). Recent studies have shown
that for each 1°C rise in average temperature, farmers‘ income in Africa will drop by nearly
10% (FAO, 2008). This shows that heightened year-to-year variation of climate and changing
local factors can markedly affect income from agricultural production, costs to consumers,
and food scarcity (Molua, 2002). This could intensify economic hardship on the continent.
Livelihoods for this reason will be put in jeopardy. The myriad impacts according to the
IPCC (2007) would be experienced differently across the continent due to other socioeconomic challenges. Africa is therefore considered to be the most vulnerable region to
climate variability because it is exposed climate risks, reliance on fed agricultural and also
has low adaptive capacity because of high rate of poverty (IPCC, 2007).
Ghana has revealed distinctive inter-annual and inter-decadal variability in climatic variables
like precipitation and temperature. The total duration of the rainy season is also revealed to
have shortened, while dry season and rainy season temperatures have increased by about 1°C
and 2°C respectively (Kunstmann and Jung, 2005; cited in Amikuzuno and Donkoh, 2012).
Christensen et al. (2007) have observed that inter-annual variability in rainfall is expected to
increase, with a rise in the intensity of high rainfall events but an overall decrease in the
number of rainy days. A comparison of the mean annual rainfall differences from 1951-1970
and 1981-2000 at meteorological stations across Ghana also indicated little rainfall over time.
These variations are greatest in the northern sector and are projected to increase some more
(Owusu and Waylen, 2009). This situation will significantly constrain the sustainability of
rain-fed farming systems with severe impacts on crop yields (Fosu-Mensah, 2012 and
Acquah, 2011). Hence, climate variability is considered as one of the banes of food crop
production especially in Northern Ghana. The consequences will not only be limited to the
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agricultural sector but will be felt in other sectors of the economy. Though the agricultural
sector has lost its position as the largest contributor to Gross Domestic Product (GDP) to the
service sector, it still employs more than half of Ghana‘s population (Acquah, 2011). Any
uncertainties due to climate variability and extreme climatic events will therefore cause great
devastation in the economy of the country. The inadequate rainfall in 1982-1983, is a
testament of how drought destroyed most crops and negatively affected more than 12 million
people in the country (Dietz et al., 2004).
Extensive research on the impacts of climate variability/change on agriculture in Ghana
revealed that episodes of late onset of rains for planting, variability in the pattern and levels
of rainfall, and intermittent droughts and floods are fundamental problems for farmers in
northern Ghana (Nyantakyi-Frimpong, 2013; Amikuzuno and Donkoh, 2012; Acquah, 2011).
This has become a threat to the livelihoods of food crop farmers in this particular zone
(Amikuzuno and Donkoh, 2012). For instance, in 2007, the Northern, Upper East and Upper
West Regions were wrecked by marauding flood waters affecting three hundred and
seventeen thousand (317,000) people with the Central Gonja District being described as an
environmental calamity; because, about twenty six thousand, eight hundred and twenty two
(26,822) acres of farm lands were destroyed (Oppong-Ansah, 2011). Crop production data
from the three Northern regions of Ghana show that, the production of major staple crops
(maize, millet and sorghum) declined substantially during the 2010/2011 growing season
compared with the previous year, mainly because of poor rainfall during the critical growing
stages (Stanturff et al., 2011).
In view of these fluctuations in the rainfall pattern and corresponding negative changes in
food availability, farmers in Northern Ghana have developed intricate strategies to adapt to
these fluctuations (Nyantakyi-Frimpong, 2013). It is therefore apparent that if the changing
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climate continues without appropriate strategies for climate adaptation, the magnitude of
economic losses will be higher with greater effect on the poor. The objective of this study is
therefore to analyse the effects of climate variability on food crop production among rain-fed
crop farmers in northern Ghana.
1.1 Statement of the Problem
Food crop production is a major economic activity in the Bawku Municipality (Acquah,
2011). However, the unfavourable climatic conditions in the area adversely affect crop
production (Acquah, 2011).
Declining rainfall in the Municipality reduces the length of the growing season and also
delays the onset of the planting season with consequent adverse effect on food crop
production (Acquah, 2011). Furthermore, climate variability in recent years frequently causes
heavy rains and flooding or intense droughts which devastate farmlands and plunge farmers
into economic hardships in the Bawku Municipality (Acquah, 2011).
Lack of investment in agricultural infrastructure in the Bawku Municipality has also resulted
in limited use of irrigation facilities during the long dry season posing additional threat to
food crop farmers who then rely largely on rain-fed agriculture for their livelihoods. Thus,
food crop farmers remain more vulnerable to the variability of climate. More so, the
incidence of crop failures force farmers to depend on low-input and low-risk technologies,
leaving them unable to derive high yields during favourable seasons (Acquah, 2011).
In the long dry season most farmers as well as farm workers engage in nonfarm activities for
survival whiles others migrate to Southern Ghana for menial jobs. The adverse effects
inflicted by unfavourable climatic conditions such as drought clearly illustrate the
vulnerability of food crop production and farmers in the study area. The Vulnerability of food
crop farmers in the Municipality is expected to increase due to predicted frequent climate
4

variability and extreme climatic events such as drought (Amikuzuno and Donkoh, 2012).
Strategies must be put in place to ensure more adaptive capacity to confront current and
future climate variability and climate extremes. The issue of climate variability and food crop
production in Ghana has been extensively investigated; however, little work has been carried
out in the Sudan Savanna Climatic Zone of the country. The challenge is therefore to
investigate the effects of climate variability on food crop production in the Bawku
Municipality in the Sudan Savanna Zone where information is required by stakeholders to
devise effective adaptation strategies for farmers in the Municipality.
1.2 Purpose of the Study
Generally, the study seeks to explore the effects of climate variability on food crop
production in the Bawku Municipality.
1.3 Objectives of the study
Specifically, the study aims to achieve the following objectives:
1. To analyse the influence of observed climatic trends on food crop production in the
study area.
2. To assess the vulnerability of food crop farmers in the Bawku Municipality to climate
variability.
3. To examine the adaptation strategies employed by food crop farmers in the area of
study in response to climate variability.
1.4 Research Question
1. What are the effects of the observed climatic trends on food crop production in the
Bawku Municipality?
2. How vulnerable are food crop farmers in the Bawku Municipality to climate
variability?
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3. What are the adaptation strategies employed by food crop farmers in the Bawku
Municipality in response to climate variability?
1.5 Hypotheses
1. H0: Temperature exerts no statistically significant effects on staple foods production in
the Bawku Municipality
H1: Temperature exerts positive effects that are statistically significant on staple foods
production in the Bawku Municipality.

2. H0: Rainfall exerts no statistically significant effects on staple foods production in the
Bawku Municipality.
H1: Rainfall exerts positive effects that are statistically significant on staple foods
production in the Bawku Municipality.
1.6 Justification/Relevance for the Study
The study is one of a series in an attempt to provide a more in-depth empirical analysis of the
effects of climate variability on food crop production with focus on the Bawku Municipality.
The study is thus, aimed at revealing how climate variability affects food crop production and
to identify the appropriate adaptation measures needed to ameliorate the existing problems
and prevent negative effects in the future.
The findings of the study will help policy makers such as the Ministry of Food and
Agricultural and the Municipal Asssembly to understand and appreciate the complex
interconnections through which climate variability affects food crop production. This would
help policy makers to facilitate the integration of the findings and the recommendations of the
study into the overall development approaches, agenda and policies of the agricultural sector
to create a favourable condition for the sector. It is expected to bring about rapid
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transformation in the agricultural sector since it seeks to delve into one of the major issues
that militate against crop production in the study area.
The findings will also serve as a document that will provide background information on the
effects and relationship between climate variability and food crop production. It is expected
that information obtained from this study will further provide a condition for policy
formulation for local multiple adaptation programmes through education aimed at building
the adaptive capacity of farmers and stakeholders in increasing crop yields. Again this study
will help identify the weaknesses of current adaptation strategies of farmers that need to be
corrected to bring about the desired results.
Moreover, this study will also serve as a secondary source of data and reference to other
researchers who want to research in a similar field. Thus, the information provided here will
be available for the relevant ministries and development agencies, research and teaching
institutions and the private sector investors.
1.7 Scope of the Study
The research covered five farming communities in the Bawku Municipality. These are
Mognori, Kuka, Gosezi, Zabugu and Gentiga communities. The selection of these
communities was partly based on the intensive farming done by the farmers during the rainy
and the dry seasons and partly by the high production of staple foods in these communities
compared to other communities in the Municipality. It was a survey of only a percentage of
the population in the five communities which was generalized for the entire population of the
study area. Due to the dynamics of the effects of climate variability on food crop production
across geographical areas, this study only emphasized on households of the five farming
communities in the Bawku Municipality.
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1.8 Limitation of the Study
Due to the high illiteracy rate amongst the populace in the study areas (Ghana Statistical
Service, 2014), the researcher had to translate the questions into the local language for
respondents to understand. However, respondents were reluctant to provide accurate
information on variables such as income level, farm size for fear of being denied any help
from government. The problem was mitigated as much as possible; by convincing
respondents of the objectives of the research and assured them of the confidentiality of
information.
1.9 Organisation of the Study Report
The study is organised into six chapters. It starts with the background of the study which
includes the problem statement, objectives of the study, hypotheses, justification, scope as
well as limitation of the study. The second chapter reviews literature related to the study.
Chapter three explains the research methods and description of the study area. Chapter four
presents the results and discussions on the influence of the observed climatic trends on major
food crop production in the Bawku Municipality. In the fifth chapter, data collected on
farmers‘ vulnerability and adaptation to climate variability are analysed and presented.
Finally, summary, conclusion and recommendations are provided in chapter six.
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CHAPTER TWO
LITERATURE REVIEW
2.0 Introduction
This chapter seeks to capture and summarize current research work particularly case studies
done on the research topic. The literature review examines studies conducted between 2000
and 2014 from local, regional and international sources. In this regard, documents regarding
climate variability, extent of climate variability, effects of climate variability on food crop
production, vulnerability and adaptation of food crop farmers have been extensively
reviewed. In the process, linkages have been identified which form the basis of the
conceptual framework of the study. The chapter is categorised into seven main sections.
Section one takes a broader look at the meaning of climate variability and the causes of
climate variability. Section two presents the trends in climate variability at both the global
and local level while section three examines the effect of climate variability on food crop
production. Vulnerability of farmers to climate variability is presented in section four. The
fifth section reviews literature on farmers‘ adaptation to climate variability whereas sections
six and seven present respectively, the theoretical and conceptual frameworks for the study.
2.1 Climate Variability
Climate is typically described by the summary statistics of a set of atmospheric and surface
variables, such as temperature, precipitation, soil moisture and sea surface temperature, in a
particular region over a particular timescale, usually 30 years while climate variability
indicates the variation in the average variables for describing climate over a particular
timescale (Ebi et al, 2005). It is however, important to note that, there is no agreement on
how to define the term ―climate variability‖. Several definitions have been given and these
definitions have varied in tandem to interpret it in new ways. The term ―climate variability‖
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according to Geoff (2004), is used to denote deviation of climate statistics about an
established average over a given period of time such as specific month, season or year from a
longer period mean of the same variables. In a narrow sense, climate variability is referred to
as large-scale variations in atmospheric and ocean circulation (IPCC, 2007). These variations
occur as a result of natural (internal) processes within the climate system, as well as in
response to additional influences due to human activity or anthropogenic (external factors)
factors (Davis, 2011). These internal factors and anthropogenic factors are described in the
next section.

2.1.1 Natural causes of climate variability
On an astronomical time scale, the earth‘s climate system alternates between cold conditions
and warm conditions (Shaviv and Veizer, 2003). Evidence suggests that this behaviour is due
to cyclical changes in the position of the earth‘s orbit around the sun and the angle of its
rotational axis (Shaviv and Veizer, 2003). This process may be simply linked to the passage
of seasons at different times of the year (Davis 2011). It has been observed over the years
with reliable experimental proof that, the earth‘s climate has shown a significant internal
(natural) variation and change by the El Nino effect. Such major types of the El Nino causing
internal variations of the climate system, as stated by Diaz and Cabido (2001); Wanner et al.
(2001); Hurrell (2003); Delworth and Mann (2000); Mantua and Hare (2001) include the El
Niño-Southern Oscillation (ENSO), the Arctic Oscillation/North Atlantic Oscillation
(AO/NAO), the Atlantic Multi-decadal Oscillation referred to as AMO, as well as the Pacific
Decadal Oscillation known as PDO.
Nonetheless, among the above mentioned causes, Li et al. (2011) indicated that ENSO is the
strongest natural fluctuation of climate on inter annual timescales, with different global
weather consequences based on the periods of higher and lower strength of the ENSO. Aside
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ENSO, it is well known that volcanic eruptions have a variety of impacts on the climate
system (Church et al, 2005). In support of the view above, the Krakatoa and Pinatubo
volcanic events in 1883 and 1991 respectively are thought to have lowered global
temperatures by 0.3-0.5 degree Celsius (Global dimming) (Oppenheimer, 2003 cited in Grab
and Nash 2010). This is evidenced in the report by Ammann et al. (2007) who found that,
several sharp cooling episodes mark the response to very large volcanic forcing in the preindustrial era, indicating that there is an association between volcanic eruption and climate
variability.
Furthermore, natural variability arises as a result of variations in solar intensity. The
influence of solar activity on the earth‘s climate has been found in many climate parameters
from the surface up to the top of the atmosphere (Marsh et al., 2005). Recent studies (Engels
and Geel, 2012; Haigh, 2011 and Gray et al., 2010) show a strong relationship between solar
activity and climate variability. These studies convincingly prove that solar activity or
changes in solar intensity affect climate and that has an influence on climate variability.
Other empirical studies have revealed that changes in stratospheric water vapour, unusual
meteorological pattern, meteorite bombardment, erosion, earthquakes, mountain building,
movement of sea beds and ocean trench formation are possible factors of natural variability
of the climate system (Met Hadley Office Centre, 2011). From what has been stated by
researchers, there is a greater need to understand that climate variability is inevitable since
these natural occurrences are bound to happen at any time.

2.1.2 Anthropogenic activities and climate variability.
Research on recent climate variability is increasingly inclined towards the view that
anthropogenic greenhouse gas-forcing is becoming the dominant cause of global warming,
though not the only process driving the warming trend over the last 60 years (IPCC, 2012).
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The comprehensive reports of the IPCC (2012) demonstrate that, it is no longer possible to
explicate the sharp temperature rise by natural forcing alone, but it can also be elucidated by
anthropogenic activities. The IPCC (2012) observed that since 1950, there is evidence that
alteration in climatic extremes are as a consequence of anthropogenic influences. Stott et al.
(2011) also attributed the significant increase in the observed frequencies of warm seasonal
temperatures in many regions to human influence.The evidence provided by the IPCC (2012)
and Stott et al. (2011) provide a clear perspective on how human activities have a greater
impact on the climate system. Most scholars have credited the influence of human activities
on the climate system to the advent of the industrial revolution which saw humanity‘s ability
to control the forces of nature and manage their own environment (FAO, 2008). People‘s
ingenuity enabled them to create artificial microclimates, cultivate plants and breed animals
with desired characteristics, enhanced soil quality, and controlled the flow of water, develop
technologies to further enhance man‘s activities on earth (FAO, 2008). These human
activities have given rise to what is known as ―greenhouse gas‖ (IPCC, 2012). The
concentration of greenhouse gases for the past 200 years shows that carbon dioxide, methane
and nitrous oxide are the main gases released into the atmosphere (Vermeulen et al., 2012).
Among these gases, carbon dioxide (CO2) is known as the largest contribution which comes
from the burning of fossil fuels (Vermeulen et al., 2012).
It is generally agreed that about one quarter of the main greenhouse gases stem from
agricultural sources such as land-use change, deforestation and biomass burning (FAO,
2008). Vermeulen et al. (2012) explains that, food systems alone contribute about nineteen
percent to twenty nine percent (19%–29%) of global anthropogenic greenhouse gas (GHG)
emissions. It is also significant to understand that anthropogenic aerosol emissions are
another important influence on climate, particularly on the intensity of precipitation event.
For example, Li et al. (2011) reported in their findings a strong association between
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atmospheric aerosol loading and extreme precipitation for the United States Great Plains. The
authors suggested that although precipitation variability may increase with rising carbon
dioxide, the overall decreasing trend is driven by the effects of atmospheric aerosols.
In view of the above assertions, there is strong, robust evidence that human influence,
dominated by emissions of greenhouse gases, has altered the climate system. The extent to
which the climate system has been altered is reviewed under temperature and rainfall in the
next section.
2.2 The Extent of Climate Variability

2.2.1 Temperature
Extensive research has established that there is a statistically significant increase in the global
mean state of the climate, and further increases are expected if carbon dioxide and other
greenhouse gas emissions are not controlled (IPCC, 2007). Over the past 100 years (1906 –
2005), the earth‘s average surface temperature has risen by around 0.74°C, with the warming
greater over land regions than over the oceans. The rate of warming averaged over the last 50
years is nearly twice the rate for the last 100 years (UNDP, 2007). This implies that the rate
of warming could further increase in subsequent years.
Furthermore, an analysis of weather data from more than a thousand (1000) meteorological
stations around the world in 2011 revealed that, 2005 and 2010 were the hottest years on
record since 1880 (NASA, 2011). According to the analysis the next warmest years were
1998, 2002, 2003, 2006, 2007 and 2009 respectively showing considerable variations for the
period of study (NASA, 2011) as shown in Figure 2.1 (Page 14) This finding corroborates
that by the Met Office Hadley Centre in 2011.
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Figure 2.1 NASA research showing warmest years for the period 1880 to 2011.
Source: NASA (2011)
The study by the Met Office Hadley Centre in 2011 revealed that, the average temperature
over the first decade of the 21st century (2000- 2009) was significantly warmer than any
preceding decade in the instrumental record. Thus, the period 2000–2009 was warmer than
the 1990s which, in turn, was also warmer than the 1980s. Despite these variations from year
to year which see some years warmer than others, there may be regional variations as
compared to the results by NASA and Met Hadley Office Centre. Notwithstanding that,
NASA and Met analysis appears to have a comprehensive view of the extent of global
temperature variation for the period (IPCC, 2012).
Regionally, observational records also show that during the 20th century, the continent of
Africa warmed at a rate of 0.05°C per decade (see Figure 2.2, Page 15) (Hulme et al., 2001
cited in Herrero et al., 2010). This rate of warming was not different from that experienced
globally, and the periods of most rapid warming which occurred simultaneously in Africa and
the rest of the world (IPCC, 2001 cited in Herrero et al., 2010).
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Figure 2.2: Mean temperature anomalies in °C for the last 100 years for Africa
Source: IPCC, (2001).
In support of the temperature anomalies in Africa, Van de Steeg et al. (2009) confirmed that
30 years ago, the average temperature of Africa ranged from 8.21°C to 23.21°C; 20 years
ago, the average temperature ranged from 9.07°C to 24.7°C; while in the last 10 years alone,
the average temperature ranged from 10.50°C to 25.56°C. This clearly depicts an increasing
trend in the average temperature of the African region. However, it must be noted that these
observations may not explicitly measure changes in daily weather extremes. It explains the
extent of temperature fluctuations over the period of study and also helps gain deeper insight
into temperature increases over the world.
Correspondingly, in Ghana, since 1960, the mean annual temperature has risen by 1.0°C, with
an average rate of 0.21°C per decade (McSweeney et al., n. d; cited in Stanturf, et al., 2011).
A research conducted by Dontwi et al. (2008) revealed a significant linear increase in mean
annual air temperature of about 0.9°C between 1960 and 2001 along the coast of Ghana.
According to them, the maximum and minimum temperatures increased by 2.5°C and 2.2°C,
respectively, during that time. Comparatively, the rate of increase generally has been more
rapid in the Northern parts than Southern regions (Minia, 2008).
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In addition, Amikuzuno and Donkoh (2012), in their analysis of climate variability in
northern Ghana, revealed that the strong 1997/1998 El Nino effect caused just a slight
increase in average minimum and maximum temperatures, but this increase was not
significant enough to affect the long term trend in the observed temperatures in the area. As
expected, the average minimum and maximum temperatures of the Sudan Guinea Savanna
(SGS) zone in the Upper East Region were about 0.9°C and 1.54°C respectively higher than
the corresponding values in the Guinea Savanna (GS) zone in the Northern Region. This
finding suggests that Northern Ghana has not experienced notable temperature increases over
the study period (Stanturf et al., 2011; Amikuzuno and Donkoh, 2012).
In the light of the above, and consistent with what other researchers (Vermeulen et al., 2012;
IPCC, 2012; Van de Steeg et al., 2009) had found, one can conclude that there has been an
increased trend and significant variation in global temperature for the last 100 years. This has
therefore informed scientists to conclude that, the world needs to cut emission of greenhouse
gases by 50 to 70 percent just to stabilize the level of gases already in the atmosphere
(UNDP, 2007); to prevent further warming of the earth.

2.2.2 Rainfall
In relation to rainfall variability, Easterling et al. (2000) pinpointed in their study that
precipitation intensity, in terms of the number of days with precipitation above 25 mm, shows
a statistically significant increase in many areas of the globe. In the same way, using a twenty
seven year-long global record of rainfall assembled by the international scientific community
from satellite and ground-based instruments; the scientists found some evidence of spatial
and temporal variations and trend in precipitation intensity between 1979 and 2005 (NASA,
2011).
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According to NASA, (2011), the rainiest year was 2005, followed by 2004, 1998, 2003 and
2002, respectively. From NASA‘s, (2011) observation, over almost three decades, the total
amount of rainfall has seen very little change. However, in the tropics, there has been an
increase of 5% for nearly two-thirds of all rainfalls (NASA, 2011). This is contrary to the
findings of the IPCC (2007) and Sun et al. (2012) which show decreased trends and
anomalies of global annual series of precipitation variability.
In addition, Sun et al. (2012) on one hand, discovered that the changes in precipitation
patterns have led to a redistribution of rainfall such that on average, wet areas and seasons got
drier and dry areas and seasons got wetter. Prevailing evidence shows that in semi-arid
regions of Africa, the distribution of rainfall has been low and highly variable spatially and
inter temporally (Amikuzuno and Donkoh, 2012). Based on the findings above, it is
reasonable to state that while some areas are experiencing intensive rainfall, some places are
recording a decrease in rainfall amount. Trenberth et al. (2007) on the other hand, found no
clear significant trend in global average precipitation from 1901-2005, but they confirmed
that during that same period global average temperatures had increased. This supports the
conclusion of the FAO (2001) that, rainfall in the Sahel from the late 1960s to 1993 was
influenced by temperature increases. The findings of Trenberth et al. (2007) and the FAO
(2001) accentuate the strongly held theory that variability of precipitation will grow with an
increase in temperature (Watts, 2012).
At the local level, the situation is not different. Annual rainfall in Ghana is highly variable on
inter‐annual and inter‐decadal timescales, making identification of long-term trends difficult
(Amikuzuno and Donkoh, 2012). In the 1960s, rainfall was particularly high and decreased to
particularly low levels in the late 1970s and early 1980s. This caused an overall country-wide
decreasing trend in the period 1960 to 2006 on an average of 2.3mm per month (2.4
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percent)/decade (McSweeney et al., 2010; cited in Stanturf et al., 2011). This was confirmed
by a comparison of the mean annual rainfall differences between 1951-1970 and 1981-2000
at meteorological stations across Ghana (Owusu and Waylen, 2009). A study conducted by
Amikuzuno and Donkoh (2012) revealed that in northern Ghana, the seasonal variability in
the pattern of rainfall over the study period (1976-2010) was quite stark, exhibiting a nearcyclical pattern with the rainfall levels alternating quite regularly between peaks and troughs
above the mean rainfall amount of 958.84mm almost triennially. Within the period of the
analysis, several episodes of rainfall amount as low as about 600 mm or up to 1800 mm was
recorded. Obviously, these increasing compilations of recent research work on temperature
and rainfall variations considered as climatic factors of greatest economic and social
significance for this study indicate a complete picture of the extent of climate variability.
2.3 Effects of Climate Variability on Food Crop Production
Climate, agriculture and food security are subjects of global concern in recent times. This is
obvious from the huge amount of empirical literature (FAO, 2008; Owusu and Waylen,
2009; Fosu-Mensah, 2012; Wheeler and Osbourne, 2013 ) that is currently available on
the subject matter. However, most seem to focus on the industrialized countries where
the economic impacts are likely to be less harmful because of better adaptation
techniques and technology than the developing nations (FAO, 2008). Though increased
production in most food crops is explained by increased area under cultivation as well as
improved farming technology, annual fluctuations in production are partly due to climate
variability (Peprah, 2014). As a result, the high vulnerability of crops to various
manifestations of climate variability has been confirmed in reports of Rowhani et al. (2011),
Tunde et al. (2011), Adamgbe and Ujoh (2013). According to the IPCC (2001), crop
production responds to changes in annual mean temperature and precipitation; changes in the
distribution of weather; and a combination of changes to the mean and its variability. These
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sources of climate variability, according to Schlenker and Lobell (2010) and Stanturf et al.
(2011) affect soil moisture, soil fertility and also increase crop vulnerability to pest
infestations, and choking weeds which reduce crop productivity. This phenomenon is
examined under the themes that follow.

2.3.1 Effects of temperature variation on crop production
The continuous concentration of greenhouse gases in the atmosphere at rates that are both
unprecedented (Siegenthaler et al., 2005) and alarming would result in intense warming
(Spahni et al., 2005). Anderson and Bows (2008) and Challinor et al. (2004) suggest that this
warming will decrease both crop duration and yield, at least up to the optimum temperature
for crop development. This will directly affect photosynthesis, respiration and transpiration
(loss of water, absorption of water and nutrients) of plants (Fosu-Mensah, 2012), accelerate
plant phenology (Tubiello et al., 2000), control the rate of physio-chemical reaction and the
rate of evaporation of water from crops and soil surface (Ismaila et al., 2010) and these
processes will translate into a 20% yield reduction (Boote and Sinclair, 2006). However, the
rate of these processes increases with an increase in temperature for different crops (FosuMensah, 2012). In areas where temperatures are already close to the physiological maxima
for crops, such as seasonally arid and tropical regions, higher temperatures may be more
immediately detrimental, increasing the heat stress on crops and water loss by evaporation
and decrease fertilizer use efficiency (Maracchi et al., 2005; Tuck et al., 2006 and Olesen et
al, 2007; cited in Gornall et al., 2010).
According to Fosu-Mensah (2012), when temperature exceeds the optimum for biological
processes, crops often respond negatively with a steep drop in net growth and yield. This has
been validated by previous studies. For example, in Australia, extreme air temperatures
higher than 38°C led to lower maize grain yields (Ramadoss et al., 2004) while similar
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temperature for rice led to low productivity (Gornall et al., 2010). Other studies by Nguyen
(2006), Cooper et al. (2009) and Lobel et al. (2011; cited in Chijioke et al. 2011), have also
shown that a 1°C to 2°C rise in mean temperature causes large percentage yield loss in
maize.
Considering the yield losses from the findings, the inherent complexity of crop production
systems requires integrating many factors to ensure maximum crop yields. One of the most
important factors is soil temperature. It has long been recognized that an increase in
temperature stimulates the rate of microbial decomposition in the soil which in turn
diminishes organic matter content along with nutrient and moisture holding capacity. This
indirectly affects total land area suitable for permanent cultivation (Khan et al., 2009 and
McCarl, 2006). Crop yield is influenced by the growth, spread and survival of crop
pathogens, pests and diseases. These pests and diseases are sustained by temperature. Most
analyses show that in a warmer climate, pests may become more active and may expand their
geographical range. For instance, recent warming trends in the United States and Canada
have led to earlier insect activity in the spring and proliferation of some species, such as the
mountain pine beetle (Newman, 2004; cited in Gornall et al., 2010). The evident trend is that
temperature variation affects the behaviour of crop pathogen, plants and diseases.
Based on the numerous statements and findings outlined, one would think that temperature
variation especially increases in temperature has no positive impact on crop production.
Nevertheless, according to the IPCC (2007), under climate variability and change, crop yields
will increase in cold areas where low temperature currently limits crop growth whiles
moderate warming (increases of 1ºC to 3ºC in mean temperature) is expected to benefit crop
and pasture yields in temperate regions. Rosenzweig et al. (2007) in their assessment of
observed changes and responses in natural and managed systems concluded that 28 ºC local
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warming in the mid-latitudes could increase wheat production by nearly 10 per cent. They
indicated that in some highland regions of Latin America and Africa, for example, growing
seasons may extend as temperature increases. However, these increases in mean temperatures
are already resulting in longer growing seasons in some parts of the world (IPCC, 2007).

2.3.2 Effects of rainfall variability on food crop production
Generally, rainfall regime is the most important climatic factor influencing crop production.
This is because rainfall has the biggest effect in determining the crops that can be grown in
different environments, the type of agricultural system to be practised in different parts of the
world, the farming system, the sequence and timing of farming operations (Adejuwon, 2005;
cited in Ayanlade and Orimoogunje, 2010 and Tunde et al., 2011).
In respect to the above, Tunde et al. (2011) and Fosu‐Mensah (2012) have identified some
important factors guiding rainfall in relation to crop production. According to them, the
number of rainy days (the length of the rainy season), time of fall (onset) and total amount of
fall, cessation and the type of soil are some of the important factors guiding rainfall in
relation to crop production. Therefore, an interruption in the onset, length of the rainy season
and cessation will affect soil moisture (soil moisture deficit and enhanced soil moisture),
hence, crop development. According to Fosu-Mensah (2012), soil moisture deficit and also
the timing of moisture deficits during growing seasons cause crop damage in stages of plant
development. As such, water use for a given crop is a function of both the amount of water
available to the crop and when that water is available relative to crop demand. On one hand,
Rosenzweig et al. (2001) affirmed that enhanced soil moisture encourages the spread of
nematodes and roundworms that inhabit water films or water-filled pore spaces in soils.
Moreover, increases in rainfall intensity in other regions could lead to higher rates of soil
erosion, leaching of soil nutrients and agricultural pollutants, and runoff that carries soil and
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associated nutrients into surface water bodies leaving the soil impoverished to support plant
growth (Kumar et al., 2004; cited in Gornall et al., 2010). If erosion and leaching of soil rates
go unchecked, continued soil impoverishment would eventually force farmers to abandon
their lands (Khan et al., 2009). From the foregoing, both direct and indirect effects of
moisture stress make crops more vulnerable to damage by pests, especially in the early stages
of their development. According to Cheke and Tratalos (2007 cited in Gornall et al., 2010),
rainfall variability has the tendency to cause pest migration. A typical example is the
migration pattern of locusts into Sub-Saharan Africa which Mowa and Lambi (2006) believe
is influenced by variability in rainfall patterns. The migration of these locusts into Sub-Sahara
Africa poses danger to food security and livelihoods in the region.
Historically, many of the largest declines in crop productivity have been attributed to sudden
low precipitation events (Kumar et al., 2004 and Sivakumar et al., 2005 cited in Gornall et
al., 2010). An open question is how susceptible food crop production might be to increased
rainfall variability? Several studies have been carried out on specific crops in different parts
of the world to reveal the situation on the ground. For example, according to Wheeler and
Osbourne (2013), globally, between 1960 and 2009, rice yields declined significantly as a
result of low rainfall. Consideration of the observed relationship between yield and climate
suggests that the significant reduction in the variability of rainfall may have contributed to the
reduction in rice yield. Similarly, recent analysis by Asha et al. (2012) in India also
concluded that the yields of sorghum, maize, pigeon pea, groundnut, wheat and onion have
decreased by up to 43.03, 14.09, 28.23, 34.09, 48.68 and 29.56 kilograms per hectare
respectively. The decrease in the crops yield, according to sampled farmers is attributed to the
reduction of rainfall.
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Irrespective of the afore-stated studies, Cabas et al. (2010) are of the view that, with
prolonged rainfall, some crops are likely to exhibit reduced yields while others will show
improved yields. A case in point is a research carried out in Argentina which showed that
during the last decades of the twentieth century, increases in the yield of summer crops were
caused primarily by increases in precipitation (Magrin et al., 2005). In support of the above
findings, Bradford et al. (2006) added that in wetter areas, warmer temperatures have less
influence on water availability and can increase production by promoting longer growing
seasons and faster photosynthetic rates. However, it is important to note that, minor changes
in rainfall pattern during stages of crop production threaten crop productivity particularly if
the rains fail to arrive during the crucial growing stage of the crops (Mowa and Lambi, 2006).
Generally, at aggregated level as well as at the plot level, rainfall variability is a primary
cause of inter annual yield variability (Thornton et al., 2014).

2.3.3 Extreme climatic events and food crop production
The definition of what constitutes extreme weather differs for the properties of weather such
as temperature, rainfall and wind speed for a region (Porter and Semenov, 2005). Extreme
weather events are not new phenomena in agriculture but they are anticipated to increase in
their occurrence and the areas subjected to extreme events are likely to expand (Schmidhuber
and Tubiello, 2007; cited in Chijioke et al., 2011). However, much uncertainty remain in
terms of how changes in frequency and severity of extreme climate events will affect crops
(Stanturf et al., 2011). The situation becomes worrying when these extreme events occur
sporadically.
According to Rosenzweig et al. (2001), under drought stress, most crops‘ stomata close
which reduce transpiration and, consequently, raise plant temperatures. This affects the
flowering, pollination, and grain-filling of most grain crops because most of these grain crops
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are sensitive to water stress. Similarly, heavy rainfall events leading to flooding can wipe out
entire crops over wide areas, and excess water can also lead to other impacts including soil
water logging, anaerobicity and reduced plant growth (Falloon and Betts, 2010 cited in
Gornall et al., 2010). In response to that, Reynolds and Ortiz, (2010) in their study ―Adapting
crops to climate change‖, revealed that waterlogging as a result of intense rainfall is
detrimental to root growth which eventually impairs all aspects of plant growth. According to
them the effects of waterlogging is becoming severe to the extent that, agricultural machinery
may simply not be adapted to wet soil conditions. This will indirectly delay farming
operations. The main effects of this will be a massive decrease in crop productivity as well as
affect those whose livelihoods depend on food crop production.
Although many studies focus on the negative impacts of some extreme climatic events, other
studies have also shown that extreme climatic events as a result of increased climate
variability and change can bring benefits to many regions. Of particular importance is the
tropical cyclone, which has been established to bring some benefits, especially, to many arid
regions in the tropics. For instance, according to Walther and Abtew (2006 cited in Gornall et
al.,2010), it is estimated that tropical cyclones contribute about 15–20% of South Florida's
annual rainfall, which can temporarily end severe regional droughts. Examples of such storms
are hurricane Gabrielle in 2001 and tropical storm Fay in 2008, which provided temporary
relief from the 2000–2001 and 2006–2009 droughts, respectively. Without such rain the
regions would have faced extreme water shortage, wildfires and potential saltwater intrusion
into coastal freshwater aquifers (Abtew et al., 2009 cited in Gornall et al., 2010). In a similar
occurrence, cyclone Eline, which devastated agriculture in Madagascar in February 2000,
later made landfall in Southern Africa and contributed significantly to the rainfall in the semidesert region of Southern Namibia (Gornall et al., 2010). According to the World Climate
Reports (2012), such rainfall has beneficial effects on crop production.
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2.4 Vulnerability of Farmers to Climate Variability
The concept of vulnerability appears across a range of disciplines, including finance, security,
public health, economic development, natural hazards and, of course, climate change
(Janssen et al., 2006). Nelson et al. (2010) define vulnerability as the susceptibility of a
system to disturbances. This according to Nelson et al. (2007) is determined by exposure to
perturbations, sensitivity to perturbations, and the capacity to adapt. Based on the definition,
Smit and Wandel (2006) observed that vulnerability depends on the exposure and sensitivity
to changes, and on the ability of the system to deal with these changes. According to the
authors, the concepts ―exposure‖ and ―sensitivity‖ as determinants of vulnerability are almost
inseparable and are reliant on the interaction between the characteristics of the system and the
climate stimuli. Exposure relates to the degree of climate stress upon a particular unit of
analysis; it may be represented by either long-term changes in climate conditions or changes
in climate variability, including the magnitude and frequency of extreme events (O‘Brien et
al., 2004). Sensitivity, in its general sense, is defined by Gallopín (2006) as the degree to
which a system is modified or affected by an internal or external disturbance or set of
disturbances. However, Gbetibouo and Ringler (2009) identified irrigation rate, land
degradation index, crop diversification index, percentage of small scale farmers and rural
population index as factors that may influence the sensitivity of a farming region. In general,
high levels of exposure, high levels of sensitivity and low levels of coping capacity result in
high levels of vulnerability (Ruijs et al., 2010).
O‘Brien et al. (2004) summarize two interpretations of vulnerability in the climate variability
and change literature, as the ―starting point and end point approach‖. Vulnerability as an end
point posits that adaptations and adaptive capacity determine vulnerability, whereas viewing
it as a starting point holds that vulnerability determines adaptive capacity (O‘Brien et al.,
2004). However, in the socio-economic literature on rural livelihoods, it is widely accepted
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that farming households face three main sources of vulnerability, namely: shocks (unexpected
extreme events, for example, an extreme weather event), seasonal variations (including
variations in periodicity and amount of rainfall) and long term trends (such as increases in
input prices, or long term changes in mean temperature and rainfall) (Ellis, 2000; cited in
Simbarashe, 2013). Hence, farmers are vulnerable in relation to seasonal variation,
particularly in timing and amount of rainfall, long-term trends such as increased mean
temperature and unexpected shocks from extreme climatic events such as storm, flood,
cyclone, wildfire and drought (Challinor et al., 2007).
However, the extent of farmers‘ vulnerability depends on the geographical location of these
farmers. In this regard, it is assumed that households within the same agro ecological zone
may be exposed to the same level of climate anomaly (drought in this case) (Eakin and
Bojorquez-Tapia, 2008; cited in Antwi-Agyei et al., 2013). According to Jennings and
Magrath (2009), farmers‘ vulnerability to climate variability becomes horrifying when
farmers especially smallholder farmers depend solely on climatic variables for the cultivation
of their crops without considering modern farming practices such as mechanization. This can
further intensify their livelihood insecurity and, in turn, reduce the capacity to prepare for and
respond to future disasters (UNFCCC, 2011). This implies that the impacts of climate
variability have the potential to hinder agricultural development and progress in eradicating
poverty among farmers (Khan et al., 2009).
According to Simbarashe (2013), farmers‘ vulnerability manifests itself in poorer countries
and communities due to lack of resources or entitlements and lack of capability to respond or
adapt to climate variability. Yet, it is the poor, vulnerable, and marginalized within these
countries who have the least capacity or opportunity to prepare for the impacts of a changing
climate given their limited resources (Nelson et al., 2010). Compounding this problem is the
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fact that most farmers do not have access to credit facilities and cannot risk all their resources
into food production. This implies that vulnerability of farmers in most developing countries
is compounded by factors such as widespread poverty and weak financial and structural
capacity (Jennings and Magrath, 2009).
In furtherance to the assertion by Jennings and Magrath (2009), Lyimo and Kangalawe
(2010) noted that the vulnerability to climate change and variability of local communities are
among other aspects influenced by livelihood assets (Social, physical, financial and natural
assets). The more assets people have, the less vulnerable they are. On the contrary, the greater
the wearing down or less assets people have, the greater their vulnerability (Gbetibouo and
Ringler, 2009). These factors influence farmers‘ production decisions; for instance, they force
farmers to choose low-yield, low-risk inputs instead of highly productive and profitable
inputs, leaving them unable to adopt new technologies (Kelbore, 2011). This, in turn, results
in lower yields which translate into lower incomes and acts as a stumbling block against
poverty alleviation.
2.5 Adaptation by Food Crop Farmers to Climate Variability
According to the IPCC (2007), adaptation is an adjustment in natural or human systems in
response to actual or expected climatic stimuli or their effects, which moderates harm or
exploits beneficial opportunities. The propensity of systems to adapt is influenced by certain
system characteristics that have been called ―determinants of adaptation‖ in the literature
(IPCC 2007). These include terms such as ―sensitivity,‖ ―vulnerability,‖ ―resilience,‖
―susceptibility‖ and ―adaptive capacity‖ (IPCC, 2007). The occurrence as well as the nature
of adaptations is influenced by these factors (Olmos, 2001). For effective adaptation to be
possible there must be clear distinction between the various factors. Sand (2012) believes that
increasing and enhancing adaptive capacity symbolizes a pragmatic means of coping with
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changes and uncertainties in climate, which will reduce vulnerability and facilitate coping
and adaptation among farmers. In this regard, a very comprehensive view of evaluation of
these terms will bring to light best practical adaptation options.
Adaptation to climate variability or change occurs at multiple levels, from the smallholder
farmer to community, national and even global level (Challinor et al., 2007). This is because
some types of adaptation are best implemented at the government or institutional level,
community level and farm level. According to Khan (2009) and Rickards and Howden
(2012), engineering and technological adaptation measures such as planting of biofuel crops
and improved seeds, conservation of bio resources through biotechnology and agro
biodiversity are best implemented at the government or institutional level. However, it is
important that technology-based adaptation measures must be tailored to the circumstances of
the problem by considering the characteristics of the vulnerability, climate type and the sociocultural environment of the people (Nyantakyi-Frimpong, 2013) to help address some of the
challenges. At the government level, meteorological/climate information and forecast
contribute to agricultural planning (Cardoso et al., 2010).
Some studies indicate that the availability and accessibility of climate information and
forecasts will help farmers to make strategic decisions concerning their farm operations
(Challinor et al., 2003). For instance, climate forecasts have been made and utilised since, at
least, 1991 in the Nordeste region of Brazil, where persistent periodic droughts have caused
great hardship for poor smallholders and landless peasants. Warnings were issued in the
capital of Ceará, Fortaleza, of potentially severe water shortages; this led to 18 % fall in grain
production in 1992 as compared to 85% fall in1987 when climate forecasts were not applied
(Kabat et al., 2002).
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Perhaps, inadequate information on climatic conditions and climate predictions in Ghana are
major setbacks in crop production. What has been realized in the country is that the
government is quick to respond to damages caused by extreme climatic events than making
farmers aware and prepare for disasters. There is the urgent need to shift from response and
recovery to awareness and preparedness (Thomalla et al., 2006 cited in MudombiRusinamhodzi et al., 2012). Based on that, it is important to take into consideration weather
monitoring and forecasting for effective disaster and adaptation planning. Much work is,
therefore, needed on the applicability of weather monitoring and forecasting on crop
production as effective adaption planning.
In addition, other international conferences have argued for integration of adaptation
strategies into national policies. For instance, the Hague Conference in 2010 proposed that
governments can better integrate targets for agriculture in national plans for adaptation to
ensure sustainable agricultural development (Beddington et al., 2012). Sustainable
agricultural practices according to Lipper et al. (2010) include diversified rotations (including
crop varieties and species with different temperature requirements), improved nutrient and
water use efficiency, resistance to pests and disease, conservation agricultural and lower yield
variability. Other practices include farm forestry, agro-forestry or evergreen agriculture, and
minimum tillage to reduce soil erosion and increase the soil‘s capacity to hold water and
sequester carbon dioxide (Parry et al., 2009).
All these agricultural practices outlined require capital investment. However, Vidal (2009)
has observed that government support that would help poor farmers in most developing
countries to adapt to climate variability and change is very limited. In addition, developing
countries have received less than 10% of the money promised by rich countries to help them
adapt to global warming (Vidal, 2009). These problems have crippled most governments in
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their attempt to implement adaptation strategies. Given limited resources to finance
adaptation actions, a government‘s top priority should be appropriately targeted to those
whose livelihoods are more vulnerable. However, as a general rule, most developing
countries have largely failed to target those whose livelihoods are more vulnerable. In the
face of these challenges, governments and other stakeholders can buy into smallholder crop
insurance scheme for the most vulnerable which has been successfully implemented in India
(Thornton et al., 2014).
Due to the inadequate support from government, farmers in their own ingenuity have
developed their own traditional methods and techniques of adapting to climate variability at
the farm level (Batterbury, 2004). Simbarashe (2013) observed that these traditional
knowledge and indigenous knowledge systems have been extremely useful to both adaptation
and mitigation strategies devised by smallholder farmers. For instance, some farmers in
Bikita and Nganyi in Zimbabwe and Northern Ghana respectively use traditional methods of
weather forecast like behaviour of plants and animals to predict weather conditions and
decide when to prepare lands and sow seeds (Roncoli et al., 2002; cited in Antwi-Agyei et
al., 2013 and Guthiga and Newsham, 2011; cited in Nyantakyi-Frimpong, 2013). These
indigenous knowledge make it possible for farmers to adequately prepare in advance for any
climatic catastrophe.
According to Nyantakyi-Frimpong (2013), these traditional coping strategies are largely
based on experiences that have been accumulated over the years and transmitted from one
generation to the other. The traditional coping strategies can be improved upon through
proper and systematic planning and rendering technical assistance by extension officers
(Batterbury, 2004). However, many policy makers remain uncertain on the reliability of
indigenous knowledge, considering it as inadequate basis for sustainable agricultural
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practices (Nyantakyi-Frimpong, 2013). Other traditional coping strategies commonly
employed by farmers include adjustment in planting dates, mixed cropping, crop rotations
and cultivars adapted to different moisture conditions (reducing the risk of complete crop
failure), using landraces resistant to climate stresses, mulching, water conservation and rain
harvesting techniques (Stanturf et al., 2011). Some farmers also find relief by engaging in
small-scale irrigation. Crop irrigation, according to Nyantakyi-Frimpong (2013), has seen
some success, and it is argued by some that it should be more widely implemented. The
portrait of smallholder farmers presented in these examples is one of resourcefulness and
resiliency.
Thornton and Lipper (2013), and Di Falco and Chavas (2009) also identified diversification
as a viable strategy for farmers to resist shocks, decrease the risk of crop failure and in so
doing reduce vulnerability of farmers‘ livelihood to climate variability. Thornton and Lipper
(2013) categorized diversification into crop and livelihood diversification. Among the
categories, Kandulu et al. (2012) and Simbarashe (2013) classified crop diversification as the
most beneficial in ―intermediate‖ conditions and drought prone areas. Livelihood
diversification implies that farming households are involved in more and different nonagricultural activities. Lansigan et al. (2000), identified on-farm and off-farm employment
opportunities as essential multiple livelihoods activities to ameliorate vulnerability of
farmers. These multiple livelihood opportunities according to Khan et al. (2009) are essential
not only as reasonable take-home but also as an insurance mechanism.
In Ghana livestock rearing primarily in the Northern Savanna Zones, appear to be a viable
livelihood diversification strategy for food crop farmers. However, grazing rights tend to
create conflicts, particularly if land tenure and rights are unclear (Stanturf et al., 2011). Nonfarm income earning activities also offer opportunities for diversification when agriculture
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becomes more risky. For instance, in a study of 11 Latin American countries, the results show
that, non-farm income accounted for 40% of rural household incomes, indicating how
essential income generated from this source is to farmers (Barret et al., 2001; cited in AntwiAgyei et al., 2013). The idea of livelihood diversification activities is very laudable; however,
it requires some financial assistance and sometimes little training to ensure its sustainability.
In addition to livelihood diversification, some farmers embark on seasonal migration or travel
to distant places for work (Batterbury, 2001, Mortimore and Adams, 200; cited in Kandji et
al., 2006). This is common in sub Saharan Africa as a result of rapid urbanisation and
improved mobility in the region. It is important to note that, the strategies most farmers adopt
have their own limits especially when extreme climatic events become more persistent.
Nevertheless, these strategies have helped rural farmers to withstand some of the pressures
posed by climatic variability (Kandji et al., 2006). From the foregoing, it is not just
identifying the right technologies or practices that will result in successful adaptation, the
mechanism that will compel sustained adaptation and revolution of agricultural systems are
innovation of all forms (social, institutional, technological and indigenous knowledge). There
is therefore the need to develop a common platform at the national, community and farm
levels for coherent dialogue and policy actions related to climate variability and food crop
production. This is an essential ingredient to ensure sustainable adaptation strategies
(Thornton and Lipper, 2013).
2.6 Theoretical Underpinnings of the Study
The capability theory is a broad normative framework that attempts to address various
concerns about contemporary approaches to the evaluation of well-being (Kronlid, 2014).
The Capability Approach measures the extent of a person‘s substantive freedom (the
opportunities and choices that are actually available to them) to achieve a valuable
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functioning (Mackenzie et al., 2014). Sen (1999; cited in Mackenzie, 2014) argues that
functions represent the various things a person is able to do. The Capability Approach (CA)
has been adopted as a theoretical tool because the work of Amartya Sen provides a strong
theoretical basis and a vibrant societal picture to describe individual‘s well-being. The CA
has also been adjusted to focus on inequality, social justice, living standards, rights and
duties, among other things. According to Robeyns (2005; cited in Kronlid, 2014), Sen‘s
work has found a wide significance in a number of academic disciplines, has been applied
across many social settings and has influenced the United Nations Millennium Development
Goals and Human Development Index.
The core characteristic of the capability approach is its focus on what people are effectively
able to do and to become, that is, their capabilities. Though, the core actor of the theory is the
individual capabilities, however, it also emphasizes on the role of policy makers in assisting
the individuals in enhancing their competence. As Sen (1999; cited in Mackenzie et al., 2014)
points out, many important freedoms are made possible by well-designed public policies and
well-functioning institutions. Such policies and institutional structures according to
Mackenzie et al. (2014) enable individual freedom and autonomy to promote resilience and
avert vulnerability.
Several studies have come out with how climate change/variability pose challenges to
individuals and communities. Since the capability approach addresses the core value of
human life to function, the challenges posed by climate variability affect what individuals are
capable of doing with the assets or resources they have. In the face of these challenges, the
capability theory allows us to assess how climate variability and extreme climatic events
affect individual freedoms, how adaptation actions may be instrumental to the expansion of
capabilities, how adaptation actions and strategies may hinder or preclude being (Various
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state of human being existence) and doings (functions) and how these beings and doings may
be ethical limit to climate change (Kronlid, 2014). According to Sen (1999; cited in Roy and
Venema, 2009), there are five influential freedoms (political freedom, economic facilities,
social opportunities, transparency guarantees and protective security) that if individuals have
access to, will provide opportunities for them to act in their own self-interest and reduce
vulnerability. Access to these freedoms is necessary for farmers to acquire the capabilities
they need to reduce their vulnerability to climate variability and extreme events.
Drawing on the understanding of the capability theory, Klinsky and Winkler (2014) were of
the view that, the capability approach as it applies to climate equity, rests on sufficient
mitigation and adaptation actions and climate policies. According to them, sufficient
mitigation and adaptation actions on one hand, addresses the direct impact of climate change
on people‘s capabilities particularly those of the vulnerable. The climate policies on the other
hand, addresses the effects that climate policies can have on human capabilities. Taking
together these two pillars proposed by Klinsky and Winkler (2014), the capability theory will
provide a basis that would encourage policy makers to build a long term human capabilities
and adaptation strategies. From this, the theory appears to have a significant value on
farmers‘ adaptive capacity and addresses the issue of their vulnerability to climate variability.
Nonetheless, the capability approach is threatened by specific capability deficit. Such
capability deficit can signal sources of occurrence or dispositional vulnerability. The notion
of vulnerability also signals the actual or potential harm that may result from a particular
capability‘s deficit and highly hit the obligation to address those deficits in order to remediate
vulnerability (Mackenzie et al. 2014). This simplifies O‘Brien et al.‟s (2004) interpretations
of vulnerability as both ―end and starting point.‖ Notwithstanding the position of Mackenzie
et al. (2014), this study supports the views of Klinsky and Winkler (2014) and Roy and
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Venema (2009) that capability theory can be a tool to identify obstacles which thwart the
individual‘s ability to adapt to climate variability.
2.7 Conceptual Framework
Advances in technologies have enabled humanity to create artificial microclimates, breed
plants and animals with desired characteristics, enhance soil quality, and control the flow of
water (FAO, 2008). This has made it possible for farmers to cultivate and harvest hefty
quantities of crops at reasonably low cost. In spite of this, food production performance still
depends more on climate. Consequently, seasonal variation or climate change has significant
impacts on food security (FAO, 2008). In the quest to understand the impacts of these
seasonal variation or climate change on food security, the Climate Change and Food Security
(CCFS) framework (Figure 2.3; page, 36) was developed by the FAO in 2008 to provide
information on the interrelationships between climate change and food security (food
availability, food accessibility, food utilization). The framework takes a broader view and
explores the multiple effects that global warming and climate change would have on food
systems and food security. The framework also suggests strategies for mitigating and
adapting to climate change in several key policy domains of importance for food security.
The framework focuses on the projected effects of the current incidence of human-induced
global warming on the climate system now and for the next several decades.
The climate change variables considered in the CCFS framework are:
 The CO2 fertilization effect of increased greenhouse gas concentrations in the
atmosphere
 Increased global mean temperatures
 Gradual changes in precipitation
 Increase in the frequency and intensity of extreme weather events
 Greater weather variability
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Figure 2.3: Climate change and food security

Change in food
system activities
-Producing food
-Storing and
processing of food
-Distributing food
-Consuming food

Possible changes in
food consumption
patterns
-Shift away from
rain-fed livestock
products
-Shift in proportion
of locally
produced food
-Increase in
consumption of
new food items

Change in
component of food
security
-Food availability
-Food accessibility
-Food utilization
-food system stability

Possible changes in
human health
-Change in calorific
sufficiency of diets
_ Change in nutritional
value of diets
_ Increased incidence of
water-borne diseases
in flood-prone areas
_ Change in disease
vectors and habitats
for existing diseases
_ Emergence of new
disease
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Source: FAO (2008:10)
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Calorific Evidence available indicates that the variables considered in the framework are
already having immediate impact on food production, as well as food distribution,
infrastructure, incidence of food emergencies, livelihood assets and human health in both
rural and urban areas (FAO, 2008). The framework illustrates how the drivers of global
warming influence the climate change variables. The elements which make up the drivers of
global warming include demographic, economic, socio-political, technological, cultural and
religious.
Notwithstanding the above, the framework has given the world a complete and
comprehensive view about the impacts of climate change on food security. In totality, the
goal of the FAO‘s climate change framework is to inform and promote both regional and
local dialogue about what the impacts of climate change are likely to be and what options
exist for reducing vulnerability, and to provide local communities with site-specific solutions
to prevent any future predicament of climate change (FAO, 2008). The framework is
modified as a key point of reference for the purpose of this study. The adapted version is used
in examining the effects of climate variability on food crop production. It also attempts to
identify the potential positive effects of climate variability on food crop production and how
the adaptive responses and the possible positive effects will translate into sustainable
development of food crop production. The study draws on ideas from the works of the FAO,
IPCC, among others. Figure 2.4 (Page 38) shows the factors that result in climate variability
taking into consideration both natural factors and anthropogenic factors and how they
influence crop production. The framework highlights nine interacting elements: that is,
drivers of global warming, climate variability, effects on food crop production, positive
effects, negative effects, adaptation strategies, vulnerability of food crop farmers and
sustainable development of food crop production.
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Figure 2.4: Climate variability and food crop production
Source: Adopted and modified from FAO (2008)
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Adaptive responses
-Diversify crop
production
-Nonfarm and off farm
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-Changes in planting and
harvesting date
-Crop irrigation
-Organic agriculture
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agricultural lands
-Access to information
on climatic changes
-Farm Insurance
measures

-Vulnerability of food crop farmers

The doubled-edged arrows which link some of the components highlight the dynamic and
interactive nature of climate variability and food crop production. Thus, these components
affect and are also affected by the components. The framework is dependent on climate
variability on which the development of agriculture and livelihoods of farmers are affected.
The degree of the effects of climate variability on food crop production depends on the extent
of climate variability and how effectively food crop farmers are able to adapt to the situation.
The framework depicts the warming of the world caused by both natural forces over which
humankind has no control and anthropogenic forces. According to the FAO (2008), the
warming of the earth is regulated by the radiation of the earth‘s energy, which is subjected to
some level of changes. But most of these changes occur on astronomical or geological time
scales. Climate variation on these scales is sometimes referred to as ―climate variability‖. El
Niño Southern Oscillation (ENSO) is a strong driver of this climate variability that greatly
impacts agricultural activities (Legler et al., 1999; cited in Cabrera et al., 2009). However,
human activities such as agriculture, industrial and mining activities have intensified the
release of the natural greenhouse gas thereby increasing the concentration of the GHGs in the
atmosphere. This has resulted in temperature increases and has affected global precipitation
(FAO, 2008). This implies that climate variability occurs naturally although increases in the
concentration of greenhouse gases in the atmosphere as a result of human activities have
further increased the intensity of climate variability.
Due to the impacts of anthropogenic activities on the environment, numerous researches on
climate variability and change have theorised that, a decrease in rainfall coupled with high
temperature will turn dry areas drier resulting in severe drought in some parts of the world.
This could reduce or shorten the length of the growing season, while an increase in rainfall
will cause an increase in flood intensity and frequency. Regions that see extensive rainfall
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will get even more while arid regions will dry out (Watts, 2012). This hypothesis is being
experienced in some parts of the world. The combination of these extreme increases and
decreases of climatic conditions will virtually result in the proliferation of pests, pathogens
and vanishing pollinators (Epstein, 2005). This will have a negative implication on crop
yield.
For instance, it is believed that one fungal disease, soybean rust, was ushered into the United
States by Hurricane Ivan in September 2004, affecting soybean production in the United
States (Pan et al., 2006). Such seasonal variations in food crop production, along with
vulnerability to flooding and drought can make livelihoods more vulnerable at certain times
of the year. Although these impacts might appear indirect, they are important because many
marginal livelihood groups are close to the poverty margin, and food crop production is a key
component of their existence.
Income of small scale farmers who are not protected by insurance may decline sharply if
there is a market glut or if their own crops fail and they have nothing to sell. This will have
severe short term and long term impacts on households. Over time, farmers‘ vulnerability to
climate variability may worsen (FAO, 2008) and this will have adverse effects on their
livelihoods.
Generally, the adverse impacts of climate variability and change on agricultural activities in
rural communities are more likely to be felt as loss of employment for farm workers,
reduction in wage earnings, loss of purchasing power for agricultural wage workers and
decline in crop yield for household consumption. These in many cases drive rural urban
migration which provides an opportunity for rural farmers and other farm workers to improve
upon their livelihoods (FAO, 2008). Thus, with increased vulnerability some farmers and
farm workers will have to migrate to other places to make a living.
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Indirectly, prolonged and repeated droughts are likely to create competition between herders
and food crop farmers and this has the potential to result in conflicts. A typical example was
experienced in the Sahel, when many Fulani migrants were forced to move to Ghana to
pursue pastoral livelihoods around the Volta Basin (Tonah, 2006). Pockets of such conflicts
are being experienced in some parts of southern Ghana. If climate variability results in
greater aridity, it is likely to intensify these conflicts. Some studies suggest that conflicts
between herders and farmers in recent times have become more violent. Given current
conditions of the savannah zones in Burkina Faso, the northernmost and some parts of
southern Ghana, this may occur regardless of the climatic condition (FAO, 2008).
The level of effects of the extreme weather events will result in farmers identifying options to
adjust to the variability of the climate to ameliorate the negative effects. In their quest to
survive, farmers will have to diversify their sources of revenue by engaging in non-farm or
off-farm activities to supplement their farm wages (Zorom et al., 2013). According to
Scoones (2009), non-farm activities help people to cope with temporary adversity in the
agricultural sector and also represent a longer-term adaptation strategy when other options
fail. However, climate variability may pose problems for non-farm activities that are natural
resource-based. For example, declines in tree cover will make it more difficult to engage in
charcoal production, the sale of firewood, and the gathering and manufacture of products
from some non-timber forest species such as the dawadawa and shea trees, despite the
protected status of these trees in many communities. Furthermore, farmers will have to resort
to other farming practices such as organic agriculture (application of manure and chemical
fertilizer) and agriculture intensification. Moreover, some farmers will have to cultivate crops
that are resilient under drought stress or in poor quality soil or diversify their crops. Some of
the more staple crops can be cultivated along with an insurance crop in case of crop failure.
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This would reduce food insecurity and buffer the financial implications of unexpected crop
failure following extreme events (Garrido et al., 2011).
With increased variability, information about climatic changes will have to be provided to
farmers in order to effectively adjust to planting date and also promote practical adaptation.
Additional awareness about unfavourable climatic conditions through the media is likely to
become more common for farmers. This implies that at the national level, governments will
have to invest in climate research and disseminate information to increase awareness of
climate variability and its impacts and also strengthen the capacity of policy makers and
institutions to effectively use climate information for development planning and to make
informed decisions that will consider climate risk.
In flood prone areas and regions where torrential rain is very common, governments can
partner stakeholders and other private institutions to invest in large scale irrigation and water
harvesting technology. This in the long run will help mitigate the danger that farmers face
during flooding and prolonged drought (FAO, 2008). Alternatively, farmers can plant trees to
procure some shading on the soil to prevent erosion. This can be done if there is adequate
climate information. With the aid of technology, there would be improved land management
practices which would contribute to soil moisture retention, maintain appropriate amount of
nutrient in the soil, strengthen resilience and enhance productivity (FAO, 2008). Looking at
the multifaceted nature of the effects of climate variability on food crop production, any
intervention aimed at either mitigating the negative effects or developing adaptation
strategies must be through involvement of the farmers and this would indirectly educate or
inform them on appropriate strategies. The interventions must clearly seek to establish the
association between multiple strategies and those that are environmentally friendly (IPCC,
2012).
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However, in the attempt to upgrade crop production through adaptation strategies, it would
further contribute to increased climate variability, thus acting as an agent of climate
variability. For instance, it is clear from the analysis by DeAngelis et al. (2010) that the
increase in irrigation across a large-region of the Great Plains may have contributed to the
increase in summertime precipitation, especially July precipitation, which showed an increase
of 15–30% in a broad region. This according to them, is consistent with their hypothesis that
the Ogallala irrigation may have enhanced the regional precipitation.
Notwithstanding the adverse effects of increased temperature and rainfall variation on crop
production, some areas will experience an increase in crop yield. The FAO (2008)
hypothesised that, increase in local temperatures and shifts in rainfall have some positive
effects such as longer growing season and warmer nights. This will benefit some crops
especially those that thrive well in the heat. This could increase crop yield in the dry season.
This hypothesis is supported by a research conducted by Cabas et al. (2010) in South Western
Ontario. They found out that although precipitation and temperature variability may have a
negative impact on crop yields, average yields will be higher in the future due to longer
growing season. This will offset the negative effects. Again, the consensus of scientific
opinion is that countries in the temperate, high and mid-latitude regions are generally likely
to enjoy increased agricultural production (Arnell et al., 2002; Devereux and Edwards, 2004;
cited in Ziervogel et al., 2006). On the contrary, if the conditions become far too challenging,
then farmers may see less of a scope for investment, and they might be forced out of
agriculture and migrate with very important implications on their livelihoods (FAO, 2008).
It must be emphasised that the range of adaptation options and policies have the potential to
ensure sustainable development in food crop production. According to the IPCC‘s Third
Assessment Report, ―adaptation to current climate variability and extremes often produce
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benefits as well as forming a basis for coping with future climate change. Policies that lessen
pressures on resources, improve management of environmental risks, and increase the
welfare of the poorest members of society can simultaneously advance sustainable
development and equity, enhance adaptive capacity, and reduce vulnerability to climate and
other stresses. Inclusion of climatic risks in the design and implementation of national and
international development initiatives can promote equity and development that is more
sustainable and that reduces vulnerability to climate change‖ (IPCC 2001: 8).
2.8 Chapter Summary
Reliable climate records have been kept for many regions of the globe over the last 100 years.
Since the 19th century the mean global surface temperature has increased by between 0.3°C
and 0.6°C signifying considerable variability. As a result, there has been an increase in the
frequency of storms, with heavy precipitation over most land areas in the world (Lobell et al.,
2011). Peoples‘ subjective observations of climate may be confirmed by statistical data, but
extreme events may sometimes be interpreted as a confirmation of ongoing human induced
climate variability (Meze-Hausken, 2004). Many research findings confirm that agricultural
performance is decreasing, and that the influence of climate variability is the main cause of
regress in productivity. In spite of food production being a lucrative business, it is full of
uncertainties mostly caused by climate variability. This results in significant fluctuations in
crop yields and productivity, exposing food crop famers to economic hardship. In view of
that farmers have to develop mechanisms to adapt to the uncertainties. It should be
underscored that the ability to adapt and cope with climate variability hazards depends on
economic resources, infrastructure, technology, and social safety nets (Slater et al., 2007
cited in Simbarashe, 2013).
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CHAPTER THREE
RESEARCH METHODOLOGY AND PROFILE OF THE STUDY AREA
3.0 Introduction
This chapter provides information on how the study was carried out to achieve its objectives.
In addition, a description of the study area is presented. The chapter is organised into two
main sections. Information on the research approach, research design, sources and types of
data, sampling techniques and the process by which information was collected and analysed
are presented in the first section. The second section describes the location and demographic
characteristics of the study area within which the selected communities fall. Information on
vegetation, climate, geology and economic activities are also presented.
3.1 Research Methodology

3.1.1 Research approach
The study employed the triangulation approach which quantitative methods were combined
with appropriate qualitative methods (Sandelowski, 2000).The purpose was to ensure
reliability (the extent to which results are consistent over time) and validity (the means of
which measurements are accurate) of the research. Sandelowski (2000) elaborates that an
integrative methodological approach controls bias and ensures validity and reliability of
research findings. The survey was responded to by farmers in the Bawku Municipality and
officials from the Ministry of Food and Agriculture (MoFA), Savanna Agricultural Research
Institute (SARI) and Ghana Meteorological Agency (GMA) in Bawku.

3.1.2 Research design
A cross sectional and time series study designs were adopted to explore the effects of climate
variability on food crop production and to identify farmers‘ vulnerability and adaptation to
climate variability. A cross-sectional study is where variables are measured or determined at
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the same time in a given population (Olsen and George, 2004). Olsen and George (2004)
further state that, cross-sectional study is useful in assessing the practices, attitudes,
knowledge and beliefs of a population in relation to a particular event or phenomenon. Crosssectional survey was therefore used to assess farmers‘ perceptions, vulnerability and
adaptation to climate variability. Time series study was used to analyse the influence of
climatic trends on crop production because the study again examined past observation of
climate variables (temperature and rainfall) and crop production.

3.1.3 Types of data
The study employed both qualitative and quantitative data to avoid the shortcomings of
basing the findings and conclusions on a single type of data. This was to help achieve a high
degree of validity and reliability. Information obtained from food crop farmers, historical data
for climatic variables (rainfall and temperature) and food crop production formed the basis of
the quantitative study while information obtained from officials of the SARI, MoFA and the
GMA formed the basis of the qualitative study.

3.1.4 Sources of data
The quantitative and qualitative data were obtained from both primary and secondary
sources. The primary data were collected from food crop farmers, officials from SARI,
MoFA and GMA in Bawku. The primary data elicited information on the socio-demographic
characteristics of respondents, observed changes and variability of climate and its effects on
food crop production and, adaptations and vulnerability of food crop farmers to climate
variability. The secondary data were obtained from articles, journals, reports and documents
from government departments and institutions (MoFA, GMA, and SARI) pertaining to
climate variability and food crop production to validate the primary data.

46

3.1.5 Sampling technique and selection of communities
Bawku was purposively selected as the study area based on its vulnerability to climate
variability (Amikuzuno and Donkoh, 2012). Five communities were selected from the
Municipality. With the technical assistance of the Director of MoFA, Mognori, Zabugu,
Gozesi, Kuka and Gentiga were selected. The selection of these communities was partly
based on the intensive farming that is done by the farmers during the rainy season and the dry
season and partly by the high production of staple foods in these communities compared to
other communities in the Municipality.
The study made use of the simple random and purposive sampling techniques to select the
respondents. The simple random sampling was used to select households in the selected
communities. The study used the simplified formula for sampling provided by Yamane in
1967 (Kasiulevičius et al., 2006) to identify the appropriate total respondents in each
community. The formula is presented as:
n=

N
1+ N(e)2

Where, e = Deviation of Sampling,
N = Population Size and
n = Sample size
This formula is reliable at 95% and less than 5% variation factor (Kasiulevičius et al., 2006).
The sample frame of the study consisted of the total household population of the five
communities (247) as released by the Planning Department of the Bawku Municipality. A
sample size of 214 households was sampled from the sample frame. The sample size of each
community is presented in Table 3.1 (Page 48)
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Table 3.1: Population and sample characteristics of selected communities
Community
Mognori
Zabugu
Gozesi
Kuka
Gentiga
Total

Population

Total Number of
Households
61
66
52
35
33
247

952
1021
806
550
521
3,851

Sample Size from
selected Community
51
55
47
31
30
214

Source: GSS, 2010
The respondents consisted of food crop farmers who have lived in the selected community
and have been engaged in farming for at least 25 years. The essence was to discover past and
present situations of crop production in relation to climate variability. In addition, three
officials each from MoFA, GMA and SARI were purposively selected and interviewed for
additional information. The purposive sampling technique was used to select farmers for
focus group discussions. The purposive sampling technique was again used to select one
farmer with long experience (between 50 and 60 years) in farming in each of the community
to obtain his/her livelihood histories.

3.1.6 Method of data collection
Based on the objectives of the study, the triangulation method was employed. Thus, more
than one method was used in collecting data for this study. According to Yeasmin and
Rahman (2012), multiple methods minimise the inadequacies of a single method. The use of
triangulation therefore enabled some checks on information provided by means of a particular
approach. The primary data were collected using questionnaires, focus group discussions,
structured interviews, field observations and oral narratives.
The questionnaires were administered to food crop farmers and the administration was by
face to face interactions. The respondents were briefed on the purpose and relevance of the
study before the administration of the questionnaires. Households were the key units of
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analysis. Households were defined as a group of people living and sharing meals cooked
from one pot and taking individual and collective decisions within domestic units. This
excludes family members living elsewhere (Preston, 1994 cited in Brook and Davila, 2000).
One focus group discussion was carried out in each community to generate conversations that
uncover individual opinions regarding the effects of climate variability on food crop. The
focus of the discussions was to explore the effects of climate variability on food crop
production. Each focus group was made up of a minimum of eight participants and a
maximum of ten. The participants were randomly selected from the communities with the
help of community leaders, and one official each from MoFA, GMA and SARI. This was to
help identify trend and variation in the perceptions and opinions expressed by the participants
of the selected communities. The researcher facilitated the discussions using a checklist
prepared for the purpose. The discussions were recorded and transcribed by a research
assistant.
Structured interview guides were employed to obtain additional information from officials of
MoFA, SARI since they work directly with the farmers in the Municipality and GMA. The
purpose was to explain and verify the findings obtained from the administration of the
questionnaires.
Field observation was employed to capture the social setting of respondents and the influence
of the physical environment on the activities of the respondents. This was to provide insight
into the interaction between respondents and their physical environment and also ascertain
the realities on the ground.
Oral narrative was also employed to reveal livelihood histories of food crop farmers in
relation to climate variability in each selected community to discover the extent of historical
dimensions of farmers‘ vulnerability to climate variability. This was to help provide insight
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into how climate variability and past extreme climatic events have affected the livelihood
activities of farmers (Sallu et al., 2010).
The study relied on documented records of monthly observations of climate variables
compiled by the GMA for a period of 15 years. The use of a 15 year data was considered as
adequate because consistent collation of data over periods of 15 years or more according to
Hochman et al. (2013), provides a useful quantification of putting across the unpredictability
of crop yields in relation to climate variability. Temperature and rainfall data were used to
constitute the climatic variables since they are the main climate variables that greatly
influence crop yield (IPCC 2007 and FAO, 2008). More so, production data on major food
crops (maize, millet and rice) in the study area from 1999 to 2013 were also obtained from
MoFA in Bawku for analysis. In addition, data on soil fertility in the Bawku Municipality
over the period under investigation was obtained from the Soil Research Institute (SRI) in
Kumasi.

3.1.7 Data analysis and presentation
The quantitative data obtained from the farmers were processed and analysed using
descriptive statistics. Microsoft Excel was used to generate frequency tables, cross
tabulations, bar graphs and pie charts to facilitate easy understanding and interpretations.
Time series analysis was used to examine the trend in annual maximum and minimum
temperatures as well as rainfall in the past 15 years (1999 to 2013). The magnitude of the
trends of the climate variables were tested by the Mann-Kendall trend test. Variability of
rainfall, temperature and food crop production were analysed using coefficient of variation.
Coefficient of variation is a statistical measure of how the individual data points vary about
the mean value (Akpan et al., 2013). This was determined by dividing the standard deviation
by the mean.
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Multiple regression model (Ordinary Least Square procedure) was used to test the hypotheses
and analyse the influence of the mean annual temperature, total annual rainfall, soil fertility
on three major food crops (maize, millet and rice) over the 15 year period (1999 to 2013).
The multiple regression model has been widely used in analysing the effects/impacts of
climate variability/change on food crop production (Rowhani et al., 2011 and Tunde, 2011).
The use of multiple regression equation was motivated by the fact that it allows modelling
relationship between two or more explanatory variables and a response variable. The correct
use of the multiple regression model requires that several critical assumptions must be
satisfied in order to apply the model and establish validity. Multiple regression assumes that
variables have normal distributions, homoscedasticity and serially uncorrelated errors. The
violation of these assumptions may lead to bias in test statistics and confidence interval which
will contribute to wrong validity of estimates (Antonakis and Deitz, 2011 cited in Ballance,
2011). To satisfy the assumptions of the multiple regression model, the test for normality,
heteroscedasticity (having different variances) and serial correlation or autocorrelation (the
relationship between observations on the same variable over independent periods of time)
were conducted using Jacque-Bera, Breusch-Pagan-Godfrey test and Breusch-Godfrey Serial
Correlation LM Test respectively.
Soil fertility (Soil pH and Organic Matter) was considered as a control variable for the study.
This was to determine how other variables that were not included in the study affect food
crop production. The use of soil fertility as a control variable stems from the fact that soil is a
medium for plant growth and crop growth variability has been attributed to soil fertility (Van
Asten, 2003; Chakraborty and Mistri, 2015). This is because soil fertility is the intrinsic
capacity of soil to provide essential plant nutrients in adequate amounts to ensure optimum
plant productivity (Basak, 2000 and Singh, 2006; cited in Chakraborty and Mistri, 2015).
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Soil pH was used as a proxy for soil fertility in rice production and organic matter as a proxy
for soil fertility in millet and maize production after a correlation analysis was performed
(See appendix I) on the components of soil fertility (soil pH, organic matter, nitrogen and
phosphorus). The results of the correlation showed that soil pH was positively correlated with
rice production while organic matter was positively correlated with maize and millet
production. Soil pH and organic matter were therefore considered as proxy for soil fertility
for the major food crops in the Bawku Municiaplity. The level of significance for the study
was set at 0.05. The linear regression model used was similar to the model used by Onoja and
Ajie (2012) to analyse food crops‘ response to climate variability and micro economic
policies reforms in Nigeria.
The model is presented as:
Y = βo + β1Xi + β2Xi+ β3Xi+ ...+ βkX+µi:…………………………………………….1
Where Y is the dependent variable; X is the independent variable whiles µ is the stochastic
error term and βo being the intercept of the model. Natural logarithms of the variables were
taken to strengthen out exponential growth pattern and reduce the potential heterogeneity of
variance of error terms; that is, to stabilize variance (Akpan et al., 2013).
LnRicei = βo + β1lnRAi + β2lnTEi+ β3lnSPHi+ µi ……….. Linear Model …………….2
LnMilleti = βo + β1lnRAi + β2lnTEi+ β3lnORGi+ µi………………………………….....3
LnMaizei = βo + β1lnRAi + β2lnTEi+ β3lnORGi+ µi…………………………………….4
Where, RA= Annual rainfall in millimeters in the Bawku Municipality, TE= Mean annual
Temperature in °C in the Bawku Municipality; SPH= Soil pH; ORG= organic matter µ =
stochastic error term; β o = intercept of the model.
The qualitative data obtained from focus group discussions and structured interviews were
recorded and analysed thematically based on different responses, and used as vital elements
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of written text to better understand farmers‘ vulnerability and adaptation strategies to climate
variability. In addition, it was used to authenticate the findings of the quantitative data
analysis. The oral narratives by the food crop farmers were transcribed and recapitulated to
form their livelihood histories which were used as a fertile source to further demonstrate
farmers‘ vulnerability to climate variability and extreme climatic events. Using photographs
as a means of presenting data is an important way of trying to show data in its natural setting
(Yeboah, 2008). According to Clancery (2001 cited in Yeboah, 2008), it is the best means of
recording, keeping and presenting data. The use of photography in presenting data or
supporting data analysis was found to be essential to this study. This technique was therefore
chosen for data presentation.
3.2 Profile of Study Area

3.2.1 Description of location and demographic characteristics of the study area
The Bawku Municipality is located in the extreme north- eastern part of Ghana and is one of
the two Municipalities in the Upper East Region of Ghana. It lies between latitudes 10° 40¹
and 11° 11¹ North of the Equator and longitudes 0° 18¹ W and 0° 6¹ East of the Greenwich
Meridian. The Bawku Municipality has a total land area of about 247.23720km2. The
Municipality is bounded to the north by Burkina Faso, to the south by the Garu-Tempane
District, Binduri District to the west and to the east by Pusiga District (Ghana Statistical
Service, 2014). Figure 3.1 (Page, 54) shows the study area in the national context while
Figure 3.2

(Page 55) shows the map of Bawku Municipality and the selected study

communities.
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Figure 3.1: Study area in national context
Ghana Statistical Service (2014)
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Figure 3.2: Map of Bawku Municipality showing the study communities
Source: Ghana Statistical Service (2014)
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The administrative capital is Bawku and it is about 880km (550 miles) from Accra, the
national capital (Amikuzuno and Donkoh, 2011). The Municipality has a population of 98,
532 with the males being 47,254 (48.0%) and females 51,284 (52.0%). The urban population
is 63.6% whiles the rural population constitutes 36.4% (Ghana Statistical Service, 2014).
Kusasi, Mamprusi, Bissa and Mossi are the main ethnic groups living in the Bawku
Municipality (Ghana Statistical Service, 2014). A total of 44.3% of persons in the
Municipality have never attended school, 40.2% are currently attending school while 15.4%
have attended school in the past. More females, 51.4% compared with males 36.6% have
never attended school (Ghana Statistical Service, 2014). The concentration of road networks
makes the area easily accessible to traffic and humans. Access to the study area in the course
of data collection was therefore not a problem.

3.2.2 Climate and vegetation
The Municipality is under the influence of the tropical continental climate which is
characterized by a single rainy season from May to October when the tropical maritime air
mass (south west monsoon wind or south westerly winds) influence Ghana (Nikoi, 2010).
The mean annual rainfall of the study area is about 1000mm to 1150 mm. A long and severe
dry season often follows the rainy season with monthly temperatures varying from 36°C in
March to about 27°C in August (Nikoi, 2010).
In the dry season, particularly, between December and February, the dry and dusty harmattan
winds (Tropical continental air mass) from the Sahara desert are very intense (Amikuzuno
and Donkoh, 2011). The long dry spell promotes the occurrence of bushfires, exposing the
soils to erosion by wind and rendering it too impoverished to support plant growth (Yiran et
al., 2012). The unstable climatic condition like the long dry season of seven months followed
by just a five-month rainy season with recurrent, intermittent droughts and floods in the
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planting season affect crop yields. Relative humidity in the Municipality is about 35%-65%
during the wet season and reduces between 20%-30% (November and April) when the
harmattan winds dominate a greater part of Ghana. The study area has small cloud cover
which influences the general effect of insolation on moisture leading to the low humidity in
the air (Nikoi, 2010).
The vegetation of the Municipality is the Sudan Savanna type which lies to the north of the
Guinea Savanna and covers a greater part of Burkina Faso and Mali. The Sudan Savanna
vegetation zone is limited to the extreme north-eastern part Ghana in the Upper East Region,
covering an area of 2,200 km² where the study area is located (Oppong-Anane, 2006 cited in
Wood, 2013). The natural vegetation of the Sudan Savanna Zone is characterized by fireswept short grasses interspersed with low-density woodland of short, low branching, thinleaved, deciduous species that are drought and fire-resistant. An example of such drought and
fire resistant species are the Acacia and Baobab which shed their leaves in the long dry
season. These species have long tap and fibrous roots that penetrate the soil to access water.
They also have thick barks which help to prevent excessive loss of water during dry seasons.
The grass cover of this vegetation belt is sparse and withers in the dry season. However, the
grasses become green again with the onset of the rains (Nikoi, 2010). There are some forest
reserves, of which most portions have been degraded by man‘s activities (Oppong-Anane,
2006 cited in Wood, 2013). The important economic trees in the Sudan Savanna belt include
baobab, dawadawa, shea tree and Gum Arabic. The main crops cultivated in this vegetation
belt include rice, millet, maize, guinea corn, sorghum etc (Nikoi, 2010).

3.2.3 Geology and soil
The topography of the study area is gently rolling with inselbergs (an average height of
between 180 and 300 meters above sea level). The soils are laterites and ochrosols weathered
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from granites and Birimain rocks which form the base rocks (Nikoi, 2010). The lateritic soils
are associated with layers of iron stone which covers a few centimeters from the surface. The
lateritic soils are not easily permeable and become waterlogged in the rainy season, but dry in
the dry season. The lateritic soils are yellowish brown and yellowish grey in colour, silt and
sandy loam in texture and poor in organic content (Nikoi, 2010). The ochrosols are also poor
in organic matter content, but are loamy, well drained and porous. The low organic matter
content of the soils coupled with the continuous disturbance of the soils weakens the soil
structure and makes it susceptible to erosion and leaching (Nikoi, 2010). This basically
affects soil nutrients needed for plant growth. Climatic elements such as rainfall, temperature
and wind influence the soil through weathering. High annual rainfall and temperatures
increase the decomposition of the soil. However, the low annual rainfall coupled with high
temperature associated with the tropical continental climate of the Sudan Savanna belt result
in poor organic matter content, making soil suitability for cropping one of the major problems
in crop production (Nikoi, 2010). Thus, low soil organic matter and limited availability of
plant nutrients, in particular phosphorus and nitrogen, are major obstacle of crop productivity
in the Sudan Savanna (Schlecht et al., 2006).

3.2.4 Economic activities
The economically active population of the Municipality is 70.1%, lower than the regional
proportion (73.9%). Of the economically active population, 66.5% are employed and 3.6%
are unemployed (Ghana Statistical Service, 2014). According to the Ghana Statistical Service
(2014), out of the total of 39,143 inhabitants in various forms of occupations, 46.6% are
males while 53.4% are females. The economic activities sustaining the livelihoods of the
residents are categorized into agriculture, commerce/ trade and manufacturing/local
craft/service.
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3.2.4.1 Agricultural activities
The main occupation of the people in the Municipality is agriculture which employs about
65% of the labour force (MoFA, 2010). Out of a total of 15,012 households in the Bawku
Municipality, 60.9% are agricultural households (Ghana Statistical Service, 2014).
Interestingly, out of the 9,135 households in agriculture, 48.8% live in urban areas compared
with 51.2% in the rural areas. Again, it is a fact that more males (47.8%) than females
(46.2%) are engaged in agricultural activities (Ghana Statistical Service, 2014). Crop farming
alone accounts for almost 90% of all agricultural activities in the Municipality. Farming
systems in the Municipality have been modified from shifting cultivation to a combination of
compound and bush fallow systems.
Compound cropping involves intensively cropping fields around the compound house with
vegetables, millet, guinea corn, maize, cowpea, tobacco, and melons. These fields are kept
fertile with household compost and livestock manure. Nonetheless, millet can flourish
without inputs and resist low and uneven precipitation. In many ways the millet is ideal for
drier areas especially in the Sudan Savanna Zone (Environmental Protection Agency, 2008).
The farming system is based on rain-fed cultivation. However, the gradual expansion of
irrigation into the Sudan Savanna belt has increased dry-season farming in the Municipality.
Tomatoes, onions and rice are the most well-known crops cultivated during the dry season.
There are a few dams and dug-out wells which are being used for dry season gardening.
Farmers also dig into the sand of dry riverbeds to get water for farming (MoFA, 2010).
Most smallholder farmers use donkeys to plough their land for cultivation since donkeys are
substantially cheaper compared to tractors, both in purchase price and maintenance.
Livestock, such as cattle, sheep and goats are commonly integrated into the farming systems;
a practice known as mixed crop-livestock production (MoFA, 2010). Crop residues from the
bush fallow are the main source of livestock feed in the dry season (Bationo and Ntare,
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2000). Poultry such as guinea-fowls and chickens are mostly reared in the Municipality.
According to Oppong-Anane (2006 cited in Wood, 2013) livestock and poultry production
help meet food needs and provide manure for soil nutrients. They may also be used as an
important source of income, and serve as the household‘s savings bank or insurance in
difficult times, especially, guinea-fowl and turkey. This is because urban demand for guinea
fowl and turkey are increasing. Therefore, there is the need for the youth to engage in this
venture to reduce the unemployment rate in the Municipality. However, small stocks are
allowed to forage freely in the dry season and confined in the wet (Oppong-Anane, 2006
cited in Wood, 2013).
Environmental issues, such as soil infertility and degradation, harsh and erratic climatic
conditions and pest pressures create challenges to increasing agricultural production (Nikoi,
2010). To add to that, unavailability of advanced agricultural technologies, the limited
knowledge on improved agronomic production and management practices among farmers
also pose serious danger to the agricultural sector. Finally, inadequate communication and
collaboration among MoFA, SARI and the Ministry of Education, has resulted in a
significant gap between research, education and extension (EPA, 2008). This gap has created
significant obstacles for agricultural development and unimproved livelihoods for
smallholder farmers (Nikoi, 2010).
3.2.4.2 Commerce/Trade
Aside agriculture being the main economic activity, the Municipality is notably a vibrant
commercial centre, connecting economic activities between other West African states such as
Togo, Burkina Faso, Niger and Mali (Acquah, 2011) because of its close proximity to these
countries. This provides an important opportunity for the active labour force in the
agricultural sector to diversify their livelihood activities to buffer against low crop yield. This
has made the Municipality the hub for commercial activities in the Upper East Region. The
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activities carried out by the players in this sector are mainly wholesale and retail in nature.
They cover all kinds of commodities ranging from motorbikes, foodstuff, kolanuts, shea
butter, building materials, herbal/ orthodox medicines and clothing. It is interesting to note
that in this sector, more females (26.4 %) than the males (16.3 %) are engaged in wholesale
and retail (Ghana Statistical Service, 2014).
3.2.4.3 Manufacturing/ local craft industries /services
The positive and significant correlation between local craft industries and economic
development can never be over emphasized. Though the local craft industries are
underdeveloped, it is fast becoming an important sector in the Municipality. Notable among
them are weaving (smock) and pottery. This sector employs a significant number of people
and has impacted positively on revenue generation (Ghana Statistical Service, 2010). Almost
all these activities derive their raw materials from the local environment (Nikoi, 2010).
Apart from the contribution of the local craft industries, the fast growing pace of the
Municipality in recent years after the ethnic clashes in 2007 has attracted other relevant
service providers such as banks, credit unions, insurance companies, both orthodox and
herbal medicine practitioners, transport, guest houses, private schools and food vendors (chop
bars) who have contributed immensely to the economic development of the Municipality
especially to the agricultural sector by creating ready markets for the farmers, and sometimes
give farmers loans to expand their farming business.
Other groups of service providers in the Municipality are the telecommunication companies,
hairdressers, and dressmakers. This has helped augment the economic activities in the
Municipality and also contributed tremendously to the creation of productive employment
ventures and revenue generation in the Municipality (Ghana Statistical Service, 2014).
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According to the Ghana Statistical Service (2014), more females (32.1 %) than males (14.3
%) are employed in the service sector.
3.3 Chapter Summary
The purpose of research is to discover answers to questions through the application of
scientific methods. Research methods are therefore the basis upon which a research is
founded. This chapter therefore presented the methods and procedures used to conduct the
study. The detailed discussions focused on research design and approach, the types and
sources of data, the various data collection methods, sampling techniques, data analysis and
the description of the study area.
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CHAPTER FOUR
INFLUENCE OF OBSERVED CLIMATIC TRENDS ON FOOD CROP
PRODUCTION IN THE BAWKU MUNICIPALITY
4.0 Introduction
This chapter presents the results and discussions on the influence of observed climatic trends
on food crop production in the Bawku Municipality. The chapter is organised into two major
sections. Section one brings out the differences and similarities of farmers‘ sociodemographic information based on the study communities. Section two presents the results
on the influence of observed climatic trends on food crop production. Under this section, the
results and discussions on rainfall variations/trends, temperature variations/trends, extreme
climatic events, crop yield variation and regression analysis of climate variables on food crop
production are presented.
4.1 Socio-demographic information of food crop farmers in the Bawku Municipality
Before understanding the effects of climate variability on food crop production, it is
important to have a clear knowledge about the socio-demographic characteristics of
respondents. This is because the socio-demographic features of the respondents would throw
more light on their vulnerability and the choice of their adaptation strategies to climate
variability (Oremo, 2013). From Table 4.1, the majority of the respondents in the sampled
communities were male farmers (76.2%) and the remaining 23.8% were females.
Table 4.1: Distribution of respondents by sex and study communities
Sex

Male
Female
Total

Mognori
Freq %
37
17.3
14
6.5
51
23.8

Study communities
Zabugu
Gozesi
Kuka
Freq %
Freq % Freq %
46
21.5 37
17.3 24
11.2
9
4.2
10
4.8 7
3.3
55
25.7 47
21.9 31
14.5

Source: Field Survey, 2014.
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Total Percentage
Gentiga
Freq %
19
8.9
11
5.1
30
14

163
51
214

76.2
23.8
100

Apusigah (2009) attributes this disparity to household provisioning and production
arrangement, tenurial practices and labour appropriations. According to Apusigah (2009), in
Northern Ghana, women are considered as non-heirs of household resources including land.
This confirms the report by the Ghana Statistical Service (2014) that more males are engaged
in agriculture than females in the Bawku Municipality. Traditionally, women‘s access to
land for farming is through men. The gendered nature of this results in male taking control
over land administrative structure. This situation perhaps impedes women‘s access to land for
agricultural activities. Across the study communities, the results revealed that out of the
23.8% of female respondents, about 6.5% were from Mognori with Kuka having the least
(3.3%) female respondents. The assumption is that among the study communities, more
women in Mognori perhaps had access to land than the other study communities.
Table 4.2 presents the distribution of respondents by their age groups. The age group 41- 60
years formed the majority of the respondents (62.6%) with 46.7% males and 15.9% females.
Table 4.2: Distribution of respondents by their age groups
Age Groups

25-30years
31-40years
41-50years
51-60years
Total

Study communities
Mognori
Zabugu
Gozesi
Kuka
Gentiga
Freq % Freq % Freq % Freq % Freq %
8
3.7
5
2.3
2
0.9
2
0.9
5
2.3
15
7
14
6.5
12
5.6 10 4.8
8
3.7
19
8.9
20
9.3
19
8.9 16 7.5
14
6.5
9
4.2
16
7.5
14
6.5
6
2.8
3
1.4
51 23.8 55 25.7 47 21.9 31 14.5 30
14

Total Percentage

21
59
86
48
214

9.8
27.6
40.2
22.4
100

Source: Field Survey, 2014.
The indication is that, among the respondents, older people between the ages of 41 and 60
years were engaged in food crop production than those aged between 25 and 40 years. This
suggests that majority of the respondents had more years of farming experience. As a result,
these farmers were likely to better understand the effects of climate variability on food crop
production and might be willing to adopt effective adaptation measures against climate
variability (Oremo, 2013). In spite of this, the results show that, the farming population in the
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study area is ageing out. Therefore, there is the need to encourage more youth into food crop
production especially in Gentiga and Kuka where a small proportion of the respondents
interviewed were from the ages of 25 to 40 years. In order to encourage youth involvement in
food crop farming, attention should be geared towards factors such as lack of credit, capacity
constraints and sustainability of income from farming.
Formal education is regarded as an important factor in the development of agriculture
because it improves the capability of farmers to access and conceptualize information
significant to constructing innovative ideas and perceive changes that occur in the climate
system (Okello and Reddy, 2009; Ochieng, et al., 2012; Gbegeh and Akubuilo, 2012; cited
in Oremo, 2013). It therefore becomes pertinent for the study to know the level of formal
education of respondents (Table 4.3). From Table 4.3, the majority of the respondents (80.8
%) had never been to school, 13.6% had primary education and 4.7% had secondary
education whereas none of the respondents had tertiary education.
Table 4.3: Distribution of respondents by level of education.
Study
Level of Formal Education
communities
Primary
Middle
Secondary
Never been to
School
School
School
School
Freq %
Freq % Freq %
Freq
%
Mognori
7
3.3
0
0
4
1.9 40
18.7
Zabugu
4
1.9
1
0.5 2
0.9 48
22.4
Gozesi
10
4.8
0
0
2
0.9 35
16.4
Kuka
6
2.8
1
0.5 2
0.9 22
10.3
Gentiga
2
0.9
0
0
0
0
28
13.1
Total
29
13.6 2
0.9 10
4.7 173
80.8
Source: Field Survey, 2014.

Total

51
55
47
31
30
214

This signifies low level of formal education among farmers in the study area. Low level of
formal education among farmers is likely to hamper the adoption of agricultural technologies
(Oremo, 2013). Across the study communities, only two respondents from Gentiga had
primary education, the rest of the respondents had never been to school. This may be partly
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due to the absence of a school in Gentiga. The high proportion of farmers who had been to
school were from Gozesi and Mognori. The level of education in Zabugu and Kuka were
similar.
Table 4.4 reveals that the level of formal education varies among age groups. For instance,
about 126 respondents representing 58.9% who had never been to school were in the age
range of 41-60, while the majority of the respondents who had been to school were within the
25-40 age group. Oremo (2013) argues that younger farmers tend to have better formal
education and are likely to be more versatile to innovation than older farmers.
Table 4.4: Distribution of respondents by their age group and level of education.
Age Group
Level of Formal Education
Total
Primary
Middle
Secondary
Never been to
School
School
School
School
Freq
%
Freq
%
Freq
%
Freq
%
25-30 years 11
5.1
0
0
4
1.9
6
2.8
21
31-40 years 10
4.7
0
0
6
2.8
41
19.2
59
41-50 years 8
3.7
2
0.9
0
0
78
36.4
86
51-60 years 0
0
0
0
0
0
48
22.4
48
Total
29
13.6
2
0.9
10
4.7
173
80.8
214
Source: Field Survey, 2014.
With regards to farm size, the majority (50.9%) of the respondents had farm sizes of between
4-6 acres of land, while 3.7% had between 7-9 acres of land. Only a small proportion (2.4. %)
of farmers cultivated on 10-25 acres of land (Table 4.5; page, 67). This was the situation in
all the study communities where majority of the respondents had farm sizes between 4-6
acres. Generally, the results therefore support the report by the MoFA (2010) that majority of
farmers in the Upper East Region have farm sizes not more than 10 acres. The main food
crops grown by the respondents include maize, millet, vegetables, rice, cowpea, groundnuts,
watermelon, soybean, sweet potatoes and sorghum.
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Table 4.5: Distribution of respondents by the study communities and their farm size
Study
Communities

1-3 acres
Freq
Mognori
16
Zabugu
28
Gozesi
18
Kuka
13
Gentiga
17
Total
92
Source: Field Survey, 2014

%
7.5
13.1
8.4
6.1
7.9
43

4-6 acres
Freq
%
31
14.5
24
11.2
26
12.1
17
7.9
11
5.1
109
50.9

Farm size
7-9 acres
10-15 acres
Freq
%
Freq
%
2
0.9
0
0
3
1.4
0
0
1
0.5
1
0.5
1
0.5
0
0
1
0.5
1
0.5
8
3.7
2
0.9

Total
16-20 acres
Freq
%
1
0.5
0
0
1
0.5
0
0
0
0
2
0.9

21-25 acres
Freq
%
1
0.5
0
0
0
0
0
0
0
0
1
0.5

5
58
54
44
35
214

The distribution of respondents by their monthly income level (Table 4.6) showed that 2.3% of the sampled households had a monthly income
below Gh₵ 20, 52.3%, had between Gh₵ 20 and Gh₵ 60, while 22.9% had between Gh₵ 100 and GH₵ 300. Only 1.9% had a monthly income
that was above Gh₵ 300; these respondents were from Zabugu and Gozesi (Table 4.6; page, 68). Clearly, as noted from Table 4.6, none of the
respondents from Gozesi and Gentiga had monthly income above Gh₵ 300. None of the respondent from Kuka had monthly income below Gh₵
20. Comparing the monthly income of the respondents to the monthly minimum wage rate in Ghana (Gh₵ 180) (Ghana Statistical Service,
2014), it is obvious that the majority (71%) of the respondents earned below the monthly minimum wage. This could have profound negative
implication on food crop production because income below the monthly minimum wage may threaten farmers‘ ability to purchase farm inputs
and pay for operational cost.
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This would worsen in situations where farm inputs are imported due to the depreciation of the cedi against the US dollar (Gh₵ 1 = USD 3.215).
Thus, prices of imported farm inputs on the market would possibly increase appreciably due falling value of the cedis.
Table 4.6: Distribution of respondents by the study communities and their income per month
Income per
Income per month
month
Mognori
Zabugu
Gozesi
Kuka
Gentiga
Freq %
Freq
%
Freq %
Freq
%
Freq
%
Below Gh ₵20
1
0.5
2
0.9
1
0
0
0
1
0.5
Gh₵ 20-40
13
6.1
10
4.8
11
5.1
9
4.2
15
7
Gh₵ 40-60
12
5.6
17
7.9
10
4.8
5
2.3
9
4.2
Gh₵ 60-100
9
4.2
18
8.4
13
6.1
3
1.4
1
0.5
Gh₵100- 200
9
4.2
6
2.8
10
4.8
7
3.3
3
1.4
Gh₵ 200-300
6
2.8
1
0.5
2
0.9
4
1.9
1
0.5
Above Gh₵ 300
1
0.5
2
0.9
0
0
1
0.5
0
0
Total
51
23.8
55
25.7
47
21.9 31
14.5
30
14
Source: Field Survey, 2014

Total

Percentage

5
58
54
44
35
14
4
214

2.3
27.1
25.2
20.6
16.4
6.5
1.9
100

From the survey, farm size had no direct correlation with the monthly income of farmers (Table 4.7). For instance, the majority of the farmers
who had farm sizes of between 1-3 acres had a monthly income between Gh₵ 20 and GH₵ 300 while farmers who had farm sizes of between 79 acres also had a monthly income between Gh₵ 40 and Gh₵ 300 (Table 4.7; page, 69). This suggests that the farm size does not solely
determine the level of income of farmers. Within this general picture, there may be other off-farm jobs or non-farm businesses owned by farmers
that generate income for them. This possibly explains the variations in monthly income across the study communities.
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Table 4.7: The relationship between respondents’ income per month and their farm size
Income per
Farm size
month
1-3 acres
4-6 acres
7-9 acres
10-15 acres
16-20 acres
Freq %
Freq %
Freq %
Freq
%
Freq %
Below Gh ₵20
5
2.3
0
0
0
0
0
0
0
0
Gh₵ 20-40
38
17.8
20
9.3
0
0
0
0
0
0
Gh₵ 40-60
25
11.7
28
13
1
0.5
0
0
0
0
Gh₵ 60-100
15
7
26
12.1
2
0.9
0
0
1
0.5
Gh₵100- 200
8
3.7
22
10.3
3
1.4
2
0.9 0
0
Gh₵ 200-300
1
0.5
11
5.1
1
0.5
0
0
1
0.5
Above Gh₵ 300
0
0
2
0.9
1
0.5
0
0
0
0
Total
92
43
109
50.9
8
3.7
2
0.9 2
0.9
Source: Field Survey, 2014

21-25 acres
Freq %
0
0
0
0
0
0
0
0
0
0
0
0
1
0.5
1
0.5

Total

Percentage

5
58
54
44
35
14
4
214

2.3
27.1
25.2
20.6
16.4
6.5
1.9
100

From the results presented on the socio-demographic characteristics of the respondents, it may be assumed that most respondents especially
respondents from Gentiga were the most vulnerable to the effects of climate variability and extreme climatic events. This is because most of the
respondents had low income, small farm size and had never been to school. These characteristics according to Oremo (2013) limit the
application of adaptation strategies.
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4.2 Influence of Observed Climatic Trends on Food Crop Production
This section analyses the influence of observed climatic trends on food crop production
which provides a basis for understanding the effects of climate variability on food crop
production. Under this section, the results and discussions on rainfall and temperature
variation, crop yield variation and regression analysis of climate variables on food crop
production are presented.

4.2.1 Rainfall variation/trend
Rainfall amount and timing influenced the yield of crops. Low rainfall amounts can be
detrimental to crop yield, especially if dry periods occur during critical development stages
(Fosu-Mensah, 2012). The total annual amount of rainfall and the trend over the last 15 years
in the Bawku Municipality are shown in Figure 4.1. The mean annual total rainfall from
1999-2013 is 901.9mm.

Data

1400.00

Sen's estimate

Rainfall Amout (mm)

1600.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00
1998

2000

2002

2004

2006

2008

2010

2012

2014

Figure 4.1: Total annual rainfall trend in the Bawku Municipality in the past 15 years
Source: Author‘s Plot from Bawku Weather Station, 2014.
The rainfall data shows that the Municipality received less than 1400 mm of annual rainfall
for the 15 year period with an annual average of between 114.7mm and 18.1mm. The total
annual rainfall for the period ranged from a low of 217.9mm in 2008 to a high of 1375.
97mm in 2007. The years 1999 and 2000 showed a decreased trend per year. However, the
rainfall amount increased marginally to 1051.5 mm in 2003, and continued to fluctuate until
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2007 when the amount of rainfall increased significantly from 948.1mm in 2006 to
1375.97mm in 2007. There was a sharp decrease after 2007 and continued to fluctuate till
2013 (Figure 4.1). Generally, the Mann-Kendall trend test of the rainfall dataset from1999 to
2013 shows that the trend is not statistically significant even at 10% significance level (See
appendix III B). The Sen‘s estimate (slope) in Figure 4.1 (Page, 70) indicates a decreasing
trend. This is congruent to the findings of Asante and Amuakwa-Mensah (2015) whose study
of climate change and variability in Ghana showed decreasing trends of rainfall variability.
The variability in the year to year rainfall particularly towards the decreasing trend is a
cautioning sign to the farming communities in the Municipality as this may adversely affect
their livelihoods.
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Figure 4.2: Annual rainfall deviations in the Bawku Municipality in the past 15 years
Source: Author‘s Plot from Bawku Weather Station, 2014.
From Figure 4.2, the years 2005, 2008, 2010 and 2011 had a negative deviation signifying
meteorological drought (period of below average precipitation) periods with the worst
drought occurring in 2008. Global record of rainfall indicates a substantially high rainfall in
2005 and 2010 resulting in severe floods in many parts of the world (NASA, 2011). The
years 1999, 2000, 2001, 2002, 2003, 2004, 2006 and 2007 had a positive deviation with 1999
and 2007 recording the highest values. The positive deviation in 1999 and 2007 according to
Paeth et al., (2011) is attributed to the ENSO effects which caused much rain to fall in Sub
Sahara Africa. This implies that severe floods might have occurred in 1999 and 2007 in the
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Bawku Municpality. This confirms the report by Daily Graphic online (2015) that floods
occurred in the Upper West Upper East and the Northern Regions of Ghana. The outlier that
occurred in This may have affected agricultural activities in the Municipality because
according to Falloon and Betts (2009 cited in Gornall et al., 2010), the effects of flooding is
becoming severe to the extent that, agricultural machinery may simply not be adapted to wet
conditions. This indirectly delays farming operations and consequently affect crop yield. The
estimated annual anomaly of rainfall (Figure 4.2; page, 71) and the coefficient of variation
(0.3343) in Table 4.8 indicate that the total amount of annual rainfall varied substantially
from year to year. This confirms the prevailing evidence that rainfall in the semi-arid regions
of Africa is highly variable (Amikuzuno and Donkoh, 2012).
Table 4.8: Summary statistics of climate variables and major food crop production
Variables
Mean
Standard Deviation Coefficient of Variation
Rainfall
901.92
301.50
0.33429
Temperature
28.89
0.45
0.01545
Maize
24880.38
11440.62
0.4598
Millet
22172.45
12533.54
0.5653
Rice
20979.07
8097.14
0.3860
Source: Author‘s computation based on annual data obtained from MoFA and BWS, 2015
With regard to farmers‘ observations, all the respondents were of the view that they had
observed rainfall variation in the past 15 years. Approximately, 37% of farmers were of the
opinion that the amount of rainfall has reduced. A significant percentage of these respondents
were between the ages of 31-60 years. Thirty five of the respondents representing 16.4%
reported a reduction in the length of rainy season with majority of these respondents aged
between 31-50 years. From the survey, majority of the respondents between the ages of 25
and 30 years, seem to have different views on the above manifestations of rainfall variability
(Table 4.9; page, 73). For example, only 4 respondents (1.9%) and 2 respondents (0.9%) out
of the total of 21 respondents (9.8%) within the ages of 25 and 30 years cited reduction in the
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amount of rainfall and reduction in the length of the rainy season as manifestations of rainfall
variability respectively.
Table 4.9: Respondents’ observation of the manifestations of rainfall variation
Age groups

Reduction
in the
amount of
rainfall
Freq %
25-30 years
4
1.9
31-40 years
23
10.7
41-50 years
32
14.9
50-60 years
20
9.3
Total
79
36.9
Source: Survey Field, 2014.

Reduction
in the length
of rainy
season
Freq %
2
0.9
10
4.7
18
8.4
5
2.3
35
16.4

Irregularities
in the
amount of
rainfall
Freq %
9
4.2
15
7
22
10.3
15
7
61
28.5

Irregularities
in the length
of rainy
season
Freq %
6
2.8
11
5.1
14
6.5
8
3.7
39
18.2

Total

Freq
21
59
86
48
214

%
9.8
27.6
40.2
22.4
100

About 28.5% and 18.2% noticed an irregularity in the amount of rainfall and a reduction in
the length of rainy season respectively (Table 4.9). Specifically, across the age groups,
majority of the respondents between the ages of 25-30 years had observed irregularities in the
amount of rainfall. The variations within the age groups as observed from the results may be
due to their years of experience. For instance, as a consequence of more years of experience,
it is obvious, as anticipated; respondents within the ages of 31-60 years may have noticed a
reduction in the amount of rainfall than respondents between the ages of 25-30 years.
Similarly, key informants from SARI, MoFA and GMA had also noted pronounced variation
in the rainfall pattern. According to the key informants, the rains either come earlier or later
than expected. This was supported by a male farmer in Gentiga who pointed out in a focus
group discussion that:
“...when we were young, our wells and rivers were full in the rainy season
which enabled us to get water in the dry season, drawing water from wells
was not difficult but nowadays our wells and rivers have little water even in
the rainy season... The rains do not fall as they used to. My biggest worry is
its unpredictable nature” (Focus group discussion, 2014).
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Generally, it was observed that respondents were much perturbed by the abnormality of the
rainfall pattern in the Municipality which sometimes made it difficult to accurately predict
when to start planting. The results presented show farmers observations are in line with the
historical rainfall data for the 15 year period.

4.2.2 Mean annual maximum and minimum temperature variation and trend
Figure 4.3 presents the mean annual variation/trend in minimum temperature in the Bawku
Municipality. The mean annual minimum temperature from 1999 to 2013 fluctuated between
21.2°C and 23.4°C with a mean value of 22.7°C. The Sen‘s estimate of the Mann-Kendall
test shows that there is a significant decreasing trend in the mean annual minimum
temperature (Figure 4.3) for the 15 year period (1999 to 2013). However, the Mann-Kendall
trend statistics for mean annual minimum temperature is not statistically significant even at
10% significance level (See appendix III).
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Figure 4.3: Mean annual trend in minimum temperature in the Bawku Municipality
Source: Author‘s Plot from Bawku Weather Station, 2014.
Despite the decreasing trend, the mean annual deviation in minimum temperature shows quite
substantial fluctuations (Figure 4.4; Page, 75). The mean temperature for 1999 (22.7°C) was
found to be the same as the mean value (22.7°C) for the 15 year period, showing no change
for 1999. However, the years 2002 to 2006 and 2010 showed a significant increase in
minimum temperature with a positive deviation of between 0.2°C and 0.9°C above the
baseline average. The rest of the years recorded negative deviation with the highest decrease
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of 1.53°C observed in 2012. This significant inter annual variation in minimum temperature
may have affected crop production in the Municipality. This is because a decrease in
minimum temperatures affects night time plant respiration rate and possibly reduces crop
yield (Hatfield et al., 2011), while the exposure of plants to higher minimum temperatures
decrease the ability of plants to grow and also reduce crop yield (Welch et al., 2010).
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Figure 4.4: Mean annual deviation in minimum temperature in the Bawku Municipality
Source: Author‘s Plot from Bawku Weather Station, 2014.
The mean annual maximum temperature varied between 33.6°C and 35.8°C for the 15 year
period. The total mean maximum temperature from 1999-2013 was 35.05°C. The trend
statistics of the Mann-Kendall test for mean annual maximum temperature is not statistically
significant at 10% significance level (See appendix III B). However, the observed trend of the
Sen‘s estimate of the Mann-Kendall test for the mean annual maximum temperature over the
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15 year period shows a decreasing trend (Figure 4.5).
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Figure 4.5: Mean annual trend in maximum temperature in the Bawku Municipality
Source: Author‘s Plot from Bawku Weather Station, 2014.
Notwithstanding, the mean maximum temperatures from 1999 to 2013 showed distinctive
inter annual variation (Figure 4.5). In general, maximum temperature decreased below the
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mean for the years 2000, 2004, 2007, 2008, 2009, 2012 and 2013; indicating that these years
were relatively cooler. The highest decrease occurred in 2004 with a decrease of 1.6°C below
the baseline average. This confirms the report by Asante and Amuakwa-Mensah (2015) that
very cold winds were experienced in 2004. On the other hand, the year 2005 was marked as
the warmest year with a positive deviation of 0.8°C, which was higher than the global record
of 0.62°C. The other warmest years include, 2010, 1999, 2003 and 2011. These confirm the
findings of NASA (2011) that 2005 and 2010 were the warmest years on record since 1880.
In addition, the mean annual deviation (Figure 4.6) shows more warm years than cold years
for the 15 year period. This has the tendency to cause variation in crop production in the
Municipality.
Though, there are significant variations in the inter-annual minimum and maximum
temperature in the Municipality, the coefficient of variation (0.0155) for the mean annual
temperature shows slight variation (Table 4.8; page, 73). This confirms the findings of
Amikuzuno and Donkoh (2012) that Northern Ghana has not significantly experienced
notable temperature variation.
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Figure 4.6: Mean annual deviation in maximum temperature in the Bawku Municipality
Source: Author‘s Plot from Bawku Weather Station, 2014.
Superimposing the annual mean maximum temperature to the annual rainfall deviation for the
15 year period shows that effective rainfall for food crop production in 2005, 2010 and 2011
was very low. This is because annual rainfall for these years were below the baseline average
while temperature was high. Low annual rainfall coupled with high temperature on one hand,
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result in poor organic matter content, making soil suitability for cropping one of the major
problems in crop production (Nikoi, 2010). This is likely to have negative consequences on
food crop production. On the other hand, the high rainfall coupled with low maximum
temperature in 2007 and 2012 suggests that effective rainfall for these years were high. This
may have benefited some crops. The years 1999 and 2003 recorded high temperature and
high rainfall. The implication of high temperature and high rainfall according to Shakoor et
al. (2015) is beneficial for all tropical crops but will produce negative effects if these climatic
variables are increased too much in the future.
With respect to respondents‘ observations, the results indicate that most farmers (86.4%) had
observed temperature variation in the last 15 years. Majority of the farmers (76.1%) who
observed temperature variation believed that temperature has been increasing for the past 15

Percentage

years (Figure 4.7) whereas 10.3% observed irregularities in temperature.
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Figure 4.7: Respondents’ observations of the manifestations of temperature variation
Source: Field Survey, 2014.
Though, most farmers asserted that there has been an increase in temperature, the observed
mean annual temperature for the Municipality showed a decreasing trend. Farmers‘
observations are therefore at variance with the observed trend. Perhaps, the daily and monthly
temperatures observed by the farmers are significant enough for them to notice some increase
in temperature. From the results, it is clear that farmers are aware of temperature variation of
the Municipality through their own experiences of the past.
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4.2.3 Extreme Climatic Events
Over a span of few decades, extreme meteorological events have led to the destruction of
plantations and infrastructure, and an increase in the degradation of farmland and more
especially, have seriously disrupted the crop production system of smallholder farmers
around the world (Tesso et al., 2012). These signs according to the FAO (2008) framework
are attributed to climate change and variability. All of the respondents had observed an
extreme climatic event over the past 15 years. Fifty-six percent detected drought as most
prominent manifestation of extreme event, while 35.3% and 8.9% noticed strong winds and
floods as other manifestations of extreme climatic event in the Municipality respectively
(Figure 4.8).

8.9%
Drought
35.3%

56%

Strong Winds
Flood

Figure 4.8: Respondents’ observations of the manifestation of extreme climatic events
Source: Field Survey, 2014
Table 4.10 (Page 79) presents years of extreme climatic events by meteorological data as
against farmers‘ observations in the study communities. The years 2008, 2009, 2010 and
2011, were cited by the farmers as the years they experienced droughts with 2010 cited by
most farmers in all the five communities as the year of worst drought apart from the
1983/1984 dry spell. However, the meteorological data shows that 2005, 2008, 2010 and
2011 were the years of drought with 2008 as the worst drought.
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Table 4.10: Years of extreme climatic events by study communities and meteorological
data
Extreme
Study Communities
Meteorological
climatic
data
indicating
Mognori
Zabugu
Gozesi Kuka Gentiga
events
years of events
Drought
2010, 2009 2010, 2011 2010
2010 2010, 2011 2005, 2008, 2010,
2011
Floods
2007,
2007
2007
2007 2007
1999, 2007 and
2011, 2012
2012
Strong
2011, 2012 2009,
2010,
2012, 2011, 2012, 2001 2002 2005
winds
2013,
2012, 2013 2013
2013 2013
2007, 2010, 2011
Source: Field Survey, 2014
Across the five communities, farmers noted 2007 as the year of worst flood that inundated
several farm lands in the Municipality. The meteorological record on the other hand, shows
that floods occurred in 1999, 2007 and 2012. According to an official of the GMA at Bawku,
the flood of 2012 was not severe; communities in the low lying areas and near river banks
were mostly affected. Given the location of Mognori near a tributary of the White Volta, it is
not a surprise that farmers in Mognori stated that they experienced floods in 2012. Strong
winds were experienced by farmers in 2010, 2011 and 2012 while meteorological records
indicate that strong winds were severe in 2001, 2002, 2005, 2007, 2010 and 2011.
The cross examination of years of extreme climatic events show some consistencies among
the selected communities and the meteorological data. For instance, meteorological data and
farmers observations‘ show that drought and flood occurred in 2010 and 2007 respectively.
However, some disparities exist between farmers‘ observations and the meteorological data
on extreme climatic events. For example, farmers did not cite 2005 and 2008 as years of
drought but meteorological data indicates 2005 and 2008 as drought years. The disparities
between farmers‘ observations and meteorological records may be due to farmers‘ inability to
accurately recall past and intermediate years of extreme climatic events. This is because from
the results, it seems that farmers recall recent and unique events related to extreme climatic
conditions than long term climatic events.
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Furthermore, focus group discussions held in the five communities brought to light the fact
that droughts and strong winds were not new phenomena. What is new is their increased
frequency in recent times. A farmer at Kuka describes drought as an evil event which attacks
unexpectedly. In her own words:
“Drought is like an evil person who attacks, frustrates and drains you till you
cannot do anything. It comes to destroy everything, no water to drink since
rivers, streams and wells dry up…” (Focus group discussion, 2014)
The observations of the farmers and key informants on extreme events are that, the
Municipality is getting drier due to pronounced droughts. This outcome reflects the findings
of Schmidhuber and Tubiello (2007 cited in Chijioke et al., 2011) and the Climate Change
and Food Security Framework (CCFSF) developed by the FAO (2008) which states that,
extreme events are anticipated to increase in occurrence. According to the framework, the
expected increases in mean temperatures and precipitation will not manifest through constant
gradual changes, but will instead be experienced as increased frequency; duration and
intensity of hot spells and precipitation events. The frequency and intensity of the extreme
climatic events according to the conceptual framework for the study in section 2.7 of chapter
two can make the livelihoods of food crop farmers more vulnerable at certain times of the
year. Drawing from the responses, it can be concluded that, farmers in the Municipality are
exposed to climate variability and extreme climatic events. The exposure of farmers relates to
the changes in climate variability, magnitude and frequency of extreme climatic events which
according to O‘Brien et al. (2004) is one of the determinants of farmers‘ vulnerability to
climate variability. Hence, farmers in the Municipality are highly vulnerable to climate
variability, particularly to rainfall variations and unexpected shocks from extreme climatic
events such as strong winds, flood and drought which are beyond the scope of the farmers to
control. Spatially, since respondents were within the same agro ecological zone (Sudan
Savanna), it was assumed that respondents were exposed to the same level of climate
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anomaly especially drought (Eakin and Bojorquez-Tapia, 2008 cited in Antwi-Agyei et al.,
2012). Hence, their vulnerability in terms of drought exposure were similar across the study
communities. However, respondents at Mognori were highly vulnerable to flood due to their
location near a tributary of the White Volta.
The results, as presented, partly answer the research question on how vulnerable are food
crop farmers to climate variability and partly validates the second objective which sought to
assess the vulnerability of food crop farmers to climate variability.

4.2.4 Variation in crop production
Figure 4.9 shows variation in the output figures of the three major food crops grown in the
Municipality from 1999 to 2013. The first five years of the study period depict high
production for the major food crops as compared to the second five years of the study period.
Even though production was high for the first five years, there was a significant variation in
the major food crop production.
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Figure 4.9: Major food crop production in the Bawku Municipality
Source: Author‘s plot from MoFA Data.
The low level of production in 2013, according to the Director of MoFA, was as a result of
the carving out of a new district (Binduri District) from the Municipality. He explained that
the splitting of the Bawku Municipality has reduced the production level of food crop since
most food crop farmers are now part of the Binduri District. However, the year 2010 marked
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the worst season for maize and rice farmers when output levels fell tremendously. This is
most likely due to the high maximum temperature and low amount of rainfall recorded in
2010. Boote and Sinclair (2006), Tunde et al. (2011) and Fosu‐Mensah (2012) have argued
that high temperature and low rainfall are the key constraints to maize and rice production.
Notwithstanding the above information, the output of millet increased in 2010. Given that
millet is drought tolerant and grown as a famine crop (Tunde et al., 2011 and Fosu-Meansah,
2012); most farmers may have shifted to the cultivation of millet when rainfall was expected
to be below average in 2010. This reflects the assertion by a key informant from SARI that,
millet production has almost replaced maize due to short and erratic rainfall. This may have
contributed to the increased millet production in 2010.
In general, the coefficient of variation in Table 4.8 shows significant variation in maize
(CV=0.4598), millet (CV=0.5653) rice (CV=0.3860) for the 15 year period. This supports the
assertion by the Director of MoFA in the Municipality that, crop production is highly variable
and yields are very low compared to other parts of the country. The implication is that food
security and farmers‘ livelihood would be adversely affected (Conceptual framework, section
2.7 of chapter two). In view of the rainfall data from 1999-2013, it appears that as rainfall
amount increases, invariably production levels for maize and rice also increase.

4.2.5 Analysis of climate variables on food crop production
Multiple regression analysis is a major statistical technique for investigating and modelling
climate variables and crop production. Multiple regression assumes that variables have
normal distributions, and require homoscedasticity (variance of errors is the same across all
levels) and serially uncorrelated errors (variables in the regression are responding
independently) in order to establish validity (Balance, 2011). Non-normally distributed
variables can distort relationships and significance of tests. When the variance of errors differ
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at different values, heteroscedasticity is indicated. The presence of heteroscedasticity can lead
to weak analysis and seriously falsify the results of the regression. Similarly, the presence of
serial correlation of errors (autocorrelation) can underestimate standard errors and label
variables as statistically significant when they are not (Balance, 2011). On the basis of these,
it is important to conduct residual diagnostic test (test for model adequacy) to assess whether
the parameters of the estimated regression equation satisfy the assumptions of the regression
model. This section therefore presents the results for normal distribution, heteroscedasticity
and serial correlation, and the regression results for climate variability on food crop
production in the Bawku Municipality. The results are presented for the major food crops
(maize, millet and rice) produced in the Municipality.
4.2.5.1 Regression results for rice production
The results of the residual diagnostic test (a test to assess whether the parameters of the
estimated regression equation are problem free) for rice production are presented in Table
4.11. The residual diagnosis for the test for heteroscedasticity for rice using the BreuschPagan-Godfrey test shows that there is no heteroscedasticity at 5% significance level, thus;
the variance of error term is constant.
Table 4.11: Diagnostic test statistics for rice production
Diagnosis
Test-Statistics
Heteroscedasticity
3.311844
Autocorrelation
0.616413
Normality
3. 3790
Source: E-Views Estimation by author, 2015

Probability
0.3460
0.4324
0.1846

The result of the serial correlation in determining the autocorrelation shows that there is no
correlation among the residuals in the regression model for rice. The test for normality using
a Jarque-Bera statistics indicates that the residuals are normally distributed. The results of the
diagnostic test for rice production therefore satisfied the assumptions of the multiple
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regression model. This implies that there are no problems that will significantly affect the
regression results for rice production.
The results of the log-linear regression model used for estimating the influence of climatic
variables (mean annual temperature and annual rainfall) and soil pH (the measure of acidity
or alkalinity in the soil) as a proxy for soil fertility on rice production is presented in Table
4.12
Table 4.12: Regression statistics for rice production
Variable
Coefficient Standard Error T-Statistics
Probability
Constant
-7.619448
21.26389
21.26389
0.7269
LnaverageTemp 1.077336
1.077336
0.170053
0.8681
LnRainfall
0.323560
0.232461
1.391894
0.1915
Lnsoil-Ph
6.644933
2.564687
2.590934
0.0251*
R Squared =0.5838; Adjusted R Squared=0.4704 and F-Statistics = 5.1452 (p< .0182)
*. Regression is significant at the 0.05 level. Source: E-Views Estimation by author, 2015
The coefficient of determination (R2= 0.5838) of the results shows that about 58.4% of the
variation in the log of rice is explained by the log of average temperature, annual rainfall and
soil fertility. The remaining percentage (47.3%) could be attributed to other factors such as
seed varieties, method of cultivation etc. Average temperature and annual rainfall are not
statistically significant even at 10% significance level. This may be attributed to less variation
in average temperature (Coefficient of variation= 0.0155) during the study period (19992013) and supplemental irrigation for rice production in the Sudan Savanna Zone (Acquah,
2011 and EPA, 2008). The results further indicate that soil pH is statistically significant at
5% (p< .0251) and positively influences rice production. This may be due to the desirable soil
pH (5.5 to 6.5) for rice production in the Bawku Municipality (see appendix III A). The result
therefore implies that a 1% increase in soil pH, holding other variables constant leads to a
6.6% increase in rice production and output. The estimation therefore shows that rice
production in the Municipality for the 15 year period was largely dependent on soil pH. This
result is similar to the findings of Azman et al. (2014) who observed in their study that,
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relative rice yield is affected by soil pH. According to them, as the soil pH increases to the
desirable amount, the relative rice yield also increases. This may suggest that growing rice in
an area with low soil pH could have adverse effects on rice production. From the regression
results, it could be ascertained that rainfall and temperature were not significant in explaining
factors for variation in rice production in the Municipality from 1999 to 2013.
4.2.5.2 Regression results of maize production
The result of the Breusch-Pagan-Godfrey test is not statistically significant at 10% which
shows that there is no heteroscedasticity (Table 4.13). This implies that the variance of error
term is constant.
Table 4.13: Diagnostic test statistics for maize production
Diagnosis
Test-Statistics
Heteroscedasticity
0.4810
Autocorrelation
0.0869
Normality
0.9865
Source: E-Views Estimation by author, 2015

Probability
0.2140
0.7682
0.6106

The diagnostic result for autocorrelation among residuals shows that there is no
autocorrelation among the residuals regression model for maize production. The normality
test of residuals also indicates that the residuals are normally distributed. The results
presented in Table 4.13 therefore signify that the regression model is devoid of serious
problems that may affect the findings for maize production.
Table 4.14 (Page, 86) presents the results of the multiple regression used for estimating the
influence of annual rainfall, average temperature and soil organic matter (proxy for soil
fertility) on maize production. From the results, the F- statistic is statistically significant at
5% level (p< .0131). This means that the explanatory variables specified in the maize
production model are jointly significant.
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Table 4.14: Regression statistics for maize production
Variable
Coefficient
Standard Error T-Statistics
Probability
Constant
27.67440
28.20512
0.981184
0.3476
LnaverageTemp
-3.913351
8.010983
-0.488498
0.6348
LnRainfall
0.668053
0.271932
2.456692
0.0319*
LnOrganicmatter
1.872949
0.777664
2.408429
0.0347*
R Squared= 0.6091; Adjusted R Squared=0.5025 and F-Statistics=5.7141 (p< .0131)
*. Regression is significant at the 0.05 level. Source: E-Views Estimation by author, 2015
In other words, annual rainfall, average temperature and organic matter are jointly significant.
The results from Table 4.14 show that about 60.9% (R2 =0.6091) of the variation in the log of
maize is explained by the log of average temperature, annual rainfall and organic matter
(proxy for soil fertility). The remaining percentage (39.1%) could be attributed to other
factors such as seed varieties, method of cultivation etc. The annual rainfall (p< .0319) and
organic matter (p< .347) are statistically significant at 5% and positively contribute to maize
production. The result therefore implies that a 1% increase in soil organic matter, holding
other variables constant, results in a 1.9% increase in maize production whereas a 1%
increase in rainfall, holding other variables constant leads to a 0.7% increase in maize
production. Thus, the regression of rainfall variability and maize production indicate that, as
rainfall increases maize production begins to increase. This clearly validates the study
objective on the influence of observed climatic trends on food crop production. However, the
average temperature is not statistically significant even at 10% significance level. This may
be attributed to less variation in the average temperature (Coefficient of variation= 0.0155)
during the study period (1999-2013). In general, the estimation shows that maize production
in the Municipality is principally dependent on rainfall and organic matter. Thus, indicating
the influence of climate variables on food crop production.
4.2.5.3 Regression results of millet production
Using the Breusch-Pagan-Godfrey test to determine heteroscedasticity in the model for
millet, the result presented in Table 4.15 (Page, 87) shows that heteroscedasticity is not
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statistically significant at 5% for millet production indicating that there is no
heteroscedasticity. This suggests that the variance of error term is constant.
Table 4.15: Diagnostic test statistics for millet production
Diagnosis
Test-Statistics
Heteroscedasticity
5.8669
Autocorrelation
2.0130
Normality
2.8627
Source: E-Views estimation by author, 2015

Probability
0.2109
0.1560
0.2389

Similarly, the diagnostic result for autocorrelation among the residuals of the independent
variables shows that there is no autocorrelation among the residuals of regression model for
millet production (Table 4.15). The test for normality of the residuals also indicates that the
residuals are normally distributed. The results presented in Table 4.15 indicate that the
regression model is devoid of serious problems that may affect the findings for millet
production.
Table 4.16 shows the results of the log-linear regression model used for estimating the
influence of climatic variables (mean annual temperature and annual rainfall) and organic
matter (proxy for soil fertility) on millet production. The F- statistics, is statistically
significant at 5% level (p<.0444).
Table 4.16: Regression statistics for millet production
Variable
Constant
LnaverageTemp
LnRainfall
LnOrganicmatter

Coefficient
-5.155400
8.268311
-0.043149
2.595624

Standard Error
31.74246
9.015681
0.306036
0.875195

T-Statistics
-0.162413
0.917103
-0.140992
2.965767

Probability
0.8739
0.3788
0.8904
0.0128*

R Squared=0.5060; Adjusted R Squared=0.3712 and F-Statistics= 3.7552 (p< .0444)
*. Regression is significant at the 0.05 level. Source: E-Views Estimation by author, 2015

This means that the explanatory variables specified in the millet production model are jointly
significant. In other words, annual rainfall, average temperature and organic matter are jointly
significant. From Table 4.16, about 50.6% (R2= 0.5060) of the variation in the log of millet is
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explained by the log of average temperature, annual rainfall and organic matter. The
remaining percentage (49.4%) could be attributed to other factors such as seed varieties,
method of cultivation etc. The results further reveal that organic matter is statistically
significant with a P-value of 0.0128 (Table 4.16). The implication is that a 1% increase in
organic matter, holding other variables constant, leads to a 2.6% increase in millet
production.
However, average temperature and rainfall are not statistically significant. This may be
attributed to less variation in average temperature (Coefficient of variation= 0.0155) during
the study period (1999-2013) and less rainfall required for millet cultivation. The results
confirm the findings of Amikuzuno and Donkoh (2012) and Tunde et al. (2011) who noted
that, millet production in Northern Ghana and the Kwara State in Nigeria appear to be
insensitive to low rainfall respectively. Thus, low level of rainfall does not necessarily reduce
millet production. The estimation therefore shows that millet production in the Municipality
is highly dependent on organic matter. It could, therefore, be concluded that rainfall and
temperature were not significant in explaining the variation in millet output in the
Municipality during the 15 year period.
Generally, the regression results presented in this section show that rainfall has positive effect
on maize production. On the basis of this, the study failed to reject the alternative hypothesis
that rainfall exerts positive effects that are statistically significant on staple foods in the
Bawku Municipality. On the contrary, the study failed to reject the null hypothesis that
temperature does not exert significant effects on staple foods because the regression results
showed that temperature has no effect on staple foods in the Municipality.
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4.2.6 Farmers’ observations on the effects of climate variation on food crop production
4.2.6.1 Farmers’ observations on the effects of rainfall variability on food crop production
Based on respondents‘ experiences, all the farmers interviewed agreed that the manifestations
of rainfall variability have adversely affected crop production, especially the main staple
crops. A male respondent aged 57 explained that:
―...when I started farming, the rains usually came in the fourth and fifth
months of the year (April/May) which was the time for land preparation
(tilling) and sometimes for planting. This normally supported the cultivation
of several crops. But these days, the rains come and go at any time.
Sometimes the rains don‟t come until the eighth or ninth month of the year
making it difficult to plant millet, sorghum, maize, rice and other crops. In
fact, it is not easy to predict when the rains will come and stop. I am
particularly worried about what will happen to my farming business in the
future because that is what I depend on”(Focus group discussion, 2014).
All the respondents (100%) argued that the manifestations of rainfall variability has affected
the growing season in the past 15 years. Also, nearly all the respondents (93%) were of the
view that the manifestations of rainfall variability have reduced the length of the growing
season while the remaining respondents (7%) observed irregularities in the length of the
growing season. All the respondents (7%) who observed irregularities in the length of the
growing season reported that crop yield were moderately reduced. More than 76 % and 16%
of those who reported a reduction in the length of the growing season also reported that crop
yields were severely and moderately reduced respectively. The responses differed among the
study communities. For instance, all the respondents in Gozesi and Gentiga pointed out that
the reduction in the length of the growing season has severely reduced crop yields whereas
respondents in Mognori (10.7%), Zabugu (1.9%) and Kuka (3.7%) reported that crop yields
have reduced moderately (Figure 4.10; page, 90)
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Figure 4.10: Respondents view on the effect of growing season on crop yields
Source: Field Survey, 2014.
Although most respondents attributed the reduction in crop yield to a shorter growing season,
discussants of focus groups from the selected communities acknowledged factors such as
farm pests and diseases, wrong use of fertilizer, outmoded farm practices, inadequate funds
and inter-tribal conflicts as some of the major factors affecting crop production. The above
non climatic factors coupled with low rainfall amount and frequent droughts have the
propensity to worsen food insecurity among the most vulnerable households in the
Municipality (Tunde et al., 2011 and Fosu-Mensah, 2012).
From the results, respondents‘ observations of the effect of rainfall variability on food crop
production are consistent with the regression results for maize production but inconsistent
with rice and millet production. The inconsistency may be due to the influence of nonclimatic factors outlined by the farmers on food crop production. Drawing on the results of
the regression analysis and respondents observations of the effect of rainfall variability on
food crop production, it can be argued that rainfall variability for the 15 year period had a
significant influence on the variation of food crop production in the Municipality.
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4.2.6.2 Farmers observations on the effects of temperature variability on food crop
production
All the farmers (86.4%) who had observed temperature variability in the past 15 years were
of the view that the manifestations of temperature variability negatively affect crop
production especially maize production. Out of the 86.4% respondents who claimed that
temperature variability had badly affected crop production, 23.4%, 22.9%, 15.9%, 11.7% and
12.6% were from Mognori, Zabugu, Gozesi, Kuka and Gentiga respectively (Figure 4.11).
These farmers asserted that there was a reduction in maize yield. Several studies have
demonstrated similar results. For instance, Lobel et al. (2011), Ramadoss et al. (2004),
Gornall et al. (2010) and Cooper et al. (2009) observed that temperature increase above the
requirement of between 30°C - 34°C for maize production would reduce maize yield
significantly.
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Figure 4.11: Respondents view on the effect of temperature variability on crop
production
Source: Field Survey, 2014
In support of the above findings, an interview with officials of MoFA and SARI revealed that
high temperatures during the main cropping and dry season gardening lead to low yields of
crops like maize, sorghum, onions, groundnut and other vegetables as a result of stunted
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growth. The official from SARI explained that high temperatures during the growing season
negatively affect the respiration and transpiration of plants and in turn affect plants‘
development and yield. This assertion is also buttressed by Fosu-Mensah (2012) and McCarl
(2006) whose findings revealed that, high temperatures influence the respiration needs and
raises water demand for plant growth. Consequently, these factors will affect crop
development and reduce crop yield (Challinor et al., 2004).
Upon probing further to find out other possible factors responsible for low yield or crop
failure, discussants of focus groups from the selected communities outlined poor farm
practices, poor seeds and misapplication of fertilizers as the overriding factors that may affect
crop production. Despite the adverse effects of temperature variability on food crop
production revealed by the survey, discussants of focus group at Zabugu, explained that some
cereals such as millet and cowpea thrive well under high temperatures with little amount of
water. As a result, more cowpea and millet are being produced in recent times. This confirms
the findings of Kumar et al. (2013), Fosu-Mensah (2012) and EPA (2008) that millet and
other drought tolerant crops are well adapted to high temperatures.
Similarly, some discussants at Gentiga and Gozesi also argued that increased temperature
during the harvest time helps reduce post-harvest losses of some cereals like maize, cowpea,
sorghum, rice etc. The results revealed by the respondents on the effects of temperature
variability on food crop production supports the conceptual framework in section 2.7 of
chapter two that variables of climate variability may have both negative and positive
implications on food crop production.
In general, the respondents in the Municipality seem to have noticed that, temperature
variability has negatively affects maize production. However, the regression results indicate
that mean temperature variation had no significant effects on the major food crop production.
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The discrepancy between farmers‘ observations and the regression results may be as a result
of the use of the mean annual temperature that mostly conceals daily extremes. In addition,
the disparity may also be due to the influence of non-climatic factors outlined by farmers on
food crop production.
In spite of this, it can be concluded from the results presented in this chapter that observed
climatic trends for the 15-year period had a significant influence on the variation of food crop
production in the Municipality. Furthermore, the results presented in this chapter do not only
validate the study objective on the influence of observed climatic trends on food crop
production but also provide answers to the research question on the effects of observed
climatic trends on food crop production.
4.3 Chapter Summary
This chapter analysed the influence of observed climatic trends on food crop production in
the Bawku Municipality. The study revealed a decreasing trend with significant variation in
the rainfall pattern while mean temperature showed a marginal decreasing trend with less
variation over the 15 year period. The results further revealed that farmers have experienced
climate variability and extreme climatic events in the past 15 years. The exposure of farmers
to climate variability is an indication of their vulnerability to climate variability. As such it is
important that adaptation measures should be stimulated towards addressing the adverse
effects of climate variability.
The multiple regression model used to capture the influence of climate variables on food crop
production revealed that rainfall and organic matter had a significant influence on maize
production. Thus, maize production in the Municipality is mainly dependent on rainfall and
organic matter. Similar to previous reports, mean temperature and rainfall had no significant
influence on millet and rice production in the Municipality. Nonetheless, organic matter and
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soil pH had significant influence on millet and rice production respectively. The prevailing
evidence from the regression results suggests that temperature variation within the 15 year
period had no significant influence on food crop production in the Municipality.
The results point to the need for effective ways to be adapted to a more uncertain rainfall
pattern in the Municipality. Based on the socio-demographic characteristics of the
respondents a sustainable adaptation is far beyond the farmer. One key focus to ensure
sustainable crop production in the Municipality is a much stronger commitment from the
Municipal Assembly to negotiate and reach an agreement with civil societies, NGOs as well
as farmers to put in place pragmatic and effective adaptation measures. Not only will this
option seek the concerns of farmers, it will also build the adaptive capacity of farmers in the
Municipality.
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CHAPTER FIVE
FARMERS’ VULNERABILITY AND ADAPTATION STRATEGIES TO CLIMATE
VARIABILITY
5.0 Introduction
This chapter presents the results and discussions on farmers‘ vulnerability and adaptation to
climate variability in the Bawku Municipality. The chapter is organised into two broad
sections. Section one illuminates the vulnerability of food crop famers to climate variability.
Section two presents the adaptation strategies employed by food crop farmers to climate
variability.
5.1 Vulnerability of Food Crop Farmers to Climate Variability
The vulnerability to climate change and variability of local communities are among other
aspects influenced by livelihood assets (Lyimo and Kangalawe, 2010). This is because
vulnerability cannot be explained by biophysical factors alone (Cutter et al., 2000) but also
by their adaptive capacity which is influenced by their livelihood assets (O‘Brien et al., 2004;
cited in Thornton et al., 2010). The more assets people have the less vulnerable they are. On
the contrary, the greater the wearing down or less assets people have, the greater their
vulnerability (Gbetibouo and Ringler, 2009). This section therefore describes farmers‘
vulnerability to climate variability based on their livelihood assets (social, financial, physical)
and livelihood vulnerability.
The vulnerability of farmers to climate variability based on social assets seeks to find out
farmers accessibility to social assets such as social relations, associations or unions and
affiliations. According to Oremo (2013), farmers‘ affiliation to an association is central to the
development of their adaptive capacity. Based on that, social affiliation to an association was
used as an indicator for farmers‘ social assets. Table 5.1 (Page 96) shows farmers social
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affiliation to an association in the Municipality. Out of the total sample size (214 farmers)
interviewed, 50 of the farmers representing 23.4% belonged to an association. The remaining
164 farmers representing 76.6% did not belong to any association.
Table 5.1: Respondents social affiliation to an association
Response

Mognori
Zabugu
Freq %
Freq %
Yes
15
7
11
5.1
No
36
16.8 44
20.5
Total
51
23.8 55
25.7
Source: Field Survey, 2014

Gozesi
Freq %
8
3.7
39
18.2
47
22.0

Kuka
Freq %
12
5.6
19
8.9
31
14.5

Gentiga
Freq %
4
1.9
26
12.1
30
14.0

Total Percentage
50
164
214

23.4
76.6
100

Farmers who belonged to an association or group cited food stuff, money, fertilizer and seeds
as some of the benefits or help gained from belonging to the association. At the community
level, Mognori showed the highest number of farmers (15) who belonged to an association
followed by Kuka (12 farmers). Gentiga had the lowest number of farmers (4) who belonged
to an association. The small number of farmers who belonged to an association at Gentiga
reflects their limitation of coping with climate variability.
In a focus group discussion at Gozesi, it was revealed that mistrust was hindering some of the
farmers from joining any association or group. Some discussants at Gentiga lamented that it
is a total waste of time to join any association or group because when there is any help or
relief items just a few members get to benefit from them. Discussants at Mognori and Zabugu
also argued from a political point of view. They claimed that if one does not belong to the
ruling party, it becomes difficult to get assistance from the Municipal Assembly. According
to them, help or any assistance is first given to the members of the ruling party, relatives and
friends before any other person. These problems outlined by the farmers not only have the
tendency to erode community spirit and break social integration among farmers but also
violates the stance of the capability theorists such as Amartya Sen and Catriona Mackenzie
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who argue that the political aim of justice in a society is to ensure equal access to a wide
range of opportunities (Mackenzie et al., 2014). The end result is restricting the range of
social support that most individual farmers can access. This will further increase farmers‘
vulnerability since their ability to adapt or cope with climate variability will be limited. This
supports the assertion of Ruijs et al. (2010) that low level of coping capacity results in high
level of vulnerability. The outcome of the responses shows that the majority of the farmers in
the Municipality are likely to be more vulnerable to climate variability due to their nonaffiliation to any association. These farmers‘ ability to adapt or cope which is considered by
Smit and Wandel (2006) as a crucial ingredient to determine vulnerability will be limited due
to farmers‘ lack of social support.
The availability and accessibility to financial assets are preconditions for farmers to be able to
cope with climate variability and extreme climatic events by strengthening existing
livelihoods or diversify to new strategies. Access to credit from financial institutions,
remittances from family and friends, and ownership of livestock/poultry were considered as
indicators of farmers‘ financial assets. When the respondents were asked whether they have
access to credit from any financial institutions, only 9.3 % (Table 5.2) of the respondents
interviewed had access to credit. Perhaps, due to the unpredictable nature of the farming
business, financial institutions are reluctant to give them credit.
Table 5.2: Respondents access to credit from financial institutions
Response Mognori
Freq %
Yes
7
3.3
No
44
20.5
Total
51
23.8

Zabugu
Freq %
2
0.9
53
24.8
55
25.7

Gozesi
Freq
4
43
47

%
1.9
20.1
22.0

Kuka
Freq
6
25
31

%
2.8
11.7
14.5

Gentiga
Freq %
1
0.5
29
13.5
30
14.0

Total

Percentage

20
194
214

9.3
90.7
100

Source: Field Survey, 2014
Out of the 9.3 % who had access to credit, 7.9% of them had access to credit from micro
finance (Susu operators) while 1.4% had access to credit from the banks. The small
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proportion of respondents who had access to credit from banks may be due to the inability of
most farmers‘ to provide collateral and not belonging to farmers‘ cooperatives. Considering
the responses, the majority of the farmers in the Municipality do not have access to credit
from financial institutions. This confirms the findings of Amikuzuno and Donkoh (2012)
which showed most farmers in the Sudan Savanna Zone do not have access to credit. In spite
of the low percentage (9.3%) of respondents who had access to credit, the majority of them
were from Mognori (3.3%) while 2.8% were from Kuka. Only one person from Gentiga had
access to credit. From this, it may be assumed that most farmers at Gentiga are the most
vulnerable because their inaccessibility to credit may limit the application of adaptation
measures.
Given the importance of finance in terms of adaptation and agricultural development, the
unavailability and inaccessibility of credit are major complex problems set to compound
farmers‘ vulnerability to climate variability (Jennings and Magrath, 2009). These factors
according to Kelbore (2011) influence farmers` production decisions. Ultimately, this affects
their production level as well as the income generated from farming. Farmers were asked
whether they have insured their farms and it was interesting to know that most farmers did
not know what insurance means let alone to insure their food crops. The consequence of this
is in line with the framework for the study (Figure 2.4 in Section 2.7 of Chapter two),
inferably income of small scale farmers who are not protected by insurance may decline
sharply. However, 74.7% (Table 5.3) of farmers interviewed had either livestock or poultry.
Out of this percentage, 28.9% had poultry, 23.8% livestock while 21.5% had both livestock
and poultry. Even though, the majority (28.9%) of the respondents owned poultry, it is
important to note that the income from the sale of livestock is much higher than the sale of
poultry. In this sense, it is likely that respondents who owned livestock especially cattle had a
better chance of reducing their vulnerability than respondents who owned only poultry.
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Table 5.3: Respondents ownership of livestock and poultry
Study
communities

Poultry

Freq %
Mognori
13
6
Zabugu
17
7.9
Gozesi
13
6.1
Kuka
10
4.7
Gentiga
9
4.2
Total
62
28.9
Source: Field Survey, 2014

Livestock
Freq
15
10
8
6
12
51

%
7
4.7
3.7
2.8
5.6
23.8

Poultry and
livestock
Freq %
11
5.1
14
6.5
9
4.2
5
2.3
7
3.3
46
21.5

Total

Percentage

39
41
30
21
28
159

18.2
19.2
14.1
9.8
13.1
74.3

Within this general picture, the results across the study communities show that out of the total
number of respondents (23.8%) who had livestock, more than half (12.6%) of them were
from Mognori (7%) and Gentiga (5.6%) with the least respondents from Kuka (2.8%); while
the majority (7.9%) of the respondents who had poultry were from Zabugu. The spatial
variation stems from the physical environment of these communities. For instance, Zabugu
has a relatively vast land which promotes the extensive system (Free range) of poultry
production. Field pasture in Mognori and Gentiga encourages the rearing of livestock. A
comparison of the respondents‘ ownership of livestock and poultry among the five study
communities shows that most respondents from Kuka were likely to be more susceptible to
extreme climatic events than the other four communities.
Generally, having either livestock or poultry according to Khan et al. (2009) is very essential
as it can serve as an insurance mechanism. The indication is that these respondents would
have something to fall on for a period of time when there are extreme climatic events. Thus,
most often, the poultry and livestock ownership becomes a survival strategy adopted by food
crop farmers to flee from the extreme effects of climate variability (Oppong-Anane, 2006
cited in Wood, 2013). It was observed in Mognori and Gentiga that cattle were not only kept
for food and cash but also were used for animal traction for land preparation.
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Table 5.4 presents the number of farmers who received remittances from family and friends
across the study communities. Remittances from family and friends offer means through
which farmers can support themselves by building their livelihood strategies (Lyimo and
Kangalawe, 2010). A high proportion of respondents (59.3%) who were interviewed claimed
they do not receive any form of remittances whereas 40.7% of the respondents received
remittances. Out of this percentage, majority (21%) of them were between the ages of 51 and
60.
Table 5.4: Remittances from family and friends
Study
Communities

25-30
Freq %
Mognori
2
0.9
Zabugu
1
0.5
Gozesi
0
0
Kuka
1
0.5
Gentiga
0
0
Total
4
1.9
Source: Field Survey, 2014

Age group
30-41
41-50
Freq
%
Freq %
3
1.4
6
2.8
1
0.5
4
1.9
2
0.9
10
4.7
4
1.9
2
0.9
3
1.4
3
1.4
13
6.1
25
11.9

Total Percentage
51-60
Freq %
4
1.9
14
6.5
7
3.3
11
5.1
9
4.2
45
21

15
20
19
18
15
87

7
9.3
8.9
8.4
7
40.7

The remittances received by respondents, between the ages of 51 and 60 years indicate that
the elderly were supported by their family and friends. This group of respondents (51-60
years) pointed out that their remittances were in the form of food items and money.
Discussants of focus group at Zabugu and Gozesi attested that the remittances were woefully
inadequate to sustain them but, it is essential to acknowledge that remittances are critical
resources for most farmers to escape the hardships posed by extreme climatic events (Lyimo
and Kangalawe, 2010). The high proportion of respondents (59.3%) who did not receive
remittances may not be able to cope with extreme climatic events. This may be greatly
pronounced in Mognori (7%) and Gentiga (7%) than in Zabugu (9.3%), Gozesi (8.9%) and
Kuka (8.4%) whose livelihoods may be less vulnerable to the effect of climatic related events.
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The physical assets available to farmers enable them to function more productively. Based on
that, respondents were asked whether they had access to water for irrigation. This was to
determine farmers‘ susceptibility to rainfall variability and frequent short-term drought in the
Municipality. Respondents who had access to water for irrigation are presented in Table 5.5.
Table 5.5: Respondents access to water for irrigation
Study Communities
Rainfall
Freq
Mognori
24
Zabugu
40
Gozesi
39
Kuka
17
Gentiga
26
Total
146
Source: Field Survey, 2014

Source of water for irrigation
Dams
Dug out wells
%
Freq
%
Freq %
11.2
15
7
12
5.6
18.7
2
0.9
13
6.1
18.2
2
0.9
6
2.8
7.9
9
4.2
5
2.3
12.1
0
0
4
1.9
68.2
28
13.1 40
18.7

Total

51
55
47
31
30
214

The majority (68.2%) of the respondents did not have access to irrigation facility. They solely
rely on rainfall for irrigation without any basic irrigation infrastructure to support their crop
production. This may be due to the fact that most farmers, in general, have low income and
do not have access to credit from financial institutions and hence cannot afford to invest in
irrigation technology. The rest of the respondents (31.8%) relied on dams (13.1%) and dugout wells (18.7%) for the irrigation of their crops. Out of the 31.8% who had access to water
for irrigation, 15%, 16.3%, 17.8%, 7.9% and 11.2% of the respondents were from Mognori,
Zabugu, Gozesi, Kuka and Gentiga respectively Plate 5.1 (Page, 102) presents some
irrigation facilities accessed by some farmers during the long dry season in the Bawku
Municipality.

101

Plate 5.1: Irrigation facilities in the Bawku Municipality
Source: Field Photograph, 2014.
From field observations, a number of factors could be attributed to the spatial differential of
farmers‘ access to water for irrigation. Firstly, it was observed that farmers‘ access to water
was based on the availability of irrigation facilities. Therefore, at Mognori, Zabugu and Kuka
where there were small scale irrigation schemes (dug-out wells and dams) most farmers had
access to water for irrigation than Gentiga and Gozesi. Secondly, it was observed that
farmers‘ possession of water pumping machines partly determined their accessibility to water
for irrigation. For instance, a noticeable feature in Mognori and Kuka was the use of water
pumping machines by some farmers to access water from dug-out wells and dams for
irrigation. In line with this observation, some farmers in these communities who did not use
irrigation water may be partly due to their non-possession of water pumping machines.
Thirdly, it was observed at Kuka that some facilities such as dams were mostly empty during
the long dry season. (see Plate 5.2; page, 103) This perhaps, denied some farmers access to
water for irrigation in the community.
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Plate 5.2: A dried up dam at Kuka during the dry season
Source: Field Photograph, 2014
Lastly, it was obvious from observation that the ability to acquire irrigable land close to the
dam site was an integral part of accessing water for irrigation especially in the dry season.
For instance, at Kuka some land owners near the dam site had given parcels of irrigable land
at a fee to farmers for dry season gardening. According to the Director of MoFA, such parcels
of land are conserved for the highest bidder. These observations not only reveal the spatial
differentiation of farmers‘ access to water for irrigation, but also point to the unfolding
challenges that limit farmers‘ accessibility to water for irrigation. This in turn, leaves some
farmers more vulnerable to the harsh climatic conditions. In spite of these challenges, the
results confirm the importance of irrigation facilities for sustainable crop production. This
should be widely implemented (Nyantakyi-Frimpong, 2013) especially in areas where rainfall
is highly unpredictable. Generally, the percentage of respondents (31.8%) that had access to
irrigation facility in the Municipality is a clear indication that most farmers were highly
susceptible to less rainfall and frequent drought especially in Gentiga. High sensitivity, herein
as susceptibility, according to Gbetibouo and Ringler (2009), is an indication of farmers‘
vulnerability to climate variability.
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According to Cardoso et al. (2010), availability and accessibility to climate/meteorological
information is a prerequisite to assess and anticipate hazards and vulnerabilities. All the
farmers (214 farmers representing 100%) interviewed stated that they do not have access to
weather information which is a recipe for vulnerability to adverse effects of climate
variability. Farmers‘ lack of access to weather information gives a clear answer to how
vulnerable they are to climate variability and extreme climatic events. Notwithstanding, the
majority (65.9%) of the farmers acknowledged the importance of climate/ weather forecast in
crop production (Table 5.6.)
Table 5.6: Respondents’ perception on the importance of climate/weather forecast in
crop production by level of education
Study
Communities

Primary
School
Freq %
Mognori
7
3.3
Zabugu
2
0.9
Gozesi
3
1.4
Kuka
5
2.3
Gentiga
2
0.9
Total
19
8.9
Source: Field Survey, 2014

Level of education
Middle
Secondary
School
School
Freq % Freq %
1
0.5 5
2.3
0
0
1
0.5
0
0
2
0.9
1
0.5 2
2.3
0
0
0
0
2
0.9 10
4.7

Never been
to School
Freq %
29
13.6
24
11.2
16
7.5
22
10.3
19
8.9
110 51.4

Total

Percentage

42
27
21
30
21
141

19.6
12.6
9.8
14
9.8
65.9

A high percentage (19.6%) were from Mognori while 12.6%, 9.8%, 14% and 9.8 % were
from Zabugu, Gozesi, Kuka and Gentiga respectively. Almost all the respondents (30) from
Kuka held a strong view that access to climate information could hep them adapt to climate
variability. This perhaps shows that most farmers at Kuka know the importance of
climate/weather forecast in crop production.
Similarly, in focus group discussions at Mognori and Kuka, farmers pointed out that access to
climate information/weather forecast would help them adjust planting dates, adopt new
farming practices, know what type of crops to cultivate, stop farming and engage in other
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businesses. The views of these farmers are in line with Challinor et al. (2003) who argue that
access to climate information and forecast would help farmers to make strategic decisions
concerning their farm operations. The outcome indicates that farmers who would be informed
stand a better chance of reducing their vulnerability to climate variability and would be less
vulnerable to climate extremes. This implies that the central government through the
Municipal Assembly and other stakeholders who are directly involved in ensuring
agricultural sustainability would have to invest in climate research and disseminate the
information to increase awareness of climate variability and its impacts (Figure 2.6 in section
2.6 of chapter two).
Contrary to the above information, 60 farmers representing 28% believed that access to
weather forecast is not necessary when it comes to crop production. They argued that the
climate information/weather forecasts may be misleading which will further worsen their
exposure to extreme climatic events. The notion discerned by these farmers is critically
relevant to the applicability of weather monitoring and forecasting as an effective adaptation
strategy. About 7.5% of respondents did not know whether climate forecast is necessary in
the cultivation of crops. In focus group discussions at Zabugu and Gozesi, some of the
discussants thought that the cause of weather/climate variability is supernatural forces. They
argued that lack of respect for ancestral gods and the secret killing of innocent people in the
Municipality are the main causes of extreme climatic events. So its prediction cannot be
easily known unless the people of Bawku change their behaviour. This perhaps, explains why
most farmers in Gozesi and Zabugu believed that access to climate information was not
necessary. The explanation given by these farmers could be attributed to their lack of
education (80.8%) on climate variability/change and it is very important that these farmers
are educated on such issues to enable them appreciate the need to have access to weather
forecasts or information.
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Overall, the results presented on farmers‘ livelihood assets (social physical and financial
assets) provide a clear picture of the realities of farmers‘ vulnerability to climate variability
and extreme climatic events. The low livelihood assets of most respondents especially those
from Gentiga are illustrative of how vulnerable most farmers are in the Bawku Municipality.
Relative to respondents at Gentiga, respondents from Mognori were least vulnerable to
climate variability and extreme climatic events because of their high livelihood assets. The
high livelihood assets of most farmers at Mognori provide them the opportunity to adapt to
the negative effects of climate variability and extreme climatic events. In addition, the results
presented support the interpretation of vulnerability in the climate variability and change as
an end point approach where adaptive capacity determines vulnerability.
The study advanced further to find out the vulnerability of farmers‘ livelihoods to climate
variability. This is because farmers‘ vulnerability to climate variability and extreme climatic
events can further intensify their livelihood insecurity and, in turn, reduce their capacity to
prepare for and respond to future disasters (UNFCCC, 2011). This may exacerbate their
current vulnerability and play an important role in their future vulnerability. In the Bawku
Municipality, food crop farmers‘ livelihoods are dependent on their crop yield (Acquah,
2011). Based on that, farmers were questioned on whether they had observed any reduction
or increase in their crop yield. All the farmers (214 farmers) interviewed were of the view
that there had been a massive reduction in their crop yield. Figure 5.1 (Page 107) shows how
the reduction in crop yields as a result of climate variability had affected farmers‘ livelihoods.
A series of revelations such as inability to afford three square meals (19.3%), reduced income
level (44.7%) and inability to meet educational needs of children (14.7%) were outlined by
the farmers. These negative ramifications have the tendency to lead to a steady depletion of
household assets through the sale of available assets to meet their pressing needs.
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Figure 5.1: Respondents’ view on how the reduction in crop yield has adversely affected
their livelihoods
Source: Field survey, 2014
This would in turn, make farmers more susceptible to climate variability and extreme climatic
events (UNFCCC, 2011 and FAO, 2008). Three male respondents (1.3%) also reported that
their wives had divorced them due to their inability to provide for them. This highlights the
extent to which climate variability and extreme climatic events negatively affect the social
status of some male farmers. Consistent with all focus group discussions and responses from
respondents, it was observed that climate variability has adversely affected the livelihoods of
food crop farmers. In the context of spatial variation, reduced income was the most persistent
problem mentioned across the five study communities. Respondents who could not diversify
their livelihoods as result of reduced crop yield were only prominent in Mognori (0.9%) and
Gentiga (0.5%). Out of the percentage of farmers who claimed they were not able to meet the
health needs of their households, the majority were from Zabugu (2.8%) followed by Kuka
(1.9%), Mognori (0.9%), Gozesi (0.9%) and Gentiga (0.5%). Respondents who could not
afford three meals a day were greatly pronounced in Mognori (5.6%) and Gozesi (4.7%) with
the least from Gentiga (2.3%). One male respondent each from Mognori, Kuka and Gozesi
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claimed their wives had divorced them. Inability to save with a bank/ microfinance company
was cited most by respondents from Gozesi (3.3%), Gentiga (2.3%) and Mognori (2.3%).
Respondents who cited inability to meet educational needs of children were almost similar
across the study communities. The pattern of spatial distribution of how the reduction in crop
yield has adversely affected farmers‘ livelihoods was not even. This indicates that the effect
of reduced crop yield perpetuated by climate variability is multidimensional even within the
same community. Similarly, summary of oral narratives (Box 5.1) from five farmers reaffirm
how past climate variability and extreme climatic events have negatively affected their
livelihoods. The oral narratives of these farmers illustrate the agonies some farmers have
gone through as a result climate variability.
Box 5.1: Summary of oral narratives on Climate Variability on livelihoods

Source: Field survey, 2014
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Con’t Box 5.1: Summary of oral narratives on Climate Variability on livelihoods

Source: Field survey, 2014
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Predictably, from these narrations, the decline in crop yield is partly due to soil infertility as a
result of continuous farming on the same piece of land for many years; farmers‘ inability to
afford farm inputs such as fertilizers and pesticides due to high prices; their reliance on
simple tools for cultivation; lack of financial support for farmers and large family size as in
the case of Mr. Yusif who has three wives and eleven children to cater for. The outlined
factors presuppose that, even seasons with enough rainfall for cultivation would
insignificantly increase crop yields. The situation is further worsened due to frequent and
prolonged droughts, sporadic rainfall, depletion of capital assets as evident in the case of Mr.
Amobila and less adaptive capacity exhibited by the narrators. The consequences of these
reflect in farmers‘ income which in turn has implication for their livelihoods as stated by the
farmers. This may further increase their vulnerability.
Current livelihoods of these farmers rest not only on food crop production but on other
activities and income sources of which substantial part comes from the support of spouse and
children. Notwithstanding, it is also worth noting that some livelihood activities engaged in
by these farmers as in the case of Mr. Anaba, creates a vicious cycle on the climate system.
For example, the consequences of gathering firewood by Mr. Anaba according to Okali
(2011) has the tendency to destroy the environment by way of depleting the forest which
could have absolved some amount of carbon dioxide released into the atmosphere. This
according to the framework (Figure 2.4 in section 2.7 of chapter 2) for the study would
contribute to global warming and in effect may alter the climate, thus, acting as an agent of
climate variability. This insight revealed by the narrative of Mr. Anaba further needs
scientific inquiry in the Municipality.
In sum, from the oral narratives, the continuous decline of crop yield has depleted farmers‘
income level. This has crippled some farmers‘ ability to meet their daily expenses.
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Considering the sensitivity of the Municipality to extreme climatic events; unless these
farmers are supported, they would permanently remain vulnerable to climate variability and
extreme events (Framework for the study, 2.4 of section 2.7 in chapter two).
Generally, the parallel responses from majority of the farmers revealed their low livelihood
assets which the capability theorists describe as ‗capability deficits.‘ These capability deficits
according to Mackenzie et al. (2014) can signal sources of vulnerability. On the basis of the
findings presented, it can be stated that most farmers in the Bawku Municipality are highly
vulnerable to climate variability and extreme climatic events. However, the levels of
vulnerability in the study communities were not homogeneous and were characterized by
differential state of access to social, physical and financial assets. Therefore, assessing
farmers‘ vulnerability to climate variability based on their livelihood assets (social, physical
and financial); it may be assumed that farmers at Gentiga followed by Kuka were the most
vulnerable to climate variability and extreme climatic events. This is because among the
study communities, most farmers at Gentiga and Kuka had minimal livelihood assets.
Minimal livelihood assets of a household according to Gbetibouo and Ringler (2009), fuels
vulnerability of that household. The findings presented in this section, answers the research
question on how vulnerable farmers are to climate variability and extreme climatic events.
Moreover, the findings presented validate the second objective which sought to assess
farmers‘ vulnerability to climate variability in the Bawku Municipality.
5.2 Adaptation Strategies of Food Crop Farmers in Response to Climate Variability
Adaptation strategy defines a situation in which farmers address the adverse effects of
climate variability (IPCC, 2007). The intensity and frequency of climate variability in the
Bawku Municipality merits an urgent need for adaptation from farmers, government and
other stakeholders. Most studies have focused on general adaptation of farmers to climate
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variability without considering the difference between their coping and adaptation strategies.
The study therefore sought to understand whether farmers have strategies in the short term
(coping) and long term (adaptation) to deal with the adverse effects of climate variability.
This is because a coping strategy may not always be effective in the long term when trying to
deal with long periods of extreme climatic events. Table 5.7 presents the results of
respondents who had short term adaptation strategies.
Table 5.7: Respondents’ coping strategies to climate variability
Study
Communities

Migration

Freq %
Mognori
4
1.9
Zabugu
10
4.8
Gozesi
2
0.9
Kuka
6
2.8
Gentiga
2
0.9
Total
24
11.2
Source: Field Survey, 2014

Adjustment
in Planting
date

Crop
diversification

Freq
10
12
17
8
23
70

Freq
9
14
18
3
1
45

%
4.8
5.6
7.9
3.7
10.7
32.7

%
4.2
6.5
8.4
1.4
0.5
21

Irrigation

Change
method of
crop
production
Freq %
Freq %
27
12.6 1
0.5
15
7
4
1.9
8
3.7 2
0.9
14
6.5 0
0
4
1.9 0
0
68
31.8 7
3.3

The results indicate that all the respondents had a coping strategy, indicating that farmers
have means of dealing with immediate negative effects of climate variability. The highest
proportion of farmers (32.7 %) cited adjustment in planting date as their most effective
coping strategy. This may be due to more dependence on rain for the cultivation of crops in
the Municipality. While 31.8% of farmers resorted to irrigation as the most effective coping
strategy, 21%, 3.3% and 11.2% of farmers also mentioned crop diversification to drought
tolerant crops such as millet as well as vegetables such as onions, changed method of
cultivation and migration as their most effective coping strategy to climate variability
respectively. The lesser proportion of farmers who changed methods of cultivation as a
coping strategy may be attributed to farmers‘ reliance on traditional methods of farming.
Aside the dams and dug out wells as sources of water for irrigation, Kandji et al. (2006) and
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Total

51
55
47
31
30
214

MoFA (2010) observed that some farmers in Sudan Savanna Zone dig into the sand of dry
riverbeds to get water for irrigation. This observation also holds true for Mognori and
Gentiga.
The implementation of coping measures by farmers varied across the five communities. In
Mognori, the majority (12.6%) of the farmers cited irrigation as their coping strategy.
However, in Gentiga, change in planting dates (13%) was cited by most farmers as their
coping strategy. Similarly, out of the respondents (21%) who cited crop diversification, 8.4%
representing the majority were from Gosezi. The main reason accounting for the variation
among the communities may be due to inadequate agricultural infrastructure such as
irrigation facilities in some communities. For instance, Mognori, by virtue of its location
along a river and the presence of dug-out wells had the advantage in accessing water for
irrigation during drought periods than Gentiga which had no dam and limited dug-out wells.
It is therefore not a surprise that, the majority of the farmers at Gentiga resorted to
adjustments in planting date as a coping strategy. In addition, farmers‘ inadequate possession
of financial and other livelihood assets may have limited their engagement in small scale
irrigation.
With respect to gender and choice of coping strategies, it is evident from Table 5.8 that no
female farmer resorted to migration and change of method of cultivation as coping strategies
in response to climate variability and extreme climatic events.
Table 5.8: Respondents’ coping strategies by sex
Sex

Migration

Adjustment
in Planting
date
Freq %
Freq %
Female 0
0
22
10.3
Male
24
11.2 48
22.4
Total
24
11.2 70
32.7
Source: Field Survey, 2014

Crop
diversification
Freq
18
27
45
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%
8.4
12.6
21

Irrigation

Freq
11
63
74

Change method
of crop
production
%
Freq %
5.1 0
0
29.4 6
3.3
34.5 6
3.3

Total

51
163
214

The role performed by women (taking care of children, household chores) perhaps influence
and limits their choice of adaptation. The results also indicate that most farmers still apply
tradition/indigenous knowledge in adapting to climate variability without any form of modern
technology. However, Batterbury (2004) has explained that these traditional coping strategies
can be improved upon through proper and systematic planning. It is important to think of
ways in which these indigenous knowledge can be transformed to help build upon best
adaptation practices in the Municipality to ensure sustainable agricultural development.
With regards to adaptation strategies, about 45% of the farmers had an adaptation strategy.
Migration (26%) and trading (19%) were affirmed adaptation strategies in response to
extreme climatic conditions especially during long periods of drought (Table 5.9).
Table 5.9: Respondents’ adaptation strategies
Study Communities
Mognori
Zabugu
Gozesi
Kuka
Gentiga
Total

Migration
Freq
%
11
5.1
17
7.9
9
4.2
13
6.1
6
2.8
56
26.2

Age Group
25-30years
21
31-40years
31
41-50years
4
51-60years
0
Total
56
Source: Field Survey, 2014

9.8
14.5
1.9
0
26.2

Trading
Freq
%
9
4.2
14
6.5
4
1.9
10
4.6
3
1.4
40
18.7

Total

Percentage

20
31
13
23
9
96

9.3
14.5
6.1
10.6
4.2
44.9

0
10
27
3
40

21
41
31
3
96

9.8
19.2
14.5
1.4
44.9

0
4.6
12.6
1.4
18.7

Out of the total percentage of farmers who resorted to migration, 5.1%, 5.6%, 4.2%, 6% and
2.8% were from Mognori, Zabugu, Gozesi, Kuka and Gentiga respectively. From Table 5.9,
it is clear that, at least a farmer in each community had a long term strategy. Nonetheless, the
adaptation strategies across the five communities showed that, the majority (14.5%) of the
respondents in Zabugu had made more strides towards adaptation. The small proportion
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(4.2%) of farmers in Gentiga who had adaptation measures implies that, the majority of the
farmers in the community would be highly vulnerable to long periods of extreme climatic
events.
The choice of adaptation can also be explained by the age of respondents. From Table 5.8,
there is a direct relationship between the age of farmers and the adaptation strategy that
farmers employed. For instance, the majority of the farmers (26.2%) who were within the age
group of 25 to 50 years resorted to migration as an adaptation strategy to climate variability.
None of the farmers aged above 50 years adopted migration. This was confirmed during a
focus group discussion at Zabugu, when a discussant revealed that, those who migrate were
mostly young farmers who can do any hard work. The older farmers (55 years and above)
were mostly supported by their children and other relatives. The results substantiate the
findings of Gbegeh and Akubuilo (2012 cited in Oremo, 2013) that the age of a farmer may
influence the decision to adopt a particular adaptation strategy or another.
Generally, respondents who resorted to migration as both coping and adaptation strategies
were of the view that migrating to other places or towns to work was very lucrative.
According to these respondents, they sometimes made a lot of money which helped them in
their farming business. They further explained that they were able to buy farm inputs such as
fertilizer and employ other farm workers. A 38 year old farmer at Zabugu had this to say:
“I have personally benefited from this strategy, in 2010 the rains delayed and I
travelled to Kumasi to look for a job. I got a job as a loading boy... I was able to
accrue some money from my weekly income. I gave some to my wife to start a
business and I also invested some into farming the following season... migrating
to another place to look for a job is not easy but one has to do that to survive.”
(Focus Group Discussion, 2014)
The results support the findings of Batterbury (2001) and Mortimore and Adams, (2001; cited
in Kandji et al., 2006) and the framework (See Figure 2.7 in section 2.7 of chapter two) that

115

farmers are likely to embark on seasonal migration in an attempt to escape the hardship
brought to them by climate variability. The FAO (2008) describes this seasonal migration as
an opportunity for rural farmers and other farm workers to improve their livelihoods.
However, migration as an adaptation strategy is particularly worrying because it may create
an imbalance in development and other negative consequences such as urban slums and
depopulation (Kandji et al., 2006). Even though farmers were perturbed about the frequency
and intensity of temperature and rainfall variation, the results show that the majority of the
farmers interviewed did not have any long term plan and farm level adaptation strategies.
This further re-enforces the view that, less adaptive capacity results in farmers‘ vulnerability
to climate variability.
Nevertheless, given the small proportion of respondents who had long term adaptation
strategies; the longer term benefits deemed significant, especially, during long period
droughts. Considering the evidence on climate variability and extreme climatic events in the
Municipality, it would have been most remarkable for most farmers in the Municipality to
have a long term adaptation strategy which may translate into sustainable development of
food crop production (See Figure 2.4. in Section 2.7 of Chapter two). This may reduce both
current and future vulnerability.
Multiple livelihoods activities is a popular adaptation strategy which offer essential
opportunities to ameliorate vulnerability of farmers (Lansigan et al., 2000) when food crop
production becomes more risky. However, the majority of the respondents (51.9%) did not
have other sources of livelihood activities apart from farming. Table 5.10 (Page, 117)
presents a summary of the respondents who did not have other sources of livelihood
activities. Fourteen percent (14%) of the respondents who did not have other sources of
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livelihood activities explained that, they farm throughout the year since they engage in dry
season farming too.
Table 5.10: Reasons why farmers did not have alternative livelihood activities
Study
Dry Season
Communities
Farming
Freq %
Mognori
20
9.3
Zabugu
2
0.9
Gozesi
0
0
Kuka
8
3.7
Gentiga
0
0
Total
30
14
Source: Field Survey, 2014

Limit
productive Time
Freq
%
0
0
4
1.9
0
0
0
0
0
0
4
1.9

Inadequate Finance Total
Freq
4
19
32
2
20
77

%
1.9
8.9
14.9
0.9
9.3
36

24
25
32
10
20
111

Percentage

11.2
11.7
14.9
4.7
9.3
51.9

Out of the 14%, the majority (9.3%) were from Mognori while the minority (3.7%) were
from Kuka. Dry season farming in these communities was due to the existence of dams and
dug-out wells. Moreover, this has the potential of reducing vulnerability to climate
variability. Nearly two percent (1.9%) of farmers who did not have alternative livelihood
activities in Zabugu also claimed that, engaging in other livelihood activities limits
productive time for farming and in turn affects crop production. In addition, 36% also
maintained that, inadequate finance to start a business hinders their ability to engage in any
sustainable livelihood activities. A larger percentage of farmers who cited inadequate finance
were from Gosezi (15%) compared to the other four communities (11.2% for Mognori,
11.7% for Zabugu, 4.8% for Kuka and 9.3% for Gentiga). The varied responses by the
farmers across the five communities demonstrate their level of adaptive capacity. On
respondents who did not have alternative livelihoods, Gentiga and Gozesi stood out to be the
least capable of managing climate variability and extreme climatic events. In the event of
climate shock, respondents from Zabugu followed by Mognori and Kuka were better
prepared to adjust to the adverse effects of climate variability and extreme climatic events
than the others.
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Respondents (48.1%) who had other sources of livelihood activities outlined trading (14%),
poultry and livestock production (20%), janitorial work (―cleaner‖)(2.8 %), smock weaving
(2.3%) and transport services (motor tricycle) (8.9%) as some of the livelihood activities they
engaged in (Table 5.11). It is obvious from Table 5.11 that most of the farmers who had
trading as their alternative livelihood activity were from Kuka (3.7%). This may be partly due
to the presence of the Bugri market in Kuka and its proximity to the Asikiri market in
Zabugu. This perhaps encourages trading in Kuka. The proportion of respondents who cited
poultry and livestock production were relatively higher in Zabugu (7%). This could be related
to the relative vast land in Zabugu which promotes poultry and livestock production. A high
proportion of respondents who engaged in transport services (motorized tricycle) were in
Mognori than the other four communities. The geographical location of Mognori far from the
capital (Bawku) may have encouraged the use of motorized tricycle by some respondents to
transport both humans and goods from Mognori to Bawku and other communities.
Table 5.11: Alternative livelihood activities of respondents
Alternative Livelihood
Activities
Trading
Poultry and Livestock
Production
Janitorial Works
Smock Weaving
Transport Services
(Motor Tricycle)
Total

Mognori
Freq %
6
2.8
10
4.8

Zabugu
Freq %
8
3.7
15
7

Gozesi
Freq %
4
1.9
6
2.8

Kuka
Freq
9
8

Gentiga
Freq %
3
1.4
4
1.9

Total

%
4.2
3.7

3
1
7

1.4
0.5
3.3

0
2
5

0
0.9
2.3

2
0
3

0.9
0
1.4

0
2
2

0
0.9
0.9

1
0
2

0.5
0
0.9

6
5
19

27

12.6

30

14

15

7

21

9.8

10

4.8

103

30
43

Source: Field Survey, 2014
Generally, out of a total of 103 respondents who had alternative livelihood activities, 12.6%,
14%, 7%, 9.8% and 4.7% of the respondents were from Mognori, Zabugu, Gozesi, Kuka and
Gentiga respectively. Considering the proportion of these farmers across the selected
communities, it can be argued that there are few opportunities for farmers at Gentiga to
diversify their livelihoods. This may be partly due to most farmers‘ assertion at Gentiga that

118

inadequate finance to start a business hinders their ability to engage in alternative livelihood
activity and partly due to the rural setting of Gentiga. Again, Gentiga‘s geographical location
which is far from the capital (Bawku) may have limited most respondents the opportunity to
diversify their livelihoods. Remoteness to a market center has adverse influence on livelihood
diversification and decrease the probability of non-farm employment for households (Khatun
and Roy, 2012). In addition, the poor nature of roads connecting Gentiga to the market center
presents a major constraint to livelihood diversification. It was observed that the residents of
Gentiga had to cross a river to reach the main road leading to the market center. Some
residents were seen carrying their items while wading through the river. This may have
decreased the prospects of engagement in non-farm activities in Gentiga. What extricates
farmers in Zabugu from the farmers in the other four communities is the relatively high
degree of livelihood diversification due to its rapid suburbanization, presence of a market and
its proximity to the capital of the Municipality. These attributes are important for selling food
crop surpluses and also reflect the individuals‘ ability to diversify their livelihood activities.
Respondents who had alternative livelihood activities were asked to indicate whether their
livelihood activities were sustainable or not. The majority (19.6%) of the farmers who had
alternative livelihood activities reported that, their livelihood activities were sustainable
(Table 5.12).
Table 5.12: The sustainability of the alternative livelihood activities
Alternative Livelihood Activities
Trading
Poultry and Livestock Production
Janitorial Works
Smock Weaving
Transport Services (Motor Tricycle)
Total

Very Sustainable
Freq
%
4
1.9
6
2.8
2
0.9
0
0
12
5.6
24
11.2

Source: Field Survey, 2014
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Sustainable
Freq %
15
7
15
7
4
1.9
1
0.5
7
3.3
42
19.6

Not Sustainable
Freq
%
11
5.1
22
10.3
0
0
4
1.9
0
0
37
17.3

Total
30
43
6
5
19
103

Only 11.2% pointed out that their alternative livelihood activities were very sustainable
whereas 17.3% were of the view that their alternative livelihood activities were not
sustainable About 10.3% of the respondents who listed poultry and livestock as livelihood
activity were of the opinion that such livelihood options are not sustainable since they are
also affected by climate variability and extreme climatic events. The majority of these
respondents were from Zabugu (2.8%) followed by Kuka (2.3%) and Mognori (2.3%).
Nonetheless, these respondents claimed that they are better off with their poultry and
livestock production than without them. Interestingly, 6.5% respondents with the majority
(2.8%) from Zabugu also claimed that poultry and livestock production were sustainable and
lucrative especially during the Eid al Fitr and Eid al Adha festivals when their demand is so
high. This corroborates the findings of Stanturf et al. (2011) and Oppong-Ansah (2006 cited
in Wood, 2013) that livestock rearing primarily in the northern savanna zones appears to be a
viable livelihood diversification strategy for food crop farmers.
With regards to respondents who rendered transport services, 5.6% claimed that their
livelihood activity was very sustainable, while 3.3% also claimed that the transport services
were sustainable. Even though the percentage of respondents who engaged in the transport
services was low, its sustainability was deemed to be very high across the study communities.
This may be attributed to the fact that the motorized tricycle has emerged as an important and
fast means of conveying both humans and goods from one place to the other within the
Bawku Municipality especially during market days. However, the high cost of the motorized
tricycle has an important implication on livelihood diversification. Seven percent (7%) of the
respondents who engaged in trading were of the opinion that trading was sustainable while
4% claimed trading was very sustainable. The majority (2.8%) of these farmers were from
Kuka. Likewise, from focus group discussions at Mognori and Kuka, it was observed that
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trading was deemed to be very sustainable depending on what one trades in and above all if
one is very diligent on the business. A woman (farmer) at Kuka explained that:
“Depending on what you sell, it is possible to make a little money from it.
Items such as water, clothes, food and soup mostly sell fast... as a trader it is
important to cultivate the habit of saving (Susu) every day especially with a
micro finance since you will have the chance of getting loan to expand your
business. This is how I did it and now I have a shop where I sell almost
everything.” (Focus group discussion, 2014)
The few respondents (2.8%) who got jobs as janitors at the Municipal Assembly were of the
view that their livelihood options are very sustainable. They explained that as janitors they
are paid every month for their services and the income generated is independent of climate
events. According to them, though the money is not so much, it is better than nothing. Smock
weaving was observed not to be sustainable. The respondents who engaged in smock
weaving explained that the market for smock has declined due to high prices of the materials
used in making the smock. In fact, some people had even stopped sewing them because the
returns do no merit the tedious work involved in making them. Plate 5.3 depicts some of the
alternative livelihood activities engaged in by respondents from Mognori.

A. Livestock production

B. Transport service (Motorized Tricycle)

Plate 5.3: Livelihood activities engaged in by some farmers in the Bawku Municipality
Source: Field Photograph, 2014
The evidence from farmers who were engaged in other livelihood activities suggests that
income generated from these activities have actually helped sustain their food crop
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production. This goes to support the framework (See Figure 2.4 in section 2.7 of chapter two)
that effective adaptation strategies have the tendency to ensure sustainable agricultural
development. Furthermore, from observation, about 13 farmers from the total sample size
(214 farmers) adopted two or more adaptation strategies and this according to them has
minimized the effects of climate variability on their livelihoods. On the basis of this, more
than one adaptation strategy can be implemented by farmers to buffer their vulnerability to
climate variability. But the issue perhaps would be limited funds to adopt two or more
adaptation strategies.
Generally, given the array of adaptation strategies employed by farmers in the short and long
terms, it can be concluded that some farmers have developed strategies in response to climate
variability and extreme climatic events. However, further research is needed to determine the
effectiveness and sustainability of these strategies especially in Zabugu and Mognori where
most farmers demonstrated their ability to adapt to climate variability. More so, the study
objective on examining the adaptation strategies employed by food crop farmers in the
Bawku Municipality has been adequately validated by the results presented in this section.
According to Oremo (2013), socio-economic factors are important in the choice of alternative
livelihood activities, particularly age, income and sex. From the study, the choice of
alternative livelihood activities also had a gender element (Table 5.13).
Table 5.13: Alternative livelihood activities of respondents’ from gender perspective.
Sex

Trading

Male
Female
Total

Freq
7
23
30

%
3.3
10.7
14

Poultry and
livestock
production

Janitorial
works

Smock
weaving

Freq
43
0
43

Freq
5
1
6

Freq
5
0
5

%
20.1
0
20.1

Source: Field Survey, 2014
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%
2.3
0.5
2.8

%
2.3
0
2.3

Transport
Services
(Motor
Tricycle)
Freq
%
19
8.9
0
0
19
8.9

Total

79
24
103

Out of the total respondents (30) who engaged in trading as an alternative livelihood activity,
twenty three were females while seven were males. The female respondents mostly traded in
food crops (rice, vegetables, etc) while the male respondents traded in kola nuts, beans,
mobile phone accessories and used items such as clothes, belts and shoes. Only one female
was a janitress, no female respondent cited poultry and livestock production, smock weaving
and transport services (motor tricycle) as an alternative livelihood activity. The male
respondents resorted to poultry and livestock production, smock weaving, transport services
(motor tricycle) and janitorial work. The findings suggest that females are more likely to

engage in trading as an alternative livelihood activity than male farmers. Similarly, livelihood
activities which are labour intensive are presumed to be done by males. This indicates that
gender influences the choice of multiple livelihood activities in the Municipality.
Furthermore, from the age group perspective, none of the respondents aged between 25-30
years engaged in trading; they resorted to poultry production, janitorial work and transport
services (motor tricycle) as their alternative livelihood activities (Table 5.14).
Table 5.14: Alternative livelihood activities of respondents’ from age group and income
perspective.
Poultry and
livestock
production

Janitorial
works

Smock
weaving

%
0
2.8
10.7
0.5
14

Freq
2
10
14
17
43

%
0.9
4.8
6.5
7.9
20

Freq
4
2
0
0
6

%
1.9
0.9
0
0
2.8

Freq
0
0
1
4
5

%
0
0
0.5
1.9
2.3

Transport
Services
(Motor
Tricycle)
Freq %
12
5.6
4
1.9
2
0.9
1
0.5
19
8.9

1.9
4.7
3.7
2.3
1.4
0
14

6
4
15
11
4
3
43

2.8
1.9
7
5.1
1.9
1.4
20

0
0
0
4
2
0
6

0
0
0
1.9
0.9
0
2.8

0
1
3
1
0
0
5

0
0.5
1.4
0.5
0
0
2.3

0
3
6
4
4
2
19

Trading
Age Group

25-30years
31-40years
41-50years
51-60years
Total

Freq
0
6
23
1
30

Income per Month
GH₵ 20-40
4
GH₵ 40-60
10
GH₵ 60-100
8
GH₵ 100- 200
5
GH₵ 200-300
3
Above GH₵ 300 0
Total
30

Source: Field Survey, 2014
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0
1.4
2.8
1.9
1.9
0.9
8.9

Total

18
22
40
24
103
10
18
32
25
13
5
103

However, the majority (31) of the respondents above 40 years had poultry and livestock
production as their alternative livelihoods. A cross tabulation analysis of respondents‘
alternative livelihood activities and their income per month also confirmed that the majority
of the respondents (93 farmers) representing 43.5% who engaged in other livelihood
activities were those who earned a monthly income above forty Ghana Cedis (Table 5.1;
page, 123). In this respect, alternative/multiple livelihood activities are essential to augment
income generated from farming (Khan et al., 2009) and should be given institutional attention
as a viable adaptation strategy to reduce farmers‘ vulnerability to climate variability
especially during prolonged droughts.
Generally, the adaptation strategies employed by the respondents are similar to what other
researchers have found.

For instance, Simbarashe (2013), Nyantakyi-Frimpong (2013),

Stanturf et al. (2011), Khan et al. (2009) and Batterbury (2004) found out in their respective
studies that farmers resort to irrigation, livelihood diversification and crop diversification into
drought tolerant crops, migration and adjustment in planting dates as strategies in adapting to
climate variability. These strategies according Nyantakyi-Frimpong (2013) and Kandji et al.
(2006), have yielded some positive results which have enabled some rural farmers to
function. Being able to function is what is ethically significant in the capability approach to
adaptation. Therefore, farmers‘ ability to adapt to climate variability exhibits their
resourcefulness to address their vulnerabilities.
According to Sand (2012), vulnerability of farmers could be curtailed by increasing and
enhancing their adaptive capacity to enable them create a functioning life which otherwise
would have been denied by climate variability. Though the capability theory focuses on the
individual‘s ability to adapt and transform; it further emphasizes on agents/institutions
(stakeholders) to assist in removing obstacles (cultural, environmental, social etc) set to
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hinder the individuals in their attempt to lead a satisfactory life. Such agents or institutions
enable individuals‘ freedom and autonomy to promote resilience and avert vulnerability. In
this regard, it is important to note the support of institutions (public and private) towards
farmers‘ adaptation to climate variability. Respondents were then asked to describe training
programmes, if any, they had received from institutions. The intent was to focus on
purposeful formal training that farmers had received from institutions to develop their
adaptive capacity in response to climate variability. From Table 5.15, only 38.8% of the
respondents had been trained by MoFA (12.1%), NGOs (19.2%) and SARI (7.5%)
Table 5.15: Respondents view on institutional support
Institutions

Mognori
Freq %
MoFA
7
3.3
NGOs
10
4.7
SARI
5
2.3
Total
22
10.3
Source: Field Survey, 2014

Zabugu
Freq %
6
2.8
8
3.7
3
1.4
17
7.9

Gozesi
Freq %
4
1.9
5
2.3
3
1.4
13
6.1

Kuka
Freq %
5
2.3
12
5.6
3
1.4
19
8.8

Gentiga
Freq %
4
1.9
6
2.8
2
0.9
12
5.6

Total Percentage
26
41
16
83

12.1
19.2
7.5
38.8

The high proportion of respondents trained by NGOs may be due to their ability to get funds
to organise training for farmers. The lesser percentage of respondents (38.8%) who have
received training from institutions demonstrates that the majority of the farmers do not
acknowledge the importance of the training/workshops especially in Gentiga.
Discussants of focus group in each community offered diverse stories on why farmers do not
participate in training programmes. For example, discussants in Gozesi and Zabugu claimed
that farmers are not well informed about the training/workshops being organised. Discussants
in Gentiga argued that, the training would not have any positive impact on their crop yield,
while discussants in Mognori and Kuka reported that the training/workshop schedule is
inappropriate. According to them, the training/workshops are organised at the time when
farmers are working on their farms. Hence, most farmers are reluctant to participate in such
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training programmes. Those who received training were asked to describe the kind of training
received. The responses given by respondents include training on new methods of farming
(5.6%), irrigation management (3.5%), fertilizer application (12.1%), soil management
(3.7%), land preparation (6.5%), credit management (2.3%) and harvesting (5.1%). A
beneficiary of a programme from Mognori commented that:
“Since I started applying what I learnt at a training programme, I have seen
considerable improvement in my crop yield.” (Focus group discussion,
2014)
These training outlined by the farmers according to the capability theory, are the positive
freedom that will provide opportunities and also reduce vulnerability. Access to these
freedoms herein as the ‗training‘ is necessary for farmers to acquire the capabilities they need
to reduce their vulnerability to climate variability and extreme events. However, it was
revealed during focus group discussions at Gentiga and Zabugu that the training they
received had not improved their adaptive capacity. They based their argument on the fact that
when they applied what was learnt, it yielded no positive results. Responding to this, a key
informant from MoFA clarified the issue by saying that some farmers misapply what they are
taught and this may sometimes lead to yield losses. It was also revealed during discussions at
Gozesi and Kuka that some farmers who attended some training programmes do not apply
what has been taught. They still adhered to the outmoded methods of farming because that is
what they have been taught by their fathers. This sought to convey that organising
training/workshops would not necessarily enhance farmers‘ adaptive capacity unless there is
a way to overcome these challenges.
Generally, the responses of farmers (45%) showed some level of adaptive capacity to
moderate their vulnerability to climate variability. This was largely observed in Mognori
where 52.9% representing the majority of the respondents from the community demonstrated

126

their ability to adapt to climate variability and extreme climatic events partly due to their
proximity to a river and access to irrigable land. Obviously, most respondents from Gentiga
and Gozesi exhibited their inability to adapt to climate variability. Evidence of this include
less proportion of respondents who had alternative livelihood activities and long term
adaptation strategies. As a complement to the evidence of less adaptive capacity, the results
showed that it is not enough to only focus on the farmers‘ adaptation strategies and exclude
their socio-demographic characteristics. Hence, it goes without saying that the sociodemographic characteristics influence farmers‘ ability to adapt to climate variability. From
this it follows that the socio demographic characteristics may be an instrumental limitation or
enhancement of farmers‘ capabilities to adapt to climate variability.
Considering the outcome of farmers‘ adaptation to climate variability in the Bawku
Municipality, the majority (67.2%) of respondents cited financial constraints as the major
challenge they face in the course of adapting to climate variability (Figure 5.2). This same
story was told by the key informants in the Municipality (SARI, MoFA and GMA).
According to them inadequate funds is hindering their activities as a valuable lens in ensuring

Percentage

agricultural development in the Municipality.
Mognori
Zabugu
Gozesi
Kuka
Gentiga

20
18
16
14
12
10
8
6
4
2
0

Financial
contraints

High Prices of
Farm Inputs

Inadequate
Extention
Officers

Lack of
Weather
Information

Inadequate
Irrigation
Facilities

Figure 5.2: Challenges faced by respondents in their attempt to adapt to climate
variability
Source: Field Survey, 2014
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This goes to buttress the findings of Vidal (2009), Kandji et al. (2006) and Batterbury (2004)
who reported that financial constraint is a major setback for farmers and institutions to adapt
to climate variability. They observed that government‘s assistance that could relieve farmers
of the hardship presented by the frequent weather variability and enable them to adapt is very
limited. Aside the financial constraints, other challenges cited by the farmers included
astronomical increase in the prices of farm inputs especially fertilizers (4.9%), inadequate
irrigation facilities (17.5%), inadequate extension officers (7%), and lack of weather
information (3.4%). Due to respondents‘ perturbation on the intensity and frequency of
climate variability, some discussants of the focus groups argued that the availability of and
accessibility to weather forecast will be of great help. According to them, such information
will inform them on the type of crops and varieties that are most likely to flourish in the
predicted growing season and the method of crop cultivation to adopt. The argument of these
respondents is in line with the assertion of Challinor et al. (2003) that, availability and
accessibility of climate information and forecast would help farmers to make strategic
decisions concerning their farm operations. Moreover, taking into account the findings of
Kabat et al. (2002) who observed that the utilization of weather forecast in the Nordeste
region of Brazil led to an 18 % fall in grain production in 1992 as compared to 85% fall in
1987 when climate forecasts were not applied. It would be very vital to consider weather
monitoring, forecasting and education for effective disaster and adaptation planning in the
Municipality.
In addition, key informants enumerated inadequate skilled personnel, especially extension
officers. They explained that the ratio of extension officers to farmers in the Municipality is
so high (standard and acceptable ratio of 1: 200) that the extension officers are unable to
attend to all the farmers in the Municipality. They also outlined inadequate logistics and the
lack of farmers‘ co-operation as some institutional challenges they face in trying to help
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farmers adapt to climate variability. These institutional challenges further hinder farmers‘
ability to adapt to climate variability consequently compounding their vulnerability. The
challenges enumerated by the key informants perhaps limit their ability to organise
training/workshop programmes for farmers.
In the context of spatial variation, it is evident from Figure 5.2 (Page 127) that farmers who
cited high prices of farm inputs were similar across the study communities. Lack of weather
information seemed to pose no challenge to farmers from Zabugu and Gozesi. This is
attributable to their perception that climate information/forecast may be misleading which
would further worsen their exposure to climate variability and extreme climatic events. Even
though, most respondents (21 respondents out of 30 respondents) in Gentiga did not have
access to water for irrigation, only four respondents viewed lack of irrigation facility as a
major hindrance to their adaptation. This further emphasizes the over reliance of farmers on
rainfall for cultivation. A high proportion of respondents across the study communities cited
financial constraints as the major challenge confronting them. This shows a favourable
character towards the importance of adequate finance for farmers‘ adaptation to climate
variability.
In response to how these challenges could be resolved, majority (52.4%) of the respondents
cited financial assistance from the government, while the rest of the respondents were of the
view that construction of irrigation facilities (13.2%), subsidizing the price of farm inputs
(2%), recruitment of more extension officers (1.5%), provision of weather information/
forecast (2.4%) and praying to God (8.5%) were some possible solutions to the challenges
posed by climate variability (Figure 5.3; page, 130). The responses vary spatially and stems
from the challenges faced by the respondents from the study communities. For instance,
among the high proportion (52.4%) of respondents across the study communities who cited
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government assistance, the majority were from Zabugu (23.4%) followed by Mognori
(16.4%), Gozesi (15.9%), Gentiga (8.9%) and Kuka (8.4%). Among those who cited
construction of irrigation facilities (13.2%), 4.6% were from Mognori, 4% from Gozesi, 2.3%
from Kuka and I.4% each from Zabugu and Gentiga.

Financial Assistance from Government

Construction of Irrigation Facilities

Gentiga
Kuka
Gozesi
Zabugu
Mognori

Subsidization of Farm Inputs

Provision of Weather Information/Forecast

Praying to God

Recruitment of more Extension Officers
0

5 percentage
10

15

20

25

Figure 5.3: Solutions to the challenges faced by respondents in their attempt to adapt to
climate variability
Source: Field Survey, 2014
Given the high proportion of farmers in Zabugu (18.7%) and Gentiga (12.1%) who relied on
rainfall for food crop production, it was expected that the majority of the farmers would
allude to the construction of irrigation facilities. None of the respondents from Gozesi,
Gentiga and Zabugu mentioned provision of weather information/forecast as a possible
solution to the challenges they face in their attempt to cope and adapt to climate variability
and extreme climatic events. This is not a surprise since most of the farmers from Gozesi,
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Gentiga and Zabugu hold the perception that weather information/ forecast may be
misleading.
Similarly, praying to God was claimed by most respondents at Gentiga (2.8%) and Gozesi
(2.3%) as a potential solution to the challenges confronting them. This may be attributed to
the fact that some respondents from Gentiga and Gozesi believed that, the cause of climate
variability and extreme climatic events is the disobedience of man to instructions of the gods.
Recruitment of more extension officers was cited by respondents at Gentiga (0.5%), Kuka
(0.5%) and Mognori (0.5%). No respondent from Gozesi and Zabugu cited recruitment of
extension officers as a solution to the problems they face. This is worrisome because it is
assumed that most farmers do not see the importance of extension services in their farming
activities. The implication is that most farmers would continue to lack the necessary technical
skills and new technologies for ensuring food security in the Municipality. According to
Gbetibouo and Ringler (2009), extension services enhance and influence the choice of
farmers‘ adaptation to climate variability/change and expose farmers to new information and
technical skills.
In addition, key informants also cited provision of logistics, recruitment of more extension
officers, adequate funds and farmers‘ cooperation during field demonstration. In general, the
responses were skewed towards adequate funds. This is because any effective adaptation
strategy requires personal or borrowed funds. For instance, the construction of large and
small irrigation facilities, adoption of technology or taking up both crop and livelihood
diversification require large sum of money.
5.3 Chapter Summary
Prominent in the climate variability and change literature is the concern of vulnerability and
adaptation. The analysis of vulnerability is underpinned on exposure, sensitivity and adaptive
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capacity. The study analysed the vulnerability and adaptation of food crop farmers to climate
variability. The study revealed that farmers‘ vulnerability to climate variability is manifested
in their exposure, sensitivity and low adaptive capacity. However, farmers‘ vulnerability to
climate variability is spatially differentiated across the five study communities largely due to
their level of adaptive capacity. This occurs in the context of their long term adaptive
capacity. Respondents‘ capability to adapt based on the results of the study is challenged by
inadequate extension officers and irrigation facilities, high prices of farm inputs, financial
constraints and lack of weather information. These findings suggest that the less adaptive
capacity of farmers, the higher their vulnerability. This would worsen future vulnerability if
efficient long term adaptation strategies are not implemented.
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CHAPTER SIX
SUMMARY, CONCLUSION AND RECOMMENDATIONS
6.0 Introduction
In recent times, the issue of climate variability has gained much importance across the globe
especially in the marginalised areas of the world. This is because of its significant influence
on the environment (IPCC, 2012). Generally, the study focused on the effects of climate
variability on food crop production in the Bawku Municipality. Specifically, the study tried to
provide an understanding of the influence of climatic trends on food crop production,
farmers‘ vulnerability to climate variability and farmers adaptation to climate variability.
Based on the objectives, the study hypothesised that temperature exerts positive effects that
are statistically significant on staple foods in the Bawku Municipality; and rainfall exerts
positive effects that are statistically significant on staple foods in the Bawku Municipality.
The study employed the mixed method approach where quantitative methods were combined
with appropriate qualitative methods. Cross sectional and time series study were adopted to
explore the effects of climate variability on food crop production. Data collected for
achieving the objectives were from both primary and secondary sources. This was through
the use of questionnaires, focus group discussions, structured interview guides, oral
narratives, field observations, journals articles, reports and documented records from
government departments and institutions. The study made use of the simple random and
purposive sampling techniques to identify the respondents. The respondents consisted of food
crop farmers and officials from MoFA, GMA and SARI. Descriptive statistics was used to
analysed quantitative data obtained from food crop farmers. Coefficient of variation was used
to analyse rainfall, temperature and food crop variability in the Bawku Municipality. The
multiple regression model was used to test the hypotheses and analyse the influence of
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observed climatic trend on food crop production. The qualitative data obtained were analyse
thematically.
This chapter presents the summary of findings that emerged from the data analysis presented
in chapters four and five and makes recommendations for addressing the problems
investigated. The chapter is organised into three main sections. Section one discusses and
summarises the emerging issues from the data analysis presented in chapters four and five.
These issues are presented along the lines of the study objectives. Section two presents the
conclusion drawnfrom key findings. Recommendations have been made in response to the
findings in section three of this chapter.
6.1 Summary of Research Findings

6.1.1 Influence of observed climatic trends on food crop production.
With regards to the study objective on analyzing the influence of observed climatic trends on
food crop production, analysis of the data showed that the Municipality received less than
1400 mm of annual rainfall for the 15 year period with a mean annual total of 901.9mm. The
Sen‘s estimate (slope) for the period (1999-2013) showed that, the total annual rainfall
amount is decreasing. The estimated annual anomaly of rainfall indicates that the amount of
annual rainfall varied appreciably from year to year with a coefficient of variation (0.3343)
for rainfall. The study revealed that, between 1999 and 2013 the Municipality experienced
two major episodes of high rainfall above the baseline average (1999 and 2007), which may
have affected food crop production. Farmers‘ observation of rainfall variability were in line
with the meteorological data.
With regards to temperature variation, the meteorological data showed that mean annual
maximum temperature varied between 33.6°C and 35.8°C with a total mean value of 35.6°C
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over the 15-year period. The minimum temperature oscillated between 21.2°C and 23.4°C
with a mean value of 22.7°C. In spite of the significant variations in the inter-annual
minimum and maximum temperatures in the Municipality, the mean annual temperature
showed a very marginal variation. The coefficient of variation (0.0155) for the mean
temperature (Maximum and Minimum) showed that temperature was less variable during the
15-year period (1999-2013). On the contrary, the study found out that respondents had
observed temperature variation in the past 15 years. It was also revealed that drought and
wind storms were not new phenomena but their frequency and intensity was a new challenge
facing the Municipality. Moreover, drawing on the results from the study it was established
that, the exposure of farmers to the manifestations of climate variability and extreme climatic
events is an indication of their vulnerability to climate variability. Spatially, since
respondents were within the same agro ecological zone (Sudan Savanna), it was assumed that
respondents were exposed to the same level of climate anomaly especially drought (Eakin
and Bojorquez-Tapia, 2008 cited in Antwi-Agyei et al., 2012). Hence, their vulnerability in
terms of drought exposure was similar across the study communities. However, respondents
at Mognori were highly vulnerable to flood due to their location near a tributary of the White
Volta.
The multiple regression model (ordinary least square) used to determine the influence of the
observed climatic trends on food crop production indicated that rainfall was significant in
explaining the variation of maize yield in the Municipality for the 15 year period. On the
basis of this, the study failed to reject the alternative hypothesis that rainfall exerts positive
effects that are statistically significant on staple foods in the Bawku Municipality. However,
the study failed to reject the null hypothesis that, temperature exerts no significant effects on
staple foods Bawku Municipality because it was not significant in explaining the variation of
millet, maize and rice production. In spite of this, temperature still plays a crucial role in the
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agricultural sector. This is because when temperature exceeds the optimum required for plant
growth, plants respond negatively with a steep drop in net growth and yield (Fosu-Mensah,
2012). The findings showed that climate variables (temperature and rainfall) do not have
similar effects on all staple foods. In this regard, the influence of climatic variables varies
across staple foods in Bawku Municipality. Further research is needed to support these
claims. The results further indicated that, soil pH and organic matter which were considered
as proxy for soil fertility were statistically significant and positively influence food crop
production (rice, maize and millet). This implies that food crop production may gain from the
improvement in the quality of the soil.
While some farmers noted that temperature and rainfall adversely affect food crop
production, others also argued that high temperature has helped to reduce post-harvest losses
in the Bawku Municipality. From the regression analysis on the influence of climatic trends
on food crop production and farmers‘ response, the study concludes that observed climatic
trends is responsible for variation in food crop yield. However, the study acknowledges the
importance of other factors such as method of farming, fertilizer application, seed varieties,
etc. in explaining the variation in food crop yield. The findings outlined answers the research
question on what are the effects of observed climatic trend on food crop production. The
findings adequately validate the study objective which sought to analyse the influence of
observed climatic trends on food crop production in the Bawku Municipality.

6.1.2 Farmers vulnerability to Climate Variability
The study objective on assessing farmers‘ vulnerability to climate variability based on their
livelihood assets (social, financial and physical assets) revealed that most farmers did not
belong to an association largely because there is mistrust among them. Among the five
communities, it was observed that Gentiga had the least number of farmers who belonged to
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an association. Most farmers did not have access to credit facility especially in Gentiga. Only
one respondent in Gentiga had access to credit. The few who had access to credit facilities
faced some challenges. This perhaps deter farmers from accessing funds from financial
institutions. It was observed that farmers did not know what crop insurance meant let alone to
insure their food crops against any misfortune.
However, most of the farmers had livestock, poultry or both which served as an insurance
mechanism for them in times of low crop yields or crop failure. A greater proportion of the
respondents in Mognori and Gentiga owned livestock with the least percentage from Kuka. A
high percentage of farmers who owned poultry were from Zabugu. The spatial distribution
shown is partly due to the physical environment of the communities. For instance, Zabugu
has a relatively vast land which promotes the extensive system (free range) of poultry
production. Field pasture in Mognori and Gozesi encouraged the rearing of livestock. Again,
it was observed that most respondents did not receive remittances from family members. The
few who receive remittances were the elderly (50 years and above). According to them, the
remittances are woefully inadequate to sustain them. The results showed that there is not
much difference in the proportion of the respondents who received remittances across the
study communities. In terms of their physical assets, it was observed that few farmers had
access to water for irrigation while most of them relied solely on rainfall for their crop
cultivation especially in Gentiga. This is because of the absence of irrigation facilities
especially in Gentiga, non-possession of water pumping machines and inability to acquire
irrigable lands.
The small percentage of farmers who had access to water for irrigation is an indication of
most farmers‘ susceptibility to long periods of drought. It was observed that all the farmers
did not have access to climate information/ forecasts, however, most farmers were of the
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view that climate information/weather forecasts would help them make strategic decisions
concerning their farm operations. Such decisions include; adjust planting date, adapt to new
farming methods/practices, know what type of crops to cultivate, stop farming and engage in
other businesses.
Moreover, it was observed that due to the manifestations of climate variability and extreme
climatic events, crop yield had reduced drastically and most farmers were unable to afford
three square meals and also meet the educational needs of their children as a result of low
income level. On the basis of this, it was established that climate variability and extreme
climatic events have adversely affected the livelihoods of food crop farmers in the study area.
Drawing on these results and coupled with farmers‘ exposure to climate variability and
extreme climate events, the study asserts that farmers in the Municipality are highly
vulnerable to climate variability and extreme climatic events, particularly, among the
majority of the respondents from Gentiga due to their low livelihood assets. Most
respondents from Mognori were least vulnerable to climate variability and extreme climatic
events due to their high livelihood assets. The results and findings validate the study
objective on assessing the vulnerability of food crop farmers to climate variability and also
answers the research question on how vulnerable food crop farmers are to climate variability.

6.1.3 Adaptation strategies of food crop farmers in response to climate variability
Drawing on the theoretical orientation of the capability approach to adaptation that explains
individuals‘ ability to lead a functioning life; the last objective sought to understand whether
farmers had strategies in the short and long term to deal with the adverse effects of climate
variability to enable them lead a satisfactory life. It was observed that respondents had
resorted to adjustment in planting dates, crop diversification to drought tolerant crops like
millet as well as vegetables, irrigation, changed method of cultivation and migration as a
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short term strategy to climate variability. The coping strategies employed by the respondents
varied among the study communities. For instance, at Mognori, the majority of the
respondents cited irrigation as their coping strategy. However, changes in planting date was
considered by most respondents from Gentiga as the most effective coping strategy. With
regards to long term strategies, the majority of farmers did not have any adaptation strategies.
Nonetheless, few respondents resorted to migration and trading as the most effective
adaptation strategy in response to extreme climatic condition especially during long periods
of drought. Regardless of the few respondents who had long term strategies, at least a farmer
in each community had a long term adaptation strategy.
Alternative livelihoods activities offer essential opportunities to ameliorate vulnerability of
farmers (Lansigan et al., 2000). Nonetheless, the majority of the farmers did not engage in
other sources of livelihood activities because of the following reasons: they farmed
throughout the year, inadequate finance and time constraints. Respondents (48.6%) who
engaged in other sources of livelihood activities outlined trading, poultry and livestock
production, janitorial work (cleaner), smock weaving and rendering transport services using
motorized tricycle. Most of the respondents who engaged in trading were from Kuka while
the proportion of respondents who cited poultry and livestock production and those that
offered transport services as well as janitorial works were relatively higher at Zabugu and
Mognori respectively. The study observed that, some respondents engaged in more than one
alternative livelihood. Given the range of adaptation strategies employed by the respondents,
the study asserts that, farmers in the Municipality have developed strategies in response to
climate variability and extreme climatic events. These strategies need policy interventions to
ensure their effectiveness in the long term.
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Based on theoretical exploration of the capability approach to adaptation that emphasizes on
institutional support to individuals to adapt; the study discussed institutional support that
farmers had ever received to enhance their adaptive capacity and it was observed that the
majority of the respondents had not received training from any institution. The few
respondents who had ever been trained outlined fertilizer application, soil management, land
preparation techniques, credit management and harvesting as the training received.
Furthermore, making these adaptation strategies sustainable present many challenges. The
respondents indicated that financial constraints, astronomical increase in prices of farm
inputs, inadequate irrigation facilities, inadequate extension officers and lack of weather
information as the challenges hindering their ability to adapt. Considerations in making
institutions effective in their role as agents to assist farmers to adapt is also hampered by
financial constraints, inadequate logistics and lack of farmers co-operation. Financial support,
provision of irrigation facilities, recruitment of extension officers, subsidies on farm inputs,
praying to God and provision of weather information were suggested by respondents as the
solutions to the challenges outlined.
6.2 Conclusion
Climate variability and extreme climatic events have been a long existing challenge to food
crop farmers and it has become more complex because of its frequency and intensity (IPCC,
2012). Results from the regression model and farmers responses show that climate variables
are contributory factors in explaining the variation in crop production. The frequent
manifestations of climate variability and extreme climatic events indicate farmers‘ exposure
to climate variability thereby signaling farmers‘ vulnerability to climate variability.
Exploration of farmers‘ capital assets indicates that most farmers have low adaptive capacity.
The image of low adaptive capacity reinforces farmers‘ vulnerability to climate variability.
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The limited long term adaptation strategy in the Municipality is of concern because farmers
vulnerability is likely to worsen when an unexpected long period of drought occur. In view of
this, the study suggests that farmers‘ adaptation to climate variability should have a long term
focus to deal with future extreme climatic events. Notwithstanding, the alternative/multiple
livelihood activities employed by some respondents have helped them to sustain their crop
production. These alternative/multiple livelihoods activities engaged in by farmers
supplement the low income from farming. Even though farmers are making effort to adapt to
the frequent climate variability in the Municipality, the study observed that institutional
support has not made any significant impact on most famers‘ capability to adapt to climate
variability and extreme climatic events due to the challenges they face. The challenges
hindering both farmers and institutions are multi-factorial to farmers‘ vulnerability. Drawing
on the results from the survey, a conclusion can be drawn that frequent climate variability and
extreme climatic events, coupled with low adaptive capacity and institutional challenges
erodes farmers‘ capability to lead a functioning life. Notwithstanding, the findings presented
adequately validate the study objectives and clearly answers the research questions of the
study.
6.3 Recommendations
The findings of this study have brought to light the insecurity of food crop production and the
precarious conditions of farmers in the Bawku Municipality due to their exposure, sensitivity
and low adaptive capacity to climate variability and extreme climatic events. These findings
therefore call for pragmatic measures to reduce both current and future vulnerability of
farmers to climate variability and extreme climatic events. This requires the following
approaches:
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Integrated approach to enhancing farmers capabilities
Food crop production is an important sector in the Bawku Municipality as it provides income,
food and employment to the farmers. The sustainability of food crop production goes with
numerous challenges of which climate variability and extreme climatic events are riding
factors. Based on farmers low adaptive capacity there is the need to enhance farmers‘
capabilities. Enhancing farmers‘ capabilities in responding to extreme climatic events should
be one of the topmost priorities of policy intervention. This could be achieved through more
proactive and comprehensive integrated approach. For a sustainable development in food
crop production all stakeholders including the farmer, community, Non-Governmental
Organisations, development partners and the government must work together on a common
platform under social, economic, political and environmental arena to help enhance farmers‘
capabilities. This would help alleviate the challenges presented by climate variability and
extreme climatic events. This means that farmers‘ adaptive capacity should not be
independent of the farmer and other stakeholders.
Education and capacity building
Education is vital in enhancing farmers‘ ability to adapt. There should be emphasis on farmer
education on the importance of forming social groups or cooperatives and participation in
training/workshop programmes. This will help inform the kind of adaptation strategy to be
adopted. Again institutional capacity-building through training and workshop would help in
the development of expertise for planning and implementing adaptation activities. The
pursuance of just adaptation strategies without regard for education and capacity building
poses a threat to effective adaptation. Therefore, education and capacity building should be
one of the areas for policy intervention.
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Funding for adaptation and insurance schemes
Funding is very important to farmers and other stakeholders for planning and implementation
of adaptation strategies. Farmers in the Bawku Municipality have little capacity to adapt in
terms of financial resources. Access to funds by farmers and support to institutions in the
Municipality has been identified as complex. There is the need for stakeholders to collaborate
with financial institutions to make funds readily available to food-crop farmers to enable
them effectively adapt to climate variability. Most importantly, funds for adaptation should
be sustained because without regular flow of funds, adaptation strategies run the risk of not
being effectively addressed. In response to the realization that insurance can play a role in
adaptation, there is the need for the introduction of insurance schemes to small holder farmers
on the basis of their social groups or cooperatives.
Provision of infrastructure/logistics and weather information
Improvement of existing and provision of agricultural infrastructure such as irrigation
facilities in the Bawku Municipality could go a long way to address this critical challenge.
With the frequent climate variability and extreme climatic events, the provision of irrigation
facilities should be considered by the Municipal Assembly as an alternative source of water
for irrigation for food-crop production. This would encourage more farmers to farm during
the long dry season. In addition, institutions should be equipped in terms of logistics and
skilled personnel by the government and NGOs to enhance their operations to address the
complexities of the implementation of adaptation action.
Moreover, the provision of weather information/forecasts to farmers is central to farmers‘
adaptation. This is because weather information has the tendency to influence farmers‘
decision on their farm operations. Drawing on the findings, the study recommends that
farmers should be provided with reliable and timely information by the meteorological
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agency on weather patterns so as to reduce their shock to climate variability and extreme
climatic events.
Research development
Owing to the sensitivity of the Bawku Municipality, in the long term, there should be
emphasis on research development by the Municipal Assembly to help achieve sustainable
development in food-crop production. Special funds must be allocated to conduct a
comprehensive research. Research development must be tuned to realistic strategies that are
context specific and from the farmer perspective. The study should focus on improving
traditional methods of adaptation, technology-based adaptation, applicability of weather
monitoring and forecasting on crop production and improvement of seed varieties and more
importantly the effectiveness of adaptation strategies by farmers. This would inform the kind
of national policy to adopt on farmers‘ adaptation to climate variability.
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APPENDICES
APPENDIX I
Correlations
Average
temperature
Average
Temperat
ure
Rainfall

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Maize
Pearson Correlation
Sig. (2-tailed)
N
Rice
Pearson Correlation
Sig. (2-tailed)
N
Millet
Pearson Correlation
Sig. (2-tailed)
N
Soil pH
Pearson Correlation
Sig. (2-tailed)
N
Organic
Pearson Correlation
Matter
Sig. (2-tailed)
N
Phosphor
Pearson Correlation
us
Sig. (2-tailed)
N
Nitrogen
Pearson Correlation
Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Rainfall
1

15
-.156
.578
15
-.123
.661
15
.029
.917
15
.314
.255
15
.083
.769
15
.110
.696
15
-.248
.374
15
.225
.419
15

-.156
.578
15
1
15
.741**
.002
15
.670**
.006
15
-.070
.805
15
.496
.060
15
.366
.180
15
.583*
.022
15
.305
.268
15

Maize
-.123
.661
15
.741**
.002
15
1
15
.653**
.008
15
-.012
.966
15
.542*
.037
15
.555*
.032
15
.550*
.034
15
.548*
.034
15
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Rice
.029
.917
15
.670**
.006
15
.653**
.008
15
1
15
.134
.633
15
.733**
.002
15
.638*
.011
15
.521*
.047
15
.707**
.003
15

Millet
.314
.255
15
-.070
.805
15
-.012
.966
15
.134
.633
15
1
15
.414
.125
15
.466
.080
15
-.025
.930
15
.279
.314
15

Soil pH
.083
.769
15
.496
.060
15
.542*
.037
15
.733**
.002
15
.414
.125
15
1
15
.900**
.000
15
.400
.139
15
.800**
.000
15

Organic
matter
.110
.696
15
.366
.180
15
.555*
.032
15
.638*
.011
15
.466
.080
15
.900**
.000
15
1
15
.111
.695
15
.900**
.000
15

Phosph
orus
-.248
.374
15
.583*
.022
15
.550*
.034
15
.521*
.047
15
-.025
.930
15
.400
.139
15
.111
.695
15
1
15
.016
.956
15

Nitrogen
.225
.419
15
.305
.268
15
.548*
.034
15
.707**
.003
15
.279
.314
15
.800**
.000
15
.900**
.000
15
.016
.956
15
1
15

APPENDIX II
Multiple regression analysis of climate variables on food crop production
A. Dependent Variable: LNRICE
Method: Least Squares
Date: 04/21/15 Time: 09:20
Sample: 1999 2013
Included observations: 15
LNRICE=C(1)+C(2)*LNAVERAGE_TEM+C(3)*LNRAINFALL+C(4)
*LNSOIL_PH

C(1)
C(2)
C(3)
C(4)
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient

Std. Error

t-Statistic

Prob.

-7.619448
1.077336
0.323560
6.644933

21.26389
6.335283
0.232461
2.564687

-0.358328
0.170053
1.391894
2.590934

0.7269
0.8681
0.1915
0.0251

0.583894
0.470411
0.360865
1.432459
-3.669145
5.145193
0.018263

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

9.854978
0.495878
1.022553
1.211366
1.020541
1.213594

Breusch-Godfrey Serial Correlation LM Test:
F-statistic
Obs*R-squared

0.428553
0.616413

Prob. F(1,10)
Prob. Chi-Square(1)

0.5275
0.4324

Test Equation:
Dependent Variable: RESID
Method: Least Squares
Date: 04/21/15 Time: 09:31
Sample: 1999 2013
Included observations: 15
Presample missing value lagged residuals set to zero.
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C(1)
C(2)
C(3)
C(4)
RESID(-1)

-1.321485
0.086292
0.176617
0.072760
0.347985

21.93181
0.272717
6.512135
2.636361
0.531568

-0.060254
0.316417
0.027121
0.027599
0.654640

0.9531
0.7582
0.9789
0.9785
0.5275

R-squared
Adjusted R-squared
S.E. of regression

0.041094
-0.342468
0.370620

Mean dependent var
S.D. dependent var
Akaike info criterion
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-1.30E-15
0.319873
1.113924

Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

1.373593
-3.354427
0.107138
0.977319

Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

1.349940
1.111409
1.492655

Heteroskedasticity Test: Breusch-Pagan-Godfrey
F-statistic
Obs*R-squared
Scaled explained SS

1.038952
3.311844
2.938469

Prob. F(3,11)
Prob. Chi-Square(3)
Prob. Chi-Square(3)

0.4134
0.3460
0.4012

Test Equation:
Dependent Variable: RESID^2
Method: Least Squares
Date: 04/21/15 Time: 09:43
Sample: 1999 2013
Included observations: 15
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
6.367200
LNRAINFALL
0.125023
LNAVERAGE_TEM -1.046472
LNSOIL_PH
-2.044754

10.53670
0.115189
3.139265
1.270856

0.604288
1.085373
-0.333349
-1.608958

0.5579
0.3010
0.7451
0.1359

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.220790
0.008278
0.178816
0.351727
6.863041
1.038952
0.413418

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.095497
0.179561
-0.381739
-0.192925
-0.383750
1.575830

7

Series: Residuals
Sample 1999 2013
Observations 15

6
5

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

4
3
2

Jarque-Bera
Probability

1
0
-1.00

-0.75

-0.50

-0.25

0.00
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0.25

0.50

-1.30e-15
0.044637
0.491714
-0.834101
0.319873
-0.963997
4.299729
3.379037
0.184608

B. Dependent Variable: LNMAIZE
Method: Least Squares
Date: 04/21/15 Time: 09:55
Sample: 1999 2013
Included observations: 15
LNMAIZE=C(1)+C(2)*LNAVERAGE_TEM+C(3)*LNRAINFALL
+C(4)
*LNORGANIC_MATTER

C(1)
C(2)
C(3)
C(4)

Coefficient

Std. Error

t-Statistic

Prob.

27.67440
-3.913351
0.668053
1.872949

28.20512
8.010983
0.271932
0.777664

0.981184
-0.488498
2.456692
2.408429

0.3476
0.6348
0.0319
0.0347

R-squared
0.609131
Adjusted R-squared 0.502531
S.E. of regression
0.455024
Sum squared resid
2.277515
Log likelihood
-7.146839
F-statistic
5.714145
Prob(F-statistic)
0.013159

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

9.967969
0.645136
1.486245
1.675059
1.484234
1.652815

Breusch-Godfrey Serial Correlation LM Test:
F-statistic
Obs*R-squared

0.058273
0.086904

Prob. F(1,10)
Prob. Chi-Square(1)

0.8141
0.7682

Test Equation:
Dependent Variable: RESID
Method: Least Squares
Date: 04/21/15 Time: 09:56
Sample: 1999 2013
Included observations: 15
Presample missing value lagged residuals set to zero.
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C(1)
C(2)
C(3)
C(4)
RESID(-1)

-3.065800
1.105583
-0.027750
0.097729
0.114982

32.11394
9.547771
0.306733
0.908451
0.476316

-0.095466
0.115795
-0.090469
0.107578
0.241399

0.9258
0.9101
0.9297
0.9165
0.8141

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.005794
-0.391889
0.475849
2.264320
-7.103261
0.014568
0.999504

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
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1.41E-15
0.403336
1.613768
1.849785
1.611254
1.664698

Heteroskedasticity Test: Breusch-Pagan-Godfrey
F-statistic
Obs*R-squared
Scaled explained SS

1.561979
4.481024
1.128531

Prob. F(3,11)
Prob. Chi-Square(3)
Prob. Chi-Square(3)

0.2541
0.2140
0.7702

Test Equation:
Dependent Variable: RESID^2
Method: Least Squares
Date: 04/21/15 Time: 09:56
Sample: 1999 2013
Included observations: 15
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
-2.385953
LNAVERAGE_TEM 0.045115
LNRAINFALL
-0.003778
LNORGANIC_MAT
TER
-0.499823

8.907088
2.529843
0.085875

-0.267871
0.017833
-0.043992

0.7938
0.9861
0.9657

0.245584

-2.035245

0.0666

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.298735
0.107481
0.143695
0.227131
10.14300
1.561979
0.254071

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.151834
0.152101
-0.819067
-0.630254
-0.821078
1.167606

5

Series: Residuals
Sample 1999 2013
Observations 15

4

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

3

2

1

0
-0.75

Jarque-Bera
Probability
-0.50

-0.25

0.00

0.25

0.50
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0.75

2.49e-15
0.128776
0.623967
-0.694924
0.403336
-0.334578
1.936620
0.986592
0.610611

C. Dependent Variable: LNMILLET
Method: Least Squares
Date: 04/21/15 Time: 10:00
Sample: 1999 2013
Included observations: 15
LNMILLET=C(1)+C(2)*LNAVERAGE_TEM+C(3)*LNRAINFALL
+C(4)
*LNORGANIC_MATTER

C(1)
C(2)
C(3)
C(4)
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient

Std. Error

t-Statistic

Prob.

-5.155400
8.268311
-0.043149
2.595624

31.74246
9.015681
0.306036
0.875195

-0.162413
0.917103
-0.140992
2.965767

0.8739
0.3788
0.8904
0.0128

0.505969
0.371234
0.512091
2.884607
-8.919118
3.755276
0.044466

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

9.841667
0.645807
1.722549
1.911362
1.720538
2.343561

Breusch-Godfrey Serial Correlation LM Test:
F-statistic
Obs*R-squared

1.550051
2.013044

Prob. F(1,10)
Prob. Chi-Square(1)

0.2415
0.1560

Test Equation:
Dependent Variable: RESID
Method: Least Squares
Date: 04/21/15 Time: 10:00
Sample: 1999 2013
Included observations: 15
Presample missing value lagged residuals set to zero.
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C(1)
C(2)
C(3)
C(4)
RESID(-1)

-27.18030
7.434285
-0.010818
-0.470545
-0.508576

37.89735
10.63332
0.298787
0.933986
0.408492

-0.717208
0.699150
-0.036208
-0.503803
-1.245010

0.4897
0.5004
0.9718
0.6253
0.2415

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.134203
-0.212116
0.499748
2.497485
-7.838332
0.387513
0.812944

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
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-3.63E-16
0.453920
1.711778
1.947794
1.709264
2.084274

Heteroskedasticity Test: Breusch-Pagan-Godfrey
F-statistic
Obs*R-squared
Scaled explained SS

2.322452
5.816678
5.136297

Prob. F(3,11)
Prob. Chi-Square(3)
Prob. Chi-Square(3)

0.1314
0.1209
0.1621

Test Equation:
Dependent Variable: RESID^2
Method: Least Squares
Date: 04/21/15 Time: 10:01
Sample: 1999 2013
Included observations: 15
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
-3.870247
LNAVERAGE_TEM 1.520712
LNRAINFALL
-0.418308
LNORGANIC_MAT
TER
-0.364907

19.73757
5.605981
0.190294

-0.196085
0.271266
-2.198216

0.8481
0.7912
0.0502

0.544199

-0.670540

0.5163

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.387779
0.220809
0.318420
1.115303
-1.792149
2.322452
0.131420

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.192307
0.360727
0.772287
0.961100
0.770275
2.283391

8

Series: Residuals
Sample 1999 2013
Observations 15

7
6

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

5
4
3

-1.78e-15
0.096292
1.184100
-0.649105
0.453920
0.856116
4.283993

2

Jarque-Bera
Probability

1
0
-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75
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1.00

1.25

2.862736
0.238982

Appendix III
A Soil fertility in the Bawku Municipality for the Year 1999-2013
Year
Soil Ph 2:1 water/soil
Organic Matter %
Nitrogen %
1999
6.30
1.12
0.05
2000
6.20
1.10
0.04
2001
6.00
0.88
0.04
2002
6.10
0.85
0.03
2003
5.80
0.78
0.03
2004
5.90
0.80
0.03
2005
5.70
0.78
0.03
2006
5.80
0.81
0.03
2007
5.70
0.79
0.03
2008
5.60
0.75
0.03
2009
5.70
0.76
0.03
2010
5.60
0.74
0.02
2011
5.50
0.75
0.03
2012
5.60
0.73
0.02
2013
5.50
0.56
0.01

Available Phosphorus mg/kg
6.75
6.45
6.22
8.93
7.50
7.80
6.06
6.23
7.21
5.74
6.32
5.90
5.76
7.41
6.34

B. Mann-Kendall trend statistics of annual rainfall, mean annual maximum and minimum temperature dataset from 1999-2013
MannKendall
trend
Time series
MAXIMUM
TEMPERATURE
MINIMUM
TEMPERATURE
RAINFALL

First
year

Last
Year

n

1999

2013

15

1999

2013

1999

2013

Test S

Sen's
estimate
Test
Z

Signific.

slope

Q

Qmin99

Qmax99

Qmin95

Qmax95

-0.55

-0.017

-0.094

0.099

-0.076

0.051

15

-0.99

-0.141

0.045

-0.116

15

-1.39

-0.027
26.567

-82.212

15.471

-63.883
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B

Bmin99

Bmax99

Bmin95

Bmax95

35.20

35.77

34.47

35.58

34.95

0.020

22.99

23.87

22.42

23.65

22.56

7.356

1129.70

1372.56

862.37

1307.03

901.99

APPENDIX IV
Questionnaire survey for inhabitants of the selected communities for Data Collection:
name of community ……………………………………………………………
Section A: Socio-demographic information of food crop farmers
No. Questions
Community
1
Sex
2

3

5

6

7

9

10

Response options
……………………………..
1. Male[
]
2. Female
[
]
Age
1. 25-30 years [
]
2. 31-40years[
]
3. 41-50years[
]
4. 51-60years[
]
5. 61+years[
]
Marital status
1. Married [
]
2. Single[
]
3. Divorced [
]
Income per month
1. Below GH¢20[ ]
2. GH¢20-40 [ ]
3. GH¢40-60[ ]
4. GH¢ 60-100[ ]
5. Above GH¢ 100 [ ]
Level of education
1. Primary school[
]
2. Middle school [
]
3. Secondary [
]
4. Tertiary [
]
5. Never been to school [
]
What is the size of your Farmland
1. 1-3 acres
2. 4-6acres
3. 7-9 acres
4. 10-15 acres
5. 16- 20acres
6. 21-25 acres
What type of crop do you (Tick all that apply)
cultivate in the wet season
1. maize[ ]
2. millet [ ]
3. vegetables [
]
4. rice [
]
5. ground nut[
]
6. sorghum [ ]
7. watermelon
8. soybean
9. beans
10. Others, specify…………………
What types of crops do you (Tick all that apply)
cultivate in the dry season?
1. maize[ ]
2. millet [ ]
3. vegetables [
]
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4. rice [
]
5. ground nut[
]
6. sorghum [ ]
7. watermelon
8. soybean
9. beans
Others, specify…………………………
Do you solely rely on rainfall for
1. Yes [ ]
the cultivation of crops? If No
2. No [ ]
indicate the kind of irrigation you ……………………………………………………
rely on.
……………………………………………………

11

Section B: Climatic trends and food crop production
I.

Temperature variation and food crop production

12 Have you observed any
temperature variation in the past
15 years?
13 If yes, what is the manifestation of
temperature variation you have
observed in the past 15 years
14 Has the manifestation you
observed affected crop production
in the past 15 years
15 If Yes which type of crop(s)
was/were greatly affected within
that period? List them
16 How was/were the crop(s) listed
above affected

1.
2.
3.
1.
2.
3.
1.
2.

Yes[ ]
No[
]
I do not Know [
]
Increased in temperature [
]
Decreased in temperature [
]
Sometimes high other times low [
Yes [
]
No [
]

]

………………………………………………
………………………..……………………
………………………………………………
1. Increased crop yield [
]
2. Reduced crop yield [
]
3. Crop failure [
]
4. Others, specify…………………………
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II. Rainfall variation and food crop production
17 Have you observed
any rainfall variation
in the past 15 years
18 If Yes what are the
manifestation for
rainfall variation you
have observed in the
past 15 years?

19 Has the manifestation
you observed in the
past 15 years affected
crop production?
20 If Yes which types of
crop(s) was/were
mostly affected. List
them
21 How was/were the
crop(s) listed above
affected.
22 Has rainfall affected
the growing season in
the past 15 years.
Please specify the
year in which rainfall
affected the growing
season?
23 If yes how has it
affected the growing
season
24 With reference to
your answer in
question 22, how has
that affected crop
yield.

1. Yes[ ]
2. No[ ]
3. I do not know [
]
Tick all that apply
1. Increased the amount of rainfall [
]
2. Reduced the amount of rainfall [
]
3. Increased the length of rainfall season [
]
4. Reduced the length of rainfall season [
]
5. Sometimes reduce the amount of rainfall and other times
increased the amount of rainfall [
]
6. Sometimes increased the length of rainfall season and other
times reduced the length of rainfall season [
]
7. Others, specify …………………………………………………
1. Yes [
]
2. No [
]
3. I do not know [
]
………………………………………………………………………….
………………………………………………………………………….

1. Increased crop yield [ ]
2. Reduced crop yield [
]
3. Crop failure [
]
4. Others, specify…………………………………………………
1. Yes [
]
2. No [
]
3. I do not know [
]
……………………………………………………………………….

1.
2.
3.
1.
2.
3.
4.

Reduced the length of growing season [
]
Prolong the length of growing season [
]
Maintained the length of growing season [
]
Moderately reduced crop yield [
]
Severely reduced crop yield [ ]
Moderately increased crop yield [
]
Massively increased crop yield [
]
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iii. Extreme climatic event and food crop production
25 Have you observed any extreme
1. Yes [ ]
climate event for the past 15
2. No [
]
years
3. Don‘t know[ ]
26 If Yes what was the
Tick all that apply
manifestation of extreme
1. Drought [ ]
climatic event have you
2. Flood [
]
observed
3. Strong winds [
]
27 Can you recall the year(s) in
…………………………………………………………………
which you observed climate
extremes in the past 15 years?
28 With reference to your answer
1. Yes [ ]
in question, has extreme
2. No [
]
climatic event affect crop
3. I do not know [
]
production? If yes list the type
……………………………………………………………
of crop(s) was/were greatly
……………………………………………………………
affected
29 How was/were the crop(s)
1. Increased crop yield [
]
affected
2. Reduced crop yield [
]
3. Crop failure [
]
Vulnerability of food crop farmers to climate variability
1. Yes [
]
Social Asset
30. Do you belong to any
2. No [
]
association or groups? If
………………………………………………………………………
yes Kindly list them?
………………………………………………………………………
31. If yes, what sort of
………………………………………………………………………
benefits do you gain from
………………………………………………………………………
the associations in times of
crop failure? Please list
them.
32. If you don‘t belong to
………………………………………………………………………
any association, where do
………………………………………………………………………
gain benefit in times of
crop failure? Please
indicate the sort of benefit
you gain.
1. Yes [ ]
Financial Asset
33. Do you have access to
2. No [
]
credit facility for your food
3. Don‘t know [ ]
crop production? If yes, list ………………………………………………………………………
the financial institutions.
34. How does the financial ………………………………………………………………………
institution respond to you
………………………………………………………………………
in times of crop failure due ………………
to extreme climatic
conditions?
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35. Have you insured your
food crop farm? If yes, list
the benefits you derived
from it.
36. Do you have livestock
or poultry? List the types
and numbers of livestock.
37. Do you receive
remittances from family
and friends whenever there
is crop failure or low crop
yield
38. Are the remittances
enough to offset what has
been lost? Explain
Physical Asset
39. Do you have access to
water for the crop
production in the dry
season? Please indicate the
kind of irrigation facilities
you accessed?
Vulnerability of livelihood
40. Have you observed
reduction or increase in
your crop yield?
41. How has the reduced
crop yield or crop failure as
a result of extreme climatic
conditions affected your
living conditions?

1. Yes [
]
2. No. [
]
……………………………………………………………………
1. Yes [ ]
2. No [
]
………………………………………………………………………
1. Yes [
]
2. No [
]

1. Yes [
]
2. No [
]
…………………………………………………………………
…………………………………………………………………
1. Yes [ ]
2. No [ ]
………………………………………………………………………

1. Increased [
]
2. Decreased [
]
3. The same ( no reduction or increment) [

]

(Tick all that apply)
1. Inability to afford three square meals a day [ ]
2. Reduce income level [ ]
3. Inability to meet health needs of my household [ ]
4. Inability to meet educational needs of my children [ ]
5. Inability to save at bank/ micro finance institutions [ ]
Inability to diversify livelihood [ ]
6. Others, specify…………………
42. Do you agree that
1. Yes [ ]
climate variability has
2. No [ ]
adversely affected your
3. Don‘t know [ ]
livelihood conditions?
43. If Yes, how does it ………………………………………………………………………
affect your livelihood?
……………………………………………………………………
44. Do you have access to
1. Yes [ ]
information on weather
2. No [ ]
forecast
45. If yes, how do you 1. Weather Station [ ]
apply such information in 2. Radio [ ]
the cultivation of your 3. Television [ ]
crops?
MoFA [
]
46. Has the weather 1. Yes [ ]
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information helped you in
the cultivation of your
crops?
47. If No to question 46, do
you think access to climate
information/weather
forecast is necessary in the
cultivation of crops?
48. How would the
information help you in the
cultivation of crops?

2. No [

]

1. Yes [
]
2. No. [
]
3. Don‘t know [

]

………………………………………………………………………
………………………………………………………………………
………………………………………………………………………

Section E: Adaptation strategies of food crop farmers in response to climate variability.
49. What are the adaptive strategies
that you employ in response to
extreme climatic conditions? List the
short and long term strategies.
50. Are the adaptive strategies you
employed effective?

51. Have you been trained by any
institutions in relation to adaptive
strategies to climate variability on
food crop production in the
community?
List the institutions who trained you.
52. If yes, what kind of training were
you given?
53. Has the training you had enabled
you to develop your adaptive
capacity in responding to climate
variability?
54. Do you engage in other sources
of livelihood activities (other
economic activities) in response to
your vulnerability to climate
variability? List them
If no give reasons why you do not
engage in other livelihood activities
55. How sustainable is the type of
livelihood options mentioned in
question 54?

Coping strategies…………………………………………….
………………………………………………………………
Adaptation strategies…………………………………………
………………………………………………………………
Coping strategies
1. Yes [ ]
2. No [ ]
Don‘t know [ ]
Adaptation strategies
1. No [ ]
2. No yes [ ]
3. Don‘t know [ ]
1. Yes [ ]
2. No [ ]
………………………………………………………………
…
………………………………………………………………
1. Yes [ ]
2. No [ ]
3. Don‘t know [

]

1. Yes [
]
2. No [
]
………………………………………………………………
………………………………………………………………
………………………………………………………………
…………..
………………………………………………………………
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56. List some of the challenges you
face in the course of adapting to
climate variability
57. What do you think should be
done to solve these challenges

1. Very sustainable [
]
2.Sustainable [
]
3.Not sustainable [
]
………………………………………………………………
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APPENDIX V
Interview guide for Key informants (Officials of Ministry of Food and Agricultural) No.
1. Are you aware of climate variability in the municipality?
...……………………………………………………………………………………………
2. Have you observed any variability in temperature for the past 15 years? If you have
what the manifestations of temperature variation
…………………………………………………………………………………………
3. In your view have you observed any variability in rainfall pattern in the municipality
for the past 15 years? If you have what are the manifestation of rainfall variation
…………………………………………………………………………………………
4. How frequent have you observe this/these manifestation(s)……
5. In your view have you observed any trend in climate variables in relation to food crop
production for the past15 years…………………………………
6. In your view, has the variability of climate variables (temperature and rainfall)
affected crop production in the municipality? …………………………
7. Have you observed any relationship between extreme rainfall variability and food
crop production?..................................................................................................
Have you observed any extreme climatic events in the past 15 years? Please list them
and specify the year you observed extreme climatic event.
…………………………………………………………………………………………
8. Has climate extreme affected crop production? …………………
9. How has climate extreme affected food crop production? ……………
10. In your view, has climate variability on food crop production affected the livelihood
activities of food famers in the municipality?..............................
11. Do you provide any assistance to farmers in times of crop failure due to extreme
climatic conditions?
………………………………………………………………………………………………
................................................................................................................................................
15. Do you organize any training for food crop farmers on adaptive capacity in response
to climate variability? Please specify the kind of training …………………
16. How effective is the training?..................................................
17. What are some of the challenges you encounter in the process of the training?
…………………………………………………………………………………………
…………………………………………………………………………………………
18. What do you think could be done to solve these challenges? ………
19. Kindly mention some of the major pressing problems that make it difficult to provide
the necessary adaptive capacity training for food crop farmers in relation to climate
variability
…………………………………………………………………………………………………
…………………………………………………………………………………………………
What do you think is the best pragmatic measures to ensure sustainable adaptive capacity of
food crop famers?................................................................................
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APPENDIX VI
Interview guide for Key informants (Officials of Savanna Agricultural Research
Institute (SARI). No. …………..
1. Are you aware of climate variability in the municipality?
...……………………………………………………………………………………………
… 2. In your view, have you observed any variability in temperature for the past 15
years? If you have what are the key manifestation of temperature variability................
………………………………………………………………………………………………
………………………………………………………………………………………………
3. Has the manifestation affected crop production?............................................................
4. In your view have you observed any variability in rainfall pattern in the municipality
for the past 15 years? If you have what are the key manifestation of rainfall variability
…………………………………………………………………………………………
Has manifestation of rainfall variability affected food crop production?.........
5. Have you observed any extreme climatic events within the past 15?..................
6. How many years of extreme climatic events have you witnessed? Kindly state the
year(s) ………………………………………………………………………………….
Has the extreme climatic events affected food crop production?...........
7. How has it affected crop production?..........................
…………………………………………………………………………………………
8. In your view, has climate variability on food crop production affected the livelihood
activities of food famers in the municipality?
………………………………………………………………………………………………
9. Are farmers aware of the institution‘s existence and roles in the municipality?
…………………………………………………………………………………………
…………………………………………………………………………………………
10. Does the institution has a role in improving food crop productivity in the municipality?
Yes [ ]
No [ ]
11. Do you provide any technical assistance to farmers, if the institution does what sort of
assistance do you provide?
………………………………………………………………………………………………
16. How effective is the training?............................................................
…………………………………………………………………………………………………
17. What are some of the challenges you encounter in the process of providing that
technical assistance?
………………………………………………………………………………………………
18. What do you think could be done to solve these challenges?
………………………………………………………………………………………………
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APPENDIX VII
Interview guide for Key informants (Officials of Bawku weather station) No. …………..
1. Are you aware of climate variability in the municipality?
...……………………………………………………………………………………………
2. In your view, have you observed any variability in temperature for the past 15 years?
If you have what are the manifestations of temperature variability
…………………………………………………………………………………………
3. In your view have you observed any variability in rainfall in the municipality? If you
have what are the manifestations of rainfall variability
…………………………………………………………………………………………
4. How frequent have you observe this/these manifestation(s)…………
…………………………………………………………………………………………
5. Are farmers aware of the weather station and the role it plays in the municipality?
…………………………………………………………………………………………
…………………………………………………………………………………………
6. Is the weather station responsible for providing weather related information such as
extreme climatic conditions (erratic rainfall, prolong drought) to farmers?
..........................................................................................................................................
..........................................................................................................................................
7. In your view, are famers therefore informed of any projected extreme climatic
conditions?
…………………………………………………………………………………………
…………………………………………………………………………………………
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APPENDIX VIII
Focus Group discussion: Discussion guide for focus group.
1.
2.
3.
4.
5.
6.

Have you observed any variability in temperature and rainfall in your community?
If yes, how long have you observed this variability?
What do you think are the causes of this variability?
What evidenced do you use to prove this variability?
What are the manifestations of this variability in the temperature and rainfall?
Has this variability affected crop production for the period you observed as compared
to years before you noticed this variability?
7. Have you observed a reduction in the length of the growing season?
8. What are the effects of the observed variability in temperature and rainfall on food
crop production for the past 15 years.
9. What other factors aside temperature and rainfall contribute to the variation of crop
production.
10. What crops are mostly affected by the observed variability?
11. How do you respond to these effects of climate variability on food crop production in
the short run and long run?
12. Do you belong to an association?
13. Have you insured your crop?
14. Do you have access to credit facility?
15. Do you receive remittances from family and friends?
16. Do you have access to information on weather forecast?
17. Do you have access to water for irrigation?
18. Are your strategies effective?
19. What are some of the challenges you face in responding to the effects of extreme
climatic conditions on food crop production.
20. Is there any adaptive capacity training for you by any agency or institution directly
involve in food crop production
21. How has the effects of extreme climatic conditions on food crop production affected
your livelihood?
22. Do you engage in other sources of livelihood activities in your community to
supplement the income derived from farming?
23. What type of livelihood activities do you engage in?
24. Are the livelihood activities sustainable?
25. Have you been trained by any institution?
26. Has the training enhanced your adaptive capacity?
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