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Abstract: This study examined the adaptation strategies of maize farmers to climate change and
variability in the Eastern Region of Ghana using primary data collected from 150 maize farming
households by the administration of structured questionnaires. The results of the multinomial logit
regression revealed that rainfall perception, access to credit, and farming experience significantly
influenced the adoption of recommended agricultural practices, whereas the adoption of soil-related
strategies is influenced by gender and rainfall perception. Farming experience and rainfall perception
influenced the adoption of improved varieties strategies. This study highlights the need for the
development of water resources for maize production in the context of the changing climate. In this
respect, the crucial roles of the Ghana Irrigation Development Authority, the agricultural extension
division of the Ministry of Food and Agriculture, and other international organizations such as the
Japan International Cooperation Agency and the World Bank regarding the development of irrigation
facilities and the associated capacity building of the farmers are very important. Finally, the formation
of Water User Associations for the smallholder farmers regarding the usage and maintenance of the
irrigation facilities would be a step in the right direction.
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1. Introduction

The commencement of the raining season directly influences farm management practices from
sowing to the last stage of crop development and this significantly influences the probability of
droughts and crop yield [1]. For sowing, it is important to know whether the rains are continuous
and enough to ensure enough and consistent soil moisture during planting in order to avoid total
crop failure [2]. Over the past few years, climate-related crop failure due to episodes of late rains for
planting, variability in the pattern and levels of rainfall, and intermittent droughts and floods in Ghana
have been a common phenomenon [3-10].

The effect of climate change and variability is severe in the agricultural sector in Ghana. Over 70%
of the farmers cultivate farmland of less than 3 hectares [11]. Smallholder agriculture is characterized
by reliance on rainfall, limited use of improved seeds, fertilizer, and mechanization for production,
thereby making productivity levels below the achievable levels [6-10].

Maize is among the world’s leading crops with an estimated production of 1,016,740,000 tons
in 2013 [12]. It is one of the important staple food crops in most Sub-Saharan African countries as it
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plays key role in food security and generates income for most farmers [13]. Maize is one of Ghana'’s
leading staple food crops with increasing domestic demand. However, there has been a shortfall in the
average supply of maize in Ghana by 11% in 2011 [14]. In the Eastern Region of Ghana, farmers are
predominantly smallholders and usually involved in the cultivation of staple grains such as maize [15].

Although smallholders have considerable experience in dealing with climate variability and
possess local knowledge to cope during difficult periods, the unprecedented and sustained levels of
variability associated with long-term climate change are outside the realm of what traditional coping
strategies can manage [16]. The Agricultural sector has the poorest occupational group in Ghana with
food crop farmers being the worst group [15]. This makes the sector a major target for both food
security and poverty reduction interventions in the country.

Models and information about climate variability are available at macro levels but little has been
done at the micro level [17,18]. Yet, the impact of climate variability is felt at the household level and
increases the risk faced by farmers in producing maize in Ghana. Without the appropriate policies
or adaptive strategies in place, the smallholder farmers will find it extremely difficult to practice
sustainable agriculture in an environmentally unpredictable climatic condition [19-22].

Maize is one of the main staple crops in Ghana and it forms a major component of several
domestic diets. In addition, maize is a major ingredient in feed formulation for livestock and a
possible substitute in the malt brewing industry [23]. Agricultural activities are rural-based in the
Eastern Region of Ghana and the farmers are predominantly smallholders [15]. The rural agricultural
households constitute approximately 69% of all agricultural households in the region and the region
is the second largest producer of maize in Ghana, where about 19% of the maize is produced [24].
However, climate variability is expected to adversely affect food production in the region where much
of the population, especially the poor smallholder farmers, rely on local supply systems that are
sensitive to the changing climate [15]. Disruptions of the existing food system will have devastating
implications for development and livelihoods and are expected to add to the challenges climate change
already pose for poverty eradication [25].

In the literature, studies on climate change adaptation have been somewhat general without
specific studies on how maize farmers, who are mostly smallholders and produce the nation’s major
staple are adapting to climate change and variability. One can imagine the effect on the national
economy and food security in a year of complete crop failure for maize farmers due to climate-related
stressors. Maize is Ghana’s main staple crop and it is important that the maize farmers’ adaptation
strategies to climate change be examined to provide the relevant policy recommendations for adaptation.
This study fills this gap in the literature.

Therefore, the objectives of the study are threefold as follows. First, to assess the percentage of the
smallholder farmers adopting each of the identified climate change adaptation strategies; second, to
determine the factors influencing maize farmers” adoption of the climate change adaptation strategies;
third, to identify and rank the constraints militating against maize farmers” adoption of climate change
adaptation strategies.

To the best of our knowledge, this study is among the earlier ones to examine the adaptation
strategies of maize farmers to the effects of climate change and variability in the Eastern Region
of Ghana. The climate conditions, topography, and mostly forest vegetative cover in the Eastern
Region of Ghana are like those of some other regions globally. Therefore, the results of this study
have international relevance for farmers” adaptation to the effects of climate change and variability.
Domestically, the results of this study would unearth specific responses from maize farmers regarding
the effects of climate change that would provide information for climate change adaptation policies
and programs to boost the production of maize, which is one of the main staple crops in Ghana.

2. Literature Review

Climate change has become one of the major inhibitors of human systems globally. World
institutions and agreements including the Intergovernmental Panel on Climate Change (IPCC) and
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the Kyoto Protocol are some of the key institutions working toward climate change adaptation and
mitigation. Climate change adaptation is the adjustment in human or natural systems in response
to actual or anticipated climatic stimuli or their effects, which lessens damage or exploits beneficial
prospects. One of the most effective ways to reduce the impact of climate change on a system is to
increase the physical resilience of the system to minimize the negative effects of unavoidable climatic
stressors through actions targeted at the vulnerable system or seize new opportunities brought about
by climate variability [26,27]. On the other hand, climate change mitigation involves actions that limit
the magnitude or rate of long-term climate change through reductions in human (anthropogenic)
emissions of greenhouse gases (GHGs) and human-induced global warming, increasing the capacity
of carbon sinks, e.g., through reforestation [28,29].

Mitigation is a public good and climate change is a case of the “tragedy of the commons”. Therefore,
effective climate change mitigation will not be achieved if each agent (individual, institution, or country)
acts independently. Therefore, there is the need for collective action. Some adaptation actions, on the
other hand, have characteristics of a private good as benefits of actions may accrue more directly to
the individuals, regions, or countries that undertake them, at least in the short term. Nevertheless,
financing such adaptive activities remains an issue, particularly for poor individuals and countries [29].
Climate change mitigation is the subject of current studies [30-33]. Climate change mitigation and
adaptation share the same ultimate purpose of reducing the undesirable impacts of climate change [34].
They are naturally related in the climate system as the more effectual mitigation undertaken now, the
less need for adaptation in the future. In recent years, the idea of taking up adaptation and mitigation
jointly in climate change projects and policies is gaining prominence. Climate change mitigation has
been treated as an issue for developed countries, which hold the greatest responsibility for climate
change, while adaptation is seen as a priority for the developing and emerging economies, where
the capacity for mitigation is lower and vulnerability is higher compared to the developed countries.
Synergies between mitigation and adaptation can be investigated by thinking through adaptation
activities that have consequences for mitigation or mitigation activities that have consequences for
adaptation [35]. If mitigation can be successful in keeping impacts at a lower level, then adaptation
can be successful in coping with more of the resulting impacts [36].

Climate change impacts on Sub-Saharan African human settlements arise from several climate
change-related causes, notably sea level changes, impacts on water resources, extreme weather events,
food security, increased health risks from vector-borne diseases, and temperature-related morbidity in
urban environments [37,38]. Proactive climate change adaptation and mitigation are urgently needed
to minimize the effects of climate change on human systems, especially food systems in sub-Saharan
Africa as this region is one of the most vulnerable to the effects of climate change globally [38,39].
Adaptation and mitigation are two of the three pillars of climate-smart agriculture, with the third pillar
aimed at increasing food security through increased agricultural productivity [40].

Vulnerability and adaptation to climate change and variability is a complex and multidimensional
process [16,18,21,41]. Climate-related adaptation process is in terms of type, scale, timing, and outcome
of the responses, as well as the factors that influence adaptation [42]. Climate extreme events introduce
numerous uncertainties for the livelihoods of smallholder farming households that depend heavily on
the weather and climate [43]. Therefore, these farmers have been modifying their practices to better
adapt to the changing climate. Several technologies and practices such as high yielding varieties,
early maturing varieties, conservation agriculture and drought tolerant varieties are available for
smallholder farmers to enable them to adapt better to the effects of climate change and variability.
These technologies were developed by the Council for Scientific and Industrial Research (CSIR) and
the universities in Ghana. Strategies for adapting to climate change and variability can be grouped
into two, namely autonomous and planned adaptation strategies. Autonomous adaptation strategies
involve actions taken by non-state agencies such as farmers, communities, or organizations and firms
in response to climatic shocks while planned adaptation involves actions taken by local, regional,
and national government to provide infrastructure and institutions to reduce the negative impact of
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climate change and variability. One can adopt strategies before climate hazards (anticipatory (i.e.,
proactive) strategies) or after (reactive strategies) [44]. Farmers’ adaptation to climate change can
be indigenous or introduced strategies. Indigenous adaptation strategies can be categorized into
crop- and livestock-related strategies, soil-related practices, cultural practices strategies and other
indigenous strategies [45,46]. Introduced adaptation strategies can be categorized into soil and plant
health strategies, improved variety and breeds strategies, recommended agricultural strategies, and
other introduced strategies [45,47].

Previous research identified strategies such as switching crops, shifting crop calendar, engaging
new management practices for a specific climate regime, changing irrigation system and selecting
different cropping technologies as adaptation strategies [48]. Vegetable farmers in the Upper East
region of Ghana stored water for dry season farming as a measure to adapt to floods in the rainy season
followed shortly by drought in the dry season [49]. Among the strategies adopted in Ghana include
high yielding varieties, inorganic fertilizers, harrowing, planting of trees, early maturing varieties,
compost, conservation agriculture, irrigation, drought tolerant varieties, herbicides, planting during
recommended period, reduce farm size and planting in rows.

Research has shown that many factors influence farmers’ decision to adopt improved technologies.
The factors influencing the adoption of a technology were identified as the socio-economic characteristics
of the farmers and the characteristics of the innovation [50]. Among the factors identified are farmers’
educational level, age of the farmer, available family labor, non-farm income, farmers’ perception
about the innovation, farm size, frequency of extension visits, and accessibility of the new technology.
A comprehensive survey also found that farm size, risk, human capital, labor availability, access to
credit, and land tenure systems were the most important factors influencing farmers” decision on
technology adoption [51,52]. The location of farmers, noticing increased temperature and decreased
rainfall, farmer—farmer extension contacts, and availability of community markets are the significant
determinants of farmers’ choice of indigenous adaptation strategies in Northern Ghana [46].

Many frameworks and approaches have been developed to understand the barriers to climate
change adaptations in sub-Saharan Africa. Barriers to climate-related adaptation strategies are defined
as factors, conditions, or obstacles that reduce the effectiveness of those adaptation strategies [53].
Constraints to climate adaptation strategies can be grouped into financial, socio-cultural, institutional,
informational, and technological barriers. The financial barriers due to lack of credit facilities are
important obstacles hindering the implementation of climate adaptation strategies by farmers in
Ethiopia [54]. This is supported by another research that financial constraint is a key constraint faced
by smallholder farming households” adaptation to climatic shocks in Sub-Saharan Africa [55].

Socio-cultural constraints such as beliefs, cultural practices, and the worldviews of individuals or
groups greatly influence the way farmers perceive climate change, and their subsequent adaptation
strategies. Previous research revealed that people’s response to risk might be greatly influenced by
their pre-existing belief, values, and norms regarding that event [56]. This means that people who live
in the same community with different cultural backgrounds may respond differently to risks related to
the impacts of climate variability. Institutions play a key role in enhancing the ability of communities
to cope with climate variability, which can help to shape the social and individual interactions within
the society [57]. It can be concluded from the existing literature that institutional barriers are a key
restriction on publications of adaptation strategies. Weak institutional capacity coupled with lack of
policies on food security and lack of climate adaptation information place food security in Ghana and
in many other communities across Sub-Saharan Africa under considerable threat.

Access to information on climate extreme event is a powerful tool that can be used to enhance
the adoption and implementation of adaptation strategies by households in Ghana [55]. However,
lack of appropriate climatic data has resulted in few climatic projections in the country. This has
resulted in households relying on their own agro-ecological knowledge, based on experience. This
knowledge allowed farmers to form complex mental models of the climate which can affect their
farming operations negatively. Improvement in technology, for example, the development of improved
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crop varieties as well as developing irrigation technologies are very crucial to farmers” adaptation to
climate change and variability, but limited availability of these technologies makes farmers rely on
their own indigenous technology in reducing the impacts of climate change and variability on their
livelihoods [55].

3. Materials and Methods

3.1. Study Area

This study was conducted in the Eastern Region of Ghana, specifically in the Yilo Krobo Municipal
and Ayensuano District. Yilo Krobo Municipal lies approximately between latitude 60°30" N and
longitude 30°10” W, while the Ayensuano District lies within latitudes 5°45” N and longitudes 15°45
W [16]. The region has land area of 19,323 km? and it is the sixth largest region in Ghana. The Eastern
Region is the third most populous region after Ashanti and Greater Accra with a population of 2,106,696
in 2010 [16]. The main occupation of the economically active population in the region are agriculture
and related work (54.8%), sales (14.3%), transport, production and equipment work (14.0%), services
(5.0%), and professional and technical work (6.9%) [16]. The region lies within the wet semi-equatorial
zone characterized by dual rainy season. The temperature ranges between 24 °C and 36 °C. Figure 1
presents a map of Ghana showing the Eastern Region.
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Figure 1. Map of Eastern Region showing Study Districts. Source: [58].

3.2. Sampling and Data

A multi-stage sampling technique was employed for the data collection. First, purposive sampling
of the Region was done due to its high level of maize output in the country: it is the second largest
producer of maize in Ghana [15]. Second, the Yilo Krobo Municipal and Ayensuano District were also
purposively selected because of their highly agrarian nature and have the most of small-scale farms.
Also, there has been little research in the two districts. Third, simple random sampling was used to
select five communities each from the Yilo Krobo Municipal and Ayensuano District making a total
of ten communities for the study. The simple random sampling was done by writing the names of
the communities in each of the two localities (i.e., Yilo Krobo Municipal and Ayensuano District) on
pieces of papers and then ballots were made until the five communities in each locality was obtained.
This was done for one locality at a time. Similarly, fifteen household heads were randomly selected
from each community to make a sample size of 150 households. We have conducted the power test for
the sample used in this study. The power of the test is the chance to reject the null hypothesis, given
that the null hypothesis is false (i.e., given that the alternative hypothesis is true). It is the process
of determining the sample size for a study. Given the intended power, we can derive the required
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sample size, and given the intended sample size, we can derive the resulting power. Following [59]:
n = (N/1 + Ne?), where N denotes the total population of maize farmers in the Ayensuano District
and Yilo Krobo Municipal, i.e., 3450 comprising 1800 in the Ayensuano District, and 1650 in the Yilo
Krobo Municipal [60]; e denotes the margin of error of the sample, and n denotes sample size. The
derived margin of error of the sample is 0.65% given the sample size of 150. This implies that there is
99.35% confidence in the results obtained from the sample used for this study. Therefore, the sample is
highly representative, and the results can be generalized for the population of maize farmers in the
two localities in the Eastern Region of Ghana.

Table 1 presents the sample size by communities. Primary data was collected in January 2016
from 150 farming households by administering a structured questionnaire. The questionnaire for data
collection was initially developed and pretested to remove all ambiguities before finalizing for the
actual data collection. By this process, we ensured that quality data is obtained for the analysis.

Table 1. Sample size of communities selected for the study.

Districts/Municipal (Locality) Communities Sample Size
Agogo 15
Akwapem 15
Yilo Krobo Municipal Trawa 15
Ocansere 15
Brukum 15
Sakra 15
Anum Apapam 15
Ayensuano District Mfranor 15
Amanase 15
Kofi Pare 15
Total 150

3.3. Data Analysis

3.3.1. Assessing the Determinants of Adoption of Adaptation Strategies to Climate Variability

Climate change adaptation strategies of maize farmers were analyzed using descriptive statistics.
In determining the econometric model to employ in an adoption decision study involving more
than two choices, two models traditionally utilized to evaluate qualitative dependent variables are
considered: Multinomial Probit (MNP) and Multinomial Logit (MNL). Both models are similar in
their formulation but MNL is preferred because its cumulative distribution function (CDF) is logistic
whereas that of MNP is normal distribution. The MNP model also does not enable precision robustness
as it fails to allow the researcher to adjust for covariates as in the case of MNL. Hence, the MNL model
was chosen to determine factors influencing farmers” adoption of climate change adaptation strategies
over the MNP [61].

Adaptation strategies, with four possibilities—no adaptation strategy, improved varieties strategies,
soil-related strategies, and recommended agricultural practice strategies—were used as the dependent
variable. In the Multinomial Logit model (MNL), a baseline alternative is chosen because the options
must always be in the respondents’ choice set to be able to interpret the results in standard welfare
economics terms [61,62]. The choice “no adoption” was used as the baseline and compared with the
other choice of adaptation strategies.

The functional form of the MNL model is specified in Equation (1) as [61]:

Fix;

= 5
Lo Xi

Prob(A; = j) = €))



Agriculture 2019, 9, 90 7 of 17

where A; is the probability of farmer i choosing alternative j, | denotes the adaptation strategies
(0 =no adaptation, 1 = recommended agricultural practice, 2 = improved varieties strategies and
3 = soil-related strategies), X; denotes the independent variables and g is a vector of coefficients for
each of the independent variables X;, k specifically denotes the no adaption strategy which was used as
the base category.

Equation (1) can be normalized to remove indeterminacy in the model. This is achieved by
assuming that g = 0:

. B
Prob(Ai - i) - k‘:—Xl 2)
Xi Zk:é e‘Bk Xi

If k = 0, then Equation (2) yields the j log-odds ratios of the form:

Pi\ _ 5 :
w52 ) = (6 1) = 1 o
o denotes the constant term, (31, ..., B, denote the regression coefficient, and p denotes the
error term.
The MNL coefficients are difficult to interpret and associating the f; with the jth outcome is
misleading. To interpret the effects of explanatory variables on the probabilities, marginal effects are
usually derived as [63]:

dP; -
o () -nto-9

Empirically, the model is specified as:
Pij . . : .
Y, =In .= Bo + B1Age + PoGender + B3 farmsize + fyExp + BsRainperception + BeCredit + p; (5)
ik

where Y; is the probability of ith farming household choosing a specific adaptation strategy. A major
condition that must be satisfied in MNL is the assumption of the Independence from Irrelevant
Alternatives (IIA). The IIA Property requires that the relative probabilities of two options being selected
are unaffected by the introduction or removal of other alternatives in the model [64]. The IIA test was
carried out to satisfy that condition. The explanatory variables used for the MNL regression analysis
are described in Table 2.

3.3.2. Identification and Ranking of Constraints to Adaptation to Climate Variability

The constraints militating against maize farmers’ adoption of climate change adaptation strategies
were identified by reviewing related studies. The constraints identified were then presented to the
respondents for ranking. Numeric values were assigned for the ranking by scoring the most pressing
constraint 1 while the less pressing constraint was scored 9. The total score of each respondent was
calculated and the constraint with the lowest score was ranked the most pressing whereas the highest
score was ranked least constraint.

The Kendall’s coefficient of concordance (W) was then used to measure the degree of agreement
among the rankings of the constraints by the respondents using the rank scores. The Kendall’s
coefficient of concordance (W) equals one when the ranks assigned by each farmer is the same as those
assigned by other farmers and zero when there is a maximum disagreement among the farmers. Given
that T represents the sum of ranks of each factor being ranked, the variance of the sum is given by
Equation (6) [63].

T2 — Lr
Vary = ZTn (6)
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The maximum variance of T is then given by Equation (7):
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@)

where, m denotes the number of sets of ranking by the farmers and #n denotes the number of specific

constraints being ranked.

Table 2. Description, measurements, and a priori expectations of the variables used for the multinomial

logit regression.

Variable Description and Measurement Expected Sign Justification
Dependent Variables
Recommended Dummy: Adopt =1, 0 Otherwise
agricultural practices
Improved varieties strategies Dummy: Adopt = 1, 0 Otherwise
Soil-related strategies Dummy: Adopt = 1, 0 Otherwise
Explanatory Variables
Age Age of household head (years) - As farmers grow older, they become weak in
strength to undertake any intensive farming activity.
Gender Gender of household head (1 = - Female household heads have less access to
female, 0 = male) resources for adaptation.
Farmsize Current farm size of household +/- Smaller farm size is easily managed than bigger ones.
(hectare) However, wealthier farmers are those who can own
bigger farms for cultivation and thus can adopt
adaptation strategy to increase yield.
EExp. Years of farming by household + More years of farming favors adaptation of a

Rainfall Perception

Credit

head (years)

Perceived changes in amount of +
rainfall (1 = yes, 0 = no)

Households with access to credit ~ +
(1 =yes, 0 =no)

strategy due to knowledge of weather as well as the
crop being cultivated.

Household who perceived a change in rainfall
amount are better able to adapt.

Access to credit enable households adapt to climate
hazards even if it is costly.

Source: Field Survey, 2016.

The Kendall’s coefficient of concordance (W) is therefore given by Equation (8):

-]
W= 19 ®

Chi-square test was used to assess the hypothesis and significance of the ranking as follows:

H,: There is no agreement among the rankings of the constraints by the farmers.
H,: There is agreement among the rankings of the constraints by the farmers.

The data was coded, entered, cleaned, and analyzed using Stata 13.0 by StataCorp LLC, College
Station, TX, USA.

4. Results and Discussions

4.1. Demographic Characteristics of Farming Households

Table 3 presents the descriptive statistics of the demographic characteristics of the selected farming
households. The results revealed that among the respondents, the aged are less involved in agriculture.
This could be attributed to the fact that agriculture is labor-intensive. The youth constitutes about 15%
while the adult constitutes 82% of the total population of the respondents. There is abundance of labor
force and this serves as an opportunity for the agricultural sector in the area. The average age of both
males and females was 45 years. The mean age of female respondents in Ayensuano and Yilo Krobo
districts were 45 and 48 years, respectively, whilst that of the males were 47 and 44 years, respectively.
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Table 3. Demographic Characteristics of Households.

Ayensuano Yilo Krobo Pooled
Age Group
Frequency % Frequency % Frequency %

Gender

Male 45 60.00 64 85.33 109 72.67

Female 30 40.00 11 14.67 41 27.33
Age

<35 10 13.33 12 16.00 22 14.67

35-64 61 81.33 62 82.67 123 82.00

>65 4 5.33 1 1.33 5 3.33
Average Household size 6 8 7
Access to extension service 15 20.0 71 94.67 86 57.33
Rainfall perception

Unpredictable 19 25.33 19 25.33 38 25.30

No change 3 4.0 13 17.33 16 10.70

Decreased 50 66.67 43 57.33 93 62.00

Increased 3 4.00 0 0.00 3 2.00

A household is defined as a person or a group of persons, who share the same housing unit or
compound and share the same house-keeping arrangements and constitute a single consumption
unit [24]. The mean household size for Ayensuano and Yilo Krobo districts were 6 and 8, respectively.
The average household size for the districts were 4 for both Ayensuano and Yilo, compared with 6 for
the region [24]. Access to extension services is critical to improving the productivity of farmers. The
farmers who had access to extension service during the farming season prior to the season in which
the data was collected, had higher yields than those who did not.

Respondents were also asked about their perceptions on rainfall for the past 10 years. From the
data analyzed, 67% of respondents in Ayensuano perceived a decreased in amount of rainfall, 4%
perceived an increased, 25% perceived an unpredictable rainfall, and 4% perceived consistent amount
of rainfall. For Yilo Krobo, 57% perceived a decreased, 17% perceived rainfall to be consistent, 25%
perceived an unpredictable amount of rainfall, but no one perceived an increased in the amount of
rainfall for the past 10 years. For the pooled data, 62%, 2%, 11%, and 25% perceived a decreased,
increased, consistent, and unpredictable amount of rainfall, respectively. The responses from the
respondents are supported by the previous findings that the climate has changed in Ghana as in other
parts of the world [65,66].

4.2. Identified Climate-Related Adaptation Strategies

The results revealed that maize farmers adopted different climate adaptation strategies. Thirteen
(13) different strategies were identified; 90% of the sample adopted three of the identified strategies and
the remaining 10% did not adopt any of those strategies. Maize farming in Eastern region of Ghana is
solely rain-fed. Hence, all farmers rely on the rainfall before planting. Irrigation is not practiced by the
respondents and hence, timing of the rainfall was not considered as an adaptation strategy in this study.
Planting in rows was the most widely adopted climate adaptation strategies (approximately 24% of the
farmers) followed by mixed cropping (approximately 16%), and then land rotation and tree planting
being the least adopted strategies by the farmers (approximately 2% each). Based on the literature,
the various strategies were grouped into soil-related strategies, recommended agricultural practice
strategies and improved varieties strategies. In this respect, approximately 27% of the farmers adopted
soil-related strategies, 36% of the farmers adopted the recommended agricultural practice strategies,
and approximately 38% of the farmers adopted the improved varieties strategies (Table 4). The sum of
the percentages is more than 100 as the farmers adopted a combination of these adaptation strategies.
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Table 4. Identified climate change adaptation strategies of farming households.

Soil-Related Strategies Recommended Agricultural Practice Strategies Improved Varieties Strategies
Sub-strategies % Sub-strategies % Sub-strategies %
Mounds/ridges 5.60 Land rotation 1.77 Mixed cropping 15.63
Manure/compost 5.60 Spacing 8.55 Livestock rearing 5.60

. s I L High yielding varieties 6.19
Inorganic fertilizer application  6.78 Planting in rows 23.64 Drought tolerant varieties 767
Insecticides 8.55 Tree planting 1.77 Early maturing varieties 2.65
Total 26.53  Total 35.73  Total 37.74

Source: Field Survey, 2016.

Farming households in the communities surveyed uses a wide range of adaptation measures
in response to climate variability. The dominant strategy for adapting to climate change is using
improved varieties (38%). Several improved maize varieties such as Okomasa, Obatanpa, and Dadaba
with different maturity periods have been developed and released to farmers by the Council for
Scientific and Industrial Research—Crops Research Institute (CSIR-CRI) of Ghana to meet the needs of
growers in the different ecological zones of Ghana [67]. These strategies guard against crop failure
as the farmers cultivate different crops with different climatic requirements as well as varieties that
can withstand climatic shocks. The strategies also aid to bridge the “hunger gap” before the longer
maturing plants are harvested.

The percentage of farmers who adopted recommended agricultural practices such as spacing,
planting of trees, and planting in rows was approximately 36%. The recommended spacing for maize
cultivation is 90 cm apart and 40 cm between plants, and 75 cm X 40 cm depending on the variety [68].
All plants require a certain amount of nutrients, water and space for better growth and development.
If the space needed for their development is to some extent occupied by weeds that rob the cultivated
plants of nutrients, moisture, and sunlight, the plant cannot thrive well and then the yield from the
crop would be low.

Soil-related strategies play an important role in climate adaptation strategies by rendering the
adopters of those strategies less vulnerable. Approximately 27% of the farmers adopted the soil-related
strategies. The best soils for maize are normally deep, medium-textured, well-drained, loamy soils rich
in humus with a high water-holding capacity [69]. Availability of soil moisture at the time of tasseling
is essential to produce high yields and that is achieved through manure and mounds construction.
Farmers can use organic or chemical fertilizer on continuously or previously used lands in southern
Ghana [68]. Farm productivity can only be limited by non-availability of nitrogen in the soil if water
and temperature conditions are satisfied for the development of maize [70,71]. This makes it necessary
for nitrogen fertilizers to be applied in order to enhance productivity.

4.3. Determinants of Farmers” Adoption of Climate Change Adaptation Strategies

A household was considered as adopting a category of strategy if it adopted at least one of the
sub-strategies under the major strategy. In the MNL regression model employed for this study, we
used the no adaptation as the base category and evaluates the other adaptation strategies as alternative
to this option. The Hausman test of independence of irrelevant alternatives (ILA) assumption was
carried out to determine the assumption of IIA. The results revealed that the IIA assumption has
not been violated, thereby justifying the application of the MNL model to the dataset (Table 5).
Also, Spearman’s rank correlation was used to test for correlation among the independent variables
before the model estimation. The variables years of education, temperature perception, and access to
agricultural extension services were found to be highly correlated and were omitted from the MNL
regression model.

The marginal effects and the corresponding p-values derived from the coefficient of the MNL of
the factors influencing the adoption of climate-related adaptation strategies among smallholder maize
farming households in the Eastern Region are presented in Table 6. The MNL results showed that
farming experience, rainfall perception and access to credit are the factors that significantly influenced
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the adoption of recommended agricultural practice strategies whilst rainfall perception and farming
experience also influenced the farmers” adoption of improved varieties. The adoption of soil-related
strategies is significantly influenced by gender of household head and rainfall perception.

Table 5. Hausman test of independence of irrelevant alternatives (IIA) assumption.

Adaptation Strategy Chi-square p-Value
Recommended Agricultural Strategies 1.795 0.877
Improved Variety Strategies 0.434 0.980
Soil-Related Strategies 0.677 0.982

Ho: Odds are independent of other alternatives.

Table 6. Results of the marginal effects of the multinomial logit regression of the factors influencing the
choice of adaptation strategies.

Recommended Agricultural Practice  Improved Varieties Strategies Soil-Related Strategies

Variables
Marginal Effects p-Value Marginal Effects p-Value Marginal Effects  p-Value

Age —-0.002 0.299 —-0.011 0.117 0.012 0.281
Gender —-0.078 0.712 —0.042 0.536 -0.131* 0.074
Farm size —-0.039 0.251 —0.002 0.128 —0.0542 0.132
Farm experience 0.001 ** 0.046 0.010 ** 0.010 0.008 0.528
Rainfall perception 0.129 *** 0.000 0.076 *** 0.000 0.039 *** 0.000
Access to credit 0.050 * 0.093 0.026 0.151 0.002 0.161
Diagnostic statistics
Number of observations 150
Log pseudolikelihood —-173.755

*,** and *** Statistical significance at 10%, 5% and 1% respectively.

Farmers’ access to credit increases the probability of adopting the recommended agricultural
practices by 5% to curb the negative effects of climatic change, relative to not adopting any of the
strategy. Access to credit of farming households enables farmers to make use of all the available
information to change their management practices in response to climate change and variability. This
is supported by the previous studies [72,73]. As expected, the study revealed a positive relationship
between perceived changes in rainfall and the adaptation by faming households. The probability
of adopting the recommended agricultural practices, improved varieties strategies, and soil-related
strategies increased by approximately 13%, 8%, and 4%, respectively, when the maize farmers perceive
changes in rainfall amounts, relative to no adaptation. That is, farmers who noted changes in rainfall
amounts are more likely to adopt a strategy to minimize the impact of climate change compared to
those farmers who did not perceive changes in rainfall amounts. The possible reason for this positive
relationship is that farming in the Eastern Region of Ghana is dependent on rainfall, and therefore,
decreased precipitation in such an area is likely to constrain farm production and hence the need to
adapt to the changing climatic conditions. The finding is consistent with [74].

Next, being a female-headed household decreased the probability of adopting soil-related strategies
by approximately 13%. This result is to a large extent consistent with previous study that being
male-headed household positively influenced the adoption decision of climate-related strategies [75].
The finding of this study is contrary to the results of another previous study that household gender
does not significantly influence farmers’ decisions to adopt climate adaptation strategies [76]. The
disparity in findings could be attributed to location differences with differences in cultural implications
on gender of household head as in the case of Northern Ghana [77].

A vyear increase in farming experience increased the farmers’ likelihood of adopting the
recommended agricultural practices and improved varieties strategies by approximately 0.1% and 1%,
respectively, relative to no adaptation. Thus, more years of farming increased the farmers’ awareness
of the potential benefits of adaptation to climate change. Experienced farmers have more knowledge
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and information about climate change and agronomic practices that they can use to reduce the negative
effects of climate variability on agriculture production [78].

4.4. Constraints to the Adoption of Climate Change and Variability Adaptation Strategies

Farmers adapt to climate variability differently. In the process of adopting strategies to cope with
the impact of extreme climatic events, farmers encounter several challenges all the way from personal
to institutional constraints. Based on the literature and focus group interactions with the respondents,
nine constraints were identified, pre-tested and finally presented to the farmers for ranking using a
simple ranking technique. The results of the ranking are presented in Table 7.

Table 7. Ranking of constraints to climate adaptation strategies by respondents.

Yilo Krobo Ayensuano Pooled
Constraints
Mean Score Rank  Mean Score Rank  Mean Score Rank
Inadequate and limited access to credit  2.86 1st 3.18 Ist 3.02 1st
Inadequate drought tolerant varieties ~ 5.25 5th 3.42 2nd 4.31 2nd
Low literacy rate 4.59 2nd 4.45 3rd 4.52 3rd
High cost of labor 4.65 3rd 5.21 4th 4.94 4th
Inaccessible and high cost of input 5.49 7th 5.24 5th 5.36 5th
Poor access to meteorological 5.40 6th 5.45 6th 543 6th
information
Land tenure 5.09 4th 5.92 7th 5.52 7th
Inadequate knowledge of 5.70 8th 5.97 8th 5.84 8th
climate-related strategies
Poor extension 5.96 9th 6.16 9th 6.06 9th
Diagnostic statistics
Number of observations 59 62 121
Kendall’ W 0.113 0.159 0.117
Chi-Square calculated 53.291 79.011 113.522
Chi-Square critical 15.507 15.507 15.507
Degree of freedom 8 8 8
Asymptotic Significance 0.000 0.000 0.000

Farmers in the Yilo Krobo Municipal rank inadequate and limited access to credit, low literacy,
and high cost of labor as the most pressing constraints. This empirical result is consistent with the
results of previous study that lack of finance hinders farmers from getting the necessary resources and
technologies that would facilitate the adoption of climate-related adaptation strategies [79]. Lower
education level of the farmers limits access of climate-related information available from various sources
and poor understanding of it increases the vulnerability of these farmers to climate extreme events [80].
The hypothesis that there is no agreement among the ranking of constraints by the respondents is
rejected at 1% significance level. The ranking of constraints in the Ayensuano District is same as for the
pooled sample. Inadequate and limited access to credit, inadequate drought tolerant varieties, and low
literacy rate are ranked the most pressing constraints by the respondents in the Ayensuano District. The
use of drought tolerant varieties is another adaptation measure to reduce the effect of climate variability.
However, this strategy requires additional amount of inputs and credit because it comes with a cost.
The null hypothesis that there is no agreement is rejected at 1% significance level.

Some of the farmers argued that poor access to meteorological information and its low reliability
are major obstacles to practice adaptation measures to minimize the shocks of climate variability. The
study revealed that farmers lack the technical knowledge on climate variability, its consequences, and
adaptation strategies to curb the negative impacts of climate-related disaster. Respondents expressed
that small landholdings due to extended families sharing the lands (land fragmentation) and low
annual income were other constraints to adopting the various coping measures such as soil and water
conservation measures and cultivating drought tolerant varieties. The findings are consistent with
the previous finding that absence of location specific climate forecasts, poor reliability and failure of
the climate forecasts, coupled with poor extension service on climate prediction were major problems
confronting farmers in Borno State, Nigeria [81].
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5. Conclusions and Recommendations

This study examined the adaptation strategies of maize farmers to climate change and variability
in the Eastern Region of Ghana using primary data collected from 150 maize farming households by
the administration of structured questionnaires. Specifically, this study assessed the percentage of
the smallholder farmers adopting each of the identified climate change adaptation strategies using
descriptive statistics; determined factors influencing farmers” adoption of climate adaptation strategies
using a multinomial logit regression model; and identified and ranked the constraints militating against
maize farmers’ adoption of adaptation strategies using the Kendall’s Coefficient of Concordance.

The farmers adopted combinations of the adaptation strategies. However, most maize farmers
adopted improved variety strategies to adapt to climate change and variability. More years of farming
experience and access to credit ensures that farmers have the information for decision making and
the means to take up adaptation measures. Other enabling factors that have significant potential
for promoting climate adaptation strategies were rainfall perception and gender of household heads.
Women were found to be less likely to adopt soil-related strategies such as inorganic fertilizer
application and construction of ridges and mounds, among others. The main constraints militating
against maize farmers’ adoption of climate-related adaptation strategies include limited access to
credit, low literacy rate, high cost of labor, inadequate drought tolerant varieties, and poor access to
meteorological information.

This study recommends that maize farmers in the Eastern region of Ghana should be provided
with improved varieties of maize through the Government of Ghana flagship program of planting for
food and jobs to assist farmers improve their yields. This would reduce the probability of farmers losing
crops due to climate change and variability, and hence make them less vulnerable. The smallholder
farmers would require enough supply of water for the crops especially during the dry season. Therefore,
it is imperative that the government assist the farmers to construct irrigation facilities and improve
the existing ones for all year-round maize production. In this respect, the leading roles of the Ghana
Irrigation Development Authority, the Japan International Cooperation Agency, and the World Bank
regarding the development of irrigation facilities and the associated capacity building of the farmers
are very important. The formation of Water User Associations for the smallholder farmers regarding
the usage and maintenance of the irrigation facilities would be a step in the right direction. The
challenges regarding the Water Use Associations are lack of unity and conflicts that arise among the
members of these associations, resulting in underutilization and poor maintenance of these facilities.
Also, the Ghanaian Ministry of Food and Agriculture should revamp agricultural extension services
by resourcing the institution and employing more officers and agents to perform the agricultural
advisory services. This will make agricultural extension services widely available to the smallholder
farmers in order to boost the adoption of climate change adaptation strategies that will make them less
vulnerable to climate shocks. Finally, it is imperative that the Government revamp financial institutions
by assisting to bring financial services to the largely unbanked population including the smallholder
maize farmers. This would make credit more accessible to these farmers and enable them to adopt the
climate change adaptation strategies, thereby making them resilient to climatic shocks.

Author Contributions: M.A.S.,, RM.A.-H. and ] KM.K. designed the research. M.A.S. collected and analyzed the
data. S.I.A. and M.A.S. drafted the manuscript. ] KM.K,, RM.A.-H., M.A.S,, and S.I.A. worked on the flow, clarity,
organizational structure, discussions, conclusions, and reviewed and revised the manuscript. ] KM K. served as
the corresponding author.

Funding: This research received no external funding.

Acknowledgments: The authors gratefully acknowledge role of the Agricultural Extension Officers in the Yilo
Krobo and Ansah Suhum districts for their assistance during the field survey. We also gratefully thank the farmers
in the local communities for their patience, time, and the information provided during the field survey.

Conflicts of Interest: The authors declare no conflict of interest.



Agriculture 2019, 9, 90 14 of 17

References

1.

10.

11.

12.

13.

14.
15.

16.

17.

Kumar, R.; Sampson, M.A. Mini Review, Review of Stem Borer Research in Ghana. Insect Sci. Appl. 1982, 13,
85-88.

Reuther, W. Anatomy, Physiology, Genetics and Reproduction; University of California: Oakland, CA, USA, 1967.
Climate Change and Sub-Saharan Africa: The Vulnerability and Adaptation of Food Supply Chain Actors;
Kuwornu, J.LKM. (Ed.) Series on Climate Change and Society; Vernon Press: Wilmington, DE, USA,
2019; 382p, ISBN 978-1-62273-265-4.

Alhassan, S.I.; Osei-Asare, Y.B.; Kuwornu, J. K.M. Assessing the vulnerability of smallholder women rice
farmers to climate variability in the Northern Region of Ghana: The livelihood vulnerability index approach.
In Climate Change and Sub-Saharan Africa: The Vulnerability and Adaptation of Food Supply Chain Actors;
Kuwornu, ] K.M., Ed.; Series on Climate Change and Society; Vernon Press: Wilmington, DE, USA, 2019;
pp- 27-59.

Alhassan, S.I.; Osei-Asare, Y.B.; Kuwornu, ]. K.M. What factors influence farmers’ vulnerability to climate
change and variability? Empirical evidence from smallholder women rice farmers in the Northern Region of
Ghana. In Climate change and Sub-Saharan Africa: The Vulnerability and Adaptation of Food Supply Chain Actors;
Kuwornu, ] K.M., Ed.; Series on Climate Change and Society; Vernon Press: Wilmington, DE, USA, 2019;
pp. 131-155.

Armah, A.R.N.; Al-Hassan, RM.; Kuwornu, ]. K.M. Impacts of participation in climate change projects on Ghanaian
maize farmers’ yields, income and resilience to climate shocks, In Climate change and Sub-Saharan Africa: The
Vulnerability and Adaptation of Food Supply Chain Actors; Kuwornu, ]. K.M., Ed.; Series on Climate Change and
Society; Vernon Press: Wilmington, DE, USA, 2019; pp. 157-171.

Sadiq, M.A.; Al-Hassan, R.M.; Kuwornu, ].K.M. Vulnerability of smallholder maize farming households to climate
variability in the Eastern Region of Ghana, In Climate Change and Sub-Saharan Africa: The Vulnerability and
Adaptation of Food Supply Chain Actors; Kuwornu, J.K.M., Ed.; Series on Climate Change and Society; Vernon
Press: Wilmington, DE, USA, 2019; pp. 173-189.

Alhassan, S.I; Kuwornu, J.K.M.; Osei-Asare, Y.B. A Multinomial Logit Analysis of Farmers” Adoption of Climate
Variability Adaptation Strategies: The Case of Smallholder Women Rice Farmers in the Northern Region of Ghana,
In Climate Change and Sub-Saharan Africa: The Vulnerability and Adaptation of Food Supply Chain Actors;
Kuwornu, ] K.M., Ed.; Series on Climate Change and Society; Vernon Press: Wilmington, DE, USA, 2019;
pp. 191-221.

Amikuzuno, J.; Kuwornu, ] K.M.; Osman, D.T. Gender-based climate change impacts and adaptation strategies
among smallholder farmers in Northern Ghana—What lessons for nationally-appropriate mitigation actions
exist? In Climate Change and Sub-Saharan Africa: The Vulnerability and Adaptation of Food Supply Chain Actors;
Kuwornu, ] K.M., Ed.; Series on Climate Change and Society; Vernon Press: Wilmington, DE, USA, 2019;
pp- 241-269.

Adu, D.T.; Kuwornu, ] KM.; Datta, A. Smallholder maize farmers’ constraints to climate change adaptation
strategies in the Brong-Ahafo Region of Ghana, In Climate Change and Sub-Saharan Africa: The Vulnerability and
Adaptation of Food Supply Chain Actors; Kuwornu, J.K.M., Ed.; Series on Climate Change and Society; Vernon
Press: Wilmington, DE, USA, 2019; pp. 271-287.

Chamberlin, J.; Diao, X.; Kolavalli, S.; Breisinger, C. Smallholder Agriculture in Ghana; IFPRI Discussion Brief:
Ghana Strategy Support Program, International Food Policy Research Institute (IFPRI): Washington, DC,
USA, 2007.

Faostat. FAO Statistical Database. Available online: http://faostat.fao.org (accessed on 10 January 2017).
Hassan, R.M. Maize Technology Development and Transfer: A GIS Application for Research Planning in Kenya;
CAB International: Wallinggford, UK, 1998.

Ministry of Food and Agriculture (MoFA). Agriculture in Ghana: Facts and Figures; MoFA: Accra, Ghana, 2014.
Ministry of Food and Agriculture (MoFA). Annual Report: Policy Planning Monitoring and Evaluation Directorate;
MoFA: Accra, Ghana, 2011; p. 103.

Pettengell, C. Climate Change Adaptation: Enabling People Living in Poverty to Adapt; Research Report; Oxfam
Policy and Practice: Climate Change and Resilience: Oxford, UK, 2010; pp. 1-48.

Novignon, J.; Mussa, R.; Chiwaula, L. Health and Vulnerability to Poverty in Ghana: Evidence from the
Ghana living standards survey round 5. Health Econ. Rev. 2012, 2, 11. [CrossRef] [PubMed]


http://faostat.fao.org
http://dx.doi.org/10.1186/2191-1991-2-11
http://www.ncbi.nlm.nih.gov/pubmed/22827954

Agriculture 2019, 9, 90 15 0f 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Etwire, PM.; Al-Hassan, R.M.; Kuwornu, J.K.; Osei-Owusu, Y. Application of the Livelihood Vulnerability
Index in Assessing Vulnerability to Climate Change and Variability in Northern Ghana. JEES 2013, 3,
157-170.

Abidoye, B.O.; Kurukulasuriya, P.; Mendelsohn, R. South-East Asian farmer perceptions of climate change.
CCE 2017, 8, 1740006-1-1740006-7. [CrossRef]

Kurukulasuriya, P.; Mendelsohn, R. Impact and adaptation of South-East Asian farmers to climate change:
Introduction. CCE 2017, 8, 1703001-1-1703001-6. [CrossRef]

Reed, B.; Mendelsohn, R.; Abidoye, B.O. The economics of crop adaptation to climate change in South-East
Asia. CCE 2017, 8, 1740002-1-1740002-20. [CrossRef]

Nelson, D.R.; Adger, W.N.; Brown, K. Adaptation to environmental change: Contributions of a resilience
framework. Annu. Rev. Environ. Resour. 2007, 32, 395-419. [CrossRef]

Rondon, M.; Ashitey, E. Annual Grain and Feed Report USDA: Foreign Agricultural Service; Facts and Figures
Report; Ministry of Food and Agriculture: Accra, Ghana, 2011; pp. 1-7.

Ghana Statistical Service (GSS). Population and Housing Census: Analytical Report, Eastern Region; Report;
Ghana Statistical Service: Accra, Ghana, 2012.

1ISD. SEI: Livelihoods and Climate Change: Combining Disaster Risk Reduction. Natural Resource Management
and Climate Change Adaptation in a New Approach to the Reduction of Vulnerability and Poverty; International
Institute for Sustainable Development: Winnipeg, MB, Canada, 2003.

Food and Agricultural Organization, FAO. FAO-Adapt Framework Programme on Climate Change Adaptation;
FAO: Rome, Italy, 2011.

Fussel, HM,; Klein, T.R. Climate change vulnerability assessment: An evolution of conceptual thinking.
Clim. Chang. 2006, 75, 301-329. [CrossRef]

IPCC. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, Il and III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change; IPCC: Geneva, Switzerland, 2007.

IPCC. Climate Change: Impact, Adaptation and Vulnerability. Contributions of Working Groups I, II and III to the
Fourth Assessment Report; Cambridge University Press: Cambridge, UK, 2014.

Cadez, S.; Czerny, A.; Letmathe, P. Stakeholder pressures and corporate climate change mitigation strategies.
Bus. Strateg. Environ. 2019, 28, 1-14. [CrossRef]

Cadez, S.; Guilding, C. Examining distinct carbon cost structures and climate change abatement strategies in
CO; polluting firms. Account. Audit. Accoun. 2017, 30, 1041-1064. [CrossRef]

Cadez, S.; Czerny, A. Climate change strategies in carbon intensive firms. J. Clean. Prod. 2016, 112, 4132-4143.
[CrossRef]

Meangbua, O.; Dhakal, S.; Kuwornu, ].K.M. Factors influencing energy requirements and CO, emissions of
households in Thailand: A panel data analysis. Energ. Policy 2019, 129, 521-531. [CrossRef]

Swart, R.; Raes, F. Making integration of adaptation and mitigation work: Mainstreaming into sustainable
development policies? Clim. Policy 2007, 7, 288-303. [CrossRef]

Dang, H.H.; Michaelowa, A.; Tuan, D.D. Synergy of adaptation and mitigation strategies in the context of
sustainable development: The case of Vietnam. Clim. Policy 2003, 3, S81-596. [CrossRef]

Klein, R]J.T.; Hugq, S.; Denton, F.; Downing, T.E.; Richels, R.G.; Robinson, ].B.; Toth, F.L. Inter-Relationships
between Adaptation and Mitigation. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change; Parry, M.L.,
Canziani, O.F, Palutikof, ].P, van der Linden, PJ., Hanson, C.E., Eds.; Cambridge University Press:
Cambridge, UK, 2007; pp. 745-777.

Magadza, C.H.D. Climate Change Impacts and Human Settlements in Africa: Prospects for Adaptation.
Environ. Monit. Assess. 2000, 61, 193-205. [CrossRef]

Nsubuga, FW.; Rautenbach, H. Climate change and variability: A review of what is known and ought to be
known for Uganda. Int. . Clim. Chang. Strateg. 2018, 10, 752-771. [CrossRef]

Campbell, B.M.; Thornton, P.; Zougmore, R.; van Asten, P; Lipper, L. Sustainable intensification: What is its
role in climate smart agriculture? Curr. Opin. Environ. Sustain. 2014, 8, 39-43. [CrossRef]

Chiemela, S.N.; Noulekoun, F.; Chiemela, C.J.; Zenebe, A.; Abadi, N.; Birhane, E. Conversion of degraded
agricultural landscapes to a smallholder agroforestry system and carbon sequestration in drylands. Int. J.
Clim. Chang. Strateg. 2018, 10, 472-487.


http://dx.doi.org/10.1142/S2010007817400061
http://dx.doi.org/10.1142/S2010007817030014
http://dx.doi.org/10.1142/S2010007817400024
http://dx.doi.org/10.1146/annurev.energy.32.051807.090348
http://dx.doi.org/10.1007/s10584-006-0329-3
http://dx.doi.org/10.1002/bse.2070
http://dx.doi.org/10.1108/AAAJ-03-2015-2009
http://dx.doi.org/10.1016/j.jclepro.2015.07.099
http://dx.doi.org/10.1016/j.enpol.2019.02.050
http://dx.doi.org/10.3763/cpol.2007.0714
http://dx.doi.org/10.1016/j.clipol.2003.10.006
http://dx.doi.org/10.1023/A:1006355210516
http://dx.doi.org/10.1108/IJCCSM-04-2017-0090
http://dx.doi.org/10.1016/j.cosust.2014.07.002

Agriculture 2019, 9, 90 16 of 17

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.
58.
59.
60.
61.
62.

63.
64.

65.

66.

67.

Adu, D.T.; Kuwornu, J.LK.M.; Anim-Somuah, H.; Sasaki, N. Application of livelihood vulnerability index in
assessing smallholder maize farming households’ vulnerability to climate change in Brong-Ahafo region of
Ghana. KJSS 2018, 39, 22-32. [CrossRef]

Heltberg, P; Siegel, P.B.; Jorgensen, S.L. Addressing human vulnerability to climate change: Toward a
‘no-regrets” approach. Glob. Environ. Chang. 2009, 19, 89-99. [CrossRef]

Al-Hassan, R.; Poulton, C. Agriculture and Social Protection in Ghana: Future Agricultures; Working Paper No.
009; Future Agricultures Consortium: Brighton, UK, 2009.

Sathaye, J.A.; Christensen, J. Mitigation and Adaptation Cost Assessment: Methods and Approach Use; UNEP
Collaborating Centre on Energy and Environment, Riso National Laboratory: Roskilde, Denmark, 1998.
Kuwornu, J.K.M.; Al-Hassan, R.M.; Etwire, PM.; Osei-Owusu, Y. Adaptation Strategies of Smallholder
Farmers to Climate Change and Variability: Evidence from Northern Ghana. IMBR 2013, 5, 233-239.
Al-Hassan, R.M.; Kuwornu, J.K.; Etwire, PM.; Osei-Owusu, Y. Determinants of Choice of Indigenous Climate
Related Strategies by Smallholder Farmers in Northern Ghana. BJES 2013, 3, 172-187. [CrossRef]

Etwire, PM.; Al-Hassan, RM.; Kuwornu, J.LKM.; Osei-Owusu, Y. Smallholder farmers’ adoption of
technologies for adaptation to climate change in Northern Ghana. J. Agric. Rural Dev. 2013, 5, 121-129.
Bruin, K. An Economic Analysis of Adaptation to Climate Change under Uncertainty. Ph.D. Thesis, University
of Wageningen, Wageningen, The Netherlands, 2011, unpublished.

Nakuja, T.; Sarpong, D.B.; Kuwornu, ] K.M.; Felix, A.A. Water Storage for Dry Season Vegetable Farming as
an Adaptation to Climate Change in the Upper East Region of Ghana. AJAR 2012, 7, 298-306.

Jatoe, ].B.D.; Al-Hassan, R.M.; Abatania, L.N. Factors affecting the adoption of improved sorghum varieties
among farm households in the northwest Ghana: A probit analysis. GJDS 2005, 2, 37-50.

Feder, G.; Just, R.E.; Zilberman, D. Adoption of Agricultural Innovations in Developing Countries: A Survey.
Econ. Dev. Cult. Chang. 1985, 33, 255-298. [CrossRef]

Feder, G.; Umali, D.L. The Adoption of Agricultural Innovations: A Review. Technol. Forecast. Soc. Chang.
1993, 43, 215-239. [CrossRef]

Huang, C.; Vaneckova, P.; Wang, X,; Fitzgerald, G.; Guo, Y.; Tong, S. Constraints and barriers to public health
adaptation to climate change. Am. J. Prev. Med. 2011, 40, 183-190. [CrossRef]

Bryan, E.; Deressa, T.T.; Gbetibouo, G.A.; Ringler, C. Adaptation to climate change in Ethiopia and South
Africa: Options and constraints. Environ. Sci. Policy 2009, 12, 413-426. [CrossRef]

Antwi-Agyei, P,; Dougill, A.].; Fraser, E.D.; Stringer, L.C. Characterising the nature of household vulnerability
to climate variability: Empirical evidence from two regions of Ghana. Environt. Dev. Sustain. 2013, 15,
903-926. [CrossRef]

Moser, S.C.; Ekstrom, J.A. A framework to diagnose barriers to climate change adaptation. Proc. Natl. Acad.
Sci. USA 2010, 107, 22026-22031. [CrossRef] [PubMed]

Sietz, D.; Boschiitz, M.; Klein, R.J.T. Mainstreaming climate adaptation into development assistance: Rationale,
institutional barriers and opportunities in Mozambique. Environ. Sci. Policy 2011, 14, 493-502. [CrossRef]
GhanaDistricts.com. Available online: www.ghanadistricts.com (accessed on 15 January 2013).

Yamane, T. Statistics: An Introductory Analysis, 2nd ed.; Harper and Row: New York, NY, USA, 1967.
Ministry of Food and Agriculture (MoFA). Agriculture in Ghana: Facts and Figures; MoFA: Accra, Ghana, 2015.
Gujarati, D.N.; Porter, D.C. Basic Econometrics, 5th ed.; McGraw-Hill/Irwin: New York, NY, USA, 2009.
Hanley, N.; Mourato, S.; Wright, R. Choice Modeling Approaches, a Superior Alternative for Environmental
Modeling. . Econ. Surv. 2001, 15, 435-462. [CrossRef]

Greene, W.H. Econometric Analysis, 5th ed.; Prentice Hall: Bergen County, NJ, USA, 2003.

Hausman, J.; Mc-Fadden, D. Specification tests for Multinomial Logit Model. Econometrica 1984, 52, 1219-1240.
[CrossRef]

Kankam-Yeboah, K.; Adjei, K.A.; Ren, L.; Appiah-Adjei, E.K.; Agyapong, A.A. Validation of TRMM Data in
the Black Volta Basin of Ghana. . Hydrol. Eng. 2011, 17, 647-654.

Fosu-Mensah, B.Y. Modelling Impact of Climate Change on Maize (Zea mays L.) yield under Rainfed Condition in
Sub-Humid Ghana; UNU-INRA Working Paper; UNU-INRA: Accra, Ghana, 2012; pp. 1-38.
Twumasi-Afriyie, S.; Sallah, P.Y.K.; Ahenkora, K.; Asiedu, E.; Obeng-Antwi, S.; Frimpong-Manso, P.P;
Osei-Yeboah, S.; Apau, A.O.; Mensah-Ansah, A.; Haag, W.; et al. Development and Release of Three Quality
Protein Hybrid Varieties: Dadaba, Mamaba and CIDAba in Ghana; Crop Research Institute: Kumasi, Ghana, 1997.


http://dx.doi.org/10.1016/j.kjss.2017.06.009
http://dx.doi.org/10.1016/j.gloenvcha.2008.11.003
http://dx.doi.org/10.9734/BJECC/2013/2495
http://dx.doi.org/10.1086/451461
http://dx.doi.org/10.1016/0040-1625(93)90053-A
http://dx.doi.org/10.1016/j.amepre.2010.10.025
http://dx.doi.org/10.1016/j.envsci.2008.11.002
http://dx.doi.org/10.1007/s10668-012-9418-9
http://dx.doi.org/10.1073/pnas.1007887107
http://www.ncbi.nlm.nih.gov/pubmed/21135232
http://dx.doi.org/10.1016/j.envsci.2011.01.001
www.ghanadistricts.com
http://dx.doi.org/10.1111/1467-6419.00145
http://dx.doi.org/10.2307/1910997

Agriculture 2019, 9, 90 17 of 17

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Awuku, K.A ; Brese, G.K.; Ofosu, G.K,; Baiden, S.O. Senior Secondary School Agriculture and Environmental
Studies; Evans Brothers Ltd.: London, UK, 1991; pp. 85-86.

Baffour, ] H.E. “O” Level Agricultural Science; Afram Publications Ghana Ltd.: Accra, Ghana, 1990; pp. 55-56.
Lafitte, H.R. Tropical maize physiology. In Tropical Maize: Improvement and Production; Paliwal, R.L.,
Granados, G.H.R,, Lafitte, A.D.V.,, Eds.; Food and Agriculture Organization of the United Nations: Rome,
Italy, 2000.

Birch, C.J.; Robertson, M.].; Humphreys, E.; Hutchins, N. Agronomy of maize in Australia-in review and
prospects. In Versatile Maize-Golden Oppoitunities, 5th ed.; Birch, C.J., Wilson, S.R., Eds.; Australian Maize
Conference: Toowoomba, Australia, 2003; pp. 18-20.

Kandlinkar, M.; Risbey, J. Agricultural impacts of climate change: If adaptation is the answer, what is the
question? Clim. Chang. 2000, 45, 529-539. [CrossRef]

Tizale, C.Y. The Dynamics of Soil Degradation and Incentives for Optimal Management in the
Central Highlands of Ethiopia. Ph.D. Thesis, Department of Agricultural Economics, Extension and
Rural Development, Faculty of Natural and Agricultural Sciences, University of Pretoria, Pretoria,
South Africa, 2007.

Gbetibouo, A.G. Understanding Farmers’ Perceptions and Adaptations to Climate Change and Variability: The Case
of the Limpopo Basin, South Africa; IFPRI Discussion Paper No. 00849; International Food Policy Research
Institute: Washington, DC, USA, 2009; p. 36.

Nhemachena, C.; Hassan, R. Micro-Level Analysis of Farmers Adaptaion to Climate Change in Southern Africa;
Discussion Paper; International Food Policy Research Institute (IFPRI): Washington, DC, USA, 2007.
Bekele, W.; Drake, L. Soil and water conservation decision behavior of subsistence farmers in the Eastern
Highlands of Ethiopia: A case study of the Hunde-Lafto area. Ecol. Econ. 2003, 46, 437-451. [CrossRef]
Alhassan, 1.S.; Shaibu, M.T.; Kuwornu, J.K.M.; Osei-Asare, Y.B. Determinants of Smallholder Women Farmers’
Adaptive Capacity to Climate Change and Climate Variability in Northern Region, Ghana. In Dialogue on
Sustainability and Environmental Management; Nukpezah, D., Mensah, A., Ofori, B., Rapp, B., Gomez, ]. M.,
Eds.; International Conference, University of Ghana, Legon: Accra, Ghana, 2017; pp. 190-199.

Maddison, D. The Perception of and Adaptation to Climate Change in Africa; CEEPA Discussion Paper No. 10;
Centre for Environmental Economics and Policy in Africa, University of Pretoria: Pretoria, South Africa, 2006.
Deressa, T.; Hassan, R.M.; Ringler, C. Measuring Ethiopian Farmers’ Vulnerability to Climate Change across
Regional States; Discussion Paper No. 806; International Food Policy Research Institute (IFPRI): Washington,
DC, USA, 2008.

Ravi, S.K.; Nagasree, K.; Maruthi, S.G.R.; Prasad, M.S.; Raju, BM.K.; Subbarao, A.V.M.; Venkateswarlu, B.
Farmers’ Perception and Adaptation Measures towards Changing Climate in South India and Role of Extension in
Adaptation and Mitigation to Changing Climate; Extension Bulletin No. 03/2013; Central Research Institute for
Dry land Agriculture: Hyderabad, India, 2013.

Idrisa, Y.L.; Ogunbameru, B.O.; Ibrahim, A.A.; Bawa, D.B. Analysis of awareness and adaptation to climate
change among farmers in the Sahel savannah agro-ecological zone of Borno State, Nigeria. BJES 2012, 2, 226.
[CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1023/A:1005546716266
http://dx.doi.org/10.1016/S0921-8009(03)00166-6
http://dx.doi.org/10.9734/BJECC/2012/1475
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Review 
	Materials and Methods 
	Study Area 
	Sampling and Data 
	Data Analysis 
	Assessing the Determinants of Adoption of Adaptation Strategies to Climate Variability 
	Identification and Ranking of Constraints to Adaptation to Climate Variability 


	Results and Discussions 
	Demographic Characteristics of Farming Households 
	Identified Climate-Related Adaptation Strategies 
	Determinants of Farmers’ Adoption of Climate Change Adaptation Strategies 
	Constraints to the Adoption of Climate Change and Variability Adaptation Strategies 

	Conclusions and Recommendations 
	References

