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Abstract
Background: Climate change is one of the major environmental challenge particularly affecting crop
producers who depend on climate sensitive rainfed system. The contextual nature of farmers’ adaptation
and coping strategies to climate change continues to arouse the interest of several researchers.  This
study contributed to this growing area of research by examining factors and processes explaining the
choice of crop producers’ adaptation to dynamic climate change risks.

Method and material: Data were collected through household survey and interview. Multistage sampling
was employed for selecting 340 household heads for interview. Descriptive statistics and multinomial
logistic models were employed to analysis data collected.

Result and discussion: Results indicate that despite perceived increase in current and future climate
change risks, farmers are testing and implementing a range of strategies by adjusting sowing date, using
late or early maturing varieties, diversifying crop production using legumes and migrating to nearby cities
in search of additional jobs as an income source during dry seasons. Contexts-speci�c factors
signi�cantly in�uencing the choice of adaptation strategies include gender of the household, access to
extension services, level of awareness and perceptions, timely access to climate and weather information
and size of landholding per household.

Conclusion: Based on the results of the study, it was concluded that the choice of adaptation to climate
change is driven by much detailed socio-economic and institutional factors in addition to dynamic
climatic factors. The study recommended that continuous �nancial, policy and technical support in terms
of research, extension, innovation and awareness creation on improving behavioural and socio-economic
aspects that in�uence adaptation choice should be provided.

1. Introduction
Scienti�c evidence indicates that the earth’s climate is rapidly changing, owing to increases in greenhouse
gas emissions (Khan & Akhtar 2015). The increased concentration of greenhouse gases has raised the
average temperature and altered the amount and distribution of rainfall globally. Such climate change
risks are posing large impacts on agriculture which is the basis for Sub-Saharan African (SSA) economy
(IPCC 2007; Kotir 2011; Falco 2014). Projected climate change is expected to have signi�cant effects
particularly on a rainfed crop producers (Falco 2014; Fisher et al. 2015).

Climate change may lead to a signi�cant shift in time and location of cereal cropping and hence
adversely affect productivity and yield (Cairns et al. 2013). For example, extreme heat stress may limit
crop yield potential by accelerating growth and reducing the time of grain development. This can in turn
in�uence farmers’ cropping decision regarding when and where to plant. A study in the semi-arid areas of
SSA shows that during its germination and growth stages cereal crops are more sensitive to heat stress
than other cereal crops of temperate zone (Shi and Tao 2014). This suggests that rises in temperature
could result in low cereal crop production and yields. Such risks in combination with erratic rainfall are
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likely to create favourable condition for the reproduction and spread of new crop pests and diseases
(Tongruksawattana 2014). In addition, projected declines in crop yield due to droughts are more
substantial (Abate et al. 2015). In Ethiopia, around 60% of the rainfed crop growing regions will face
frequent droughts that could result in 10-25% yield losses by 2030 (Fisher et al. 2015). To deal with
climate change and underlying impacts, developing successful strategies that build farmers’ resilience
have become a top priority (Grothmann and Patt 2005; Khan and Akhtar 2015).

While mitigation is an important policy to deal with agricultural emissions (Cutter et al. 2009), adaptation
is a key strategy to reduce climate change vulnerability (Niang et al. 2014). Farmers in Ethiopia are
developing and testing several strategies to adapt to climate change (Hisali et al. 2011; Kassie et al. 2013;
Falco 2014). For example, farmers in dryland areas may adapt to frequent droughts by choosing drought-
resistant and short-maturing crop varieties as well as modulating planting dates (Deressa et al. 2009;
Descheemaeker et al. 2016). In Malawi, Simelton et al. (2013) showed that farmers delay seed sowing
periods for three weeks to avoid early season dry spells that lead to soil moisture loss. Moreover, farmers
may implement rainwater harvesting practices, mixed planting of trees with crops and soil moisture
conservation practices to increase productivity while reducing harmful climate change effects (Reed et al.
2013; Vignola et al. 2015). Such adaptation strategies may vary with respect to climate change risks
(Smit and Wandel 2006; Antwi-Agyei et al. 2016). Strategies might also differ depending on location and
the economic, political and institutional circumstances in which climate change stimuli are experienced
and management decisions are made (Mimura et al. 2014; Shiferaw et al. 2014; Pereira 2017).

At the local level, adaptation analysis aimed at reducing vulnerability should take on the views of
households and communities affected by climate change (Cutter et al. 2009; Crane et al. 2011).
Adaptation is a complex process which demands that farmers assign scarce livelihood resources,
strategies and capacities to deal with the perceived threat (Smit and Wandel 2006; Antwi-Agyei et al.
2016). Understanding the existing adaptive resources, strategies and capacities in turn may provide
detailed information on how climate change risks occur as well as how farmers undertake decisions to
deal with such risks (Grothmann and Patt 2005), which subsequently inform sustainable adaptation and
development polices (Grothmann and Patt 2005). Although there are several studies that assess
processes of adaptation processes in SSA and Ethiopia (Mertz et al. 2009; Alam et al. 2017; Elum et al.
2017), there are only a few empirical works that speci�cally examine the drivers and determinants of
adaptation choices (Simelton et al. 2013; Abegunde 2017; Zewelde 2018). With this in mind, there is need
for an in-depth study to explore how farmers �nd evidence of climate change and how their adaptation
choices are in�uenced multiple drivers and determinants in SSA and Ethiopia. This would in turn help to
develop more resilient policies that reduce risks associated with climate change (Shiferaw et al. 2014;
Pereira 2017).

Promoting climate change adaptation in small farm settings can increase farm net revenues and ensure
household food security by increasing productivity (Neufeldt et al. 2013) and reduce farmers’ vulnerability
(Descheemaeker et al. 2016). In particular, combining high-yield crop varieties together with tree planting
for fodder and crop shade may help farmers maintain soil organic matter and moisture content as well as
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increase yields by reducing effects of extreme heat and soil degradation (Wainaina et al. 2016). However,
most studies on climate change in SSA have investigated the drivers and barriers of speci�c climate
change copping strategies such as consumption switching, livestock selling and early planting (Thornton
and Herrero 2014). While the use of a single adaptation strategy is useful when one wants to deal with a
speci�c production risk, this strategy alone may not be su�cient to address more serious risks associated
with future climate change. There is a need to examine factors and processes in�uencing the choices of
crop type and varietal selection, change in farming practices and diversi�cation of livelihood that
simultaneously offer economic and environmental bene�ts (Wainaina et al. 2016). Such analysis would
provide useful information for developing successful and sustainable agricultural policies (Fisher et al.
2015).

In this study and to complement efforts made so far, we examine how several socio-economic, cognitive,
institutional and behavioral factors explain crop producers’ adaptation choices in Ethiopia.

2. Theoretical Framework
Climate change adaptation response can be related to the behavior of a particular farmer towards his
environment. Human behavior, by its very nature, is notoriously complex and is multifaceted (Khan &
Akhtar 2015). In the context of adaptation to environmental changes, several theories have been applied
to explain the adoption of one adaptation strategy over the other. From the wealth of several theories
attempting to explain the drivers of adaptation behavior, we selected two that are most relevant to
particular adaptation context (Li et al. 2017). These include the Protection Motivation Theory (PMT) and
the Theory of Planned Behaviour (TPB).

2.1. Protection motivation theory
Propounded by Rogers in 1975, this theory was originally proposed to understand fear appeals and its
coping strategies (Rogers 1975). However, in 1983 the theory was expanded to explain the concept of
persuasive communication how people behave to cope with stressful conditions (Rogers et al. 1983). In
the context of adaptation, the core assumption of the protection motivation theory is that people will
normally protect themselves in two main perspectives: perceived self-e�cacy in managing risks; and
�nally perceived e�cacy of recommended preventive measures (Rogers et al. 2019). This theory aptly �ts
into explanations around how people respond to climate change threats and coping strategies against
climate risks.

Self-e�cacy is the belief in one’s ability to cope with threatening climatic events and successfully execute
recommended adaptation options (Khan & Akhtar 2015). This implies that it is more likely that an
individual will positively respond to or adopt coping strategies if he believes that he has the capacity and
resources to execute such a coping strategy. This relates directly with the perceived resilience level of
individuals against climatic threats. It also implies that costly coping strategies are less likely to be
adopted by individuals. Another factor that will in�uence adoption of a coping strategy is the individual’s
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expectancy and belief in the effectiveness of a recommended coping strategy to remove a climatic threat.
Therefore, the PMT is one model that could be adopted to explain why individuals accept or reject some
coping/adaptation strategies (Kassie et al. 2015). It goes further to suggest ways through which negative
response/behavior towards climate change adaptation could be changed. One of such ways is the role of
education and motivation in changing farmers’ attitude towards climate change adaptation (Conway and
Schipper 2011).

2.2. Theory of planned behavior
The Theory of Planned Behavior (TPB) proposed by Icek Ajzen is postulates that an individual’s behavior
is usually in�uenced not only by his pre-existing attitudes, but also by the expected potential outcome of
his behavior (Rogers 1983). In addition to attitudes and expected behavioral outcomes, the TPB
incorporates perceived behavioral control (rational thinking) as factors that govern individual’s
considerations, which in turn in�uence their choices, decisions, behavioral intentions, and behavior. The
core assumption of the theory is that individual’s personal attitude, subjective norms, and perceived
behavioral control all come together to shape an individual’s intentions and �nal behavior (Rogers 1983;
Rogers et al. 2019).

According to the TPB, individual’s attitudes will usually be in�uenced by cognitive beliefs which in turn
affect one’s intention to act or not to act. Where the outcomes of such intentions are favorably perceived,
such intensions will most likely lead to positive behavior and increased likelihood of actual performance.
This suggests that in a situation where the general society demonstrates a favorable response towards
an issue, individuals are most likely to key it to the societal thinking and consequently develop a similar
positive behavior towards such an issue. This could further explain the upsurge of positive interests
about climate change adaptation in the society today. Many people are gradually becoming interested in
climate change adaptation as a result of public awareness campaign and global interest on the matter
(Baudoin 2014; Smit and Skinner 2002; Khan & Akhtar 2015). The third distinguishing component of the
TPB is the perceived behavioral control which in�uences one’s intentions and behavior. This has to do
with one’s perceived ability to actually perform or engage in a particular behavior. Available literature on
TPB shows that this perception is divided into internal and external.

3. Methods

3.1. Study site
Our study focused on cereal crop producers’ adaptation choices to climate change, with a special
emphasis on maize and haricot bean producers in two districts (i.e. Abala Abaya and Humbo, see �gure
1) of Wolaita Zone, Ethiopia, which is highly dependent on rainfed agriculture and so that adversely
affected by climate change. Both study districts are located at an elevation range of 800-1600 m above
sea level (a. s. l.). They are predominantly characterized by semi-dry to sub-humid agro-ecological zones
(AGRA 2014). Each agro-ecological zone re�ects distinct micro-climatic and socio-economic patterns.
Mean annual minimum and maximum temperatures are 18 and 34 oC, respectively, whereas average
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annual rainfall is 700 mm (WZANRD 2015). Maize is the most dominant staple crop in terms of
production, occupying 42% of the land covered by grain crops (Abate et al. 2015) and providing 60% of
dietary calories to rural consumers (CSA 2016). Soils are mainly reddish brown Eutric nitisolos on the
steep slopes and reddish black Humic nitisols in the �at areas, with rainfed and irrigation systems
(WZANRD 2015). Such farming systems believed to produce diversi�ed information on climate change
adaptation strategies.

3.2. Sampling techniques
In this study, a multi-stage sampling procedure (CSA 2016) was employed to select survey respondents
for analyzing climate change adaptation choices. Accordingly, �rst, two districts that cover diverse
topographic and socio-economic conditions were selected. Then, two villages that exhibit sameness in
terms of microclimate, land use and livelihood systems were randomly selected from each district (totally
four villages). Finally, a probability proportional to size sampling technique (CSA 2016), was employed for
selecting 340 household heads from the study area. Household surveys were conducted from October to
December 2019 through structured questionnaires, administered by trained enumerators who speak the
local language and operate as a farm level agricultural extension agent. Questionnaires informed about
adaptation household socio-economic, behavioral, cognitive and institutional conditions explaining
adaptation choices. Data were subjected to statistical software, satat (version 11.0) for analysis.

4. Analytical Framework

4.1. Choice of model
For a farmer to make choice on whether or not to adapt to a particular technology or innovation, he does
not only consider how to maximize pro�t from that innovation but on how to attain the highest level of
utility otherwise referred to as utility maximization (Grabowski et al. 2019). It is observed that farmers
have a level of utility they want to meet and therefore make choices based on that. Any adaptation option
could fall under the general framework of utility and pro�t maximization (Kassie et al. 2008). The utility
of a farmer is given as Uij, from choosing alternative j. Farmers will choose whether or not to adapt to
climate change depending on the relative utility levels associated with the two choices. In this case,
choice models are used to analyze a farmer’s decision to adapt or not to adapt to climate change. This
model assumes that farmers are likely to adopt a novel strategy only when an economic bene�t obtained
from such a strategy is signi�cantly greater than from their actual strategy (Khan & Akhtar 2015).
Although farmers’ pro�t maximizing behaviour using adaptation strategy is unobservable directly, their
actions can be understood indirectly through choices they make (Bedeke et al. 2019).

This study employed a Multinomial Logit (MNL) model. This model is advantageous over other
Multinomial Probit (MNP) model in that it allows predicting adaptation choice in terms of odds ratio with
probabilities. The MNL is widely employed in climate change adaptation studies (Hisali et al. 2011;
Tessema et al. 2013; Gbetibouo 2009; Gebrehiwot and Van Der Veen 2013). The MNL technique
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compares any given outcome with a reference outcome. This technique is deemed suitable to study
adaptation to climate change since households employ different adaptation strategies which are typically
not mutually exclusive. It is employed when the dependent variable has more than two outcomes or, in
our case, more than one adaptation response to climate change (Greene 2012). To describe the MNL
model, let y denote a random variable taking on the values {0, 1,…..,M} where M is a positive integer and x
denote a set of conditioning variables. In our study, y would be adaptation measures taken by households
whereas x represents the explanatory variables hypothesized to in�uence the choice of the available
adaptation options. The MNL model is employed to show how ceteris paribus changes in the elements of
x in�uence the response probabilities, P (y = m/x), m = 0, 1,…, M. P (y = m/x) is known after determining
the probabilities for m = 0,1,2,…,M, which must sum to unity. The MNL model has response probabilities
given as Equation (1):

 

The parameter estimates of the MNL model only show the direction of the relationship between the
dependent and independent variables. Therefore, to determine the actual magnitude of change or
probabilities, the marginal effect of the explanatory variables, Equation 1 is differentiated over the
explanatory variables to give Equation (2):

  

The MNL, however, works under the assumption of the Independent Irrelevant Alternatives (IIA). Following
this assumption, the odds of any two outcomes are independent of the remaining outcomes available.
Hence, omitting or adding outcomes should not affect the odds of the remaining outcomes (Hisali et al.
2011). The �tted MNL model was �rst checked to make sure that it does not violate this assumption.

4.2. Model variables
The fact that climate has changed in the past and will continue to change in the future underlies the need
to understand adaptation processes, including its determinants and drivers (Hisali et al. 2011). Assessing
farmers’ climate change adaptation choice is important as several climate studies ask individuals about
their choice to new practices that build resilience. Farmers’ adaptation choices are driven by diverse
institutional, socio-economic, behavioural and factors (Grothmann and Patt 2005; Woods et al. 2017).

Dependent variable

The dependent variable in this study is whether a household has ‘adapted’ or ‘not adapted’ any
adaptation practices to climate change. Based on discussions with development staff, review of the
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literature and �eld observations, the adaptation practices identi�ed included improved crop varieties
(drought-tolerant and early maturing crops), crop diversi�cation (mixed cropping and crop rotation), farm
diversi�cation (mulching, composting, ridging and terracing), change in planting date, income generating
activities, irrigation practice (dry season gardening) and agroforestry. Adaptation choice is the dependent
dummy variable. To determine the dummy, a value of ‘1’ was assigned to those households that had
adopted at least one of the adaptation options and ‘0’ for those that had not adopted.

Explanatory variables

Explanatory variables hypothesized to in�uence the choice of adaptation strategies by crop producers are
provided in detail.

Institutional factors

Institutional factors can include household access to weather information, agricultural input price
information and access to agricultural training service. These factors have been widely used as variables
in several adoption studies in order to evaluate farmers’ behaviour (Bryan et al. 2009; Deressa et al. 2009;
Mudzonga 2012). Farmers’ access to information on weather change may have a signi�cant relationship
with their choice of climate change adaptation strategies (Nguezet et al. 2013). Exposure to extension
services and mass media increase the awareness and concern regarding climate change. Such
information obtained through extension agents or mass media (radio or television) can help promote crop
and varietal choices (Grabowski et al. 2019). Access to detailed information on local market prices of
improved crop varieties and pesticides is hypothesized to in�uence farmers’ livelihood diversi�cation
choice (Nhemachena et al. 2014). This is because access to adequate market prices of agricultural inputs
may be associated with their capability to undertake decisions to diversify into non-farm income
strategies (Mulenga et al. 2016). Access to agricultural training services is found to in�uence farmers’
adaptation decisions by enhancing their capacity to acquire new experience in dealing with climate
change (Piya et al. 2013). Access to microcredit services may ease farmers’ cash constraints and thus
positively associated with choice of adaptation strategies such as chemical fertilizers, high-yielding crop
varieties, and/or irrigation pumps (Nhemachena et al., 2014; Wainaina et al., 2016).

Socio-economic factors

Several studies used socio-economic factors such as education levels, farm experiences, land size and
gender to explain household adaptation choices (Asfaw et al. 2013; Shiferaw et al. 2014; Boansi et al.
2017). A household education level is associated with access to output market price information as well
as increased income that in�uence farmers’ adaptation choices. Most climate change studies tend to
agree that educated households are more able to process agricultural inputs, allocate them e�cient,
assess the pro�tability of the new strategy by taking into account costs and subsequently undertake
decisions to adopt adaptation than illiterate households (Nguezet et al. 2013; Grabowski et al. 2019).
With reference to the farm experience which is mainly related to age, several studies are of the view that
households with high levels of farm experience are likely to undertake adaptation decisions (Bryan et al.
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2009; Deressa et al. 2009; Falco 2014). Large land size may enable households to undertake a variety of
agricultural activities and hence is likely to affect farmers’ adaptation decision (Kassie et al. 2013).
Gender of the household may in�uence potential adoption of adaptation strategies to climate change
(Ndiritu et al. 2014). Household non-farm income can be positively correlated with climate change
adaptation choices. Increased household non-farm income from petty trading, woodworking and animal
bartering provides farmers with additional �nancial capital for investing in improved crop varieties and
fertilizers (M. Kassie, Teklewold, and Jaleta 2015). However, depending on household socio-economic
and demographic contexts, climate change studies that examine the effect of gender differ on whether
female or male household heads are more likely to adopt adaptation strategies (Asfaw et al. 2013; Falco
2014).

Behavioural factors

Several studies underscore the importance of farmers’ behavioural factors such as risk perception in
explaining adaptation choices (Adimassu et al. 2014; Niles and Mueller 2016; Sutcliffe et al. 2016).
Farmers who perceived climate change risks in terms of increased temperatures are more likely to believe
negative atmospheric warming that in�uence their choice to use heat and disease tolerant crop varieties
(Niles and Brown 2016). Perceptions of declined annual rainfall risk is hypothesized to have a positive
and signi�cant relationship with choice of climate change adaptation strategies (Mertz et al. 2009). More
frequent droughts and lack of su�cient rainfall risks driven by climate change are expected to adversely
affect farmers’ productivity and yields, and could subsequently in�uence their choice of adaptation (Kotir
2011; Shiferaw et al. 2014). Farmers’ perceptions of increased seasonal rainfall variability patterns may
have positive relationship with their choice of adaptation to climate change (Nguezet et al. 2013;
Grabowski et al. 2019). Farmers who concerned with more increase in overall negative climate effects on
their crop yields are likely to undertake adaptation choices (Niles and Brown 2016).

Socio-cognitive factors

The social-cognition approach assesses several forms of people’s knowledge about global climate
change that they have acquired through their long-term experience. Local people’s beliefs in terms of
climate change in�uence their adaptation choices in their farming and livelihood practices. These beliefs
can be explained by local people’s awareness of whether climate change is occurring and caused by
human actions and/or natural events (Hyland et al. 2015). In northern Ethiopia, Tesfahunegn et al. (2016)
showed that farmers’ tree planting decisions in highly degraded lands may be in�uenced by their beliefs
that climate change is caused by deforestation. As postulated by the theory of social-cognition that deals
about human agency (Bandura 2001), local people’s beliefs in climate change form the basis for critical
information that bring changes in their attitudes following perturbation, and ultimately leads to explain
adaptation choices.

However, increased climate uncertainty may lead to either absolute belief in or total denial of climate
change (Abegunde 2017). Farmers can be either “believers” who have knowledge about its causes and
occurrences or “disbelievers” who deny its existence. There are also some farmers who may choose to be
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neutral in their position towards climate change occurrence (Helgeson et al. 2012). Abegunde (2017)
identi�ed three sets of disbelievers in climate change cause, occurrence and effect: trend, attribution and
impact sceptics. Trend sceptics are those people who never believe in climate change occurrence.
Attribution sceptics accept the occurrence of climate change, but do not believe that this change is
caused by a human action. Impact sceptics believe in climate change cause and its occurrence but deny
its damage. For example, households may believe in the cause and occurrence of climate change, but
they may �nd evidence of its impacts occurring elsewhere (Grothmann and Patt 2005). To this end, in this
study, farmers’ beliefs in climate change occurrence and risks is hypothesized to affect adaptation
choices both positively and signi�cantly (Helgeson et al. 2012).
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Table 1
Mean and standard deviations of dependent and explanatory variables used in the multinomial logistic

model (n=340).
Variable name Variable description Mean SD

Access to climate information = 1 if a farmer has access to climate
information, 0 otherwise

0.58 0.37

Access to input price information = 1 if a farmer has input price information, 0
otherwise

0.72 0.52

Access to micro credits = 1 if a farmer has microcredit access, 0
otherwise

0.89 0.59

Access to training on adaptation =1 if a farmer receives training on agriculture,
0 otherwise

0.48 0.36

Belief on climate change =1 if a farmer concern over climate change, 0
otherwise

0.73 0.45

Crop and varietal selection =1 if a farmer changed crop and variety use,
0 otherwise

0.82 0.53

Education level (in years) Number of years of schooling 2.30 1.38

Farm experience (in years) Number of years of experience in farming 35.0 2.82

Farmers’ perception of increased
drought risks

= 1 if a farmer perceives increased drought
risks, 0 otherwise

0.84 0.29

Farmers’ perception of increased
rainfall intensity

= 1 if a farmers perceives increased rainfall
intensity, 0

otherwise

0.58 0.39

Farmers’ perceptions of increased
erratic rainfall

= 1 if a farmer perceives increased erratic
rainfall, 0 otherwise

0.83 0.40

Gender of the household head =1 if a household is male-headed, 0
otherwise

0.79 0.68

Access to extension contact =1 if a farmer is visited by extension per
week, 0, otherwise

0.67 0.23

Household non-farm income Average household non-farm income 3234 234

Household on-farm income Average on-farm income 9420 340

Livelihood diversi�cation =1 if a farmer diversify livelihood options, 0
otherwise

0.87 0.45

Note that data were obtained from household survey 2018 to calculate the overall mean and Standard
Deviation (SD) for the dependent and explanatory variables. Some explanatory variables were made
dummy (1=yes, 0=otherwise) for the sake of easier comparison in the MNL model though they are
asked in terms of three-point scale.
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Variable name Variable description Mean SD

Shift farming practice =1 if a farmer shift farming practice, 0
otherwise

0.78 0.39

Size of farm (ha) Average land size 0.42 0.23

Note that data were obtained from household survey 2018 to calculate the overall mean and Standard
Deviation (SD) for the dependent and explanatory variables. Some explanatory variables were made
dummy (1=yes, 0=otherwise) for the sake of easier comparison in the MNL model though they are
asked in terms of three-point scale.

5. Results And Discussion

5.1. Descriptive statistics on farmers’ characteristics
Of the total (340) household heads surveyed, most farmers were males (79%) and the remaining were
females (21%) with varied education levels across adaptation strategies. Over 36.6% of the farmers had
attended primary level, whereas 58.9% secondary level and 4.5% had attended tertiary level. Educational
levels were signi�cantly different (=13.8, p=0.004, df=4) between three adaptation choices. Post-hoc
comparison after chi-square test indicated that the percentage of households switching crops and
varieties was signi�cantly different than households who change farming practice at p<0.05 probability
level in terms of primary education. Farming experience of household head was ranged between 21-30
(35.4%), 31-40 (53.3%), 41-50 (9.4%) and 51-60 (2.1%) years. Most (78.7%) households who change crops
and varieties had access to information on local weather change through radio and/or television,
followed by households diversifying livelihood options (58.6%) and changing farm practices (49.3%). The
percentage of farmers who had reported access to weather information through radio and/or television
are signi�cantly different (=5.22, p=0.032, df=2) across the study districts.
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Table 2
Farmers’ demographic and socio-economic features across the study districts.

Household characteristics % respondents   χ2

valueTotal Change
in crop
and
variety

Changing
farming
system

Livelihood
diversi�cation

No
adaptation

Demographic              

Household
head gender

Male 79 74.1 78.3 81.6 76.2 0.59

  Female 21 25.9 21.7 18.4 23.8  

Education
level

Primary 36.6 48.4a 28.9b 37.9ab 55.3 13.8**

  Secondary 58.9 49.5a 60.0a 58.6a 32.7  

  Tertiary 4.5 2.1a 11.1a 3.4a 12.0  

Socio-
economic

             

Farming
experience
(in years)

20-30 35.4 33.2 36.7 36.0 26.4 1.46

  31-40 53.3 49.7 50.3 52.7 35.0  

  41-50 9.4 11.1 8.9 8.8 5.6  

  51-60 2.1 5.7 4.1 3.1 4.7  

Households
above
average land
size (in ha)

Yes 54.8 50. 4 61. 3 50.2 53.7 2.75

No 44.2 9.55 8.37 49.8 46.3  

Households
having
TV/radio

Yes 58.0 78.7a 67.8b 49.7ab 45.4 5.22**

  No 42 21.3 32.2 50.3 54.6  

Data were obtained through household survey 2019. χ2 is chi-square value for test of associations. **
statistically signi�cant at 5% probability level. df is degree of freedom. Percentage values with same letter
in the same row are not statistically different at (p<0.05) probability level. n is the sample size.

5.2. Farmers’ adaptation strategies
Crop and variety selection
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More than half of the farmers switch to crops and variety adapting to �uctuations in a seasonal rainfall
as their priority. About 57.9% switch cropping calendar, 30% select improved variety and 5% diversify
cropping to deal with climate change risks (Table 3). Such modulation is occurred by shifting crop sowing
date from mid-March to late April or early May. Farmers who perceive a decline in soil moisture due to
increased evaporation modulate sowing date to distribute risks whilst ensuring that any rain was utilized
to the maximum by the crops planted. This result is in line with �ndings in Uganda by Hisali et al. (2011)
who showed that farmers who perceived increases in seasonal rainfall variability patterns, are likely to
adjust sowing dates as an adaptation strategy.

To deal with adverse climate change risks, households also adopt both late- and early-maturing crop
varieties to reduce adverse climate change effects (Table 3). Most of these farmers use both open-
pollinated and hybrid crop varieties that provide higher yields whilst coping with extreme climate events.
Farmers reported that the use of such crop varieties does not only increase household income and reduce
poverty, but also help them to deal with erratic rainfall patterns, frequent dry spells and sporadic droughts.
This shows that the use of improved crop varieties is one of the farmers’ adaptation strategies to climate
change in the study area. This result supports the �ndings in Tanzania by Below et al. (2012) who
reported that the use of drought-resistant crop varieties is one of the successful adaptation strategies to
climate change. Moreover, farmers adopt drought-resistant root crops such as enset and cassava
(Manihot esculenta) that provide large volume of food per unit area to reduce adverse climate change
risks. As result, the use of such crops to deal with seasonal rainfall �uctuation, frequent droughts and
prevalent diseases is identi�ed as adaptation strategies in the study area. These results are consistent
with �ndings in north central Ethiopia (Kassie et al. 2013; Adimassu et al. 2014) who showed the use of
drought-resistant crop types is one of the farmers’ adaptation strategies to climate change.
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Table 3
Farmers’ climate change adaptation strategies across three study districts.

Adaptation strategies % of respondents

crop and variety selection t Change croping date 57.8

Swich crop varities 30.0

Crop diversi�cation 5.0

Either of the combinations 8.5

Shift in farming practice Harvest rainwater 44.9

Integrate crops with trees 49.8

Both strategies 10.4

Livelihood diversi�cation Diversify off-farm income 56.6

Migrate for seasonal work 15.7

Both strategies 29.5

Do nothing Do nothing to respond 8.9

Data were obtained through household survey 2018.

Only 5% of the farmers had shifted from a sole maize production to mixed maize-legume productions to
cope with drought stress (Table 3). Crop production by combining maize with legumes, notably pigeon
peas (Cajanus cajan L.) and common beans (Pisum sativum L.) were used to maintain soil fertility and
prevent nutrient losses. Although the incidence of crop pests and diseases is uncertain under climate
change (Cairns et al. 2013), farmers reported that increased crop diversity across space and time could
potentially help to improve yields. At the same time, farmers described that multiple planting over the
same plot allows them to gain more yields from speci�c crops when other crops fail due to adverse
climate change effects. This shows that cropping systems with large diversity are more stable as they
can withstand changing conditions more than a single cropping system. These �ndings are consistent
with results in Senegal by Mertz et al. (2009), in Nigerian Savannah Tambo and Abdoulaye (2013) and in
Ethiopia by Adimassu et al. (2014) who revealed that crop diversi�cation is one of preferred climate
change adaptation strategies in SSA.

Shift in farm practices

About 49.8% of farmers integrate garden plants such as mango (Mangifera indica) and avocado (Persea
americana) with maize to deal with soil degradation due to frequent run-off and �oods (Table 3). Across
adaptation practices, 44.9 % of farmers harvest rainwater and 20% both agroforestry practices and
rainwater harvesting practices. According to farmers, such practices have both economic and
environmental bene�ts since they help to increase productivity by reducing organic matter loss. Farmers
prune roots of these plants to reduce their competitions with crops. Other farmers plant perennial trees
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such as Eucalyptus regnans and Cordia africana to reduce the effects of soil degradation in highly
rugged areas. Such tree species also help farmers by providing additional income from timbers. Likewise,
farmers in Malawi plant Faidherbia albida that increases productivity and income by providing organic
nitrogen for the soil and shades for crops (Sutcliffe et al. 2016). Although much experience is required to
combine crops together with tree species on the same plot (Pramova et al. 2012), agroforestry practices
further provide honey and traditional medicine (Brown et al. 2011), control pest and disease incidents
(Hoang et al. 2014), and supply animal fodder (Shikuku et al. 2017).

Nearly half farmers use rainwater harvesting practices by installing contour ditches that retain water
�owing down hills and micro-dams that supply irrigation water (Table 3). Farmers irrigate their farms by
diverting nearby rivers and harvesting rainwater by installing ponds during the rainy seasons. Such
practices do not only help to deal with erratic seasonal rainfall patterns and drought stress, but also
in�uence use of improved crop varieties and fertilizers by increasing net returns. This �nding is consistent
with results in South Africa (Wilk et al. 2013) and in Zambia (Mulenga et al. 2016) who identi�ed
rainwater harvesting practices as adaptation strategies to climate change.

Livelihood diversi�cation

About 56.7% of farmers implement livelihood diversi�cation activities such as crafting, petty trading and
carpentry as main off-farm income sources (Table 3). Almost 15.7% of farmers migrate to nearby cities in
dry season in search of labour work. About 29.5% of farmers diversify their livelihood into non-farm
income and migrate to nearby areas in search of daily jobs. Such sources help farmers to increase
household income and build resilience by strengthening their capacity to adopt improved crop varieties
and utilize irrigation that increase agricultural productivity. In line with this result, Adimassu et al. (2014)
in north central Ethiopia revealed that the use of off-farm income diversi�cation is one of the farmers’
adaptation strategies to climate change. Diversi�cation of livelihoods into off-farm income sources may
provide farmers with a self-insurance to cope with climate change risks (Erenstein et al. 2011; Falco et al.
2011; Simelton et al. 2011; Cairns et al. 2013).

Almost half of farmers reported that they look to migrate (for 1-2 months) to nearby urban areas in search
of labour work, especially during the dry seasons. Some household look to migrate (for 3-5 months)
outside their communities for work on the large-scale sugarcane and �ower farms that demand
substantial number of labourers. Such migration helps farmers to build their livelihood resilience by
providing additional household income that in turn strengthens their capacity to reinvest in the use of
drought-resistant maize seeds. Consistent with our �ndings, results in northeast Ethiopia (Morrissey
2008), Tanzania (Below et al. 2012) and in Benin (Yegbemey et al. 2013) identi�ed seasonal migration as
one of the adaptation strategies to increase household income that reduce dependence on rainfed
agriculture.

5.3. Econometric model results
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Results show that farmers’ choice of adaptation strategies is signi�cantly in�uenced by several socio-
cognitive, behavioural, socio-economic and institutional factors such as access to weather information,
land size, perceptions of climate change and farm experience. This is supported by the results of
multinomial logistic regression model (, p<0.05), suggesting its strong explanatory power (Table 4).

Findings show that farmers’ who have access to weather information through frequent extension contact
at least two three times per week are likely to undertake new crops and varieties that can adapt changing
climate. Access to accurate information through extension agents on weather forecast enhances farmers’
adaptation choices by enabling them to make informed decisions and take advantage of favourable
climate conditions. This relationship is also found positive and signi�cant in terms of farmers’ perception
of increased seasonal rainfall variability. Perception of climate change risk is a mental construct by which
stimuli is received from the climate hazards and combined into past experience obtained through social
networks and mass media (Grothmann and Patt 2005). Responding to climate change requires three
basic steps: (i) noticing changes in one’s external environment; (ii) evaluating whether such changes need
shifts in behaviour; and (iii) undertaking adaptation decisions and actions (Falco et al. 2011). For
example, Nhemachena et al. (2014) revealed that farmers must �rst �nd evidence of climate change risks,
and then make choices to identify useful strategies and subsequently implement these strategies to deal
with risks. Farmers’ perceptions of climate change is a precondition for their choice on what crops to
produce and where (Simelton et al. 2013)

Results show that farmers who have small land size are highly likely to adjust farming practices within
the context of climate change than actually they do. This is partly due to the fact that decrease in land
size could increases farmers’ potential to further use soil and water conservation practices, use rainwater
harvesting practices and adopt chemical fertilizers that increase net agricultural productivity. The latter
may be unavailable in desirable quantities or too costly for farmers who have large landholding. Another
explanation is that large farms require high levels of labour and �nancial investments in using adaption
strategies to climate change. For this reason, farmers with a large landholding might have lower capacity
to invest in novel agricultural inputs such as improved crop varieties and fertilizers compared to farmers
with a small landholding. The effect of land size on crop and varietal selection is found negative and
signi�cant. This shows that not only the size of the land, but also other farm and household
characteristics that in�uence adaptation decision processes. This result is in line with �ndings in Nigeria
by Nguezet et al. (2013) who revealed a negative relationship between farm size and the probability of
adaptation choices.

Farmers who reported increases in drought risks are more likely to switch improved crops and variety and
diversify their livelihoods into non-farm activities as well migrate to nearby cities in search of jobs. This
might be because increase in temperatures will contribute to rising atmospheric water demand by leading
to more erratic rainfall patterns and subsequently could in�uence farmers’ potential adaptation adoption.
Another explanation might be that increase in temperatures could signi�cantly reduce soil moisture and
hence it would in�uence farmers’ decision to use improved, drought-resistant crop varieties. The
relationship between farmers’ perception of increased risks of erratic rainfall and shift in farm practices is



Page 18/29

found positive and signi�cant. This result agrees with the �ndings in Malawi by Grabowski et al. (2019)
who revealed positive and signi�cant relationships between farmers’ risk perceptions and adaptation
choices.

Also, the probability of adaptation to shift farming practices by using rainwater harvesting and
agroforestry practices and signi�cantly increased amongst farmers who reported increased seasonal
rainfall variability. This could be because lack of rainfall could adversely affect crop germination, growth
and maturity; and this in turn would in�uence their choices to adjust sowing calendar. This shows that
farmers’ likely adaptation choice is signi�cantly explained by their perceptions of increased seasonal
rainfall variability during the sowing period. This relationship was positive and signi�cant in terms of
choice of improved crops and variety. This result supports �ndings of a study in Malawi by Simelton et al.
(2011) who showed a signi�cant association between farmers’ perceptions of erratic seasonal rainfall
variability and adoption of adaptation strategies.

Farmers’ concerns regarding climate change occurrence and risks signi�cantly in�uence their choice of
crop varietal use and shift in farming practices. Although such effects are not compared with actual data,
farmers’ views regarding adverse climate change risks are consistent with �ndings in Ethiopia by Kassie
et al. (2015). Local people’s climate change beliefs describe their long-term experiences with past events
(Abegunde 2017) and decisions to deal with future uncertainty (Hyland et al. 2015). Alam et al. (2017)
revealed that farmers’ experiences of climate change may be in�uenced by what they hear about these
risks in the media, from friends, family and/or public agencies. Access to information on climate change
is useful proxies to local people’s beliefs in climate change. This implies that information delivered
through extension agents on climate change should align with perspectives of local people by
complementing their concerns linked to such impact. This is why Helgeson et al. (2012) contended that
understanding people’s beliefs towards climate change is a process of social interaction where local
knowledge can be combined together with scienti�c thoughts. So, the argument that local knowledge can
corroborate the scienti�c information on climate change has gained ground in recent years (Grothmann
and Patt 2005; Singh and Nair 2014; Sutcliffe et al. 2016; Woods et al. 2017).
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Table 4
Multinomial logistic model results for explanatory variables predicting crop producers’ adaptation choices

(n=340).
Explanatory variables Crop and variety Shift in farm

practice
Livelihood
diversi�cation

Coef. Std
err

Coef. Std err Coef. Std err

Access to input price information 0.276 1.289 1.836 0.560 0.274 1.79

Access to micro credit services 0.155 0.254 3.002** .907 0.394 0.265

Access to training on adaptation 0.681 0.635 0.591 0.622 0.687 0.572

Access to weather information 4.557** 3.285 4.23** 0.613 1.08 0.579

Access to extension contact 2.340** 1.098 0.453 0.234 2.349** 1.290

Belief on climate change occurrence
risks

2.342** 0.520 0.954 0.541 0.567 0.247

Education levels (in years) 0.281 0.163 1.587 0.179 0.471 0.179

Extreme climate information access 2.764** 0.854 1.484 1.246 7.870** 1.623

Farming experience (in years) 1.741* 0.994 1.512 0.192 1.312 0.067

Gender of the household head 3.780** 0.449 1.847* 0.303 1.389 0.425

Household non-farm income 0.159 0.743 0.441 0.801 0.812 0.934

Household on-farm income 0.226 0.564 0.254 0.502 0.653 0.367

Perception of increased rainfall
intensity

3.872** 0.937 .902 0.785 3.470** 0.759

Perception of increased erratic
rainfall

2.843** 2.091 1.889 0.031 1.595* 0.860

Perception of increased drought
risks

3.871** 2.701 1.967 0.771 3.642** 2.911

Size of the farm (in ha) -1.314* 0.985 -.995* 2.299 0.449 1.044

Model Summary            

Chi-square 0.632          

-2loglikelihood 129.8          

Prob>F 0.006          

Base category: No adaptation. Std err is a standard error of the estimate. **,* indicate signi�cant at less
than 5 and 10% probability level, respectively.
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6. Conclusions
The study �ndings revealed that climate change has a negative effect on smallholder crop producers’
livelihoods. Such adverse climate change effects may result in a greater incidence of crop pests, loss of
soil moisture content, rapid soil nutrient depletion and substantial decreases in crop productivity and
yields. These effects in combination with lack of access to improved, high-yielding crop varieties, limited
agricultural extension services and poor access to irrigation infrastructure could further threaten access
to food, limit export earnings and markedly lower net crop revenue. As the adverse climate change effect
is pronounced and farmers’ capacity to adapt to such an impact becomes weak, a focus on
understanding adaptation process should increase substantially. Despite diverse strategies employed to
�ght against climate risks, the smallholder farmers still remained vulnerable to poverty and food
insecurity because their livelihoods are dependent of rainfed agriculture. This situation indicates the
sensitivity of smallholder farmers to climate change and variability as agriculture is their main source of
income. Different gender among the smallholder farmers employed different adaptation strategies such
as crop variety and diversi�cation, mixed cropping which was mainly adopted by male famers and
changing planting dates employed mainly by female farmers as a way of mitigating the climatic risks.
Explanatory variables that were signi�cant in in�uencing choice of smallholder farmers when adapting to
climate change were, access to extension contact, gender of the household, access to weather
information, belief on climate change occurrence and risk perceptions of the households who are
unfortunately lacking climate change knowledge and are supposed to provide support systems and
interventions. Therefore, the local governments, non-governmental organizations, international donors,
research and academic institutions needs to ensure that the identi�ed adaptation strategies are promoted
and supported to help mitigate the climatic risks, and the interaction between smallholder farmers and
frontline extension o�cers delivering timely climate and seasonal weather information should be
strengthened. There is also a need to train extension o�cers on climate change and adaptation
strategies, as well as other conservation agricultural practices so they could also disseminate correct and
accurate information to the farmers, for better adaptation and improve well-being of farmers.
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