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Abstract: Climate change is a global phenomenon but disproportionately affects smallholder farmers,
prompting them to use various coping and adaptation strategies to counter the problem. This
study aimed to examine the trends of climate parameters, assess farmers’ perception of climate
change, and identify the strategies of adaptation measures in central Ethiopia. Climate data were
obtained from the National Meteorological Agency. Survey data were collected from 120 randomly
selected households in 2017 and complemented with focus group discussions. The Mann–Kendall
approach was used to detect climate trends, while a rainfall anomaly was calculated using the rainfall
anomaly index. Multinomial logit model was used to examine determinants of farmers’ adaptation
to the perceived change. In most of the cases, farmers’ perceptions were in accordance with climate
trend analyses. Farmers used crop diversification, adjustments of planting dates, destocking of
livestock, seasonal migration, crop rotation, and climate information services to adapt to climate-
related shocks. Empirical results showed that the age and education of the household heads, family
size, access to extension services, and farm and nonfarm incomes had a significant association with
the adaptation practices farmers took. The existence of strong correlations between the demographic,
socio-institutional variables, and the choice of adaptation strategies suggests the need to strengthen
local institutions to enhance the adaptation of smallholder farmers to climate change.

Keywords: adaptation options; central Ethiopia; climate change; determinants of adaptation;
farmers’ perceptions

1. Introduction

Scientific evidence indicates that the earth’s climate is rapidly changing, owing to
increases in greenhouse gas emissions. Climate change is a global challenge affecting
human beings and their socioeconomic activities, health, livelihood, and food security [1,2].
Developing countries and regions are more vulnerable to the impacts of climate change
than developed ones [3]. Thus, rural farmers in sub-Saharan African (SSA) countries are
likely to be more vulnerable to climate change than other regions, particularly because of
compounding challenges of poverty, low infrastructural and technological developments,
and the high dependence on rain-fed agriculture [4,5].

Ethiopia’s geographical location within the tropics and extremes of topography in
combination with the low adaptive capacity of the people and their resources result in a
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high degree of vulnerability to the adverse impacts of climate change [6,7]. A strong link
has been observed between climate variations and the overall performance of the country’s
economy, mainly due to the direct impacts of climate variability on agriculture and the
links to other sectors of the economy [8].

In central Ethiopia, climate change/variability is manifested through erratic rainfall,
frequent droughts, reduced surface water resources, soil erosion, floods, water-logging,
and variable diurnal temperatures [9]. The delay in the onset and early cessation of rainfall
thereby shortens the length of the growing period in central Ethiopia [10–13]. The extent to
which farmers feel the impacts of these and other forms of climate shocks depends largely
on the degree of adaptation [14]. Adaptation practices adopted by smallholder farmers
could lessen the adverse effects and take advantage of the benefits of changes in climate
variables [15].

Farmers in Ethiopia consider different options to cope with and/or adapt to climate
change. The most common adaptation options include household income source diversifica-
tion, soil and water conservation, crop diversification, adjusting planting dates, destocking,
seasonal migration, crop rotation, and accessing climate information services to deter-
mine informed decisions [16]. However, the adaptive capacity of farmers is determined
by demographic, socioeconomic, and institutional factors, such as access to market and
climate information, education, age, farming experience, gender, access to extension and
credit services, off-/nonfarm employment opportunities, water storage facilities, and farm
size [17–19]. Studies have been conducted on the climate change impacts, adaptation, and
determinants of adaptation in the central rift valley of Ethiopia [20–23]. In the study area,
there is a lack of information on the current climate change impacts and the low adaptive
capacity of farmers. This study attempted to bridge the gaps among the demographic, so-
cioeconomic, and institutional factors affecting farmers’ choice of climate change adaptation
measures (which include selecting new species, cultivars, use of supplemental irrigation,
drainage, new methods of land preparations, mulching, intercropping, and changing the
type and amount of fertilizer used).

Understanding the degree of climate change, how these changes are perceived by
smallholder farmers, and factors influencing smallholder farmers’ adaptation decisions
is important in designing appropriate policies to promote effective and location-specific
adaptation strategies in the agricultural sector [24]. In this regard, farmers’ adaptation mea-
sures towards the changing climate, as well as factors affecting their choice of adaptation
strategies at the local level, are important starting points for designing and implementing
evidence-based adaptation strategies. Since the extent of farmers’ exposure to climate
change stresses and their adaptation strategies are not well documented in central Ethiopia,
this study was conducted to examine the perception of households on climate change vis à
vis measured climate trends to identify adaptation options employed by farmers and to
analyze factors affecting farmers’ choices of adaptation measures to climate change. The
remaining sections are structured as follows: Section 2 describes the materials and methods,
including the study area, data collected, and approaches used in the data analysis. Section 3
presents and discusses analysis results. Section 4 draws conclusions.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted in two regional states of Ethiopia using three administrative
zones: the North Shewa zone of the Amhara regional state, North Shewa, and West Shewa
zones of the Oromia regional state (Figure 1). The North Shewa zone of the Amhara
region is located between 8◦37′37′′ to 10◦45′14′′ E and 38◦40′13′′ to 40◦10′8′′ N at an
altitudinal range from 606 to 3831 masl, which receives an average annual rainfall of 920 mm,
while average minimum and maximum temperatures vary from 2.4 ◦C in November to
23.3 ◦C in June. Likewise, the North Shewa zone of the Oromia region is located between
8◦48′32′′ to 10◦23′57′′ E and 37◦30′27′′ to 39◦30′27′′ N at an altitudinal range from 880 to
3554 masl, which receives an average annual rainfall of 1200 mm with average minimum
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and maximum temperatures of 6 and 21 ◦C, respectively. The West Shewa zone is located
between 8◦11′5′′ to 9◦50′42′′ E and 37◦4′22′′ to 38◦49′25′′ N at an altitudinal range from
916 to 3602 masl, which receives an average annual rainfall of 1100 mm with average
minimum and maximum temperature of 11 and 26 ◦C, respectively.

Figure 1. Map of the survey area.

Central Ethiopia is characterized by bimodal rainfall patterns (Belg and Kiremt). The
majority of the total rainfall happens from June to September. Mixed farming (crops and
livestock) is the major economic activity. Almost all field crops are grown under rain-fed
conditions during the main season [10]. The central highlands of Ethiopia were selected for
this particular study because previous studies were focused only on parts of the central
highlands specifically in one administrative region (the Amhara regional state) and on a
few meteorological stations where farmers’ perceptions of the changing climate have not
been covered equally in a part of the Oromia regional state, which also is a part of the
central highlands of Ethiopia. Due to this situation, there was a need to conduct a sound
and inclusive study including both administrative regions in adjacent zones, covering
different agroecology and representative meteorological stations. Therefore, this study
developed an important output that could support the end-users and policymakers as a
guideline pertaining to the issues of climate change impacts and adaptation.

2.2. Sampling Design and Sample Size

Both primary and secondary data were collected and used in the analyses. Three
stages of sampling with a combination of purposive (to select sample zones, districts, and
kebeles) and random sampling (to select sample households) were used. In the first stage,
three zones from the two regional states in central Ethiopia were selected purposively
to capture variations across the zones, with the assumption that climate change affected
agricultural productivity differently at the zonal level. In the second stage, one district
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from each zone was selected, except from West Shewa where two districts were selected,
considering the availability of long-term meteorological observatory stations with the
assumption that farm households within each district with different levels of perceptions
of climate change were taken from the study previously mentioned in the Introduction.
Thirdly, two kebeles (lowest administrative unit in Ethiopia) closer to the meteorology
stations were purposively selected from each district (Table 1) based on the assumption
that farm households perceptions’ of climate change and determinants of adaptation in
each kebele could result in different adaptive capacities among communities. The lists of
households available at sample kebeles were used as sampling frames, and the sample size
was determined proportionally to the total number of household heads in the selected
kebeles. Lastly, individual farm household heads were randomly selected proportional to
the size of each kebele (Table 1).

Table 1. District household sizes and selected households for the study area.

Zone District Kebele Total Household Size
Randomly Selected Household

Proportion to Size

North Shewa
Amhara

Angolela Tera Xoxose 975 19.13
Sariti 1053 20.65

North Shewa
Oromia

Girar Jarso
Doyu ganda guda 846 16.60

Safane warxu 708 13.89

West Shewa Ambo
Gosu qora 811 15.91

Badesa 706 13.85

West Shewa Welmera
Welmera 568 11.14

Menagesha 450 8.83
Total 6117 120

The sample size for the household survey was determined based on the rule of
thumb [25] using N ≥ 50 + 8 m to assure that the econometric model could be estimated
with sufficient degrees of freedom, where N is the sample size (which was 132, including
ten percent allowance) and m is the number of explanatory variables (Table 2) used in the
empirical analysis.

Table 2. Description of the independent variables.

Explanatory Variables Description Expected Sign

Sex of the household head Dummy: 1 = male; 0 = female ±
Age of the household head Continuous (years) ±

Education of the household head Continuous (years) +
Household size Continuous (number) ±

Farming experience Continuous (years) ±
Farm size Continuous (hectare) +

Total annual income Continuous (ETB) +
Access to climate information Dummy: 1 = yes; 0 = no +

Access to extension service Dummy: 1 = yes; 0 = no +
Livestock ownership Tropical livestock unit (TLU) +

2.3. Data Sources and Collection Methods

The survey was conducted from January to March 2017 using structured and semi-
structured questionnaires. For an in-depth understanding of the survey data, focus group
discussions, key informant interviews, and observations were also used in data collection.
The focus group discussions for this study were held with separate groups of elders, youth,
and women in each Kebele, comprising 6–10 individuals per group. Data at the household
level were collected through a household survey using structured questionnaires. The
questionnaires were initially pretested to check their validity and appropriateness. To
make data collection as simple as possible, questionnaires were kept simple, conversational,
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and phrased using the local dialect. Since the questionnaires were developed in English,
the back-translation technique was deployed. First, it was translated to Afaan Oromo
and Amharic, and then translated back to English to compare the new version with the
original one.

Moreover, historical daily climate data (rainfall, maximum and minimum temper-
atures) for the period of 1980 to 2016 were obtained from the National Meteorological
Agency (NMA) of Ethiopia and used for climate trend analysis. Mann–Kendall approach
was used to detect climate trends, while rainfall anomaly was calculated using the rainfall
anomaly index [26,27].

2.4. Econometric Data Analysis

In this study, the multinomial logit (MNL) model was used to examine factors influ-
encing farmers’ choice of different adaptation measures applied by the farm households in
the study area. MNL model is suitable for estimating the likelihood that a given option is
more preferred than other available options, with the assumption that the available options
are mutually exclusive.

Considering a rational farmer who seeks to maximize the present value of expected
benefits of production over a specified time horizon, the farmer chooses a single or com-
bination of adaptation measures from the available sets of M adaptation options. Greene
(2003) stated that farmer i decides to use the jth adaptation option if the perceived benefit
from option j is greater than the utility obtained from other available options (for example,
k) depicted as:

Uij

(
β′ jXi + εj

)
> Uik

(
β′kXi + εk

)
, k 6= j (1)

where Uij and Uik are the perceived utility by farmer i of adaptation options j and k, respec-
tively; Xi is a vector of explanatory variables that influence the choice of the adaptation
option; βj and βk are parameters to be estimated, and εj and εk are the error terms.

The probability that farmer i chooses option j among the set of adaptation options
could be defined as follows:

P(j = 1|X) = P(Uij > Uik

∣∣∣X) = P
(
(β′ j − β′k

)
Xi + εj − εk > 0

∣∣∣X) = P
(

β′
∗Xi + ε∗ > 0

∣∣∣X) = F
(

β′
∗Xi

)
(2)

where ε* is a random disturbance term, β* is a vector of unknown parameters that can be
interpreted as the net effect of the vector of explanatory variables influencing adaptation,
and F (β*Xi) is the cumulative distribution of ε* evaluated at β*Xi.

To describe the MNL model, let Y denote a random variable taking on the values (1, 2,
. . . , M) for M a positive integer, and let X denote a set of conditioning variables. In this case,
Y denotes adaptation options or categories and X contains different household, institutional,
and environmental attributes [28]. The question is how changes in the elements of X are
affected, keeping other factors constant and the response probabilities P (Y = j|X), j = 1,
2, . . . , M. Since the probabilities must sum to unity, P (Y = j|X) was determined once we
knew the probabilities for j = 2, . . . , M.

Let X be a 1 × K vector with first-element unity. Thus, the probability that household i
with characteristic X chooses adaptation option j is specified as follows:

P(Yi = j|X) =
exp

(
Xjβ j

)[
1 + ∑M

j=1 exp
(
Xjβ j

)] (3)

where P stands for probability, j stands for adaptation options, X for explanatory variables,
and βj = k × 1 is coefficients, j = 1, 2, . . . , M.

The equation of the multinomial logistic regression model requires the independent
irrelevant alternative assumption (IIA) following [29]. It indicates that the probability
of using certain adaptation options by a given household needs to be independent of
the probability of choosing another adaptation option (that is, Pj/Pk is independent of
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the remaining probabilities). The MNL adaptation model was run and tested for the IIA
assumption using the Hausman specification test. As a result, the test failed to reject the null
hypothesis of independence of odds of other alternatives with χ2 ranging from −12.05 up
to 9.89 with probabilities almost equal to 1.000, suggesting that there was no evidence
against the correct specification for the adaptation model.

The parameter estimates of the MNL model provide only the direction of the effect of
the independent variables on the dependent variable, but estimates represent the actual
magnitude of neither change nor probabilities. Thus, the marginal effects or marginal
probabilities are functions of the probability itself and measure the expected change in the
probability of a particular choice determined concerning a unit change in an independent
variable from the mean and computed as:

∂Pj

∂Xk
= Pj

(
β jk −

j−1

∑
j=1

Pj β jk

)
. (4)

The MNL adaptation model was run and tested for the validity of the IIA assumption.
The Hausman specification test for multicollinearity problem was verified for the degree of
association among the hypothesized continuous explanatory variables. As a result, the test
failed to reject the null hypothesis of independence of odds of other alternatives with χ2

ranging from−12.05 up to 9.89, with probabilities almost equal to 1.00 suggesting that there
was no evidence against the correct specification for the adaptation model. The variance
inflation factor (VIF) technique was employed to detect the problem of multicollinearity for
continuous explanatory variables.

VIF =
1

1− Rj
2 (5)

where VIF is variance inflation factor, Rj
2 is the adjusted square of the multiple correlation

coefficients that result when one explanatory variable (j) is regressed against all others.
If an approximately linear relation exists between the explanatory variables, then multi-
collinearity is a problem to be expected, with a large value of R2 being at least one of the test
regressions. In this study, the results of each variable VIF were less than 10, indicating that
there was no multicollinearity problem, which was in accordance with the model assump-
tion of the multicollinearity problem [30]. Moreover, contingency coefficients were checked
for all discrete variables, and the results were <0.75, which indicated multicollinearity
was not a serious problem in the model estimation [30,31]. Hence, all the hypothesized
continuous and categorical explanatory variables were included in the model. The results
of the tests showed that both tests failed to reject the null hypothesis of independence of the
climate change adaptation options, suggesting that the MNL specification was appropriate
to model climate change adaptation practices of smallholder farmers. The contingency
coefficients were calculated as:

C =

√
x2

n− x2 (6)

where C is contingency coefficient, x2 is chi-square test, n is total sample size.

3. Results and Discussion
3.1. Farmers’ Perceptions of the Impacts of Climate Change in the Study Area

Farmers in the study area perceived the presence of both climate variability and change
and their impacts. Accordingly, households experienced the risk associated with water
source availability, depletion in soil fertility, the risk of crop failure, crop yield reduction,
and risk associated with livestock feed, respectively (Figure 2). The results of the focus
group discussion and key informants emphasized that rain had become more erratic, and
whenever it came, it was often in heavy falls that caused floods and little infiltration.
Moreover, farmers indicated that climate change had caused irregular droughts and a high
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incidence of pests and diseases, which negatively affected livestock and crop production.
The focus group discussions and key informants acknowledged the significant increase in
crop damage by pests and diseases, including weeds.

Figure 2. Farmers’ perceptions of climate change impacts from 1980 to 2016.

Dry spells and drought also frequently occurred within the growing season. Respon-
dents (63.3%) claimed to experience dry spells during the rainy season, which sometimes
led to the drying and scorching of crop leaves and, ultimately, retarded crop growth and
reduced yield. Approximately 16.7% of respondents recalled that whenever a dry spell
occurred during the critical periods for crops, it led to a low yield or crop failure. Moreover,
a significant number of smallholder farmers perceived those high temperatures particularly
at the beginning of the rainy season and during long spells, usually burning germinating
seeds. Smallholder farmers also acknowledged the significant increase in crop damage by
pests and diseases, including weeds. They related an increase in temperature and decrease
in rainfall to the proliferation of pests and diseases. A significant number of them reported
experiencing an unpredictable and unreliable onset and cessation of rains and the shrinking
of the growing season.

There were differences among sample households in their perception of climate change
(Figure 3). Respondents 10, 18, 30, 28, 16, 9, and 6 perceived climate change parameters
(rainfall, minimum temperature, and maximum temperature). However, only three respon-
dents did not perceive climate change at all. The majority of those indicated that they had
experienced higher temperatures, droughts, changes in planting time, and a decrease in
crop yield for the changing climate.

Figure 3. The proportion of farmers’ perceptions of indicators of the local climate.
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The study focused on understanding if farmer perceptions of climate change matched
with historical climate (rainfall and temperature) records for the period from 1980 to
2016, and identifying determinants of adaptation in central Ethiopia. The results of the
meteorological data analysis showed that the temperature had increased over the study
period. Farmers’ perceptions of temperature trends were consistent with the historical
records. These results were in line with studies with smallholder farmers in other parts of
Africa [18,32–35]. Farmers’ perceptions of decreased rainfall over the past 37 years were,
however, inconsistent with the results of the observed rainfall data analysis and previous
reports [18,36]. The disparity between public opinion on rainfall changes and historical
meteorological records may have been attributed to differences in the variation of study
periods and the interpretation of droughts, with emphasis on meteorological droughts
as opposed to farmers’ considerations of agronomic droughts. Scientists often analyze
climate data at different timescales rather than those that are important for farmers and crop
growth, resulting in potential variations in farmers’ perceptions and observed data [37].
Most of the technical support necessary for effective farmer adaptation seemed to arrive
either too late or in some cases not at all. Thus, this outcome resulted in many farmers’
lacking reliable climate adaptation information, particularly about the onset and cessation
of rainfall [38].

3.2. Climate Change Adaptation Practices in Central Ethiopia

Farmers in the study area had, in many cases, adapted their farming to climate change
and variability. They used their indigenous knowledge to secure their livelihoods with
locally available resources. They developed some adaptation means by diversifying their
farming systems. Accordingly, they used different adaptation strategies to reduce the nega-
tive impact of climate change. Among adaptation options, shifting to early-maturing crop
varieties, household income source diversification, soil and water conservation practices,
crop diversification, adjusting planting dates, destocking, seasonal migration, and crop
rotation were the major adaptation practices (Table 3). The diversification of crops not
only allows farmers to avert risks and maximize harvest security under unpredictable and
unreliable climates, but also improves household nutrition.

Table 3. Climate change adaptation strategies perceived by sample farm households.

Adaptation Measures Taken Frequency Percent

Shifting to early maturing crop varieties 22 18.3
Adjusting planting dates 20 16.7

Crop rotation 19 15.8
Crop diversifications 16 15

Implementation of soil and water conservation 15 13.3
Destocking 13 10.8

Household income source diversification 7 5.8
Seasonal migration 5 4.2

Among the farmers interviewed, many adapted to the perceived change in shifting
to early-maturing crop varieties and adjusted their planting dates to reduce the adverse
effect of climate change impacts on their livelihood. Similarly, sample households rotated
legumes with cereals as an adaptation strategy. Overall, crop diversification, destocking,
the diversification of household income, and seasonal migration adaptation options were
used by the farmers. Of the total sample households, 13.3% of them also used soil and water
conservation practices as an adaptation strategy to reduce the adverse effect of climate
change on their farm (Table 3).

3.3. Barriers to Climate Change Adaptation

The analysis of barriers to adaptation to climate change in central Ethiopia identified
five key constraints. These were a lack of capital, limited farm size, unpredictable weather,
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lack of access to crop season weather information, and lack of access to irrigation water
(Table 4). Moreover, rises in temperature during critical crop growth stages, occurrences of
dry spells, and sometimes heavy and uncertain rainfall were among other climatic factor
barriers to attaining the desired level of adaptation reported by key informants and focus
group discussions.

Table 4. Constraints for climate change adaptation.

Constraints Yes (%) No (%)

Lack of capital 74.2 25.8
Access to cropping season weather information 17.5 82.5

Access to water for irrigation 7.5 92.5
Limited farm size 72.5 27.5

The unpredictability of weather 70.8 29.2

In this study, a lack of liquidity, limited farm size, unpredictable weather, and limited
access to seasonal weather information and water resources were identified as the most
critical barriers to adoption. Respondents identified that the lack of liquidity was a key
constraint for adaptation to climate variability. Although there was access to microcredit
facilities, except for a few, most of them had less knowhow on the effective utilization of
loans for productive activities rather than paying for other outstanding loans and home
consumption. Moreover, high interest rates are one of the reasons for the minimal attraction
of farmers to the available credit facilities. Finally, a few of them started to migrate to
nearby urban areas to search for off-/nonfarm employment opportunities. Irrigation
facilities were also perceived as the main barriers to adaptation. Institutional factors, such
as access to extension services in unpredictable weather and access to timely weather
information, had a strong positive influence on adaptation practices. Moreover, rises in
temperature during anthesis and grain-filling stages, occurrences of dry spells in early crop
growth, and the occasional occurrence of heavy and uncertain rainfall that can lead to soil
erosion, waterlogging, and deterioration of harvest product were among other climatic
factor barriers for reaching the desired level of adaptation in the study area. Accordingly,
ref. [39] revealed that farmers in Ethiopia, in general, are very poor and cannot afford to
invest in irrigation technology, not only to adapt to climate change, but also to sustain their
livelihood during harsh climatic extremes such as drought, which often causes famine.
Adaptation to climate change is costly [15], and a lack of liquidity hinders farmers from
obtaining the necessary resources and technologies which assist in adapting to climate
change. Therefore, if farmers do not have sufficient family labor or the financial means for
higher labor, they cannot adapt.

3.4. Determinants (Social Determinants) of Climate Change Adaptation Measures

The multinomial logit model was used to assess determinants of farmers’ choices of
adaptation strategies to climate-related shocks. Table 5 presents the estimated coefficients
of the MNL model, along with the levels of significance. For the multinomial logit model fit,
we used crop rotation as a base category arbitrarily. The likelihood ratio statistics indicated
by chi-square statistics were highly significant (p < 0.01), suggesting that the model had a
strong explanatory power. It was noted that the parameter estimates of the MNL model
provided only the direction of the effect of the independent variables on the dependent
variables and did not represent the actual magnitude of change of its probability. Thus,
marginal effects, which measure the expected change in the probability of a particular
choice being determined with respect to a unit change in an independent variable, were
calculated and presented (Table 6). Multinomial logistic regression model results showed
coefficient estimates followed the expected signs, as stated in the hypotheses above.
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Table 5. Parameter estimates of multinomial logit model for rainfall and temperature.

Explanatory Variables

Adaptation Options

Crdiv Chplan Renul Hoindi Imswc Semi Acin

Exp(B) Exp(B) Exp(B) Exp(B) Exp(B) Exp(B) Exp(B)

Age 3.48 * 4.67 * 15.37 *** 1.58 1.4 −0.09 * −0.33
Fms 1.5 4.80 * 4.20 * 0.84 2.4 0.24 0.4
Fmz 3.89 * 5.60 ** 11.67 *** 1.4 1.75 2.60 × 10−8 1.75
TLU 1.4 1.4 4.20 ** 0.7 0.35 8.35 × 10−9 0.35

EDUS 0.20 ** 0.13 *** 0.07 * 0.4 0.20 * 1.2 0.33
AcEx 2 3.14 * 8.67 *** 0.18 ** 0.22 3.56 × 10−9 3.56 × 10−9

HHINCO 0.89 * 3.07 * 5.12 * 0.24 * 0.3 6.95 × 10−9 0.3
OFFInco 1.42 * 0.37 0.2 1.5 3 4 4.5

The reference category was:
X2 = 113.873 No. of observations = 117Crop rotation

−2 log likelihood = 247.962 Pseudo R2 = 0.613 LR p value = 0.000

***, **, and * indicate significance at 1%, 5%, and 10% levels; Age—age of the household; Fms—family size;
Fmz—farm size; TLU—tropical livestock unit; EDUS—education status; AcEx—access to extension; HHINCO—
household income; OFFInco—off-farm income; Crdiv—crop diversification; Chplan—change in planting date;
Renul—reduced number of livestock; Hoindi—household income diversification; Imswc—implemented soil and
water conservation; Semi—seasonal migration; Acin—access to climate information.

Table 6. Estimated marginal effects from the multinomial logit model.

Predictor
Crdiv Chplan Renul Hoindi Imswc Semi Acin

dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx

Age 0.11 * −0.08 * 0.07 ** 0.07 0.04 −8.60 × 10−10 .
Fms −0.09 0.11 0.00 −0.02 0.06 −7.80 × 10−10 .
Fmz 0.11 0.04 * 0.08 * −0.03 0.04 −3.20 × 10−10 2.10 × 10−23

TLU 0.27 −0.19 * −0.03 0.05 −0.06 −7.40 × 10−9 .
EDUS −0.01 ** 0.05 * 0.04 * 0.05 0.11 2.20 × 10−9 5.30 × 10−26

AcEx −0.19 0.04 * −0.05 * 0.17 ** 0.13 6.20 × 10−10 6.90 × 10−33

HHINCO −0.33 * 0.23 * 0.05 −0.14 * 0.015 * 6.40 × 10−10 3.60 × 10−23

OFFInco 0.30 * −0.06 −0.01 −0.05 0.019 −6.30 × 10−10 .

** and * indicate significance at 5% and 10% levels; Crdiv—crop diversification; Chplan—change in planting date;
Renul—reduced number of livestock; Hoindi—household income diversification; Imswc—implemented soil and
water conservation; Semi—seasonal migration; Acin—access to climate information.

The age of the household head, household size, farm size, education of the household
head, access to extensions, farm income, and off-farm income significantly influenced
the frequency of farmers using one of the climate change adaptation strategies identified
by them. The abovementioned variables that significantly influenced climate change
adaptation options were discussed hereunder.

3.4.1. Age of the Household Head

The results of the MNL model showed that the age of the household head was found
to be positively and significantly correlated with the most adaptation options, except for
seasonal migration and access to climate information, which were affected negatively
(Table 5). Older household heads were 0.085 and 0.327 times less likely to adopt seasonal
migration and improve their access to climate information than younger ones relative to
the base category. An increase in the age of the household head increased the probability of
choosing crop diversification, reducing the number of livestock, diversifying household
income, and implementing soil and water conservation as an adaptation option. On the
other hand, it reduced the probability of choosing a change in planting dates (Table 6).

Climate change adaptation strategy preference was affected by the age of the house-
hold head. The results of the MNL model showed that the age of the household head was
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positively and significantly correlated with the most adaption options. The reason for the
positive association was probably due to the fact that age endows farmers with the requisite
experience that enables them to determine a better assessment of the risks involved in
climate change adaptation investment decisions. Similarly, Atinkut and Mebrat (2016)
reported that the age of the household head was found to be positively and significantly
correlated with crop diversification at p < 0.05. Moreover, [19,40] also reported that an
increase in age does mean an increase in farming experience, which would increase farmers’
indigenous knowledge to respond to the hazards resulting due to climate variability. On
the other hand, the age of the household head showed a negative correlation with seasonal
migration at p < 0.001, which means that a one-year increase in the age of the household
head decreased the probability of using seasonal migration as an option for climate adapta-
tion by 0.085 times less, relative to the base category. This implies that older farmers are less
likely to take seasonal migration, which requires more labor. This result is in agreement
with the findings in [41] that reported households with an older household head to be less
likely to use seasonal migration as an adaptation measure compared with younger ones.

3.4.2. Household Family Size

Estimation results from the multinomial logistic regression model revealed that family
size positively and significantly affected household decisions to pursue crop diversification,
changing planting dates, reducing the number of livestock, and implementing soil and
water conservation as adaptation measures for the perceived climate change. It was
statistically significant for changing planting dates and reducing the number of livestock
as adaptation options at p < 0.01. A one-person increase in the family could increase the
probability of changing planting dates and implementing soil and water conservation as
adaptation measures (Table 5).

Households who have a larger family size have an opportunity to practice various
adaptation options in the face of climate variability. Thus, its positive and significant sign
clearly shows that the larger the family size, the higher the probability for responding to
reduce the effects of climate change and variability. Hence, this result agreed with different
works of [29,42], who argued that a large family is associated with higher labor endowment,
which would enable a household to accomplish various agricultural tasks, especially at
peak seasons.

3.4.3. Household Farm Size

Farm size appeared to be positively and significantly correlated with almost all adap-
tation options. An increase in farm size by one hectare per household would increase
the probability of using nearly all adaptation options, except for seasonal migration and
household income diversification (Table 5).

Households with larger farm sizes were more probable to diversify their crop pro-
duction during dry seasons, and allocated their farm to different planting dates to reduce
the negative impacts of climatic variability. Similarly, ref. [43] reported that households
cultivating a greater size of plots are more likely to adopt different adaptation strategies.
This may be because such households are more likely to be in the risk-takers category,
be wealthier and more flexible to adopt improved technologies and innovations at least
in one of their many plots. Moreover, farm size was negatively associated with seasonal
migration, which means that a one-hectare increase in farm size lowered the probability of
using seasonal migration as a coping strategy by 0.24 times. Since most of the adaptation
measures employed by the rural households in central Ethiopia are agriculturally based,
those who do not have land or have a small plot would seasonally migrate to some other
places where employment opportunities are available.

3.4.4. Education of the Household Head

The education of the head of the household increased the probability of adapting to
climate change. As can be observed in Table 5, relatively better-educated household heads
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considered changing planting dates, crop diversification, implementing soil and water
conservation, and reducing the number of livestock as adaptation methods. A unit increase
in the years of education and farm size increased the probability of choosing planting dates
and reducing the number of livestock as adaptation options (Table 6).

Almost all of the marginal values of education were positive across all adaptation
options, indicating the positive relationship between education and adaptation to climate
change. This implies that literate farmers are likely to react to changes through evaluating
choices that best fit their knowledge, inclination, and capabilities. Similarly, ref. [41]
reported that farmers with a better education are less likely to consider seasonal migration
as an adaptation measure to perceive climate change. Hence, education increases the
probability of farmers’ uptake adaptation options to climate change and variability. Various
authors, e.g., [24,29,44], reported that education increases the probability of adapting to
climate change. Better educated farmers are more likely to employ adaptation strategies in
response to climate change impacts [43].

3.4.5. Extension Service

Results of the MNL models showed that extension contact had a positive and sig-
nificant correlation with the likelihood of changing planting dates, household income
diversification, and reducing livestock. The more contact farmers had with extension
agents, the more the probability that they adopted the two adaptation measures (Table 5). A
unit increase in access to extension services increased the probability of selecting changes to
planting dates and household income diversification as adaptation options, and decreased
the probability of reducing the number of livestock (Table 6).

Farmers who frequently met and discussed issues with extension services were more
likely to be aware of climatic conditions. This implies that farmers with better access
to information about the changing climate have a higher chance of adopting adaptation
measures. This result was in line with many other similar research results that showed
the relation that farmers who obtained information through extension workers were likely
more informed about the climatic situation and the responses that followed [17,33,43,45].

3.4.6. Household Income

Household income was directly or indirectly related to the household’s financial
endowments, and positively influenced farmers’ capacities to cope and adapt to climate
variability. The results indicated that farm household income significantly (p < 0.1) impacted
crop diversification, changes in planting dates, reduction in herd size, and household
income diversification (Table 5). A unit increase in on-farm income increased the probability
of choosing a change in planting dates and implementing soil and water conservation as an
adaptation option. Conversely, a unit decrease in on-farm income increased the probability
of crop and household income diversifications. Likewise, off-farm income had a positive
and significant impact on crop diversification. A unit increase in off-farm income increased
the probability of selecting the change in planting dates as an adaptation option (Table 6).

Farmers with better financial resources used more adaptation options to climate
variability and change. Similarly, ref. [46] pointed out that the choice of a combination of
adaptation strategies was higher for farmers with better income through developing the
capacity to break down the capital constraint to invest in new technologies. Other studies
also supported that wealthier households are better able to act quickly to offset climate risk
than poorer households [3,5].

Many farmers used a limited number of adaptation strategies, and the key reason
for this was profit maximization. On the other hand, there was limited information about
the exact nature and extent of climatic shocks, as farmers were unsure about the timing
or occurrence of climatic shocks. Social networks and social capital were found to be
important factors influencing farmers’ adaptive decision making. This implies that farmers
who interact and network more with other farmers and receive institutional services are
more likely to use more climate adaptation measures than those farmers with less access to
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those services. Liquidity constraints and limited resources are the other key factors that
affected the adoption of adaptation measures. Family labor and knowledge were also major
factors that affected farmers’ choices of different coping and adaptation measures in central
Ethiopia. Although younger heads of farm households are under heavy rural to urban
exodus by hating farming under poor practice, farmers with more family labor and better
knowledge have more coping and adaptation strategies to alleviate the negative impacts of
rainfall and temperature changes and variability on crop productivity. This suggests that
farmers need to have access to formal and informal education to increase their coping and
adaptation capacities. Finally, it is important to emphasize that smallholder farmers are
very susceptible to rainfall variability and increasing temperatures, and there is a need for
holistic efforts to build the resilience of those vulnerable farmers.

Generally, this study identified farmers’ perceptions of climate change impacts and
adaptation practices currently used by farm households. Likewise, various determinants
for climate change adaptation options were measured and local level management options
were suggested.

4. Conclusions

Climatic shocks pose serious challenges to farmers in central Ethiopia. This study
was conducted under certain limitations, i.e., the sample size of the household survey,
the limited number of study areas, and the periods of study. However, promising results
were obtained from farmers’ indigenous knowledge regarding perception and adaptation
options of climate change impacts that require imprudent support with recent technology.
According to the results of the study, the variability of rainfall and increasing temperatures
were found to be the most important long-term (1980 to 2016) climatic shocks affecting crop
production in the study area. The livelihood of farmers was largely affected by these cli-
matic variables. Farmers observed, understood, experienced, and perceived climate change
that negatively affected their crop production. This study identified several adaptation
practices, i.e., the increased use of early-maturing crop varieties, household income source
diversification, use of soil and water conservation techniques, crop diversification, adjust-
ing planting dates, destocking, seasonal migration, crop rotation, and access to climate
information services. However, taking account of such measures was based on previous
knowledge and a history of events. Various factors (socioeconomic, demographic, and
institutional) influence the choice of climate change adaptation measures. The multinomial
regression analysis indicated that the significant determinant variables affecting the choice
of respondents were the age, sex, and education of the household head, farm size, family
size of the household, farm and nonfarm income, and access to information. The study con-
cludes that the extent of farmers’ exposure to climate change stresses and their adaptation
strategies are well documented in central Ethiopia. The study also concludes the need for
understanding factors affecting farmers’ choice of climate change adaptation strategies at
the local level to enhance farmers’ adaptive capacity and build resilience to the variable
and changing climate.
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