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with an average annual rainfall of 843 mm. The mean annual minimum and maximum
temperatures of the region are 13 ◦C and 26 ◦C, respectively (Table 1). The wide range of
the agro-climatic zone of the region is suitable to produce different crops including cereals,
pulses, oilseed, vegetables, fruits, and cash crops such as coffee (Coffee arabica L.), and khat
(Catha edulis Forsk) [19].

Figure 1. Map of the study area.

Table 1. The agro-ecological setting of the study districts in the eastern highlands of Ethiopia.

District

Major Feature Haramaya Gursum Chiro

Latitude (◦) 9.4 9.35 9.07
Longitude (◦) 42.8 42.4 40.8

Altitude (m a.s.l.) 1400–2340 1200–2950 1501–2500
Major agro-ecological zone Sub-humid Semi-arid Semi-arid

Climate database period 1988–2017 1988–2017 1988–2017
Mean annual minimum temperature (◦C) 9.9 12.7 13.9
Mean annual maximum temperature (◦C) 24 25 28

Average Belg season rainfall (mm) 275 333 318
Average Kiremit season rainfall (mm) 441 400 481

Average annual rainfall (mm) 798 827 905
Total number of households 36,961 28,140 34,410

Total population of the districts 352,031 233,077 435,677

m a.s.l = meters above sea level. Source: East and West Hararghe Zone Agriculture Offices and National Meteorological Agency (2019).

2.2. Sampling Procedure and Sample Size

A multi-stage sampling method was employed for selecting the sample units for the
study. Three districts of the major maize crop growing areas from the East Hararghe Zone
(Haramaya and Gursum) and West Hararghe Zone (Chiro) were selected purposively
(Table 1). Then, two peasant associations (kebeles) were selected from each district. In
Ethiopia, kebele is the smallest administrative unit. The selected kebeles were Elalemi
and Muydin from Gursum district, Bachake and Tinikie from Haramaya district, and Yabdo
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Kobasa and Madicho number 3 from Chiro district, giving a total of six kebeles. The last
stage involved a random selection of farmers from each kebele. A total of 364 farmers
were drawn from a list comprising 4087 maize farmers as provided by the respective
kebele offices which formed the sampling size. The sample size was determined as per the
procedure described by [20]:

n =
N

1 + N(e2)

where, n = sample size; N = population size; and e = level of precision at 0.05. Then, the
sample size of each kebele was determined by dividing the total number of households
producing maize in the kebele by the total number of households producing maize in the
six kebeles and multiplying it by the sample size of the study area (Table 2).

Table 2. Distribution of sample households by peasant association.

District Kebele Household Size Sample Size

Haramaya Bachake 436 39
Tinike 583 52

Gursum Elalem 600 53
Muydin 781 70

Chiro Yabdo Kobasa 692 62
Madicho No. 3 995 88

Total 4087 364
Source: East and West Hararghe Zone Agriculture Offices (2019).

2.3. Data Collection Methods

A questionnaire was designed in line with the planned objectives. A well-validated
open and close-ended questionnaire was translated into the local Oromo language for easy
understanding during primary data collection. The questionnaire was pre-tested in each
study district before undertaking the survey. The questionnaire included diverse issues
that could provide an understanding of the demographic and socioeconomic attributes of
farm households, including the following topics: (1) farmers perceptions of climate change,
(2) perception on causes of climate change, (3) impact on maize production, (4) adaptation
options practiced to reduce the impact, (5) factors influencing their adaptation decisions
as well as their needs from governmental and non-governmental organizations to resolve
the barriers and hence to increase their adaptive capacity. In addition to administering the
household-level open-ended survey questionnaire, Key Informant Interviews (KIIs) and
Focus Group Discussions (FGDs) were used for data collection.

The questionnaire was administered with the help of development agents from the
local agriculture offices that had been trained before the data collection. Information was
provided for the head of the household on the overall objectives of the research and a
common understanding was reached with him/her for conducting a face-to-face interview.
Collection of the household data was undertaken from September to December 2019. A
total of six groups, two groups per district of farmers ranging in number from eight to
ten men and women were selected randomly for the focus group discussions. Several key
informant interviews were made with key district personnel as well as heads of kebeles to
cross-check the information obtained from the interview of the household heads. Secondary
data were gleaned from the literature, documentation centers, the office of statistics in the
respective kebeles and districts, and the national meteorological agency to consolidate the
information obtained during primary data collection and support the results of the study.

2.4. Analytical Methods
2.4.1. Descriptive Analysis

Descriptive statistics such as mean, frequency, percentage, and standard deviations
were used to visualize and analyze the data. Before analyzing the meteorological data,
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quality control methods were employed. To fill the missing values following the Markov
chain model, INSTAT software version 3.37 was used [21]. The Tukey fence was used to
screen outliers greater or less than a threshold value and set to the limit corresponding to
±1.5 × IQR [22]. Four methods were applied to test the data for homogeneity, which are
Alexandersson’s Standard Normal Homogeneity Test (SNHT) [23], the Buishand range
test (BRT) [24], Pettitt test [25], and Von Neumann ratio (VNR) tests [26]. These tests were
performed under two hypotheses: H0 (null hypothesis), data are homogeneous; and Ha
(alternative hypothesis), there is a date at which there is a change in the data.

The time-series data were tested for randomness and independence using the autocor-
relation function (r1) as described in [27],

r1 =
∑n−1

i=1 (xi − x)(xi+1 − x)

∑n
i=1(xi − x)2

where xi is an observation, xi+1 is the following observation, x is the mean of the time
series, and n is the number of data. The autocorrelation coefficient value of r1 was tested
against the null hypothesis at a 95% confidence interval, using a two-tailed test:

r1 =
−1± 1.96

√
(n− 2)

n− 1

Whenever significant correlation appeared in the data series, a pre-whitened ap-
proach was used following the procedure described by [28], which was obtained as:
(x2 − r1x1, x3 − r1x2 , . . . , xn − r1xn−1) where x1, x2, x3 . . . xn are data points of the series.
The outlier detection, homogenization, and autocorrelation were achieved using XLSTAT
statistical software. To assess the trend in rainfall data, the Mann–Kendall trend test was
applied [29,30]. The non-parametric method described by [31] was also used to estimate
the magnitude of trends in the data time series.

2.4.2. Econometric Analysis

Pearson’s correlations were calculated for the relationship among independent (ex-
planatory) variables. The multinomial logit (MNL) model was applied to explore factors
affecting farmers’ perception of temperature and rainfall and the use of adaptation strate-
gies by smallholder maize farmers to reduce the impact of climate change in the study
area. MNL is widely employed in climate change adaptation studies [2,32]. The question is
how changes in the elements of X effect, keeping other factors constant, and the response
probabilities, P(Y = j|x), j = 0. 1, 2 . . . J. P(Y = j|x) are known after determining the
probabilities for j = 2... J. Since the probabilities must sum to unity, Let × be a 1 × K vector
with the first element unity. Thus, the probability that a household i with a characteristic X
chooses an adaptation option j is specified following [33]:

P(Yi = j|x) =
exp

(
xβ j
)[

1 + ∑j=1 exp(xβj)
]

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 dependent variables included in the model
in this study were adaptation strategies used by maize farmers in the study area which was
obtained from the survey data collected. The variables included planting dates, changing
maize varieties, intercropping, recommended mineral fertilizer application, supplemental
irrigation, and soil and water conservations practices. The independent (explanatory)
variables were obtained from the survey data (Table 3).

However, the MNL model suffers from problems of independence and works under
the assumption of Independent Irrelevant Alternatives (IIA), which states that the ratio of
the probabilities of choosing any two alternatives is independent of the attributes of any
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other alternatives in the choice set. Hausman test [34] was used to test the validity of the
IIA assumption. Data were analyzed using STATA software [35].

Table 3. Description of explanatory variables used in the model.

Variable Measurement

Age Continuous (years)
Education level Dummy 1 = Illiterate, 0 = otherwise

Land size Continuous (hectare)
Family size Continuous (number)

Access to irrigation water Dummy 1 = If there is access, 0 = otherwise
Access to extension services Dummy 1 = If there is access, 0 = otherwise

Haramaya Dummy 1 if the district is Haramaya, 0 = otherwise
Gursum Dummy 1 if the district is Gursum, 0 = otherwise

Chiro Dummy 1 if the district is Chiro, 0 = otherwise

3. Results and Discussion
3.1. Demographic and Socioeconomic Characteristics

The results of farmers’ socio-economic and demographic characteristics show that
from the total 364 farm households interviewed in the districts, 94% were male-headed
whereas 6% were female-headed (Figure 2). This difference may be attributed to cultural
norms which give family leading roles to men and child care and house chores to women.
Consistent with this suggestion, [36] reported that agricultural activities are physically
demanding so that most communities consider these as inappropriate for women. The
data also indicated that about 94% of the farm households are married.

Figure 2. Characteristics of the farm households in the study districts of the eastern highlands of Ethiopia (N = 364).

Concerning educational level, the heads of 59% of the households were able to read
and write or had attended at least primary education, and a few of them had attended
secondary education and above. The average education levels of the farm households in
this study were found to be somewhat higher than that of the national average of 2017
which is 5% [37]. Perhaps it may be because the interviewed household heads in the study
area live near towns and may have access to educational institutions to upgrade their level
of education. Additionally, smallholder maize farmers may have a better understanding of
climate change and could implement adaptation strategies. Consistent with this suggestion,


