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&e impact of climate change is a global threat, and its effect is more pronounced in developing countries. It is vital to link physical
data analysis with endogenous knowledge and practices of farmers to strengthen their adaptive capacity.&is study was conducted
to explore spatial variability and temporal trends of temperature and rainfall in association with farmers’ perceptions and their
adaptation strategies in Southwest Ethiopia. Daily rainfall and temperature data of twelve weather stations were collected from the
National Meteorological Agency of Ethiopia for the period 1983 to 2016. Farmers’ perceptions about climate change and its impact
and their adaptation strategies were assessed through a survey. Spatial variability and temporal trends of rainfall and temperature
were analyzed using ArcGIS and R software. Sen’s slope estimator and Mann–Kendall’s trend tests were used to detect the
magnitude and statistical significance of changes in rainfall and temperature. Spatial analysis of rainfall showed high variability
over the region. &ere were no consistent and significant temporal trends of annual and seasonal rainfall of the area. Significant
and upward trends of annual maximum and minimum temperatures were reported for all stations. Accordingly, annual
maximum andminimum temperatures were increased by 0.71 and 0.65°C, respectively, over the period 1983 to 2016. Farmers had
a good awareness of climate change and its impact. Adaptation strategies used by farmers included soil and water conservation
practices (66.21%), crop diversification (62.16%), modifying planting date (42.56%), agroforestry practices (35.13%), use of
drought-tolerant variety (33.95%), use of early maturing crop (27.03%), and livelihood diversification (25.42%). As most of these
adaptation strategies were familiarized by a small number of farmers, further effort is needed to identify factors limiting the
adoption of these strategies. Furthermore, additional planned strategies and supports that widen available options at the farmers’
disposal should be introduced to strengthen their adaptive capacity.

1. Introduction

Climate change is a global phenomenon, and its adverse
effects challenge people’s socioeconomic activities, health,
livelihood, and food security [1]. &e combined global land
and ocean temperature showed a warming trend of 0.08°C
per decade since 1880 and over twice that rate (0.18°C) since
1981 [2]. For precipitation change, there is no consistent

observed trend. Positive trends in some parts of the globe
associated with an increasing number of heavy precipitation
events as well as declining trends in other parts, giving
strong indications for droughts, soil moisture stress, and
other extreme events, have been reported [2]. Even though
climate change is a global threat, developing countries are
much more vulnerable than the industrialized world [3, 4],
as they have much more limited human, institutional, and
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financial capacity to adapt to the associated challenges [5].
&e case in Africa including Ethiopia is more pronounced
than the global average particularly in more arid regions [2].
It is reported that Africa had already warmed by 0.7°C over
the twentieth century [5]. In Africa, such changes bring a
high burden on people whose livelihood is based on agri-
culture, which is mostly rainfed and highly vulnerable to the
impact of climate change [6, 7].

Various pieces of evidence have been generated on
trends of rainfall and annual minimum and maximum
temperatures in Ethiopia. For instance, the National Me-
teorological Agency of Ethiopia (NMA) [8] reported that the
annual minimum temperature had warmed by about 0.37°C
over the period 1951 to 2006. Likewise, the annual average
maximum temperature showed an increasing trend of 0.2 to
0.28°C over the period 1960 to 2006 [9, 10]. Similarly, Jury
and Funk [11] reported an observed increasing trend in air
temperature of 0.03°C/year for the period 1948 to 2006. On
the contrary, compiled evidence suggested that there is no
consistent trend of rainfall over the country. Some parts of
the country showed a declining trend [11–13] while others
experienced an increasing trend [14–16] or no significant
change [8, 17].

In Southern Ethiopia, varying pieces of evidence were
generated on trends of temperature and rainfall change. For
instance, Esayas et al. [18] reported an increase in maximum
temperature by 0.64°C over the period 1983 to 2014 for the
low land area of Southern Ethiopia. Similarly, significant
increasing trends were observed for mean annual maximum
andminimum temperatures of Jinka, while rainfall showed a
nonsignificant upward trend for the last 30 to 40 years
[19, 20]. In addition, Araro et al. [16] reported mean annual
minimum and maximum temperatures of the Konso district
showing increasing trends. Other parts of the region have
been experiencing similar trends for rainfall and tempera-
ture [13, 21, 22].

Generating climate change information from the anal-
ysis of meteorological data without paying attention to local
farmers’ knowledge could limit the adoption and sustain-
ability of various agricultural adaptation responses and may
be leading to maladaptation [23, 24]. On the other hand,
farmers’ perceptions may not always be in harmony with the
reality and climate events or trends might be wrongly
interpreted [25]. &erefore, comparing scientific evidence
with farmers’ perception of climate change and incorpo-
rating their indigenous knowledge into climate change
adaptation strategies is a key to success [25–27]. In this
context, three types of evidence have been generated in
Ethiopia. First, observed changes in rainfall and temperature
were described based on analysis of meteorological data that
excludes knowledge of the local community [28, 29]. Second,
the climate change was analyzed based on farmers’ per-
ceptions [30] alone, without triangulating with the infor-
mation from physical data analysis. &ird, other studies tide
the meteorological data analysis with the local farmers’
perception [18, 31], thus carrying richer information that
helps in more informed decision making.

In the current study area, some pieces of evidence on the
observed climate change have been generated from the

analysis of metrological data [16, 19, 20, 22]. However, most
of these studies generated only rainfall information for a
small portion of the region. &ese studies have not also
explored the spatial variability component and perceptions
of farmers to climate change and their adaptation practices.
Assessing existing changes in rainfall and temperature of an
area through exploring the spatial variability and temporal
trends and triangulating the evidence with farmers’ per-
ceptions on climate change and adaptation practices has
paramount importance for exploring compatible adaptation
strategies at the local level [26, 32]. &erefore, this study was
initiated to analyze the spatial variability and temporal
trends of the climate elements involving temperature and
rainfall and to scrutinize farmers’ perceptions of climate
change and their varying adaptation strategies in Southwest
Ethiopia.

2. Materials and Methods

2.1. Description of the Study Area. &e study was conducted
in two administrative zones (South Omo and Segen Area
People’s Zones) of Southwest Ethiopia (Figure 1). South
Omo Zone has an altitude ranging from 376 to 3500m.a.s.l.
and is located between 35°97′–36°6′E and 4°43′–6°46′N.
Similarly, Segen Area People’s Zone has an altitude ranging
from 501 to 3000m.a.s.l. and is located between
37°1′–38°01′E and 5°17′–5°59′N [33]. &e region has a mean
annual rainfall of 435–1211mmwhile annual maximum and
minimum temperatures varied from 27.8 to 33.7 and
14.4–23.7°C, respectively [34].

Agroecologically, most parts of the region are catego-
rized into hot arid and semiarid while tropical subhumid
climate is covering small areas [22, 33]. &e region expe-
rienced bimodal rainfall, the first one occurring in Spring
(from March to May) and the second in Autumn (from
September to November).

2.2. Data Source

2.2.1. Observed Climate Data and Quality Control.
Twelve meteorological stations from Southwest Ethiopia
(South Omo and Segen Area People’s Zones) such as Jinka,
Gazer, Keyafer, Konso, Gidole, Gato, Arfide, Erbore,
Demeka, Omorate, Beto, and Basketo were selected for
observed climate change analyses (Figure 2). According to
the NMA, most of these stations are class D recording only
rainfall with a higher number of missing values. &is data
problem was resolved by NMA using a synthesis (gap filling)
with ENACT gridded data set (4 km by 4 km spatial reso-
lution). &is data set is a combination of ground-based
observations managed by NMA and satellite estimates of
rainfall and temperature from the European Organization
for the Exploitation of Meteorological Satellites (EUMET-
SAT) and the US National Aeronautics and Space Ad-
ministration (NASA) [18, 35]. &e reconstruction of data
was performed by the NMA in collaboration with Inter-
national Research Institute for Climate and Society at Co-
lumbia University, USA, whereas data calibration and
validation were carried out by Reading University, UK [18].
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Hence, using this data source, daily rainfall and daily
maximum and minimum temperatures of the aforemen-
tioned stations for the period 1983 to 2016 were used for this
study. Data quality control (homogeneity test, detecting the
presence of outliers, values of maximum temperature lower
than minimum temperature) was done using Rclimdex
software in the R software program [36].

2.2.2. Survey Data Collection. Farm-level perceptions on
climate change and its impact and adaptation strategies were
explored using the survey to link farmers’ knowledge with
the result of climate data analysis. Household heads were
selected using multistage sampling techniques in Southwest
Ethiopia. First, South Omo and Segen Area People’s Zones
were selected purposively since they are leading sorghum-
producing areas in Southern Ethiopia. Similarly, South Ari
district from South Omo zone and Konso district from
Segen area people zone and two kebeles (the smallest ad-
ministrative units in Ethiopia) from each district were se-
lected randomly. &e total number of household heads in
four selected kebeles was 3055 (1534 and 1521 from South
Ari and Konso, respectively). Based on the following sample
size determination formula [37], the total sample size of 4
kebeles was 354.

n �
N

1 + N(e)
2, (1)

where n is the sample size, N is the population size (3055),
and e is the desired level of precision (0.05).

However, due to the scattered settlement of the pop-
ulation and harsh environmental conditions, the total
sample size was reduced to 245. By using the list of
household heads from each district agricultural office, a total
of 245 farm household heads were sampled randomly using
probability proportional to the size (PPS) of the total
households of each kebele. &e household heads whose age
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Figure 1: Map of the study area.
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was greater than 40 (age group having long-term observa-
tion on climate change) were screened before sampling.
Interview, focus group discussion (FGDs), and key infor-
mant interview (KII) were used to collect data during the
survey. A semistructured questionnaire was used during the
interview to gather information on climate change and its
impact and current adaptation measures undertaken. Focus
group discussion and KII in each district were conducted to
cross-check the information collected during the interview
and compare it with climate data analysis.

2.3. Data Analyses

2.3.1. Spatial Variability of Rainfall and Temperature.
&emean annual maximum and minimum temperature and
annual and seasonal rainfall were interpolated between the
selected weather stations to understand the spatial variability
of precipitation and temperature, averaged over the period
1983 to 2016. Inverse Distance Weighting technique was
employed for the interpolation using ArcGIS 10.4. &is
method was used in previous studies for a similar analysis
[15, 17]. &e technique assumes that the interpolated sur-
faces (points) are most influenced by observations at nearby
points and are less influenced by observation points with
greater distance [38]. &e coefficient of variation (CV) was
computed to evaluate the spatial variability of mean annual
and seasonal rainfall and the annual maximum and mini-
mum temperatures of the stations across the region. Co-
efficients of variation less than 20%, between 20 and 30%,
and higher than 30% indicate lower, moderate, and higher
variability, respectively [39]. It is computed as

CV �
σ
μ

× 100, (2)

where σ is standard deviation and μ is the mean value of
precipitation or temperature at annual or seasonal scale.

2.3.2. Temporal Trend Analyses of Rainfall and Temperature

(1) Serial Correlation. Before trend analysis, the serial
correlation test for the time series data (1983 to 2016) was
employed to avoid the effect of autocorrelation through
checking the independence of observation from one year
to the next [40]. Autocorrelation function (ACF package)
[41] at lag 1 was used to check the presence of a sig-
nificant autocorrelation using packages developed for R
software. Lag 1 ACFs were computed using the following
formula:

r1 �
1/n − 1

n−1
i�1 Xi − X(  Xi+1 − X(  

1/n 
n
i�1 Xi − X( 

2 , (3)

where r1, Xi, and X̅ are the correlation coefficient at lag 1,
rainfall (or temperature) time series, and mean value of the
rainfall (or temperature) time series, respectively. &e
confidence interval of r1 at the 5% significance level was
computed as

r1(5%) �
−1 ± 1.96

�����
n − 1

√

n − 1
, (4)

where n is the number of observations in the time series.
When r1 falls within the confidence limits, a significant

autocorrelation does not exist and the trend is examined
using the Mann–Kendall (MK) trend test. On the other
hand, if r1 is found outside of the confidence interval, it
indicates the presence of correlation between adjusted ob-
servations and the modified Mann–Kendall (MMK) test
should be employed to remove the impact of autocorrelation
[42]. In this study, bothMK andMMKwere used when there
was independence and serial correlation, respectively, on
time series analysis of rainfall and temperature using R
software programs [43].

(2) Temporal Trend Analyses. &e trend of rainfall was ex-
amined on an annual and seasonal basis while the tem-
perature was looked at on an annual basis. Mann–Kendall’s
test [44, 45] and Sen’s slope estimates [46], which are
nonparametric methods for trend analysis, were used to
examine the existence of temporal trends of rainfall and
temperature. &e MK test uses the correlation between the
ranks of a time series and their sequence. It computes the
difference between the later measured values and all early
measured values for a time series of interest over time.When
a data value from a later time period is higher than a data
value from an earlier time period, the MK test statistic S is
incremented by 1. On the other hand, if the data value from a
later time period is lower than a data value sampled earlier, S
is decremented by 1. &e summation of each case gives the
final value of S using the following formula:

S � 
N−1

i�1


N

J�i+1
sgn xj − xi , (5)

where S is Mann–Kendall’s test statistics, xi and xj are the
sequential data values of the time series in the years i and j
(j> i), and N is the length of the time series. A positive S
value indicates an increasing trend and a negative value
indicates a decreasing trend in the data series.

&e sign function, which was used to differentiate the
types of trend, is given as

sgn(x j − x i ) � (

+1, if Xj − Xi > 0,

0, if Xj − Xi  � 0,

−1, if Xj − Xi < 0.

(6)

For samples, n≥ 10, the S statistic is approximately
normally distributed and the mean of S is zero and the
variance of S is given as follows [47]:

σ2 �
1
n

n(n − 1)(2n + 5) − 
m

i�1
ti − 1(  2ti + 5( ⎡⎣ ⎤⎦, (7)

where n is the number of observations in the time series,m is
the number of tied groups, and ti is the number of obser-
vations in the ith group.
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&e significance of a trend is computed by the Z score
using the following formula:

Z �

S − 1
σ

, if S> 0,

0, if S> 0,

S + 1
σ

, if S> 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(8)

&e hypothesis that there is no trend is rejected when the
Z value is greater in absolute value than the critical value Zα,
at a chosen level of significance, α.

Sen’s Estimator of Slope. In addition to identifying the
existence of a trend, the magnitude of a trend was estimated
by a slope estimator (β) which is applied in cases where the
trend is assumed to be linear, depicting the quantification of
changes per unit time. &is method could be used with
missing data and remain unaffected by outliers or gross
errors [48]. &e slope (change per unit time) was estimated
following the procedure of Sen [46]. Sen’s slope (β) corre-
sponds to the calculation of the median of the slopes on each
pair of points in the time series where each measurement is
performed at regular intervals. It was calculated as follows
[44]:

β � median
Xi − Xj

i − j
, (9)

where Xi and Xj are data values at time ti and tj (i> j), re-
spectively. A positive value of β indicates an “upward trend”
(increasing values with time), while a negative value of β
indicates a “downward trend” [4].

2.3.3. Survey Data Analyses. Descriptive statistics such as
the chi-square test and percentages were employed to
summarize farmers’ perceptions on climate change and its
impact and adaptation strategies. Qualitative data obtained
from focus group discussion and key informant interviews
were summarized according to key themes and interpreted
through concepts. Additional information on the socio-
demography of the household head who participated in the
interview is presented in the Supplementary Materials
section (see S1-Table 1).

3. Results

3.1. Spatial Distribution and Variability of Rainfall and
Temperature. Spatial distributions of long-term (1983 to
2016) mean annual rainfall showed the occurrence of higher
rainfall in the northern parts compared to southern parts of
the region with spatial variability of 37% (Figure 3). &e
highest mean annual rainfall (1211.35mm) was observed at
Basketo while the lowest value (434.5mm) was observed at
Erbore in South Omo which accounted for 36% of the
maximum rainfall (Figure 3). Similar trends were observed
for Spring (March, April, May), Summer (June, July, Au-
gust), and Autumn (September, October, November)

rainfall (Figure 3). On the contrary, the southern parts of the
region experienced higher average annual maximum and
minimum temperatures than the rest parts of the region
(Figure 4). &e average maximum annual temperature
ranged from 27.8 to 33.7°C with spatial variability of 6.3%,
while the minimum temperature ranged from 14.4 to 23.7°C
with spatial variability of 15.1%.

3.2. Temporal Trends of Changes onTemperature andRainfall.
Serial Autocorrelation. &e presence of autocorrelation for
annual rainfall of Arfide meteorology station was observed
(Figure 5(a)). On the contrary, Figure 5(b) shows the ab-
sence of association between the time series data of annual
maximum temperature of the same station. Similarly, the
autocorrelation function analysis for maximum and mini-
mum temperature and annual and seasonal rainfall of the
remaining meteorological stations showed similar trends
(data not shown).

3.2.1. Temporal Trends of Annual and Seasonal Rainfall.
Trend analysis of annual rainfall indicated that some parts of
the region, mostly the southern parts with weather stations
such as Arfide, Demeka, Gato, Jinka, and Omorate, expe-
rienced increasing trends ranging from 0.57 to 3.85mm/year
with an average value of 0.75mm/year (Table 1). For in-
stance, the annual rainfall of Arfide showed an increasing
trend of 3.85mm/year over the period 1983 to 2016 which
implied an increment of 130.9mm over this period. On the
other hand, the remaining parts of the region with weather
stations such as Gidole, Keyafer, Gazer, Konso, Basketo,
Beto, and Erbore showed decreasing trends ranging from 0.5
to 2.77mm/year with an average value of 0.23mm/year
(Table 1).

Most parts of the region showed decreasing trends of
Belg rainfall ranging from 0.62 to 2.56mm/season with an
average value of 2.08mm/year while some parts of the region
involving weather stations such as Arfide, Jinka, Basketo,
and Beto experienced increasing trends ranging from 0.64 to
2.21mm/year over the period 1983 to 2016 (Table 1). For
both annual and Belg rainfall, the trends were statistically
significant only for Gidole and Erbore, respectively (Table 1).

All parts of the region showed increasing trends of
Autumn rainfall ranging from 0.21 to 5.87mm/year with an
average value of 2.5mm/year (Table 2). However, the in-
crement of Autumn rainfall was statistically significant for
Arfide, Gazer, Jinka, Konso, and Omorate only. Decreasing
trends of Kiremt rainfall were observed on most parts of the
region ranging from 0.8 to 2.87mm/year with an average
value of 2.9mm/year while Arfide, Gato, Jinka, and Omorate
showed increasing trends with magnitudes ranging from
0.11 to 1.25mm/year with an average value of 0.58mm/year.
However, both the increasing and decreasing trends were
nonsignificant (Table 2).

3.2.2. Temporal Trends of Annual Maximum and Minimum
Temperature. All parts of Southwest Ethiopia experienced
increasing trends of annual maximum and minimum
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temperatures for the period 1983 to 2016 (Table 3). Statis-
tically significant trends for annual maximum andminimum
temperature were observed for all stations except Erbore and
Demeka, respectively (Table 3). &e increasing trends of
annual maximum temperature ranged from 0.008 to
0.041°C/year with a mean value of 0.021°C/year while trends
of minimum temperature varied from 0.0015 to 0.037°C/year
with an average value of 0.019°C/year (Table 3). &is indi-
cated that for the last 34 years, the annual maximum and
minimum temperatures of the region were increased by 0.71
and 0.65°C, respectively. &e highest changes in annual
maximum and minimum temperatures were observed at
Gidole and Gazer with magnitudes of 0.041 and 0.037°C/
year, respectively. Similarly, the lowest changes in annual
maximum and minimum temperature were observed at

Keyafer and Demeka with magnitudes of 0.008 and
0.0015°C/year, respectively.

3.3. Farmers’ Perception of Climate Change and Its Impact.
&e perception of farmers on climate change is presented in
Table 4. &e majority of the respondents in South Ari
(94.11%) and Konso (95.0%) stated that they have the
awareness of changes in the climate of their locality. In
addition, there was no statistically significant (P< 0.05)
difference between farmers in South Ari and Konso on their
perception of climate change (Table 4). &e Belg rainfall was
considered in a declining front over the past three decades by
82 and 88% of the respondent farmers in South Ari and
Konso, respectively (Table 4). However, 5.88 and 10.0% of
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Figure 3: Spatial distribution and variability of mean annual and seasonal rainfall of Southwest Ethiopia (1983–2016). (a) Annual rainfall,
(b) Spring (Belge) rainfall, (c) Summer (Kiremt) rainfall, and (d) Autumn rainfall.
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the respondent farmers considered that the Belg rainfall
increased for the same period. Similarly, the majority of the
respondent farmers in South Ari (94.1%) and Konso (82.5%)
considered that the Autumn rainfall decreased over the past
thirty years. Regarding temperature, it was perceived as
increased by 85.29 and 95% of the respondent farmers at
South Ari and Konso, respectively (Table 4).&e perceptions
of farmers on changes in Belg and Autumn rainfall and
temperature were not statistically different (P< 0.05) be-
tween the two locations.

&e impacts of climate change were well recognized by
the respondent farmers in the region (Figure 6). &e
decline in crop productivity (86.49%), increased livestock
disease (74.32%), increased human disease (60.81%), and
increased drought frequency (52.7%) were the major

threats of climate change identified by the participant
farmers. In addition, increased crop pest (48.3), water
shortage for human and livestock use (43.24%), and in-
creased flood frequency (35.14) were other impacts of
climate change perceived by the farmers with decreasing
rank of severity.

Similarly, farmers who participated in the focus group
discussion explained their perception of climate change and
the risks they faced as follows.

>e amount of rainfall we got during the crop growing
period was decreased and our area becomes warmed as
compared to the earlier period. Productivity of our crop and
livestock was becoming lower and lower due to a shortage of
water. Sometimes, we faced total failure of crop stand.
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Figure 4: Spatial distribution and variability of mean annual maximum and minimum temperature of Southwest Ethiopia (1983–2016). (a)
Annual maximum temperature (°C). (b) Annual minimum temperature (°C).
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Scarcity of water for human and livestock use imposed a
higher burden on us for searching the water in distant
places.

Supporting the farmers’ view on climate change and its
impact, key informant interview participants also disclosed
their observations as follows.

Table 1: Trends of changes on annual and Belg rainfall of weather stations in Southwest Ethiopia for the period 1983–2016.

Station name
Annual RF Belg rainfall

Z Sens’ slope Z Sens’ slope
Arfide 1.38 3.85 0.64 0.64
Demeka 0.59 2.0 −0.76 −1.5
Erbore 1.17 −2.77 −2.26∗ −4.4
Gato 0.43 0.57 −1.16 −1.75
Gazer −0.02 −0.025 −0.91 −1.8
Gidole −0.67∗ −1.65 −1.63 −2.56
Jinka 0.33 1.69 1.45 2.21
Keyafer −0.21 −1.15 −1.44 −2.53
Konso −0.18 −0.5 −0.67 −0.62
Omorate 0.62 1.38 −1.6 −1.44
Basketo −0.21 −1.27 −0.39 −1.12
Beto −0.11 −0.69 0.83 2.07
&e symbol ∗ indicates a significant trend at α≤ 0.05.

Table 2: Trends of changes in Autumn and Kiremt rainfall of
weather stations in Southwest Ethiopia for the period 1983–2016.

Station name
Autumn Kiremt

Z Sens’ slope Z Sens’ slope
Arfide 1.8∗ 3.6 1.26 0.79
Demeka 0.9 1.2 −1.14 −1.0
Erbore 0.25 0.32 −1.47 −0.8
Gato 1.70 1.25 1.09 0.167
Gazer 2.87∗∗ 3.83 −0.83 −1.25
Gidole 1.58 2.0 −1.72 −1.5
Jinka 2.21∗ 5.87 0.83 1.25
Keyafer 0.03 0.21 −1.69 −2.87
Konso 2.41∗ 3.63 −1.29 −1.62
Omorate 2.72∗∗ 3.25 0.15 0.111
Basketo 1.60 2.82 −4.64 −1.23
Beto 1.06 2.01 −0.85 −1.31
&e symbols ∗∗ and ∗ indicate significant trends at α≤ 0.01 and 0.05,
respectively.

Table 3: Trends of changes in the annual minimum and maximum
temperatures of weather stations in Southwest Ethiopia.

Station name
Annual Tmax Annual Tmin

Z Sens’ slope Z Sens’ slope
Arfidee 1.47∗∗ 0.010 1.37∗∗ 0.0102
Demeka 1.96∗ 0.016 0.02 0.0015
Erbore 1.37 0.009 2.64∗∗ 0.0302
Geto 1.34∗∗ 0.010 2.3∗ 0.0134
Gazer 2.24∗ 0.014 4.45∗∗∗ 0.0372
Gidole 2.95∗∗ 0.041 1.35∗∗ 0.0178
Jinka 3.42∗∗∗ 0.041 2.3∗ 0.0228
Keyafer 2.58∗∗ 0.008 2.12∗ 0.029
Konso 2.52∗∗∗ 0.036 1.75∗∗ 0.026
Omorate 1.87∗∗∗ 0.022 3.52∗∗∗ 0.0275
Basketo 1.37∗∗∗ 0.016 1.59∗∗ 0.0075
Beto 1.40∗∗ 0.022 1.75∗∗∗ 0.0077
&e symbols ∗∗∗, ∗∗, and ∗ indicate significant trends at α≤ 0.001, 0.01, and
0.05, respectively.

Table 4: Farmers’ perceptions of climate change over the thirty
years (1983 to 2016).

Parameters South Ari Konso χ2 P value
Climate change 1.67 0.45

Perceived (%) 94.11 95.00
Not perceived (%) 5.88 5.00

Belg rainfall
Increased (%) 5.88 10.00 13.27 0.35
Decreased (%) 88.2 87.5
Not changed (%) 2.94 —
I do not know (%) 2.94 2.5

Autumn rainfall
Increased (%) 5.9 17.5 4.56 0.06
Decreased (%) 94.1 82.5
Not changed (%) 0.0 0.0
I do not know (%) 0.0 0.0

Temperature
Increased (%) 85.29 95.0 8.28 0.23
Decreased (%) 11.79 0.0
Not changed (%) 2.94 5.0
I do not know (%) 0.0 0.0
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Figure 6: Perceived impacts of climate change by respondent
farmers (%) in Southwest Ethiopia.
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>e temperature and rainfall of our area have been
changing. >e rainfall received during the crop growing
period was decreased that influenced the yield of crops.
Similarly, the temperature was increasing from time to
time. Population size has been increasing and posed
pressure on natural resources especially cultivating land.
Deforestation is practiced by people to alleviate the shortage
of cropland that aggravated the effects of changes on
temperature and rainfall. Farmers in the midland and high
land area are producing crops that were produced in the
low land area previously due to the change in rainfall and
temperature. In addition, diseases like malaria occurred
more frequently in different areas as compared to earlier
periods. So, farmers are facing challenges in relation to
climate change.

3.4. Farmers’ Adaptation Responses to Impacts of Climate
Change. During the survey study, locally adopted strategies
by farmers to combat the impact of climate change were
explored. Soil and water conservation practices (66.21%) and
crop diversification (62.16%) were the most widely used
adaptation strategies in the study area (Figure 7). Addi-
tionally, modifying planting date (42.56%), agroforestry
practices (35.13%), use of drought-tolerant varieties
(33.95%), growing early maturing crops (27.03%), and
livelihood diversification (25.42%) were other adaptation
practices used by the farmers in their rank of adoption in the
study area.

4. Discussion

4.1. Spatial Distribution and Variability of Rainfall and
Temperature. &e spatial distribution of annual and sea-
sonal rainfall showed very high variation (>31%) across the
study area except for Spring rainfall for which moderate
variability (25.5%) was observed. &e northern parts of the
region received higher rainfall and experienced lower
temperatures than the rest over the past three decades.
Conversely, the southern parts of the region experienced
higher annual maximum and minimum temperatures than
the northern parts. Such high divergence of rainfall distri-
bution might be attributed to the prevailing topographic
differences in the region that ranged from 341 to 3399m.a.s.l.
&e area with lower (Southern parts) and higher elevation
(central and northern parts) experienced relatively lower
and higher rainfall, respectively.Viste [49] and Tesfamariam
et al. [50] reported that spatial variability of rainfall coincides
with the profound effect of topography divergence across
regions by creating numerous microclimates having dif-
ferent amounts of rainfall. Supporting this idea, Gummadi
et al. [51] and Birara et al. [15] reported that stations in close
proximity to mountainous topography and higher elevations
receive higher rainfall than stations found in lower eleva-
tions. Exploring the spatial distribution of rainfall and
temperature is important for determining the suitability of
different areas for the production of different crops based on
their environmental requirement. Furthermore, such in-
formation generated on a spatial basis could be used by

agricultural experts and policymakers to develop interven-
tions based on the climatic conditions of different locations
[50, 51].

4.2.TemporalTrends ofRainfall andTemperature. &e region
experienced inconsistent and statistically nonsignificant
trends of annual and seasonal rainfall. Upward and
downward trends were observed in different parts of the
region. In line with this result, different reports showed the
absence of clear trends in rainfall within and across regions
in Ethiopia [23, 52–55]. &e effect of topography, data
sources, and its quality might be some of the reasons for such
results [14].&e declining trends of rainfall on an annual and
seasonal basis might have negative implications for rainfed
agriculture [51]. Under such circumstances shifting of crop
types which mature early and have better water use effi-
ciency, crop diversification and small-scale irrigation
practices are important interventions. On the other hand,
the positive trends observed on annual and seasonal rainfall
might not show a positive signal for agricultural practices
since an increasing trend of rainfall would not necessarily
have good distribution especially during the crop growing
season. In this context, Hundera et al. [56] reported that
though the rainfall had positive trends in different regions of
Ethiopia, the annual and seasonal variability is very high and
poses risks to agricultural production. Temporal trend
analysis should be further supported by variability analysis
to have good insight especially for agricultural activities [12].

Significant positive trends were detected on annual
maximum and minimum temperatures. In agreement with
this result, warming trends in maximum and minimum
temperatures were reported by different authors for different
regions of Ethiopia [55, 57, 58]. &e increase of maximum
and minimum temperatures of the region by 0.021 and
0.019°C per year, by 0.24 and 0.22°C per decade, and by 0.71
and 0.69°C over the last 34 years, respectively, was close to
the reported values for different regions of Ethiopia. For
instance, Esayas et al. [18] reported an increase of the
maximum temperature by 0.02°C per year and 0.64°C over
the period 1983 to 2014 for the low land area of Southern
Ethiopia. In addition, Mengistu et al. [14] found an in-
creasing trend of annual maximum temperature by 0.15°C
per decade in the Upper Nile Basin. Similarly, Ademe et al.
[53] reported that the annual minimum temperature of
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western Ethiopia showed an increasing trend ranging from
0.18 to 0.38°C per decade for the period 1983 to 2016.
Likewise, the trends of annual minimum temperature were
in harmony with the experience of different regions of
Ethiopia. Accordingly, a warming trend of the minimum
temperature of Ethiopia by 0.37°C over the period 1951 to
2006 was observed [8]. Rising temperature has direct and
indirect threats on people’s life such as increased human and
livestock disease, reduced productivity of crops and live-
stock, and increased water scarcity, particularly in the
tropics. Moreover, it accelerates environmental degradation
and food insecurity [59]. In such a situation, measures must
be taken to counteract the effects associated with increasing
temperature.

4.3. Farmers’ Perception of Climate Change, Its Impact, and
>eir Adaptation Strategies. &e majority of the respondent
farmers perceived that there had been a decrease in annual
and seasonal rainfall and an increase in temperature. &is
indicated that farmers were in a good position of under-
standing the changes in the climate of their locality. In
addition, a statistically nonsignificant difference between
farmers of South Ari and Konso on their perceptions of
climate change, seasonal rainfall, and temperature indicated
their similar level of understanding of changes in the local
environmental conditions. In agreement with this result,
other reports in different parts of Ethiopia indicated that
farmers’ understanding of climate change has been im-
proved [18, 56]. Furthermore, the farmers surveyed reported
that they face risks as a result of climate change, such as
increased drought and flood frequency, increased crop pest
infestations, a decline in crop productivity, increased human
and livestock disease, and water scarcity for humans and
livestock. &is showed that the areas were vulnerable to the
impacts of climate change that influenced the livelihood of
farmers directly and indirectly. In line with this result, earlier
studies reported that farmers in different parts of Ethiopia
faced similar risks with various degrees of severity [60, 61].

In response to the risks associated with the changing
climate, farmers in Konso and South Omo used adaptation
strategies such as soil and water conservation practices, crop
diversification, modifying planting dates, agroforestry
practices, use of drought-tolerant varieties, growing early
maturing crops, and livelihood diversification. From these
adaptation options, in particular soil and water conservation
practices such as terrace, contour plowing, crop rotation,
and crop diversification like intercropping have been
adopted by smallholder farmers in the area. &e area, es-
pecially Konso, is well known for its soil and water con-
servation practices, and it has become the culture of the
community [16]. Moreover, the growth of multiple crops
especially by intercropping was another common practice in
the area. Despite those adaptation strategies found in the
area, they had lower adoption and only small numbers of
farmers were familiarized with these activities. &is indi-
cated that though farmers in the study area had good
perceptions of climate change and its impact, they had weak
adaptive capacity. In line with this, Darabant et al. [27] and

Bekele et al. [61] reported that though farmers’ awareness of
climate change had been improved through time, the level of
adoption of different adaptation strategies to offset the
negative impact of climate change is still low and external
supports have to be provided. Furthermore, poverty, food
insecurity, natural resources’ degradation, high population
growth, and poor social services pose multiple stresses on
smallholder farmers and planned adaptation has to be
implemented to strengthen the weak adaptive capacity of
those people [62].

4.4. Farmers’ Perceptions of Climate Change Correspondence
with Climate Trend Analysis. &e level of farmers’ percep-
tions of the ongoing phenomena of climate change was in
line with the result of climate data analysis. Farmers who
participated in the in-depth interview and focus group
discussion noted that they experienced the changing climate
through its impact on their livelihood activities. Similarly,
the analysis of climate data indicated the increasing annual
maximum and minimum temperatures. Regarding precip-
itation, farmers in Konso and South Omo perceived that the
rainfall was decreased and they faced different risks asso-
ciated with scarcity of water such as low productivity of crop
and livestock, total failure of crop stand, and food insecurity.
On the contrary, clear trends of rainfall were not observed
from the analysis of long-term data. Furthermore, Autumn
rainfall was perceived as decreased while metrological data
analysis showed increasing trends of rainfall during this
season over the period 1983 to 2016. Such discrepancies on
trends of rainfall and farmers’ perception might be attrib-
uted to two conditions. First, the analysis of climate data can
not entirely explain farmers’ perception of climate change
since climate data records capture average conditions at a
large spatial scale [63]. Second, farmers perceived climate
change based on rainfall intensity and distribution, fre-
quency, and magnitudes of extreme events on a narrow
spatial scale [64]. Moreover, Esayas et al. [18] explained that
farmers’ perception of climate change is further influenced
by social, economic, demographic, and institutional factors.
&us, for better planning and adoption of strategies to cope
with the impacts of climate change, exploring farmers’
perceptions linked with the analysis of climate data at a local
level is vital [25, 27].

5. Conclusion

Spatial analysis of long-term climate data revealed that there
was high variability of rainfall and temperature across the
region. &e northern region received higher annual and
seasonal rainfall compared to the rest parts while annual
maximum and minimum temperatures were lower for the
northern parts of the region. Annual maximum and min-
imum temperatures of the region showed increasing trends
over the period 1983 to 2016. Similarly, the time series
analysis of rainfall showed that the region experienced in-
consistent and statistically nonsignificant trends for the
same period. &e results of the household-level survey in-
dicated that farmers in the region had good awareness of the
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phenomena of climate change and its impact. In addition,
statistically nonsignificant differences were observed be-
tween farmers in South Ari and Konso on their perceptions
of climate change. &e perceptions of farmers on climate
change were aligned with the result of climate data analysis
except for Autumn rainfall. Furthermore, they had different
adaptation options to counteract the impacts of climate
change though only a small number of farmers were
practicing most of the strategies. Overall, it can be concluded
that though farmers in the region perceived climate change
and its impacts, there were limitations on using different
appropriate and diverse adaptation strategies. &us, further
study should be conducted to explore the factors hindering
the adoption of strategies that would be helpful to offset the
impact of climate change. Furthermore, governmental and
nongovernmental support in terms of introducing and
popularizing appropriate adaptation strategies should be
provided to strengthen the adaptive capacity of farmers.
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