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Abstract

In Ethiopia, climate change is a key emerging threat to the livelihoods of rural poor and marginalized groups.
Hence, an adaptation measures to the changing climate is critical, which in turn require the perception that the
climate is under a changing. The study was conducted in a selected rural Kebeles of Chiro district, Hararghe,
Ethiopia to analyze the trends of climate change and explore the challenges for adaptation over the last three
decades. Qualitative and quantitative methodologies have been employed. Thirty years of historical climate data
were collected from National Meteorological Agency of Ethiopia. INSTAT+3.37 version software and Mann-Kendall
trend test was employed to analyze the data. Socio-economic survey data were collected from three rural Kebeles
of Chiro district. A total of 75 households, 25 households from each kebele were recruited after clustering of villages
and randomizing the samples. SPSS version 16.0 was employed to analyze the data. The results of the study
revealed that the annual mean temperature over Chiro district was 20.3°C, showing an increasing trend by 1.8°C/
year and average annual rainfall was 927 mm/year, showing a decreasing trends by 19.2 mm/year in the last
three decades. The mean annual maximum and minimum temperature in the study area was 27.87 and 12.72°C,
respectively. Moreover, the study shows that all seasons had a positive temperature trend. Results of survey
data indicated that 83 and 79% of the sampled households have well perceived the increasing trends in annual
temperature and decreasing trends in annual rainfall, respectively. Therefore, farmers in the area have been already
practicing adaptation mechanisms, primarily, planting cash crops: coffee (Coffee arabica) and Khat (Catha edulis),
and animal fattening. However, lack of timely and easily accessible information on agriculturally important weather
elements were the major challenges in addition to the scarcity of lands.
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Introduction

Many poor farmers in developing countries are facing extreme
challenges of climate change, particularly; women are relatively highly
vulnerable to weather-related disasters in terms of number of deaths
[1,2]. Climate change is largely the result of anthropogenic activities
with an extreme greenhouse gas (GHG) emissions and, if not tackled,
it is likely to intensify in the coming centuries. Due to global climate
change caused by global warming, the consequences of extreme weather
events such as flooding, drought and others are happening frequently.
This will create new risks and amplify the existing risks for a society and
the natural environment [3,4]. In line with this, data from 1950 onwards
indicted that health; livelihoods and food security of people in Africa
have been affected by climate change [5]. This is mainly due to the high
variability of rainfall both spatially and temporally [6]. Furthermore, it
has been investigated that African ecosystems are already being affected
by climate change and future impacts are expected to be substantial [7].

Moreover, Ethiopia is one of the African countries whose
agricultural product is measured by climatic condition. National
Meteorology Agency of Ethiopia reported that the average minimum
and maximum temperatures have been increased by 0.25°C and
0.1°Cl/year, respectively over the past decades, also rainfall has been
characterized by its high variability over the past 50 years [8]. This had
big implications on food security and vulnerability to the effects of
climate change. For instance, the most food insecure regions and most
climate change vulnerable regions in Ethiopia are those that experience
both the lowest and highly variable rainfall patterns [9]. Thus, the
proportion of smallholder farmers that are net food buyers of staple
grains exceeds 50% in Ethiopia, Mozambique and Kenya [10].

The expectation that climate is changing in the upcoming centuries

requires the need to capture the perceptions of farmers towards the
climate change to guide the mechanisms for adaptation so as to ensure
resilience [11,12]. Two steps have to be recognized whenever we need to
develop any adaptation strategies. First, initially requires the perception
that climate is changing, second, responding to any new changes [13].

In Ethiopia, the challenge of climate change is very serious, given
the degraded lands combined with highly variable rainfall and high
temperature increment. The current climate change and variability is
characterized by shorter rainfall season, erratic distribution (in time
and space) with a decreasing amount from year to year. During the last
four decades, a number of severe droughts exert extensive loss of human
and property in the country, often covering the greater Horn of Africa.
In general, in 1965, 1973, 1984, 1987 and 2011, the spatial occurrence
of drought indicated that most of the drought events were happened
in two broader zones of Ethiopia [14,15]. The first covers the central
and north-eastern highlands while the second area is comprised of the
crescent of low-lying agro-pastoral lands. Scientific investigations on
climate issues and its economic impact on agricultural productivity are
critical to develop effective and locally adaptive production systems in
the face of the increasing climate change and variability [16]. Therefore,
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the aim of this study was to characterize the trends of climate, to study
the perception of farmers’ towards the climate change, and to explore
challenges of farmers in regards with adaptation mechanisms in order
to intervene policy makers on ways to promote adaptation mechanisms
so as to ensure food security of the poor farmers.

Materials and Methods
Description of the study area

The study was carried in Chiro district, Hararghe zone, Ethiopia. It
is situated at 8 degree latitude and 38 degree longitude with an altitude
ranging from 1826-1950 meters above sea level. The major crops grown
are Sorghum (Sorghum bicolor L) and maize (Zea mayas L). Whereas,
the annual cash crops are known to be coffee (Coffee arabica) and Khat
(Catha edulis). The 2007 national census reported a total population
for this town of 33,670, of whom 18,118 were men and 15,552 were
women. On the basis of the religion classification, of the populations,
49.88% were Muslims. However, 43.34% practiced Ethiopian Orthodox
Christianity and 5.33% of the populations were Protestant [17] (Figure 1).

Research approach

The study employed both qualitative and quantitative methodologies.
In line with this, significance of climate change trends was done using
thirty years of weighted spatial average temperature and rainfall data
for the entire region collected from National Meteorological Agency
of Ethiopia. INSTAT version 3.37 was used to analyze these climate
data [18]. However, climate trend analysis were done using Mann-
Kendall trend test. Moreover, the socio-economic data were collected
from three kebeles (sub-divisions of the district) selected deliberately
on the basis of their landscape settings and proximity. These selected
kebeles were found approximately about 15 to 20 km from Chiro town,
Ethiopia. From the selected kebeles, households (considering both
male-headed and female-headed households) and extension workers
were randomly selected. Then questionnaires, focus group discussion
(FGDs) and interview were employed to collect primary data important
for this study. Thus, a total of 75 households, 25 from each kebele, were
involved after clustering of villages and randomizing the samples in the
socio-economic investigation of the study area. SPSS version 16.0 was
employed to analyze the survey data. Then, the results were expressed in
figures, tables and other descriptive statistics.

Trend analysis test

In a trend of time series climate data, Mann-kendall trend test
was used to see whether there is a decreasing or increasing trend or
not. There are many tests available for the detection and estimation
of trends. Different software such as SPSS and Microsoft excel can
be used for trend analysis test. However, they are very sensitive to
outliers. However, in this study, Mann-Kendall trend test was used to
detect the trend of climate pattern in the study area. Mann-Kendall’s
test is a non-parametric method, which is less sensitive to outliers and
test for a trend in a time series without specifying whether the trend
is linear or nonlinear [19,20]. Furthermore, Mann-Kendall trend test
was used to detect the trend and normalized p-value for significant test.
The total score for the time-series data is the Mann-Kendall statistic,
which is then compared to a critical value, to test whether the trend in
rainfall is increasing, decreasing or if no trend. In doing this, data for
analysis should be in time sequential order [21]. The Mann-Kendall’s
test statistic is given as:

Szgisgn(xj—xi)

i=1 j=i+l

Where S is the Mann-Kendal’s test statistics; xi and xj are the
sequential data values of the time series in the years i and 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.
The sign function is given as:
+1if(xf 7x,.) >0
0if (x;-x,)=0
—lif(xi —x,.)<0

sgn(xj 7xj) =f(x)=

For n larger than 10, ZMK approximates the standard normal
distribution [19,20] and computed as follows:
S-1
Var(S)
0 ifS>0,ifS=0andif S<0
S+1
Var(S)

MK =

Where, S is variance. The presence of a statistically significant trend
is evaluated using the ZMK value.

The Sen’s estimator of slope: This test is applied when the trend
is supposed to be linear, depicting the quantification of changes per
unit time. This method could be used with missing data and remain
unaffected by outliers [22].

Results and Discussion

Agriculturally very important climate data (maximum temperature,
minimum temperature and rainfall) of thirty years were collected
from National Meteorological Agency of Ethiopia (NMA). Prior to
analysis, data quality control was undertaken. Then after, the climate
trend analysis was done accordingly. Additionally, farmer’s perceptions
towards climate change and adaptation mechanisms, and the big
challenges they were faced was considered and analyzed.

Annual maximum, minimum and mean temperature trend
analysis

Figure 2 shows that the annual maximum temperature was
increased significantly through time series 1980-2010 as per indicated
by the trend line. The average annual maximum temperature and annual
minimum temperature were changed by a factor of 0.0014 and 0.1313,
respectively (Figure 2). The mean minimum temperature changes were
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Figure 1: Map of the study area.
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more significant than the mean maximum temperature change. The
mean of annual temperature change indicates significant variations of
temperature observations increased by approximately 1.8°C for the last
three decades, and it is statistically significant at p value of 0.05. The
same result has been reported by the IPCC [23] where each of the last
three decades has been successively warmer at the Earth’s surface than
any decade since 1850. Intergovernmental Panel on Climate Change
(IPCC) Fifth Assessment Report (AR5) also presents strong evidence
of warming over the lands of Africa in the last 50-100 years [5]. African
surface temperatures have already increased by 0.5-2°C over the past
hundred years [5]. The slope of the trend line in all the graphs of (T __,
T_.andT__ ) is positive value showing the addition of significant value
across the three decades time series analysis. In line with this, Taddesse
[24] and Tessema et al. [25] had reported an increased temperature in
Ethiopia during the last decades.

Test statistics of annual mean, maximum and minimum
temperature change

Table 1 shows the summary of simple descriptive statistics and
Mann-Kendall trend test. The study revealed that the annual mean
temperature over Chiro district was 20.3°C in the last three decades.
Over the study area, there was an increasing trend in annual mean
temperature, as the calculated p-value using exact method is lower
than that of the significance level alpha 0.05. Meaning, it is to reject
null hypothesis and accept the alternative hypothesis as the calculated
p-value is less than alpha 0.05. Furthermore, the study depicted that
the highest average annual mean temperature over the last three
decades were estimated to be 22.4°C. The trend has CV value of
4.86. In addition, the results of Mann-Kendall trend test showed that
annual mean temperature over the study area was increased, and it is
statistically significant at 0.01 levels (Table 1).

Furthermore, the study indicated that the mean maximum and
minimum temperature over the last thirty years in Chiro district
was 27.87 and 12.72°C, respectively. The variability of minimum
temperature is higher than that of maximum temperature comparing
CV values (Table 1). Beside this, there was an increasing trend in
both maximum and minimum temperature as per the Mann-Kendall
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Figure 2: Mean annual temperature trend analysis for Chiro district for the
period 1980-2010.

trend test output. However, the change was statistically significant for
minimum temperature. This had implications on the livelihood system
of the farming communities through declining the yields of crops and
other important cash crops via causing high evaporation rates from
water bodies and transpiration from plant bodies. Due to this, farmers
are migrating from rural areas to Chiro town, urban.

Furthermore, goodness of fit has been tested using R* value. R?
could be any value in between 0 and 1. The value 1 or closest to one
indicates the higher proportion of variance is considered within the
model. For this particular work R? value of annual mean temperature
was found to be 0.7967, meaning that goodness of fit explains 79.67%
of the total variation in data (Figure 3).

Whereas, Figure 4 depicts the difference across the mean
temperature data for Chiro district. Residual (or error) represents
unexplained (or residual) variation after fitting a regression model. It is
the difference (or left over) between the observed value of the variable
(temperature in our case) and the value predicted by the regression
model.

Seasonal mean, maximum and minimum temperature trend
analysis

This study investigated as the mean temperature changes in Chiro
district vary with season. For instance, during the main rainy season
locally known as ‘kiremt’ (JJAS) season, the temperature change was
significant, as the p-calculated is less than the significant level alpha
0.05. Furthermore, it has been pointed out that Mann-Kendall trend
test value shows a positive trend and statistically significant at the p
level 0.01 for kiremt (JJAS) season and Belg (FMAM) season and 0.1
for Bega (OND]J) season (Table 2). In similar fashion, a recent report
from Famine Early Warning Systems Network (FEWS NET) showed
that there has been an increase in seasonal mean temperature in many
areas of Ethiopia, Kenya, South Sudan and Uganda over the last 50
years Funk et al. [26]. Comparing the CV values, the temperature for
Belg season was variable in relation to other seasons over the study area.

The study also depicted that the average temperature for the main
rainy season (JJAS) was 20.91°C. The highest average temperature was
recorded in the months of small rainy season (FMAM) accounting
about 26.84°C, having CV value 8.51% (Table 2). On the other hand,
it has been clarified through this finding that the mean maximum
temperature during the main rainy season (JJAS), was found to be
28.12°C with CV value 4.09%, in Chiro district over the last three
decades (Table 2). This is the time when most agricultural activities are
undergoing and higher agricultural risks were notified in the area. This
leads farmers in the area being dependent on the food aids.

Annual and seasonal rainfall trend analysis

The Mann-Kendall trend test showed a decreasing trend of annual
rainfall in Chiro district (Table 3). The amount of rainfall has been
decreased by 19.2 mm over the last three decades as per the Mann-
Kendall trend test, though not statistically significant. The annual
average rainfall over study area was estimated to be 927 mm/year.

Variable n Min. Mean Max. SDE
T ean (°C) 30 18.00 20.3 224 0.79
T ax (°C) 30 26.39 27.87 30.9 1.02
T °C) 30 8.89 12.72 16.05 1.46

alpha SD CV (%) p-value ZMK Slope
0.05 1.0 4.86 0.001 3.40 0.06™
0.05 1.0 3.54 0.001 0.54 0.016
0.05 1.9 14.7 0.000 4.01 0.2

ZMK is Mann—Kendall trend test, Slope (Sen’s slope) is the change (°C)/year; + shows the trend is positive and n=number of data observed, SD, Standard Deviation; CV,

Coefficient of Variation; SDE, Standard Error; *** trend is significant at alpha 0.01 level

Table 1: Simple descriptive Statistics and Mann-Kendall trend test of annual mean, maximum and minimum temperature in °C for Chiro district for the period 1980-2010.
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However, there was a periods, for example in which the area received
less amount of rainfall about 386 mm/year (Table 3).

Seasonal rainfall data analysis results revealed that the mean of main
rainy (Kiremt) season was 480.6 mm with CV value of 30.6% which is
the least compared to the CV values of small rainy season (Belg season)
45.8% and dry period (Bega season) 82.8% (Table 3). This indicates that
Kiremt rainfall was less variable than Belg and Bega season rainfall.
This does not mean that Kiremt rainfall was stable, looking in to the
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Figure 3: Linearity relationship chart of annual mean temperature.
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Figure 4: Change in annual mean temperature/residuals/for Chiro district for
the period 1980-2010.

respective CV value. Moreover, the peak amount of rain during kiremt
season was found to be 860.7 mm over the last three decades. Belay et
al. [27] reported that the Kiremt season rainfall, even if not statically
significant, central part of Ethiopia experienced a decreasing trend in
the past years. Simultaneously, the Sen’s slope estimation also indicates
that, the trend of the rainfall of the main growing season (JJAS) at
Chiro district has increased by 140 mm/year (Table 3).

Whereas, for small rainy season (FMAM), trend test showed a
decreasing pattern by -276 mm/year and it is statistically significant
at p 0.1 level. IPCC [5] AR5 justified that this is due to rapid warming
of the Indian Ocean, causing less rainfall over eastern Africa between
March and May-June in the last 30 years. Overall, the magnitude and
direction of small rainy season was not uniform due its high inter-
annual variability (CV > 45%) (Table 3). It has been also noted that
there was high seasonal and annual rainfall variability in the study area
over the period of 1980-2010. Much contribution of annual rainfall in
the study area was from the main rainy season (JJAS) accounting about
51%, 35% from Belg (FMAM) season, and the rest was contributed
from Bega season rainfall.

Annual precipitation change

The change in the annual average precipitation of the study area
has been analyzed and interpreted as follows. The annual precipitation
change from the mean average has to be 930.37 mm as per the trend
line. However, this value has been changed by the factor of -0.1869
(Figure 5). Negative sign of the slope of the trend line indicates that
precipitation declining from 1980-2010 over Chiro district.

Farmers’ perceptions on climate change

Results of survey data indicated that 83% of the sampled
households have well perceived an increasing trend in annual average
temperature (Table 4). Though they did not recognized to what extent
the temperature was rises up. This result goes in line with the outcomes
achieved via meteorology data analysis of same area, showing the trend
is positive and statistically significant at p level 0.01. Whereas, about
79% of the sampled households replied that there was a decreasing

Variable n Min. Mean Max. SDE alpha SD CcVv p-value ZMK Slope
JUAS-T 30 18.77 20.91 22.86 0.82 0.05 1.01 4.84 0.002 3.43 0.07™
FMAM-T 30 17.13 20.76 26.84 1.2 0.05 1.77 8.51 4.26 5.03 0.14™
ONDJ-T . 30 17.78 19.55 22.17 0.95 0.05 1.03 5.3 0.052 1.97 0.05°
JJAS-T 30 26.50 28.12 32 1.16 0.05 1.15 4.09 0.21 -0.14 -0.003
FMAM-T 30 26.00 28.12 31 1.14 0.05 1.17 4.16 0.39 +1.73 0.042
ONDJ-T 30 26.00 27.33 30 1.14 0.05 1.14 4.16 0.13 -0.54 -0.008
JUAS-T 30 9.60 13.59 16.7 1.75 0.05 2.13 15.7 0.001 3.81 0.19™
FMAM-T 30 8.30 12.95 16.3 1.57 0.05 2.28 17.6 6.78 4.83 0.24™
ONDJ-T . 30 8.80 11.66 15.8 1.55 0.05 1.80 15.5 0.004 3.57 0.12™

ZMK is Mann—Kendall trend test, Slope (Sen’s slope) is the change °C/year; + shows the trend is positive and n=number of data observed, SD, Standard Deviation; CV,
Coefficient of Variation; SDE, Standard Error; * trend is significant at alpha 0.05 level; ™ trend is significant at alpha 0.01 level

Table 2: Simple descriptive Statistics and Mann-Kendall trend test of seasonal mean, maximum and minimum temperature in °C for Chiro district for the period 1980-2010.

Variable n Min. Mean Max. SDE
Annual 30 386 927.4 1332 233
JJAS 30 164 480.6 860.7 147
FMAM 30 88.0 328.5 667.9 151
ONDJ 30 0.00 122.2 399.5 101

alpha SD cv p-value ZMK Slope
0.05 228.7 247 0.89 -0.20 -0.64
0.05 36.80 30.6 0.127 1.63 4.68
0.05 37.60 45.8 0.031 -2.49 -9.19
0.05 25.30 82.8 0.323 1.43 244

ZMK is Mann—Kendall trend test, Slope (Sen’s slope) is the change (°C)/year; + shows the trend is positive and n=number of data observed, SD, Standard Deviation; CV,

Coefficient of Variation; SDE, Standard Error

Table 3: Descriptive statistics and Mann-Kendall trend test of annual and seasonal rainfall in mm for Chiro district for the period 1980-2010.
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amount of rainfall in the area over the last three decades, leading to the
difficulty in growing crops (Table 4). Additionally, there are a number
of respondents who replied that there was no climate change at all.
They believe that temperature increases and rainfall decreases due to
the “anger of the Lord”. The reason for this might be mainly due to lack
of information on climate issues and its serious consequences, indirect
reliance on agriculture whose product is measured by climate change
and others could be the reasons for their perception they had towards
climate change.

Furthermore, the study revealed that of the sampled households,
89% respondents reported that onset and cessation of rainfall in the
study area was variable (Table 4). Overall, it could be generalized that
majority of the farmers in Chiro district was well perceived about the
climate change and its effects due to their live was depend on agriculture
which is sensitive to the effects of climate change. This particularly,
retards the lives of poor farmers, female-headed households and other
marginalized social groups. Because, relatively these groups have low
capacity to withstand the challenges of climate change, once they faced.

Adaptation mechanisms and challenges faced

Farmers are practicing many options to overcome the problem
coming with the changing climate. However, effective adaptation
responses with targeted actions from the local to national levels are
critical, given the differentiated social impacts based on gender, age,
disability, ethnicity, geographical location, livelihood, and migrant
status IPCC [23]. Animal fattening, planting cash crops, changing
planting date, saving and borrowing, migration and resettlements are
the major means of adaptation in most of the cases. However, of the
households considered for this study, about 87 and 89% replied that
animal fattening and planting cash crops respectively are the major

= Annual RF-total y =-0.1869x + 930.37
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Figure 5: Annual rainfall change with a general decline.
Variable Respondents (%)
Temperature was increased over the last 30 years 83*
Temperature was decreased over the last 30 years 3
There was no change in temperature 30 years ago 14
Total 100
Rainfall was increased over the last 30 years 4
Rainfall was decreased over the last 30 years 79*
There was no change in rainfall amount 30 years ago 17
Total 100
Onset and cessation of rainfall was variable 89*
Onset and cessation of rainfall was not variable 11
Total 100

Source: Own field assessment April, 2016
* Significant at p 0.1 level

Table 4: Farmers’ perception annual climate change (temperature and rainfall)
changes.

adaptation options in Chiro district (Table 5). Additionally, there
are also small-scale irrigation practices around Chiro district, not
following the scientific procedures of efficient water utilization. Many
soil and water conservation practices were constructed in last few
years as per the national consensus on environmental rehabilitation
program. More or less, all the adaptation mechanisms that farmers
reported are profit driven than climate change driven. In African
countries, there are strategies to offset the impacts of natural hazards on
individual households: these include early warning systems, emerging
risk transfer schemes, social safety nets, and disaster risk contingency
funds and budgeting, livelihood diversification, and migration [28,29].
However, the action is not yet implemented effectively to restore
victimized farmers from the consequences of climate change. The study
depicted that lack of information specially critical to agriculture such
as: onset, cessation, length of growing period, number of rainy days,
and dry spells are not given sufficiently at site specific level in time. This
leads many farmers in the study area more vulnerable to the impacts of
climate change. About 73% of the respondents confirmed this challenge
though scarcity of land was highly notified in the area (Table 5).

In general, in the study area, the farmer’s capacity to adapt to the
changing climate is very limited due to lack of scientific knowledge
about adaptation measures, lack of or late technology adoption,
economic capacity and their dependency on agriculture which is highly
sensitive to climate change. Given numerous challenges they faced, the
overall capacity to overcome the problem coming with climate change
is less. The fact that climate is changing, with less attention given at
national levels. There are no organized national action plans which
consider the short or long term climate changes effects. The prolonged
and increasing temperature, combined with declining rainfall and
frequency of extreme weather events like: drought, flooding and
extreme temperatures results in declining of crop products. A study
conducted by Deressa et al. [30] indicated crop yield would decline by
about 32.8% due to the effects of extreme weather events. That is why
farmers are struggling to have their own adaptation mechanisms to
tackle the problems of climate change.

Adaptation options

Variable Respondents
Changing planting date 73
Animal fattening 87*
Planting trees 31
Saving and borrowing 61
Soil and water conservation practices 59
Informal resettlements 25
Migration to larger towns 47
Planting cash crops (Coffee and Khat) 89*
Why adaptation? (No adaptation) 4
Challenges faced

Lack of information 73*
Inability to irrigate 36
Access to credit 55
Access to extension services 45
Scarcity of land 81*
Soil fertility 56
Cooperation with other farmers in the area 32
Why constrain? (No constrain) 1

Note: The sum may not add up to 100% due to repeated responses

Source: Own field assessment April, 2016
* Significant at p 0.1 level

Table 5: Farmers’ adaptation options to climate change and challenges faced.
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Conclusion

Chiro district, Hararghe Zone, Ethiopia is highly affected by
climate change. The average annual maximum and minimum
temperatures were increased. The increment of minimum temperature
was statistically significant at the p level 0.01. The average amounts of
precipitation change over the past thirty years were decreased by 19.2
mm/year as per the Mann-Kendall trend test. The seasonal rainfall for
small rainy season (FMAM) was deceased by 275.7 mm/year and the
change was statistically significant at p level 0.1. The socio-economic
survey data analysis also indicated that 83% of the sample households
perceived an increase in annual temperature and 79% perceived a
decrease in annual rainfall over the last three decades. In regarding
with this, farmers in the area were already practicing many adaptation
options, basically, planting cash crops (Coffee arabica and Catha
edulis), animal fattening and others. However, there were challenges
faced the farmers’ capacity to adapt to the changing climate. Therefore,
this study encourages similar studies to be done on the areas of earth-
atmosphere interaction complexes like evapo-transpiration trends,
and soil temperature influences on agriculture, and survey studies to
be conducted to explore further challenges and adaptation options to
climate change so as to work hard with farming communities against
the bottleneck climate change issue.
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