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A B S T R A C T   

This study examines the perception of the pastoral community on climate change and performance, resilience 
and adaptive capacity of livestock under climatic stress in southeastern Ethiopia. The study used a mixed 
research approach whereby quantitative and qualitative data were gathered from multiple sources to address the 
impacts of climate variability on livestock production and livelihood of pastoral-agro-pastoral communities of 
Guji zone. Data about pastoralist perception on climate change were collected from 198 randomly selected 
households using a semi-structured questionnaire. Furthermore, climate data were obtained from the national 
meteorological agency, and climatic water balance was assessed. The household survey result indicated 
increasing patterns of temperature (82.8%)and drought intensity (84.8%). Majority of respondents perceived 
decreasing trends of rainfall and feed availability. Similarly, the trend analysis of rainfall showed declining 
trends of annual (-4.7 mm/year), autumn (-4.5 mm) and winter (-0.54 mm). Rainfall Anomaly Index identifies 13 
drought years over the past 32 years, of which 53.85% occurred between 2007- 2017. Significantly higher 
(p<0.01) cattle and small ruminants than camel per household died during the disastrous drought occurred in 
2008/9 and 2015/16. Nonetheless, the result indicated significantly higher (p<0.01) amounts of milk yield (3.32 
litre/day) of dairying camel during dry periods than cattle and small ruminants. Camel and goats are perceived 
as drought-resistant livestock species and cattle keepers shifting to have more camel and goat in response to 
prevailing drought in the study area. Poor attention is given to identify climate-smart/resilient livestock species 
and strains. Therefore, extensive investigations are required to select and identify purpose-specific camel and 
goat strains for drought-prone areas.    

Abbreviations 
FAO Food and Agriculture Organization 
HH Household 
NMA National Meteorological Agency 

1. Introduction 

Most Africans depend on agriculture for their livelihoods, which is 
the backbone of national economies for almost all countries in Africa. 
The sector employs 70-90% of the total labour forces, supports about 
50% of feed demands and 50% of the income of the households. Among 
the agricultural sub-sectors, livestock rearing supports the income and 

livelihood for about one-third of African populations and provides 30- 
50% of agricultural GDP (AU-IBAR, 2016). Livestock is the principal 
asset of the poor in most pastoral and agro-pastoral communities, 
though the sector is highly susceptible to extreme climatic events (Fer-
eja, 2016). Climate extremes are having a significant impact on livestock 
productivity in Eastern and Western Africa. Increasing frequency and 
intensity of droughts; changes in water availability; increasing patterns 
of temperature and rainfall variability, all are profoundly threatening 
livelihoods of drought-prone areas, and the existence of arid and 
semi-arid remote regions (Palombi & Sessa, 2013; Ulrichs, Slater, & 
Costella, 2019). Climate change is threatening the productivity of agri-
cultural land, by shortening growing periods and decreasing crop/pas-
ture yields (UNFCCC, 2007). 
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In Ethiopia, climate variability and change has triggered frequent 
droughts, floods, heat waves, heavy rains, and strong winds (FDRE, 
2007). The country is suffering from the impacts of climate change such 
as an increase in average surface temperature, changes in rainfall pat-
terns, recurrent drought, El Niño southern oscillation (ENSO), floods 
and La Nina (Melees & Samuel, 2017; Melkamu, 2017). The country 
necessarily needs to switch to a new sustainable development strategy to 
cope with and adapt to the changing climatic condition (Anita, Dominic, 
& Neil, 2010; FDRE, 2011). 

The vulnerability of livestock to climate variability varies across 
species based on their adaptive mechanism (Fereja, 2016). According to 
Wako, Tadesse, and Angassa (2017), a significantly higher number of 
cattle and sheep death were recorded during drought condition, while 
the death of goat and camel were eventually low. Loss of animals is 
associated with drought and the cumulative impacts of rainfall and 
surface temperature variability. The climate variability alters plants’ 
growth potential, deterioration of livestock feed resources 56 and live-
stock’s physiological response. Increasing patterns of temperature and 
decreasing rainfall trends is a global phenomenon, pastoral and 
agro-pastoral communities who rely on natural resources for livestock 
production rigorously feel its adverse effects. Climate variability alters 
the niche of forage species and may modify animal feed resources. The 
rising surface temperature may increase fodder and pasture browse 
species’ productivity while the productivity of grassland is severely 
declined (Thornton, Herrero, & Ericksen, 2011). Changes in grassland 
composition lead to inadequate grassland serving capacity and the areas 
left with browse feed resources (Fereja, 2016; Yilma, Haile, Guerne-
Bleich, & Ababa, 2009). 

Climate change is affecting livestock productivity by altering 
ecosystem services like water availability, forage quality and quantity 
(Gashaw, Asresie, & Haylom, 2014; Hidosa & Guyo, 2017; Kefyalew & 
Tegegn, 2012), diseases outbreak, and animals stress due to heat shock 

(Bagath et al., 2019; Morand, 2015), and eroding livestock species di-
versities (Yilma et al., 2009). Ecosystem health and animal health are 
directly linked to the impacts of climate change (Al-Amin & Alam, 
2011). The incidence and distributions of livestock diseases are 
currently increasing, which is assumed that these might have emerged 
due to climate change. The distribution of vectors and pathogens are 
positively correlated to wind and its blowing direction (Lubroth, 2012; 
Van den Bossche & Coetzer, 2008; Yatoo, Kumar, Dimri, & Sharma, 
2012). Climate change diminishes available feed resources and creates 
conducive environment to survive, complete cycle and transfer of dis-
ease which directly leads to increase the susceptibility of livestock 
species and distributions to vectors and pathogens (Desalegn, 2016; 
Lubroth, 2012; Morand, 2015; Yilma et al., 2009). 

Although, the interest of camel research increased from time to time 
in the current era, according to Tefera and Abebe (2012) most of the past 
research findings concentrated on assessing morphology and anatomy 
(34%), veterinary aspect (16%), general physiology (12%) and repro-
duction (10%). Those of which recently conducted were based on either 
short period observation or one-time survey and restricted to Somali and 
Afar Regional States in Ethiopia and almost all studies failed to assess 
impacts of climate change on livestock production potential (Mebrahtu, 
Asgedom, & Hadush, 2017; Simenew et al., 2013; Yosef et al., 2014). 

According to IPCC (2014), global surface temperature increases, 
rainfall patterns become uneven, and heat waves events are the potential 
consequences of the climate variability and changes. Effects of climate 
change will directly impact the livestock sector and rangeland resources, 
directly linked to pastoralists livelihoods and food security. The loss 
(death) of livestock has been observed by climate-driven impacts such as 
recurrent drought, which negatively impacts pastoralists’ livelihood 
security. The pastoral and agro-pastoral communities are particularly 
vulnerable to climate variability and changes due to their livestock 
dependence for food and livelihood. For preparing people to face these 

Fig. 1. Location map of the study area  
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challenges, decision-makers and policy planners need information on 
climate change. Pastoral and agro-pastoral communities in Ethiopia 
have become vulnerable to the effects of recurrent drought. However, 
pastoralists have gradually developed mechanisms to survive in a risky 
environment. The communities lived in drought-prone regions, adapted 
to fragile environments, and sustainably conserved the natural re-
sources. A comprehensive assessment of the pastoralists perceptions on 
climate change and vulnerability, i.e., the degree to which livestock 
species is susceptible to climate variability and extremes, is needed to 
reduce its impacts and respond effectively. Pastoralists in the study area 
are rainfall dependent, and any variation in its pattern affects livestock 
productivity and survivability. Some livestock species are more 
vulnerable than others, depending on their resilience and adaptive ca-
pacity. Assessing community perception of climate change and livestock 
production potential under climatic stress is valuable in addressing 
livestock herder vulnerability to climate extremes. Therefore, this study 
examines the perception of the pastoral community on climate change 
and performance, resilience and adaptive capacity of livestock under 
climatic stress in southeastern Ethiopia. 

2. Material and Methods 

2.1. Study area Description 

East Guji Zone is located in southeastern parts of Ethiopia (Fig. 1), 
enclosing 13 districts, of which five of them host pastoral and agro- 
pastoral communities. Three neighbouring pastoral and agro-pastoral 
districts, namely Liben, Gumi Eldallo and Goro Dola have been 
selected for the study. The chosen areas are located 5◦02′ to 44’N and 
39◦28′ to 42′E and cover about 742,644.14 ha. The altitude of the study 
districts ranges between 1370 and 1560 m.a.s.l . The agro-climatic 
condition of pastoral and agro-pastoral areas of the East Guji zone is 
mostly arid and semi-arid with an average annual rainfall of 526.75 mm. 
The pattern of the rain is bimodal with the main rainy season (Ganna) 
contributing about 60% of yearly rainfall which extend from March to 
May while minor season (Hagayya) providing approximately 40% of 
annual rainfall ranges from September and November. Meteorologi-
cally, there are four-seasons in east Guji zone; autumn (Ganna), summer 
(Adolessa), spring (Hagayya) and winter. Autumn (March-May) is the 
long rainy season while spring (September – November) is short and 
erratic rainfall period in the study area. Winter (December – February) is 
the driest season of the year and summer (June – August) is moderately 
dried period between the long rainy season (autumn/Ganna) and the 
short rainy season (spring/Hagayya) in east Guji zone (Abate, 2016; 
Alhamshry, Fenta, Yasuda, Kimura, & Shimizu, 2020; NMA, 2015). The 
annual mean temperature of the pastoral and agro-pastoral districts of 
the Zone ranges from 24 to 30◦C (Adi & Swoboda-Reinhold, 2003). The 
area is prone to drought every five to ten years (Abate, 2016). 

The pastoral and agro-pastoral districts of east Guji zone are homes 
to 192,121 populations, of whom 97,062 are males, and 95,059 are 
females (CSA, 2007). The pastoral districts of the Zone have a total 
population of 1,285,392 cattle, 282,302 camels, 1,247,484 goats, 231, 
523 sheep, 163,015 donkeys and 777,402 chickens. Rain-fed based 
livestock rearing is the main livelihood supporting the economy of 
pastoral community of the study area under the mercy of nature. 
Pastoralism in the study area is constrained by drought, erratic rainfall, 
poor livestock productivity, grassland degradation, eroding forage spe-
cies, and increasing livestock disease occurrences and livestock death. 
As a result, most people of the study area chronically face food insecurity 
(Abebe et al., 2012; Kebebew, Synnevaag, & Tsegaye, 2001; Mirkena 
et al., 2018). 

2.2. Data types and source 

This study primarily focused on collecting information related to 
camel resilience ability to climate variability influence on pastoral 

communities livelihood options such as livestock production and pro-
ductivity. Qualitative and quantitative data were gathered using semi- 
structured questionnaires from the selected districts. The survey en-
compasses the economic benefit of camel including socio-economic 
characteristics, intensities of drought and disease prevalence, effects 
of drought on livestock, mainly camel production in the face of climate 
change. Furthermore, data on camel keepers’ indigenous knowledge and 
practices, potential milk production under hostile environmental con-
dition, benefits, challenges and opportunities of camel production over 
cattle, goat, and sheep were collected. 

Thirty-two years (1986-2017) of time series daily precipitation and 
temperature data were obtained from National meteorological agency 
collected at “Negelle” station to analyze rainfall and temperature trends. 
The daily record of climate data was missed with about 5.8% (673 
values) of rainfall and 4.6% (534 values) of temperature. However, the 
missed values were assumed based on the estimation method of clima-
tological data where the missing values equal to the mean of the same 
period of non-missing years. 

2.3. Sampling procedures and design 

Three study districts namely Liben, Gumi Eldallo and Goro Dola were 
randomly selected from the five pastoral and agro-pastoral districts of 
East Guji Zone by using drawing lots procedure indicated in (Gomez & 
Gomez, 1984). The study considered two traditionally classified 
geographical locations namely Golba (covers the altitude below 1450 m. 
a.s.l) and Dida (the altitude up-to 1650 m.a.s.l). Two kebeles (the 
smallest administrative area of Ethiopian Government) were randomly 
selected from each districts; Hadhessa and Qoratti from Gumi Eldallo, 
Siminto and Kalada from Liben and Gofi Ambo and Nura Umba from 
Goro Dola district. Accordingly, Hadhessa, Qoratti and Siminto kebeles 
from Dida and Kalada, Gofi Ambo and Nura Umba from Golba study 
location. The wealth status of participating respondents was classified 
based on livestock number owned following Gemedo-Dalle, Isselstein, 
and Maass (2006). Up-to-date list of camel owners was obtained from 
the zonal and Districts pastoralism offices, from which 198 sample re-
spondents were chosen using systematic random sampling methods. The 
required sample size was determined based on an adopted formula 
following Yamane (1967) and Israel (1992) at a 95% confidence interval 
and 7% precision level (sampling error). 

n =
N

1 − N(e)z  

where n is sample size, N = total household of selected kebels, 
e = precesion level, z= 1.96 (at 95%). 

Sample Size ¼ n ¼ 2441
1− 2441(0.07)1.96 ¼ 198 

The sample size for each kebeles was allocated according to Bowley 
(1925) formula as follows. 

ni = n
Ni
N  

where ni = assigned sample size of kebeles or wealth rank, n = Total 
sample size, Ni = Household size of single kebeles or single wealth 
group, N = Total household size 

2.4. Method of Data Collection 

2.4.1. Household Survey 
The survey was conducted through exploring the discussion points 

listed in the questionnaires by moving on the respondent’s perception, 
opinions and experience on climate change, rainfall and temperature 
trends, livestock trends, livestock resilience abilities and camel pro-
duction. The discussion was primarily focused on the perception of 
pastoralists/agro-pastoralists on climate change and its effects on live-
stock productivity and livelihood strategies by asking the questions and 
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recording the response. The assessment was conducted by explaining the 
significance of the study and maintaining the comfortable atmosphere 
through appealing the instincts of pride of respondents. Furthermore, 
prepared questionnaires were translated into the local language (Afan 
Oromo) since the study locations are solely Oromo’s ethnic group. The 
enumerators assured not to reveal the respondent’s identity and only 
used the data in aggregate form. 

Enumerators were recruited and trained to have better knowledge on 
the questionnaires. The questionnaires were pre-tested before the actual 
data collection, and appropriate components were modified and cor-
rected as per the feedback obtained. Respondents were interviewed 
following face-to-face survey method using the door-to-door approach. 

2.4.2. Key informant Interviews 
Key-informant interview was conducted to obtain a general overview 

of the climate change situation and its impacts on livestock production 
as well as socio-economics of the community following (Geilfus, 2008). 
Accordingly, eight key-interview questions were developed using 
semi-structured dialogue methods. Eight key informant elders (4 male 
and two female pastoralists, and two male government experts) were 
selected and interviewed. 

2.4.3. Focus group discussion 
Thirty six participants from both sexes representing all wealth 

groups, locations and education level were purposively selected to 
obtain relevant information on climate variability and camel resilience 
ability following (Geilfus, 2008). Six FGDs, one in each kebeles consisted 
of eight participants were employed. 

2.5. Data analysis 

All collected data were subjected to Kruskal-Wallis test using R- 
software (version 3.6.0) to test against normality to manage the outliers. 
Mean differences among variable were determined using Duncan’s 
multiple range test (Duncan, 1955). A General Linear Model (GLM) and 
multivariate linear model procedure were used for analysis of quanti-
tative variables. 

Analysis of Variance was used to examine the variance of the 
quantitative variables with Standard deviation (SD). Descriptive statis-
tical tests were also used to analyze qualitative variables. Furthermore, 
the non-numeric data such as key informant interviews, notes, focus 
group discussions, images and audio recordings were analyzed using 
narrative and discourse methods of qualitative data analysis following 
the procedure indicated in O’Connor and Gibson (2003) and Bernard 
and Bernard (2013). 

Linear trend analysis was used to compute trends of temperature and 
rainfall. The intra- seasonal, annual variabilities and drought conditions 
were characterized using standard precipitation evapotranspiration 
index (SPEI) using SPEI package in R-software (Vicente-Serrano, 
Beguería, & López-Moreno, 2010), rainfall anomaly index and coeffi-
cient of variation were also analyzed. The significance of trend analysis 
was tested using Mann-Kendall’s test of time series significance. Hy-
drological and agricultural drought was quantified using SPEI for 
1986-2017 period (Table 1). Moreover, Sen’s slope of estimator applied 

to quantify gradient of temperature and rainfall over the years and 
across seasons. Pettitts test was also computed to show the period at 
which significant change observed (Mann, 1945). The frequency and 
intensity of drought was quantified using Rainfall anomaly index taking 
the record of the dry and wet years of historical precipitation data 
following Van Rooy (1965) and the modified equation by Hänsel, 
Schucknecht, and Matschullat (2016). 

RAI = − 3 ∗

(
N− N
X− N

)

,For negative anomalies 

RAI = 3 ∗

(
N− N
M− N

)

, For Positive anomalies 

Where 
N = current monthly/seasonally/yearly rainfall when RAI generated 

(mm) 
N = Yearly average rainfall of historical (32 years) series (mm) 
M= average of the ten highest yearly precipitation of historical series 

(mm) 
X= average of the lowest ten yearly/seasonal precipitation of his-

torical series (mm) 
Historical series = 1986-2017 
== Positive anomalies have the value above average and negative 

anomalies have their values below average. 

Table 1 
SPEI and CV value to characterize conditions drought and variability.  

SPEI value Climatic water Balance CV Variability level 

2.0+ Extremely wet <20% less Variable 
1.5 to 1.99 Very wet 20 to 30% Moderately variable 
1.0 to 1.49 Moderately wet >30% Highly variable 
-0.99 to 0.99 Near normal   
-1.0 to -1.99 Moderately dry   
-1.5 to -1.99 Severely dry   
-Two and less Extremely dry   

Source: McKee, Doesken, and Kleist (1993) and Hare (1983) 

Table 2 
Pastoralist/agro-pastoralist Perception of temperature, rainfall and drought 
change (Frequency (%))  

Compering to 1980s with 2010s Golba Dida Total p 

Onset of Rainy season Early 2 (2.1) 2 (2.0) 4 (2.0) 0.088 
Late 17 

(64.6) 
10 
(80.4) 

27 
(72.7) 

On time 17 
(17.7) 

10 (9.8) 27 
(13.6) 

Irregular 15 
(15.6) 

8 (7.8) 23 
(11.6) 

p 0.0064 0.1253 0.0005 
Temperature pattern Increasing 77 

(80.2) 
87 
(85.3) 

164 
(82.8) 

0.746 

Decreasing 2 (2.1) 2 (2.0) 4 (2.0) 
No Change 12 

(12.5) 
8 (7.8) 20 

(10.1) 
Don’t 
Know 

5 (5.2) 5 (4.9) 10 (5.1) 

p <.0001 <.0001 <.0001 
Drought intensity Increasing 81 

(84.4) 
87 
(85.3) 

168 
(84.8) 

0.481 

No Change 12 
(12.5) 

9 (8.8) 21 
(10.6) 

Don’t 
Know 

3 (3.1) 6 (5.9) 9 (4.5) 

p <.0001 <.0001 <.0001 
Hot day trend over 

the years 
Increasing 82 

(85.4) 
83 
(81.4) 

165 
(83.3) 

0.662 

No Change 10 
(10.4) 

12 
(11.8) 

22 
(11.1) 

Don’t 
Know 

4 (4.2) 7 (6.9) 11 (5.6) 

p <.0001 <.0001 <.0001 
Duration of rainfall Too Short 80 

(83.3) 
88 
(86.3) 

168 
(84.8) 

0.564 

No change 16 
(16.7) 

14 
(13.7) 

30 
(15.2) 

p <.0001 <.0001 <.0001 
Amount of rainfall Enough 32 

(33.3) 
29 
(28.4) 

61 
(30.8) 

0.455 

Too little 64 
(66.7) 

73 
(71.6) 

137 
(69.2) 

p 0.0011 <.0001 <.0001  

M. Habte et al.                                                                                                                                                                                                                                  



Veterinary and Animal Science 16 (2022) 100240

5

3. Result and Discussion 

3.1. Perception of climate variability among pastoralists 

East Guji pastoralists perceived the changing climatic condition in 
terms of temperature, rainfall and intensity of drought (Table 2). There 
is no statistically differ between the perception of pastoral and agro- 
pastoral communities at both study location regarding onset of rainy 
season, temperature pattern, drought intensity, duration and duration of 
rainfall. Significant (p< 0.05) proportion of the pastoralists in the study 
area perceived the late onset of the rainy season (p = 0.0005, 72.7%) 
and increasing patterns of temperature (p <.0001, 82.8%) as compared 
with constant rainfall and temperature over years. In agreement to this 
finding, revealed significant increasing trends of mean maximum and 
minimum temperature as well as increasing frequency of drought in 
recent years in Ethiopia. Similarly, Nicholson, Funk, and Fink (2018) 
revealed the decreasing patterns of annual and seasonal rainfall in 
Ethiopia. According to ATPS (2013), pastoral and agro-pastoral com-
munities are perceived decreasing patterns of rainfall, late onset of rainy 
season and increasing trends of temperature and heat stresses. 

The result of this finding extrapolates the increasing trends of tem-
perature patterns of the 2010s as compared to 1980s. As indicated in 
Table 2, significant number of pastoralist and agro-pastoralist from 
Golba (p <.0001, 80.2%) and Dida (p <.0001, 85.3%) locations thought 
an increasing rate of temperature patterns. In some occasions, the 
temperature trend may decrease when precipitation and amount of 
rainfall increase as well as when la Nina climatic condition appears. In 
line with this finding, Ayal and Leal-Filho (2017) reported an increasing 
trend of temperature farmers perception in Ethiopia. Similarly, Afar and 
Somali pastoralists are well aware of increasing trends of temperature 
from time to time as reported by ATPS (2013). 

Drought intensity increased in the 2010s compared with 1980s 
(Table 2). The result of the current finding revealed that significantly 
higher (p < 0.05) proportions of pastoral and agro-pastoral communities 
perceived increasing trends of drought intensity (p <.0001, 84.8%) over 
the years. According to Getachew (2018), drought affected geographic 
coverage were being increasing in Ethiopia. Furthermore, Ververs 
(2012) and Osborn, Barichivich, Harris, Van Der Schrier, and Jones 

(2018) reported the declining trends of rainfall and increasing rate of 
drought affected communities in eastern African and all over the globe 
since 1950/51. 

3.2. Historical Climate Data Analysis 

3.2.1. Rainfall trends 
The analysis of precipitation data over the past 32 years (1986-2017) 

showed a decreasing trend of annual rainfall in the study area (Fig. 2). 
Similarly, the majority of respondents perceived that the amount of 
rainfall has being decreasing from year to year and becoming too little in 
its amounts. Meteorological record of precipitation data of the study 
area corroborates the perception of most respondents. In contrary to this 
finding Tsige (2018) revealed a lack of congruence of meteorological 
data with farmers perception of rainfall trends. The analysis of linear 
trend during the historical period of 1986-2017 showed that decreasing 
(4.68mm) pattern of the annual rainfall. In agreement to this study, 
Nicholson et al. (2018) and Asfaw, Simane, Hassen, and Bantider (2018) 
reported decreasing patterns of annual rainfall in African continent and 
in Ethiopia, respectively. Similarly, Pachauri and Reisinger (2008) re-
ported the declining trends of rainfall patterns over the dry region and 
southeastern parts of Ethiopia Chris et al. (2012). also discussed 15-20% 
declining rate of summer rainfall in some parts of Ethiopia since the 
mid-1970s. 

Data source: NMA, 2018 
The result of rainfall anomaly index of the current study revealed 

that there are an increasing intensity and frequency of drought years 
during the 1986-2017 historical periods. The rainfall anomaly index 
resulted in 13 driest years (1991, 2016, 2017, 1992, 1999, 2015, 1998, 
2010, 2000, 1988, 2009, 2007 and 2012) within 32 years (1986-2017). 
Of which, 46.2% (6 driest years) were recorded during 1986-2006 
(within 21 years) while about 53.8% (seven driest years) noted during 
2007 – 2017 (within 11 years), indicating increasing trends of drought 
years in the last 11 years. Similarly, the majority of pastoralist perceived 
an increasing trend of drought intensity (84.8%) in the recent decade 
(Table 2). 

The rainfall anomaly index of east Guji zone during the historical 
period of 1986-2017 ranges from -6.34 in 1991 (the driest years) to 4.31 

Fig. 2. Total annual trends of rainfall in East Guji zone  
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in 2005 (the wettest year) (Fig. 3). The mean annual rainfall of the 
historical period (1986-2017) is about 637.6 with standard deviation of 
109.3 and coefficient of variation of 17.2% CV value (Table 3), indi-
cating less inter-annual variability over the past 32 years. Changes in 
distribution, regularity and seasonality of rainfall in the study area was a 
major concern than amounts of rainfall overall historical period (1986- 

2017). The long rainy season progressively becomes shortening, which 
is in line with the perceptions of large proportion of respondents who 
have perceived amounts of rainfall receive over the years to be too little. 
In agreement with this finding, Tsige (2018) reported higher seasonal 
variability of rainfall in Sidama Zone of the southern Ethiopia. Similarly, 
Herrero et al. (2010) revealed a remarkable inter-annual variability of 
precipitation across Ethiopia, Kenya, Tanzania and Somalia. 

Data source: NMA, 2018 

3.2.2. Seasonal rainfall patterns and variability 
The maximum and minimum rainfall of the long rainy season 

(autumn /Ganna) over the last 32 years (1986 – 2017) was 633.5 mm 
and 172.4 mm, respectively. The mean autumn season rainfall was 
368.3 mm with about standard deviation of 109.1 and CV of 29.6%, 
indicating moderate inter-seasonal variability of rainfall over the last 32 
years. The patterns of autumn rainfall have shown a declining trend 
from 1986-2017 (Fig. 4). The trend result of autumn season rainfall 
showed a declining pattern by 5.4 mm per year during the historical 

Fig. 3. Annual rainfall anomaly Index in East Guji zone  

Table 3 
Mean Seasonal and annual rainfall amount along with the coefficient of 
Variation  

Meteorological season Rainfall (mm) Mean (mm) SD (mm) CV  
Max Min  

autumn (Ganna) 633.5 172.4 368.3 109.1 29.6 
Summer (Adolessa) 451.9 78.8 20.9 16.4 78.2 
Spring (Hagayya) 124.5 0 216.7 84.5 39.0 
Winter 80.4 3.6 31.6 29.7 94.0 
Annual 843.8 358.8 637.6 109.3 17.2  

Fig. 4. Autumn season (March – May) rainfall (mm) trends of East Guji Zone  
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period. The current finding revealed that higher seasonal variability in 
summer (CV = 78.2%), spring (CV = 39.0%) and winter (CV = 94.0%) 
with a non-significant decreasing trend of winter and slightly increasing 
trends of spring rainfall by 1.16 mm (Fig. 4; Table 3). The CV values of 
rainfall of summer, winter and spring season lie within the highly var-
iable category while the autumn season lie within the moderate variable 
category. Thus, the trend analysis of the autumn season rainfall indicates 
declining patterns from year to year over the past 32 years. Therefore, 
the decreasing trends of the long rainy season (autumn/Ganna) could be 
the primary reason for the declining annual rainfall patterns. However, 
minor rainy season (spring) and summer meteorological season trend 
line of rainfall showed an increasing amount of rainfall over the his-
torical time series of the past three decades. 

Note: The Autumn season showed in Fig. 3 includes March, April and 
May months (mm). The data panel shows the raw rainfall data in the 
autumn season. The seasonal panel shows the seasonality of rainfall 
data. The trend panel shows rainfall trends of the autumn season from 

1988 to 2018. The remainder panel shows the residual of the rainfall 
data. 

Similarly, NMA (2016), Bekele (2017), Asfaw et al. (2018) & 
Teshome and Zhang (2019) revealed decreasing trends of autumn, 
summer and spring (short rainy season) amounts of rainfall in east and 
southeast parts of Ethiopia. The analysis of rainfall data collected from 
meteorological stations located in Rift Valley areas indicates high vari-
ability and erratic nature of rainfall in amount and distribution in the 
last four decades (Regassa, Givey, & Castillo, 2010). In contrary to the 
current finding, Tsige (2018) revealed increasing trends in rainfall 
during the long rainy season (June to September) and decreasing pattern 
during the short rainy season (February to May). According to IPCC 
(2014), climate change might alter the distribution, frequency and 
duration of precipitation in general . The observed historical data in this 
study depicted significant variability of rainfall across the study area. 
This variability became a bottleneck of livestock productivity and 
household’s livelihood in the study area. 

Fig. 5. Rainy a) season and b) annual standardized precipitation Evapotranspiration Index (SPEI) of East Guji Zone  
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3.2.3. Standardized Precipitation Evapotranspiration Index (SPEI) 
East Guji Zone experiences hydrological drought during the years of 

1991, 1992, 1999, 2015, 2016 and 2017 (Fig. 5). However, the rainfall 
anomaly index showed 13 years (1988, 1991, 1992, 1998, 1999, 2000, 
2007, 2009, 2010, 2012, 2015, 2016 and 2017) of the below-average 
annual rainfall of historical period (1986 – 2017). Of which 1991, 
1992, 2015, 2016 and 2017 years were characterized as severely dry 
years while the SPEI value of 1991 lies within the moderately dry 
category. The SPEI results of the long rainy season (autumn) indicated 
the agricultural drought during 1990, 1991, 2003, 2015, 2016 and 
2017. The SPEI result of the spring season in 1990 (-1.04), 1992 (-1.37), 
2003 (-1.05) and 2017 (-1.42) lies within a moderately dry category 
while 2015 (-1.93) and 2016 (-1.73) lies within the severely dry cate-
gory of agricultural drought (Fig. 5 (a)). 

Fig. 5a indicated severe agricultural drought in 1991 (SPEI = -1.53), 
1992 (SPEI = -1.70) and 2016 (SPEI = -1.84) in autumn rainy season. 
Thus, the study area has been suffering from agricultural and hydro-
logical drought over the last 32 years (1986-2017). According to 
Teshome and Zhang (2019), the chronology of extreme events compiled 
from international disaster database showed, increasing frequency of 
drought in the last 32 years in Ethiopia and 11 drought years (1984, 
1985, 1987, 1988, 1990, 1991, 1992, 1997, 2002, 2009, 2015, 2016) 

has recorded during the recent four decades of the historical period 
(1980 - 2016). Similarly, Temam, Uddameri, Mohammadi, Hernandez, 
and Ekwaro-Osire (2019) reported an increasing intensity and frequency 
of agricultural and meteorological drought over the last century in 
Ethiopia. According to Kebebew et al. (2001), acute drought (a long 
period of abnormally low rainfall) covered the whole Borana during the 
years of 1984, 1990, 1991, 1992, 1993, 1994, 1999 and 2000, which has 
resulted scarcity of grazing feed resources, drinking water and human 
food. During these periods, animals were unable to provide milk and 
produce adequate meat for household consumption, and a large number 
of animal died. 

3.2.4. Trends of temperature 
Mean maximum and minimum temperature record of the last 32 

years were 26.7 ◦C and 15.8 ◦C, respectively Fig. 6. shows an increasing 
trend of annual maximum and minimum temperature by 0.08 ◦C and 
0.084 ◦C per year, respectively. Over the past three decades, indicating a 
slightly faster increasing rate of minimum temperature than maximum. 
The mean annual maximum temperature steadily increasing from 25.53 
◦C (1986) to 28.88 ◦C (2016) while minimum temperature increased 
from 12.71 ◦C (1991) to 16.93 ◦C (2012). In agreement to this finding, 
Tsige (2018) reported steadily increasing minimum and maximum 

Fig. 6. Trends of annual maximum and minimum temperature  
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temperature during the historical period of 1987-2017 in Sidama Zone 
of Southern Ethiopia. Similarly, Asfaw et al. (2018) discussed increasing 
trends of mean maximum and minimum annual temperature by 0.067 
◦C and 0.026◦C per decades, respectively, during the historical period of 
1901-2014. A report from NMA (2016) depicted increasing trends of 
mean minimum temperature by 0.36◦C per decades in Ethiopia Teshome 
and Zhang (2019). Also showed increasing trends of mean maximum 
and minimum temperature in Ethiopia with 0.04 and 0.05◦C, respec-
tively during 1980-2010. Moreover, Hussen-Ahimed, Biru, and Yadessa 
(2011) reported that the mean annual maximum and minimum tem-
perature has been increasing with one and 0.25◦C per decades 
throughout the country. At global level, Bindoff et al. (2013) and Huang 
et al. (2017) indicated significant increasing patterns of mean annual 
temperature and surface warming by 0.6-1.3 ◦C at almost all location 
during the historical period of 1951 – 2010. 

Increasing trends of mean annual temperature may cause heat stress 
in livestock species, and loss of animal may be the consequence. 
Increasing trends of mean annual temperature are consistent with the 
perception of the majority of the pastoralist who indicated increasing 
patterns of temperature and warming situation (Table 2). According to 
Sejian, Gaughan, Bhatta, and Naqvi (2016), a substantial decline in 
domestic animals performance inflicting heavy economic losses when 
animals are subjected to heat stress. Climate change especially increases 
in temperature, has a direct impact on increasing heat stress in animals 
(Coffey, 2008; Valtorta, 2002). Similarly, Robinson, Strzepek, and Cer-
vigni (2013) reported that surface Warming is expected to alter the feed 
intake, mortality, growth, reproduction, maintenance, and production 
of animals. Heat stress due to high temperature accompanied by excess 
humidity cause infertility in most of the farm species and adversely 
affecting the reproductive performance of farm animals (Desalegn, 
2016). Furthermore, comfortable environmental temperature ranges 
20-25◦C for sheep (Khalek, 2007), 25-30◦C for goat (Lu, 1989), 5-20◦C 
for cattle and 15 to 42◦C for camel (Barnes et al., 2004; DeShazer, 2009; 
Kerr, 2015; Khan, Arshad, & Riaz, 2003). According to (Peters & Peters, 
1986), small animals cool and loss heat faster than large animals, and 
they are sensitive to climate change. In this scenario, weather plays a 
significant role in determining the thermoneutral zone (TNZ) of live-
stock, which determines livestock productivity since adverse weather 
condition can yield production loss (Kerr, 2015; Valtorta, 2002; Vining, 
1990). 

3.2.5. Trend analysis using Mann-Kendall’s/ MK test 
The level of significance, the magnitude of trend and change point of 

time series data detected using Mann-Kendall’s, Sen’s slope estimator 
and Pettitt’s test, respectively (Table 4). The Mann-Kendall’s trend 
analysis applied to all seasons of the year (summer, autumn, winter and 
spring) and the entire years of the historical period. The MK test result 
for spring (the minor rainy season of the study area) and summer season 

rainfall data indicated non-significant increasing trend (p< 0.05). The 
result of Pettitt’s test suggested that higher rainfall value recorded after 
October 2014 for spring and June 1994 for the summer season than 
before. The current finding revealed statistically non-significant 
decreasing trends of winter, autumn (the long rainy season of the 
study area) and annual rainfall (p< 0.05). According to the test made 
with Pettitt’s change value, insignificant downward rainfall change 
value was recorded after February 2010, March 2010 and September 
1993 for winter, summer and total annual rainfall, respectively. This 
finding is in line with a report from Asfaw et al. (2018) who discussed 
significant decreasing trends of annual long rainy season at 5 and 10% 
significance levels. In contrary to this finding Tsige (2018) reported 
significantly increasing annual main rainy season patterns of the 
rainfall. 

The MK test result for minimum and maximum temperature in this 
study showed significantly increasing (p< 0.05. The result of Pettitt’s 
test indicated that significant change of maximum and minimum tem-
perature after November 2006 and January 2000, respectively. Simi-
larly, studies by Asfaw et al. (2018) and Tsige (2018) revealed 
significant increasing patterns of maximum and minimum temperature 
during the last three to four decades. According to IPCC (2019), the 
changes of global surface air temperature over the land has considerably 
risen above 1.5 ◦C. According to FAO (2007), nearly 20 to 30% of animal 
and plant species are at risk of extinction when the surface temperature 
increases by 1.5 to 2.5 ◦C. 

3.3. Camel raising and its history among pastoral and agro-pastoral 
communities of East Guji Zone 

Table 5 depicts the period at which they start to raise a camel as a 
farm animal. The result showed that most pastoralists (P<.0001, 
33.93%) included the camel in their farm animal stock during the Boru 
Goyo Gada period (1984 – 1992) followed by Boru Madha (1992 - 2000) 
Gada Period (24.37%). Declining trend of rainfall, increasing patterns of 
temperature and intensified drought condition may be forced to shifting 
to camel rearing. Drought is one of the climate driven impacts and it is 
the primary determinant factor of livestock feed quality and availability. 
Climate change is the reason for increasing level of the invasive bush, 
poisonous (Xanthium, Parthenium hysterophorus L and Prosopis hys-
terophorus) and thorny plant species (Acacia mellifera and Acacia 
Senegal). Decreasing trends of palatable grass and browse species such 
as elephant grass and Acacia brevispica was also the primary factor of 
climatic change. Therefore, the factors that motivated pastoral com-
munities to rear or owning camel during 1984-1992 was the high death 
rate of cattle, sheep and goat species during severe Ethiopian famine 
condition of 1983 – 84. Worst drought that occurred in 1983-85 
significantly reduced livestock population and the death rate was as 

Table 4 
Significance test using Mann-Kendall’s  

Variable Mann- 
Kendall’s 
tau 

p Sen’s slope 
estimator 

Z Pettitt’s test for 
change value 

Spring 0.02 0.83 0.02 0.22 October 2014 
Winter -0.02 0.80 0.00 -0.26 February 2010 
Autumn -0.09 0.21 -0.41 -1.26 March 2010 
Summer 0.07 0.32 0.01 0.99 June 1994 
Total 

Annual 
rainfall 

-0.01 0.76 0.00 -0.31 September 
1993 

Tmax 0.19 <

2.22e- 
16 

0.01 5.60 November 
2006 

Tmin 0.37 <

2.22e- 
16 

0.01 10.68 January 2000  

Table 5 
Time period at which pastoralist starts to raise camel in the study area(Fre-
quency (%)) as per wealth  

Variable Variable Poor Medium Rich P 

Gada period at 
which pastoralist 
starts rearing 
camel 

Jilo Aga 
(1976-1984) 

15 
(23.4) 

11 
(17.2) 

6 (8.6) 0.1486 

Boru Guyo 
(1984-1992) 

23 
(35.9) 

23 
(35.9) 

21 
(30.0) 

0.942 

Boru Madha 
(1992-2000) 

16 
(25.0) 

18 
(28.1) 

14 
(20.0) 

0.7788 

Liben 
Jaldessa 
(2000-2008) 

9 
(14.1) 

11 
(17.2) 

14 
(20.0) 

0.57 

Guyo Goba 
(2008-2016) 

1 (1.6) 1 (1.6) 13 
(18.6) 

<.0001 

Kura Jarso 
(2016- 
present) 

– – 2 (2.9)  

p 0.0003 0.0002 0.0017   
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high as 90% (Kebebew et al., 2001). According to Abebe et al. (2012), 
increasing rate of poisonous, thorny and invasive bush and declining 
trends of grass plant species due to drought and erratic nature of rainfall 
in Borana rangeland forced pastoral and agro-pastoral communities to 
have more drought resistant browse livestock species like camel and 
goat. 

Similarly, Sandford and Habtu (2000) reported significant 
decreasing rate (78%) of cattle population during 1985-87 in the Borana 
and Ethiopian Somali alongside Ethio-Kenyan border. For this reason, 
Guji and Borana pastoralists started to raise camels to cope with recur-
ring drought condition. The Borana and Guji pastoralists still prefer 
raising cattle than camel. However, they also want to keep more camels 
and goat as they are safely supported by the changing ecological con-
dition and have drought-resistant capacity (Abebe et al., 2012). Simi-
larly, Boru, Schwartz, Kam, and Degen (2014) showed significantly 
decreasing trends of cattle population due to drought and land deserti-
fication. As a result, Borana pastoralists are shifting to drought-resistant 

livestock species such as camel and goat. 
Moreover, the key informant interviewee was confirmed that the 

result revealed through quantitative development. One of the in-
terviewees expressed his emotion and experience in the face of drought 
challenge as follow 

“I am Doyo Guyo, 61 years old, living in Liban woreda. We are 
Borana; Boranas are mainly cattle keeper. Before 1984, we had cattle, 
325 goats, 34 sheep and no camel in our herd. We lost more than 200 
cattle, 150 goat and 28 sheep during the severe drought in 1984. Our 
neighbour Ethio-Somali pastoralists are mainly camel herder who was 
rescued when we lost most of our assets during the drought period. At 
that time, we decide to exchange two cattle with one camel and owned 
at least two camels in 1984. The livestock death rate is now increasing 
than before because of drought caused by a decline in rainfall (amount, 
intensity and duration), limited grazing feed resources caused by bush 
encroachments, land degradation (loss of land productivity), new 
emerging livestock diseases and heat stresses. Our cattle number has 

Fig. 7. The relationship between climate variability and camel population  
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been decreasing from 306 to 16 over the last six years. However, our 
camel population increased to 53; the camel is considered as a drought- 
resistant animal, can browse on thorny plant species, give us milk at 
least for household consumption, and our livelihood is now shifting from 
cattle to the camel raising.” 

The relationship between climate variability and camel population in 
the study area over the years have showed an increasing pattern as per 
indicated in Fig. 7. Average annual temperature and camel population 
are strongly correlated as annual temperature increases; camel popula-
tion also tends to increase positively with correlation coefficient of 0.85 
and p-value <0.001. Whereas, non-significant (p < 0.05) weak negative 
relationship between annual rainfall and camel population with corre-
lation coefficient of -0.16 and p-value of 0.36 was observed. The camel 
population is being increasing with raising annual average temperature. 
The increasing pattern of camel population is attributed to decreasing 
patterns of rainfall and increasing trends of temperature, which in turn 
depresses grazing lands, increasing bush encroachments and browse 
feed resources. Therefore, herders decided to have more camels than 
cattle and small stocks to adapt to changing ecological condition. Cur-
rent finding revealed that camel population is consistently increasing 
from 1984 to 2017 (from Jilo Aga to Guyo Goba Gada Periods). 

“I am Naji Abdullah, 49 years old, living in Goro Dola Woreda. We 
inherited raising camel from our parent. Before 1984 we had more than 
200 cattle, 184 goats, 20 sheep and three camels. It is heartbreaking, 
most of our cattle, sheep and goat lost because of drought and livestock 
diseases occurred in 1984. We have recovered, and our livestock pop-
ulation turn back just before 15 years, but in 2011 afterwards, we lost 
most of our cattle and goat once again. In 2008 we had 27 cattle, but 
now it declined to 13 head, and our goat population was decreased from 
117 to 10 head within the last ten years. However, our camel population 
is being increased and now supporting us as food and income source. 
Nevertheless, our camel population and its productivity declined in the 
last four years due to disease and extreme desertification. We had 47 
head of camel before six years, but now we have 16. Before 20 years, our 
family has one of the rich men but now am one of the low-income family 
and regimen for safety net program.” 

Respondents declared that the main drivers for livestock decline in 
the study area is drought and drought-driven impacts (Table 6). In 
general, the ranking of livestock decline drivers in Dida and Golba study 
locations showed that drought received high ranking. Respondents of 
the study area believed that diseases and shortage of grazing feed re-
sources associated with drought incidence. Drought condition attributed 
to the shortage of available feed resources, leading to poor in body 
condition, which in turn diminish body immune system and make the 
animal easily exposed to the disease. The primary climate stresses in 
dryland areas are drought, inadequate water, heat and inadequate feed 
resources, which lowers immunity system of livestock and exposed them 
to new pathogens and vectors. The result of the current study agreed 
with the finding of (Boru et al., 2014) who reported drought and land 
fragmentation drove livestock death and declining cattle population in 
eastern Guji zone. 

3.4. Effects of Drought on livestock production 

3.4.1. Livestock mortality 
People, plants and animals depend on the ecosystem services. 

However, climate change disrupting the provisioning and regulation 
services such as shrinking of food and water supply, and unable to 
control the diseases. Drought and drought-driven factors are the most 
common climate change impacts and chief the reasons for livestock 
death of the study areas Table 8. indicates significantly higher (p < 0.01) 
number of camel (11 head/HH) death due to the emerging disease 
prevalence while drought was the major death factor of cattle. However, 
it was not statistically significant (p < 0.05) (Table 7). Total number of 
8627 cattle, 5648 goat and 9 camel were died during drought event at 
different periods and significantly differ across the livestock species (p <
0.001). Similarly, a significantly higher number of goats (40 head/HH) 
and cattle (34 head/ HH) died due to several disease occurrences than 
camels (11 head/HH) and statistically significant among the species (p ≤
0.001). 

The result indicates that significantly resilience ability of camel to-
wards drought and emerging disease conditions. Nearly 11 camel/HH 
and 40 goat/HH died in average due to the disease while 1 camel/HH 
and 28 goat/HH died because of drought within the last ten years and 
there significantly differ among the death factors (p ≤ 0.001). However, 
the cattle death rate is not significant for both death factors (Table 7). 
Cattle is the only livestock species that tends to have weaker resilience 
ability (high death rate) for both death factors. The result shows that 
camel is relatively the most resilient farm animals for both drought and 
disease among the livestock species. The mean drought livestock loss 
observed in this study is in line with the report of Dirriba Mengistu 
(2016) who showed a significant number of cattle death (68%) as 
compared to goat (5%) and camel (2%) during disastrous drought 
condition. This result is agreed with the report of Coppock (1994); 
Sandford and Habtu (2000); Kebebew et al. (2001) who reported 
decreasing cattle population by 90% in 1984-85, 60% in 1983-85 and 
78% in 1995-97 drought events, respectively. 

3.4.2. Milk production 
The camel milk production potential was significantly influenced by 

the season of the year in the study area (Table 8). Camel provides 
significantly higher amounts of daily milk yield during the wet season (≈
7.2 litres/day) as compared to the dry season (3.32 litre/day) and 

Table 6 
Drivers for livestock decline in the study area  

Purpose Golba Dida  

Frequency Index Rank Frequency Index Rank 
Drought 54 (56.2) 0.429 1 53 (52.0) 0.406 1 
Disease 39 (40.6) 0.323 2 44 (43.1) 0.361 2 
shortage of 

grazing land 
44 (45.8) 0.248 3 64 (62.7) 0.233 3  

Table 7 
Reason for Livestock death summary (mean ± Std.D)  

Death 
factors 

Camel Cattle Small ruminant p 

Drought 0.045 ± 0.52b 

(c) 
43.57 ±
55.27(a) 

28.52 ± 29.01b 

(b) 
<0.001 
*** 

Disease 11.03 ± 21a 

(b) 
33.65 ± 47.53 
(a) 

40.11 ± 35.53a 

(a) 
<0.001 
*** 

p <0.001 *** 0.0562 <0.001***  

*** indicates statistical significance at 1% level, letter superscript in parenthesis 
indicates statistical significance across the row and out of parenthesis shows 
column comparison. 
H0: drought is the major determinant factors for death of all livestock species 

Table 8 
Drought resilience ability of camel (mean ± Std.D)  

Camel milk yield (lit/day) Camel Cattle Goat p 
Dry season 3.32 ±

1.70b(a) 
0.43 ±
0.43b(b) 

0.12 ±
0.17b(c) 

< 0.001 
*** 

Wet season 7.19 ±
3.17a(a) 

1.27 ±
0.64a(b) 

0.29 ±
0.27a(c)  

p < 0.001 ***   
Dida Golba   

staying and producing 
without water (days) 

9.49 ±
4.46 

11.00 ±
4.81  

0.0228 * 

* indicates statistical significance at 5% level; *** indicates significance level at 
1%; Means within the same row (abc) and column abc bearing different super-
scripts are significantly different at p<0.01 
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significantly differ across the production seasons (p<0.01). Higher daily 
milk yield record during the wet season is associated with availability of 
better drinking water and feed. The result of the current study showed 
that significantly higher (p<0.01) milk yield of dairying camel at both 
dry periods. Daily milk yield of Camel > cattle > goats at both dry and 
wet season. Similarly, Kedija-Hussen, Tegegne, Kurtu, and Gebremedhin 
(2008) reported significantly higher mean daily milk yield of a camel 
across production seasons and dairying species (camel, cattle and goat). 

This study found that lower daily milk yield of camel, cattle and goat 
during the dry period as compared to the wet season and significantly 
vary across species and season (p<0.01). Only camels continue to sur-
vive and produce milk in drought-stricken areas where drought deci-
mate goat, cattle and sheep populations and hinder milk yielding 
capacities (Alhadrami & Faye, 2016). Similarly, CSA (2018) reported 
3.91 and 1.4 litres of mean daily milk yield of camel and cattle, 
respectively. The significant variation of mean daily milk yield across 
dairying livestock species in this study is convenient with the finding of 
Kedija-Hussen et al. (2008) who revealed that better milk yield potential 
of the camel at both dry and wet season. However, cattle’s mean daily 
milk yield recorded in this study is lower than the report of Kedija--
Hussen et al. (2008) who reported about 3.26 and 1.63 litres per day 
during the wet and dry condition, respectively. Location effect, climatic 
stress, genotypic variations, feeding and physiological status of the 
cattle might be the reason for the variation. The variation of mean daily 

milk yield of the camel as per the production season recorded in this 
study is in agreement with the finding of Zeleke (2007). 

The current finding revealed that the milk yield potential of dairy 
livestock in the study area shows the significant decreasing trends 
(Fig. 8). The camel milk yield before 2008 is more than ten lit/day/head, 
showing decreased to about four lit/day/head in 2019. Similarly, cattle 
milk yield declined from about three lit/day/head to one lit/day/head. 
The reason for decreasing in milk yield may be related to intensive cli-
matic stresses such as water scarcity, expanding desertification, recur-
ring drought and heat stress. The focal group discussants underline that 
camel is better a milking animals and good milk yield at both dry and 
rainy season than cattle and goat. It is the camel, which can mainly 
support the family nutrition and household’s livelihood during drought 
condition. 

“I am Tari Dita, 33 years old, living in Gumi Eldallo Woreda near to 
Somali regional state border. We start raising camel about 17 years ago. 
In the beginning, we bought three camels from Somali pastoralists when 
the drought takes off most of our cattle. Just before 2005, we had more 
than 137 cattle, 42 goats, 28 sheep and three camels. However, our 
livestock population is dramatically decreasing to 31 cattle, 27 goats and 
16 sheep, but our camel population is increasing, and now we have 47 
head. We believe that the main driving factor of decreasing cattle, sheep 
and goat population is drought and drought-driven impacts such as 
conflict lack of water, heat stress and feed resources. Our cattle milk 

Fig. 8. milk yield trends of camel, cattle and goat before ten years and currently in East Guji Zone (0.5L)  
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yield is not worthwhile; however, the camel milked up to two litres/ 
day/head during surplus feeding resources and under suitable envi-
ronmental conditions, which could be zero during the drought condi-
tions. However, the camel milk yield is estimated to be 4-5 litre/day/ 
head under the good environmental condition and pleasant feed avail-
ability. However, the milk yield potential declined during the drought 
condition. Nevertheless, the dairying camel can still give milk up to 2-3 
litre/day under the harsh environmental condition and poor quality feed 
availability.” 

3.5. Climate change coping strategy 

The Fig. 9 displays farmers coping strategic measures taken to reduce 
the impacts of recurring drought. As a result, conservation of feed re-
sources through circumscribing with a fence during the rainy season, 
and ample feed availability preferred as a primary coping mechanism as 
it indicated by 33% followed by herd mobility (25%) and shifting to 
browse livestock species (19%) in Golba study location. Whereas, herd 
mobility and migration during the disastrous drought period to where 
feed and water available area is the most preferred drought coping 
strategy as it indicated by 49% (p<0.01) followed by reducing livestock 
number through selling (20%) and shifting to camel raising (16%) in 
Dida study location. 

The primary coping strategy observed in this study is in line with the 
result of Dirriba Mengistu and Haji (2016) and Opiyo, Wasonga, 
Nyangito, Schilling, and Munang (2015) who reported herd mobility 
and migration as a mutual drought coping strategy of Ethiopian Borana 
and Northern Kenyan pastoralists. In contrary, Tsige (2018) reported 
that reducing livestock number through selling is the leading climate 
change coping measures taken by the farmers of Hawassa Zuria woreda. 
Although Kebebew et al. (2001) in his report indicated that selling of 
cattle and other animals does not encourage by Gadaa system, this study 
shows that east Guji pastoralist attempt to sell some animals in good 
condition when they observe early stages of drought. In agreement to 
this study, Sandford and Habtu (2000) reported none of the pastoral 
groups in Ethiopia diversifies their livelihood option as a measure of 
drought coping strategy. However, Kebebew et al. (2001) revealed the 
attempt of income diversification in Borana pastoralists in order to avert 
the severe consequences of drought. 

4. Conclusion 

Pastoral/agro-pastoral communities in the study area had a percep-
tion of decreasing patterns of rainfall, increasing trends of temperature 
and drought intensities between 1986 and 2017 likewise there is strong 
meteorological evidence of the same climate trend direction during that 
period. This study revealed that increasing trends of intensities and 
frequency of drought occurrence in the study area. Accordingly, RAI 
identifies 13 drought years within the historical periods of 1986-2017, 
of which 54% (seven drought years) occurred within the last ten years 
(2007-2017). 

Pastoralists/agro-pastoralists in the study area have encountered 
climate-related problems like rainfall/water accessibility, feed quality 
and availability, risk of animal disease, heat stress and hence, reduced 
livestock performance. Temporary migration/nomadism to areas with 
better pasture is the most commonly practicing coping strategy so far to 
address feed and water shortage. Moreover, reducing livestock number, 
reserve grazing/standing hay and shifting to browse livestock species 
(camel and goat) are also preferred coping mechanism to tackle climate- 
related problems. Camel and goats are perceived as drought-resistant 
livestock species and Boranas cattle keepers shifting to have more 
camel and goat in response to prevailing drought. Pastoral and agro- 
pastoral communities in the study area are well aware of climate 
change, variability, its trend direction, and its potential pessimistic 
impacts on their livelihood in the future. Cooperating adaptation pro-
grams of intended beneficiaries is very critical to develop the traditional 
coping mechanism of pastoralists/agro-pastoralists in response to 
pessimistic impacts of climate change. Moreover, extensive investiga-
tion is required to select and identify purpose-specific camel and goat 
strains for drought-prone areas. 
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