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Abstract

A study was conducted with the objectives of investigating the effect of climate change and varia-
bility on the livelihood of the local community in Arsi Negele District, Central Refit Valley Region of
Ethiopia using group discussions, structured questionnaire and personal observations. The trends
of climate change and variability in the study area showed gradual change. Erratic rainfall, fre-
quent rain delay, heavy and un-seasonal rainfall, drought, and seasonal variations are indicators
of climate change. The pattern of temperature, rainfall, and high wind caused the reduction of
agricultural production and productivity, shortage of water, drying of shrubs and other vegeta-
tions, which affect the livelihood of the community. The problem is more sensitive for the women,
poor, children, large sized family, and landless farmers. Thus, the vulnerability of climate change
is more accelerated by massive expansion of agricultural land, the increment of landlessness fami-
lies and huge water shortage in the study area. Moreover this study advocating climate change and
variability has accelerated the degradation of natural environment and strongly affects the com-
munity’s life style over time. Though, as stated above this study was conducted using some and
simple research variables to demonstrate the problem. But, it is used as an initial thought for fur-
ther and detailed investigations about the issue. Therefore, stakeholders required to take in hand
these challenges both from short and long-term policy perspective to reduce susceptibility of next
generation.
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1. Introduction

Climate change is rapidly emerging as one of the most serious threats that humanity may ever face. Hence, it has
recently become a pressing issue in various development, environment, and political forums at the national,
regional, and international levels [1] and [2]. According to [3], poor households are not only located in high-risk
areas, but suffer lack of economic and social resources. Different investigation revealed that variability and
change of climate are major threats for developing countries [4]. Most of the time the challenge is being magni-
fied by global climate change [5].

According to [6], the severity of climate variability and change profoundly influence social and natural environ-
ments throughout the world. Hence, with the consequent impacts on natural resources and industry that can be
large and far-reaching [7]. In addition to that, climate change strongly influences forest productivity, species com-
position, and the frequency and magnitude of disturbances that impact forests [8].

Many researchers confirmed that, in Ethiopia, climate change poses particular risks to poor farmers and pas-
toralists who have an immediate daily dependence on climate sensitive livelihoods and natural resources.

This research was carried out in the Central Refit Valley Region of Ethiopia the low land part of Arsi Negele
districts. The area is known by agricultural potential, which is reflected in the diversity of crops and animal re-
sources. But, drought, shortage of water, decreasing of agricultural productivities, and degradation of natural
resources are the main challenges in the day-to-day activity of local farmer’s in the study area.

According to the socio-economic activity and geo-ecological location criteria by [9] and [10], the study area is
categorized as a hotspot for climate change impacts and is affected by drought repeatedly. The main objective of
this research is to investigate the effect of climate change and variability on the livelihood of the local commu-
nity in the study area.

The data were collected from both primary and secondary data sources and purposive sampling techniques
were used to generate the desired outputs.

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

The study was conducted in the lowland area of “Arsi-Negele” district which is located on 7°09' - 7°41'N and
38°25' - 38°54'E, and 210 km south of Addis Ababa along the road to “Shashemene-Hawassa”. The district is
part of Ethiopian Central Rift Valley, covering an area of 600 km?. About 80% of the population is rural [11].

The National Meteorological Services Agency [12] data, Langano station, shows an annual mean rainfall of
less than 700 mm (ranges between 264 and 968 mm), whereas the mean annual minimum and maximum tem-
peratures are 13.5°C and 27.7°C, respectively. The most common coping strategy of the farmers during crop
failures has been the burning and selling of charcoal. As a result the once densely wooded area has been almost
completely deforested [13]. The vegetation converge of the area can be classified mainly as acacia woodland
with some thorny shrub lands occurring around the lakes, open acacia woodland dominates one in the lowland
part of the district. The characteristics of species are woody plants including various types of acacia trees, shrub,
sub-shrub with different distribution and abundance [14]. The area characterized by crop-livestock based farm-
ing systems. The overall farming system is strongly oriented towards grain production dependent on the use of
oxen for land preparation [15].

2.2. Methods of Data Collection

Primary Data Collection

In order to achieve the stated objective the study used both primary and secondary sources of data. The primary
data sources were generated by the researcher in order to measure the independent variables. Data were collected
through group discussions, structured questionnaire, key informant interviews, field observation and intensive
ground field surveys were conducted.

Key informant Interview: in addition to the group discussion, interview were carried out with individuals
who have lived long time in the study area and had detail information about the past and present situations of the
area. The informants selected were elder peoples, 3 PA leaders, and 8 development agent. Purposive sampling
was used to select the key informants to get the general information about the study area. Because, purposive
type of data collection is a rational methodology, it helps to clearly explore target groups to generate the desired
output in the study area.
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Household Survey Data: This survey focused on information about demographic characteristics of the
households, household asset (land, land size), and individual level land use system, perceptions towards the
trends of climate change and variability in the study area.

2.3. Secondary Data Collection

Different secondary sources of data were used to derive the required information for this study. Data like; rec-
orded population and climate data were collected from Ethiopia Metrology Agency and peasant associations.
Secondary data sources, review of relevant published and unpublished documents and processing of recorded
metrological data on the study area. Besides, the administrative boundary of the study area was obtained from
Bureau of Water Resources in Oromia region. The collected household data were summarized and analyzed us-
ing Statistical Package for the Social Sciences [16].

3. Result and Discussion
3.1. Trends of Climate Change and Variability

The trend of climate change and variability in the study area were gradually changed.

The rainfall is highly variable both in amount and distribution across regions and seasons [17] and [18]. The
study area has experienced frequent climatic shocks, extended drought and delay in the onset of rain, erratic and
low precipitation, and heavy and un-seasonal rainfalls these are some of the indicators of climate change and va-
riability. As shown in (Figure 1 and Figure 2) the intensity, duration, frequency and distribution of rainfall de-
creased time to time, whereas the temperature is increasing at an alarming rate. According to Negele Metrology
Station recorded data (1981-2010), the precipitation trend of the area has shown dramatic decline, and the an-
nual average temperature has shown an alarming rate of increase from (1981-2009).

3.2. Rainfall Variability and Its Trends

The baseline recorded climate data that was developed using historical data of temperature and precipitation
from 1981-2009 for Negele stations in Arsi Negele district showed the year-to-year variation of rainfall for the
period between 1981 to 2009 over the district expressed in terms of normal rainfall averaged for district.

Trend analysis of annual rainfall in Ethiopia shows that rainfall remained more or less constant when averaged
over the whole country while a declining trend has been observed over the Northern and Southwestern Ethiopia [2].

As can be seen from Figure 1 the district has experienced both dry and wet years over the last 20 and above
years 1981 to 2009. This means that, years 1987, 1988, 1989, 1991, 1992 and 2002 were dry and the amount,
distribution, duration and intensity of rainfall decreased, while 1981, 1982, 1990, 1999, 2002, 2003, 2004, 2005
were wet and somehow the trends of rain fall was regular.

However, starting from 2006-2009 the amount of precipitation has decreased, uneven and also un-seasonal; as a
result, it can cause drought, shortage of water and drying of vegetations in the study area.
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Figure 1. Year to year, variability of annual rainfall and trend over the district expressed in
mean annual rain fall (data source NMA, 2010).
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Figure 2. Year-to-year, variability of annual minimum, and maximum temperature over the
district expressed in temperature difference (data source NMA, 2010).

The majority of the respondents perceived that the current prolonged drought is the result of shortage in rain-
fall as the most notorious climate shock in their lifetime in the study area.

3.3. Temperature Variability and Its Trend

Earliest climatological station data has shown an irregularity of —4°C while the result is unexpectedly increased
to 4°C in the preceding years since 2006 [21]. As illustrated from the Figure 2, the year-to-year variation of an-
nual minimum and maximum temperature within the district for the period 1981 to 2009 expressed in terms of
temperature differences from the averaged data of the stations (Figure 2).

The result showed that, the year 1992, 2001, 2004, 2005 and 2009 were the warmer while, the year 1987,
2000, 2005, 2007 and 2008 are the most cool years which is experienced over the last 20 and above years.
However, the recent years (2007, 2008 and 2009) are the warmest compared to the early years (1987, 1988,
1999, 2000 and 2005).

Moreover, the result clearly revealed that there has been a warming trend in the annual maximum and mini-
mum temperature over the past 20 years. On the other hand, over 65% of the respondents perceived that the cur-
rent prolonged drought is the most recognized climate shock in their lifetime in the study area. However, the
respondents were cultivating drought resistance crops and trees to sustain their life. From their experience the
interviewed key informants reopened that, there is an overall increasing temperature and downward trend of
precipitation in the area (Figure 1 and Figure 2) and can cause for different socio-economic problems. Figure 3
illustrates the yearly temperature variability in the study area.

Based on Figure 3 the maximum temperature variability were recorded at 1992 (26.2), 2001 (26.0), 2004
(26.1), 2005 (26.4), 2007 (26.3) and 2009 (27.1). Whereas, the initial 1987 (5.5), 2000 (8.71), 2005 (6.82), 2007
(8.11) and 2008 (8.15) were recorded as minimum yearly temperature value in the study area. However, during
the time period of 1988, 1989, 1990, 1991, 1992, 1998, 1999, 2000, 2001, 2002 and 2009 the average tempera-
ture of the study site shows similar recorded value while the rest year depicted a up and down or inconsistency
recorded value. On the other hand, the interview result has also confirmed the occurrence above mentioned
temperature variability in the study area. The fluctuation of rainfall and temperature condition can cause for the
shortage of potable water, loss of soil fertility, reduction of agricultural production and productivity, whereas,
soil erosion and land degradation has also increased. Hence, according to respondents report, the challenges are
severe and more frequent in the lowland area of the district. Interviewed women’s in the study area were pointed
out that because of climate change the water resources also depleted time to time and face a big water shortage
problems, as much of their time is spend fetching water from distance, this is very difficult in the dry season.

Above 85% of the respondent reported that, a change in weather conditions particularly, the pattern of tem-
perature, and rainfall, and strong wind erosion on their fields can cause the reduction of agricultural production
and affect the livelihood of the community.

Population growth and the expansion of cultivated land mentioned as the underlying factors that influenced
the exploitation of the acacia-based grasslands. Due to lack of resources and food in time of drought, poor farmers
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Figure 3. Annual Temperature Variability (maximum, minimum and average) of the study area.

depend on the sale of firewood and charcoal as a source of income.

As a result, the acacia woodland and other vegetations decreased. However, farmers are aware that charcoal
production is an illegal activity and therefore do not talk openly about it elsewhere. Mostly youths are involved
in such activity because in the area most of youths are jobless or unemployment.

3.4. Communities Perception on Climate Change and Variability

According to the National Meteorological Agency, long-term climate change in Ethiopia is associated with
changes in precipitation patterns, rainfall variability, and temperature, which could increase the country’s fre-
quency of both droughts and floods [19].

As shown in Table 1 82% of the respondents revealed that the dry season have become longer, and main wet
seasons fail more often. The starting and ending of the rainy season is also becoming more unpredictable, as
they may come early or late.

The rains may stop very early and be more erosive because there is less vegetation cover in the area. The
Table 1 illustrates the overall perception of the community about the trends of climate change and variability in
terms of rainfall, temperature, drought, rate of floods in the study area.

3.5. Indicators of Climate Changes

The majority of the farmers perceived that rainfall and temperature variability is the most important indicators of
climate change and variability. Their agricultural practices depend on four months of the “Kiremit” season for
their annual production. Almost 75% of the interviewees were responding that there is a big difference between
the past and the present climatic conditions.

As the farmers said seasonal variation, occurrence of unusual long rainy and dry season, erratic rainfall, oc-
currence of abnormal hot and cold temperature, impact of abnormally hot/cold temperature on normal life, oc-
currence of certain diseases attributed to climate change, denudation of forest resources, followed by land de-
gradation, and deforestation.

On the other hand, occurrence of acute shortage of both surface and underground water resources during the
prolonged dry seasons, excess overflows of water bodies during the prolonged rainy seasons and excessive heat
during daytime and excessive cold weather during nighttime are some of the major indicators of climate change
and variability in the study area.

3.6. Social Consequences of Climate Change

3.6.1. Changing of LU/Land Cover

Climate change has impact on Ethiopian agriculture. Erratic rainfall and increasing amount of temperature are
influencing the agricultural system of the country. Many regions have been severely affected by climate changes
in northern Ethiopia [20].
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Table 1. Communities perception on climate change and variability in the study area.

Indicators Trends Attribute of the change or variability

Temperature g

-hot and dry months Failure of short and main wet seasons

ek

Rainfall amount Comes early or late and stops early

**+/,**

Rainfall intensity Sometimes in short period, heavy rainfall with high rate of runoff

wok

Rainfall duration - During wet season, it rains for very few days or hours

o Often, both wet seasons become part of the dry season; the main wet season is

Rainfall distribution more reliable than the short one

Frequency of

xp Usually with failure of main and short wet season,
-drought - - cp ; A .
famine g drought and famine are |nteq5|f|ed, W_hlle_floodmg |s_due mainly to land-use
. sy change, soil erosion and siltation of the river courses
-flooding
sy Mainly due to high rate of land degradation and runoff from upstream while the

Duration of flooding water course is too shallow ton hold more water

Notice: “indicates increasing trends, “indicates decreasing trend and “*/"indicates timely variation of rain fall and temperature in the study area
according to communities perception.

The higher temperatures, increased drought, and decline the amount of rainfall that cause decrease in the cov-
er of vegetation that protects the ground surface, increase soil erosion and land degradation.

Climate variability and change can contribute to land degradation by making current land use practices un-
sustainable and induce more rapid conversion of land to unsustainable uses. The combined effects of rising
temperatures and reduction of rainfall in the study area can cause for the drying and reduction of forest and other
vegetative resources.

3.6.2. Drought
Drought is one of the main problems in the study area, it has become severe and frequent in recent years, as
compared to past decades, and the drought is repeated almost every year. Drought is the single most important
climate related natural hazard affecting the country from time to time and it occurs anywhere in the world but its
damage is not as severe as in Africa in general and in Ethiopia, due to low adaptive capacity [21].

The temperature increased, while rainfall decreased, therefore, no time to recover from its impacts overtime.
Particularly, the last five and six years have seen more frequent and prolonged droughts. Throughout the drought
period, the rains were not only insufficient but also extremely delay, erratic, unseasonal, and unpredictable.

3.6.3. Crop Cultivation and Livestock Rearing
Rising temperatures will cause shifts in crop growing seasons, which affects food security and changes in the
distribution of disease vectors putting more people at risk from diseases such as malaria and dengue fever [22].
The majority of respondents reported that there is a critical problem during prolonged drought and during delay
in the onset of rain land becomes dry and difficult to plough, forage deficit leads to weakness and oxen mortality,
and lack of precipitation delay seed cultivation. It can cause failure of agricultural crops adversely affecting
farmers who, totally depend on one season production system, which is rain fed agriculture.

Drought and delay in the onset of rain led to poor grass regeneration/forage deficit, water shortage, and heat
stress on livestock, and consequently increased the mortality of the livestock, vulnerability to diseases and
physical deterioration due to long distance travel for water.

3.7. Impacts on the Local Community

Climate change can influence humans directly, through impacts on health and the risk of extreme events on lives,
livelihoods and human settlements, and indirectly, through influences of food security and the viability of natu-
ral resource-based economic activity [23].

All the interviewees confirmed that repeated climatic impacts occurred on the society in lowland area rather
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than highland area and it can cause for food deficits, educational dropouts, increased unemployment, increased
susceptibility to diseases and failure to fulfill financial requirements, and lack of agricultural input and decreased
soil fertility in the area.

Climate variations tend to disproportionately affect livelihoods of the rural poor as a result of their reduced
capacity to buffer against climate risk through assets or the financial market [24]. Some of the interviews indi-
cated that our life is depending on Meher rainfall crops like corn, maize, teff, wheat and barley, these are our
staple food crops and also sometimes sold to fulfill other financial necessities, but the frequent delay of rain fall
and seasonal variation can cause for the failure of Meher crop harvesting. The farming community was identi-
fied as the most vulnerable because of its dependence on agricultural production for its livelihood [19].

In fact, climate change affects all of the society members living in every agro climate zone. However, com-
paring farmers in the highland and lowlands, those living in the lowlands were more affected than those living in
the highlands.

Changes in temperature and rainfall have had many negative impacts on human and animal health. For in-
stance, serious disease outbreaks including cholera, meningitis, and malaria occurred due to the extreme fluctua-
tion and alteration of temperature patterns and rainfall regimes in the study area.

3.8. Who Is More Vulnerable to Climate Change Impact?

Climate variability and change over the past century have already had measurable effects on ecosystems, socie-
ties, economies, and health [25]. Vulnerability is a function of geographic location, production system, social
identity, and income, which is partly driven by processes of land reallocation, uncertainty of climate, lack of
access to inputs to the productive process, processing, marketing, and declining or fluctuating market prices [26].
The vulnerability of Ethiopia to climate change impact is a function of several biophysical and socioeconomic
factors [16].

Table 2 illustrates the effect of climate change and variability at various social groups in the study area. As
indicated on Table 2, on average 78.2%, 76.0%, 46.7% and 67.3% respondents suggested children, women and
large sized families and poor respectively are the most vulnerable to climatic shocks. In addition to that, Table 2
illustrates about 36.2% respondents suggested all farmer households are disproportionately affected and are
equally vulnerable.

On the other hand, Table 2 depicted, the average respondents who were suggested that youth, elderly people,
and men are most vulnerable to climatic impacts which accounts for 23.6 %, 54.5 %, and 14.5 % respectively.
The interview with Negele district officials and experts suggested that poor, women, children, and old peoples
are the most vulnerable compared to other groups. Conversely, the district officials includes all farmers and
community members including large family size, livestock tenders, children, women and poor, all production
systems mostly affected by the events.

According to [29], conditions in many slum areas are terrible: inadequate shelter combined with poor sanita-
tion; extreme overcrowding and a high proportion of vulnerable women, children, youth, elderly and poor, with
very low incomes and high unemployment. This is the result of extreme or high risk of disease and an extreme
poverty trap for many urban residents.

3.8.1. Vulnerability by Poor and Young Farmer

In Ethiopia, climate change poses particular risks to poor farmers and pastoralists who have an immediate daily
dependence on climate sensitive livelihoods and natural resources [9]. People paid the highest price because
they lived in the areas most at risk from climate change, and among the poor, children suffered the most, paying
with their health, their development and often with their lives.

Table 2 shows that, 67.3% and 23.6% of the respondent were reported that poor and young farmers are di-
rectly or/and indirectly affected by climate change respectively, but, even though, medium class farmers are af-
fected, they response to the climatic change impact by selling the available assets (oxen, caw, donkey....etc),
taking credits and leasing part of their lands for rich farmers.

According to [30], each year more than 3 million children under the age of five died from environmentally
linked diseases, including diarrheal ailments linked to water accessibility, respiratory illnesses and malaria,
which thrived on heat and humidity to kill a million people each year. Normally the livelihoods of poor farmers
depend on daily labor and have low income and fewer reserves to absorb climate change impact.
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Table 2. Percentage of respondents on the most vulnerable social groups.

Vulnerable Group in %

A Gender Age and family size Wealth status Production system
Men Women Children Youth Elders F;rir;iely Poor Medium Rich Livestock Gﬁ;lllj b
Galina Kello 6.5 424 39.6 9.3 22.6 25.0 30.5 8.1 59 27.6 16.4
Hada Boso 8.0 35.8 38.6 14.3 31.9 21.7 36.8 6.4 5.0 38.2 19.8
Average (%) 145 76.0 78.2 23.6 54.5 46.7 67.3 145 10.9 65.8 36.2

Therefore, gradually they may also move the medium class farmers to the poor farmer level of wealth status.
Rich farmers using the events as an opportunity, the better-offs also rent land from other affected groups (poor,
in some extent medium class farmers) at cheaper price.

In addition, youths are more vulnerable as compared to old because the former have enough land resources
than latter the difference in landholding and absence of employment opportunities in the districts. Though old
have inherited the land for their offspring, they are generally better in landholding and have better immunity to
cope with climatic shocks, whereas youth are generally poor because of unemployment and landlessness.

3.8.2. Vulnerability by Pastoralist

As indicated on Table 2, 65.8% of the interviewers responded that livestock’s were highly affected by the ex-
isting prolonged drought, due to the depletion of acacia based grass land and drying out of water resources and
animals are weak, deteriorate their body and die, they are forced to sell the livestock. According to the PAs offi-
cial like; Kedir, Mamo and other interviewed key in formants said that, households with less number of lives-
tock were better at coping with the impact due to their better fodder finding and management, less cost to buy
feed and less effort to store or prepare fodder at home every time. However, households with large livestock
number could not handle the feeding and lacked other income sources or savings as the livestock body deteri-
orates and livestock market price continue to fall, and it can cause for economic crisis due to climate change
(drought).

3.8.3. Vulnerability by Gender

Women and girls in particular were disproportionately affected by climate variability. During the time of
drought and food insecurity women tends to stay home with their children, while men move away to look for al-
ternative means of survival.

Women also have fewer options to find other ways of making a living, especially since women’s literacy rate
is not even half of that of men. Women also not given a say in household decisions and are frequently without
cash savings or assets to sell to buy food and other basic items.

Table 2 confirmed that about 76.0% of the respondents were suggested that women’s are more vulnerable to
climate change as compared to 14.5% respondent for men. As the respondents report, the district particularly
Gallina Kello PA traditionally women’s are the prime responsible for each off-farm and non-farm activities in-
come sources, take credit and return it timely. According to PA managers’ report, women represent only 18%
and 21% of the total landholders respectively in both Galina Kello and Hada Boso PA’s.

The percentage of women students attending in the surrounding school grade level, satellite school, primary
school, and secondary school in 2009/010 was 13%, 40%, and 21% respectively. This literacy indicator shows a
declining trend of women at higher school levels and at higher ranks, representing poor school attendance and
low achievement and/or high dropouts from school.

3.8.4. Vulnerability by Family Size

Polygamy is a common practice and household size is among the wealth classification criteria. For instance, in

Negele district household size 10 and above is one of the criteria considered to classify as better-off [17].
However, the tradition is go wrong with rising land scarcity, unemployment, high dependency ratio and in-

creased climatic unpredictability. As indicated on Table 2, 46.7% of the respondents were report that, family

size has its own impact to tackle the occurrence climatic shocks and other uncertainties. The farmers stated that

the demographic composition of each household members are young, which are economically inactive and sus-
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ceptible to malnutrition and other diseases; thus, the situation is more desperate as few household members
cannot afford to manage the requirement of the family including sending children to school.

4. Conclusions

This investigation illustrated the increasing trend of climate change and its impact on livelihood of the local
communities, besides that, the variability of climate change is accelerating the vulnerability of various so-
cio-economic activities of the community. The gradual alteration of the environment can cause surface and
ground water shortage in the area and is more likely to continue to constrain for other livelihood activities.

Frequent rain delay, erratic precipitation, drought, seasonal variation, heavy and unseasonal rainfalls occur-
rence of unusual long rainy and dry season, occurrence of abnormal hot and cold temperature are also severe
concerns for all the communities and some of the indicators of climate change and variability in the study area.

This result can cause the occurrence of serious animal and human disease outbreaks like, cholera, meningitis,
and malaria. The study reveals that on average 78.2%, 76.0%, 46.7% and 67.3% respondents suggested children,
women and large sized families and poor respectively are the most vulnerable to climatic shocks.

Climate change has also a great impact on crop cultivation and livestock rearing: delay in the onset of rain
makes the land become dry and difficult to plough, forage deficit leads to weakness and oxen mortality (engine
of subsistent cultivation), and lack of precipitation delays germination of cultivated seeds. In general, climate
change and variability have negative impact on the livelihoods of the community. Local and participatory adap-
tive metrologies are the most important to tackle the existing problems.

5. Recommendation

Based on this initial study finding the following points were recommended for further investigation:

e  The vulnerability of lowland communities are a serious concern in the future, thus interventions will
required to address this hot issue.

e  Preparing long-term adaptation plans, based on the sharing of best practices through the participation of
communities, academicians, and research institutions.

e  Ensuring community participation especially women’s and youths, in both formulating climate change
policies, environmental and drought monitoring systems and improve their disaster risk reduction ca-
pacity.

e  Promote different development programs and addressing vulnerable groups through development of
better alternative mechanisms.
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