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Abstract: Vulnerability assessment varies widely across households, countries, and regions. Though
many previous studies assessed vulnerability to climate change, their unit of analysis was aggregate.
Therefore, the objective of this study was to measure the vulnerability of smallholder farmers to
climate change at the household level and identify its determinant factors in east Hararghe zone.
A multi-stage sampling procedure was used to select districts, kebeles, and sample respondents.
Vulnerability as expected poverty approach was used to measure household-level vulnerability.
Logit model was also used to assess factors contributing to households’ vulnerability. The study
revealed that 73% of households were vulnerable to climate-induced shocks. Households with better
farm experience, land size, livestock ownership, access to credit, access to extension service, social
capital, access to climate information, non-farm income, and headed by a male were not vulnerable
to climate change; whereas households who were living in low and midland agro-ecologies, far from
the market, and participating in productive safety-net programs were vulnerable to climate change.
The study indicated that the vulnerability of smallholder farmers was sensitive to the minimum
income required to maintain daily life. Income-generating activities that supplement farm income
should be well designed in policy to reduce the vulnerability of smallholder farmers.

Keywords: vulnerability; climate change; VEP; East Hararghe; Ethiopia

1. Introduction

Climate change becomes an important global issue because it brings a serious chal-
lenge to the world population. It affects human and animal health, livelihood, assets,
market, water and food security, ecosystems, and infrastructure [1]. Having the most
sensitive economic sector in the world, Africa has been recognized as one of the most
vulnerable continents to the impacts of climate change [2,3]. Like most African countries,
the economy of Ethiopia is highly dependent on rainfed agriculture and the productivity of
this sector is very low [4,5]. The agricultural sector in this country is vulnerable to climate
change. This is because climate change affects the two most important natural inputs,
namely precipitation and temperature [6]. This change caused high variability of rainfall,
increasing of temperature, high frequency of extreme events, pests, and diseases which
are very serious challenges for smallholder farmers who depend on rainfed agriculture [7].
Since their major source of employment is agriculture, the income and poverty level of
smallholder farmers in Ethiopia are highly affected by climate change [8]. It is affecting
their livelihood by reducing agricultural output and increasing agricultural prices [9]. This
has adversely affected the food security status of smallholder farmers [10]. Moreover, cli-
mate change-induced shocks such as drought and floods are also affecting the livelihood of
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smallholder farmers negatively [1]. Thus, the amount and temporal distribution of climatic
factors are critical to agricultural production in general and smallholder farmers’ income in
particular. In addition to climatic factors, many other factors exacerbate the vulnerability
of smallholder farmers to climate change [11]. These factors include low economic and
social development, low level of income per capita, limited disaster risk management,
and limited institutional and financial capacity of the smallholder farmers to adapt to
climate shocks, which make them most vulnerable to climate change [11,12]. Therefore,
assessing the vulnerability of smallholder farmers to climate change, in particular, can
help to identify and characterize actions toward reducing their vulnerability to climate
change [13,14].

Vulnerability studies have been conducted in Ethiopia at the national, regional, and
local levels [12,15–18]. The study conducted by Deressa and Ringler [15] examined farmers’
vulnerability to climate shocks but the result of this study cannot be used for local-level
policy design because the study was conducted at the national level which was very
much aggregated. The rest of the studies [16,17,19] focused on the agro-ecological level
of vulnerability assessment and the unit of analysis was district. These previous studies
failed to consider as vulnerability level may vary even among households at the district
level. However, other studies such as [12,19,20] assess household-level vulnerability but
these studies used aggregate analytical tools to assess household-level vulnerability. These
studies also presented different results concerning the agro-ecological based vulnerability
of smallholder farmers to climate change. For instance, the results from [4,12] indicated that
farmers in the lowland agro-ecology were more vulnerable to climate change than farmers
in other agro-ecological settings. However, Tesso et al. [18] made a different observation;
farmers in the highland agro-ecology were vulnerable to climate change. The difference
in the results of these studies implies that vulnerability differs from location to location.
Therefore, a context-specific vulnerability assessment is required.

East Hararghe zone is one among many areas in Ethiopia frequently affected by recur-
rent drought, erratic rainfall, and severe land degradation [21]. The majority of smallholder
farmers in the zone have a very small land size and use traditional crop cultivation meth-
ods [22]. Previous studies [21,22] on climate change adaptation strategies recommended
the importance of integrating vulnerability assessment results to design appropriate poli-
cies that target the most vulnerable households. Even though vulnerability is driven by
many local factors that vary with space and time, the assessment of vulnerability in the
study area is scarce in the literature. Therefore, the objective of this study was to measure
vulnerability at the household level and identify its determinants.

2. Definitions and Concepts of Vulnerability

The scientific use of “vulnerability” has its roots in geography and natural hazards
research [23] but scholars from different fields of specialization have conceptualized it in
many ways. For instance, social science literature such as [24] defined vulnerability as
“the state of individuals, groups or communities in terms of their ability to cope with and
adapt to any external stress placed on their livelihoods and well-being”. Similarly, [25]
defines vulnerability as the exposure of groups or individuals to stress as a result of the
impacts of climate change and related climate extremes. According to Serdecznyet al. [2],
vulnerability is the characteristics of a person or a group in terms of their capacity to
anticipate, cope with, resist, and recover from the impact of a natural or man-made disaster.
The definition indicated that vulnerability is a combination of institutional, economic,
environmental, social, and cultural factors. Vulnerability is the degree to which a system, or
part of a system, may react adversely during the occurrence of a hazardous event [26]. The
Intergovernmental Panel on Climate Change IPCC [27] defines vulnerability as the degree
to which a system is susceptible to and unable to cope with adverse effects of climate change,
including climate variability and extremes. These definitions show vulnerability combines
the risk, impact, and ability of the individuals or communities to adapt. In another way,
economics literature defines vulnerability as vulnerability refers to the propensity to suffer
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a significant welfare shock, bringing the household below a socially defined minimum
level [28,29]. Vulnerability in the economic literature is often related to the effects of shocks
such as drought and flood resulted in income loss. The current study used the definition of
economics literature.

Different literature shows the interlinkage between vulnerability and poverty. For
instance, [28] shows the strong link between these two concepts. According to this liter-
ature, poverty and vulnerability are “two sides of the same coin”. This implies that the
probability of being vulnerable is highly related to the status of poverty. A previous study
by Kim [30] indicated that compared to the non-poor households, the poor are two times
more vulnerable to climate-induced shocks. This is because due to their low level of capital,
resources, access to services and they are highly dependent on climate-sensitive sectors
such as agriculture [29]. Similarly, Leichenko and Silva [31] also indicated that poorer
households have a higher probability of being vulnerable to climate change due to their
low level of adaptive capacity. According to economics literature, there are three major
approaches to measure vulnerability. These are vulnerability to expected poverty (VEP),
vulnerability to low expected utility (VEU), and vulnerability as uninsured exposure to
risk (VER) [28]. VEP considers vulnerability as the probability of a household falling into
poverty in a future period. It is based on estimating the probability that a given shock
or set of shocks will move household consumption below a given minimum level. VEU
vulnerability will be measured for the utility derived from some level of certain equivalent
consumption above which the household would not be considered as vulnerable. However,
it is difficult to measure individuals’ risk preference which is highly dependent on the
level of information they have about uncertain events. The VER is based on the before
and after factor assessment of the extent to which a negative shock causes welfare loss.
This method needs panel data. Considering the difficulty to measure individuals’ risk
preferences in the VEU method and the need for panel data for the VER method, the
current study used vulnerability as expected poverty of an econometric method to measure
households’ vulnerability to climate change. This method was employed to assess the
probability of a farmer falling below a poverty line due to the occurrence of climatic shocks
such as drought and flood.

3. Research Methodology
3.1. Description of the Study Area

The East Hararghe zone is located in Oromia National Regional State. Its altitude
ranges from 1200 to 3405 m above sea level with minimum and maximum rainfall of 400
and 1200 mm, respectively. The total area covered by this zone is about 22,622.6 km2. The
zone contains three agro-ecological zones, highland (>2300), midland (1500–2300), and
lowlands (<1500) meters above sea level (m.a.s.l). The lowland occupies the largest area
(67.76%), followed by midland (24.5%) and highland (7.67%). The total population of the
zone is 3.4 million with 415,575 male-headed and 33,903 female-headed households. The
zone contains a total of 20 districts. Among these, five of them are pastoralists and the
basic livelihood activities of the community are rain-fed mixed farming systems, livestock
husbandry, and small-scale irrigation-based cash crop production for their livelihood.
Sorghum and maize are the major staple food crops produced in the zone, constituting
about 75% of the annual crop production. The zone has two rainy seasons, such as the
short (belg) rainy season which ranges from March to May, and the main (meher) rainy
season which ranges from June to September [32].

Due to the unreliable and erratic nature of rainfall resulting from climate change, the
zone is repeatedly affected by recurrent drought and food insecurity, which becomes a
serious problem. Shortages of surface and groundwater, farmland, grazing land, coupled
with climate change challenges smallholder farmers’ livelihood. As a result, food crop
production markedly reduces from time to time, leading to an increasing number of poor
people. Currently, all the districts are affected by drought and supported by the productive
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safety net program. The poor resource conditions, reliance on rain-fed agriculture, and the
use of traditional production systems exposed smallholder farmers to climate change [7,32].

3.2. Methods
3.2.1. Sampling Procedure

A multistage sampling procedure was used for this study. In the first stage, the
zone was clustered as lowland (<1500), midland (1500–2300), and highland (>2300) m.a.s.l
based on their altitudinal variation. Two districts (Fedis and Babele) from the lowland,
since it covers 67% of the area, and one each from the highland (Dadar) and midland
(Kombolcha) were selected randomly to represent all the three agro-ecologies. Finally, a
total of 13 kebeles (lower administrative units) and 384 sample households were selected
using simple random and systematic random sampling procedures, respectively. The
number of respondents was taken based on probability proportional to the population size
of each kebele. The list of households was taken from kebeles to get the sampling frame
and the sample size was determined by using [33].

n =
Z2 ∗ p ∗ q ∗ N

e2(N − 1) + Z2 ∗ p ∗ q
(1)

n =
(1.96)2 ∗ 0.5 ∗ 0.5 ∗ 449, 478

(0.05)2(449, 478 − 1) + (1.96)2.0.5 ∗ 0.5
= 384

where N is the total households (449,478); Z, confidence level 95% (1.96); P, sample propor-
tion, 0.5, q= 1 − p and e—the desired level of precision (0.05).

Sample respondents for focus group discussions and key informant interviews were
also used from each district with the help of development workers. Both qualitative and
quantitative data were used. Quantitative data was collected using an interview schedule
while qualitative data was gathered from focus group discussions (FGD) and key informant
interviews (KII). The study also used meteorological data on temperature and rainfall from
National Metrological Agency for the years (1983–2016). Secondary data were collected
from agricultural offices of administrative units, disaster risk commission offices, and
academic literature.

3.2.2. Methods of Data Analysis
Measuring Vulnerability

The study used the vulnerability as expected poverty (VEP) approach of an econo-
metric method to measure vulnerability. The approach developed by [29], allows the use
of cross-section data. Other studies also used this approach to assess household-level
vulnerability [15,34]. The approach works by estimating expected income per capita, its
variance, and the poverty line, and assuming that income per capita (or its log) is normally
distributed [35].

According to [29], the income of household h is given by
The income of the household h

ln Ch = Xhβ + εh (2)

where Ch is the per capita income of a household Xh is the household’s characteristics
(farm experience, sex, dependency ratio, access to services, etc.) and climatic shocks such
as drought and flood. β is a vector of parameters and εh is the disturbance term which was
estimated using Ordinary Least Squares OLS.

The variance of the disturbance term is

σ`h2 = xhθ (3)



Sustainability 2021, 13, 2162 5 of 19

The estimates β and θ were obtained using the three-step feasible generalized least
squares (FGLS) procedure suggested by [36]. These estimates are used to determine the
expected log of income and variance of log income to each household h.

The expected log of income will be

>
E[ln Ch/Xh] = Xh

_
β (4)

and the variance of log income is

>
V = [ln Ch/Xh] =

_
σ `,h

2 = Xh
_
θ (5)

The probability that a household with X characteristics will be poor or vulnerability
level was estimated by using the above equations, by assuming that income is normally
distributed. Then, if φ(.) denotes the cumulative density of the standard normal, the
estimated probability was

>
Vh =

>
Pr(ln Ch < ln Z/Xh) = φ

 ln Z − Xh
_
β√

Xh
_
θ

 (6)

where ln Z is a minimum level of income (poverty line), 1.9 USD being the international
poverty line according to [37] below which the household called vulnerable. Following [29],
the vulnerability arbitrary cutoff used for this study was 0.5 in which the household was
categorized as vulnerable if the estimated vulnerability coefficient was greater than 0.5.
Based on this, households were classified into vulnerable and non-vulnerable. Moreover, to
check the sensitivity of a household’s vulnerability to the minimum income level additional
two different scenarios of poverty lines were used. These were 1.5 USD per day and
2.25 USD per day.

To identify the determinants of vulnerability logit model was used and specified as

Pi = F(Zi) =
1

1 + `−(α+∑ βiXi)
(7)

where Pi is the probability that an individual i is being vulnerable given Xi (explanatory
variables); F is the cumulative density function, and βs are parameters to be estimated. In
the logit model, the probability of a household being vulnerable is given by:

ln
(

Pi
1 − Pi

)
= Zi = α + β1X1 + β2X2 + .... + βkXk (8)

3.2.3. Variables Used for the Econometric Model

Vulnerability status is the dependent variable of the model measured using the vul-
nerability as expected poverty approach presented in Section 3.2.2. A household whose
index value above 0.5 was considered as vulnerable and assigned a value 1, otherwise 0.
Table 1 shows the definitions for explanatory variables hypothesized to affect the dependent
variable with their expected signs.
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Table 1. Explanatory variables hypothesized to affect household vulnerability.

Variable Measurement ExpectedSign Sources

Sex Dummy variable (1 = male, 0 = female) − [1,20]
Farm experience Yearsofinvolvementin farming − [12]

Education Number of years of schooling − [15,38,39]
Dependency ratio The number of dependent family members + [38]

TLU Number of livestock in tropical livestock unit (TLU) − [15,19]
Agricultural extension Frequency of extension service in a year − [15]

Access to credit Dummyvariable(1 = yes,0 = no) − [15,20]
Social capital Membership in social organization (number) − [15,40]

Non-farm income Income from non-farm activities in birr in a year − [18,20]
Productive safety net (PSNP) Dummy (1 = if member, 0 = otherwise) + [41,42]

Agro-ecology lowland Dummy (1 = lowland, 0 = otherwise) + [12,15,19]
Agro-ecology midland Dummy (1 = midland, 0 = otherwise) +/− [12,15,19]
Agro-ecology highland Dummy (1 = highland, 0 = otherwise) − [12,15,19]

Farmland size Land owned in a hectare − [19,20]
Access to climate information Dummy (1 = yes, 0 = no) − [18,42]

Irrigation access Dummy (1 = yes, 0 = no) − [39]
Market distance Distance of the market in walking hours + [15,18]

Conflict If faced any conflict (yes = 1, 0 = no) + [43]

Source: [12,15,18].

4. Results
4.1. Vulnerability Status of Households

The results indicated in Table 2 show that using the international poverty line for de-
veloping countries of 1.9 USD per day per adult equivalent 73% of the sample households
were vulnerable to climate change-induced shocks whereas 27% of them were not vulnera-
ble. Similarly, Figure 1 shows the vulnerability level of smallholder farmers considering
1.9 USD poverty lines. As indicated in the graph, 48.5% of the sample households fall in
the upper left side, these households were poor in 2019 and were likely to remain poor the
following period, while 13.6% of households who fall in the bottom left side were poor in
the year 2019, but not likely to become poor next time. On the other hand, those in the
upper right corner (24.7%) are not poor currently, but they are likely to become poor next
time, while those in the bottom right (13.2%) were above the income threshold and were
likely to remain non-poor in the following years. Moreover, results from FGDs revealed
that poor households in the study area had limited assets and no savings to recover from
aftershocks therefore, they are vulnerable to climate change.

Sustainability 2021, 13, x FOR PEER REVIEW 7 of 19 
 

 
Figure 1. Vulnerability plotted against the logarithm of income. 

4.2. Sensitivity of Smallholder Farmers Vulnerability to the Poverty Line  
Table 3 shows the sensitivity of vulnerability varies with the minimum poverty line 

threshold. For instance, when the minimum income or poverty line was 1.5 USD per day 
around 53% of the sample households were vulnerable. Again when the poverty line in-
creased to 1.9 USD, nearly 73% of the sample households were vulnerable. Similarly, 
when the minimum income level increases to 2.25 USD per day, almost 84% of them were 
vulnerable. During KII and FGDs, smallholder farmers reported that if there are options 
like weather index insurance in the study area, their sensitivity to climate 
change-induced shocks might be reduced. 

Table 3. Vulnerability status of households at the different poverty line. 

  Poverty Level   
 1.5 USD 1.9 USD 2.25 USD 

Vulnerability Level Number Percentage Number Percentage Number Percentage 
Vulnerable 202 52.6 279 72.66 321 84 

Not vulnerable 182 47.4 105 27.34 63 16 
Total 384 100 384 100 384 100 

Source: Own computation (2020). 

4.3. Types of Shocks and Perceived Impacts 
Results from FGDs and KIIs revealed that recurrent drought, erratic, and uneven 

distribution of rainfall are serious challenges that hinder most smallholder farmers’ live-
lihood activities. This is serious especially in the lowland and midland agro-ecologies, 
where crop failure and income loss led them to be poor and food insecure. Smallholder 
farmers in the study area experienced different types of climate-related shocks. As indi-
cated in Figure 2, about 79% were exposed to drought, nearly 55% reported crop pests, 
and 28% of them were exposed to floods in the last five years. According to the inter-
views held with the agricultural office, the frequency of drought was increased from time 
to time especially in the lowland and midland areas. The officials also indicated that 
previously, drought occurred every five years but in the last two years, it occurs every 
year. This shows climate-induced shocks frequently affect the livelihood of smallholder 
farmers and increased the level of poverty.  

Figure 1. Vulnerability plotted against the logarithm of income.



Sustainability 2021, 13, 2162 7 of 19

Table 2. Vulnerability status of households using 1.9 USD the international poverty line.

Vulnerability Status Number Percentage

Vulnerable 279 72.66
Not vulnerable 105 27.34

Total 384 100
Source: Own computation (2020).

4.2. Sensitivity of Smallholder Farmers Vulnerability to the Poverty Line

Table 3 shows the sensitivity of vulnerability varies with the minimum poverty line
threshold. For instance, when the minimum income or poverty line was 1.5 USD per day
around 53% of the sample households were vulnerable. Again when the poverty line
increased to 1.9 USD, nearly 73% of the sample households were vulnerable. Similarly,
when the minimum income level increases to 2.25 USD per day, almost 84% of them were
vulnerable. During KII and FGDs, smallholder farmers reported that if there are options
like weather index insurance in the study area, their sensitivity to climate change-induced
shocks might be reduced.

Table 3. Vulnerability status of households at the different poverty line.

Poverty Level

1.5 USD 1.9 USD 2.25 USD

Vulnerability Level Number Percentage Number Percentage Number Percentage

Vulnerable 202 52.6 279 72.66 321 84
Not vulnerable 182 47.4 105 27.34 63 16

Total 384 100 384 100 384 100

Source: Own computation (2020).

4.3. Types of Shocks and Perceived Impacts

Results from FGDs and KIIs revealed that recurrent drought, erratic, and uneven dis-
tribution of rainfall are serious challenges that hinder most smallholder farmers’ livelihood
activities. This is serious especially in the lowland and midland agro-ecologies, where
crop failure and income loss led them to be poor and food insecure. Smallholder farmers
in the study area experienced different types of climate-related shocks. As indicated in
Figure 2, about 79% were exposed to drought, nearly 55% reported crop pests, and 28%
of them were exposed to floods in the last five years. According to the interviews held
with the agricultural office, the frequency of drought was increased from time to time
especially in the lowland and midland areas. The officials also indicated that previously,
drought occurred every five years but in the last two years, it occurs every year. This
shows climate-induced shocks frequently affect the livelihood of smallholder farmers and
increased the level of poverty.

The results presented in Figure 3 revealed that a decline in crop yield, death of
livestock, loss of assets, food insecurity, and shortage of water were perceived impacts of
climate-induced shocks. As a consequence, income from agriculture was decreased and
made many households poor.
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Figure 2. Types of shocks households experienced.
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4.4. Major Coping Strategies

In the study area, the occurrence of drought caused crop failure and income loss
for most smallholder farmers. In response to the faced shocks, households implemented
different coping strategies. The implemented coping strategies indicated in Figure 4 were
selling livestock (38%), receiving credit (16%), food for work (15%), participating in non-
farm income (15%), and migration (6%). Among these strategies, the largest percentage
(38%) of the respondents reported that livestock selling as their major coping strategy.
This might be because most of them are agro-pastoralists and mixed farming systems are
common in the study area. In response to climatic shocks, smallholder farmers received
credit from both formal and informal sources. The result of KIIs revealed that smallholder
farmers received credit from microfinance institutions. These institutions give credit
and saving services but at the time of shocks, they also provide concessional loans for
their members. The study also indicated that smallholder farmers engaged in different
income-generating activities to compensate for their income and consumption gap. These
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income sources include selling firewood and charcoal by deforesting the existing forests.
Results from FGDs also confirmed that a dramatic decrease in forest cover over the last
15 years resulted in soil erosion, land degradation, increased frequency of drought. The
study further indicated that at the time of climate-induced shocks, few farm households
migrate to urban and neighbor districts. The purpose is to support their families’ livelihood
through remittance.
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4.5. Rainfall and Temperature Trends of the Study Area

The result presented in Figure 5a,b and Figure 6 show a change in temperature and
rainfall, respectively, during the considered years. The positive coefficient of the trend line
in both minimum and maximum temperature indicated in Figure 5 shows the increasing
trend in temperature. However, the coefficient of the trend line for rainfall presented in
Figure 6 was negative which indicates a decreasing trend in rainfall.
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4.6. Determinants of Household Vulnerability to Climate Change

The sex of the household head was considered to affect household vulnerability. The
current study revealed that the sex of the household head significantly and negatively
affected the vulnerability of sample households. Male-headed households were less likely
(19%) to be vulnerable to climate change compared to female-headed households (FHH).
Moreover, results from the FGDs revealed that cultural norms also increased the vulnera-
bility of female-headed households. For instance, mobility is mainly restricted for FHHs
at the time of disasters such as drought. This is because of their multiple roles in the
household, such as caring for children and the elderly, that force them to stay at home. The
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result of KIIs also indicated that climate change is increasing the burden of female-headed
households. For example, during drought, they were forced to walk 5-6 h in search of
water and firewood. It takes more time and labor if the household did not have a donkey
which is mostly true for FHHs. This implies that climate change increased their burden
and vulnerability as well.
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Increasing the experience of the farmer by one year will significantly decrease the
probability of being vulnerable by 0.9%. As the land size of the household increased by one
hectare, the probability of the household being vulnerable reduced by 21%. Concerning
livestock ownership, the result revealed that as the number of livestock increases by one
tropical livestock unit (TLU) unit, the probability of the household being vulnerable was
reduced by 4.7%. This is because according to the result obtained from FGDs households
used income from livestock to purchase agricultural inputs that improved their income.
The result further indicated that households with access to credit are less likely (7.3%) to
be vulnerable to climate change than those without access to credit. The study further
revealed that households used credit for three basic purposes, namely for the purchase of
food items, purchase of agricultural inputs, and animal fatting to fulfill their income and
consumption gap.

The current result also indicated that membership in one additional social organization
reduced the probability of being vulnerable by 4.2%. Furthermore, according to FGDs
results “Equib”, “Idir”, “Feriqa”, and “Guza” were the most common social organizations
available in the study area. These organizations are playing a crucial role in reducing the
vulnerability of households in many ways. For instance, “Idir” is a funeral association.
Its primary purpose is to support households when they lose afamily member. Moreover,
when the farm households lose different assets because of drought and flood, they are
reimbursed. Similarly, “Guza”and “Feriqa” are labor support systems in which farmers
help each other during the harvesting and planting period. These organizations also
support those households who cannot farm due to a lack of resources. The result from
FGDs revealed that these organizations were reducing their vulnerability to anticipated
climate-induced shocks especially during the planting and harvesting periods. This is
because the synergy helps them to give quick and on-time responses against the shocks.
“Equib” is also another local informal financial association where members make equal
and regular contributions to common finance. The purpose is to save money and benefit
from lump-sum payment and every member takes the collected money through a rotation
system. Specific to the study area, if any member gets difficulty like climate-related shocks,
family sickness, or any other urgent issue, priority is given. In general, the results show
that these social organizations were playing a crucial role in improving the efficiency of
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social networking through coordinated action during shocks. Moreover, such type of social
capital can help members to recover easily after exposed to climatic shocks.

The current result further revealed that households with better access to climate
information were less likely (11%) to be vulnerable to climate change. Moreover, the result
indicated that beneficiaries of the productive safety net program (PSNP) were vulnerable
compared to non-beneficiaries. The outcome from the econometric model shows that an
increase in one-hour travel to the nearest market will increase the probability of being
vulnerable by 12.5%. Results from FGDs further indicated that due to lack of market nearest
to their village, they were challenged by high transaction costs and forced to sell their
product to local agents at a very low price. Moreover, the present study discovered that
those households who had relatively better non-farm income had a minimum probability
of being vulnerable. The result of this study further revealed that compared to the base
category (highland), those farmers living in the lowland and midland agro-ecologies
were vulnerable.

5. Discussion
5.1. Vulnerability Status of Households

The result shows that most of the sample smallholder farmers who are currently
poor will remain poor next time. This is because most of them were affected by drought
repeatedly that aggravated the level of poverty. As poverty and vulnerability to climate
change are highly interlinked [35], the poor are vulnerable to climate change. This result
is consistent with [44], which explored poverty increased the vulnerability of households
to climate change. Since poverty hinders the ability of poor households to respond to
climate-induced shocks [39], the poor are vulnerable to these shocks. Poor households
in the study area had limited assets and no savings to recover from aftershocks which
makes them vulnerable to climate change. Previous studies [15,45] also indicated that poor
households were more affected by climate-induced shocks and were considered vulnerable
to climate change. The result further indicated that not all the poor, as well as all the
non-poor households, were vulnerable to climate-induced shocks. This implies that simply
being poor does not make smallholder farmers vulnerable to climatic change, rather it is
usually a combination of many factors. These factors are access to institutional services
and resources that contribute to their vulnerability. This discovery supports the findings
of [15,44].

5.2. Sensitivity of Smallholder Farmers Vulnerability to the Poverty Line

It is revealed that the number of vulnerable households increased as the poverty
line increased. The exploration is consistent with the finding of [15], who indicated the
vulnerability of Ethiopian farmers increases as the poverty line increases. This is because
the livelihood of smallholder farmers in the study area is dependent on rainfed agriculture,
which was affected by recurrent drought their income is sensitive to climatic conditions.
Experiencing recurrent drought forces households to deplete their productive assets to
smooth their current and future consumption. This makes smallholder farmers poor and
reduces their ability to respond to climate change. This implies that experiencing climate-
induced shocks increases the vulnerability of smallholder farmers to climate change. Farm
households in the study area might not be negatively affected by drought if they have
access to weather index insurances. This is because weather index insurance can reduce
the vulnerability of the poor by improving their capacity to adapt [46]. For the high
level of vulnerability in the study area, weather index insurance might be an option to
reduce the negative of climate change despite its unavailability. Such institutional service is
essential, especially for the poor who may not have the capacity to adapt without external
support. Such support helps households to easily recover from aftershocks and reduce
forceful asset sales. A similar study by Tafesse et al. [1] measured the vulnerability of
smallholder farmers to food insecurity in Eastern Ethiopia and predicted that 63% of the
study respondents would have a chance of being food insecure in the future period. In
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confirmation of this finding, albeit at a higher magnitude, the current study found that
73% of the households were vulnerable to climate change. The discrepancies of statistical
figures might be associated with the recent increment of climate-induced shocks such as
drought in the study area. This caused the loss of assets and income, limits households’
ability to respond to climate change, and increased their vulnerability.

5.3. Types of Shocks and Major Coping Strategies

Drought, crop pests, and sometimes excessive rainfall were major climate-induced
shocks that affected the livelihood of smallholder farmers by reducing the productivity of
agriculture. This result is supported by Tesfaye and Seifu [7]. Among these shocks, a higher
percentage of respondents reported that drought significantly affected their livelihood
and, compared to the highland farmers, the lowland and midland farmers were highly
affected. This is because these agro-ecologies receive a low level of rainfall and the farmers
in these agro-ecologies have relatively less fertile soil. A similar result was reported
by Belay et al. [47] who indicated that lowland and midland farmers were affected by
climatic shocks. Furthermore, a high level of deforestation and land degradation were
observed in these agro-ecologies which increased the frequency of drought. The result
shows how climate-induced shocks aggravate smallholder farmers’ level of poverty by
adversely affecting their basic economic sector and increased their vulnerability to climate
change. The study conducted by Jamshidi et al. [48] supported this result who indicated
that climate-induced shocks such as drought increase the vulnerability of smallholder
farmers to climate change. In response to the experienced shocks, farm households used
different coping strategies. Among the strategies indicated in Section 4.4, the majority of
them used livestock selling as a major coping strategy. Households sold their livestock
when they faced climate-related shocks to buffer their income and at the same time to
compensate for their consumption gap [49]. This shows that experiencing climate-induced
shocks reduced the asset of smallholder farmers’ which reduces their adaptive capacity.
For poor households, such shocks increased their vulnerability since they had limited
resources which hinder their recovery. The result is consistent with the previous finding [15].
Moreover, the result shows that smallholder farmers also used credit as a coping strategy.
Such a coping strategy helps farmers to fill their financial shortage and recover aftershocks.
The result indicates that access to credit is extremely useful to recover after they are exposed
to climate-induced shocks.The result further indicated that the occurrence of recurrent
drought made many households food insecure. Therefore, those farmers who become
chronically food insecure participated in the food for work program of PSNP. This is
because their participation enables them to smooth their consumption.

The study shows that households used charcoal and firewood selling as a coping
strategy. These coping strategies are unsustainable and exacerbate their vulnerability since
deforestation negatively affects biodiversity and ecosystem services by increasing soil
erosion, nutrient loss, and desertification. This directly contributes to the reduction of
agricultural productivity and income of farmers as well. Deforestation also contributes
to climate change by increasing greenhouse gas emissions and reduce the amount of
carbon that can be stored in forests. The result indicated that although households could
fulfill their immediate needs, such strategies increase their vulnerability to climate. This
implies that as the level of dependence on natural resources increases, the vulnerability
of households to climate change will also increase. Previous studies [39,50] also reported
similar results. According to the current result, few respondents reported that households
migrate to other areas to search for additional income-generating activities at the time
of shocks; such a coping strategy improves the adaptive capacity of farm households by
diversifying their income sources and helps to recover. This finding supports the study
conducted by Jha et al. [51].
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5.4. Temperature and Rainfall Trends

As indicated in the results, rainfall decreased over time but the temperature of the
study area increased. Previous studies [52–54] also reported similar results in different parts
of the country. Mera [55] indicated that climate change is a cause of recurrent drought in
Ethiopia. The cause of the occurrence of recurrent drought in the study area is not different
from other parts of the country. The reduction in the amount of rainfall and increase of
temperature over time caused a reduction in stream flows and water levels in lakes. The
best example for this is the drying of lake Haramaya, which was located in the study area.
Senti et al. [56] showed that climate change-induced drought was the major factor that
contributed to the drying of lake Haramaya. Since the livelihood of smallholder farmers
is extremely dependent on rainfed agriculture, the change in these climatic parameters
negatively affected their livelihood. Climate change reduced the resilience of the study
area with a higher negative effect on the food security status of smallholder farmers. Thus,
the study area is one of the chronically food-insecure areas of the country [57].

5.5. Determinants of Household Vulnerability to Climate Change

Female- and male-headed households are impacted by climate change differently.
This is because female-headed households have limited access to land, financial services,
technologies, and opportunities which made them more vulnerable to climate change than
male-headed households. The finding is in line with the results of [1,20,58]. The result
also indicated that cultural factors such as restriction of mobility at the time of disasters
increased the vulnerability of female-headed households to the negative impact of climate
change. This result is in agreement with [58,59]. Moreover, a previous study conducted
by Mendoza et al. [59] indicated that female-headed households were more sensitive to
the negative impact of climate change. This is because climate change affects their basic
responsibilities such as food preparation, fetching water, and collecting firewood. These
combined factors made female-headed households more exposed to climatic shocks than
their counterparts.

The result in Table 4 shows farming experience negatively and significantly affects the
vulnerability of smallholder farmers. This might be because a better farming experience
can help farmers to choose and adopt appropriate adaptation strategies and technology.
This can help them to increase their farm income and reduce vulnerability. Furthermore,
better farming experience will also help farmers to anticipate the negative impact of cli-
mate change and adjust their farming accordingly. Previous studies [12,60] also reported
that farmers with relatively better farm experience are relatively not vulnerable to cli-
mate change.

The current results revealed that smallholder farmers with better land sizes were not
vulnerable compared to those with a small size of land. This is because having relatively
large farm sizes would allow farmers to implement different adaptation strategies such
as crop diversification, irrigation, and soil and water conservation practices that reduce
their vulnerability. Moreover, farmers with large land sizes have better incomes [15] so
they can use improved technologies to respond to the negative impact of climate change. A
previous study by Bedeke et al. [20] indicated that households with small land sizes were
vulnerable because of poor soil fertility resulting from intensive cultivation. Similar results
were also reported by Israel and Belay [19].

Related to livestock ownership, the logit model result shows that ownership signif-
icantly and negatively affected vulnerability. This indicates that those households with
better numbers of livestock in TLU were not vulnerable. The probable explanation for this
might be livestock can generate additional income through the processing and marketing
of its products [61]. This shows that households with better number of livestock have
better financial resources to respond to climate-induced shocks. In line with the finding
of this study, Deressa et al. [15] indicated that households who own livestock are less
vulnerable than households who do not own livestock. Other studies [19,62] also reported
a similar result.
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Table 4. Determinants of households’ vulnerability to climate change.

Variables Coefficients. Std. Err. Marginal Effect Coefficients

SEX −2.4473 *** 0.8262 −0.1939 ***
DEPRATIO 0.0894 0.2381 0.0070
FARMEXP −0.1181 *** 0.0256 −0.009 ***

EDULEVEL −0.0152 0.0599 −0.0012
LANDSIZE −2.6311 *** 0.4322 −0.2085 ***

TLU −0.5976 *** 0.1392 −0.0473 ***
EXTENSION −0.1356 0.1431 −0.0107

CREDITACCESS −0.9335 * 0.5102 −0.0739 *
SOCIALCAPITAL −0.4811 ** 0.2112 −0.0381 **

EARLYWARNIGINFO −1.385 * 0.8208 −0.1098
PSNP 1.6198 *** 0.5345 0.1283 ***

IRRIGATION −0.7663 0.4552 −0.0607
MARKETDIST 1.6849 *** 0.3683 0.1335 ***

CLIMATETRAINING −0.3544 0.4081 −0.0280
NONFARMINCOME −0.0002 *** 0.0000 −0.0000 ***

CONFLICT 0.6229 0.4626 0.0493
AGROECO midland 2.0216 *** 0.5550 0.1602 ***
AGROECO lowland 3.1658 *** 0.6600 0.2509

_cons 9.5710 2.4201
Observation 384
LRchi2(18) 252.99

Log-likelihood −98.778
Pseudo R2 0.5615

Note: ***, **, * Significant at 1%, 5%, and 10% probability level, respectively. Source: Model results.

Access to credit is one form of institutional support that reduces the negative conse-
quence of climate change. The result of the model output shows access to credit negatively
and significantly affects household vulnerability. This is because using credit farm house-
holds fulfills their consumption gaps which reduced food insecurity, improved their income,
and built their assets. A previous study by Bedeke et al. [20] also showed that households
who used credit to begin small businesses such as animal fatting and petty trade were
generating additional income besides their farm income. Such income-generating activi-
ties improve the adaptive capacity and help them to reduce their vulnerability to climate
change. The results are consistent with previous findings of [15,20].

Membership of social groups was used as a proxy for social capital [63] and assessed
by the number of social organizations in which a household participates. In the present
study, social capital was noticed negatively and significantly contributed to household
vulnerability. This might be because social capital can promote group and community
discussions which enhance better information flows [15]. Moreover, social capital can be
used as an important asset that will be utilized during shocks. This implies that social
capital helps poor households to quickly access resources that reduce their vulnerability.
This result is in line with the finding of Saptutyningsih and Jaung [40], who indicated
farmers’ engagement in groups increased their knowledge on the impact of climate change.
This will have the potential capacity in reducing their vulnerability to climatic shocks.
The study also indicated the role of local social organizations such as “Equib”, “Idir”,
“Feriqa”, and “Guza” in assisting their members through coordinated action before shocks
and collective response aftershocks. The findings are in agreement with many previous
studies [15,24,64].

Climate information negatively and significantly affects household-level vulnerability.
This indicates households with better access to climate and early warning information
was not vulnerable compared to those with no access to this service. This is because
climate-related information such as the occurrence of drought, flood, crop/animal disease,
and onset and offset of rainfall can assist farmers in selecting appropriate climate change
adaptation strategies that can reduce the extended impact of these events. According to
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Shiferaw et al. [42], access to climate information and early warning systems help farmers to
reduce their vulnerability to climatic shocks. This is because such information helps farmers
prepare themselves for climate-related forecasted shocks. This result implies that climate
information will enable households to take early action and reduce their vulnerability. The
present result is in line with [60] which indicated that households with better access to
climate information were not vulnerable to climatic change.

The findings of the present study revealed that membership in a productive safety
net program (PSNP) affected vulnerability significantly and positively. This implies that
beneficiaries of the PSNP were vulnerable to climate change. In contrast to this result, [41]
reported that membership in PSNP increased the probability of using agricultural technolo-
gies which can help them to improve their livelihood and reduces their vulnerability to
climate-related shocks. Similarly, Shiferaw et al. [42] also showed the importance of safety
nets in protecting vulnerable households from the continual impacts of shocks. However,
the current result is in line with the finding of Berhane et al. [65] who reported PSNP
beneficiary households were poor and vulnerable compared to non-beneficiary households.
This might be because the criteria for beneficiary selection considered those households
who are chronically food insecure and who suddenly become poor as a result of climatic
shocks like drought [66]. The other probable reason for this result might be most of the
beneficiaries received the support only for one year. Therefore, most of them did not im-
prove their income and the impact of PSNP might not be positive within this short period
of membership. This result is in line with [65], which reported that those households who
received the transfer for only one year remained poor compared to others. This implies that
although PSNP was targeted to improve the livelihood of both resource and income poor
households simply being a beneficiary of the program might not reduce the vulnerability
of the poor.

The outcome from the econometric model revealed that households nearest to the
market are not vulnerable compared to those households far from the market. This might
be because the market serves as a means of exchanging information with other farmers
about new technologies and adaptation strategies [15]. Therefore, using such information,
households will adjust themselves accordingly and reduce their vulnerability. According
to the result, those households relatively far from the market were challenged by high
transaction costs to sell their output and purchase inputs. This implies that having a market
nearer to their residence enables farmers to buy different inputs with an optimum price
and sell their outputs at a minimum cost. In general, this result shows distance to the
market increases vulnerability. This result is supported by the findings of Tesso et al. [18].

The current result shows that those households with relatively better non-farm income
were not vulnerable. This might be because income from agriculture is sensitive to climate-
induced shocks, therefore having an additional income reduced the financial constraints of
households. Previous studies [18,20] also reported that having multiple sources of income
reduces the vulnerability of farm households to climatic shocks. Additionally, engaging in
different non-farm incomes is very important for farm-based households. This is because
involvement in such activities helps households to builds their assets and reduces their
vulnerability [39]. This result implied that diversifying income to other sources than relying
only on agriculture can reduce vulnerability.

Households living in different agro-ecological settings face different types of climate-
related shocks [18]. The current results indicated that farmers living in the lowland and
midland agro-ecologies are vulnerable. This is because these agro-ecologies are severely
affected by recurrent drought, erratic rainfall, soil erosion, and land degradation compared
to the highland. As a result, the productivity of farmland and income from agriculture is
reduced, which makes smallholder farmers’ living in these agro-ecologies vulnerable. This
result is also consistent with many previous studies [12,15,19]. However, the result of this
study contradicts the findings of Tesso et al. [18].
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6. Conclusions and Policy Implications

Climate change is a global challenge affecting every individual, household, and
community. Its effects are more pronounced on poor farmers compared to others. As
agriculture is the major source of income for sample households, experiencing recurrent
drought made the majority of them vulnerable to climate change. It was learned that
higher exposure to climate-induced shocks such as drought increased the vulnerability of
farm households. Therefore, to reduce the level of vulnerability of smallholder farmers
to climate change creating, non-farm employment opportunities should be an integral
part of climate change adaptation and poverty reduction policies and strategies. In the
study area, compared to non-poor households, poor households have a higher chance of
being vulnerable to climate change-induced shocks. This is because the poor had lower
adaptive capacity due to limited assets and capital. Therefore, there is a need to design
climate change adaptation policies that improve the adaptive capacity of the poor. Such
policies might include improving access to weather indexed insurances because this can
help households to protect their assets and recover easily from aftershocks. Moreover,
the study also indicated that in addition to poverty and climatic factors the vulnerability
of farm households was also influenced by different factors. This indicates that simply
being poor does not make a household vulnerable to climatic change, rather it is usually a
mixture of many factors. The current study indicated that a household that was headed
by a female was vulnerable due to a lack of access to services and resources. Therefore,
local government should also work on women empowerment so that they can claim their
right to have access to different services and resources that reduce their vulnerability. Since
having better farm experience reduced the vulnerability of farm households, continuous
training on climate change impact and adaptation options should be given to young and
less experienced farmers.

The current result also indicated that having relatively better resources such as live-
stock and land reduces the vulnerability of households significantly. Therefore, encour-
aging and supporting households to have these assets is very crucial in reducing their
vulnerability. Having access to institutional services such as agricultural extension, credit,
market, and climate information made households non-vulnerable compared to those who
did not have access to these services. Therefore, there is a need to design policies that focus
on improving access to these services. The local government should also encourage and
support the establishment as well as the participation of households in different local social
organizations such as “Equib”, “Idir”, “Feriqa”, and “Guza” because these organizations
play a crucial role in reducing vulnerability by enhancing better information flows and
supporting each other during shocks. The current study further revealed that living in
the lowland and midland agro-ecologies made households vulnerable to climate-induced
shocks. This suggests considering agroecological differences in designing climate change
adaption policies. The current study further revealed that in contrast to the goal of a
productive safety net program (PSNP), being a beneficiary of the program rather made
households vulnerable. Therefore, this program should be integrated with other income-
generating activities to help the poor households quickly recover from shocks, improve
their wellbeing, and reduce their vulnerability.
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