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Abstract

Background: The adverse effects of climate variability and extremes exert increasing pressure on rural farm
households whose livelihoods are dependent on nature. However, integrated and area-specific vulnerability
assessments in Ethiopia in general and the study area, in particular, are scarce and insufficient for policy
implications. Therefore, this study aims to quantify, map, classify, and prioritize the level of vulnerability in terms of
the components of exposure, sensitivity, and adaptive capacity in the Northeastern Highlands of Ethiopia. The study
area is divided into six livelihood zones, namely, Abay-Beshilo Basin (ABB), South Wollo and Oromia eastern lowland
sorghum and cattle (SWS), Chefa Valley (CHV), Meher-Belg, Belg, and Meher. A total of 361 sample households were
selected using proportional probability sampling techniques. Survey questionnaire, key informant interview, and
focus group discussions were used to collect the necessary data. Rainfall and temperature data were also used.
Following the IPCC’s climate change vulnerability assessment approach, the climate vulnerability index (CVI)
framework of Sullivan and Meigh’s model was used to assess the relative vulnerability of livelihoods of rural
households. Twenty-four vulnerability indicators were identified for exposure, sensitivity, and adaptive capacity
components. In this regard, Iyengar and Sudarshan’s unequal weighting system was applied to assign a weight to
indicators.

Results: The results revealed that Belg and Meher were found to be the highest exposure livelihood zones to
vulnerability with an aggregated value of 0.71. Equally, SWS, ABB, Belg, and CHV livelihood zones showed moderate
level of sensitivity to vulnerability with an aggregated value between 0.45 and 0.60. The study noted that livelihood
zone of Belg (0.75) was found to be at high level of livelihood vulnerability. ABB (0.57) and CHV (0.45) were at a
moderate level of livelihood vulnerability while Meher-Belg (0.22) was the least vulnerable livelihood zone due to a
high level of adaptive capacity such as infrastructure, asset accumulation, and social networks.
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Conclusion: It was identified that disparities of livelihood vulnerability levels of rural households were detected
across the study livelihood zones due to differences in the interaction of exposure, sensitivity, and adaptive capacity
components. The highest levels of exposure and sensitivity combined with low level of adaptive capacity have
increased households’ livelihood vulnerability. More importantly, the biophysical and socioeconomic sensitivity to
livelihood vulnerability were exacerbated by slope/topography, soil erodibility, and population pressure. Therefore,
designing livelihood zone-based identifiable adaptation strategies are essential to reduce the exposure and
sensitivity of crop-livestock mixed agricultural systems to climate calamity.

Keywords: Exposure, Sensitivity, Adaptive capacity, Vulnerability Index, Sullivan and Meigh’s model, Ethiopia

Background
In the twenty-first century, climate change has been
identified as the greatest environmental challenge, and it
will continue in the future across the world (Edame
et al. 2011; Yohannes 2012; IPCC 2014). The global im-
pact of climate change on both developed and develop-
ing countries is becoming a challenge for survival and
livelihoods (Tesso et al. 2012). These changes are mani-
fested through increasingly erratic rainfall, rising
temperature, and severe floods and frequent droughts
(Morand et al. 2012; Samson et al. 2011; Schlenker and
Lobell 2010; Muller et al. 2011). The global average
temperature has shown a warming trend of 0.85 °C over
the period 1880–2012 (IPCC 2014). The historical
climate record for Africa, for example, exhibits 0.7 °C
warming during the twentieth century (Hulme et al.
2001; IPCC 2001). Africa is one of the most vulnerable
continents to climate variability and an extreme since its
economy is largely dependent on climate-sensitive
agriculture and weak adaptive strategies (IPCC 2007;
Challinor et al. 2007; Gizachew and Shimelis 2014).
Though agriculture plays a great role in the livelihood of
rural communities in many African countries, it is highly
vulnerable to climate change and extremes (Samson
et al. 2011; Morand et al. 2012; Muller et al. 2011).
These problems are compounded because Africa is char-
acterized by nature-dependent livelihoods, indicating
that the continent is excessively hit by adverse effects of
climate variability and extremes (AfDB 2003; Daze et al.
2009; Gebreegziabher et al. 2018).
The impact of climate variability and extreme events

on livelihood vulnerability are not the only variable by
themselves rather influenced by a range of biophysical
and socioeconomic factors (Feyissa et al. 2018; Deressa
2010). This implies that a system is vulnerable if it is ex-
posed and sensitive to the effects of climate variability
and extreme events, and simultaneously with limited
adaptive capacity (Fellmann 2012). The low adaptive
capacity due to limited choices or lack of access to re-
sources increases communities’ livelihood vulnerability
to climate variability and extremes (ERI 2006; Herrmann
et al. 2005). The manifestation and impact of vulnerability
components (exposure, sensitivity and adaptive capacity)

vary locally, so do the preferences and strategies (Piya
et al. 2012). Investigation of vulnerability can be studied at
the local scale since most of the vulnerability components
(exposure, sensitivity, and adaptive capacity) are local
events to a specific society and physical setting (Doll 2009;
Feyissa et al. 2018).
The largest dependency on rainfed agriculture and

threats that linked with climate variability and extremes
resulted in households’ livelihood vulnerability in
Ethiopia (World Bank 2010; Deressa 2007). The increas-
ing incidence of drought frequency coupled with other
environmental challenges such as land degradation, de-
forestation, and loss of biodiversity has influenced the
livelihoods of rural households (Mekonnen et al. 2019).
The nature of landscape/topography that causes severe
land degradation problems combined with the low level
of households’ adaptive capacity worsen the effects of
climate variability and extremes (Simane et al. 2014;
Deressa 2007). The largest dependence on the climate-
sensitive sector, unsound land use practice and manage-
ment, and lack of required capital in adaptation option
practices worsen the livelihood vulnerability of rural
households to climate variability and extremes (Asrat
and Simane 2017; Patt et al. 2009). Even in the future,
the country will encounter a significant livelihoods’ vul-
nerability to climate variability and extremes for 2050
scenario with the invariable sign of present adaptive cap-
acity (Yohe et al. 2006). Further, Gebreegziabher et al.
(2018) and Amare and Simane (2017) added that the in-
adequate economic resources, low educational level, and
limited technology and infrastructure also suppress
households’ level of adaptive capacity and worsen their
vulnerability to climate variability and extremes. More
specifically, it can be said that the vulnerability of
agricultural livelihoods in Ethiopia can be understood
not only in terms of climate variability and extremes,
but also determined by the socioeconomic and biophys-
ical settings of the country. For instance, Gautam (2006),
Dyoulgerov et al. (2011), and Daley (2015) indicate that
the combined effect of population growth, limited
availability of agricultural land, land over exploitation,
cultivation of marginal lands, and lack of appropriate soil
conservation practices led to water stress, drought, and
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crop failure exacerbates the vulnerability of rural house-
hold livelihoods in the country. The World Bank (2004)
on the other hand noted that the steep slope and divided
lands, too little and severely degraded lands, and erratic
and inadequate rainfall are central to the vulnerability of
agricultural livelihoods in the study area, in particular,
and the northeastern highlands in general. The largest
reliance on agriculture-based income, which is under the
sensitivity of nature (unreliable and erratic rainfall), ex-
posed the people to chronic food insecurity and poverty
(Little et al. 2006; Kahsay 2013). Besides, the small per
capita land possession as well as misuse and mismanage-
ment of land resulted in high soil erosion and low soil
fertility contributed to households’ livelihood vulnerabil-
ity across the study area livelihood zones (SWAD 2018;
Kahsay 2013; Little et al. 2006; Negatu 2004).
Studies of vulnerability in Ethiopia (Abtew et al. 2009;

Bewket 2009; Aberra 2011; Arega 2013; Mahoo et al.
2013; Gebreegziabher et al. 2018) were basically
highlighting the impacts of climate change and variabil-
ity on agricultural productivity and water sectors. These
studies present useful understandings in the area of vul-
nerability to climate change and variability, and reflect
the relationship between climate variability and vulner-
ability. Their scale of study is also either regional or local
level based on agroecological zone. Rather households’
vulnerability assessment of this study is based on liveli-
hood zones that households share similar livelihood pat-
terns (access to the same set of food and cash income
sources, and similar market opportunities). Moreover,
there is no earlier study available that integrates the ap-
proach of the IPCC (exposure, sensitivity, and adaptive
capacity) with Climate Vulnerability Index (CVI) models
for vulnerability assessment in the study area.
Therefore, the specific objectives of the study include

to (i) analyze the interaction of geographic, biophysical,
and socioeconomic components in terms of exposure,
sensitivity, and adaptive capacity at the livelihood zone
level, (ii) quantify and map the relative spatial variation
of agricultural livelihood vulnerable hotspot areas at live-
lihood zone level using vulnerability index, and (iii) show
site-specific priority areas (livelihood zones) for man-
aging vulnerability using adaptive capacity enhancement.

Theoretical framework of livelihood vulnerability
assessment
Vulnerability in scientific use has its roots in geographic
and natural hazard researches. Nevertheless, vulnerabil-
ity is now conceptualized differently by scholars from
different areas of knowledge (Füssel 2007). Based on the
aims to be achieved and the methods used, studies have
been conceptualizing vulnerability differently (Downing
et al. 2005; Gallopín 2006; ERI 2006; Deressa et al. 2008;
Deressa 2010). The literature on the conceptual and

methodological approaches to vulnerability analysis is
summarized by Adger (1999), Füssel and Klein (2006),
and Füssel (2007). The principal conceptual approaches
in the analysis of vulnerability to climate variability and
extreme events are the socioeconomic, biophysical, and
integrated assessments.
The socioeconomic vulnerability assessment approach

principally emphasizes on identifying the socioeconomic
and political status of households (Adger 1999). Individ-
ual variation in education, gender, wealth, health status,
access to credit, information and technology, formal and
informal social capital, political power, and so on in a
community are responsible for the variations in vulner-
ability levels (Deressa 2010; Deressa et al. 2008; Allen
2003). A study by Kelly and Adger (2000) is also an ex-
ample of this approach focuses on the analysis of vulner-
ability based on variations in socioeconomic attributes of
individuals and social groups. However, this conceptual
approach fails to see the environmental factors that trig-
ger vulnerability, because social groups having similar
socioeconomic status can have different levels of vulner-
ability to environmental attributes and vice versa
(Deressa 2010; Deressa et al. 2008).
The biophysical approach chiefly emphasizes on the

vulnerability of the biophysical settings which is broadly
used the natural hazards and climate change vulnerabil-
ity studies (Füssel 2007). The approach generates the
impact of the biophysical environment on human inhab-
itants (Liverman 1999). The impact is computed by
distinguishing sensitivity indicators and determining the
potential or actual hazards (Cutter et al. 2000). This ap-
proach, as suggested by Adger (1999), focuses on sensi-
tivity to climate change and misses much of the adaptive
capacity of people related to their capital assets.
The integrated assessment approach, on the other

hand, combines the socioeconomic and biophysical
approaches to measure the level of vulnerability. The
framework, threat of an area by Cutter et al. (2000) and
the biophysical approach of Füssel and Klein (2006) sug-
gested that the interaction between the biophysical di-
mension and the social profile of communities (social
dimensions) is studied as components of vulnerability.
The adaptive capacity is also well-matched with the so-
cioeconomic approach (Füssel 2007). Füssel (2007) and
Füssel and Klein (2006) argued that the IPCC (2001) def-
inition accommodates the integrated approach to vul-
nerability analysis—which conceptualizes vulnerability to
climate change as a function of exposure, sensitivity, and
adaptive capacity. The vulnerability mapping approaches
of O’Brien et al. (2006), Feyissa et al. (2018), and Shawn
et al. (2016) combine the biophysical and socioeconomic
components as a function of exposure, sensitivity, and
adaptive capacity to assess the level of vulnerability cau-
sations. The integrated vulnerability assessment
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approach includes the interactions among the compo-
nents of vulnerability (exposure, sensitivity, and adaptive
capacity) for the coupled human-environment systems
(Turner et al. 2003). This study adopted the integrated
approach to analyze rural household livelihood vulner-
ability to climate variability and extremes as a theoretical
framework of livelihood vulnerability assessment.
The vulnerability analysis of this study follows the

Third Assessment Report of IPCC expressed vulnerabil-
ity as a function of exposure, sensitivity, and adaptive
capacity (Schneider et al. 2001). As the vulnerability
framework (Fig. 1) depicted, climate variability and ex-
treme variables (exposure), biophysical and socioeco-
nomic conditions (sensitivity), and adaptive capacity are
components expecting to determine rural household’s
livelihood vulnerability level. The exposure variables:
rate of change in rainfall variability, increasing in max-
imum and minimum temperature, and agricultural/me-
teorological drought frequency, are directly linked with
the susceptible biophysical and socioeconomic compo-
nents to determine households’ livelihood vulnerability.
The magnitude, frequency, timing, and duration of
climate variability and extremes affect the rainfed agri-
cultural livelihood activities of the study households.
Physical attributes (topography, soil types, and land
cover type) and human activities such as tillage systems,

water management, resource depletion, and population
pressure shaped the sensitivity of households to the live-
lihood vulnerability level (Fritzsche et al. 2014). At this
juncture, the biophysical environments and socioeco-
nomic variables such as slope/topography, population
pressure, and accessibility to travel time with inadequate
adaptive capacity influence the livelihood activities and
increase the vulnerability of households. For instance,
according to Fritzsche et al. (2014), heavy rainfall events
in combination with steep slope vulnerability of soil to
erosion will result in a direct impact of erosion and re-
duction of yield and loss of income as indirect impacts.
The degree of adaptive capacity based on the sustainable
livelihood capitals can determine the effect of exposure
and sensitivity variables on households’ livelihood
vulnerability. The interaction of climate variability and
extremes, biophysical and socioeconomic conditions,
and adaptive capacity capitals determine overall house-
holds’ livelihood vulnerability level.

Methodology
Description of the study area
South Wollo is one of the eleven administrative zones of
the Amhara National Regional State (ANRSPC 2017).
The absolute location of the zone ranges from 10° 10′–
11° 41′ N and 38° 28′–40° 5′ E. It has six livelihood

Fig. 1 A schematic diagram showing a set of predictor variables of exposure, sensitivity, and adaptive capacity to the overall households’
livelihood vulnerability level
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zones, namely, Abay-Beshilo Basin (ABB), South Wollo
and Oromia eastern lowland sorghum and cattle (SWS),
Chefa Valley (CHV), Meher-Belg, Belg, and Meher
(Fig. 2). Figure 3 indicates the elevation profile of the
study. The proportion of area coverage of elevation
dominating the study area is between 1600 and 3200 m
altitude, which accounts about 14,357.56 km2 (82.67%)
of the area. The other elevation ranges (920–1600,
3200–3800, and 3800–4300 m) account for about 9.54%,
7.3%, and 0.5% respectively.
The rainfall and temperature of the study were shown

spatial and temporal variation. The region under study is
known as Kiremt dominant bimodal rainfall peaks:
kiremt and belg (Lawrence et al. 2010). The highest peak
rainfall of belg season (February to May) in the study
was observed in April while the highest rainfall of Kir-
emt season (June to September) was observed in July
and August (Fig. 4). Based on the long-term data (be-
tween 1901 and 2016), the average rainfall amount re-
corded ranges from the lowest value (15.13 and 18.04
mm) in December and January to the highest value
(264.78 and 270.50 mm) in July and August. The mean,
maximum and minimum temperatures also vary from
the highest temperature values of 19.22, 26.6 and 11.82
°C in June to the lowest values of 14.68, 22.93 and 6.43 °C
in December, respectively (Fig. 4). The drainage system of
the study zone is the patterns formed by the streams, riv-
ers and lakes (Fig. 5). The study zone is known by a num-
ber of large and small rivers that are categorized into two
major drainage basins: Abay (the Blue Nile) and Awash
(SWAD 2018). These two major drainage basins
accounted for about 82% and 18% of the area respectively
(SWAD 2018).
Different types of land use/land cover were observed

in the study area (Table 1). Up-to-date land use/land
cover information of 2016 was used that was extracted
from Landsat image which was acquired from Water
and Land Resource Center (WLRC) of Ethiogis-3 map
server data catalog of 2019. Of the total land use/land
cover, the cropland/agricultural land area accounted
for the highest coverage of 7603.9 km2 (44%). Con-
versely, the study area land covered by forest accounted
for only about 1231 km2 (7%), which is below the na-
tional average of 17.2 million hectares (15.5% of the na-
tional territory) (MoEFCC 2017).
The agricultural livelihood activities of the study for

crop production follow Kiremt (big rainy season) and
Belg rainfall, but vary between the livelihood zones. The
old-style subsistence farming (a mix of both crop pro-
duction and rearing of livestock) was the primary form
of livelihood activities in all livelihood zones of the study
area. The dominant crops cultivated across the study
livelihood zones include barley, sorghum, teff, wheat,
maize, lentils, faba beans, and haricot beans. Cattle,

goats, sheep, and equines are the major livestock kept in
widely different types of environment (Lawrence et al.
2010; USAID 2009). However, the contribution of live-
stock in the livelihood of people was highly limited by
internal and external livestock diseases and parasites
(USAID 2009; Little et al. 2006).

Research design
Mixed methods research design composed of quantitative
and qualitative research methods were used for the study.
The quantitative research methods were used to collect
and analyze socioeconomic, rainfall, and temperature data.
Opinions, suggestions, and perceptions of participants
related to rural households’ livelihood vulnerability to cli-
mate variability and extreme were collected and analyzed
using qualitative research methods.

Sampling techniques
The study employed a multistage sampling technique to
select kebeles (the lowest administrative unit in Ethiopia)
and households across the livelihood zones. Stratified
and proportional sampling techniques were used to
select respondents from each livelihood zone. For that
reason, the study area was firstly classified in to six liveli-
hood zones: Abay-Beshilo Basin (ABB), South Wollo and
Oromia eastern lowland sorghum and cattle (SWS),
Chefa Valley (CHV), Meher-Belg, Belg, and Meher based
on USAID (2009) classification. Secondly, identified
kebeles found within their respective livelihood zone
were selected using simple random sampling technique.
The selected kebeles were Yewotet, Galemot, Mosebit,
Tossa-felana, Ancharo, and Arejio from the livelihood
zones of ABB, Meher, Belg, Meher-Belg, CHV, and SWS
respectively. Thirdly, the samples HHs were selected
using systematic random sampling procedures. In deter-
mining the sample size to fill the questionnaire, Kothari
(2004) formula was employed as shown below (Eq. 1):

n ¼ Z2�p�q�N
e2 N−1ð Þ þ Z2�p�q ð1Þ

where n = the sample size; N = total number of house-
holds; p = 0.5 the sample proportion reliability and q = 1
− p; e = 5% the margin of error/acceptable error consid-
ered; Z = 1.96 is the critical value for a 95% confidence
interval.
Using the sample size formula, 361 respondents were

determined from the six rural kebele administrative to
fill the survey questionnaire. In the selection of key in-
formants and FGD participants, long experience in farm-
ing, voluntary participation in the discussion, and
knowledge about the impact of climate variability and
extremes on their agricultural activities and productions
were considered. In this regard, development agents
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Fig. 2 The relative location and livelihood zone classifications of South Wollo administrative zone
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(DAs) helped in the selection of participants for the
study. Purposively selected key informants include zone
and district-level agricultural experts as well as DA
workers and community leader of the farm households
from the respective livelihood zone kebele. FGD partici-
pants are composed of male and female households,
local community leaders, and development agents. A
total of six FGDs were held. One FGD was conducted
from each selected livelihood kebele, which comprised
eight participants.

Data sources and data collection techniques
Both primary and secondary data sources were used
for the study. Survey questionnaire, KI interview, and
FGD were data collection instruments for the study.
Using survey questionnaire, data were collected from
HH heads using designed schedule. The survey ques-
tionnaires were constructed to handle inquires related
to sample households’ socioeconomic conditions, pat-
tern of rainfall and temperature, and incidences of
drought. The qualitative information from FGD and key
informant interview were also conducted to enrich results

of the survey. Unstructured interview guide checklists
were prepared to frame the interview focused on the ob-
jectives of the study and allow flexibility for interviewees
to talk freely as they wish. The information gathered com-
prises the condition of households’ livelihood vulnerability
in terms of the pattern of rainfall and temperature,
drought frequency, the sensitivity of biophysical environ-
ment, and their level of adaptive capacity. The FGD was
handled using developed unstructured generic questions
as a guide. One FGD was conducted from each selected
livelihood kebele. Rainfall and temperature data were ob-
tained from the Ethiopian National Meteorological
Agency (ENMA). The topography/slope of the area has
been executed from the digital elevation model (DEM)
with 30m resolution. Soil types and soil erodibility as well
as demographic related information were obtained from
secondary data sources. Soil types and soil erodibility were
accessed from FAO soil map and published documents
while the demographic related information was accessed
from the Central Statistical Agency, Ethiogis-3 data cata-
log information by Water and Land resource Center and
government offices.

Fig. 3 The elevation classifications of South Wollo administrative zone
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Data analysis techniques
Constructing vulnerability assessment indices: climate
vulnerability index (CVI)
The study used CVI model to construct climate change
vulnerability index by integrating indicators from Sulli-
van and Meigh (2005) and Sullivan and Byambaa (2013).
CVI is a holistic, flexible, and interdisciplinary approach
which integrates the physical, social, economic, and en-
vironmental issues. This study followed the three com-
ponents of exposure, sensitivity, and adaptive capacity
that integrated into the IPCC’s definition of vulnerability
as used in Sullivan and Meigh (2005), Sullivan and
Byambaa (2013), and Feyissa et al. (2018). The computa-
tion of the composite index of CVI is shown in Eq. 2.

CVI ¼
PN

i¼1ri XiPN
i¼1ri

ð2Þ

where CVI = Climate Vulnerability Index; ri = degree
of risk weighting value associated with each component;
Xi = component i of the CVI.

Exposure
Exposure represents the background climate conditions
(variability and extreme events) and stimuli against
which a system operates (Fritzsche et al. 2014). The
attributes of climate variability and extreme stresses are
explained in terms of the magnitude, frequency,
duration, and areal extent of the hazard (IPCC 2001;
O’Brien et al. 2006). In this study, indicators of exposure

used to construct rural household livelihoods’ vulnerabil-
ity profile are related the historical changes in climate var-
iables and the occurrence of extreme events. The average
annual rainfalls, the average rate of changes in minimum
and maximum temperature, and frequency of extreme
events such as rainfall and drought over the period 1981–
2017 were considered. The climate stressors of exposure
variables/indicators will help to determine which individ-
uals, social groups, and areas are more subjected and at
higher risk of the direct effects (stimuli) of climate.

Sensitivity
Sensitivity is “the degree to which a system will be af-
fected by, or responsive to, climate stimuli,” i.e., how a
system is likely to respond when exposed to a climate-
induced stress (Smit et al. 2000; Nelitz et al. 2013).
There are physical, economic, social, environmental, and
cultural dimensions of sensitivity (Moss et al. 2001). Sen-
sitivity typically shapes by natural and/or physical and
human attributes which affect the physical constitution
of a system (Fritzsche et al. 2014). The natural ecosys-
tem (biophysical) and socioeconomic effects of climate
change are broadly grouped under the sensitivity com-
ponent (Tessema and Simane 2019; Mohan and Sinha
2010; Moss et al. 2001). The natural resource-based live-
lihood income of households or social groups from
agriculture, livestock, and forest products increases the
sensitivity as these sources are more dependent on cli-
mate. On the other hand, non-natural resource-based
livelihood income sources that constituted salaried jobs,

Fig. 4 Monthly average rainfall, maximum, minimum, and mean temperature of South Wollo administrative zone
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non-farm jobs, and remittances reduce the sensitivity
(Ndungu et al. 2015). With the scope of this study, we
have weighed and mapped the sensitivity of the local
community using the biophysical (topography/slope, soil
types, and their erodibility) and socioeconomic attributes
such as accessibility travel time and population pressure/
density.

Adaptive capacity
Adaptive capacity is the potential or capability of a sys-
tem to cope with the consequences of climate variability
and extremes (Smit and Pilifosova 2003). Adaptive cap-
acity indicators are based on assets and resources which
reflect the Sustainable Livelihoods (SL) framework to
comprehend better the factors affecting poor people’s
livelihoods (Defiesta and Rapera 2014). Hence, the
commonly and widely accepted livelihood capitals for a
number of adaptive capacity assessment of global

Fig. 5 Pattern of the major river and lake drainage systems in relation to the elevation of South Wollo administrative zone

Table 1 The land use and land cover type classification and
area coverage of the study area

Land use and land cover types Area (km2) Coverage (%)

Forest 1230.89 7.1

Woodland 1909.59 11.0

Shrub/bush 2030.96 11.7

Crop/agricultural land 7603.91 43.8

Grassland 2141.58 12.3

Barren land 2315.13 13.3

Wetland 0.13 0.0

Water body 39.44 0.2

Afro alpine 15.57 0.1

Settlements 78.53 0.5
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livelihood literature include the natural, human, social,
physical, and financial capitals (Ndungu et al. 2015; Ellis
2000). These adaptive capacity capitals are influencing
the capability of individuals and communities access to
and control over resources. Therefore, this study has
worth and concentrates on the livelihood capitals as
adaptive capacity (see Online resource for the full
visualization of vulnerability components and indicators
to their functional relationships with vulnerability).
Therefore, computation of vulnerability involves the

identification of the exposure, sensitivity, and adaptive
capacity of a system to climate variability and/or ex-
tremes. While the combination of the exposure and sen-
sitivity can determine the potential impact (first-order
vulnerability assessment), the adaptive capacity is the
extent to which the potential negative impacts can be
averted or derived benefits from the opportunities.
Hence, vulnerability is viewed as a residual impact in
terms of exposure (E) plus sensitivity (S) minus adaptive
capacity (AC). This study, therefore, uses the method
employed by Downing et al. (2005) and Nelitz et al.
(2013) in the computation of vulnerability using the
components of exposure, sensitivity, and adaptive cap-
acity as:

Vulnerability Vð Þ ¼ Exposure Eð Þ þ Sensitivity Sð Þ
−Adaptive Capacity ACð Þ

ð3Þ

Normalization of indicators
Multiple indicators will not be aggregated to a standard
value of composite indicators unless normalized. As a
result, the methodology used in UNDP (2016) for the
computation of Human Development Index is followed
to normalize indicator values of exposure, sensitivity,
and adaptive capacity of the study. The normalized indi-
cators’ index of this study falls between 0 and 1 scale of
standard values. Two types of functional relationships
between the indicators and vulnerability are possible to
construct the normalized indices: (i) vulnerability in-
crease with increase (decrease) in the value of indicators.
In this case, the normalization is done using Eq. 4.

x
ij ¼ Xij− Min Xijf g

Max Xijf g− Min Xijf g
ð4Þ

(ii) The other functional relationship is assumed to be
negative that vulnerability will decrease with increase in
the values of indicators. In this case, the above (Eq. 4)
normalizing score is computed using Eq. 5.

x
ij ¼ Max Xijf g−Xij

Max Xijf g− Min Xijf g
ð5Þ

where X represents the individual data point to be
transformed/normalized in the distribution, Min(Xij) is

the minimum value in the distribution, and Max(Xij) is
the highest value of indicator in the distribution; i is the
livelihood zone, and j is number of indicators. The
values of the indicators have a positive relationship with
vulnerability (while 0 being the lowest value and the
least vulnerable area, 1 being the highest value and the
most vulnerable).

Assigning weights to indicators
After computing the normalized scores, the index is
constructed by giving weight to indicators. However, the
basic question in constructing indices is the absence of
standardized weights to each indicator. Basically, indica-
tors are weighted using equal or unequal weighting
schemes (Gebreegziabher et al. 2018). Weighting of indi-
cators in this study uses an unequal method of Iyengar
and Sudarshan (1982). This method is statistically sound
and well suited for the development of a composite
index of vulnerability to climate change as employed by
Feyissa et al. (2018). The choice of the weights in this
manner would also ensure that large variations in any
one of the indicators would not excessively dominate the
contribution of the rest of the indicators and distort in-
ter regional comparisons (Iyengar and Sudarshan 1982).
In Iyengar and Sudarshan’s method, the weights are as-
sumed to vary inversely as the variance over the regions
in the respective indicators of vulnerability, i.e., the
weight wj is determined using Eq. 6.

Wj ¼ K
.

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Vari Xijð Þ

p ð6Þ

where K is a normalizing constant and computed
using Eq. 7.

K ¼ 1
P j¼m

j¼1
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Vari Xijð Þ
p

2
6664

3
7775 ð7Þ

Zonal statistics
The application of the zonal statistics tool in ArcGIS is
used in various studies in classifying and relating land
surface in land use change (Youneszadeh et al. 2015;
Rahmana 2016; Sierra-Soler et al. 2015). Recently in vari-
ous studies, for instance, Feyissa et al. (2018) and Wood-
ruff et al. (2017) used the application of the zonal
statistics tool in ArcGIS to assess community vulnerabil-
ity to climate variability and extreme events. The zonal
statistics tool in ArcGIS was used in this study to assign
values of indicators obtained from raster images to each
livelihood zone. The summarized mean values for each
livelihood zone were computed using the zonal statistical
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tool as a table. After the computation of the exposure,
sensitivity, adaptive capacity components, and overall
vulnerability indices, profiles were illustrated using
maps, tables, and radar diagram. These figurative illus-
trations were with the scope to show multidimensional
interaction and comparison of values for different cat-
egory of variables across the livelihood zones.

Results and discussion
Exposure component to livelihood vulnerability
This component presents livelihood risk of rural house-
holds across the livelihood zones in view of climate
variability and extreme exposure variables. In the assess-
ment of agricultural livelihood vulnerability, indicators
of the exposure component (rainfall, temperature, and
frequency of drought events) at each livelihood zone
were identified. These climate variability and extreme in-
dicators of exposure component are commonly used in
livelihood vulnerability exposure analyses. The identified
indicators of exposure component are presented in
Table 2. Accordingly, the deviation of rainfall ranges
from about 105 to 194 mm in the livelihood zones. The
rainfall normalized values for each livelihood zone were
computed from the standard deviation of stations in the
study. The results showed that Belg and Meher liveli-
hood zones were found to be the highest level of rainfall
exposure risk with the normalized values of 1.00 and
0.76 respectively. The highest range of temperature
deviation (1.21 °C) was identified with the minimum as
compared to the average (0.77 °C) and maximum (0.92
°C) temperatures in the livelihood zones. Similar to the
rainfall, the normalized values of the mean maximum
and minimum temperature for each livelihood zone

were computed from the normalized standard deviation
of stations in the study. Accordingly, Belg and Meher-
Belg livelihood zones found to be the highest normalized
average, maximum, and minimum temperature values.
But, the remaining livelihood zones (CHV, SWS, and
ABB) showed the lowest values except CHV at max-
imum temperature. The respective mean drought fre-
quency also varies from 8.14 to 6.91 in ABB and CHV
livelihood zones. Based on the method of Iyengar and
Sudarshan (Eq. 6), the attached weights for rainfall, aver-
age, maximum and minimum temperature, and fre-
quency of drought exposure events were 0.199, 0.195,
0.188, 0.214, and 0.205 respectively.
The normalized scores were also reclassified into five

equal probability weight interval (20%) groups to
characterize the various stages of exposure risk level to
vulnerability in the livelihood zones. Accordingly, based
on the weights, the overall livelihood zone level of ex-
posure risk index (Table 2) indicates that high exposures
were at Belg (0.71) and Meher (0.70). A moderate level
of exposure risk index was observed at Meher-Belg
(0.41) livelihood zone. The remaining livelihood zones
(CHV and ABB) and SWS have low (0.35 and 0.38) and
very low (0.05) exposure risk levels. In addition to the
results of the meteorological data, the FGD with house-
holds reported that their exposure to the change of dif-
ferent climate factors increased across the livelihood
zones. Specifically, there is an increasing risk to the in-
creasing temperature and variability of rainfall in the
Meher and Belg livelihood zones. The analysis of me-
teorological data (in the past 37 years) showed a rela-
tively high exposure risk in Meher and Belg livelihood
zones due to high rainfall variability and increase of

Table 2 Normalized rainfall, temperature, drought frequency, and overall level of exposure risk across the livelihood zones of the
study area

Livelihood Rainfall Averg. Temp. Max. Temp. Min. Temp. Drought Frequency Overall exposure risk

Zones Normalized Normalized Normalized Normalized Mean Freq. Normalized Normalized Level of risk

ABB 0.315 0.107 0.000 0.429 8.14 1.000 0.38 Low

Meher 1.000 0.350 0.543 1.000 7.65 0.602 0.71 High

Belg 0.759 1.000 0.595 0.591 7.59 0.602 0.71 High

Meher-Belg 0.420 0.507 0.336 0.312 7.50 0.480 0.41 Moderate

CHV 0.290 0.143 1.000 0.351 6.91 0.000 0.35 Low

SWS 0.000 0.000 0.026 0.000 7.16 0.203 0.05 Very low

Variance 0.129 0.134 0.144 0.111 0.121

Root variance 0.359 0.366 0.380 0.333 0.349

1/Root variance 2.786 2.729 2.634 3.004 2.869

Sum 14.023

K 0.071

W 0.199 0.195 0.188 0.214 0.205

Note: Data of exposure indicators (rainfall, temperature, and frequency of drought) were derived from interpolated stations using zonal statistics in ArcGIS for
each livelihood zones
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temperature. The view of the focus group discussants
were also corroborating the variability of rainfall and in-
creasing of temperature. The climate change exposure
analysis made by Tessema and Simane (2019) and
Feyissa et al. (2018) show that areas with the highest de-
viation in rainfall and temperature as well as frequency
of drought events are more exposed and vulnerable.
Moreover, studies of Stroosnijder (2009) and Araya et al.
(2015) identified deficit and erratic nature of rainfall re-
sulted in the vulnerability of Eastern African countries
to low agricultural productivity and food shortages.

Sensitivity component to livelihood vulnerability
Four biophysical and socioeconomic indicators (slope,
soil types, population density, and accessibility of travel
time to social service centers) have been identified in the
analysis of livelihood sensitivity based on the standards
set by different scholars which were also used by Feyissa

et al. (2018), Azene et al. (2018), and Teshome (2016).
Accordingly, the higher sensitivity of livelihood zones to
climate variability and extremes were derived from high
population density, slope and inaccessibility to social ser-
vice centers, and the erodibility nature of soil types. The
slope of the study region is classified into five classes
ranged from 0 to 2% (least sensitive) to > 30% (most sen-
sitive) for land degradation and soil erosion (Fig. 6). The
slope is an integral part of the land surface; it influences
drainage, runoff, and erosion susceptibility. The assump-
tion is that the higher slope value linked to the probabil-
ity of high susceptibility of erosion and simultaneous
reduction of soil depth. As can be seen in Table 3, 14,
980.5 km2 (86%) of the area was found above the slope
of 8%. Thus, the changes of maximum and minimum
soil depth reduction factor were observed with increas-
ing slope gradients. Moreover, the normalized value in-
dicated that the ABB livelihood zone was experienced a

Fig. 6 The slope type classification and their spatial pattern of South Wollo administrative zone
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very high sensitivity slope gradient (1.00). Moderate sen-
sitivity of the slope was in the Belg livelihood zone
(0.58). Low sensitivity of slope gradients was observed at
SWS, Meher, and Meher-Belg livelihood zones with nor-
malized values of 0.33, 0.32, and 0.29 respectively
(Table 6). Studies of Hurni et al. (2015) and Liu et al.
(2001) revealed that the erosion-resisting capacity and
depth of soil generally decrease with the increasing of
slope gradient due to loose soil stability, subsequently in-
fluence of land productivity, and crop yield.
The soil type associations found in the study are

Leptosols, Calcaric Fluvisols, Haplic Xerosols, Eutric
Nitisols and Regosols, Eutric and Vertic Cambisols,
Pellic and Chromic Vertisols (Fig. 7). The dominant soil
types in terms of areal coverage in the region are
Cambisols, Leptosols, and Regosols with 11835.99,
2176.98, and 1489.26 km2 respectively. These dominant
soil types’ agricultural viability is very limited as docu-
mented in different studies. FAO (1984) for example ex-
plained that both Cambisols and Regosols have limited
agricultural value due to their shallow depth as they
occur dominantly on the sloppy areas that are subject to
severe erosion. Leptosols are also characterized by
shallow depth underlined by hard rock and with less
developed soil and coarse-textured (Feyissa et al. 2018).
It is believed that the susceptibility of soil type to ero-

sion reduces the soil depth that influences the sensitivity
of agricultural practices and ultimately affected the land
efficiency of production. Based on Gelagay and Minale
(2016) and Hurni et al. (2015), the attached average sen-
sitivity of soil types to erosion (erodibility) due to the in-
herent characteristics are 0.30, 0.25, 0.23, 0.23, 0.20,
0.20, and 0.15 for Xerosols, Nitisols, Fluvisols, Regosols,
Cambisols, Leptosols, and vertisols respectively (Table 4).
Therefore, those major soil types (Cambisols, Regosols
and Leptosols) are accounting for about 92% of the area.
These soil types are categorized under high and moder-
ate soil depth reduction (erodibility) related to their
susceptibility to erosion in the region under study. The
remaining soil types such as Xerosols, Nitosols, and Flu-
visols are categorized under high level of erodibility class

with the average K-factors ranged from 0.23 to 0.30.
Vertisols have the lowest level of erodibility class of 0.15.
At the level of livelihood zones, very high sensitivity on
soil type erodibility was indicated at CHV with normal-
ized values of 1.0 while moderate sensitivity (0.5) was
shown at Meher, Belg, and SWS livelihood zones. ABB
and Meher-Belg livelihood zones were shown the least
soil type erodibility (Table 4). Hurni et al. (2015) identi-
fied that soil depths were considered shallower in
areas with soils more susceptible to erosion. Erosion
sensitivity of Cambisols and Regosols are ranked as
the most and intermediate susceptible soil types re-
spectively (FAO 1991). Soil erosion in Ethiopia triggers
the decline of agricultural productivity, food insecurity,
and rural poverty (Gashaw et al. 2014; Lawrence et al.
2010).
The farmland suitability for agricultural practices in

the study was characterized by the relative sensitivity
indicators of slope, fertility, and rate of soil erosion.
Such sensitivity attributes could be the source of vul-
nerability to the rural households mainly caused by
land degradation problem. In relation to this, infor-
mation obtained from the focus group discussants in
ABB livelihood zone perceived that the upside down
nature of farmland, cutting of trees, and grazing and
marginal land conversion to farmland increases the
sensitivity of the biophysical environment. Discussants
further mentioned that the farming households culti-
vated the outrageous steeply marginal areas using a
digging hoe which is impossible to plough with a pair
of oxen. According to them, such biophysical sensitiv-
ity impedes the agricultural productions and threatens
the lives and livelihoods of rural households. Informa-
tion obtained from Zonal and District agricultural of-
fices on the other hand showed, the problem of land
degradation and soil erosions are severe because of
lower rate of water permeability coupled with steep
slope exacerbated rural households’ livelihood vulner-
ability. Indeed, MoWIE (2014) indicated that a soil
erosion problem in the study area is one of the ero-
sion hot spot areas of the Blue Nile river basin.

Table 3 Maximum and minimum soil depth reduction factor area coverage and description related to slope classes

Slope
classes
(%)

Reduction factors Covered
area

Description

Max. depth (a*) Min. depth (b*)

0–2 1.00 0.00 274 (2%) From flat to very gently sloping

2–5 0.95 0.05 985 (5%) Gently sloping

5–8 0.90 0.10 1078 (6%) Sloping

8–16 0.80 0.20 2816 (16%) Strongly sloping

16–30 0.70 0.30 4352 (25%) Moderately sloping

> 30 0.60 0.40 7860 (45%) Steep and very steep

Note: a* and b* are soil depth reduction factors related to slope classes in FAO data (1998)
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Fig. 7 The spatial distribution of soil type associations found in South Wollo administrative zone

Table 4 Soil types area coverage and level of erodibility classes in relation to soil type erodibility (K-factor)

Soil types Covered area Average soil erodibility (K-factor) a* Level of erodibility classes

Cambisols 11836 (70%) 0.20 Moderate

Leptosols 2177 (13%) 0.20 Moderate

Regosols 1489 (9%) 0.23 High

Vertisols 963 (6%) 0.15 Low

Xerosols 401 (2%) 0.30 High

Fluvisols 3 (0.02%) 0.23 High

Nitisols 49 (0.2%) 0.25 High

Note: a* is the soil erodibility (K-factor) in Hurni et al. (2015), and Gelagay and Minale (2016)
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The socioeconomic sensitivity component indicators
include accessibility and population density. The accessi-
bility indicated as travel time is calculated using the
cost-distance function of ArcGIS. The choices of the ac-
cessibility travel time, here used, are local settlements
such as market places, schools, and health centers. The
sensitivity varies among the livelihood zones in the ac-
cessibility of travel time in minutes (Fig. 8) to the service
centers of market places, schools, and health institutions.
Livelihood zones’ sensitivity increases as the accessibility
travel time increases to the service centers such as mar-
ket places, schools, and health institutions. For instance,
ABB and SWS livelihood zones have a very high and
moderate accessibility travel time of 1.00 and 0.53 nor-
malized values. Therefore, these livelihood zones were
highly vulnerable due to inaccessibility of rural house-
holds to social services as compared to the others. The
remaining livelihood zones showed very low and low

normalized values of accessibility travel time (Table 5).
Population pressure sensitivity to vulnerability also var-
ies across the livelihood zones. Thus, the average high
population densities were at SWS (226.5 persons/km2),
Meher-Belg (212.8 persons/km2), CHV (200.6 persons/
km2), and Belg (184.6 persons/km2) livelihood zones
(Table 5). The relatively high population density in these
livelihood zones is also shown in Fig. 9. Hence, rural
households residing in SWS, Meher-Belg, CHV, and Belg
livelihood zones were highly vulnerable due to the attri-
bute of high population density. Nyssen et al. (2015) and
Dechassa et al. (2017) substantiated the impact of high
population pressure for land degradation through re-
duced fallowing, conversion of forest and marginal steep
slope areas into agricultural land. Based on the four indi-
cators of sensitivity component, one final overall sensi-
tivity risk levels with moderate and low sensitivity
livelihood zones were identified. The attached weights to

Fig. 8 The aggregated accessibility travel time to service centers of market place, school, and health institutions of South Wollo
administrative zone

Mekonen and Berlie Ecological Processes           (2021) 10:55 Page 15 of 23



the four sensitivity component indicators were 0.24,
0.27, 0.24, and 0.24, for population density, slope, soil
type erodibility, and accessibility travel time, respectively.
Based on the weights, the overall sensitivity risk levels
were observed as moderately sensitivity index (0.46 to
0.59) at ABB, Belg, CHV, and SWS livelihood zones.
Meher and Meher-Belg livelihood zones were on the
other hand indicated as low sensitivity index of 0.33
(Table 5).

Adaptive capacity component to livelihood vulnerability
The availability of adaptive capacity assets is essential
that enable the ability of human systems to adjust the
impact of climate variability and extreme events. The
adaptive capacity component of the study is composed
of fifteen variables that fall in to the different asset forms
of human, social, financial, physical, and natural for each
livelihood zone (see Online resource for the full
visualization of vulnerability components and indicators
to their functional relationships with vulnerability). The
analysis denoted that different levels of adaptive capaci-
ties were indicated at each of the livelihood zone. Details
of the normalized and weights attached to adaptive cap-
acity sub-component indicators as well as the overall
average adaptive capacity level classification to climate
variability and extreme events for each livelihood zone
were presented in Table 6 and Fig. 10.
The first major sub-component of adaptive capacity

was the human capital which includes three indicators:
educational level, age dependence ratio and health status

of households at the livelihood zone level. These indica-
tors exhibited variation of human capital among the live-
lihood zones. Meher-Belg, Meher, and Belg livelihood
zones have shown better educational and health status
with lower age dependence ratio. Greater age depend-
ence ratio coupled with lower education level and health
services were observed in the livelihood zones of ABB,
SWS and CHV (Table 6). When all the sub-indicators
were aggregated, Meher-Belg (0.68) and Meher (0.65)
were at high human capital adaptive capacity levels. Belg
(0.56) and ABB (0.50) were at a moderate level while
CHV (0.34) and SWS (0.31) were at a low level of adap-
tive capacity. Similar findings made by Adu et al. (2018),
Asrat and Simane (2017), and World Bank (2010) in-
ferred that high age dependence ratio, limited access to
health services, and lower level of educational level and
training may stress household’s adaptive capacity and
mounting their vulnerability to climate variability and
extreme induced risks.
The second major sub-component of adaptive capacity

was the social capital. Variation of social capital capacity
was observed among the livelihood zones (Table 6). Ac-
cordingly, in the informal insurance organization (Iddir/
Kire) participation, Meher, ABB, CHV, and Meher-Belg
livelihood zones revealed the highest normalized values.
In the labor sharing organizations (Mahiber, Wenfel, and
Debbo/Jiggie), Meher, ABB, and Meher-Belg livelihood
zones denoted the highest normalized values. Moreover,
CHV, SWS, and Meher livelihood zones were also the
highest normalized values. When all indicators were

Table 5 Indicators of sensitivity and overall average sensitivity risk levels across the livelihood zones

Livelihood
zones

Indicators of sensitivity Overall average
sensitivity risk levelPopulation

density**
Slope Soil type erodibility Accessibility travel time

Mean Normalized Mean(%) Normalized Mean Erodibility
factor (a*)

Normalized Mean
(minutes)

Normalized Normalized Level of
risk

ABB 71.1 0.00 37.55 1.00 0.20 0.00 76.77 1.00 0.50 Moderate

Meher 134 0.41 30.19 0.32 0.21 0.50 42.76 0.10 0.33 Low

Belg 184.6 0.73 33.01 0.58 0.21 0.50 46.27 0.19 0.50 Moderate

Meher-Belg 212.8 0.91 29.78 0.29 0.20 0.00 44.46 0.14 0.33 Low

CHV 200.6 0.83 26.68 0.00 0.22 1.00 39.12 0.00 0.46 Moderate

SWS 226.5 1.00 30.23 0.33 0.21 0.50 59.05 0.53 0.59 Moderate

Variance 0.14 0.12 0.14 0.14

Root variance 0.38 0.34 0.38 0.38

1/Root variance 2.65 2.95 2.66 2.66

Sum 10.91

K 0.09

W 0.24 0.27 0.24 0.24

Note: ** and * are from 2019 Ethiogis-3 population data catalog and soil erodibility factors related to soil types (in Hurni et al. 2015, and Gelagay and Minale
2016) respectively
Data on sensitivity component indicators (population density, slope, soil type erodibility, and accessibility travel time) for each livelihood zone were derived using
zonal statistics in ArcGIS
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aggregated, Meher (0.84), CHV (0.65), Meher-Belg (0.62),
and ABB (0.52) were indicated from a very high to mod-
erate level of adaptive capacity. On the other hand, Belg
(0.19) and SWS (0.15) showed a very low level of adap-
tive capacity. Community institutions such as informal
insurance organizations (Idir/Kire), labor sharing
organizations (Mahiber, Wenfel and Debbo/Jiggie), and
informal rotating savings association (Equib) are vital for
linking ideas and resources, and increasing the adaptive
capacity of people in time of immediate-induced disas-
ters (Gebreegziabher et al. 2018; Arega 2013; World
Bank 2010; Walker et al. 2001).
The third major sub-component of adaptive capacity

in the study was that the physical capital comprises pro-
ducer goods and infrastructure. Producer goods include
the availability of technology components (farm inputs
such as fertilizers, improved seeds, and extension
services) and farm equipment (plowing instruments and
farm animals). The infrastructure is the travel time ac-
cess including access to road, school, and health services

(Table 6). These sub-component indicators of physical
capital showed variation among the livelihood zones.
Hence, the normalized values of Meher-belg, Meher, and
Belg livelihood zones exhibited the highest in the avail-
ability of technology components and farm equipment.
Better access to travel time also observed in CHV and
Meher livelihood zones. When all the indicators of phys-
ical capital were aggregated, Meher (0.72), Meher-Belg
(0.60), and CHV (0.57) were at high and moderate adap-
tive capacity levels. However, Belg (0.41), SWS (0.29),
and ABB (0.00) were divulged low and very low adaptive
capacity levels. In relation to the results, Gebreegziabher
et al. (2018) and World Bank (2010) noted that limited
access to physical infrastructure and unavailability of
producer goods were matters that constrained to reduce
sensitivity and to improve adaptive capacity of rural
households.
The fourth major sub-component of adaptive capacity

was the financial capital. In this study, the financial cap-
ital includes the livestock per capita owned (in TLU),

Fig. 9 The spatial distribution of population density in South Wollo administrative zone
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Table 6 Normalized livelihoods’ adaptive capitals and overall average level of adaptive capacity across the livelihood zones

Normalized livelihoods’ adaptive capitals Overall average
ACLivelihood zones Human capital Social capital Physical capital Financial capital Natural capital

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Level of AC

ABB 0.00 1.00 0.50 0.86 0.71 0.00 0.00 0.00 0.20 0.06 0.00 0.00 0.53 0.68 0.37 0.30 Low

Meher 0.55 0.51 0.88 1.00 1.00 0.53 0.90 0.53 0.80 1.00 0.12 0.31 0.75 0.48 0.67 0.68 High

Belg 0.63 0.23 0.81 0.00 0.48 0.09 0.67 0.14 0.80 0.00 1.00 0.64 1.00 0.44 0.11 0.46 Moderate

Meher-Belg 1.00 0.03 1.00 0.63 0.85 0.39 1.00 0.19 1.00 0.76 0.30 0.11 0.41 0.00 0.00 0.54 Moderate

CHV 0.46 0.00 0.56 0.78 0.16 1.00 0.13 1.00 0.20 0.19 0.60 1.00 0.00 1.00 1.00 0.53 Moderate

SWS 0.59 0.34 0.00 0.48 0.00 0.84 0.47 0.10 0.00 0.36 0.75 0.69 0.05 0.68 0.85 0.39 Low

Variance 0.10 0.14 0.13 0.13 0.15 0.16 0.16 0.14 0.17 0.16 0.15 0.15 0.15 0.11 0.16

Root variance 0.32 0.31 0.36 0.36 0.39 0.40 0.41 0.38 0.42 0.40 0.39 0.38 0.39 0.33 0.41

1/Root variance 3.10 2.70 2.77 2.81 2.54 2.51 2.47 2.66 2.41 2.48 2.59 2.61 2.56 3.00 2.47

Sum 39.68

K 0.025

W 0.08 0.07 0.07 0.07 0.06 0.06 0.06 0.07 0.06 0.06 0.07 0.07 0.07 0.08 0.06

Note: Normalized values of Educational level (1), Dependence ratio (2), Health related problems (3), Iddir (4), Mahiber, Debbo & Wenfel (5), Equib (6), Farm
equipment and animals, improved seeds & fertilizers (7), Travel time access (8), Livestock owned in TLU (9), Income source diversity (10), Access to saving & credit
services (11), Access to clean water (12), Forest as energy source (13), Farmland size owned (14), Perceived farmland degradation & soil fertility (15), and Overall
average adaptive capacity (16).
AC adaptive capacity

Fig. 10 The level of livelihood capitals for adaptive capacity at each livelihood zones using spider diagram
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diversity of income sources (sales of crop, livestock, fire-
wood, and charcoal), safety nets, agricultural labor, paid
employment in Towns (causal labor), and institutional
access to saving and credit services (Table 6). The result
showed that the livelihood zones of Meher-Belg, Meher,
and Belg exhibited very high normalized values of
livestock (in TLU) per capita owned, which means the
adaptive capacity level is higher. The normalized values
of Meher and Meher-Belg livelihood zones showed very
high and high diversity of income sources respectively.
When all the financial capital indicators were aggregated,
Meher-Belg (0.69), Meher (0.64), and Belg (0.60) were
relatively at high adaptive capacity levels. SWS (0.37) and
CHV (0.33) were the lowest adaptive capacity levels while
ABB (0.09) was at very low adaptive capacity level.
The fifth major sub-component of adaptive capacity

was the natural capital. In this study, the natural re-
source capital involves the availability and access of
water and forest resources, farmland size, perceived
farmland degradation, and soil fertility across the liveli-
hood zones. Consequently, CHV, SWS, and Belg liveli-
hood zones showed higher adaptive capacity with better
access either from rivers and streams or piped clean
water. However, CHV, SWS, and Meher-Belg livelihood
zones indicated the lowest adaptive capacity owing to
the relative high utilization of forest as energy sources.
Enhanced adaptive capacity with higher farmland size
owned by the households was observed in livelihood
zones of CHV, ABB, and SWS. This happens because
higher farmland size provides an opportunity for crop
diversification, soil conservation practices, and increas-
ing crop yield which was also reported by O’Brien et al.
(2006); Teshome (2016); Asrat and Simane (2017); and
Tessema and Simane (2019). The average farmland size
owned by households across the livelihood zones ranges
from 1.44 ha at CHV to 0.69 ha at Meher-Belg. The aver-
age farmland size owned by a household was 0.96 ha,
which is found to be almost equal to the regional aver-
age (1.0 ha) (Bluffstone et al. 2008; Arega 2013) and
below the national (1.22 ha) level average farmland size
owned (MoANR 2016; CSA 2012). Households’ high
level of adaptive capacity in the perceived farmland deg-
radation and soil fertility was observed in CHV SWS
and Meher livelihood zones. As indicated in USAID
(2009), CHV SWS and Meher livelihood zones were con-
sists of moderately fertile soil with alluvial, sandy, sandy
clay, and sandy loam. It is apparent that when all the
natural capital indicators were aggregated, CHV (0.75)
was at high adaptive capacity levels. SWS (0.57), Meher
(0.55), and Belg (0.55) were at moderate adaptive cap-
acity levels. ABB (0.40) and Meher-Belg (0.13) were at
low and very low adaptive capacity levels.
The overall attached weights based on the method of

Iyengar and Sudarshan (Eq. 5), for human, social, physical,

financial, and natural capitals are 0.27, 0.19, 0.16, 0.18, and
0.20 respectively. Based on the weights, one final overall
adaptive capacity index is also present in Fig. 6 and
Table 6, which suggests differences across the livelihood
zones of the study. Among the livelihood zones, Meher
(0.68) was the highest adaptive capacity index to climate
variability and extreme events. Meher-Belg (0.54), CHV
(0.53), and Belg (0.46) were at moderate adaptive capacity.
SWS (0.39) and ABB (0.30) were at low adaptive capacity.
The low level of adaptive capacity to the impact of climate
variability and extremes was perhaps associated with the
low level human, physical, and financial capitals.
The spider diagram (Fig. 10) also illustrated similar re-

sults in which the contribution of each livelihood capital
indicators to the overall adaptive capacity component
also spatially varies across the livelihood zones. In the
diagram, the social capital contributes very high (0.84)
normalized score to the adaptive capacity of Meher live-
lihood zone. High (0.6–0.8) normalized scores to the
adaptive capacity of Meher and Meher-Belg livelihood
zones were contributed from human, social, physical,
and financial capitals. Similar normalized scores were
also contributed from social and natural capitals to CHV
and the financial capital to Belg livelihood zones. On the
other hand, low (0.2–0.4) and very low (0.0–0.2) normal-
ized score contributions to the adaptive capacity were
also observed from the livelihood capitals. As a result,
very low normalized scores to the adaptive capacity of
ABB livelihood zone contributed from physical and
financial capitals while social and natural capitals
contributed to Belg and Meher-Belg livelihood zones re-
spectively. Similarly, low normalized scores to the adap-
tive capacity of SWS livelihood zone contributed from
all the livelihood capitals except natural capital while hu-
man and financial capital contributed to CHV livelihood
zone.

Vulnerability index: exposure, sensitivity, and adaptive
capacity components
Vulnerability was found to stem from a number of com-
ponent factors. Rural households’ livelihood vulnerability
index per livelihood zones in the study was determined
by the composite indicators of exposure, sensitivity, and
adaptive capacity components (Table 7 and Fig. 11).
Hence, both Belg and Meher found to be the highest ex-
posure livelihood zones to vulnerability with an aggre-
gated normalized exposure value of 0.71. Equally, SWS,
ABB, Belg, and CHV livelihood zones showed moderate
level of sensitivity to vulnerability (Table 7). Therefore,
the highest level of exposure and sensitivity combined
with a low level of adaptive capacity increased the vul-
nerability of SWS, ABB, and Belg livelihood zones as also
reported by Tessema and Simane (2019) and Gebreeg-
ziabher et al. (2018). Vis-à-vis to this, Fig. 11 exhibits the
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livelihood zones’ vulnerability index based on the nor-
malized values of exposure, sensitivity, and adaptive cap-
acity level. Thus, livelihood zone of Belg (0.75) was at a
high level of vulnerability. ABB (0.57) and CHV (0.45)
were at a moderate level of vulnerability. The SWS
(0.37) was at a low vulnerability level. Meher-Belg (0.22)
was the least vulnerable livelihood zone perhaps due to a
high level of adaptive capacity such as infrastructure,
asset accumulation, and social networks. High level of
exposure to climate variability (rainfall and temperature)
and extremes (drought) increases the vulnerability of

rural households across livelihood zones. Likewise, the
biophysical and socioeconomic sensitivity to vulnerabil-
ity is exacerbated by topography/slope, poor soil fertility
and high erodibility, population pressure, and increasing
trends of environmental hazards like climate variability
and droughts. The exposure to climate variability and
extremes, biophysical and socioeconomic sensitivity with
low adaptive capacity, lead communities to livelihood
vulnerability across the livelihood zones are also re-
ported by Feyissa et al. (2018), Callo-Concha and Ewert
(2014), and Deressa et al. (2008).

Table 7 Normalized indices of exposure, sensitivity, and adaptive capacity across the livelihood zones

Livelihood zones Normalized exposure Normalized sensitivity Normalized adaptive capacity

ABB 0.38 0.50 0.33

Meher 0.71 0.33 0.67

Belg 0.71 0.50 0.47

Meher-Belg 0.41 0.33 0.51

CHV 0.35 0.46 0.54

SWS 0.05 0.59 0.41

Average 0.44 0.45 0.49

Fig. 11 Spider diagram showing livelihood zones’ overall exposure, sensitivity, adaptive capacity, and vulnerability index
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Conclusion
Understanding and prioritizing areas and communities,
which are the most vulnerable to climate variability and
extremes, has become a growing concern for policy-
makers in order to develop area-specific adaptation
strategies for sustainable development. In this regard,
vulnerability assessment is a vital juncture in designing
operational adaptation strategies. This study selects mul-
tiple indicators to quantify, map, classify, and prioritize
the level of vulnerability in terms of the components of
exposure, sensitivity, and adaptive capacity across the
livelihood zones. It was identified that the exposure risk
level of rural households varies among the livelihood
zones. Accordingly, high vulnerability risk level was
identified at Meher and Belg livelihood zones. However,
SWS, ABB, Belg, and CHV livelihood zones revealed
moderate level of sensitivity to vulnerability and Meher-
Belg was the least vulnerable livelihood zone perhaps
due to high level of adaptive capacity such as infrastruc-
ture, asset accumulation, and social networks.
The vulnerability assessment of the study leads to con-

struct a set of potential measures for specific geograph-
ical units and communities that will assist policymakers
to design and implement appropriate adaptation strat-
egies. This could help to diversify livelihood strategies
suitable to each livelihood zone and adoption of farming
technologies at a household/community level. The indi-
cated strategies could reduce the sensitivity and expos-
ure of the agricultural systems to climate calamity such
as rainfall variability, erosion, and drought. In general,
the findings of this study enhance adaptation strategies
to the study livelihood zones and elsewhere in the coun-
try with greater exposure and sensitivity to climate vari-
ability and extremes. It is also empathized that applying
Sullivan and Meigh’s model following IPCC’s approach
for climate change analyses could be used concurrently
for vulnerability assessment of diverse geographical re-
gions and localities.
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