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Drought-induced agricultural livelihood 
vulnerability: Livelihood-based comparative 
analysis in Northeast highlands of Ethiopia
Simachew B. Wassie1*, Daniel A. Mengistu1, Arega B. Birlie1 and Daniel K. Waktola2

Abstract:  The main objective of this study was to analyze drought-induced agri
cultural livelihood vulnerability through a comprehensive assessment of agro- 
meteorological, biophysical, and socioeconomic variables in North Wollo. The study 
area has four main livelihood zones, namely, Abay Tekeze watershed (ATW), North 
Wollo east plain (NWEP), North Wollo highland belg (NWHB), and Northeast woina- 
dega mixed cereal (NEWMC). A total of 274 sample households were selected from 
all the livelihood zones by considering wealth rankings. A Survey questionnaire, 
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supplemented with focus group discussions and key informant interviews, was used 
to collect the data. Principal component analysis was applied to determine the 
indicators and assign weights. Consequently, from 66 indicators 32 were prioritized 
to measure the exposure, sensitivity, and adaptive capacity of the system. Both the 
livelihood vulnerability framework (LVI) and vulnerability sourcebook approach 
(LVIVSBA) were applied to assess livelihood vulnerability. The results revealed that 
the entire study area was characterized by higher exposure (0.653) and higher 
sensitivity (0.632) scores to drought impacts, while it exhibited a lower adaptive 
capacity (0.37). In both approaches, NWHB obtained the highest vulnerability score 
(0.681/0.715) followed by NWEP (0.634/0.619), whilst ATW revealed the lowest 
(0.583/0.555) in LVI and LVIVSBA, respectively. Similarly, the poor (0.671/0.670), 
medium (0.589/0.593), and better-off (0.554/0.537) were relatively ordered from the 
highest to the lowest. In conclusion, differential livelihood vulnerability does exist 
across the livelihood zones and wealth groups. The major sub-components which 
worsen household’s vulnerability were access to irrigation, food self-sufficiency 
problem, scarcity of livestock fodder, poor access to basic infrastructure, lower 
livelihood diversification, inadequate economic resources, low educational status, 
lack of training and support. Hence, the study calls for decision-makers and devel
opment partners to develop context-specific planning and interventions that 
strengthen the farmers’ adaptive capacity and minimize their exposure and sensi
tivity to the issue.

Subjects: Agriculture & Environmental Sciences; Environmental Studies; Environment & 
Society; Environmental Communication 

Keywords: agricultural drought; livelihood; livelihood zone; vulnerability; vulnerability 
factors; North Wollo; Ethiopia

1. Introduction
Drought is among the most disastrous natural hazards that occur in all climate regimes (Kiem 
et al., 2016; Saha et al., 2022), but it could be prevalent in livelihoods that rely on rain-fed 
agriculture. With predicted climate change, the frequency, duration, area coverage, and severity 
of droughts are expected to worsen, and the aerial extents of drought-affected regions are 
projected to increase in the future (Eze et al., 2020). The problem is persistent in Africa, particularly 
in countries of Sub-Saharan Africa (SSA) (Shiferaw et al., 2014). In the last five decades, drought in 
such countries has induced immense impacts on asset reduction, environmental degradation, and 
unemployment. It also subjects their people to destitution and forced migration (Dendir & Simane,  
2019; Hermans & Garbe, 2019). Thus, the recurring droughts trapped those countries in vicious 
cycles of poverty.

Agriculture is the most sensitive sector (Roy et al., 2022; Shiferaw et al., 2014), where about 84% 
of the damage and losses in it are caused by droughts (Engdaw, 2014). In effect, the livelihood of 
farmers is sensitive to any climate extremes, given their strong dependence on weather-sensitive 
natural resources (Asfaw et al., 2021). As Shiferaw et al. (2014) noted, many parts of SSA face 
a 10–40% risk of failed seasons during the main cropping calendar each year. The repercussions of 
these crises on agriculture-based livelihoods are significant as roughly 90% of agriculture in the 
SSA is largely subsistence rain-fed type (Antwi-Agyei et al., 2016).

Ethiopia is among the SSA countries where drought has long been considered the most severe 
long-term climatic shock and the main concern for farm families (Maru et al., 2021). Mekonen and 
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Berlie (2021) point out that a combination of climate change, rapid population growth, shrinking 
agricultural lands, cultivation of marginal lands, land overexploitation, and a lack of proper soil and 
water conservation techniques contributed to recurring droughts. Drought frequency has increased 
over the past few decades, with events occurring every two to three years in the drought-prone 
regions, as compared to decadal intervals in the past (Bayissa et al., 2018); and still, it portends as 
the hallmark of the country (Mera, 2018). According to Touma et al. (2015), such crises are mostly 
followed by famine, social ramifications, and political turmoil. Specifically, the northern parts of 
Ethiopia including Tigray, Wollo and its surroundings have formerly been often affected by recur
rent drought and associated famines (Gebre et al., 2017). This was adversely putting the popula
tion at risk of starvation and severe poverty situations (Asfaw et al., 2021). According to Wassie 
et al. (2023), about 80% of the population depends on food aid, especially during drought years, 
with 60% of them requiring assistance for six to twelve months. With such complexity, agricultural 
output in the area may decline below recovery levels, coupled with environmental degradation and 
depletion of natural resources, which again intensify climatic extremes to recur. These direct and 
indirect influences can potentially pose far-reaching and long-lasting cascading impacts by 
increasing the probability of the co-occurrence of other risks (UNDRR, 2021).

Since the 1970s, Ethiopia has experienced more than 10 major drought periods (Abeje et al.,  
2019), often followed by devastating famine (Asfaw et al., 2021). These severe droughts nega
tively impacted human life and socio-economic development. Between 1997 and 2007, drought 
costs Ethiopia $1.1 billion each year which is more than the amount the country invested in the 
agriculture sector (OXFAM, 2011). Drought claimed the greatest loss of life in 1973, 1974, and 
1984, while the greatest number of affected people occurred in the 2002 drought (14.2 million, or 
20% of the country’s population) (Degefu & Bewket, 2015). Droughts in 1984/85 and 2002/03 
reduced the country’s gross domestic product (GDP) by roughly 9.7 and 3.8%, respectively 
(Conway et al., 2007). At the same time, agricultural outputs decreased by 21% and 12%, 
respectively. The damages related to droughts have been more extensive as drought, by its 
very nature, has an extended lifetime (Bento et al., 2018). For instance, the immediate impact of 
Ethiopia’s early 1980s drought on farmers’ income and livelihoods extended for more than 
a decade (Dercon, 2004).

Consequently, around three million Ethiopians are affected by crop production shortfalls 
each year, in addition to the aid given to 7.6 million people by the Productive Safety Net 
Program (PSNP). The PSNP is helping Ethiopia’s poorest and most food-insecure families due to 
prolonged droughts (Teshome & Zhang, 2019). Ethiopia is now one of the world’s greatest 
recipients of humanitarian aid, with considerable climate-related drought and water-related con
straints on crop and livestock productivity (WFP, 2015). Since the 1980s, the Ethiopian government 
and international donors have spent considerable capital and resources to suppress the drought- 
impacted crisis. For instance, in response to the 2015 El Niño-induced drought (highest on record), 
the Ethiopian government has provided over $200 million for emergency support, while humani
tarian needs demand additional international short-term support of $1.4 billion (HRD, 2016). 
Taking the lead, the government of Ethiopia allocated more than $735 million for the drought 
crisis in 2016. The international community also allocated over $1 billion in that year in addition to 
the other $985 million joint contributions of donors to address humanitarian needs and safeguard 
decadal development gains (HRD, 2017). Though such aids have been practical, it has always been 
inadequate to reverse the problem.

Drought is one of the most complex and least-understood types of environmental disasters 
(Mahyou et al., 2010; Mera, 2018; Saha et al., 2022) due to its multiple causing mechanisms 
operating at different temporal and spatial scales (Kiem et al., 2016). Being complex, vulnerability 
to drought is not a directly observable phenomenon. This attests to studying and quantifying 
livelihood vulnerability to drought being one of the most challenging tasks (Roy et al., 2022; Sehgal 
& Dhakar, 2016). As a result, available studies lack objective vulnerability information to prioritize 
and target the population at risk. Therefore, appropriate investigation of livelihood vulnerability to 
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persistent droughts and using the results for drought planning is vital to improve the preparedness 
of a region affected (Naumann et al., 2014).

In Ethiopia, no detailed studies have been conducted on vulnerability to drought impacts at 
local levels. Many of the studies (Abeje et al., 2019; Asrat & Simane, 2017; Dendir & Simane,  
2019; Endalew & Sen, 2020; Mekonen & Berlie, 2021; Simane et al., 2016; Tesso et al., 2012) 
conducted on vulnerability analysis are based primarily on climate change and variability 
impacts. Only a few studies (Hill & Porter, 2017; Maru et al., 2021) provide a detailed analysis 
of livelihood vulnerability, specifically to drought conditions. These studies noted the complex 
distribution of livelihood vulnerabilities across agro-ecologies and farm typologies. However, such 
larger-scale studies are too aggregated, and local variations are overlooked. Since the Ethiopian 
highlands are highly dissected and fragmented, the prevailing climate extremes like droughts 
and the sensitivity of agricultural systems to the recurring droughts can change over time and 
within a distance of a few kilometers (Maru et al., 2021). Therefore, livelihood vulnerability 
assessments available at the national or regional scales offered an insufficient understanding 
of context-specific livelihood vulnerabilities and systems resilience in drought-prone parts of the 
Ethiopian highlands.

Although the previous studies have contributed their share to the current knowledge and 
understanding of livelihood vulnerability to climate change and associated droughts, there are 
still noticeable gaps that this study tried to fill. Therefore, the core objective of the study was to 
analyze drought-induced agricultural livelihood vulnerability through a comprehensive assessment 
of agro-meteorological, biophysical, and socio-economic variables in northeast highlands of 
Ethiopia, specifically North Wollo. Particularly, it tries to identify the major variables and quantify 
their level of influence in determining agro-based livelihood vulneraries to the drought-induced 
impacts; characterize the livelihood vulnerability situations of smallholder farmers across their 
livelihood zones and wealth ranks. The study introduced a modified form of livelihood vulnerability 
sourcebook approach (LVIVSBA) in measuring livelihood vulnerability in addition to the integrated 
livelihood vulnerability index (LVI). To the best of the authors’ knowledge, no such models have 
been applied for vulnerability analysis in Ethiopia. Hence, examining the effectiveness of LVIVSBA 
in measuring livelihood vulnerabilities against the livelihood vulnerability framework (LVI) 
approach is one of its objectives. To this end, the study contributed critical information to planners 
and donors, prioritizes households in need, and fine-tunes early warning systems and climate 
change adaptation measures. In effect, it helps to address the current drought-induced challenges 
and reduce future risks.

2. Vulnerability: Theoretical and conceptual framework
Vulnerability is a multifaceted concept (Jamshidi et al., 2018) that varies across temporal and 
spatial scales and is influenced by social, economic, demographic, cultural, geographic, institu
tional, governance, and environmental factors (Nair & Bharat, 2011). It is defined as the degree of 
risk and an individual’s or a social group’s ability or inability to respond to, in the sense of coping 
with, recovering from, or adapting to any external stress exerted on their livelihoods and well- 
being (Brooks et al., 2005; Chinwendu et al., 2017). The intergovernmental panel on climate change 
(IPCC) highlighted vulnerability as “a function of the character, magnitude, and rate of climate 
change and variation to which a system is exposed, its sensitivity, and adaptive capacity” (IPCC,  
2001). These three components are capable of influencing vulnerability and may increase or 
decrease it according to characteristics inherent to the human or natural system imposing it 
(Hahn et al., 2009). Thus, the vulnerability of any system is typically thought to be a function of 
its exposure to a hazard, sensitivity to that hazard, and the system’s ability to cope with, adapt to, 
or recover from the impacts (Chinwendu et al., 2017).

As indicated in Figure 1, vulnerability and its three components (exposure, sensitivity, and 
adaptive capacity), as well as their determinants, are system-specific and place-specific. They 
can vary over time in the form of rising temperatures, drought episodes, extreme cold events, 
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etc (Tesso et al., 2012). As vulnerability is context-specific and purpose-specific, none of the 
vulnerability concepts can be considered better or worse than the others (Mendoza et al.,  
2014).

Exposure
Likelihood of reduced precipitation, 
increased temperature and change in 

frequency, magnitude & duration of extreme 
events (droughts, floods, hailstorm, dry 

spell)

Sensitivity
How function of production system, 

communities & operations are affected by 
the climate extremes (droughts, floods, 
hail storm, dry spll & erratic rainfall)

Potential Impacts
Effects on production system 

(livelihoods) & social communities

Adaptive Capacity
Ability of ecological, economic and 

the social system and communities to 
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Figure 1. A schematic diagram 
showing the relationship 
between vulnerability factors 
and extreme climate events.

Source: Modified from Fritzsche 
et al. (2014), and Jamshidi 
et al. (2018)

Figure 2. Map of the study area.
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3. Materials and methods

3.1. Study area
The study was carried out in the North Wollo Zone, part of the northeast highlands of Ethiopia 
(Figure 2). It is located between 11°N and 12°N, and 39°E and 40°E, having a total area of 12,179.6  
km2. The 10 rural districts of the Zone are dominated by rugged mountainous areas and steep 
slopes that limit farming activities. The altitude ranges from 968 m.a.s.l. in the Habru district to 
4,258 m.a.s.l. in the Lasta district. Agro-ecologically, lowland (Kolla), mid-latitude (Woina-Dega), 
highland (Dega), and upper highland (Wurch) account for 38, 34, 21, and 7% of the zone, 
respectively (Gebre et al., 2017).

In 2017, the estimated population of the area was 1,824,361, where about 85.2% of the 
population lives in rural areas. Based on the temperature and rainfall data (1998–2019), the 
mean annual maximum temperature ranges from 20.6°C to 30.4°C in the highland and lowland 
areas, respectively. In contrast, the mean annual minimum temperature ranges from 7.1°C to 
15.4°C in cool and warm drier parts the zone, respectively. The area receives a total annual rainfall 
of 1,061.2 mm in the woina-dega and 624.8 mm in the drier parts of the Kolla agro-ecologies 
(Figure 3).

The smallholder farmers make their livelihoods from a mixed crop-livestock production system. 
We adopted the livelihood classification prepared by the FEWS NET (https://fews.net/east-africa 

Figure 3. Rainfall and tempera
ture distribution of North Wollo 
(1998–2019).
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/ethiopia/livelihood-zone-map/january-2018) to identify the four main livelihood zones in the area. 
Among the livelihood zones, North Wollo East Plain (NWEP), Northeast Woina-dega Mixed Cereal 
(NEWMC), Abay Tekeze Watershed (ATW), and North Wollo Highland Belg (NWHB), cover 32.6, 25.3, 
29.4, and 11.4% area of the zone, respectively. Besides, the True pastoral livelihood zone covers 
the smallest area (1.3% of the zone). The dominant crops grown are barley, wheat, teff, sorghum, 
maize, and pulse. From livestock types, cattle, sheep, goats, donkeys, and horses are commonly 
raised in the area.

3.2. Data source and analytical tools

3.2.1. Socio-economic data
The primary data was obtained from a household questionnaire survey. A structured questionnaire 
was designed to address major and sub-indicators necessary for the livelihood vulnerability 
analysis. Five woredas were selected purposely from the four livelihood zones. From these, five 
rural kebele administrations were selected contingent on the area coverage of the livelihood zones 
and agro-ecologies using a simple lottery technique. Samples in each kebele account for the three 
wealth groups (better-off, medium, and poor). The classification was based on the standard set by 
the local agricultural office and later refined by the focus group discussions (FGDs).

A total of 274 samples were selected from the aggregated 7754 HHs of the specified kebeles, in 
the survey year 2020. Since the number of better-off, medium, and poor differs from kebele to 
kebele, probability proportionate to size was used to fix the sample size in each. Hence, from 638 
better-offs, 2050 medium, and 5066 poor wealth groups, 22, 73, and 179 household samples were 
considered, respectively.

The Qualitative data was collected through the in-depth interviews of 20 key informants (KIs), 
discussion with five FGDs, and field observations. A purposive sampling technique was employed to 
select KIs and FGD participants. The KIs were experts in the Woredas, health extension workers, 
development agents, and elderly farmers. Each FGD consists of eight participants drawn from 
different ages, sexes, and wealth rankings. Open-ended questions and checklists were used for 
collecting data from KIs and FGDs.

3.2.2. Meteorological data
Daily precipitation and temperature data were obtained from the national meteorology agency of 
Ethiopia for five selected stations from 2000–2019. Such five stations (Kobo, Mersa, Lalibela, Kone, 
and Debrezebet) fairly represent the study area’s four agro-ecologies and four major livelihood 
zones. This data was used to see the vulnerability of farmers based on the change and variability of 
the meteorological components within the specified study period.

3.3. Method of analysis

3.3.1. Identification of livelihood vulnerability indicators
Recently, many scholars have used the indicator approach to construct a livelihood vulnerability 
index (LVI) in different contexts (Asrat & Simane, 2017; Weldegebriel & Amphune, 2017). The 
indicator approach, proposed by Hahn et al. (2009), includes an explicit climate component and is 
framed in a way that allows for the use of household survey data (Antwi-Agyei et al., 2012). The 
output provides a snapshot of the livelihood vulnerability of a specific household, community, or 
system and does not capture the temporal and spatial changes.

In this study, we used the indicator approach integrated with a modified form of vulnerability 
sourcebook approach (LVIVSBA). To address the dynamic nature of the vulnerability, a local-level 
participatory approach was employed, including KIs, FGDs, and oral narratives to capture how 
vulnerability has evolved within the local community and analyze its trend. This provides a better 
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understanding of how past biophysical and socio-economic activities have shaped vulnerability in 
such communities and offer useful insights into livelihood trajectories.

As introduced by Polsky et al. (2007) and applied by Wu et al. (2017), the vulnerability scoping 
diagram (VSD) and related set of indicators is a useful vehicle for conducting vulnerability assess
ment comparisons. We adopted the VSD model based primarily on the basic vulnerability compo
nents (exposure, sensitivity, and adaptive capacity). Such components are built on climatic and 
non-climatic stressors (Antwi-Agyei et al., 2016). The selection of indicators has been accom
plished based on extensive literature (Asrat & Simane, 2017; Corobov et al., 2013; Mendoza 
et al., 2014; Simane et al., 2016) and discussions with experts. We categorized 12 vulnerability 
indicators under the three vulnerability factors (exposure, sensitivity, and adaptive capacity), 
comprising 66 sub-components (Table 1).

All the 66 sub-components feasibly measure various aspects of livelihood vulnerability but may 
have some degree of overlap. Abson et al. (2012) suggest that the extent of vulnerability should be 
quantified using independent/uncorrelated indicators in policy-relevant researches. So, we used 
PCA to sort out the independent indicators because it condenses a large number of variables into 
a smaller number of spatially explicit, potentially incommensurable variables while preserving as 
much information as possible (Sharma et al., 2018). Before we began the process, the Kaiser-Maier 
-Olkin (KMO) measure of sampling adequacy and Bartlett’s sphericity tests were used to test 
whether all the variables encoded within the dataset of 274 households could be factored for 
the PCA or not. The variables are suitable if the KMO values are greater than 0.5 and Bartlett’s 
sphericity test is significant at p < 0.05 (Jolliffe, 2002).

In the process, when the original indicators (variables) are correlated, the higher-order principal 
components (PCs) capture more total variability in the data than any single original indicator. 
Leaving out the lower-order PCs reduces the number of indicators while minimizing information 
loss (USAID, 2014). According to Kaiser’s rule, the cutoff for suitable components lies with those 
PCs having eigenvalues above one. Occasionally, however, when a variable provides independent 
information compared to the other variables, it would be unwise to remove it. In terms of total 
variance explained, a sensible cutoff is very often in the range of 70% to 90%, which can some
times be higher or lower depending on the practical details of a particular data set. Accordingly, an 
eigenvalue of 0.7 was suggested to be the correct level of cutoff (Jolliffe, 2002) and thus, applied in 
this study. The other criteria for the component’s exclusion was its functional relationship. As 
explained above, only positively associated indicators were selected for adaptive capacity. Those 
with negatives were selected for exposure and sensitivity according to their order of influence 
loaded in the rotated component matrix table.

The PCA was run for each contributing factor revealing a total of 32 uncorrelated PCs. Such 
uncorrelated PCs are valuable because the scores of each PC encapsulate a unique trait of the 
overall livelihood vulnerability represented by the original set of the 66 indicators. Finally, 6, 8, and 
18 components were identified for exposure, sensitivity, and adaptive capacity, respectively 
(Table 2) for the overall livelihood vulnerability analysis. All the 32 components explain 82.9% of 
the total variation in the data set, sufficient to represent all the remaining variables. The total 
variance explained by those PCs enclosed under each vulnerability factor is above 70% (the 
minimum threshold for variable inclusion). Though the purposes may vary, several studies in 
Ethiopia (Asfaw et al., 2021; Maru et al., 2021; Mekonnene et al., 2019) and elsewhere (Dossou 
et al., 2021) have applied PCA either for data reduction or for assigning weights or both, which 
confirms with the validity of the PCA method used in this study.

3.3.2. Computing the livelihood vulnerability indices
When the sub-components used exist in a different scale of measurement, they need to be 
normalized to bring indicator values within the close range between zero and one (Jamshidi 
et al., 2018). In addition, it helps to normalize the range of continuous initial variables so that 
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Table 1. Levels of scoring for the proposed livelihood vulnerability indicators
Contributing 
factors

Vulnerability indicator Description of each 
Indicator with Expected 

sign

Level for scoring

Exposure (1) Weather and climate 
events

Change in temperature (-) 
Change in precipitation 
(annual) (-) 
Late onset & early cessation 
of rainfall (-) 
Extent of extreme events (-) 
Drought occurrence (-) 
Erratic rainfall & impact (-) 
Flood occurrence & impact 
(-) Hailstorm occurrence & 
impact (-) 
Extreme cold impacts (-)

Trend temperature increase 
(2000–2019): 
yes 1; 0 otherwise 
≥10% -ve mean deviation- 
count yrs (continuous) 
Yes 1; 0 otherwise 
Increased Yes 1; 0 otherwise 
Count drought frequency 
(VHI) within 2000–2019 if < 3 
= 0; 3–5 = 1 & > 5 = 2 
Relative perceived impact of 
risk on particular HH: no 
impact = 0; low impact = 1; 
medium impact = 2; high 
impact = 3 & very high 
impact = 4

Sensitivity (2) Biophysical environment Crop & livestock disease (-) 
Insect pest (-) Crop weeds (-) 
No early warning information 
on issues of extreme 
weather? (-) 
Totally dependent on 
firewood (-) 
Place attachment (-)

Relative susceptibility of HHs 
livelihood in relation to 
effects from the biophysical 
environment: Not a problem 
= 0; Less = 1; moderate = 2; 
Serious = 3 & very serious = 4 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
No of living years in kebele 
(continuous)

(3) Agricultural system Soil fertility decline (-) 
Increased soil erosion (-) 
Fragmented farm plot (-) 
Productivity of land 
decreased (-) 
No access to irrigation (-) 
Not food self-sufficient (-) 
Number of months in a year 
under food deficit (-) 
Rented out land (-) 
Scarcity of livestock fodder (-) 
Distance in Km to get water 
for 
domestic & livestock use (-)

Relative susceptibility of HHs 
livelihood to the agricultural 
system: Not a problem = 0; 
Less = 1; moderate = 2; 
Serious = 3 & very serious = 4 
Number farm plots 
(continuous) 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Number of months 
(continuous) 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
<2km = 1; 2-4km = 2; 4-6km 
= 3 & >6km = 4

Adaptive 
capacity

(4) Demographic character
istics

Male headed HHs (+) Age of 
HH head (+) Marital status (±) 
Family size (±) 
Family productive age group 
(+) 
Farm experience (±)

Yes 1; 0 otherwise 
Age in years (continuous) 
Married, yes 1: 0 otherwise 
Size of a family (continuous) 
Age within 15–64 ≥ 
dependent age (age < 15 & 
64+): yes 1; 0 otherwise 
Experience in years 
(continuous)

(5) Literacy Educational level (+) 
Having children at school (+)

Illiterate 0; read and write = 
1; grade 1–4 = 2 grade 5 & 
above = 3 
Yes 1; 0 otherwise

(6) Livelihood diversification Number of crops grown (±) 
Number of livelihood 
activities (+)

Type of crops harvested 
(number in 2019) 
For > 1 livelihood activities 
yes 1; 0 otherwise

(Continued)
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Table 1. (Continued) 

Contributing 
factors

Vulnerability indicator Description of each 
Indicator with Expected 

sign

Level for scoring

Adaptive 
capacity

(7) Wealth Farm size (timad) (±) 
Livestock owned (±) 
Off-farm income (±) 
Non-farm income (±) 
Save money in 2019 after 
fulfilling annual expenses (+) 
Saving accounts (+) 
Radio or TV ownership (+)

Size in timad (continuous) 
TLU in 2019 (continuous) 
Eth. Birr per year (2019) 
Eth. Birr per year (2019) 
Yes 1; 0 otherwise 
Possess: yes 1; 0 otherwise 
Yes 1; 0 otherwise

(8) Farm inputs Application of improved 
seeds (+) 
Application of chemical 
fertilizer (+) 
Application of compost (+) 
Application of herbicides (+) 
Application of pesticide (+)

Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise

(9) Perception and willing
ness

Have information about the 
changing climate (+) 
Possible to mitigate & adapt 
drought impacts (+) 
Willing to apply all remedial 
action & technology 
available (+)

Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise

(10) Training and Support Attending training on crop & 
livestock production activities 
(+) 
Advice & follow-up by DAs on 
crop & livestock production (+)

Yes 1; 0 otherwise 
Obtain: Yes 1; 0 otherwise

(11) Infrastructure Distance to output market (+) 
Distance to inputs market (+) 
All-weather roads (+) 
Dry weather roads (+) 
Off-roads (+) 
Access to a clinic (+) 
Access to veterinary services (+) 
Access to credit (+)

Below 4 kms: yes 1; 0 
otherwise 
Below 4 kms: yes 1; 0 
otherwise 
Living below 4 km away: yes 
1; 0 otherwise 
Living below 4 km away: yes 
1; 0 otherwise 
Yes 1; 0 otherwise 
Available in kbele: Yes 1; 0 
otherwise 
Available in kbele: Yes 1; 0 
otherwise 
Get access: Yes 1; 0 
otherwise

(12) Social institutions or 
networks

Member in Idir & active 
involvement in it (+) 
Member in Iqub & active 
involvement in it (+) 
Member in Mahiber & active 
involvement in it (+) 
Participation in Debbo (+) 
Participation in Wenfel (+) 
Participation Mekenajo (+)

Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise 
Yes 1; 0 otherwise

CV = Coefficient of variation of rainfall; VHI = Vegetation health index; ‘timad’ = a traditional unit of land measure
ment where 4 timad=1hactare; TLU = Tropical livestock unit. 
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they all contribute equally to the analysis by avoiding the dominance of variables with a larger 
range over those with a smaller range.

In the household survey, sampled farmers were invited to respond to some of the sub-indicators 
seeking a response in the form of continuous data (e.g., age, farm experience, landholding, off- 
farm and non-farm income, etc.). The other sub-indicators have 2 to 4 alternatives that the 
farming households may respond to or are characterized by. Fortunately, weights were assigned 
to each alternative depending on their magnitude affecting smallholders’ livelihoods. Higher 
values were assigned to those which affect livelihood vulnerability to a greater extent, and lower 
values to those which raise their adaptive capacity comparably with the others listed. After all the 
values were fixed, weighted arithmetic aggregation was applied. This again was changed 
to percent impact or percent influence of the case at hand. Then, by setting the minimum 
percentage (10%) and the maximum (90%), normalization was accomplished to transform the 
indicator values into a metric scale that ranges from 0 to 1. Thus, the following two formulas (Asrat 
& Simane, 2017; Mendoza et al., 2014) were used for normalization (Eq. 1):

Where, Zi = the normalized value of sub-component indicator i (0–1); Xi = HHs original value of that 
indicator i; Xi-max = the highest value among all indicators; Xi-min = the lowest value among all 
indicators

3.3.3. Assigning weights
There is no standard weighting method against which the different weighting methods are tested 
for precision (Abson et al., 2012). Nonetheless, PCA is widely used in several studies (Boka, 2017; 
Maru et al., 2021; Mekonnene et al., 2019; Tesso et al., 2012) to construct indices for which there 
are no well-defined weights. In the present study, therefore, PCA was applied to generate weights 
for each vulnerability indicator based on the assumption that a common factor explains the 
variance in the vulnerability. PCA was run for the selected vulnerability factors of exposure, 
sensitivity, and adaptive capacity separately in SPSS software. The initial eigenvalues of the 
principal components retained were used as the weights for the indicators (Eq. 2) since each 
eigenvalue tells us about the fraction of the total variance explained by each loading. The weights 
assigned to each indicator vary between 0 and 1. This magnitude describes each indicator’s 
contribution to the index’s value (Dossou et al., 2021; Sharma et al., 2018).

Where, Wi = the weight of ith PC; Ei = the eigenvalue of the ith PC & P = the number of PCs retained

Table 2. Test statistics to determine the appropriate principal components
Contributing 
factors (CF)

No. of 
indicators

KMO test Bartlett’s 
sphericity 

test

Eigenvalue Total 
variance 

explained 
(%)

No. of PCs 
selected

Exposure 10 0.614 P < .000 ≥0.850 84.510 6

Sensitivity 16 0.657 P < .000 ≥0.769 81.931 8

Adaptive 
capacity

40 0.687 P < .000 ≥0.736 79.944 18

All the CF 66 0.681 P < .000 ≥ 0.718 82.856 32
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After weights were assigned and the standardized value for each sub-component was 
obtained, the aggregated index for contributing factors and the shares of major components 
from the scores became known. As applied by Hahn et al. (2009), Adu et al. (2018), and Panthi 
et al. (2015), both the LVI framed by Hahn et al. (2009) and the IPCC framework for calculating 
LVI (LVIIPCC) were used as a benchmark to evaluate the overall livelihood vulnerability of 
households to drought in different livelihood zones and agro-ecologies of their study area. In 
the present study, we used the modified version of the vulnerability sourcebook approach 
(LVIVSBA) instead of the LVIIPCC.

3.3.4. Livelihood Vulnerability Index (LVI)
The LVI was developed based on the livelihood vulnerability framework to analyze the major 
components of livelihoods and the sub-components (contextual factors) that influence them. As 
discussed in Table 1, 12 major components were designed for this analysis. Each major component 
is made up of several sub-components from which information was collected from each sample 
households. After the normalization process (Eq. 1), LVI was computed using equation 3.

Where, LVI is livelihood vulnerability index; n is the number of major components; Wmi is the weight 
assigned to each major components and Mli is the computed vulnerability score of each major component

The weights allocated to each major component were based on the number of sub-components 
that make up each major component, and this was made practical to ensure that all the sub- 
components contribute equally to the overall LVI. The value of LVI was scaled from 0 to 1, showing 
low and extreme livelihood vulnerability, respectively.

3.3.5. Vulnerability Sourcebook Approach for Calculating LVI (LVIVSBA)
The other method used to compute LVI is the vulnerability sourcebook approach. This approach 
was designed after the fifth assessment report of the IPCC by Germany’s “Vulnerability Network’’ to 
assess domestic vulnerability across different sectors at the various administrative levels. It 
provides a practical and scientifically sound methodological approach to vulnerability assessments 
and its application in monitoring and evaluating climate adaptation. It was prepared so that it 
could support developing countries in their endeavor to achieve climate-resilient sustainable 
development (Fritzsche et al., 2014). However, its modified form is applied in the present study. 
It works as a function of the vulnerability factors (exposure, sensitivity, and adaptive capacity). This 
is defined by grouping the 12 major components within the vulnerability factors. Various sub- 
components were also incorporated into vulnerability measurement as the LVI approach. Before 
calculating LVIVSBA, standardization of the sub-components (Eq. 1) and aggregation of major 
components (Eq. 3) into the assigned contributing factors were accomplished.

Where, CF = IPCC defined contributing factor; PCi = the ith sub-component value belonging to the 
vulnerability factors; Wi = the weight of sub-components; P = number of PCs

Then, exposure and sensitivity were aggregated into potential impacts (Eq. 5). Finally, as applied 
by Lindoso et al. (2014), simple arithmetic aggregation of the potential impact and the adaptive 
capacity deducted from one was made using equation 6 to specify the LVIVSBA. This index was 
again scaled from 0 (the least vulnerable livelihood) to 1 (the most vulnerable livelihood).
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Where, PI = potential impact; LVIVSBA = livelihood vulnerability index in vulnerability sourcebook 
approach

For more detail characterization, as applied by Mekonnene et al. (2019), the LVI values obtained 
in both cases were categorized as low vulnerability (0 ≤ LVI ≤ 0.45), medium (0.45 < LVI ≤ 0.70), and 
high (0.70 < LVI ≤ 1.00). The data management and analysis were performed using software 
including SPSS (version 20), XLSTAT 2021, and Microsoft Office Excel sheets.

4. Results

4.1. Vulnerability to climate extreme events
Changes in climatic conditions, lit up by seasonal variations in temperature and rainfall amount, 
and associated extreme events determine the exposure of the farming households as a unit and 
the environmental system as a whole. A highly exposed environment has an undesirable effect on 
agricultural activities, which determines the livelihood vulnerability of the farming communities. 
We measured exposure by temperature and precipitation time series analysis and by examining 
the occurrence of climatic extremes (drought, hailstorm, etc.).

Since there is significant variation in climatic conditions across agro-ecologies or livelihood 
zones, their exposure to extreme climate events and associated hazards will also vary. The 
indicators of exposure filtered by the PCA for the livelihood zonation and the individual households 
of our study are shown in Table 3.

The trend analysis of time series temperature on the selected five stations (Figure 4), showed 
variation in mean annual temperature, but an increasing trend in temperature was detected in all 
the livelihood zones in the last 20 years. The highest increase was observed in Mersa station (0.098 
°C/year) in the NWEP and the lowest in Lalibela station (0.044 °C/year) in the NEWMC livelihood 
zone. During the recent decade (2010–2019), the mean annual temperature of most stations have 
shown the highest trend of increase as compared with the earlier decade. This is an indication that 
recent years have been warmer than the years before a decade, having a greater influence on the 
agricultural system and thereby intensifying agricultural livelihood vulnerability. Due to this, the 
sub-indicator “change in temperature” has a value with a uniformly increasing trend that does not 
fulfill one of the assumptions (sampling adequacy) required for the PCA analysis. Hence, all the 
livelihood zones and wealth ranks were directly assigned the maximum normalized value of one 
out of the PCA.

4.2. Sensitivity of farmers to the biophysical environment and the agriculture system
The temperature rise and untimely rainfall registered in all the study sites are creating more 
conducive conditions for the different crop and livestock diseases to disseminate, various pests 
to infest, and troublesome weeds to prevail. They are considered among the major constraints in 
boosting agricultural production. Key informants and FGD discussants also confirmed that 
the year-to-year rise in temperature and untimely rain that occurs before or ahead of the 
agricultural calendar was the primary cause of the high prevalence of crop and livestock diseases, 
pests, and weeds. One of the soil and water conservation experts in Gidan woreda said,

One can easily feel that the temperature is increasing from year to year. Late-onset and 
early cessation of rainfall have seriously affected the agricultural activities. Moreover, unti
mely rain just before a harvesting period is also becoming common, quite different from 
before. It spoils standing crops by physically dumping them and making seeds germinate. 
The rising temperature coupled with untimely rain paves the way for different crop weeds to 
prevail, pests to infest, and diseases that we are not accustomed to before easily dissemi
nate. (28 March 2020) 
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As indicated in Table 4, crop weed prevalence was the primary determinant factor. Based on the 
survey result, about 70.1% of the farmers rated crop weeds as their greatest crop production 
challenge. NWMC was highly affected by weed problems with a vulnerability score of 0.79, followed 
by NWEP (0.76) and NWHB (0.75). The Better-off were less affected by crop weeds (0.13) than the 
poor households (0.81) as they applied more farm inputs (improved seeds, pesticides, and herbi
cides). Besides, they have more access to information and the capacity to buy.

Early warning of drought or other climate extremes can alert farmers to sell their livestock and 
buy food and other necessities before it shrinks or dies (van Ginkel & Biradar, 2021). Nonetheless, 
only few farmers in the study area obtained early warning information about drought and other 
climate extremes. Due to this, they were too sensitive to this vulnerability component. In relative 
terms, higher vulnerability scores are recorded in NWHB (0.77) and NWEP (0.74). Attributable to 
their higher access to information, the better-off were less sensitive (0.35) than the medium (0.71) 
and the poor (0.75) households.

The agricultural system was the other central spot of concern where the sensitivity of the 
smallholdings was examined for the vulnerability assessment. Generally, the significant sub- 
components with more weight and greater influence on the degree of sensitivity were access to 
irrigation, food self-sufficiency, and scarcity of livestock fodder. Geographically, NWHB (0.57) and 
NWMC (0.57) were more sensitive than the other livelihood zones. Economically, the poor house
holds (0.59) were more sensitive and severely affected sections of the community than the middle 
and better-off households (Table 4).
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4.3. Adaptive capacity of the agricultural system
As observed in Table 5, the demographic characteristics incorporated three sub-components, 
including marital status, farm experience, and the productive age of a family. Various studies 
(Deressa et al., 2009; Tesso et al., 2012) found that the household head’s marital status and age, 
which also determine farm experience, influence their adaptation to drought-related impacts. 
Accordingly, the male-headed households and the married ones adapt more readily to climatic 
extremes than the female-headed and single ones. Over 87% of the sampled farmers have got 
married in the study area; thus, they were more adaptive (0.96) and less vulnerable.

On the other hand, the farm experience of smallholders increases with age. Experienced farmers 
are expected to be more engaged in most adaptation options than less experienced ones. Due to 
this, they are likely to have more information and knowledge on drought conditions and related 
crop and livestock management practices. In the study sites of North Wollo, the sampled house
holds have an average farm experience of 33.6 years, and with this, the study area obtained an 
adaptive capacity score of 0.53. All the better-off with the highest farm experience (39.6 years) 
were found to have by far the lowest vulnerability score (0.03) than the poor and medium house
holds. A similar study conducted by Tesso (2013) in western Ethiopia confirmed that households 
with many years of farm experience had higher levels of adaptive capacity and were characterized 
by lower vulnerability to climate-induced shocks.

Educational status can influence farmers’ decisions to adjust agricultural practices in response 
to climate extreme events. The sampled smallholders were characterized by low educational 
status, where around 64% of them were illiterate. Hence, the overall adaptive capacity towards 
education becomes much lower (0.04), with a slight difference across livelihood zones and 
wealth ranks. However, the survey result shows that about 62% of them were found to have 
at least one child in school. This can compensate for their education and possibly raise their 
adaptive capacity to the issue (0.35), making them relatively less vulnerable. This was confirmed 
by the findings of Asrat and Simane (2017) in that the better the educational status of 
a household and its family members, the better the chance of adapting to the impacts of 
climate-induced extreme events.

4.4. Overall livelihood vulnerability of smallholder farmers to drought impacts
The vulnerability scores of the 12 major components across the four livelihood zones and wealth 
rankings are summarized in the spider diagrams (Figure 5a,b). In all agro-ecologies, farming 
households were found to be less resilient towards infrastructure (with an adaptive capacity 
score ranging from 0.04 to 0.21) and wealth with a score of 0.07 to 0.27. Similarly, these two 
indicators were lower among the different wealth rankings (Figure 5b) having the highest values 
for the better-off and the lowest for the poor. The diagram also revealed that ATW has relatively 
better livelihood diversification (0.69). At the same time, NWMC (0.88) was characterized by an 
appreciated perception of climate and associated droughts signifying that farmers are more willing 
to apply all remedial action and technology available to tackle drought impacts.

From the two vulnerability triangles, one can understand that the study area was characterized 
by higher exposure (0.653) and higher sensitivity (0.632) values, while it exhibited lower adaptive 
capacity (0.37). Minor differences do exist across the livelihood zones and wealth status. 
Consequently, NWHB has shown the highest exposure and minimum adaptive capacity, making 
the area highly vulnerable to drought impacts. It was also evident that the poor households exhibit 
the highest values of exposure and sensitivity and the lowest adaptive capacity (Figure 5d), making 
them more vulnerable than the other wealthy groups. One can also easily recognize from this 
figure that all the wealth groups have nearly similar exposure values to weather and climate 
events. Yet, their difference in livelihood vulnerability arises from their differential sensitivity and 
adaptive capacity.
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Generally, the computed vulnerability scores assured that the smallholder farmers in all four 
livelihood zones were vulnerable to the adverse effects of drought because of high exposure, high 
sensitivity, and lower adaptive capacity. Exposure and sensitivity together indicated the potential 
impact of drought on livelihoods in the area (Table 6). In this regard, all the livelihood zones were 
encountered with high potential impact. However, NWHB came up with the highest potential 
impact (0.701) and ATW with the lowest (0.575). Notable differences in potential impacts have 
also occurred across wealth rankings. Studies reported that the poor were more vulnerable to 
natural hazards than the better-off, yet poverty and vulnerability are not always linked (Wilhelmi & 
Wilhite, 2002). As expected, the poor smallholders exhibited the highest potential impact (0.673) 
than the middle (0.624) and better-off (0.464) ones. A similar finding by Antwi-Agyei et al. (2012) 
advances this output by underlining that households considered rich by the local communities 
were less vulnerable to climate-induced impacts than the poor.

5. Discussion
Differential agriculture-based livelihood vulnerabilities to drought impacts have been observed in 
different parts of Ethiopia. Such vulnerabilities are also distinct in terms of variation in livelihood 
zones, and wealth ranks of the farming community (Maru et al., 2021; Wassie et al., 2023). In this 
study, livelihood vulnerability was assessed using two indices (LVI and LVIVSBA) through multiple 
major and sub-indicators. The scores of computed indices showed that farmers in all four liveli
hood zones were highly vulnerable to the negative effects of drought. Nevertheless, they showed 
varied vulnerability patterns.

5.1. Vulnerability to climate extremes, sensitivity and adaptive capacity
One of the indicators used to examine the livelihood vulnerability of farmers was considering their 
perceptions in the observed time-series pattern of precipitation, and associated impacts on 
agricultural production. Each household and the FGD discussants argued that the rainfall pattern 
was erratic. One of the KI in Worelalo kebele said that “the nature of rainfall is not like what has 
been before. In most of the recent years, rainfall comes late and ends early. Such onset and 
cessation of rainfall have created the greatest challenge in my agricultural production, where 
I have no other livelihood option.” Such unpredictable rainfall pattern during the main cropping 
season caused negative effects on crop production by disturbing the cropping calendar. In each 
livelihood zone, over 75% of the households reported that the late-onset and early cessation of 
rainfall greatly affected their agriculture. Consequently, higher vulnerability scores (0.82–0.91) 
were registered to it in all the livelihood zonation (Table 3).

Drought, hailstorm, and extreme event occurrences were the other prioritized indicators for the 
vulnerability analysis. Overall, 94.5% of households reported that the extent of extreme events and 
their related impacts have been increasing in recent years. The issue is shared with households as 
high as 100% in NWEP and as low as (88%) in NWHB (dega and wurich agro-ecology) so that they 
are characterized by higher normalized scores accordingly (Table 3). On the other hand, the 
hailstorms had no considerable impact on farmers’ livelihoods. Similar findings has been obtained 
by Maru et al. (2021) in that the score of drought risk was the highest (0.61) in lowland areas than 
the other agro-ecologies over the Awash basin, Ethiopia.

The frequency of drought occurrence was examined as one of the factors affecting the livelihood 
vulnerability of the rural community in North Wollo. Vegetation health index (VHI) was used to 
investigate the frequency of droughts in each livelihood zone (Figure 6). In their agricultural 
drought characterization of the area, Wassie et al. (2022) stated that about 56.5, 53.3, 56.8, and 
77.9% of the area in NWEP, NEWMC, ATW, and NWHB livelihood zones, respectively, have been 
affected by drought more than five times in the last 20 years. The PCA also gave the priority and 
the highest weight for “drought recurrence” among the 10 input variables (indicators) of exposure. 
Accordingly, NWHB gained the highest vulnerability score (0.81), followed by NWEP (0.47), meaning 
that the area is highly exposed to extreme climatic events, indifference from the others. These two 
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livelihood zones were characterized by the highest CF scores (0.74 and 0.65), where the NWHB was 
even higher than the entire area (0.65).

Farmers’ sensitivity to the biophysical environment and agricultural system has been observed 
to have influence on their agro-based livelihoods. Among these, soil erosion was considered one 
source of vulnerability, with no significant difference in vulnerability scores across wealth groups 
and livelihood zones (Table 4). It is because farmers are always trying to maintain the fertility of 
their farm plots by applying chemical fertilizer (77.7%), manure (40.5%), and compost (23.3%). 
That is why they perceive it as not being a big deal in affecting their livelihood. Accordingly, it 
gained the lowest vulnerability score (0.19) against the other sub-components. However, this result 
complies with the findings of most studies (Asfaw et al., 2021; Simane et al., 2016; Tesso, 2013) 
that poor soil fertility still portends as the major challenge of the farming sector affecting liveli
hood vulnerability in different parts of Ethiopia.

Based on the survey results, most households (79.5%) reported that they are facing food 
shortages from one to nine months each year. Of these, 68.5% were under a food deficit for 3– 
9 months. The period of food scarcity falls during the months of the main crop growing season 
when the crop has not yet been harvested (from May to September, with a peak in July and 
August). Hence, this sub-indicator has gained the heaviest weight and the highest vulnerability 
score, with slight differences across livelihood zones (Table 4). However, as was expected, the 
better-off households had the lowest score (0.33), and the poor had the maximum possible (1.00).

The poor and less capable households of Ethiopian smallholder farmers practice agricultural 
land rental intermittently. Accordingly, farmers in the study area rent their land to a fellow farmer 
for sharecropping or cash. One of the 72-year-old KI in Ayub kebele of Kobo district suggested his 
opinion as:

Figure 5. Spider diagram show
ing the vulnerability scores of 
major components across the 
livelihood zones (a), and wealth 
ranks (b); Triangular diagram 
showing the contributing factor 
scores of livelihood zones (c), 
and wealth rankings (d), North 
Wollo, 2020.
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I and fellow farmers may rent our land to others for a variety of reasons, including a need for 
immediate cash, during lack of capacity to cultivate the land due to old age, widowhood 
(especially women, when their husband dies), sickness (for those with no sun to perform the 
task), poverty (when one has not even a single draft animal or cannot pay for plowing his 
plot), and during temporary departure from the residence in search of labor or other 
reasons. (20 March 2020) 

Due to such facts, over 50% of women-headed households in the study area were renting out their 
land to other farmers. In addition, of the total 16.1% of households who rented out land in the 

Figure 6. Vegetation health 
index (VHI) based agricultural 
drought frequency in North 
Wollo (2000–2019) across the 
livelihood zones. NWEP = North 
Wollo East plain; NEWMC =  
North east woina-dega mixd 
cereal; ATW = Abay Tekez 
watershed; NWHB = North 
Wollo highland belg; TP = True 
pastoral livelihood zones.

Source: Wassie et al. (2022)

Figure 7. Livelihood zone-based 
agricultural livelihood vulner
ability using LVIVSBA in North 
Wollo, 2020.
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entire area, 93.2% were poor. Hence, renting out the land was done mainly by the poor and less 
capable and most women farmers.

Adaptive capacity of the agricultural system of the farming households was measured using 9 
major indicators and 18 sub-components. Livelihood diversification was considered as one indi
cator for measuring vulnerability. According to Boka (2017), livelihood diversification has long been 
recognized as a drought risk management strategy and source of resilience. Engaging families in 
more livelihood options enables farmers to save money and improve their wealth status. In North 
Wollo, however, only 12.8% of the sampled households could save money after fulfilling their 
annual expenses in 2019. This makes their adaptive capacity very low (0.04). Only small portions of 
small holdings were engaged in off-farm (12.8%) and non-farm (18.6%) income sources. Some of 
the common activities that the farming households were engaged in were charcoal making, daily 
labor, crop and livestock trade, petty trade, wood log selling, and selling local drinks. However, the 
income obtained from off-farm and non-farm activities was not satisfactory, except for very few 
individuals. Hence, such engagements were not critically important in improving their adaptive 
capacity. Accordingly, the aggregated adaptive capacity for off-farm income (0.07), and non-farm 
income (0.12) was very low. Though, engaging in more livelihood options are essential and give 
chances to build resilience against the effects of droughts, the outputs of many studies such as 
Tesso et al. (2012), Maru et al. (2021), Wassie et al. (2023) entail that most rural smallholders in 
various study areas were found less engaged in it.

Application of farm inputs such as fertilizer, improved seeds, herbicides, pesticides, etc., is one of 
the most important variables in maximizing crop production. Here, the application of improved 
seeds and pesticides was prioritized to see the situation of livelihood vulnerability and its adaptive 
capacity. In this regard, 39.1% of the respondents were found to have applied improved seeds at 
the time of the survey, with more application in ATW (82%), and the lowest in NWHB (14.7%). 
About 43.8% of the entire smallholders were applying pesticides. However, most farmers who used 
such farm inputs were found in NWEP (68.5%) than in the rest of the livelihood zones. Perhaps, this 
livelihood zone is found in kolla agro-ecology, where pest infestation is expected to be higher. 
Therefore, the adaptive capacity was relatively higher (0.73). However, the higher expense of 
buying chemicals should be reconsidered as the other obstacle that suppresses farmers’ adaptive 
capacity.

Farmers’ willingness to apply any future remedial action to mitigate and adapt to drought 
impacts and their perception of alleviating the problem was considered among the indicators to 
measure the adaptive capacity. Based on the results obtained, only 47% of the sampled small
holders confirmed the possibility of mitigating and adapting to drought impacts. The remaining 
53% have a solid pessimistic attitude towards the issue. Thus, the entire area gained an aggre
gated adaptive capacity score of 0.51. In addition, about 53% of them were willing to apply any 
suggested remedial action and technology available to mitigate droughts. Of those farmers who 
were unwilling to take any recommended action in the future, 88.8% of them were without any 
formal education. This is a clear indication that educational status is an essential determining 
factor not only for the current but also for farmers’ future sacrifices to take action in drought 
impact adaptation. A similar result was highlighted by Deressa et al. (2009) in their study on 
determinants of farmers’ choice of adaptation to climate change in the Nile Basin of Ethiopia. 
Therefore, more awareness creation is required, and bolder action should be taken to change their 
attitude and make them actively participate in future drought-related adaptation interventions.

In general, inadequate access to infrastructural services such as distance to market, access to 
road networks, credit, clinics, and veterinary services can influence farmers’ vulnerability to 
drought risks. Lacking access to these services induces low agricultural production and less 
adaptive capacity. For instance, households with easy market access have a chance of getting 
access to input, selling their products, exchanging information, and diversifying their livelihood. In 
the present study, the availability and accessibility of roads were prioritized in the PCA to measure 
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the adaptive capacity of the smallholder farmers. In this regard, only 17.9% of the sampled 
farmers were found to live below 4 km from either all-weather or dry-weather roads. Hence, 
a great majority of farmers have been facing a big challenge in selling, buying, and transporting 
farm inputs and outputs. This dramatically lowers their adaptive capacity scores (0.1) and max
imizes their vulnerability (0.9) to the issue.

It is a common tradition in Ethiopian society to engage and actively participate in different social 
institutions such as Idir and Mahber. O’Brien et al. (2004) concluded that social institutions play 
a critical role in constraining and enabling farmers’ adaptation to the changing climate and its 
extreme events. Likewise, Deressa et al. (2009) proved that social networks through such institu
tions play a significant role in the adoption of agricultural technologies by acting as conduits for 
financial transfers, solving credit constraints, and facilitating information transfer. In this regard, 
the sampled farmers were found more vulnerable to Iquib (0.01) and mekenajo (0.01) than their 
engagement in Idir (0.74).

5.2. Livelihood vulnerabilities across the livelihood zones and wealth ranks
Surprisingly, the livelihood vulnerability computed in both the livelihood vulnerability framework 
(LVI) and the LVIVSBA approach confirmed the same vulnerability ranks across the wealth groups 
and livelihood zones with minimal difference in vulnerability scores (Table 6). However, in all the 
livelihood zones, the lowest and maximum vulnerability scores were obtained from LVIVSBA 
results (0.555–0.715) rather than the LVI score (0.583–0.681). NWHB, NWEP, NWMC, and ATW 
were ordered from the first to the fourth vulnerability rank using both index values. Similarly, the 
poor, medium, and better-off were relatively ranked from the highest to the lowest livelihood 
vulnerability.As indicated in Figure 7, since the LVIVSBA value ranges from 0–1, the value of the 
index directly shows the vulnerability and indirectly the non-vulnerable situations of households in 
the area. Both the highest (0.72) and lowest value of the index (0.28) was registered in NWHB 
livelihood zone indicating that it has the highest vulnerable and the lowest non vulnerable house
holds compared to the other livelihood zones.

Hence, based on the (IPCC, 2001) vulnerability ranking, NWHB is categorized under high liveli
hood vulnerability and the rest as moderate. Together with this, since the whole system obtained 
a livelihood vulnerability index of 0.640 and 0.637 in LIV and LVIVSBA, respectively, it is character
ized as moderate vulnerability. However, as the values of LVI in the system are approaching the 
intervals showing the highest vulnerability (0.7–1.0), an unprecedented effort is urgently required 
to minimize the level of potential impacts and successively raise their capacity to adapt.

6. Conclusions and policy implications
Ethiopia has been highly vulnerable to recurrent droughts. The rapidly changing climate likely exacer
bated the drought-related problems of agricultural livelihoods. Therefore, examining livelihood vulner
ability of the farming households by integrating local context socio-economic and biophysical data of 
various sources helps prioritize localities for timely interventions and evade future risks.

Based on the indicator method of assessment using LVI and LVIVSBA, the entire study area showed 
higher exposure to weather and climate events and higher sensitivity to the biophysical environment 
and agricultural system. Correspondingly, the study area revealed a lower adaptive capacity. The 
major sub-components which have more weight and greater influence on households’ sensitivity were 
access to irrigation, food self-sufficiency, scarcity of livestock fodder, and soil erosion. In addition, poor 
access to basic infrastructure and available technologies, low levels of livelihood diversification, 
inadequate economic resources, low educational status, lack of training and support, limited partici
pation in social institutions, and low perception and willingness (knowledge, beliefs, attitudes, and 
concerns about) largely diminish the adaptive capacity of smallholder farmers and worsen their 
vulnerability. Therefore, the computed vulnerability scores indicated that the farmers in all four 
livelihood zones were vulnerable to the adverse effects of drought. However, there were differential 
livelihood vulnerabilities across the four major livelihood zones and wealth ranks.
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In conclusion, the study calls for stakeholders to develop context-specific interventions to fortify 
the adaptive capacity of farmers and reduce their sensitivity so that drought-induced livelihood 
vulnerability can be reduced. This has to be complemented with timely early warnings to make 
farmers prepare ahead of stress and alert them to take the necessary action before the worst 
impact occurs. Besides, drought-induced livelihood vulnerability is a function of all the indicators 
and sub-indicators utilized for this study. Consequently, the weak and smaller indicator values 
observed within the different livelihood zones and wealth ranks should be considered the leading 
entry points to prioritize future interventions. Finally, the study wants to note that The LVIVSBA, as 
a new modified approach, is a useful index in measuring livelihood vulnerability, even better than 
the integrated livelihood approach (LVI) since it can numerically fix the potential impacts by using 
the exposure and sensitivity variables. However, most of the results of the study are obtained from 
the data collected at a snapshot of livelihood vulnerability situations, which does not capture the 
temporal and spatial changes. Thus, further research is recommended in the study area and other 
parts of Ethiopia to examine the livelihood vulnerabilities of farmers to drought-induced impacts, 
which are purpose-specific and context-specific in space and time.
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