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Abstract: Assessing the magnitude of smallholder farmers’ livelihood vulnerability to drought is an
initial step in identifying the causal factors and proposing interventions that mitigate the impacts
of drought. This study aimed to assess smallholders’ livelihood vulnerability to the drought in
the upper Awash sub-basin, Ethiopia. Household (HH) and climate data were used for indicators
related to sensitivity, exposure, and adaptive capacity that define vulnerability to drought. The
vulnerability of farmers’ livelihood to drought was compared among the studies agroecological zone
(AEZ) and farm typologies. The result illustrated a diverse magnitude of vulnerability index (VI)
ranging from −1.956 to −4.253 for AEZ. The highest magnitude of VI was estimated for livelihood in
the lowland AEZ, while the lowest magnitude of VI was estimated in midland AEZ. This could be
accounted for by the fact that lowland farmers shown the highest exposure (0.432) and sensitivity
(0.420) and the lowest adaptive capacity (0.288). A closer look at farmers’ livelihood typology, in each
of the AEZ, showed substantial diversity of farmers’ livelihood vulnerability to drought, implying
potential aggregations at AEZ. Accordingly, the vulnerability index for livestock and on-farm-income-
based livelihood and marginal and off-farm-income-based livelihood typologies were higher than the
intensive-irrigation-farming-based smallholders’ livelihood typology. Based on the result, we concluded
that procedures for smallholders’ livelihood resilience-building efforts should better target AEZ to
prioritize the focus region and farmers’ livelihood typology to tailor technologies to farms. Although
the result emphasizes the importance of irrigation-based livelihood strategy, the overall enhancement
of farmers adaptive capacity needs to focus on action areas such as reducing the sensitivity and
exposure of the households, improving farmers usage of technologies, diversify farmers’ livelihood
options, and, hence, long-term wealth accumulation to strengthen farmers’ adaptive capacity toward
drought impacts.

Keywords: vulnerability to drought; exposure; sensitivity; adaptive capacity; farm typology; resilience

1. Introduction

Climate change is an occurring phenomenon that is constantly affecting livelihoods,
especially in developing countries where the livelihood of smallholder farmers depends
on subsistence agriculture [1–3]. Smallholder farmers’ livelihood vulnerability to climate
change (particularly drought) stems both from their geographic location in the tropical
regions and the difference in socioeconomic and policy trends that limit their adaptive
capacity to the changing climate [4]. Farmers who depend solely on the naturally available
rainfall for crop and livestock production are among the most vulnerable to the impacts of
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climate change [5]. A household-level drought vulnerability analysis will help to under-
stand livelihood challenges, as well as alternative mitigation and adaptation measures [6].

Mixed crop–livestock production systems, agropastoralism, and pastoralism are the
main livelihood activities in many developing countries [7,8]. In this regard, Ghosh and
Ghosal [9] and Jellason et al. [10] indicated that farmers relying on these livelihood activities
are severely impacted by climate change. One of the factors affecting livelihoods is the in-
creasing occurrence of frequent and severe drought [11,12]. Drought has become a frequent
occurrence in Africa, especially in countries in the Horn of Africa (e.g., Ethiopia [13–15]).

In Ethiopia, drought has been understood as the most severe long-term climatic shock
and cause of concern for farm households [16–19]. Here, climate variability and extreme
weather are two of the most serious threats to agricultural productivity and smallholder
livelihoods [20,21]. Sam et al. [22] indicated that drought, unlike other natural disasters,
strengthens its grip over time, gradually destroying the affected area. Drought’s spatial
distribution and its persistence for a long period are therefore significant threats to rural
livelihoods, putting many smallholders in a poverty trap [23,24].

According to Abeje et al. [25], more than 10 major drought episodes have occurred
in Ethiopia since the 1970s. Awash basin, where this study focuses, experienced more
than nine drought events on average in the last three decades [26]. More specifically, the
upper parts of the Awash Basin are known as smallholders with mixed crop–livestock,
agropastoralism, and pastoralism livelihood systems, which are highly vulnerable to
climate-related disasters such as drought [27]. This is mainly because of environmental
sensitivity and exposure to climate shocks. The area is highly exposed due to aridity and
natural resource degradation [28]. The historical period of study of land use transformation
in the upper Awash sub-basin indicates a significant expansion of croplands and urban
areas [29,30]. It is a highly populated part of the basin compared to the lower Awash. Two
major cities in Ethiopia—Addis Ababa and Adama—are in the upper Awash sub-basin [31].
These stressors, in addition to other natural factors, made smallholders in this part of the
country extremely vulnerable to drought.

Though livelihood is a highly complex and comprehensive concept [32], it is a means
of living for individuals and households [33]. The most cited understanding of livelihood
includes the skills, resources (including both social and material resources), and activities
that generate the means of household survival [34].

The subsistence-mixed crop–livestock production, agropastoralism, and pastoralism
ways of living that rely heavily on ecosystem services are more vulnerable to drought-
related climatic shocks. In sustainable development, vulnerability assessment is important
because it provides an accurate explanation of how vulnerable a system is to climate change
impacts [35]. Vulnerability is a state of sensitivity to disaster as a result of exposure to stresses
associated with environmental and societal change, as well as a lack of adaptive capacity. With
regard to the Intergovernmental Panel on Climate Change (IPCC) [36], vulnerability to the
changing climate is the extent to which the system is exposed to and incapable of dealing with
the prominent impact of climate change, including climate instability and extremes. Within
the framework of this study, vulnerability is conceptualized as the occurrence, magnitude,
rate, and variability of climate change shock (particularly drought) to which the system is
exposed, as well as the system’s sensitivity and adaptive capacity.

The IPCC definition was applied to identify the vulnerability of farming communities
to drought at the household level. Accordingly, the vulnerability of households was
derived as a function of the three elements—namely, adaptive capacity, sensitivity, and
exposure [37]. Exposure can be referred to as climate change shock and describes the
pressure drought shocks put on rural households [2,38], and this can be explained by
the intensity, frequency, and duration of drought. Sensitivity is understood as the extent
of environmental factors’ impact on households [39,40] and expressed by various sub-
components, such as the prevalence of crop failure, environment-related diseases, and
different crises. Adaptive capacity explains rural households’ ability to adapt to drought
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stress [41,42] and can be characterized by capital, livelihood diversification, wealth, and
access to infrastructure.

Since the variation in vulnerability to drought cannot be detailed at the AEZ level,
we used farm typology. Farm typology is a method for categorizing farmers into classes
with similar characteristics [43]. Smallholder farmers’ responses to the climate-induced
livelihood vulnerabilities are not uniform but rather diverse, as response strategies are
embedded in the heterogeneous sociodemographic, economic, livelihood type, and adap-
tation mechanisms. To understand these variations, we conducted a cluster analysis to
group farmers into farm typologies. Farm typologies are a valuable tool for unpacking
and recognizing the large variety of smallholder farms so that adaptation strategies can be
better targeted [44,45]. Musafiri et al. [46] recommended using farm typology to investigate
the actual characteristics of individual smallholder farmers in determining the vulnerability
to climate change impacts.

The timely information on the occurrence of drought and the analysis of the level of
farmers’ vulnerability is an element of the drought response mechanism. Nasir et al. [47]
indicated that drought is often returned once it ends and due to this nature, the government
will again be misinformed about the time of the next severe drought episode occurrence.
Hence, investigating the vulnerability of farmers’ livelihood to this nature of recurrent
drought helps to devise the response mechanisms.

In this regard, various studies have been conducted in the upper Awash sub-basin
and elsewhere; (i) some have focused on livelihood vulnerability to the entire climate
change impacts [25,48–52]. These studies only used household survey data to understand
the level of livelihood vulnerability [8,53–55]; (ii) some vulnerability studies (e.g., [56,57])
considered only basin-wide livelihood vulnerability analyses that overlooked the local and
farmers specific contexts; (iii) some studies completed livelihood vulnerability analysis
using few numbers of indicator variables (e.g., [58–60]). Though these studies have made
significant contributions to our current level of knowledge and understanding of liveli-
hood vulnerability to climate change, there are likely gaps that must be filled. Here, we
argue that these gaps can be filled by analyzing smallholders’ livelihood vulnerability to
climate-induced shocks, especially drought, by incorporating real-time climate data into
the vulnerability assessment, relying on local contexts in the analysis to understand the
problem at a household level (by clustering farms based on their livelihood and activity
profile to overcome the vulnerability), and including as many indicators as possible to
make the vulnerability analysis multidimensional and robust.

The core aim of the current study is to analyze the smallholders’ livelihood vulnerabil-
ity to drought using AEZs and farm typologies as units of analysis. The study hypothesized
that the vulnerability of farmers’ livelihood to the drought varies in agroecology and farm
typology. However, the level of vulnerability at the agroecology scale is more general and
necessitates inspecting it at the farm typology scale. The drought management mechanism
should consider these variations, and entry points have to depend on the actual level of
farmers’ vulnerability to drought.

To analyze smallholders’ livelihood vulnerability to drought at a household level
in upper Awash, this study is designed in a way that can address the above-mentioned
research gaps. According to Singh et al. [21], model-based vulnerability analysis can
provide a long-term view of the physical aspects of macro-scale climate scenarios but
fail to accurately interpret the human dimensions of microscale climate uncertainty and
hazards [61]. Hence, this micro-scale (household-level) study of smallholder farmers’ vul-
nerability to drought considered the human and natural dimensions of indicators through
the integration of climate and household (HH) survey data to characterize a household’s
vulnerability to drought. The procedures developed and information generated would
help experts and policymakers in their efforts of enhancing farmers’ resilience to drought
impacts by identifying the highly vulnerable livelihood capabilities of farmers.
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2. Materials and Methods
2.1. The Study Area—Location and Characterization
2.1.1. Location

Awash is one of the 12 River Basins of Ethiopia. The basin is divided into three
parts—lower, middle, and upper, based on the characteristics of physical, climatological,
agricultural, socioeconomic, and water resources [62]. This research has been carried out in
the upper part of the basin (Figure 1). Addis Ababa, the capital of Ethiopia, is situated at the
northern end of the basin. The sub-basin is limited to the 37◦54′35′′ E–40◦16′53′′ E longitude
and 7◦53′15′′ N–9◦25′15′′ N latitude boundaries, and the area is 24,545 square kilometers.
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Figure 1. Location map of the study area.

The altitude varies from 4055 to 742 m above sea level (masl (Figure 1)), which
suggests a greater altitude range within the sub-basin [63], influencing climatic variables
and associated biophysical settings. The climatic condition of the upper Awash is classified
as humid to afro-alpines, with a mean annual temperature varying from 15 to 20 degrees
Celsius. Based on the elevation difference, the mean annual precipitation in the sub-basins
ranges from 800 to 1400 mm [64]. The precipitation during the year occurs in different
seasons. The major rainy season, which in Ethiopia is called Kiremt, typically occurs
between June and September.

2.1.2. Livelihood Characterization

Farmers’ livelihoods in the highland and midland are dependent on crop–livestock
mixed farming systems that seek naturally available rainfall for farming. As Tajebe et al. [65]
stated major crops produced in highlands (e.g., Dendi District) include teff, wheat, barley,
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beans, peas, maize, potato, and enset. Dominant crops in the Adea District (midland) are
teff, wheat, maize, and other cereals (Table 1). Livestock is integrated into crop production
in midland and highland areas and serves as wealth accumulation and enables crop produc-
tion. The two systems’ components, crop, and livestock complement each other through
livestock supporting crop production and crop residues used to feed animals [66,67]. Low-
landers are known mainly for agropastoralism and pastoralism way of life in which limited
crop production and livestock and their products are the main assets of the households.
Camels, goats, and cattle are the dominant livestock assets in Fentale. Off-farm pursuits
and livestock ventures may help farm households supplement their income depending on
their farm structure and objectives. The contribution of these income-generating activities
to farm income varies by season and farmer [44]. Whether in the case of a mixed system or
agropastoral/pastoralist livelihood, the role of naturally available moisture has a great role.
Moreover, the potential evapotranspiration rates are high as the area is known for a longer
sunshine hour [68]. Those are the reasons for the severe to extreme drought episodes to
occur in this part of the basin, particularly in recent years [26].

Table 1. Characteristics of districts and the distribution of sample respondents.

Agroecological
Zones

Sample
Districts Altitude (m) Major Livelihood Major Crop Type Major Livestock Number of

Respondents

Highland (HL) Dendi 2300–3600 Mixed farming Wheat, Barley, Teff Sheep, Cattle, Equines 132
Midland (ML) Adea 1500–2300 Mixed farming Teff, Wheat, Maize Cattle, Sheep 132
Lowland (LL) Fentale 500–1500 Agropastoralism and Pastoralism Sorghum, Maize Camels, Goats, Chickens 132

Although recurrent drought is a common phenomenon, its impact on the livelihood
of smallholder farming households could not be the same. There are variations based
on the farmers’ exposure to drought, the sensitivity of the environment they live in, and
the adaptive capacity of the farmers to the shock of drought [60]. The characteristics of
individual farmers to withstand the drought stress and absorb the shock are the other
distinguishing factors. These could lead farmers to have a different level of vulnerability to
the impact of the drought.

Even though most of the farmers in the study area practice mixed farming and
pastoralism, they do not share the same characteristics. Some farmers have agricultural,
agropastoral and pastoral livelihoods. Even within similar livelihood systems, they have
different farm systems [69]. For example, some of them use irrigation to produce crops
in the dry season. Others are predominantly herders who own cattle. Upper Awash is
part of the basin with diverse livelihoods as a result of these characteristics. The most
important activity for households in agricultural and agropastoral areas is rainfed crop
farming. Rainfall is inadequate in these areas, including an uneven distribution and a short
growing season. The pastoral group’s livelihood is based on livestock raising, which is
heavily influenced by the harsh environment and climatic shocks in the area. Pastoralists
rely on grazing and water, all of which are heavily reliant on naturally available rainfall.

2.2. Indicators and Their Relationship with the Sub- and Major Components of the IPCC–Drought
Vulnerability Index (IPCC–DVI)

Figure 2 depicts the workflow of the indicators for each sub-component of the
IPCC–DVI and their interaction. In total, 10 indicators were recategorized into 3 sub-
components, 8 indicators regrouped into 3 sub-components, 38 indicators reclassified into 6
sub-indicators made the exposure, sensitivity, and adaptive capacity major components of
the IPCC–DVI. As illustrated in Figure 2 and Table 2, if the indicator contributes to the in-
crement of the sub-component, the relation is represented as positive, and plus marks were
put in the workflow line. If the indicator influenced the sub-component negatively, then
the relationship is negative, and hence, minus sign was used to show this correlation [66].
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2.3. Sampling and Data Sources

The HH survey data were collected from sample households in three districts covering
the three AEZ in the upper Awash sub-basin. A three-stage sampling technique was used
to select target respondents in the study area. In the study area, the moist highlands and
midlands are AEZs that are vulnerable to annual and seasonal droughts [26]. This entails
the inclusion of all the three AEZs in the vulnerability assessment using the climate and HH
survey data. Firstly, Dendi for a highland, Adea, for midland, and Fenatle for a lowland
were selected purposely to represent the three dominant AEZ, and secondly, the sample
size was determined using Equation (1) as follows [70]:

n =
2
(
Zα + Z1−β

)
2σ2

∆2 (1)

where
n = Required sample size for the HH survey;
Zα = Constant (1.96) at 5% margin of error;
Z1−β = Constant (1.6449) at 5% margin of error;
σ = the standard deviation (estimated);
∆ = estimated effect size.

Accordingly, the equation yields a sample size of 360 HHs. Adding a 10% (36 in
number) non-response rate makes the total sample size 396. Thirdly, respondent household
heads were randomly selected using a lottery method. Experienced survey enumerators
who could speak the local language and with relevant backgrounds were recruited and
trained to fill the survey questionnaire. The questionnaire was tested before implemen-
tation, and ambiguous questions were corrected. The HH survey was carried out from
November 2018 to February 2019. Table 1 presents the districts’ characteristics and the
distribution of sample respondents.

Data and sources: This study is based on two datasets—(1) the meteorological monthly
total precipitation (mm), as well as monthly minimum and maximum temperature (◦C)
accessed from the National Meteorology Agency of Ethiopia, and (2) household survey
data collected from sample smallholders in the three sample districts illustrated earlier. The
meteorological data (precipitation and temperature) are 4 × 4 km gridded data and were
used to characterize rainfall and temperature and calculate the exposure of smallholders to
drought (intensity, frequency, and length) shock. This was integrated into the household
survey data as a proxy to characterize households within the agroecological zone. The HH
survey data were used to characterize smallholders in their adaptive capacity, sensitivity,
and exposure that are elements in the computation of the livelihood vulnerability of
smallholders to drought. Key informant interviews (KII) were conducted to triangulate
information from the HH survey.

Thus, in this study, the combination of meteorological data and household survey data
was used. We used the meteorological data to characterize the drought exposure profile
of households in their respective AEZs. Similarly, we used the data from the household
survey to characterize the exposure, sensitivity, and adaptive capacity of the households
based on indicators. There were, however, some limitations associated with this approach.
The data used for the climate analysis and drought magnitude, frequency, and intensity,
for example, were in time series and did not represent the latest details, as the data from
the questionnaire. There was a temporal variation between the two datasets (e.g., absence
in the latest years of the meteorological data), and thus, the meteorological data were used
as proxies to the data from the household survey.

2.4. Approach to the Measurement of Vulnerability to Drought

To derive indicators, the three vulnerability components (exposure, sensitivity, and
adaptive capacity) need to be understood and distinguished. The indicators selected were
designated to represent farmers’ adaptive capacity, sensitivity, and exposure to drought in
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the sub-basin. Each of the indicators used in the vulnerability assessment was normalized
before use (see Table 2).

Table 2. Indicators and their definitions used to analyze vulnerability to drought and relationship (used with Figure 2).

Attributes Indicator Measures and Explanations Relationship
(− or +) to Attribute Sources

Exposure

[E1] Precipitation SD Ave. monthly precipitation (mm) (1983–2016) − [71]
[E2] Minimum temperature SD Ave. monthly minimum temperature (◦C) (1983–2016) + [71]
[E3] Maximum temperature SD Ave. monthly maximum temperature (◦C) (1983–2016) + [71]
[E4] Drought magnitude SD Drought magnitude (SPEI) (1983–2016) + [60]
[E5] Drought duration SD Drought duration (SPEI) (1983–2016) + [60]
[E6] Drought frequency SD Drought frequency (SPEI) (1983–2016) − [60]
[E7] Temperature increase % of HHs that did not perceive temperature increase + [72]
[E8] Number of hot days % of HHs that did not perceive hot days in a year increase + [72]
[E6] Rainfall decrease % of HHs that did not perceive rainfall decrease + [72]
[E9] Cessation of rainfall % of HHs that did not perceive early cessation of rainfall + [72]
[E10] Rainfall decrease SD Ave. monthly precipitation (mm) (1983–2016) + [72]

Sensitivity

[S1] Crop failure % of HHs reporting crop failure over the last 10 years + [9]
[S2] Production reduction % of HHs reporting crop production reduction in 10 years + [71]
[S3] Crop disease Number of crop pests/diseases in 10 years + [8]
[S4] Livestock disease Number of livestock diseases in 10 years + [8]
[S5] Human disease Number of human diseases in 10 years + [8]
[S6] Local conflict % of HHs reporting local conflicts in 10 years + [49]
[S7] Food crisis Number of food crisis occurred in 10 years + [52]
[S8] Rainfed land Size of rainfed agriculture land per household/Hectare + [60]

Adaptive
Capacity

[A1] HH head % of male-headed households + [73]
[A2] Age Age of the HH head (year) − [73]
[A3] Family size Family size of the household + [73]
[A4] Residence length Length of residence of the HH head (year) + [73]
[A5] Health Ave. time to reach health institution (walking minutes) − [58]
[A6] Education Ave. time to reach school (walking minutes) − [52]
[A7] Market Ave. time to reach marketplace (walking minutes) − [9]
[A8] Transport % HHs having access to transport services + [9]
[A9] Electricity % HHs having access to electricity utility at home + [54]
[A10] Health insurance % HHs having access to health insurance + [59]
[A11] Livestock Livestock in Total Livestock Unit (TLU) + [73]
[A12] Land Size of cultivated farmland (ha) + [73]
[A13] Assets Monetary value of productive assets (Birr) + [49]
[A14] Credit access % HHs reporting availability of credit access + [56]
[A15] Credit amount Amount of accessed credit for productive works + [49]
[A16] Equipment % of HHs having full agricultural equipment + [74]
[A17] Sprinkler % of HHs having irrigation sprinkler + [75]
[A18] Water pumping % of HHs having irrigation water pumping generator + [75]
[A19] WHT % of HHs using water harvesting technologies + [75]
[A20] Chemical fertilizer Amount of farm chemical fertilizers used (kg) + [76]
[A21] Organic fertilizer Amount of farm organic fertilizers used (kg) + [76]
[A22] Pesticide/herbicide Amount of farm pesticides/herbicides used (Liter) + [76]
[A23] Improved seed Amount of farm improved seeds used (kg) + [76]
[A24] Crop variety Crop diversity score + [54]
[A25] On-farm income Annual on-farm income (Birr) + [56]
[A26] Non-farm income Annual non-farm income (Birr) + [56]
[A27] Off-farm income Annual off-farm income (Birr) + [56]
[A28] Saving Amount of cash saved (Birr) + [59]
[A29] Additional work % of HHs engaged in additional works besides farming + [54]
[A30] Irrigation water % of HHs having access to irrigation water + [49]
[A31] Migrant labor % of HHs working as a migrant labor + [58]
[A32] Food Variety of food consumed in the HH per 24 h + [58]
[A33] Farmers association % of HHs having membership of Farmers Association + [49]
[A34] WUA % of HHs having membership of Water Users Association + [77]
[A35] Edir Number of “edir” a household has + [49]
[A36] Trust WUA % of HHs trusting Water Users Association + [77]
[A37] Market information % of HHs having access to market information + [52]
[A38] Cell phone Number of cellphones in the household + [78]

2.4.1. Normalization of the Indicators

For multivariate statistical analysis, normalization is important since some variables
have a wide and some others have a small variance range. The difference in unit of
measurement for certain socioeconomic factors must also be normalized. The technique
of normalization that requires the transformation of the dataset to a particular range (0–1)
is therefore important [79]. We followed the suggestion made by Quackenbush [80] that
recommended the normalization of data using transformation methods to create a more
robust dataset. The dataset was normalized to avoid the effect of one variable on other
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variables. Normalization of the indicators was performed using the formula presented as
Equations (2) and (3) below [81,82].

For the indicators having a positive relationship with the major component, this is

Xd =
Xi − Ximin
Ximax−Ximin

(2)

For the indicators having a negative relationship with the major component, this is

Xd =
Ximax − Xi

Ximax − Ximin
(3)

where, Xi is the observed value (mean) of the original subcomponent; Ximin and Ximax
are the lowest and the highest value in the same collection, respectively, and Xd is a stan-
dardized value of Xi. For rendering variables equivalent to each other, this normalization
allows for data with values varying from 0 to 1.

2.4.2. Principal Component Analysis (PCA)

The principal component analysis was introduced by Wold et al. [83] and in many
ways, it forms the foundation for data involving multivariate analysis. To turn a series
of observations that might be correlated variables into linearly uncorrelated variables
known as principal components, PCA is a statistical method that applies an orthogonal
transformation [79]. This transformation is performed in such a way that the first main
component has the greatest possible variance, and after the restriction that it is orthogonal
to the previous components, each of the next main components has the greatest variance
possible. Finally, an uncorrelated orthogonal basis set is the resulting vectors generated
by PCA [84].

PCA helps build uncorrelated components where the initial variables are a linear
weighted combination of each component. The two-step PCA was performed based on
Equation (4) [39] as follows:

PC1 = a11X1 + a12X2 + . . . a1nXn
·
·
·
·
·
·
·

PCm = am1X1 + am2X2 + . . . + amnXn


(4)

A selection of variables that describe the greatest difference in the initial dataset is
the first component; thus, this offers optimal values to summarize all input variables.
The results of the first PCA components were maintained as weight in the first step and
multiplied by their respective normalized values. Hence,

Mj =
N

∑
i=1

amXi (5)

where, am is the weight and Xi is the normalized value. The second step, XMj was analyzed
using PCA to determine the contribution of minor components to the major component.
Again, the weights from the first principal component were preserved and Equation (5)
applied as follows:

MCj =
∑N

i=1 amXi

n
(6)
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where MCj is the jth major component (adaptive capacity, exposure, and sensitivity).
These values were then consolidated and used to measure the drought vulnerability scores
using Equation (7).

DVI = s ∗ (e− a) (7)

where DVI is the drought vulnerability index, s and e are the sensitivity and exposure to
drought, respectively, and a is adaptive capacity at the household level.

The unit of analysis for the current study was agroecological zones and farm typolo-
gies to understand the differences within agroecological zones. Therefore, the level of
the drought vulnerability of households was compared and presented in their respective
agroecology as highland, midland, and lowland, as well as among livestock and on-farm-
income-based, marginal and off-farm-income-based, and intensive-irrigation-farming-based farm
livelihood typologies [44]. Even in the same agroecology, there could be variations de-
pending on the characteristics of the households. Hence, we applied cluster analysis
to categorize smallholders into farm livelihood typologies based on similar livelihood
activity characteristics.

2.4.3. Farm Typology with Cluster Analysis

In total, 19 continuous variables that characterize smallholders were used to classify
farmers into typologies using PCA. Variables generated an Eigen’s value of ≥1 (6 in
number) by the PCA were selected and used in the cluster analysis to classify farmers
(i.e., size of rainfed land, the monetary value of productive assets, annual off-farm and
non-farm income, variety of crops produced, and amount of chemical fertilizer used). Then,
using Ward’s method and the Euclidean distance matrix, we used hierarchical clustering
on principal components to perform hierarchical, agglomerative clustering. As input, the
minimum and the maximum number of necessary clusters were given. Ward method was
applied to calculate the cluster number retained, in addition to the subjective inspection of
the dendrogram, which was accompanied by statistics of inertia gain. Ward’s method is the
sole among the agglomerative clustering approaches that are based on a sum-of-squares
criterion, producing groups that minimize within-group differences at each agroecological
zone [85]. Following the identification of farmer types, their characteristics were described
and compared for each farmer type to better understand the differences in the major
components of vulnerability.

Finally, the values of drought sensitivity, exposure, and adaptive capacity were used as
input to map and spatially demonstrate the sensitivity, exposure, and level of adaptive ca-
pacity of the households in the sub-basin using the Aeronautical Reconnaissance Coverage
Map (ArcMap) extension of the Arc Geographic Information System (ArcGIS) 10.5®. This
farm-level VI was also superimposed on the farm typologies to understand farm typology
level of vulnerability for overall systems and in each of the study AEZ. Hoque et al. [86] sug-
gested that a spatial mapping system for drought vulnerability that incorporates all drought
categories using an acceptable weighting scheme should be developed to generate compre-
hensive vulnerability information to formulate drought mitigation and adaptation strategies.

3. Results and Discussions
3.1. Farm Typologies

Based on the methods presented earlier, this study identified three distinct farm
typologies and named them depending on their major asset and livelihood characteristics
(Tables 4, 6 and 8). The vast majority of farms (68 percent) are in the livestock and on-
farm-income-based category. Smallholders in this typology receive most of their income
from on-farm activities, with minimal off-farm and non-farm activities, and they have
the highest livestock holdings. The second farm typology, which accounts for 23% of
all smallholders, is the marginal and off-farm-income-based category. The income for those
in this group is dependent on non-farm activities, and farm practices are uncommon.
The smallest portion of the farm typology (only 9%) is the third farm typology, which is
named the intensive-irrigation-farming-based group. Irrigators in this typology have larger
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irrigation land holdings, use a higher rate of input of chemical fertilizer, and have the
highest overall profits.

3.2. Exposure: Climate Change, Perception, and Drought Characteristics

The exposure profile of the smallholders in this study consists of three sub-components,
including climate change and perception, as well as drought characteristics, which, in turn,
merged the 10 indicators presented in Table 3. When the selected variable’s index value
increases, the magnitude of exposure of a region to drought vulnerability increases [2].
In terms of the change and variability of the climate, it was the midland that showed
the largest exposure with a 0.439 index value, followed by lowland and highland AEZs.
This shows that temperature is increasing, and precipitation is decreasing in midlands,
compared to the remaining AEZs. This contradicts a generally held idea that the climate
in the arid lowland areas is rapidly changing. However, recent year trends in climate
change show that temperature and precipitation have increasing and decreasing trends in
midlands, respectively [87]. Hence, the focus of the adaptation and mitigation to climate
change impacts, particularly in relation to drought, has to target areas where the actual
change is observed [88].

Table 3. Exposure drought vulnerability index along with indexed major and sub-components.

Sub-Component (Indicators) HL ML LL Component HL ML LL

PRCP 0.249 0.227 0.242
Climate changeMINT 0.443 0.636 0.629 0.376 0.439 0.436

MAXT 0.437 0.455 0.439

DRM 0.462 0.499 0.443
Drought riskDRD 0.625 0.785 0.800 0.609 0.461 0.610

DRF 0.739 0.438 0.588

TI-HH 0.111 0.262 0.312

Climate perceptionHD-HH 0.227 0.361 0.175 0.205 0.441 0.250
RFD-HH 0.318 0.425 0.231
ECR-HH 0.164 0.714 0.283

Exposure 0.396 0.447 0.432

SPEI = standard precipitation and evapotranspiration index; PRCP = standardized average monthly precipitation (mm) (1983–2016);
MINT = standardized average monthly minimum temperature (◦C) (1983–2016); MAXT = standardized average monthly maximum
temperature (◦C) (1983–2016); DRM = standardized drought magnitude (SPEI) (1983–2016); DRD = standardized drought duration (SPEI)
(1983–2016); DRF = standardized drought frequency (SPEI) (1983–2016); TI-HH = % of HHs that did not perceive temperature increase;
HD-HH = % of HHs that did not perceive hot days in a year increase; RFD-HH = % of HHs that did not perceive rainfall decrease;
ECR-HH = % of HHs that did not perceive early cessation of rainfall.

The other component of exposure is the drought risk that aggregates drought mag-
nitude, duration, and frequency. The score of drought risk was the highest (0.61) in the
lowland (Figure 3 and Table 3), and the overall influence of the risk is the highest in describ-
ing the exposure profile of the farm households in the upper Awash sub-basin. The above
assertion is supported by qualitative evidence, as presented by an interviewed farmer in
the Fentale District of lowland agroecology. According to this respondent “getting two days
of rainfall in a year is a surprise for us in this area since we lived in drought for decades and most
of our ages pass in searching for water and fodder for our cattle. Our main demand in this arid
land as pastoralists is water for ourselves and our cattle”. This explains the drought adaptation
mechanism from the perspective of a household. To manage their exposure, pastoral and
agropastoral communities should be reinforced by tackling certain pressing issues that they
are currently facing, such as the changing nature of drought threats and the underlying
vulnerability of the socioecological setting in which they live [89]. This entails livestock
production, as well as land management and biodiversity conservation, and coping with a
wide range of natural, social, and economic consequences.
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More than 44 percent of households in the midland AEZ did not perceive that the
climate was changing (Table 3). As a result, they are the worst in the perception of climate
change and therefore the most vulnerable to the drought shock. As shown in Table 4, based
on the farm typology, differences are noticed between the three typologies. For example,
only 16.4% and 18.3% of the livestock and on-farm-income-based group did not perceive
that the number of hot days in a year and temperature has increased. Early cessation
of rainfall and rainfall decrement was not perceived by intensive-irrigation-farming-based
farm typology, with percentage values of 57.9 and 42.9, respectively. Those in the Livestock
and on-farm-income-based group most perceived the changing climate and hence were less
exposed to drought. Smallholders in this typology are more connected to the climate for
their crop and livestock production and hence perceive it more likely than other typologies.
The less perception of climate change by intensive-irrigation-farming-based livelihood could
be due to their engagement in irrigation activities irrespective of the naturally available
moisture. Climate perception of communities plays a remarkable role in the management
of the impacts [90]. The community’s exposure rises because of its inability to understand
that the environment is changing. While Altieri et al. [88] argued that in the areas where
the observation of drought is less (such as highlands and midlands), it is unlikely for
farmers to perceive it as an occurrence. Sanderson and Curtis [91] confirmed that climate
change was more likely to be discussed as less perceived by irrigators who cited it as a
natural phenomenon.
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Table 4. Farm typologies with exposure indicators (mean and standard deviations for continuous variables, and frequency percentages for dummy variables).

Indicators
HL ML LL Total

1
(N = 94)

2
(N = 30)

3
(N = 8)

Sub-Total
(N = 132)

1
(N = 63)

2
(N = 51)

3
(N = 18)

Sub-Total
(N = 132)

1
(N = 112)

2
(N = 11)

3
(N = 9)

Sub-Total
(N = 132)

1
(N = 269)

2
(N = 92)

3
(N = 35)

TI-HH 8.4 10.3 0 8.3 18.8 28 44.5 25.8 35.8 0 11.1 30.3 22 18.3 25.7
HD-HH 16.8 41.4 12.5 22 29.7 36 61.1 36.4 8.3 0 0 6.8 16.4 32.3 34.3
RFD-HH 29.5 34.5 37.5 31.1 34.4 44 66.7 42.4 7.3 28.6 0 9.1 21.6 38.7 42.9
ECR-HH 13.7 24.1 12.5 15.9 64.1 78 77.8 71.2 22.9 42.9 27.3 29.5 29.5 55.9 57.1

1 = livestock and on-farm-income based; 2 = marginal and off-farm-income based; 3 = intensive-irrigation-farming based.
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Being a drought-prone part of the Awash Basin, the upper Awash is characterized
by different magnitudes of overall exposure to drought. This variation is the result of the
diversity in agroecology, livelihood condition, and the socioeconomic profile of the farmers.
For instance, the changing climate and drought risks are the core determinants of exposure
in the upper Awash sub-basin (Table 3). In terms of the overall exposure profile of the
households in midland, lowland, and highland, AEZs are exposed with an indexed value
of 0.447, 0.432, and 0.396, respectively (Table 3). This provides information on where to
emphasize intervention related to the management of drought exposure in agricultural,
agropastoral, and pastoral livelihood environments. A closer look at farm typology results
dementated that there is the variability of degree of exposure. For indicators considered
in estimating exposure index marginal and off-farm-income-based smallholders, as well as
intensive-irrigation-farming-based smallholders, showed stronger values, implying the need
for emphasis on raising awareness of climate change among these livelihood typologies
(Table 4). Such efforts to change the farmers′ behavior will impact, for example, the
irrigation water use and water productivity positively and creates opportunities to the
saved water for other ecosystem services.

3.3. Sensitivity: Crop Failure, Diseases, and Crisis

Since the economy of the farmers in the upper Awash sub-basin depends on a small-
scale, mixed crop–livestock farming system, the environmental sensitivity to the ecosystem
services has a crucial role. Table 6 summarizes the eight indicators to define the sensitivity
of smallholders to drought in the study area. In arid and semi-arid areas such as the study
site, crop failure and hence reduction in crop production are common problems. The erratic
nature of the rainfall during the main growing season with spatially fragmented appearance
has negatively affected crop production. For example, the lowlands, with crop failure
indexed value of 0.735, are the highest victim, followed by highlands, having a crop failure
weight of 0.568 (Table 5). Moreover, more than 90 percent of pastoral and agropastoral
households in the lowland reported that the average production of major crops reduced
in the last decade. Table 6 indicates that the largest crop failure (59.1%) was reported by
marginal and off-farm-income-based livelihood typology, and 86.9% of livestock and on-farm-
income-based livelihood typology reported production reduction in the last 10 years. This
reveals that in terms of crop failure and productivity reduction, lowland farmers are found
to be more sensitive, while those farmers who live in midlands are less sensitive to drought.
Livestock and on-farm-income-based and marginal and off-farm-income-based farm typologies
are highly sensitive to drought than the intensive-irrigation-farming-based counterparts. The
rainfall variability in space and time in the Awash Basin makes it difficult to predict where
it falls, and it is this spatiotemporal variation in rainfall distribution that causes serious
problems such as crop failure [92].

Table 5. Sensitivity DVI along with indexed major and sub-components.

Sub-Component (Indicators) HL ML LL Component HL ML LL

CFL-HH 0.568 0.168 0.735 Crop failure 0.675 0.520 0.821
CPR-HH 0.781 0.871 0.907

NPD 0.148 0.208 0.224
Diseases

0.133 0.176 0.216
NLD 0.091 0.061 0.288
NHD 0.160 0.260 0.137

LCF-HH 0.106 0.136 0.144
Crisis

0.234 0.336 0.222
NFC 0.113 0.370 0.154
RFL 0.482 0.502 0.367

Sensitivity 0.347 0.344 0.420

CFL-HH = % of HHs reporting crop failure over the last 10 years; CPR-HH = % of HHs reporting crop production reduction in 10 years;
NPD = number of crop pests/diseases in 10 years; NLD = Number of livestock diseases in 10 years; NHD = number of human diseases in
10 years; LCF-HH = % of HHs reporting local conflicts in 10 years; NFC = number of food crisis occurred in 10 years; RFL = size of rainfed
agriculture land per household/hectare.
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In terms of crop, animal, and human diseases, lowland AEZs are highly sensitive, with
a weighted index of 0.216, followed by midlands, having an index value of 0.176. Invasive
crop pests are highly expanding in the lowlands (Table 5). Especially, the spreading plant
pest locally named shola or woyane (prosopis juliflora) is alarmingly in the lowlands of the
sub-basin, particularly around the Fentale District. An interviewed farmer described the
pest as follows: “This shola or woyane is something we have not seen in our generation. When we
cut it, it coppices in a more number. It is highly depleting nutrients and soil moisture and therefore
competes with crops and animal feed. It even kills our animals when they are stabbed by its thorn.
It is causing the multidimensional challenge to our livelihood.” Rangelands are core livelihood
resources for pastoralists [93], and the expansion of these pests exposes the smallholders
to the impact of drought risks. Table 6 depicts the occurrence of the crop, livestock, and
human infectious diseases in the upper Awash sub-basin based on farm typology. Farmers
in the livestock and on-farm-income-based livelihood typology were most sensitive for crop
and livestock diseases. The crop and livestock occurrence mean ± standard deviations of
smallholders in this farm typology were 1.33 ± 1.4 and 1.03 ± 1.1, respectively, making
them the highest susceptible to diseases compared to the rest of farm typologies.

Local conflicts, food crisis, and proportion of rainfed land made the ingredients of
crisis sub-component, and as can be seen in Table 6, lowlands, with 0.144 index value, lead
the conflict and the proportion of rainfed land is 0.502 weight value in the midland AEZ,
which makes it more sensitive than other AEZs. In sum, with aggregate crisis score values,
the midland AEZ was found to be more sensitive to the crisis than the other agroecological
zones, while the lowland AEZ was least sensitive.

Analyzing the sensitivity of the households reveals the options for tackling the impacts
of drought on the livelihood of farmers AEZ. For instance, the overall sub-components of
sensitivity to drought impacts, crop failure, and production reduction have the highest score
in the upper Awash sub-basin (Table 5). This could be highly related to the moisture stress
and overexploitation of the farmlands in the basin. Hence, while management options
that enhance the moisture such as irrigation schemes and soil and water conservation
practices could be possible directions, it is also advisable if crop insurance schemes are
introduced for the smallholders, especially for rainfed crops in highland and lowland
AEZs. Adane et al. [94] have suggested agricultural insurance to mitigate damage to
rainfed farmers in the upper Awash sub-basin on the occasion of delayed onset or early
cessation of rainfall.

As presented in Figure 4, the sensitivity of smallholder farmers to the drought risk is
dominating the lowland AEZ. The midland AEZ is the least sensitive. Therefore, the response
mechanisms should consider the degree of sensitivity of the household against each indicator
and sub-component with spatial information to apply sound adjustment mechanisms.
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Table 6. Farm typologies with sensitivity indicators (mean and standard deviations for continuous variables, and frequency percentages for dummy variables).

Indicators
HL ML LL Total (N = 396)

1 (N = 94) 2 (N = 30) 3 (N = 8) Sub-Total
(N = 132) 1 (N = 63) 2 (N = 51) 3 (N = 18) Sub-Total

(N = 132) 1 (N = 112) 2 (N = 11) 3 (N = 9) Sub-Total
(N = 132) 1 (N = 269) 2 (N = 92) 3 (N = 35)

CFL-HH 51.6 24.1 12.5 43.2 93.8 94 88.9 93.2 30.3 7.1 11.1 26.5 53 59.1 51.4
CPR-HH 78.6 76.7 65.6 73.6 93 89.5 86 89.5 90.6 69.7 72.2 77.4 86.9 82.5 77.8

NPD 1.33 ± 1.6 2.21 ± 3.6 0.88 ± 1.3 1.49 ± 2.2 0.84 ± 1.9 0.7 ± 0.7 0.56 ± 0.7 0.75 ± 1.4 1.61 ± 0.9 1.79 ± 1 1.44 ± 0.5 1.62 ± 0.9 1.33 ± 1.4 1.33 ± 2.2 0.86 ± 0.9
NLD 0.83 ± 1.2 0.48 ± 0.8 0.38 ± 0.7 0.73 ± 1.1 0.63 ± 1.3 0.72 ± 0.7 0.28 ± 0.4 0.61 ± 1 1.43 ± 0.9 1.57 ± 1 1.33 ± 0.5 1.44 ± 0.9 1.03 ± 1.1 0.77 ± 0.8 0.57 ± 0.6
NHD 0.48 ± 0.6 0.59 ± 0.6 0.13 ± 0.3 0.48 ± 0.6 0.5 ± 0.5 0.66 ± 0.5 0.22 ± 0.4 0.52 ± 0.5 1.31 ± 0.9 1.93 ± 2.3 1.22 ± 0.4 1.37 ± 1.1 0.82 ± 0.8 0.83 ± 1.1 0.46 ± 0.6

LCF-HH 21.9 33.3 50 27.5 18.8 66.7 50 35.3 59.4 0 0 37.3 11.9 16.1 11.4
NFC 0.44 ± 0.6 0.52 ± 0.5 0.38 ± 0.5 0.45 ± 0.6 0.77 ± 0.4 0.78 ± 0.5 0.56 ± 0.5 0.74 ± 0.5 1.56 ± 1.4 1.5 ± 0.7 1.33 ± 0.5 1.54 ± 1.3 0.97 ± 1.1 0.81 ± 0.6 0.91 ± 1
RFL 1.2 ± 1.1 0.62 ± 0.7 0.96 ± 1.6 1.1 ± 1.1 0.92 ± 0.8 1 ± 0.8 1.5 ± 1.1 1 ± 0.9 0.82 ± 0.8 0.47 ± 0.3 0.42 ± 0.3 0.75 ± 0.8 1 ± 0.9 0.82 ± 0.7 1.1 ± 1.2

1 = livestock and on-farm-income based; 2 = marginal and off-farm-income based; 3 = intensive-irrigation-farming based.
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3.4. Adaptive Capacity: Accesses, Wealth, Technology, and Livelihood Diversification

In this study, 38 indicators, regrouped into 6 sub-components, were used to character-
ize households’ livelihood adaptive capacity to drought (Table 7). Increasing the number
of indicators allows understanding each farmer’s livelihood factor and its contribution to
their capacity to withstand drought shock from a multidimensional perspective.

Table 7. Adaptive capacity DVI along with indexed major and sub-components.

Sub-Component (Indicators) HL ML LL Component HL ML LL

M-HH 0.803 0.833 0.909

SociodemographicsAge HH 0.641 0669 0.674 0.590 0.603 0.593
FS-HH 0.391 0.478 0.312
LR-HH 0.524 0.433 0.478

D-HI 0.211 0.374 0.242

Access to Infrastructure

D-Sc 0.123 0.267 0.170 0.293 0.507 0.284
D-MP 0.117 0.401 0.202

AT-HH 0.939 0.879 0.992
AE-HH 0.280 0.652 0.100

AHI-HH 0.091 0.470 0.000

TLU 0.148 0.237 0.221

Wealth

Farmland 0.182 0.240 0.176 0.252 0.293 0.212
MV-PA 0.122 0.156 0.188
AC-HH 0.515 0.258 0.068
CA-HH 0.029 0.032 0.021
AFE-HH 0.515 0.833 0.598
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Table 7. Cont.

Sub-Component (Indicators) HL ML LL Component HL ML LL

EE-HH 0.091 0.030 0.015

Rural Technology

PG-HH 0.053 0.083 0.008
WHT-HH 0.409 0.045 0.152 0.126 0.091 0.119

CF 0.153 0.181 0.297
OF 0.090 0.212 0.260

FPH 0.047 0.012 0.093
FIS 0.040 0.073 0.012

CDS 0.525 0.576 0.402

Livelihood Diversification

ONFI 0.127 0.164 0.118 0.229 0.278 0.175
NFI 0.078 0.163 0.075

OFFI 0.027 0.067 0.036
ACS 0.165 0.040 0.072

AW-HH 0.167 0.326 0.098
IW-HH 0.508 0.568 0.598
ML-HH 0.061 0.288 0.008
VF-HH 0.400 0.308 0.172

FA-HH 0.129 0.417 0.189

Social Networks

WUA-HH 0.121 0.098 0.015 0.357 0.506 0.333
NE-HH 0.466 0.566 0.216

TWUA-HH 0.205 0.364 0.144
MRI-HH 0.932 0.773 0.758
NCP-HH 0.288 0.818 0.674

Adaptive Capacity 0.308 0.380 0.288

M-HH = % of male-headed households; Age HH = age of the HH head (year); FS-HH = family size of the household; LR-HH = length of
residence of the HH head (year); D-HI = A= average time to reach health institution (walking minutes); D-Sc = average time to reach school
(walking minutes); D-MP = average time to reach marketplace (walking minutes); AT-HH = % HHs having access to transport services;
AE-HH = % HHs having access to electricity utility at home; AHI-HH = % HHs having access to health insurance; TLU = livestock in
total livestock unit; Farmland = size of cultivated farmland (ha); MV-PA = monetary value of productive assets (Birr); AC-HH = % HHs
reporting availability of credit access; CA-HH = amount of accessed credit for productive works; AFE-HH = % of HHs having full
agricultural equipment; EE-HH = % of HHs having irrigation sprinkler; PG-HH = % of HHs having irrigation water pumping generator;
WHT-HH = % of HHs using water harvesting technologies; CF = amount of farm chemical fertilizers used (kg); OF = amount of farm
organic fertilizers used (kg); FPH = amount of farm pesticides/herbicides used (liter); FIS = amount of farm improved seeds used (kg);
CDS = Crop diversity score; ONFI = annual on-farm income (Birr); NFI = annual non-farm income (Birr); OFFI = annual on-farm income
(Birr); ACS = amount of cash saved (Birr); AW-HH = % of HHs engaged in additional works besides farming; IW-HH = % of HHs having
access to irrigation water; ML-HH = % of HHs working as a migrant labor; VF-HH = variety of food consumed in the HH per 24 h;
FA-HH = % of HHs having membership in a farmers’ association; WUA-HH = % of HHs having membership in a water users association;
NE-HH = number of “edir” a household has; TWUA-HH = % of HHs trusting a water users association; MRI-HH = % of HHs having
access to market information; NCP-HH = number of cellphones in the household.

Empirically, the adaptive capacity scores of the major components ranged from 0.091
to 0.603, as shown in Table 8. The sociodemographic characteristics of households in the
midland AEZ showed the highest adaptive capacity, compared to the highland and lowland
AEZs. Farm households with comparatively young and working-age, greater family sizes,
and male household heads who had lived in the area for a long time were more resilient
to the effects of drought shocks. Table 8 shows that male-headed households dominated
intensive and irrigation-farming-based livelihood typologies (88.8%) and were older, with a
mean age of 42 ± 12 standard deviations. With a mean age of 40 ± 12 standard deviations,
those in the livestock and on-farm-income-based livelihood category were the youngest. A
similar trend was observed for family size, with the livestock and on-farm-income-based
livelihood typology having the highest mean (4.2 ± 1.7 standard deviations). This suggests
that those in the livestock and on-farm-income-based livelihood typology had better values
in terms of sociodemographic adaptive capacity than the other typologies. Similarly, the
midland AEZ had the highest score in terms of access to infrastructures such as health and
education institutions, transports, markets, electricity utility, and health insurance, with an
average weight value of 0.507, while the lowland had the lowest value (0.284). Intensive-
irrigation-farming-based livelihood typology showed greater adaptive capacity in terms
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of distances to health facilities and markets, with average walking minutes of 2621 and
2326 standard deviations. As far as transportation access is concerned, 97.8% of those in the
livestock and on-farm-income-based livelihood typology had better access to transportation,
while 45% of smallholders in the marginal and off-farm-income-based livelihood typology
had electricity service at their homes (Table 8). Whether agroecology or farm typology
disaggregation, access to the above-mentioned infrastructures is directly related to the
quality of life, and the productivity of the farm households is an important point to consider.
For example, access to electricity could diversify the income of the households through
petty trading. As Phoumin and Kimura [95] indicated, adequate lighting and electricity
supply can enable rural children to read and do more homework for longer periods,
while families can listen to the radio, watch television, and access weather and market
information, or earn extra money out of the linked service provision.

From all the six sub-components, the score for using rural technology was the lowest
(0.091). That is, sample farmers had a low level of experience in practicing irrigation
technologies (sprinklers, pumping generators, and water harvesting) and utilization of
agricultural inputs (fertilizers, pesticide/herbicides, and improved seed). Differences were
observed in the usage of chemical fertilizer between the three farm typologies. Livestock
and on-farm-income-based farmers, who account for 68% of the total farmers in the study
area, were the lowest in using chemical fertilizer during the study period, with the mean of
183 kg ± 234 standard deviations (Table 8). This could also influence the overall produc-
tivity and hence income of the households. Adaptive capacity enhancement programs by
the government and the projects could target the improved access and adoption of rural
technologies in the study area, especially for the livestock and on-farm-income-based farmers.
As far as the wealth is considered, a 0.293 highest score was computed in the midland AEZ,
followed by highland and lowland AEZs, with a score value of 0.252 and 0.212, respectively
(Table 8). Wealth is very important for a society that depends mainly on agriculture for
its livelihood [96]. For instance, it is difficult to meet livelihood expectations for a farmer
who does not have cattle and cropland, which are the constituents of wealth. The same is
true for agricultural equipment. As presented in Table 8, marginal and off-farm-income-based
livelihood typology had the lowest number of farmers possessing livestock (6 ± 9 standard
deviations in total livestock unit), indicating that they are highly vulnerable to drought im-
pacts. Livestock resources are sources of food (milk, butter, and meat), means of production
for agricultural smallholders, and wealth indicators for all types of farmers. In addition
to determining the current level of capability of the household, wealth can determine the
future prosperity of smallholders and holds the core element in assessing the adaptive
capacity in absorbing drought impact [97].

Livelihood diversification is the other determining component of the adaptive capacity
of the smallholders. Livelihood diversification, considering its positive contribution to the
adaptive capacity, was analyzed using annual income (on-farm, off-farm, and non-farm),
saving, engagement of household members in additional works besides farming, access
to irrigation water, and hence engagement of farmers in irrigation activities, as well as
the involvement of family members in seasonal migrant labor and food consumption
diversification (Table 7).
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Table 8. Farm typologies with adaptive capacity indicators (mean and standard deviation for continuous variables, and frequency percentages for dummy variables).

Indicators
HL ML LL Total

1 (N = 94) 2 (N = 30) 3 (N = 8) Sub-Total
(N = 132) 1 (N = 63) 2 (N = 51) 3 (N = 18) Sub-Total

(N = 132) 1 (N = 112) 2 (N = 11) 3 (N = 9) Sub-Total
(N = 132) 1 (N = 269) 2 (N = 92) 3 (N = 35)

M-HH 82.1 75.9 75 80.3 73.4 90 100 83.3 91.7 92.9 77.8 90.9 84 86 88.8
Age HH 42 ± 12 37 ± 11 48 ± 13 41 ± 12 41 ± 14 44 ± 13.1 42 ± 12 42 ± 13 39 ± 12 38 ± 7 35 ± 7 39 ± 11 40 ± 12 41 ± 12 42 ± 12
FS-HH 3.8 ± 1.4 3.5 ± 1.5 3.9 ± 2 3.7 ± 1.6 3.7 ± 1.8 4.2 ± 1.7 3.9 ± 1.7 4.6 ± 1.7 5.9 ± 1.8 5 ± 1 4.8 ± 2 4 ± 1.8 4.2 ± 1.7 4.1 ± 1.7 4.1 ± 1.9
LR-HH 40 ± 13 31 ± 12 48 ± 13 39 ± 13 39 ± 16 42 ± 15 38 ± 14 40 ± 15 38 ± 13 38 ± 7 35 ± 7 38 ± 13 39 ± 14 38 ± 14 40 ± 13
D-HI 26 ± 19 23 ± 15 22 ± 8 25 ± 18 24 ± 27 48 ± 35 27 ± 28 34 ± 32 30 ± 20 27 ± 21 28 ± 16 30 ± 20 27 ± 22 37 ± 30 26 ± 21
D-Sc 21 ± 23 22 ± 12 36 ± 13 22 ± 21 15 ± 9 17 ± 14 18 ± 14 16 ± 12 21 ± 15 22 ± 10 21 ± 7 21 ± 14 19 ± 18 19 ± 13 23 ± 14

D-MP 26 ± 23 23 ± 12 26 ± 12 25 ± 20 39 ± 30 40 ± 32 15 ± 13 36 ± 30 37 ± 25 33 ± 13 35 ± 7 36 ± 10 33 ± 23 34 ± 26 23 ± 26
AT-HH 100 100 100 100 92.2 90 66.7 87.9 99.1 100 100 99.2 97.8 94.6 82.9
AE-HH 29.5 27 12.5 28 70.3 64 50 65.2 9.2 14.3 11.1 9.8 31 45 31.4

AHI-HH 8.4 13.8 0 9.1 42.2 48 61.1 47 0 0 0 0 13.1. 30.1 31.4
TLU 6.3 ± 6 6 ± 9 12.8 ± 8 6.6 ± 7 2.9 ± 3 3 ± 2 5.3 ± 4 3.3 ± 3 11.3 ± 11 16.6 ± 16 14.8 ± 14 12 ± 12 7.5 ± 7 6 ± 9 9.5 ± 9

Farmland 1.3 ± 1 0.9 ± 0.8 1.4 ± 2.1 1.2 ± 1.1 1 ± 1.2 1.3 ± 0.9 2.4 ± 1.9 1.3 ± 1.3 1.2 ± 1 0.7 ± 0.3 0.8 ± 1 1.1 ± 1 1.2 ± 1 1 ± 0.8 1.8 ± 1.9
MV-PA 1289 ±

1284 927 ± 667 1007 ± 709 1193 ±
1153

2824 ±
3112

3148 ±
2984

4831 ±
3666

3220 ±
3189 1248 ± 982 1997 ±

1681
1729 ±

1418
1360 ±

1123
1639 ±

1923
2282 ±

2505
3159 ±

3226
AC-HH 43.2 69 87.5 51.5 17.2 28 50 25.8 4.6 14.3 22.2 6.8 21.3 38.7 51.4
CA-HH 3415 ±

12,696
3472 ±

6266
4043 ±

5204
3465 ±
11,204 721 ± 2734 1052 ±

2598
3972 ±

9709
1289 ±

4418 155 ± 1039 357 ± 907 2222 ±
5068 318 ± 1677 1446 ±

7819
1702 ±

4141
3538 ±

7705
AFE-HH 52.6 44.8 62.5 51.5 82.8 88 72.2 83.3 60.6 64.3 44.4 59.8 63.1 71 62.9
EE-HH 9.5 0 0 6.8 3.1 0 5.6 2.3 1.8 0 0 1.5 4.9 0 2.9
PG-HH 5.3 3.4 12.5 5.3 6.3 4 27.8 8.3 1 0 0 1 3.7 3.2 17.1

WHT-HH 33.7 58.6 62.5 40.9 6.3 0 11.1 4.5 7.3 50 55.6 15.2 16.4 25.8 34.3
CF 146 ± 124 98 ± 49 173 ± 191 137 ± 118 405 ± 356 567 ± 594 1097 ± 639 561 ± 545 81 ± 89 136 ± 80 102 ± 88 88 ± 89 182 ± 234 356 ± 492 630 ± 672
OF 54 ± 121 39 ± 97 93 ± 174 54 ± 119 47 ± 68 45 ± 57 15 ± 32 42 ± 61 31 ± 164 2.5 ± 5 1.5 ± 4 25 ± 150 43 ± 131 37 ± 70 29 ± 89

FPH 31 ± 78 19 ± 38 19 ± 23 28 ± 68 2.5 ± 2 3.5 ± 3 45 ± 163 8.5 ± 60 1.5 ± 3.5 6 ± 6 1.5 ± 3 2 ± 4 12 ± 48 9 ± 22 28 ± 117
FIS 20 ± 56 14 ± 23 40 ± 56 20 ± 51 17 ± 40 16 ± 29 3 ± 11 14 ± 34 2 ± 5 6 ± 6 3 ± 5 2 ± 5 12 ± 40 14 ± 25 11 ± 31

CDS 3.06 ± 1 3.07 ± 1 3.63 ± 1 3.10 ± 1 2.49 ± 1 3.12 ± 1 3.56 ± 1 2.88 ± 11 1.89 ± 1 2.73 ± 2.56 ± 1 2.01 ± 1 2.44 ± 1 3.05 ± 1 3.31 ± 1
ONFI 7826 ±

10156
6998 ±

5280
7737 ±

5647
7639 ±

9044
18,035 ±

15,658
20,750 ±

25,329
16,172 ±

21,103
18,809 ±

20,454
15,907 ±

20,032
24,075 ±

24,560
29,555 ±

47,796
17,704 ±

23,386
13,551 ±

16,590
16,962 ±

21,959
17,685 ±

28,785
NFI 2710 ±

5808
7236 ±

6766
31,593 ±

23,694
5455 ±
10,577

7528 ±
13,679

11,294 ±
16,709

25,627 ±
24,843

11,422 ±
17,597

1638 ±
7776

13,135 ±
14,788

20,444 ±
20,845

4140 ±
11,410

3424 ±
9274

10,306 ±
14,080

25,658 ±
23,279

OFFI 555 ± 3432 2103 ±
4558

5950 ±
16,036

1222 ±
5338

1425 ±
3311

2842 ±
5965

10,255 ±
13,468

3165 ±
7109 308 ± 1643 4035 ±

6368
11,888 ±

18,428
1493 ±

6022 662 ± 2832 2791 ±
5603

9691 ±
15,109

ACS 6593 ±
7980

7686 ±
7573

16,357 ±
13,191

7425 ±
8523

5184 ±
7970

6869 ±
21,699

6083 ±
9229

5945 ±
14,776

4957 ±
14,305

17,690 ±
22,007

17,444 ±
22,051

7159 ±
16,420

5591 ±
10,988

8753 ±
18,738

11,353 ±
14,941

AW-HH 11.6 31 25 16.7 23.4 36 55.6 32.6 4.6 35.7 33.3 9.8 11.6 34.4 42.9
IW-HH 48.4 55.2 62.5 50.8 53.1 56 72.2 56.8 58.7 71.4 55.6 59.8 53.7 58.1 65.7
ML-HH 6.3 3.4 12.5 6.1 28.1 38 5.6 28.8 11.9 21.4 33.3 14.4 13.8 24.7 14.3
VF-HH 2.61 ± 0.8 2.5 ± 0.6 2.75 ± 0.8 2.6 ± 0.8 2.58 ± 0.8 2.52 ± 0.7 2.44 ± 0.9 2.54 ± 0.8 1.97 ± 1 1.29 ± 0.4 1.44 ± 0.7 1.86 ± 0.9 2.34 ± 0.9 2.33 ± 0.7 2.26 ± 0.9
FA-HH 11.6 13.8 25 12.9 43.8 48 16.7 41.7 20.2 14.3 11.1 18.9 22.8 32.3 17.1

WUA-HH 11.6 10.3 25 12.1 9.4 12 5.6 9.8 2 0 0 1.5 7.1 9.7 8.6
NE-HH 2.3 ± 1 2.2 ± 0.7 2.25 ± 0.4 2.3 ± 0.9 2.7 ± 1 3 ± 1 2.8 ± 1 2.8 ± 1 1 ± 0.8 1 ± 1 1 ± 1.5 1 ± 0.9 1.9 ± 1 2.5 ± 1 2.2 ± 1

TWUA-HH 17.9 27.6 25 20.5 29.7 42 44.4 36.4 16.5 7.1 0 14.4 20.1 32.3 28.6
MRI-HH 95.8 89.7 75 93.2 87.5 70 61.1 77.3 77.1 64.3 77.8 75.8 86.2 77.3 68.6
NCP-HH 0.4 ± 0.7 0.3 ± 0.7 0.1 ± 0.3 0.3 ± 0.7 1.4 ± 1 1.7 ± 1 1.5 ± 1 1.5 ± 1 0.7 ± 0.6 0.9 ± 0.4 1.7 ± 1.3 0.8 ± 0.7 0.8 ± 0.9 1.1 ± 1 1.2 ± 1.3

1 = livestock and on-farm-income based; 2 = marginal and off-farm-income based; 3 = intensive-irrigation-farming based.
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The aggregate value of all the computed indicators informed that midland AEZ
farmers were found to be less vulnerable in terms of livelihood diversification (with an
average indexed value of 0.278), compared to the farmers in the rest of the AEZs. Farmers in
the lowland AEZ were identified as the most vulnerable in their livelihood diversification,
with an average weight of 0.175, compared to other households in the studied AEZ (Table 7).
The analysis of data on livelihood diversification revealed that most of the households
were not engaged in on-farm and off-farm livelihood activities in this AEZ. The overall
level of annual income out of farm-related activities in the midland and lowland AEZs
were 7.5% and 3.6%, respectively, which are much lower than the national average, at 57%
in 2014, as Kassegn and Endris [98] reported. Similarly, the values of cash saving and
migrant labor during off-farming seasons are very low indicating the lowest livelihood
diversification. The above factors have limited farmers’ livelihood options and weaken
their adaptive capacity to the impacts of drought. As indicated in Table 8, farmers engaged
in non-farm livelihood activities and irrigation (typology 2 and 3) were better in their
annual on-farm, non-farm, and off-farm income and hence have better adaptive capacity to
the impacts of drought, compared to farmers who are crop and livestock dependent. This
reflects that income diversification, and therefore more livelihood opportunities, are crucial
for rural smallholders in creating resilience to the impact of drought. Increased livelihood
diversification means more opportunities to move from one activity to another, allowing
for greater response to the threats presented by climate change and associated shocks, as
well as increased livelihood resilience [99].

At a household level, access to information can significantly impact the level of adap-
tive capacity [100]. In rural areas, the information could be accessed mainly through social
networks. The social network was aggregated by household members’ membership to
farmers association and water users’ association, the number of locally monthly gatherings
called ”edir”, the trust of the farmers on water users committee, access to market informa-
tion, and the cellphones number possessed by a farm household. Accordingly, lowland
farmers were the lowest in social networks, as compared to the other farmers with an
index value of 0.333 (Table 7) informing that their social network adaptive capacity is the
lowest. It is evident that the arid lowland AEZs are fragmented in settlement and they are
usually mobile in search of water. This might have contributed to the reduction in their
social capital score in the context of adaptive capacity. Table 8 depicts that 86.2% of those
in the livestock and on-farm-income-based livelihood typology had better access to market
information, which makes them better than their counterparts in the marginal and off-farm-
income-based and intensive irrigation-farming-based livelihood typologies, who reported 77.3%
and 68.6% of market information access, respectively. This is in contradiction with the
number of cellphones in a household, which was better in typology 2 and 3 (non-farm
and irrigation based). The key informant irrigator farmer in Adea woreda described this
situation as “The issue is not about having market information in selling our irrigation products. It
is the role of brokers who misinform producer farmers and force us to sell vegetables at a lower price.
We hear that the price of vegetables in Addis Ababa is high, but since our products are perishable,
we are forced to sell them at a price which is fixed by brokers and buyers.” Therefore, to build the
resilience of smallholders, especially irrigators, the market system has to be improved and
the role of local brokers must be inspected, and corrective measures need to be taken.

As presented in Table 7, households had better values in their sociodemographics,
access to infrastructure, and social network dimensions of the adaptive capacity. However,
the farmers’ adaptive capacity, in terms of usage of rural technology, livelihood diversi-
fication, and wealth was found to be comparably low. Differences were observed in the
magnitude of the components of adaptive capacity based on the profile of the households.
There were differences in the components of adaptive capacity based on the farm typol-
ogy. Livestock and on-farm-income-based typology’s sociodemographic adaptive capacity
was better, while intensive-irrigation-farming-based farmers’ adaptive capacity was higher
in terms of access to infrastructure, wealth, access, and usage of rural technologies, and
livelihood diversification. However, the intensive-irrigation-farming-based typologies are
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only 9% of the total smallholders in the study area (Table 8). The remaining 91%, which
was occupied by livestock and on-farm-income-based and marginal and off-farm-income-based
smallholders, showed less adaptive capacity, signifying their low level of resisting the
impacts of drought.

As overall adaptive capacity is influenced by the proper functioning of all the compo-
nents as a system rather than each component as a separate unit, there is a need to make
concerted efforts to consider the high-scoring components in the future drought-tackling
mechanisms. It is essential to devise a proper balance between the various components.
The ability to adapt is often fluid and subject to a variety of influences. In the programs of
building the livelihood resilience of smallholders, the focus should also be on the livestock
and on-farm-income-based and marginal and off-farm-income-based farmers as their adaptive
capacities were lower, compared to their intensive-irrigation-farming-based counterparts.
Finally, the focus should be on continuously enhancing the system’s overall performance
to cope with the effects of drought risk and capitalize on the opportunities it presents.

As can be seen from Figure 5, low adaptive capacity situations dominated the lowland
AEZ of the sub-basin, where the livelihood conditions of pastoralism prevail. This could
inform that future overall adaptive capacity improvement schemes need to prioritize these
dry and arid AEZs, especially focusing on the improvement of the farmers’ rural technology
usage, livelihood strategy diversification, and boosting of their wealth status so that they
can overcome the negative impacts of the recurrent drought.
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3.5. The Overall Drought Vulnerability: Sensitivity, Exposure, and Adaptive Capacity

The three major components of vulnerability—adaptive capacity, exposure, and sensi-
tivity to drought—were examined following the IPCC–DVI. High exposure values, com-
pared to adaptive capacity, result in positive vulnerability ratings, while low exposure
values concerning adaptive capacity have negative vulnerability ratings. With its multiplier
impact, high sensitivity results in high vulnerability (large positive score) when exposure
exceeds the adaptive capacity, whereas high sensitivity exceeds exposure results in lower
vulnerability when adaptative capacity exceeds exposure (large negative score). In the
current study, in all the study AEZs, exposure exceeds adaptive capacity, though the rate
of change has disparities. The rate of change is the largest (0.144) in the lowland and
the smallest (0.088) in the highland. Tessema and Simane [20] have also confirmed that
lowlands have the highest exposure profile, compared to the other agroecological zones,
and are hence more vulnerable in exposure vulnerability factors.

In this principle, the relative exposure was found to be higher (0.447) in midland, while
adaptive capacity was lower (0.288) in the lowland (Table 9). Coupled with the relatively
higher sensitivity (0.420) in the lowland (compared to the rest of the agroecological zones),
this resulted in a larger negative vulnerability score (−1.956) implying relatively higher
livelihood vulnerability to the drought of lowlanders, compared to farmers in the highland
(−3.045) and the midland (−4.257) (Table 9). Conversely, the lower exposure (0.396) in the
highland and the higher adaptive capacity (0.380) of the midland, compared to the rest
(Table 9), resulted in a relatively small negative vulnerability score (−4.257) in the midland,
showing that the overall vulnerability is estimated to be low in the midland, compared to
the lowland and highland. Comparably, lowlands were highly vulnerable to the impacts
of drought (−1.956), highlands (−3.045) were moderately vulnerable, and midlands were
least vulnerable with an overall score value of −4.257 (Table 9).

Table 9. Indexed major components, DVI contributing factors, and the overall DVI.

Component HL ML LL Component HL ML LL

Climate change 0.590 0.603 0.593
ExposureDrought Risk 0.609 0.461 0.610 0.396 0.447 0.432

Climate perception 0.205 0.441 0.250

Crop failure 0.675 0.520 0.821
SensitivityDisease 0.133 0.176 0.216 0.347 0.344 0.420

Crisis 0.234 0.336 0.222

Sociodemographics 0.590 0.603 0.593

Adaptive capacity

Access to infrastructure 0.293 0.507 0.284
Wealth 0.252 0.293 0.212 0.308 0.380 0.288

Rural technology 0.126 0.091 0.119
Livelihood diversification 0.229 0.278 0.175

Social networks 0.357 0.506 0.333

Overall DVI 0.350 0.390 0.380

DVI = Sensitivity × (Exposure − Adaptive capacity) −3.045 −4.257 −1.956

4. Conclusions

The farmers in highland AEZ were highly exposed, compared to fellow farmers in
midland and lowland AEZs. The core components that contributed to the high score of
exposure were related to drought risks and the impacts of long-term climate change. In
terms of the sensitivity of the households to drought, farms in all AEZs were sensitive. At
the scale of farm typology, the vast majority of the households in the sub-basin who are in
livestock and on-farm-income-based livelihood typology were more sensitive to drought,
compared to the intensive-irrigation-farming-based farmers. Adaptive capacity, which
makes farmers cope with the impacts of exposure and sensitivity, was better for farmers in
midland than those in highland and lowland AEZs. Comparably, in the overall IPCC–DVI
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score, farm households living in the lowland AEZ were highly vulnerable, while those who
live in highland and midland AEZ were medium and low, respectively. The farm typology
level analysis results informed that intensive-irrigation-farming-based livelihood typology
had higher adaptive capacity, while the components of adaptive capacity of the livestock
and on-farm-income-based and marginal and off-farm-income-based livelihood typology
was low, informing that they are more vulnerable to drought impacts.

To reduce the exposure and sensitivity of smallholder farmers’ livelihood to drought
impacts and hence increase their adaptive capacity, crop varieties that can tolerate moisture
stress need to be identified and integrated into the farm system. The sensitivity of the
environment that causes the existence of crop and livestock diseases and pests has to be
managed. For the supply of pesticides and herbicides to smallholders, considering the
time and amount needed could be a better option. Since the vulnerability to the impacts
of drought is a function of all the indicators used in this study, interventions in the weak
index points (sensitivity, adaptive capacity, exposure) observed in the study’s agroeco-
logical zones and farm typologies are important entry points to consider. For example,
interventions could include weather-indexed crop and livestock insurance and expansion
of rural technologies and improved inputs, and create awareness among farmers to be
engaged in livelihood diversification strategies such as trading of agricultural products
especially during off-farm periods, which can improve their adaptive capacity. On the
other hand, improved access to, and management of, water for irrigation is a potential entry
point to reduce vulnerability to drought risk. Existing rainfed-dependent farming systems
must be supported through supplementary or full irrigation, along with agroecology and
farm typology specific natural resources conservation practices. In the long run, with
the increasing exposure and sensitivity to the sources of water, it could be challenging to
sustain irrigation due to the water supplies may be affected due to the impacts of drought.
Hence, interventions related to water demand management could be better solutions to
overcome this situation. Finally, as a procedure to build smallholders’ resilience to drought,
efforts should better target AEZs to prioritize the focus region and farmers’ livelihood
typology to tailor technologies to farms.
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