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Abstract 

Climate change is affirmed as a major challenge to global food security in the twenty-first century and a threat 
to availability of adequate food for the population. This study was conducted to analyze rural households’ vulnerability 
to climatic extremes, and their resilience capacities in the eastern Ethiopia. The study employed both quantitative 
and qualitative methods of data, and analysis to achieve the objectives. While 397 sample households were randomly 
selected for household survey, key informants and focus group discussion participants were purposively selected. To 
analyze the quantitative data, both descriptive and inferential statistics were employed while thematic content analy-
sis was employed to analyze the qualitative data. Rainfall variability, increase in local temperature, frequent drought, 
irregularity in rainfall, and pest infestation were identified as the key climatic extremes in the study area. The findings 
of the study asserted that rural local households in the study area have very high vulnerability to climatic extremes 
underpinned by their dependence on rain-fed farming. Reduction in crop yield (93%), and decline in production 
and productivity of livestock (91%) were confirmed as the major impacts of climatic extremes in the study area. Con-
trary to very high vulnerability to climatic vulnerability, local farming households’ resilience capacities were confirmed 
to be very poor. Moreover, the overall resilience capacity index was 0.44, which is below the minimum threshold 
and underpinned by low absorptive (0.45), low adaptive (0.47), and low transformative (0.4) capacity of farmers. 
Furthermore, the indexes derived from the five resilience building blocks imply that the level of household resilience 
is still poor (0.47). The very high vulnerability to extreme climate conditions and the very low livelihood resilience 
of rural farmers requires integrated strategies to reduce vulnerability and enhance livelihood resilience by govern-
mental and non-governmental organizations. More importantly, it is worth to initiate rural livelihoods diversifica-
tion and sustainable natural resource conservation, and management strategies. Above all, it is worth to integrate 
climate-resilient social protection programs into rural poverty reduction policies at national, regional, and local levels 
to reduce vulnerability, and enhance resilience of rural households in the study area.

Keywords Absorptive capacity, Adaptive capacity, Climatic extremes, Resilience, Transformative capacity, 
Vulnerability

Introduction
Climate change is affirmed as a major challenge to global 
food security in the twenty-first century and a threat to 
availability of adequate food for the population [67, 68, 
90], [58], [18]. Vulnerability to climate change may refer 
to inability among households to engage in strategies to 
cope with and adjust to extremes such as droughts that 
form part of current climate variability and which may 
increase in frequency and/or intensity in future [31]. 
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Climate change resilience may refer to the capacity of 
social, economic, and environmental systems to cope 
with a hazardous event or trend or disturbance, respond-
ing or reorganizing in ways that maintain their essential 
function, identity, and structure, while also maintaining 
the capacity for adaptation, learning and transformation 
[56]. Adaptive capacity may refer to the ability of systems, 
institutions, humans, and other organisms to adjust to 
potential damage, to take advantage of opportunities, or 
to respond to consequences [56]. There will be at least 
700 million small-scale agricultural producers in 2030, 
for example, and we are not on the right pathway to build 
their resilience to extreme events within a short period of 
time [18, 67, 68].

Climate change and the associated weather extremes 
continue to pose considerable risks to humans by affect-
ing their livelihood systems. In other words, climate 
change is affirmed to already causing severe problems 
of drought, flooding and unpredictable weather, creat-
ing losses in food production and destroying peoples’ 
livelihoods [20, 29, 31, 39, 84]. According to contempo-
rary findings in climate change, and disaster research, 
intense and frequent heat extremes due to increases in 
temperature, marine heat waves, precipitation variability, 
agricultural and ecological droughts, and an increase in 
the proportion of extreme tropical cyclones are the key 
climatic extremes induced by climate change [52, 55, 67, 
68]. The propagation of these extreme episodes poses 
important challenges for the environment, water, and 
biodiversity, and causes the most damage to agriculture. 
This is because climate change is a complex problem 
involving wide-ranging interactions between the envi-
ronment, natural resources (land, climate, and water), 
production (e.g., crops and animals), and people. These 
interactions are likely to change the ecological and agri-
cultural landscape and therefore influence agricultural 
production [24, 37, 90], [106]. It has direct impacts 
through modification of physical characteristics such as 
temperature levels and rainfall distribution, and has indi-
rect impacts in terms of posing changes to other species 
such as pollinators, pests, disease vectors, and invasive 
species [34, 97]. As a result, currently, global agriculture 
and the people dependent on it are hardly affected by cli-
mate change [53, 67, 68, 84, 89].

The current and predicted impacts of climate change 
on the environment and agriculture demand a more 
novel model like a social-ecological system. Unless such 
an innovative system is adopted, feeding a global popula-
tion will be a challenge, and agriculture will continue to 
bear the brunt of disaster impacts as new risks and corre-
lations emerge [36]. A social-ecological systems perspec-
tive of resilience recognizes that humans and nature are 
intricately interconnected, each affecting the other, often 

in unpredictable ways [19]. Humans cannot survive with-
out the environment and the ecosystem services it pro-
vides, according to a social-ecological systems model of 
resilience [110]. Under the view of resilience, the social, 
economic, and ecological systems’ capacity to absorb, 
adapt or transform depends on their exposure and sen-
sitivity to climate-induced hazards and their ability to 
access climate-smart opportunities or investments that 
support climate-smart responses [63]. Furthermore, resil-
ience must be built at the individual, community, govern-
ment, and global levels so that the economic, social, and 
environmental foundations for generating food security 
and nutrition for current and future generations are not 
jeopardized anywhere in the world [50].

In Africa, aggregate change in climate and variability 
in temperature and rainfall is asserted to be an added 
factor to already hot environment [67, 68, 91, 112]. In 
other words, climate change affects agricultural produc-
tivity, farm household revenues, and asset values, and 
it has a wide range of effects on both livelihood and the 
rural economy [66, 120]. The situation is worst for the 
population in sub-Saharan Africa (SSA), where rain-fed 
agriculture is the main source of rural livelihoods and 
employment opportunities [6, 67, 68]. Due to this reality, 
poverty and deprivation are becoming the most common 
situations in the rural areas of SSA [25].

Ethiopia, home to more than 120 million people in 
Africa, is also among the most vulnerable Countries 
[74, 76, 104, 108]. Dependence on rain-fed small-scale 
agriculture for livelihood and the national economy in 
the face of an unpredictable climate makes the coun-
try highly susceptible to the adverse impacts of climate 
change and variability [101, 120]. Besides, high rates of 
population growth, land degradation, weak agricultural 
research and extension services, poor infrastructure for 
agricultural marketing, low access to rural finance, lack 
of insurance, inadequate transport network, low use of 
improved seeds, fertilizers, and chemicals, and the use 
of traditional farm implements[79, 101, 116]. These are 
added factors increasing the sensitivity of the sector to 
climate change-tempted shocks. Another similar study 
also proves that susceptibility to climate-related hazards 
and shocks is high for those for whom rain-fed agricul-
ture (crop production, livestock, and fishing) is the main 
source of livelihood and income [101, 113].

Ethiopian farmers have developed and employed a 
variety of adaptation strategies in response to the risks 
associated with climate change and variability, such as 
changing planting dates and crop varieties; soil and water 
conservation; irrigation practice; and livestock man-
agement [12, 59, 100, 103]. Despite the importance of 
strategies to improve productivity and live with changed 
systems, the sector requires more innovative approaches 
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in the face of current extremes. Because climate-related 
risks to livelihoods, food security, water supply, health, 
and economic growth are predicted to increase with 
global warming [57]. In addition, agriculture is not just 
about food production alone since it is a complex, multi-
dimensional, and multi-faceted sector that concerns the 
efficient use of natural resources, productivity enhance-
ment, and preservation of ecosystems in a manner that 
can sustain the needs and improvements of human live-
lihoods in the future [24]. Hence, climate-smart farming 
focused on sustainable land, soil moisture, and biomass 
management models could help boost productivity and 
sequester significant amounts of carbon in soils, thus 
contributing to the mitigation of GHGs and improving 
farmers’ income [117].

It is of paramount importance to evaluate the livelihood 
resilience of rural farming households which aims to pro-
vide a theoretical reference for relevant authorities to 
understand the livelihood resilience as well as vulnerabil-
ity level and establish a resilient management system for 
the study area [70]. However, such vital studies are scant 
in Ethiopia, and East Africa. According to Debie and 
Ayele [28], cultivation of more fertile farmland, saving 
performance, diversification of income-earning activities, 
intensification of livestock husbandry practices, access to 
irrigation, and familiarity with practical technologies are 
significant determinants to household resilience of small-
holder farmers. Alinovi et al. [9] studied livelihood strate-
gies and household resilience to food insecurity in Kenya. 
They revealed that creating access to basic services, 
for example, access to credit, water, social safety-nets 
(transfers per capita), and other related poverty situa-
tions are important factors to build resilient livelihood 
and to reduce household vulnerability to climate change. 
Tofu et  al. [106] studied livelihood resilience to climate 
change-induced risks in the Borana zone, south Ethiopia. 
Their finding indicated that the smallholders’ adaptive 
capacity is below the scale of the minimum threshold, 
implying that livelihoods and their households are poorly 
resilient. In general, understanding the vulnerability situ-
ations and efforts to build resilient livelihood appears 
vital in the face of climate change. However, studies con-
ducted on the livelihood resilience of smallholders in the 
poorest and most vulnerable groups, vulnerable ecologi-
cal areas, poverty-stricken areas and disaster-prone areas 
are very limited in the Eastern Ethiopia where the study 
was conducted.

Hence, a comprehensive study was conducted in the 
study area to address the aforementioned research gaps 
with the following specific objectives: to identify the key 
climatic extremes in the study area, to analyze the vulner-
ability of rural farming households to climatic extremes 
in the study area, to examine livelihood resilience 

capacities of rural farming households in the study area, 
and recommend sustainable and integrated vulnerability 
reduction, and livelihood resilience building strategies for 
the study area and beyond.

Methods and materials
Study area description
This study was carried out in Chiro district, West West 
Hararghe Zone of Oromia region of Ethiopia which is 
located at 8°55′N 40°15′E [33]. Chiro district is situated 
326  km from Addis Ababa, the capital city of Ethiopia 
(Fig. 1). It is bordered on the northwest by Mi’eso, on the 
west by Guba Koricha, on the east by the Galetti River, 
on the north by Doba, on the Doba, on the south by 
Gemechis, and on the northeast by Tulo (Chiro district 
agriculture and natural resource office). The district is 
divided into three major agro-ecological zones, including 
22 kebeles in the lowland, 13 kebeles in the midland, and 
4 kebeles at highland altitude. It is mainly characterized 
by steep slopes and mountains with rough topography, 
which is highly vulnerable to erosion problems [40].

The minimum and maximum temperature of the dis-
trict is affirmed to be 12  °C and 23  °C, respectively. 
The minimum and maximum rainfall of the district is 
asserted to be 900 mm and 1800 mm, respectively [42]. 
The type of rainfall is bimodal, with the main rainy sea-
son being from June to September for the highland and 
midland areas and from March to April for the lowland. 
Besides, the short rainy season is from March to May 
for highland and midland and around July for lowland. 
Although the general character of the rainfall is erratic 
in nature across the agroecology, it is below normal for 
the lowland areas. Mixed agriculture (crop and livestock) 
farming is the main livelihood system of rural farmers in 
the study area [102]. Khat and coffee are important cash 
crops in the district [33].

Research design and approach
In this study, a mixed-research approach that included 
both positivism and post-positivism techniques was 
used. A positivist approach is an approach impor-
tant to collect objective data using quantitative data 
collection methods and tools. In this approach both 
the researcher and researched ‘‘object’’ are viewed as 
independent entities, and the emphasis of positivist 
researchers are in seeking a reality of understudy which 
is measurable and objective. For this reason, within the 
positivist paradigm, quantitative methods are com-
monly favored over qualitative approaches [88]. On the 
other hand, the post-positivism approach is the meth-
odology applied to gather subjective data employing 
qualitative data collection methods and tools. The good 
thing is that the post-positivists paradigm still holds 



Page 4 of 20Tofu et al. Agriculture & Food Security           (2023) 12:42 

beliefs about the importance of objectivity and general-
izability, but it provides additional room to researchers 
to modify their claims to understandings of truth based 

on probability and their lived experience, rather than 
certainty which is actually the focus of positivism [46].

In this study, both research approaches were simulta-
neously employed with the intent to have sufficient data 

Fig. 1 Map of the study area
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from varying sources. Applying a mixed approach of 
positivism and post-positivism methodologies at once 
in research is vital to increase the chances of validation. 
Mixing paradigm, therefore, be viewed as a pragmatic 
style to conducting research and has risen in popularity 
over the last 20 years [21, 60]. In this context, gathering 
data using both quantitative and qualitative methods and 
tools produces a range of results, which are subsequently 
triangulated to provide an overarching finding [88]. 
With regard to research designs, the study combined 
descriptive research design (to collect quantitative data 
using household survey questionnaire), and exploratory 
research design (to collect qualitative data employing key 
informant interview, and focus group discussions).

Based on this, the data required to understand the 
farmers’ absorptive capacity, adaptive capacity, and 
transformative capacity in the face of climatic extreme 
episodes were collected and analyzed using positivism 
research methodologies. On the other hand, farmers’ 
lived experiences, opinions, ideas, and perceptions about 
how vulnerable rural households’ livelihoods are to cli-
matic variability and extremes were gathered, analyzed, 
and presented by applying a post-positivism research 
approach.

Sampling procedures
This study employed a multistage sampling method, and 
procedure to select the study site and respondents. In the 
first stage, Chiro district was purposively selected from 
the Haraghe zone. It was selected because considerable 
numbers of smallholders are dependent on aid and are 
heavily affected by climate change. In the second stage, 
three kebeles (the lowest government structure in Ethio-
pia), namely Saro, Yabdo-Shembeko, and Aribu-Rekete 
kebeles, were randomly sampled from the study site. 
Finally, a total of 397 respondents for objective data col-
lection were determined from the total households of 
9428 using Yemane’s (1967) formula n = N/1 + N (e2) at 
P < 0.05, and the sample households were drawn by pro-
portional random sampling procedures to the total popu-
lations of each district. Furthermore, for subjective data 
gathering, participants were selected purposively to par-
ticipate in a total of nine focus group discussions (FDGs) 
and 13 key informant interviews (KIIs). The numbers of 
FGDs and KIIs were arrived at through data saturation 
(e.g., data saturation is the level when the discussants 
and interviewees began to rises similar issues to already 
addressed question points). The FGDs and KII discus-
sants were selected from different social groups, includ-
ing elderly men and women farmers, youth farmers, and 
experts, based on the level of their exposure to climate, 
livelihood systems of the community, vulnerability, and 

experience, and their selection was made purposefully 
with the help of village facilitators.

Data types, sources and collection techniques
The study used both primary and secondary sources to 
collect secondary and primary data. The primary sources 
of data were local environment, governmental, and non-
governmental offices in the study area, rural households, 
key informants, and focus group discussants in the study 
area. The secondary sources of the study were annual 
reports and empirical studies at different levels. To col-
lect primary data, both positivism [94] and post-posi-
tivism (i.e., FGDs, KIIs, and observations of study site 
field) methods were used. While a semi-structured ques-
tionnaire was used to collect objective data through the 
positivism approach, open-ended guiding checklists were 
used to collect qualitative data applying post-positivism 
methods. For instance, recurrently occurred climatic 
extremes observed in the study area were captured using 
semi-structured questionnaire based on the farmers’ 
experience. On the other hand, the desk review method 
was used to collect secondary data.

The survey tool for the sample household data col-
lection was derived from the results of the qualitative 
research and content analysis of the empirical pieces of 
literature related to the topic. Mainly, the survey tool 
included the socio-economic, psycho-cognitive, and 
bio-physical variables that enabled us to make a fact-
based conclusion about the study area. To accomplish 
the interview schedule, enumerators were recruited and 
trained to be familiar with the objectives of the study, the 
survey tools, and mechanisms of the interview schedule. 
The actual data were then collected by trained enumera-
tors under the close supervision of the researchers. The 
qualitative data, on the other hand, were gathered by the 
researchers themselves with the assistance of facilitators 
from various kebeles in the district using open-ended 
questions focusing on common extreme episodes, the 
impacts of extreme episodes, and situations of vulner-
ability and capacity to build resilience to climate change 
and variability-induced extreme events. The focus group 
discussions (FGDs) were held with 8–12 participants, 
and tape and voice recorders were also used to avoid dis-
tortion of information during iterative discussions.

Method of data analysis
The study combined quantitative and qualitative meth-
ods of data analysis underpinned by its comprehensive 
nature. Specifically, simple descriptive statistics (mean, 
percentages, and frequencies), and an index generat-
ing multivariate model (Principal Component Analysis), 
were employed for analyzing the quantitative data of the 
study.
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Principal component analysis (PCA) is a multi-
variate technique that analyzes a data table in which 
observations are described by several inter-correlated 
quantitative dependent variables with the goal to extract 
the important information [1]. It is a technique employed 
for reducing the dimensionality of datasets consisting of 
a large number of interrelated variables, while retaining 
as much as possible of the variation present in the data 
set and at the same time minimizing information loss 
[78]. It does so by transforming to a new set of variables, 
the principal components (PCs), which is new uncorre-
lated variables that successively maximize variance while 
preserving as much ‘variability’ as possible and sample’s 
information [61]. With this it makes the data simple to 
understand and increase the interpretability. According 
to Holland (2019) the first principal components (Y1) are 
given by the linear combination of the variables X1, X2, 
…,Xp,

or, in matrix notation,

The first PC is calculated such that it accounts for the 
greatest possible variance in the data set. Of course, one 
could make the variance of Y1 as large as possible by 
choosing large values for the weights  a11,  a12, …  a1p. To 
prevent this, weights are calculated with

the constraint that their sum of squares is 1.
The second PC is calculated in the same way, with the 

condition that it is uncorrelated with (i.e., perpendicular 
to) the first PC and that it accounts for the next highest 
variance.

This continues until a total of p PCs has been calcu-
lated, equal to the original number of variables. At this 
point, the sum of the variances of all of the PCs will equal 
the sum of the variances of all of the variables, that is, 
all of the original in-formation has been explained or 
accounted for. Collectively, all of these transformations of 
the original variables to the PCs iare:

The rows of matrix A are called the eigenvectors of 
matrix Sx, the variance-matrix of the original data. 
The elements of an eigenvector are the weights  aij, and 
are also known as loadings. The elements in the diago-
nal of matrix Sy, the variance–covariance matrix of the 

Y1 = α11X1 + α12X2+ + α1pXp

Y1 = αT
1 X

a211 + a212 + · · · + a21p = 1

Y2 = a21X2 + a22X2 + . . . a2pXp

Y = XA

principal components, are known as the eigenvalues. 
Eigenvalues are the variance explained by each PC, and to 
repeat, are constrained to decrease monotonically from 
the first principal component to the last. These eigenval-
ues are commonly plotted on a screen plot to show the 
decreasing rate at which variance is explained by addi-
tional principal components.

The positions of each observation in this new coordi-
nate system of PCs are called scores and are calculated 
as linear combinations of the original variables and the 
weights  aij. For example, the score for the rth sample on 
the kth PC is calculated as

In interpreting the PCs, it is often useful to know the 
correlations of the original variables with the PCs. The 
correlation of variable Xi and PC Yj is:

Since reduction of dimensionality that focused on a 
few PCs versus many variables is a goal of PCs analysis, 
several criteria have been proposed for determining how 
many PCs should be investigated and how many should 
be ignored. Among many, we used the criteria of ignoring 
the PCs whose variance explained are less than 1.

Measuring the resilience capacity
To measure the resilience capacity of farm households, 
the composite climate resilience index (CRI) was devel-
oped. The composite index of CRI was calculated as a 
function of five pillars or resilience-building blocks uti-
lizing PCA [23, 65, 71]. The major components or build-
ing blocks of resilience in Fig.  2 below included in the 
analysis were income and food access (IFA), access to 
basic services (ABS), assets (AST), social safety networks 
(SSN), and adaptive capacity (AC) [35]. The formula is:

CRI is the function of the household that depends 
on the levels of IFA, ABS, AST, SSN, and AC at time 

Yrk = α1kXr1 + α2kXr2 + · · · + αpkXrp

rij =
√

a2ijVar(Yj)/Sii

CRI = f(IFAi,t, ABSi,t, ASTi,t, ACi,t,)

IFA ADS AT

Resilience 

SSN AC
Fig. 2 Analysis of resilience structure according to RIMA (Resilience 
Index Measurement and Analysis)
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t, plus the error term. Higher values of the resilience 
index show more resilience in households or commu-
nities and vice versa [16]. The indicators of each com-
ponent are measured on different scales, hence, they 
were standardized to fall in the range of 0 to 1 [80, 95]. 
The functional relationship between resilience and the 
major components or pillars of resilience was taken 
into account by ensuring that resilience increases 
with an increase in the value of each indicator or 
component.

After analyzing the resilience index for the identified 
sub and major components, the resilience capacity of 
the farmers’ livelihood in the study area was analyzed 
by categorizing all components under three capacities. 
Absorptive capacity, adaptive capacity, and transforma-
tive capacity are the capacities capable of determin-
ing the resilience of farmers’ livelihoods to prevent the 
impacts of changing climatic situations or to bounce 
back livelihood systems after a shock to the previous 
normal.

Qualitative data analysis
Qualitative data collected through key informant inter-
view, and focus group discussion were analyzed with 
the help of thematic content analysis [86], [105], [47]. 
The responses from the key informant interviews, 
and focus group discussions were recorded both elec-
tronically, and by hand on the notebook as some of the 
participants preferred not to be recorded by any audio-
visual tools. Moreover, relevant environmental events 
were recorded through audiovisual tools and hand dur-
ing participant observation and transect walk sessions. 
As the number of key informant interviews is manually 
manageable and the researchers were familiar with the 
data, no software was employed to analyze the qualita-
tive data. The major criteria underpinning the applica-
tion of thematic content analysis were: transparency, 
maximizing validity, maximizing reliability, compara-
tive analysis, and reflexive approach in the process of 
analysis [86], [105]; [47]. The application of thematic 
content analysis technique in this study to analyze the 
qualitative data involved the following six steps [86]: 
Step one: Reading and Re-reading the recorded quali-
tative data to be familiar with the content; Step two: 
Organizing the qualitative data by questions; Step 
three: Coding the data into exhaustive, mutually exclu-
sive, and specified categories or themes; Step four: 
Reviewing and revising the coding system; Step five: 
Looking for patterns across categories or themes; and. 
Step six: Summarizing findings, and recognizing limita-
tions of the data.

Results and discussions
Livelihood strategies of rural households in Chiro District
Crop-livestock mixed farming was identified as the major 
livelihood of farming households in the study area. With 
regard to types of crop produced in the study area, sor-
ghum was reported as the major crop type produced in 
the study area followed by maize and coconut. They also 
reported Teff even if they did not appreciate its produc-
tion as that of Khat crop which is becoming the main 
source of income and taking higher shares of the liveli-
hoods of the individual households in the study area as 
a cash crop. Regarding livestock, cattle and small rem-
nants, especially goats, were reported to be common in 
the study area. According to the discussants, Hararaghe 
was known for meat bulls in the country underpinning 
the generation of hard currency from meat export. How-
ever, they affirmed that climate extremes have signifi-
cantly disrupted their agriculture dependent livelihoods, 
and income sources. Discussants of the focus group 
discussions, and the key informant interviews opined 
that marketing of khat crop in the form of petty trade is 
practiced as the major non-farm activities to support the 
farmers’ livelihood with additional income.

The implication for the aforementioned finding is that 
rural households in the study area are much affected by 
climatic extremes and sustainable livelihood improve-
ment interventions are required. Generally, livelihood 
diversification strategies, sustainable natural resource 
management strategies, and mainstreaming social pro-
tection programme into rural poverty reduction strate-
gies may reduce the vulnerability of rural households 
in the study area, and enhance their resilience capacity. 
Some scholars propose the four roles for climate-resilient 
social protection: (i) Reduce overall climate vulnerabil-
ity: Reducing vulnerability at large in a way that reduces 
climate risk; (ii) Compensate for negative impacts of cli-
mate change responses: Limiting the impacts of climate 
change response measures; and (iii) Underpin climate 
change adaptation and mitigation responses: Facilitating 
adaptation and mitigation behaviours and practices, and 
supporting livelihoods transformations [18, 37].

Common climatic extremes in Chiro District
Results in Fig.  3 below show that rainfall variability, 
increase in local temperature, frequent drought, rainfall 
reduction, pest infestation, and livestock disease preva-
lence are common climatic extremes in the study area 
reported by 96%, 95%, 94%, 92%, 89%, and 87% of the 
respondents, respectively.

In addition to the above quantitative information, 
the discussants, and the key informants in qualitative 
methods of data collection (focus group discussion, and 
key informant interview substantiated that the effect of 
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climate change and variability has reached to the climax 
that it is becoming impossible to forecast the onset and 
succession of rainfall. According to the discussants of the 
key informant interview, they have been suffering from 
climatic extremes in the study area for the last fifteen 
years. For example, when farmers prepare their land, they 
mostly do not get the rain at the appropriate time, and 
even if it rains, there is a possibility to offset early before 
the usual succession period. In addition to this, there is 
also very high inconsistency during the rainy periods in 
Ethiopia [100, 103].

Discussants of the focus group discussions, and the 
key informants also affirm that the amount of rain var-
ies during the rainy seasons (sometimes very high, and 
sometimes below the minimum, affecting the growth 
and yearly harvest). They also assert that the variability in 
rainfall, and temperature, and the climatic extremes have 
significantly affected the yield of their crops, and the food 
security status of the rural households in the study area. 
For instance, they exceptionally reported the consistence 
increase in temperature in their area for the last fifteen 
years with negative effects on their livelihoods. Moreover, 
they affirmed that they have been living with flood and 
drought which have affected their livelihoods. Specially, 
drought was reported to occur frequently, and that had 
led to degradation of the productive capacity of the poor 
and keeps them extremely susceptible. That also exposed 
the community to look for external support in a steady 
manner.

The aforementioned findings imply that the livelihoods 
of the rural households in the study area were much 
affected by the common climatic extremes and the vari-
ability of rainfall, and temperature in the study area. The 
result is also consistent with reports from other parts of 
Ethiopia, and other sub-Saharan African countries, where 
rainfall is projected to be uncertain and the mean annual 
temperature rise over Africa is likely to exceed 2 °C [67, 
68, 82, 120]. Bekele et al. [11] affirmed that that Ethiopia 

had experienced 15 drought episodes between 1965 and 
2015, some of which resulted in substantial humanitar-
ian crises. Similar reports also indicate that the climate 
in Africa is already exhibiting significant changes, evi-
dent by changes in average temperature, changes in the 
amount of rainfall and patterns, and the prevalence of 
frequency and intensity of weather extremes and these 
changes are negatively affecting agricultural production 
in Sub-Saharan Africa [69, 74, 76]. According to contem-
porary findings in climate change, and disaster research, 
Intense and frequent heat extremes due to increases in 
temperature, marine heat waves, precipitation variability, 
agricultural and ecological droughts, and an increase in 
the proportion of extreme tropical cyclones are the key 
climatic extremes induced by climate change [52, 55, 67, 
68].

Perceived farmers’ vulnerability to the climatic extremes 
in Chiro District
All the respondents (100%) participated in the rural 
household survey opined that they are highly vulnerable 
to the climatic extremes prevalent in the study area. Sim-
ilar situation was also confirmed from focus group dis-
cussants, and the key informants. The participants also 
asserted that their dependence on rain-fed agriculture, 
which is highly exposed and sensitive to the impacts of 
climate change-induced extreme events, underpinned 
their high vulnerability to climatic extremes in the study 
area. However, participants of the study affirm that vul-
nerability of the smallholder farming households differs 
from household to household, and site to site across the 
study area. This is because vulnerability of the household 
is not only determined by external factors but also by the 
farmers’ socioeconomic capacity specific to the individ-
ual households. This implies that both the soft resources 
(e.g., indigenous knowledge, education and training, and 
intact knowledge accumulated from life experience) and 
hard or material resources (e.g., land, water, cars, motor-
cycles, and others) owned by individual farmers matter in 
determining the households’ vulnerability.

Of course, according to the survey, farmers across 
the study sites were exposed and sensitive to climatic 
extreme episodes. For instance, farmers in the lowland 
(Saro kebele) community are more vulnerable to the 
impacts of climate change-induced shocks as compared 
to farmers in the highlands (Aribu Rekete kebele). For 
this, three reasons were identified by the discussants 
and the key informants. The first reason reported was 
the highest scarcity of water in the lowland agro-ecology 
as compared to the highlands. In other words, the pro-
longed dry season, combined with the area’s low mois-
ture content was claimed to significantly affect the brave 
farmers living in the lowlands. For example, farmers 

Fig. 3 Commonly experienced climatic extremes in the Chiro district
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in low land agro ecology in the district were reported 
to lose their lifeblood livelihood systems underpinned 
by the water scarcity in the low land agro ecology. In 
other words, a little increment in local temperature was 
reported to have the ability to exacerbate the already hot 
weather and lead to complicated provocations, including 
the shortage of feed for their animals and resultant trans-
mittable animal diseases and poor moisture content and 
pests for crop production.

The second reason identified was that the existence 
of the Khat plant in the highlands helps them pass the 
hardship period. In the highland, the average land size is 
between 0.5 and 1 hectare, but in the lowland, it is rela-
tively good, with 2 to 4 hectaresfor individual farmers. 
The third reason identified was farmers’ involvement in 
non-farm activities (petty trade practice particularly by 
women in trading of khat, goats and industrial commodi-
ties) in highland agro-ecology. Because of this, in Har-
erge, women are active economic actors and are believed 
to be sources of income for their households. For 
instance, one of the key informants stated the following:

"Even if we find a woman involved in petty trade in 
the lowland, she should be moved from the highland 
agro-ecology by marriage. This is because, as a cul-
tural lifestyle, women raised in the highland area 
are far more inclined to trade than women raised 
in the lowland area (Source: Key informant expert, 
Agriculture, and Natural Resource Office, Chiro 
District).

In general, the level of vulnerability of farmers to cli-
mate change-induced shocks was very high based on 
both the opinions of participating farmers from different 
agro-ecology and key informant experts from district-
level offices. This is the same as the situation in many 
developing countries like Tanzania. For instance, Tanza-
nia’s population well-being and recent positive economic 
development trajectory are particularly vulnerable to 
climate change, as evidenced by the widespread damage 
and hardships imposed by regular drought and extreme 
rainfall events [49]. This is mainly because climate change 
is interacting with non-climate drivers and stressors to 
exacerbate the vulnerability of agricultural systems, par-
ticularly in semi-arid areas of the African continent [67, 
68, 82, 120]. Accordingly, in this region, different bio-
physical and socio-economic attributes contributed to 
their own roles both in exposure, sensitivity, and adap-
tive capacity differences among smallholder farmers 
farming in different agro-ecologies and different types of 
cropping seasons, resulting in huge impacts, particularly 
in Ethiopia [7, 74, 76], [28], [113]. This implies that the 
various components of a livelihood asset, both tangible 
and intangible assets, on which rural people build their 

lives, are actually limited among the poor, making them 
highly vulnerable to climatic shocks [52, 54, 67, 68]. In 
general, studies by scholars in different corners of Africa 
concluded that the region is one of the most vulnerable 
continents to climate change and climate variability, a sit-
uation aggravated by the interaction of ‘‘multiple stresses’’ 
occurring at various levels and a low adaptive capacity to 
withstand as well as bounce back the impacts [15, 18, 37, 
90]; [106].

Adversity posed by climatic extremes on subsistence 
production of the farmers’ in Chiro District
93% and 91% of the respondents opined that crop yield 
reduction and production and productivity decline in 
livestock, respectively, are the key reasons underpinning 
the existing food insecurity and poverty in the study area. 
Moreover, soil fertility decline, reduced patterns of grass 
(natural livestock feed), and problem in Belg rainfall were 
reported to contribute for the aforementioned undesir-
able situation by 82%, 77%, and 91% of the respondents, 
respectively (Fig. 4).

The discussants in all focus group discussions also 
affirmed that rainfall variability, and soil fertility decline 
are among the major causes of crop yield decline in the 
study area. Furthermore, the key informants affirmed 
that shortage of rainfall, and climatic extremes have sig-
nificantly affected the rural livelihoods in the study area. 
In other words, they asserted that the undesirable situa-
tion of naturally rainfall deficient environment has been 
exacerbated by climatic extremes in the study area. This 
finding complies with the assertion of [15] who affirm 
that climate change is associated with worsening water 
stress rain-deficient areas contributing for challenges for 
agriculture.

A shortage of grass, scarcity of water, rising tem-
peratures, and widespread disease all play important 
roles in reducing livestock production and productiv-
ity. The rainfall variability, coupled with the increase in 
local temperature and deforestation underpin the soil 

Fig. 4 Impacts of experienced climate extremes in Chiro District
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fertility decline in the study area. The pooled effects of 
climatic hazards have affected farmers’ ability to pro-
duce sufficient food for yearly consumption and made 
them food insecure. As a result, many poor smallhold-
ers are dependent on food aid to fill the yearly food 
gap that consistently happens due to the shared effects 
of climate change and other socio-economic factors, 
including the ability to adopt improved farming tech-
nologies. This is in agreement with the finding of [49] 
who attests that changes in rainfall reliability, onset, 
and cessation are exacerbated by other stresses such 
as land degradation and insecurity of land tenure in 
rainfall-dependent rural communities in Africa under-
pinning crop failure and resultant hunger. Other schol-
ars also assert that climate change has interaction with 
other factors to significantly affect the African ecosys-
tems, and agriculture for now, and the future [82], [8], 
[67, 68, 120].

According to the discussants, and the key informants, 
Hararghe is known for bimodal rainfall (short and long 
rainy periods). The long rainy period mostly occurs 
for three months (June to September) and the short 
rainy period occurs for two months (March and April). 
Undeniably, both are important for livelihood, but the 
short rainy season requires more courtesy among the 
farmers in west Hararghe. They sow their important 
food crop called Sorghum during this period, espe-
cially in March. In comparison to Maize, Teff, Wheat, 
Haricot beans, Barley, and other crop types, Sorghum 
is the most widely cultivated cereal for food security in 
the study area. However, due to high variability or com-
plete failure of short rainy period (Belg season rainfall), 
crop productivity has been declining from time to time 
and resulting in chronic food insecurity in the study 
area. As a result of this, a large number of the house-
holds were reported to be dependent on external food 
support. This situation was well explained by one of the 
key informants who stated the following:

“In the past, before 1997, the farmers didn’t miss 
even a single belg rain, but after that, there was 
great variability in belg rain in the Chiro district. 
Currently, it comes in four-year intervals and 
sometimes it disappears even within four-year 
intervals. This has been the main reason for per-
sistent food insecurity among farmers. Subsequent 
dependence of farmers on external aid is directly 
associated with the patterns of Belg rain, which 
determines the production of the crucial crop (sor-
ghum). Currently, both the local government and 
non-government organizations (mainly CARE 
Ethiopia) allocate huge budgets to fill the "existen-
tial food gap." (Key Informant, Chiro District).

The aforementioned result complies with previous 
findings by different scholars. For instance, Senbeta [92] 
found that the trend of gradual and extreme weather 
change, such as drought, rain delay, erratic precipitation, 
and heavy and unseasonal rain, has challenged the liveli-
hood of the mid and lowlands of the West-Arsi zone in 
Ethiopia. Winkler [115] noted that the faster the climate 
alters, particularly in terms of rainfall and temperature, 
the greater the risk of associated damage to rain-fed 
farming. This is consistent with the research reported by 
the World Bank. According to World Bank [117], agri-
culture in Sub-Saharan Africa has the lowest productiv-
ity, and climate change (through warming, changes in 
rainfall, increased flooding, extreme heat events, pests, 
and loss of irrigation water) has severe consequences for 
agricultural production and worsened the food insecurity 
situation in the region.

Livelihood resilience to the effects of climatic extremes 
in Chiro District
The results in Table 1 indicate the analysis of livelihood 
resilience capacity to the climatic extremes in Chiro dis-
trict. The purpose was to appraise the relative capacity of 
the households to climatic shocks to absorb, adapt, and 
transform their livelihood systems under the perspective 
of the social-ecological system model. This is because, 
initially, the resilience idea arose in response to com-
plex socio-ecological systems and their ability to adapt 
while remaining within critical thresholds due to climate 
change [38]. In addition to this, resilience necessitates 
successful management of socio-ecological systems to 
understand the contextual factors that drive changes in 
resource-use patterns and influence the societal capac-
ity to adapt in the face of stress [50]. Furthermore, the 
recent report published by the Organization for Eco-
nomic Coordination and Development (OECD suggests 
that resilience in the agricultural sector should be dis-
tinguished in the way that: risks that are best managed 
at the farm level are normal business risks, less frequent 
risks that require market interventions such as insurance 
and futures markets are larger risks; and catastrophic 
risks requiring emergency assistance should be identified 
as frequent risks [77] Accordingly, the households’ capac-
ity to absorb, adapt, and transform the climatic stress was 
assessed and presented in the section below.

1. Absorptive capacity is concerned with social, eco-
nomic, and ecological systems’ ability to maintain their 
original structure by absorbing infrequent and low-
intensity risks [63]. It is the capacity that enables the 
household to stand with climate change and variability-
tempted extremes.

The stability component of the absorptive capacity 
had the index value of 0.49 while the access to informal 
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safety nets (SSN) component had the index value of 
0.51. This implies that the stability component of the 
absorptive capacity is below the threshold (0.5). Soil 
and water conservation practices (0.61) and climate 
awareness (0.57) variables had index values above the 
threshold implying relatively better absorptive capac-
ity. On the other hand, soil fertility status (0.29), and 
landscape (0.48) had index values below the threshold 
(0.5) poor absorptive capacity. Social group network 
(0.70), network with relatives (0.70), Kind and cash 
saving experience (0.69), and access to humanitarian 
assistance (0.68) had index values above the threshold 
implying relatively better absorptive capacity. On the 
other hand, network with religious group (0.12), access 
to remittances (0.17), and early warning system (0.16) 
had the index values below the threshold (0.5) implying 
poor absorptive capacity of the rural farming house-
holds (Table 1).

The aforementioned analysis was also complemented 
by the views of the focus group discussants and the key 
informants from Chiro district who affirmed that the 
rural farming households in the study area have demon-
strated experiences in soil and water conservation prac-
tices and saving/storage culture, particularly storage of 
the surplus yield of sorghum by burying it for about four 
to five years in the ground, supporting the households in 

Table 1 Components loading weights of the three resilience 
capacities and their sub-components

Resilience capacity dimensions COP1 COP2 Index

I Absorptive capacity

1 Stability 0.49
Soil and water conservation practices 0.61 0.61

Climate awareness 0.57 0.57

Soil fertility 0.81 0.29

Land scape 0.48 0.48

2 Access to informal safety nets (SSN) 0.51
Social group network 0.70 0.70

Network with relatives 0.70 0.70

Network with religious group 0.12 0.12

3 Kind & cash saving experience 0.69 0.69

4 Access to remittances 0.69 0.17

5 Access to humanitarian assistance 0.68 0.68

6 Early warning system 0.69 0.16

II Adaptive capacity (AC)

1 Income and food access (IFA) 0.55
Monthly income 0.72 0.72

Consumption from own production 0.62 0.62

Consumption from aid 0.87 0.30

2 Access to basic services (ABS) 0.35
Access to water 0.81 -0.22

Access to health service 0.60 0.60

Access to veterinary service 0.68 0.68

Access to extension service 0.44 0.35

Access to school service

Access to road service

3 Diversification of livelihood strategies 0.54
Mixed farming 0.26 0.26

Cash crop production 0.69 0.69

Petty trade 0.68 0.68

4 Technology adoption 0.56
Use of fertilizer 0.64 0.64

Use of improved seed 0.39 0.39

Agricultural chemicals 0.66 0.66

5 Demographic profile 0.40
Gender 0.81 0.20

Age 0.60 0.60

Family size 0.57 0.57

Education 0.41 0.11

Number of labor force in the household 0.51 0.51

6 Asset ownership (AST) 0.34
Car 0.48 0.48

Motor cycle 0.44 0.33

Mobile 0.61 0.16

Television 0.40 0.41

Radio 0.42 0.42

Farm equipment 0.16 0.16

Land 0.35 0.35

TLU 0.38 0.38

Table 1 (continued)

Resilience capacity dimensions COP1 COP2 Index

7 Access to financial services 0.61 0.37

8 Capacity building training 0.52 0.47

9 Access to climate information 0.55 0.55

10 Practice of small-scale irrigation 0.59 0.59

III Transformative capacity

1 Access to formal safety nets (SSN) 0.57
Social assistance received 0.57 0.57

Formal social group network 0.72 0.72

Involvement in farmers’ cooperative 0.80 0.41

2 Availability of markets 0.38 0.28

3 Access to basic services (ABS) 0.46
Electricity 0.25 0.25

Water 0.26 0.26

Health service 0.66 0.66

Veterinary service 0.66 0.66

4 Access to infrastructure 0.31 0.31

5 Access to agricultural services 0.44 0.44

6 Collective action 0.57 0.57

7 Social cohesion 0.39 0.39

8 Participation in local decision-making 0.77 0.22

9 Local government responsiveness 0.52 0.35

Ground total 0.44
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many emergency periods, although they have poor cash-
saving habits.

The aforementioned analysis implies that the absorp-
tive capacity of the rural households in the study area 
must be improved by focusing on the access to informal 
safety nets (SSN) component of the absorptive capacity 
which had the index value above the threshold. The index 
values for some variables of this component (social group 
network, network with relatives, kind and cash saving 
experience, and access to humanitarian assistance also 
imply that much attention must be given to these vari-
ables to improve the resilience of rural farming house-
holds to climatic extremes in the study area. Moreover, 
strengthening the ongoing soil, and conservation prac-
tices, and climate awareness creation programmes will 
improve the absorptive capacity of the rural farming 
households in the study area. The aforementioned analy-
sis also asserted the interaction between climate change, 
and other factors in determining the resilience of rural 
households.

Scholars attest absorptive capacity of rural households 
must be managed from the perspective of the social-
ecological model to achieve the goals of sustainable rural 
livelihoods. For instance, practicing sustainable soil, and 
water conservation is affirmed to have the added values 
of reducing soil erosion, restoring soil fertility, reha-
bilitating degraded lands, improving micro-climate, and 
improving agricultural production and productivity [10, 
44, 75, 109].

Given the importance of community life and social 
connection in Africa (for example, extended family and a 
variety of ceremonies and celebrations), it would be inter-
esting to see how helpful social capital is for the welfare 
and poverty status of the households [26]. In addition to 
this, given the importance of community life and social 
connection, encouraging the creation of and sustaining 
of existing social capital is of paramount importance for 
poverty reduction purposes in SSA. For instance, during 
the period of emergence, quick support comes from local 
social relations and groups rather than from another 
area [26]. Furthermore, to manage the sudden hazard, 
developing an effective early warning system could con-
tribute to fostering livelihood resilience by improving 
coping mechanisms and even enhancing adaptive capac-
ity [10, 22]. As communication through early warning 
systems provides an opportunity to reduce disaster risk 
by enhancing preparedness, it contributes to strengthen-
ing livelihood resilience at the local level [41, 45]. Schol-
ars also assert that social protection can improve poor 
households’ livelihood capital, which in turn can encour-
age their capacity to cope with natural disasters. In other 
words, several existing studies affirm that poverty reduc-
tion tools, such as social protection (SP), can also be 

applied to anticipate and absorb the impacts of natural 
disasters [37].

2. Adaptive capacity: this is the capacity that permits 
the household to live with the extreme episodes. Kaur 
et al. [63] explained by relating the socio-ecological sys-
tems’ ability to improve their original structure to man-
age future risks and thereby use existing strategies to 
manage risks more effectively to bounce back better in 
the aftermath of climate shocks [63].

The Income and food access (IFA), diversification of 
livelihood strategies, technology adoption, access to cli-
mate information, and practice of small-scale irrigation 
component of the adaptive capacity of the rural farm-
ing household had the index value of 0.55, 0.54, and 
0.56, 0.55, and 0.59, respectively, implying relatively bet-
ter adaptive capacity of rural farming households in the 
study area. On the other hand, access to basic services 
(ABS), demographic profile, asset ownership (AST), 
access to financial services, and capacity building training 
component of the adaptive capacity of the rural farming 
households had the index value of 0.35, 0.40, 0.34, 0.37, 
0.47, respectively, implying very poor adaptive capacity 
(index values below the threshold) of the rural farming 
households in the study area (Table 1).

The aforementioned analysis was also complemented 
with the qualitative information from the focus group 
discussants, and the key informants. For instance, it was 
asserted that farmers who have more monthly income 
and the ability to secure the consumption needs of their 
household from their own production are in a better 
position to adapt to the adversity of climatic shocks rela-
tive to the ones who are with these challenges. Moreo-
ver, access to basic services (including access to water, 
school, health, road, veterinary, and electricity services) 
was affirmed to be very poor in the study area. It was also 
asserted that farmers’ in the study area follow diversified 
livelihood strategies. For instance, they practice mixed 
farming (i.e., crop and livestock production) as the liveli-
hood system. Moreover, they practice petty trade of Khat 
which is the major cash crop produced in the study area. 
It was also further confirmed that women in the study 
area were the major participants in petty trade and that 
made them the sources of income in the community. In 
other words, women in the study area are considered as 
the major sources of income and made the key role play-
ers in the financial systems of the households in the study 
area. This was also proved by the men’s focus group dis-
cussants too. According to the local culture in the study 
area, women are more involved in marketing activities 
while men mainly take the responsibility for production.

According to the discussants, and the key informants, 
households led by males, with more young people, with 
small family size, with a large number of productive 
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family members, and led by heads with a higher level of 
education are confirmed to be less vulnerable to climatic 
shocks. For instance, the better the education status, 
the better the ability to comprehend scientific informa-
tion related to climate variability and the importance of 
adopting new farming technologies and planning to use 
proactive strategies that enable them to curb the sever-
ity of impacts. Moreover, the smaller the family size, the 
lower the dependence ratio, making it easier to man-
age the consumption needs and other living costs of the 
household. In the same fashion, the more productive 
members of the household mean there are possibilities 
for high productivity because the surplus force can be 
used as production power.

According to the discussants, and the key informants, 
compared to households led by older people, households 
led by younger people are assumed to be more adaptable 
to new technologies and to have the physical strength 
to work longer hours. Similarly, male-headed house-
holds are also assumed to be more adaptive because, in 
developing countries like Ethiopia, male counterparts 
are allowed and are responsible for focusing on outdoor 
tasks. This provides them with the chance to partici-
pate in meetings and other social occasions and creates 
opportunities to acquire innovative information and new 
ways of doing things for the productivity and betterment 
of their households.

According to the information from the focus group dis-
cussants and the key informants, households with better 
ownership of assets, better access to financial services, 
better access to capacity building training, and better 
access to climate change information have better adap-
tive capacity. Moreover, the farm households who have 
an alternative practice of small-scale irrigation are in a 
better state to adapt to shocks compared to the farmers 
who solely depend on rain-fed agriculture. Accordingly, 
majority of the farmers in the study area were applying 
small-scale irrigation using water pumps, particularly 
those farmers who were planting khat crops, and that 
was claimed to assist their livelihoods to adapt better to 
the changing climate. This was also confirmed through 
personal observation during the fieldwork. Generally, the 
quantitative, and qualitative analysis conducted for the 
adaptive capacity of the rural farming households indi-
cate very poor resilience, and very high vulnerability of 
the rural livelihoods system of the rural farming house-
holds in the study area.

The above analysis implies that the adaptive capac-
ity of the rural farming households must be improved 
by focusing on the different components, and the vari-
ables in each component. In other words, improving the 
income and food access (IFA), promoting diversification 
of livelihood strategies, improving technology adoption, 

improving access to climate information, improving 
practice of small-scale irrigation, improving access to 
basic services (ABS), considering demographic profiles 
in different service provisions, improving asset owner-
ship (AST), improving access to financial services, and 
provision of capacity building training to all concerned 
stakeholders are worth to enhance the adaptive capacity 
and the resultant resilient rural livelihoods of the farming 
households in the study area [80].

Adaptation to and resilience against the impacts of cli-
mate change is an urgent and growing priority around 
the world as levels of greenhouse gases in the atmos-
phere continue to increase with associated climatic risks 
[27]. Most of the external aid, from the government and 
NGOs, was based on food aid. Credit-based programs 
and development-oriented projects should be prioritized 
as adaptation strategies because they can provide addi-
tional income rather than just emergency assistance [83]. 
Furthermore, the use of improved technology, seeds, and 
farming practices increases cereal yields, allowing the 
world to feed itself with less land and lower carbon emis-
sions [48].

Therefore, developing countries should increase the use 
of advanced technology and improve farming practices 
to achieve sustainability in food production [5]. Further-
more, the empirical results imply that targeting females, 
increasing access to agricultural extension services, and 
creating more awareness about changes in temperatures 
are important in promoting adaptation and, in turn, 
securing resilience to climate change and variability-
tempted episodes [32]. In general, since agriculture will 
continue to be a major part of many African economies 
for a long time, the right kinds of investments, including 
expanded irrigation, could lead to productivity gains that 
improve the lives of a large percentage of the rural popu-
lation [117]. Intangible variables such as institutions and 
entitlements, knowledge and information, and innova-
tion should all be considered to ensure adaptive capacity 
to climate change-induced shocks [64].

3. Transformative capacity is capacity that refers to sys-
tems’ ability to fundamentally change their structure and 
enable new strategies that allow them to move beyond 
vulnerability thresholds [63].

The access to formal safety nets (SSN) component of 
the transformative capacity had the index value of 0.57 
while the access to basic services (ABS) component had 
the index value of 0.46. This implies that the access to 
formal safety nets (SSN) component of the transforma-
tive capacity had relatively better resilience compared 
to the poor resilience of the access to formal safety 
nets (SSN) component of the transformative capac-
ity of rural farming households in the study area with 
index value below the threshold (0.5) (Table  1). The 
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aforementioned analysis was also complemented by the 
qualitative information from focus group discussion, 
and the key informant interview.

According to the discussants and the key informants, 
farm households who have access to formal safety nets 
such as social assistance received, formal social group 
networks, and involvement in farmers’ cooperatives 
are capable of early recovery from possible impacts of 
shocks and transforming the opportunities at hand to 
build resilience. Furthermore, access to markets, basic 
services, infrastructure, and agricultural services are 
attested as the most important variables in transform-
ing livelihood systems from highly vulnerable to more 
resilient livelihood system. The transformed livelihood 
system increases households’ ability to reduce vulner-
ability as well as their capacity to restore the affected 
livelihood system to its previous normal state. Moreo-
ver, farmers who have access to financial services like 
credit, market, infrastructure, agricultural or extension 
services, and those who own multiple types of basic ser-
vices are more likely to adapt and build resilience to cli-
mate change and variability-induced extreme episodes. 
Similarly, collective action by institutions (both gov-
ernment and non-government), the strength of social 
cohesion, and the installation of access for farmers to 
participate in local decision-making were affirmed 
to help farmers adapt to and prevent the underlying 
impacts of climatic extremes. Furthermore, if the local 
government is on board and responsive to the climatic 
episodes that will support the farmers’ ability to trans-
form their lives and build resilience.

On the path to building transformative capacity 
among the farming communities, they need to assess 
sectoral readiness. The government’s preparedness for 
the natural climatic variability and its impacts ignited 
by anthropogenic causes should be assessed first [49]. 
There is much scientific evidence that vulnerability 
to climate change is exacerbated by unequal access to 
resources and decision-making on what to do [30, 87]. 
Accordingly, the absence of effective coordination and 
creating a platform for a participatory decision-mak-
ing process has been identified as a major and typical 
institutional weakness [93]. The majority of unheard 
voices in decision-making belong to the poor, and yet 
they are the ones hardest hit by climate change impacts 
[43, 73, 119]. Capacity building among the communi-
ties’ capacity to acquire new skills and knowledge that 
are required for adaptation is essential to transforming 
livelihoods [73]. For community capacity enhancement, 
it is also important to have access to and ownership of 
resources and assets for increasing the adaptive capac-
ity of vulnerable communities [73, 114].

Moreover, in developing countries, local governments 
are critical role players in climate change adaptation. 
Because they have an important influence and control 
over water, transport, waste management, land use plan-
ning, and building codes, all of which are key assets for 
enhancing adaptation and adaptive capacity [17]. Under 
the big umbrella of the future plan for resilience, it is 
also important to give attention to the underlying chal-
lenges. During this time, formal social protection works 
for solutions to reduce the current and future vulner-
abilities of the poor and marginalized in the context of 
climate change and disasters. The solutions may include 
a range of measures, including the provision of consump-
tion support during lean periods, developing a culture of 
savings to encourage investments in risk reduction meas-
ures; supporting livelihood diversification to adapt to 
longer-term changes in climate variables; and providing 
insurance products to manage residual risk, which is of 
paramount importance [3].

The results in Fig. 5 below indicate that the household’s 
capacity to absorb, adapt, and transform the livelihood 
systems from the current states of vulnerability to resil-
ience is poor in the study area. According to the surveyed 
respondents, the current situation of the absorptive, 
adaptive, and transformative capacity of the farmers is 
limited to 0.45, 0.47, and 0.4, respectively. On average, 
the resilience capacity of households to climate change-
tempted extremes is 0.44, which is below the minimum 
capacity of resilience (0.5). In other words, the overall 
livelihood resilience capacity of farming households in 
the study area was confirmed to be 0.44 (44%). This was 
underpinned by poor absorptive capacity (45%), poor 
adaptive capacity (47%), and poor transformative capac-
ity (40%) of the rural farming households in the study 
area. This suggests that the capacity of the farmers in the 
study area to deal with climatic shocks is poor because 
they have limited absorptive capacity that includes all 
the various risk management strategies by which house-
holds moderate or cope with the impacts of shocks on 
their livelihoods and basic needs [111]. It was also poor 

0.45

0.47
0.4

Absorptive capacity

Adaptive capacityTransformative
capacity

Fig. 5 Resilience capacities of the Chiro district
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because they have a weak adaptive capacity that reflects 
the capacity to learn, combine experience and knowl-
edge, adjust responses in a proactive way to change 
external drivers and internal processes, and continue 
operating in the face of climatic extremes [14]. Further-
more, the observed poor resilience is attributable to 
their limited transformative capacity, i.e., the capacity 
to create an enabling environment through investment 
in good governance, infrastructure, formal and informal 
social protection mechanisms, basic service delivery, and 
policies that constitute the necessary conditions for sys-
temic change [13]. In general, from this, we learn that 
resilience is not something secured by individual effort, 
rather, it requires capacities ranging from the individual 
to national levels [111].

The indexes derived from the resilience building block 
also imply that the level of household resilience is poor. 
The spider diagram (Fig. 6) below shows that households 
are relatively better in the state of income and food access 
while they are poor in the aspect of asset accumulation. 
In general, the five building blocks of resilience indicate 
that rural farming households in the study area had poor 
livelihood systems’ resilience with a very low resilience 
index of 0.47 at the time of the study. This is below the 
minimum criteria of resilience level in the face of puz-
zling climate change and climatic extremes.

Challenges and opportunities to build resilient livelihood 
in Chiro District
According to the focus group discussants, and the key 
informants, building resilience in the face of climate 
change is not an easy path. Despite, the pressing chal-
lenge, they affirmed that they have begun the implemen-
tation of developmental approaches to rehabilitate the 

degraded land through physical (e.g., tracing, trench, 
stone, and soil band) and biological structure works 
(e.g., planting seedling). They further asserted that the 
activities were managed and also supported with finance 
from the governmental and non-government organiza-
tions. The key aim of these activities was to strengthen 
the adaptive capacity of farmers and thereby build their 
resilience in all aspects. However, due to potential barri-
ers such as an increase in local temperature (97%), fre-
quent drought (94%), Belg rain variability (95%), pest 
infestation (92%), water scarcity (91%), livestock disease 
prevalence (88%), and grass shortage (75%), the potential 
efforts that have been undertaken by different institu-
tions both to mitigate the vulnerability and build adaptive 
capacity were not showing promising progress (Fig.  7). 
These exacerbated the limited capacity of production and 
their ability to feed themselves. As a result, 29 kebeles in 
the district were receiving social assistance in a consist-
ent manner since 2004. This is because; crop failures and 
livestock deaths posed significant economic losses and 
chronic food insecurity in the African region [117]. The 
situation was exacerbated by climate change presenting 
severe threats and eroding the essential livelihood assets 
the poor and the marginalized in the region [6].

The discussants, and the key informants affirm that the 
good political will from the local government to conserve 
the natural environment, the ongoing tree planting, and 
conservation initiatives, the presence of governmental, 
and non-governmental organizations working on rural 
livelihoods improvement, and the good working culture 
of the local communities are the existing opportunities 
of building resilience of rural farming households in the 
study area.

Scholars affirm that it is worth identifying, and utilizing 
the existing opportunities of building resilience of rural 
households in the study area. In relation to this, Adams 
et  al. [2] attest that climate change is not exclusively an 
environmental problem that needs to be addressed only 
from the perspective of scientific or technical ways. In 0.55
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other words, looking into untapped resources that could 
be from human creativity or innovation or from the 
natural environment is an important area which needs 
our conscious attention. For instance, intact indigenous 
knowledge, accumulated from life experience from recur-
rent shocks, the practice of land rehabilitation, and insti-
tutional experiences of searching for solutions accrued 
among both the local government and developmental 
practitioners have much contribution to build climate 
resilient rural livelihoods.

Furthermore, the worthy practice of producing cash 
crops, situational analysis and understanding of farmers 
about the continuity of climate-induced episodes, and 
experience of adopting improved technology such as the 
water pump and small-scale irrigation practices have sig-
nificant contribution in building the livelihood resilience 
of the rural households. This implies that rural people are 
not helpless victims of environmental shocks who fail to 
defend themselves and their livelihoods through various 
strategies [83]. Therefore, both national and local capaci-
ties must be strengthened to support the efforts to build 
resilience among the poor [36]. Furthermore, coopera-
tion between individuals and governments, and between 
national and sub-national levels, is crucial in ensuring 
effective adaptation responses to climatic stress and the 
building of sustainable livelihoods for the people depend-
ent on rain-fed agriculture [56]. The urgency to respond 
to climate change makes it a bit challenging to comply 
with the requirements of the Paris Agreement, but it 
also provides opportunities to help African households, 
communities, economies, infrastructure, and businesses 
adapt to climate change and transition towards climate-
resilient development pathways that boost growth and 
reduce poverty [4].

Conclusion and recommendations
In conclusion, farming/ agriculture was identified as the 
major livelihood of the rural farming households in the 
study area; rainfall variability, increase in local tempera-
ture, frequent drought, rainfall reduction, pest infesta-
tion, and livestock disease prevalence are common 
climatic extremes in the study area reported by 96%, 95%, 
94%, 92%, 89%, and 87% of the respondents, respectively; 
Crop yield reduction and production and productivity 
decline in livestock were identified as the key reasons 
underpinning the existing food insecurity and poverty in 
the study area; the overall livelihood resilience capacity of 
farming households in the study area was confirmed to 
be 0.44 (44%) which is below the threshold (0.5). This was 
underpinned by poor absorptive capacity (45%), poor 
adaptive capacity (47%), and poor transformative capac-
ity (40%) of the rural farming households in the study 
area.

In general, the five building blocks of resilience indi-
cate that rural farming households in the study area 
had poor livelihood systems’ resilience with a very low 
resilience index of 0.47 at the time of the study. This is 
below the minimum criteria of resilience level (0.5) in the 
face of puzzling climate change and climatic extremes. 
Increase in local temperature (97%), frequent drought 
(94%), Belg rain variability (95%), pest infestation (92%), 
water scarcity (91%), livestock disease prevalence (88%), 
and grass shortage (75%) were identified as the pressing 
challenges of building rural households’ livelihood resil-
ience in the study area. Finally, presence of good political 
will from the local government to conserve the natural 
environment, the ongoing tree planting, and conserva-
tion initiatives, the presence of governmental, and non-
governmental organizations working on rural livelihoods 
improvement, and the good working culture of the local 
communities were identified as the existing opportunities 
of building resilience of rural farming households in the 
study area.

The following recommendations are forwarded 
to reduce rural households’ vulnerability to climatic 
extremes, and build livelihoods’ resilience in the study 
area and beyond:

• Sustainable management, and conservation of exist-
ing natural resources to build the livelihoods resil-
ience capacities of rural households;

• Diversification of rural livelihoods to reduce the vul-
nerability of rural households to climatic extremes;

• Collaboration, and cooperation of stakeholders in the 
study area to support vulnerable rural households in 
the study area;

• Integration of farmers’ assets into formal develop-
ment initiatives in local development processes;

• Integration of climate resilient social protection 
programmes into poverty reduction, livelihoods’ 
improvement, and food security policies and strate-
gies at local, regional, and national levels;

• Integration of farmers’ indigenous knowledge, and 
innovations into climate change adaptation, and miti-
gation policies, and strategies at national, regional, 
and local levels;

• Local capacity development training to farming 
households, and local development experts in differ-
ent sectors of agricultural development offices;

• Promoting the application of information commu-
nication technologies (ICTs) to effectively manage 
knowledge, and information at local development 
level;

• Provision of credit, extension services, and other 
socio-economic services to enable local farming 
households sustainably develop agriculture; and
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• Utilization of irrigation, and other water technolo-
gies to adapt to water shortage in the study area.

We admit that the finding of our study is not a pana-
cea for local development challenges of rural house-
holds in Chiro district. Hence, quantitative studies 
like climate change modeling and prediction must be 
undertaken in the study area. Moreover, further char-
acterization of climatic extremes in the study area with 
the help of remote sensing, and GIS technologies may 
significantly contribute for further understanding of 
climatic extremes with sustainable solutions in the 
study area and their interaction with non-climatic fac-
tors in affecting the livelihoods of rural households in 
the study area.
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