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Abstract

The Southern Rift Valley escarpments of Ethiopia are highly vulnerable to climate change,
with smallholder farmers in the Gedeo Zone disproportionately affected. However,
comprehensive studies on these impacts remain limited. This study investigated the
socio-economic consequences of farmers’ vulnerability to climate-related hazards using
mixed methods. Data were collected from 384 farming households. Quantitative data
were analysed through descriptive and inferential statistics, specifically the Propensity
Score Matching (PSM) model, while qualitative data were examined thematically. Re-
sults revealed that 72.65% of smallholder farmers in the study area were highly vulner-
able for impact of climate change, with food security and economic stability severely
undermined. Although drought and temperature shifts were widely recognized, rain-
fall variability emerged as the most critical threat among vulnerable households. This
heightened sensitivity translated into statistically significant reductions in household
income (p<0.001), consumption (p<0.001), and agricultural production (p<0.001) com-
pared to non-vulnerable farmers. Disparities in adaptive capacity were evident, as non-
vulnerable farmers had significantly better access to credit and financial resources p<0.001)
and moderately stronger social networks (p<0.001). Both groups, however, faced sys-
temic barriers in accessing information and training. Specifically, vulnerable farm-
ers’ income, consumption and production decreased by 40, 19 and 47% (p<0.001) re-
spectively lower than no-vulnerable farmers. The study revealed that coffee producing
smallholder farmers in the study region are vulnerable to climate change. This calls ur-
gent extension intervention focusing on scaling of accessible, tailored financial services
and climate-adaptation funds.

KEYWORDS
Climate Change; farmers; variability; Vulnerability; Gedeo Zone, Ethiopia

1 Introduction

The complex interplay between global climate change and agri-
cultural systems poses profound risks, particularly for smallholder
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farmers who are central to global food security (Intergovernmental
Panel on Climate Change (IPCC), 2021). These farmers, concen-
trated in developing regions, are disproportionately exposed due
to their reliance on rain-fed agriculture, limited resource access,
and heightened vulnerability to extreme weather events (Food and
Agriculture Organization (FAO), 2018; Miiller et al., 2021). In
Sub-Saharan Africa, where agriculture is predominantly rain-fed
and institutional support remains weak, climate variability inten-
sifies existing challenges of food insecurity and poverty (Abate et
al., 2022; Niang et al., 2014). Ethiopia, with its economy heav-
ily dependent on agriculture, is especially susceptible, frequently
experiencing recurrent droughts, floods, and erratic rainfall that
threaten millions of smallholder livelihoods (Gebreyesus et al.,
2023; Tadesse et al., 2021). These shocks undermine food secu-
rity and erode development gains, perpetuating cycles of poverty
(Bedru et al., 2023; Worku and Singh, 2021).

The Gedeo Zone in southern Ethiopia represents a distinctive agro-
ecological system, characterized by intensive multi-strata agro-
forestry dominated by enset and coffee (Dullo et al., 2022; Geda
and Kebede, 2016. Despite its ecological richness, the zone faces
mounting pressures from climate variability, including shifts in
rainfall seasonality, intensity, and temperature, leading to crop fail-
ures, soil erosion, and resource degradation (Dullo et al., 2022; Os-
man et al., 2022. Smallholders, often cultivating small plots with
limited access to inputs and credit, are highly sensitive to these im-
pacts (Abate et al., 2022; Alemayehu and Bewket, 2017. Under-
standing their vulnerability defined by exposure to hazards, socio-
economic sensitivity, and adaptive capacity is essential for design-
ing effective, context-specific adaptation strategies (Deressa et al.,
2009; Intergovernmental Panel on Climate Change (IPCC), 2021).

Critical resource gaps exacerbate vulnerability in the Gedeo Zone.
Farmers lack affordable financial services necessary for investing in
adaptive measures, purchasing inputs, or recovering from shocks
(Abate et al., 2022; Dullo et al., 2022). This constraint limits adop-
tion of climate-resilient technologies and livelihood diversification,
increasing sensitivity to income and production losses (Bedru et
al., 2023; Worku and Singh, 2021). Access to improved technolo-
gies such as drought-tolerant crops, efficient irrigation, and mod-
ern tools remains inadequate (Gebreyesus et al., 2023; Osman et
al.,2022). Equally, farmers face deficits in localized climate infor-
mation, early warning systems, and training in climate-smart prac-
tices, which are vital for informed decision-making and resilience
building (Gebremariam et al., 2021; Nigussie et al., 2020; Tadesse
et al., 2021. Institutional support, though present, is fragmented
and under-resourced, limiting the reach of extension services and
coordinated adaptation programs (Deressa et al., 2009; Simane et
al., 2016).

Infrastructure deficiencies further constrain resilience. Limited
market access, storage, and processing facilities reduce profitabil-
ity, exacerbate post-harvest losses, and discourage production ex-
pansion (Dullo et al., 2022; Geda and Kebede, 2016). Moreover,
inadequate support for integrated resource management has ac-
celerated soil erosion, fertility decline, and water scarcity, inten-
sifying climate-related risks (osman2022smallholde; Intergovern-
mental Panel on Climate Change (IPCC), 2021). Addressing these

systemic gaps through targeted interventions, stronger institutions,
and community empowerment is critical for fostering sustainable,
climate-resilient livelihoods.

Although numerous studies have examined climate vulnerability
among Ethiopian smallholders, disaggregated analyses within dis-
tinct agro-ecological zones such as Gedeo remain limited (Molla et
al., 2020; Simane et al., 2016. Existing research generalizes vulner-
ability, overlooking intra-regional differences in socio-economic
conditions, adaptive capacities, and livelihood outcomes (Gebre-
mariam et al., 2021; Nigussie et al., 2020). Rigorous quantitative
assessments that identify and measure drivers of vulnerability and
their differential impacts on household income, consumption, and
production are scarce (Tadese et al., 2020; Worku and Singh, 2021).
Such granular insights are essential for moving beyond broad gen-
eralizations and informing precise, contextually relevant policy in-
terventions (Bedru et al., 2023).

This study addresses these gaps by conducting a localized, com-
parative assessment of smallholder vulnerability to climate change
in the Gedeo Zone. It systematically examines exposure, sensi-
tivity, and adaptive capacity, differentiating vulnerable from non-
vulnerable households through robust statistical analyses (Mean,
Standard Deviation, T-value, p-value). The research quantifies
disparities in socio-economic conditions and adaptive capacities,
while measuring the direct impacts of vulnerability on household
income, consumption, and agricultural production. Findings are
expected to provide strong empirical evidence and actionable in-
sights for targeted policy design, localized adaptation planning,
and efficient resource allocation, thereby enhancing resilience and
livelihoods in the Gedeo Zone and contributing to broader climate
adaptation discourse.

2 Materials and methods

2.1 Description of study area

This study was carried out in selected districts within Gedeo Zone,
Southern Ethiopia Regional State. Geographically, the Zone is lo-
cated north of the equator from 5°53’N to 6° 27°N latitude and from
38° 8’ to 38° 30’cast longitude (Negash, 2010). On the main high-
way from Addis Ababa to Moyale towards Kenya, 365 kilometers
from Ethiopia’s capital city Addis Ababa. Slope gradient reaches
up to 70% in some areas and almost 50% of the landscape is steep,
with slope gradient above 10% (Mesele, 2011; Meteorological Cli-
mate and Technical Agency (MCTA), 2020). The majority of the
soil type in the area is nitosol (Abiyot, 2013), typically made up of
volcanic rocks. The Zone has three agro-ecological zones whose
mid altitude agro-ecology occupies the largest area (62.2%) fol-
lowed by high land (37.1%) and low altitude (0.7%) (Bogale, 2007).
The study districts, namely Kochore, Yirgachefe and Wonago are
one of the districts in the Gedeo Zone SNNPRS (Figure 1). Kochore
district is found between 6’09 N latitude and 38°16’E longitude. El-
evations range from 1,500 to 3,100 meters above sea level (masl),
and the study area comprises two agro-climate zones: Dega (with
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elevations between 2,300 and 3,700 masl, accounting for 26%) and
Weyna Dega (ranging from 1,500 to 2,300 masl, constituting 74%)
according to Yibrah (2014). The average annual temperature falls
between 25°C and 31°C, while the annual rainfall ranges from 1,000
to 1,200 millimeters.

Yirgachefe district is located between 6°09°N and 6°32°N and
38°08’E and 38°32KE, with an altitudinal range of 1501-2500 masl
(Negash, 2007). The annual rainfall ranges between 1200 and 1800
mm, with a bimodal distribution, and the mean annual tempera-
ture varies from 15°C to 20°C (Asnake, 2021). Wonago district is
found between 6°20°E and 6°32’E, and 38°14°N and 38°24°N, with
an undulated type of landscape and an altitude ranging from 1601
to 2875 masl. The district receives rainfall of 800 to 1400 mm per
annum and annual temperatures ranging from 11°C to 29°C (Ne-
gash, 2007). All study districts are categorized as mid and high-
lands based on elevation, with a range of 1500—3700 masl.

2.2 Site selection

The study focused on three districts Kochere, Yirgachefe, and Won-
ago purposefully selected to capture the dimensions of vulnerabil-
ity related to climate hazards, socio-economic sensitivity, and adap-
tive capacity. These districts lie within the coffee-producing belt
of the Zone, where indigenous agroforestry practices are highly
prevalent. From each district, three kebeles were randomly cho-
sen: two from the midlands and one from the highlands, yielding
a total of nine kebeles (six midland and three highlands). Specif-
ically, Jeldo and Anchabi (midlands) along with Gololicha (high-

land, representing Woina dega and dega) were selected in Kochere.
In Yirgachefe, Tutit and Wote (midlands) and Udesa (Woina dega)
were included. Similarly, Deko and Hase Haro (midlands) and
Wotiko (Woina dega) were chosen in Wonago. This stratified selec-
tion ensured representation across agro-ecological zones, thereby
enabling a comprehensive assessment of smallholder vulnerability
within the study area.

2.3 Research Design

A research design outlines the procedures for achieving research
objectives and testing hypotheses (McDaniel & Gates, 2006). This
study employed an explanatory research design to investigate
how vulnerability components (independent variable) affect small-
holder farmers’ farming practices (dependent variable).

2.4 Research Approach

To achieve the study’s objective, researchers used a mixed re-
search approach, combining quantitative and qualitative methods.
Quantitative data were collected via structured questionnaires from
smallholder farmers, addressing vulnerability components like ex-
posure, sensitivity, and adaptive capacity. Qualitative data were
gathered through in-depth interviews and focus group discussions

with a subset of the surveyed farmers. This comprehensive ap-
proach aimed to provide a deeper understanding of farmers’ vul-
nerability.

2.5 Data type and sources

This study utilized both primary and secondary data. Primary data
were collected through household surveys, key informant inter-
views, and focus group discussions. Secondary data were gathered
from government reports, academic journals, published and un-
published materials, and websites.

2.5.1 Sampling techniques and sample size determination

Multiple-stage stratified sampling methods were used in the study.
First, districts were selected due to high climatic change and vari-
ability. Second, the district is grouped by their agro-ecology (strata)
on the basis of their elevation, where 1500-2300 masl is midland
and above 2300 masl is high land. Third, kebeles were chosen from
each agro-ecology stratum for data uniformity, and finally, house-
holds were randomly selected from selected kebeles using propor-
tional sampling. The sample size of sampled households was deter-
mined following Yamane (1967) sampling techniques. The number
of respondents included in the study was as follows:

N 9662 9662
n= = =
1+ 9662 (0.05)2 25.155

T1+N(e)2

384
(D

Where n, N and e represent the sample size (number of respon-
dents), total number of households and level of precision (allow-
able error, 5%), respectively. For sample size allocation at kebele
level the proportional allocation formula was used as
~ Nixn
ni=

2
N 2
Where; ni = the sample size proportion of each kebele, Ni= the pop-
ulation proportion in the stratum (kebeles), n= the sample size of
the districts and N = the total population of the districts.

2.6 Data collection methods

Surveys: Structured questionnaires administered to smallholder
farmers involved demographic information, vulnerability compo-
nents and socioeconomic conditions of farmers.

Key informants’ interviews: To gather insights on the vulnerabil-
ity of smallholder farmers in the Gedeo zone, key informants were
selected based on knowledge or experience in agriculture, climate
resilience, or rural development related to smallholder farming. in-
dividuals with direct experience working with smallholder farm-
ers, such as extension workers, agricultural officials, and NGO staff
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Figure 1: Location map of study area

Table 1: Total household and sample size of the study area

Name of districts Name of Kebeles Total households Sampled houscholds
Numbers  Percentage
Jeldo 1073 43 11.19
Kochere Anchabi 1024 41 10.79
Gololcha 1253 50 13.02
Tutit 801 32 8.33
Yirgachefe Wote 970 39 10.15
Udesa 1014 40 10.41
Deko 1002 40 10.41
Wonago Hase Haro 880 35 9.11
Wotiko 1645 64 16.66
Total 9 9662 384 100

were preferred. Informants were to understand the local socio-
economic context and agricultural challenges in the region. The
selection included a diverse range of stakeholders, including farm-
ers, community leaders, policymakers, researchers, and NGO rep-
resentatives to ensure varied perspectives. We conducted 15 key
informant interviews to gather diverse insights in a manageable
manner, ensuring a rich data set for analysis. These interviews’ per-
ceptions about the vulnerability of farmers derived from climate
change and variability engaged in this practice (Yin, 2018) .

Focus Group Discussions: focus groups discussions were con-
ducted with smallholder farmers. Farmers who provided rich qual-
itative insights into the vulnerability of farmers derived from cli-
mate change and variability. The discussions were undertaken with
9 groups’ of farmer’s i.e. one group from each kebele. One group
consists of 8 to 12 members
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2.7 Methods of data analysis

The analysis and presentation of the study was both quantitative
and qualitative. Quantitative data obtained through structured
questionnaire were analyzed by descriptive statistics (such as fre-
quency, percentages, means, Chi-squares and p-values) and infer-
ential statistics specifically, multivariate probit regression model
with the help of STATA software version 15.0. Qualitative data ob-
tained through interviews and focus group discussions were ana-
lyzed thematically.

2.7.1  Measures of farmers Vulnerability to climate change
and variability

Vulnerability of smallholder farmers was measured by exposure,
sensitivity, and adaptive capacity of smallholder farmers. The vul-
nerability of a household Vi can be expressed mathematically as:

Vi =f(Ei, S A)) 3)

Where:

Vi : Vulnerability of household i

Ei : Exposure of household 7

Si : Sensitivity of household i

A; : Adaptive capacity of household i

Exposure: This refers to the degree to which farmers are subjected
to climate-related hazards such as drought frequency, flood inci-
dence, rainfall variability, temperature changes, impact on crop
yields, livestock health and soil erosion.

Thus, the researcher can represent exposure as:

= =f(Dfreq, Rvar, Tchang) (4)

Where,

Direq : Drought frequency
Rvar : Rainfall variability
Tenang : Temperature changes

Sensitivity: This indicates how susceptible farmers are to these
hazards based on their socio-economic conditions. It reflects how
changes in drought impact income, Food Security, and production.
Thus, sensitivity can be represented as:

Si = f(Inc, FS, Prod)
Where,

Inc = households income
FSI = households food Security
Prod = households production

Adaptive Capacity: This reflects the ability of farmers to adjust
their practices in response to changing conditions. It reflects farm-
ers’ Access to Information, Financial Resources, Social Networks,
Training and Education, Access to Technology, Institutional Sup-
port and Community Engagement to adjust their practices in re-
sponse to climate change impacts. Thus, Adaptive Capacity can be
represented as:

AC = f(Ainf, FR, SN, TE, Atech, IS, CE)
Where,

Ainf = Access to Information
FR = Financial Resources
SN = Social Networks
TE = Training and Education

Atech = Access to Technology
IS = Institutional Support and
CE = Community Engagement

2.7.2  Methods of characteristics of farmers vulnerability to
climate change and variability

Vulnerability of smallholder farmers were characteristics based
computed mean scores as 1.00 - 1.49 =very low, 1.50 - 2.49 = low,
2.50 - 3.49 = medium, 3.50 - 4.20 = high and 4.21 - 5.00 = very high.
Accordingly, vulnerable farmers are those farmers exposed to dif-
ferent risks while non vulnerable farmers are relatively not vulner-
able due to their adaptive capacity.

2.8 Model specification

Propensity Score Matching (PSM) Model: Investigating the im-
pact of farmers’ vulnerability to climate-related hazards on their
socio-economic conditions

Propensity Score Matching (PSM) is a statistical technique used to
control confounding variables when estimating the effect of a treat-
ment or intervention. The core idea is to estimate the probability
(propensity score) of receiving the treatment based on observed co-
variates and then match treated and untreated subjects with similar
propensity scores. The derivation of the

The propensity score e(X) is defined as the conditional probability
of receiving treatment given a set of observed covariates X:

e(X) = P(T = 1[X) )
Where T is the treatment indicator (1 if treated, 0 otherwise)

After estimating the propensity scores using logistic regression or
other methods, treated units are matched with control units that

Gezahegn et al.(2025)

For.Nat.Reso (2025) 4(2)



P

JFNR | ISSN 3005-4036

Table 2: Variables definition and measurement

Variables

Variables Definition

Variables measurement

Farmers’ vulnerability
to climate-related haz-
ards (FVCH)

Households income
Households consump-
tion

Households production

Age

Gender

household size
Total Farm Size
Farming Experience

Agro-ecological Zone

Initial Climate Expo-
sure

distance to the nearest
market

Climate Risk Percep-
tion

Treatment Variable (FVCH)

Farmers’ vulnerability to climate-related hazards (FVCH)
refers to the degree to which a farming household is sus-
ceptible to, and unable to cope with

Outcome Variables

Total income generated by the household
Total consumption expenditure of the household

Total quantity of agricultural produce harvested by the
household

Binary (1 if Farmer’s were vulnerable to climate-related
hazards; 0 otherwise)

Continuous (Monetary units, ETH Birr per year)
Continuous (Monetary units, ETH Birr per year)

Continuous (Kilograms per year)

Independent Variables (Covariates)

Age of Household Head

Gender of Household Head

Number of members

Total cultivated land area managed by the household
Number of Years Farming Experience of the household
head

The specific agro-ecological zone where the farm is lo-
cated

Pre-existing conditions that might drive the need for
adaptive capacity.

Accessibility influences input costs and market access for
outputs.

Household head’s subjective assessment of the severity of
climate change impacts

Continuous (Years)

Binary (1 =Male, 0 = Female)
Continuous

Continuous (Hectares)
Continuous (Years)

Categorical(1=Dega (highland), 2=Weina Dega (mid-
land), 3=Kolla (lowland)
Ordinal scale (e.g., I=Very Low, 5=Very High)

Continuous (Kilometers)

Ordinal Scale (e.g., 1=Low to 5=Very High)

have similar scores. This can be done using various matching tech-
niques such as nearest neighbor matching, caliper matching, or ker-
nel matching . Outcome Estimation: The average treatment effect
on the treated (ATT) can be estimated as:

ATT = E[Y (1)|T = 1] — E[Y (0)|T = 1] ©)

Where Y (1) is the outcome for treated units and Y (0) is the out-
come for matched control units (Imbens, 2009).

Hypotheses of the study

Farmers” Vulnerability to Climate-Related Hazards (FVCH)

Null Hypothesis (HO0): There is no significant relationship between
farmers’ vulnerability to climate-related hazards and household in-
come, consumption, and production.

Alternative Hypothesis (H1): There is a significant relation-
ship between farmers’ vulnerability to climate-related hazards and
household income, consumption, and production. Studies have
shown that increased vulnerability to climate-related hazards neg-
atively impacts agricultural productivity and household income
(Mastrorillo et al., 2016) .

Household Income

Null Hypothesis (H0): Household income is not significantly af-
fected by farmers’ vulnerability to climate-related hazards.
Alternative Hypothesis (H1): Household income is significantly
affected by farmers’ vulnerability to climate-related hazards. Re-
search indicates that vulnerable households often experience re-
duced income due to lower agricultural yields and increased costs
of adaptation.

Household Consumption

Null Hypothesis (H0): Household consumption expenditure is
not significantly influenced by farmers’ vulnerability to climate-
related hazards.

Alternative Hypothesis (H1): Household consumption expendi-
ture is significantly influenced by farmers’ vulnerability to climate-
related hazards. Vulnerable households may increase consumption
expenditures to cope with climate impacts, leading to higher over-
all consumption costs (Alderman Haque, 2006).

Household Production

Null Hypothesis (HO0): There is no significant relationship between
farmers’ vulnerability to climate-related hazards and the total quan-
tity of agricultural produce harvested.

Gezahegn et al.(2025)
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Alternative Hypothesis (H1): There is a significant relationship
between farmers’ vulnerability to climate-related hazards and the
total quantity of agricultural produce harvested. Vulnerability to
climate change can adversely affect crop yields, thereby reducing
overall agricultural production.

3 Results

3.1 Characteristics of farmers’ vulnerability to
climate-related hazards

Based on the vulnerability index analysis, there was a significant
level of vulnerability among farmers to climate-related hazards,
with 72.65% of respondents were vulnerable and 27.35% of respon-
dents were none vulnerable to impact of climate change (Table
3). Most vulnerable farmners justified that they felt the impacts
of climate change due to recurrent droughts, floods, and changing
weather patterns, which undermine their food security and eco-
nomic stability.

Table 3: Proportion of extent of farmers vulnerability status in the
Gedeo Zone, Southeastern Rift Valley escarpments of Ethiopia

Farmers’ vulnerability to climate-
related hazards

Frequency percent

279
105

72.65
27.35

Vulnerable farmers
Non-vulnerable farmers

3.2 Characterization of farmers climate-related haz-
ards (Exposure) among vulnerable and none-
vulnerable farmers

The results presented in Table 4 provide significant insights into
the exposure to climate-related hazards among vulnerable and non-
vulnerable farmers.

Drought Frequency: Vulnerable farmers reported a mean drought
frequency of 3.83, classifying their perceived exposure as high,
accompanied by a standard deviation of 0.79. In contrast, non-
vulnerable farmers perceived drought frequency as medium with a
mean of 2.51 and a standard deviation of 0.64. Despite notable dif-
ference in intensity, the Chi-square test (Chi2 = 19, p = 0.415) indi-
cated no statistically significant difference between the two groups
concerning drought frequency, suggesting that though vulnerable
farmers sense the impact more intensely, the occurrence of drought
events is generally pervasive across the farming community.

Flood Incidence: Both vulnerable and non-vulnerable farmers
perceived flood incidence as medium, with means of 3.07 (Std.
Dev. =0.63) and 2.82 (Std. Dev. =0.59) respectively. However,
no statistically significant differences were reported between the

two groups regarding their perceived exposure to floods. This sug-
gests that floods, like droughts, are experienced across the com-
munity without a distinct perception gap between vulnerable and
non-vulnerable farmers in terms of their occurrence. The medium
perception indicates that while floods are a concern, they might
not be as overwhelmingly frequent or impactful as other hazards
for these farming communities.

Rainfall Variability: There was a tendence of differences on per-
ceived responses on rainfall variability between vulnerable and
non-vulnerable farmers (Chi2 =23, p = 0.076), showing that rain-
fall variability is a profoundly impactful and differentiating factor
for vulnerable farmers. This also makes it the highest perceived
exposure indicator for vulnerable groups, highlighting their acute
sensitivity to unpredictable rainfall patterns.

Temperature Changes: Both vulnerable and non-vulnerable farm-
ers perceived temperature changes as high, indicating that the ris-
ing in temperatures are a universally perceived challenge within the
farming community, irrespective of their vulnerability status. The
respondents indicated that they observed the impact of high tem-
perature on their crops, livestock, and overall farming systems.

Soil Erosion: Vulnerable farmers reported a mean score of
3.3 (high), while non-vulnerable farmers had a mean of 2.94
(medium), although the difference was not significant (Chi2=2.7,
p=10.393)

3.3 Characterization of farmer’s socio-economic
conditions among vulnerable and non-
vulnerable farmers

In-depth analysis of key socio-economic indicators (income, con-
sumption, and production) that reflect the sensitivity of vulnera-
ble and non-vulnerable farmer groups to external shocks, particu-
larly climate-related hazards were conducted (Table 5). Household
Income: There was significant difference between non-vulnerable
and vulnerable farmers in terms of income (p<0.001). The mean
household income of non-vulnerable farmers was 40% higher than
the vulnerable farmers (Table 5), showing that non-vulnerable
farmers possess considerably greater financial resources, which in-
herently reduces their sensitivity to economic shocks and allows for
more robust adaptive capacity.

Household Consumption: The non-vulnerable farmers consumed
by 19% higher than vulnerable farmers, which was significant
(p<0.005), indicating a substantial difference in consumption levels
between the two groups. Higher consumption levels among non-
vulnerable farmers suggest better food security, improved nutri-
tional status, and greater overall well-being. This in turn signifies
lower sensitivity to economic and food system disruptions.

Household Production: Non-vulnerable farmers recorded a mean
household production was by 47% higher than vulnerable farmers
with significant variation (p<0.001). The marked differences show

Gezahegn et al.(2025)
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Table 4: Perceived responses of farmers on climate hazards (Exposure) in the Gedeo Zone, Southeastern Rift Valley escarpments of

Ethiopia

Exposure Indicators

Vulnerable (n-279)  Non-vulnerable (105)  Statistical value

Mean  Std.Dev.  Mean Std. Dev. Chi2  p-value
Drought frequency 3.83 0.79 2.51 0.64 19 0415
Flood incidence 3.07 0.63 2.82 0.59 4 0.133
Rainfall variability 424 0.86 3.75 0.72 23 0.076
Temperature changes 3.90 0.75 3.53 0.611 18 0.0952
Soil erosion 33 0.73 2.94 0.78 2.7 0.393

Table 5: Mean annual income (Ethiopian Birr), consumption (kg) and production (kg) of the studied vulnerable and non-vulnerable
farmers in Gedeo zone, Southeastern Rift Valley escarpments of Ethiopia

Farmers’ vulnerability

Statistical value

Sensitivity Indicators vulnerable (n-279) Non-vulnerable (105)

Mean Std. Dev. Mean Std. Dev. Chi2  p-value
Households’ income 2699.77 0.67 4485.48 0.84 20 0.000
Households’ consumption 2539.75 0.88 3128.29 0.83 21 0.000
Households’ production 527 0.82 986 0.95 14 0.000

non-vulnerable farmers are substantially more productive, trans-
lating into greater self-sufficiency, higher market surplus, and re-
duced sensitivity to market and climate-induced production short-
falls.

3.4 Characterization of farmers ability to adjust cli-
mate related hazards (Adaptive Capacity) among
vulnerable and non-vulnerable farmers

Results of the adaptive capacity indicators of vulnerable and non-
vulnerable farmers in relation to their ability to adjust to climate-
related hazards are shown in Table 6.

Access to Information: Both vulnerable and non-farmers per-
ceived they received medium level of access to information, no
significant differences were observed (P>0.05). suggests that ac-
cess to relevant agricultural, climate, and market information re-
mains a general challenge across the farming community, affect-
ing both vulnerable and non-vulnerable farmers similarly in terms
of perceived availability. The lack of significant difference implies
that systemic issues in information dissemination or reception play,
rather than a specific discriminatory barrier for the vulnerable.

Access to Credit Services: Non-vulnerable farmers perceived sig-
nificantly high credit access compared to the non-vulnerable farm-
ers (p<0.001). This significantly better access to credit for non-
vulnerable farmers provides them with crucial financial flexibility
to invest in adaptation measures, purchase inputs, or recover from
shocks, thereby enhancing their adaptive capacity.

Financial Resources: Vulnerable farmers perceived their financial
resources significantly lower compared to non-vulnerable farmers
(p<0.001), showing that non-vulnerable farmers possess signifi-

cantly greater financial capital. This stark difference directly im-
pacts their ability to respond to climate shocks, invest in long-term
adaptation measures, or cope with unexpected expenses.

Social Networks: Non-vulnerable farmers had significantly higher
social networks compared to vulnerable farmers (p<0.001). While
social networks are important for both groups, non-vulnerable
farmers might more benefit from more extensive, diverse, or influ-
ential networks that provide enhanced access to information, labor,
or collective action.

Training and Education: Both vulnerable and non-vulnerable
farmers perceived their access to training and education as
medium, no significance differences were reported. Similarity to
access to training and education suggests more accessible agricul-
tural and climate-related training and education for all farmers, ir-
respective of their current vulnerability status

Access to Technology: As expected, non-vulnerable farmers per-
ceived significantly more access to technology than vulnerable
farmers (p<0.001). However, the fact that both groups recorded
low to medium scores, showing that technological access remains
a general constraint, but is particularly acute for the vulnerable.

Institutional Support: Vulnerable farmers perceived their access
to institutional support as medium (Mean = 3.11, Std. Dev. =
0.72), while non-vulnerable farmers reported slightly lower, also
medium, access (Mean = 2.96, Std. Dev. = 0.67), but the difference
was significant (p>0.001). This counter-intuitive finding suggests
that vulnerable farmers, being the primary target of many govern-
ment and non-governmental aid programs (e.g. Productive Safety
Net Programme in Ethiopia), might be more aware of or actively
engaging with these support systems, leading to a higher perceived
access. It doesn’t necessarily imply that the support received is suf-
ficient to lift them out of vulnerability, but rather that they are more
connected to existing institutional mechanisms.
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Community Engagement: Vulnerable farmers perceived their
community engagement significantly higher compared to non-
vulnerable farmers (p<0.001), implying that vulnerable farmers
have higher community engagement than non-vulnerable farmers.
Similar to institutional support, this suggests that vulnerable farm-
ers might rely more heavily on community networks for support,
mutual aid, and collective action, leading to a higher perception
of engagement. This often reflects their necessity to pool resources
and rely on social capital in the face of limited individual resources.
Table 6: Perceived responses of farmers for adaptive capacity in-
dicators in Gedeo zone, Southeastern Rift Valley escarpments of
Ethiopia

4 Discussions

Drought remains the most pervasive climatic stressor for small-
holder farmers, particularly those reliant on rain-fed agriculture
with limited livelihood diversification (Gebremariam et al., 2021;
Gebreyesus et al., 2023). Evidence consistently shows that drought
disproportionately affects vulnerable households, intensifying food
insecurity and undermining rural livelihoods Bryan et al., 2013;
Kabir et al., 2019). Socio-economically disadvantaged groups ex-
perience greater impacts due to weak financial buffers and inad-
equate infrastructure (Habib et al., 2020; Ray et al., 2021). In-
creasing drought frequency and severity across Sub-Saharan Africa
further compounds these risks, destabilizing agricultural systems
and deepening poverty traps (Niang et al., 2014; Zampaligré et al.,
2019. Although statistical differences between vulnerable and non-
vulnerable groups were not significant, variations in exposure likely
reflect microclimatic differences and unequal adaptive capacities,
shaping subjective experiences of drought impacts (Deressa et al.,
2009).

The high drought burden underscores the urgency of resilience-
focused interventions. Key strategies include adoption of drought-
tolerant crop varieties, expansion of irrigation infrastructure, im-
proved water harvesting, and accessible early warning systems
(Adger, 2018; Bedru et al., 2023). While drought is a communal
challenge, policy frameworks should prioritize vulnerable groups
in resource allocation to strengthen adaptive capacity (Food and
Agriculture Organization (FAO), 2018).

Flooding, though less frequent, remains a significant hazard in low-
land and river basin areas, often exacerbated by deforestation and
poor land management (Abera et al., 2021; Masika et al., 2017;
Mwakapalila, 2017; Nigussie et al., 2020). Communities near ma-
jor river systems and coastal zones frequently report moderate to
high flood exposure (Nguyen et al., 2016; Phompila et al., 2020).
Despite its localized nature, floods cause severe damage to crops,
infrastructure, and livelihoods (Awoke et al., 2018). Interestingly,
this study found no significant difference between vulnerable and
non-vulnerable groups, contrasting with literature that highlights
disproportionate impacts on poorer households due to weaker
housing and farm infrastructure (Deressa et al., 2009; Zampaligré
et al., 2019). Effective interventions include improved drainage,
flood-resistant farming practices, community-based disaster risk

reduction, and robust early warning systems (Mengistu & Dadi,
2023; UNISDR, 2015). Policies should emphasize preparedness
and rapid recovery, particularly as climate change is expected to
intensify flood risks (Intergovernmental Panel on Climate Change
(IPCC), 2021).

Rainfall variability emerged as a critical stressor, with vulnerable
farmers reporting very high exposure. Empirical evidence con-
firms shifts in rainfall regimes, including delayed onset, early ces-
sation, and increased intensity of short rains (Bewket & Conway,
2007; Conway et al., 2007; Mekonnen et al., 2018). Erratic rain-
fall patterns drive agricultural risk and food insecurity, particu-
larly for staple crops (Antwi-Agyei et al., 2018; Olofintoye et al.,
2020). Such variability necessitates adaptive strategies, as demon-
strated in rice-growing regions where altered monsoon patterns
compel farmers to adjust to unpredictable conditions (Aguilar et
al., 2020; R. Khan et al., 2021; Perez et al., 2018; Sriplung & Som-
pong, 2022). Although statistical differences between vulnerable
and non-vulnerable groups were not significant, the practical real-
ity remains resource-constrained farmers are more susceptible to
immediate consequences such as crop failure and yield reduction
(Deressa et al., 2009.

Rainfall variability emerged as a critical stressor, particularly
for vulnerable farmers, demanding targeted adaptation strategies
(Miiller et al., 2021). Climate-smart practices such as conservation
agriculture, drought-resistant crop varieties, efficient water man-
agement through small-scale irrigation and rainwater harvesting,
and improved seasonal forecasting are essential to reduce risks and
guide planting decisions Altieri et al., 2015; Gebreyesus et al., 2023;
Nkonya et al., 2016). Policy frameworks should prioritize invest-
ments in agro-meteorological services and extension programs that
strengthen farmers’ capacity to cope with increasing rainfall unpre-
dictability (Food and Agriculture Organization (FAO), 2018).

Temperature increases observed in this study align with regional
climate change trends, marked by significant warming, heightened
heat stress, and altered crop phenology (Gebreyesus et al., 2023;
Intergovernmental Panel on Climate Change (IPCC), 2021). Ris-
ing maximum temperatures and more frequent heatwaves have re-
duced crop yields, impaired livestock health, and strained water re-
sources (M. Khan & Hanjra, 2009; Rahman et al., 2019; Sow et al.,
2020; Traoré et al., 2017). These changes necessitate shifts in grow-
ing seasons and adoption of heat-tolerant crop varieties (Hughes,
2011; Lobell & Gourdji, 2012). Although statistical differences be-
tween groups were not significant, the slightly higher mean for vul-
nerable farmers reflects their limited ability to invest in adaptive
measures such as irrigation or shade structures, amplifying their
sensitivity to temperature stress (Deressa et al., 2009).

Adaptation strategies to mitigate heat stress should include pro-
moting heat-tolerant crops, adjusting planting calendars, integrat-
ing agroforestry for shade, improving livestock management, and
expanding irrigation to counter evapotranspiration losses (Asfaw
et al., 2022; Mekonnen et al., 2018; Thornton et al., 2014). Poli-
cies must support research into climate-resilient crop and livestock
breeds, ensure their dissemination, and build farmer capacity to
implement thermal adaptation measures (Food and Agriculture
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Table 6: Perceived responses of farmers for adaptive capacity indicators in Gedeo zone, Southeastern Rift Valley escarpments of Ethiopia

Adaptive capacity Indicators

vulnerable (n-279)  Non-vulnerable (105)  Statistical value

Mean  Std.Dev.  Mean Std. Dev. Chi2  p-value
Access to Information 2.63 0.58 3.52 0.81 1.4 0.507
Access to credit service 342 0.79 4.05 0.73 18 0.000
Financial Resources 2.14 0.55 3.71 0.74 24 0.000
Social Networks 3.66 0.74 3.83 0.70 17 0.000
Training and Education 2.74 0.50 2.85 0.68 2 0.263
Access to Technology 247 0.43 2.62 0.65 5 0.030
Institutional Support 3.11 0.72 2.96 0.67 11 0.001
Community Engagement 3.47 0.66 3.28 0.69 16 0.000

Organization (FAO), 2018).

Income disparities identified in this study further reinforce vulner-
ability patterns. Low-income households consistently demonstrate
reduced adaptive capacity, with limited ability to invest in resilience
measures or recover from shocks (Abate et al., 2022; Bedru et al.,
2023; Osman et al., 2022; Tadesse et al., 2021; Worku and Singh,
2021. Income poverty restricts access to credit and technologies,
constraining livelihood diversification and heightening sensitivity
to climate variability (Antwi-Agyei et al., 2018; Habib et al., 2020).
Wealthier farmers, by contrast, are better positioned to adopt pro-
tective measures, underscoring income as a fundamental determi-
nant of socio-economic sensitivity Intergovernmental Panel on Cli-
mate Change (IPCC), 2021; Nguyen et al., 2016; Niang et al., 2014;
Ray et al., 2021).

Addressing income disparity requires policies that enhance vulner-
able farmers’ earning capacity. Key interventions include diversi-
fication into non-farm activities, improved market access, value-
addition initiatives, and financial literacy and entrepreneurship
training (Food and Agriculture Organization (FAO), 2018; Ge-
breyesus et al., 2023). Expanding microfinance and credit facil-
ities, alongside risk transfer mechanisms such as crop insurance,
can buffer households against shocks (Bryan et al., 2013). Social
protection programs including conditional cash transfers and pub-
lic works remain vital to provide safety nets for the most vulnerable
(UNISDR, 2015).

Lower household consumption among vulnerable farmers ob-
served in this study is a clear indicator of precarious food secu-
rity, linking vulnerability to chronic food insecurity and poor di-
etary diversity (Dullo et al., 2022; Gebremariam et al., 2021; Haile
etal., 2020; Molla et al., 2020; Nigussie et al., 2020. Consumption
expenditure is widely recognized as a key metric for identifying
food-insecure households, which are more sensitive to price shocks
and climate impacts (Masika et al., 2017). Households with lower
consumption are disproportionately affected by food price volatil-
ity and recurrent droughts, often resorting to coping strategies that
erode long-term resilience (Zampaligré et al., 2019). Inadequate
consumption reflects limited purchasing power and restricted ac-
cess to essential goods and services (M. Khan and Hanjra, 2009; Ray
etal., 2021). Thus, consumption patterns serve as a robust proxy for
household welfare and socio-economic sensitivity (R. Khan et al.,
2021).

Addressing this consumption gap requires multi-dimensional in-
terventions. Strategies include improving access to affordable and
nutritious food through local markets, promoting home gardens to
enhance dietary diversity, and strengthening food assistance pro-
grams (Food and Agriculture Organization (FAQO), 2018). Policies
should also aim to increase purchasing power via direct income
support or reduced costs of essential goods, while simultaneously
boosting agricultural productivity to stabilize food supply (Miiller
etal., 2021). Investments in healthcare and education further con-
tribute to improved consumption outcomes and reduced vulnera-
bility (Intergovernmental Panel on Climate Change (IPCC), 2021).

Lower household production among vulnerable farmers is consis-
tent with existing evidence, often attributed to smaller landhold-
ings, limited access to inputs, poor soil fertility, and reliance on
traditional farming methods (Gebreegziabher et al., 2011; Gebreye-
sus et al., 2023; Haile et al., 2020; Osman et al., 2022; Tadese et
al., 2020. Low productivity undermines food availability and in-
come, reinforcing vulnerability (Olofintoye et al., 2020; Traoré et
al., 2017). Restricted access to modern technologies and extension
services further heightens sensitivity to climate shocks (Aguilar et
al., 2020; Perez et al., 2018). Disparities in land, capital, and techni-
cal knowledge directly correlate with household sensitivity to agri-
cultural crises (Khang et al., 2021; Sriplung & Sompong, 2022).

To enhance resilience, policies should prioritize access to climate-
resilient seeds and fertilizers, expand irrigation technologies, and
promote sustainable land management practices such as soil con-
servation and agroforestry (Altieri et al., 2015; Nkonya et al., 2016)
. Strengthened extension services offering practical training in
climate-smart techniques are essential (Food and Agriculture Or-
ganization (FAQ), 2018). Collective farming initiatives and cooper-
atives can improve resource pooling, market access, and technology
adoption (Asfaw et al., 2022). Securing land tenure rights further
incentivizes long-term investments in productivity (Intergovern-
mental Panel on Climate Change (IPCC), 2021).

Medium access to climate and agricultural information, with
no significant difference between vulnerable and non-vulnerable
groups, reflects systemic inadequacies in extension services and
information dissemination in Ethiopia (Alemayehu and Bewket,
2017; Bedru et al., 2023; Deressa et al., 2009; Gebremariam et al.,
2021; Tesfaye and Mebit, 2021. Farmers often rely on traditional
knowledge or informal networks due to poor access to formal me-
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teorological services, limiting adaptive decision-making (Antwi-
Agyei et al., 2018; Olofintoye et al., 2020). Even when information
is available, barriers of accessibility, relevance, and interpretability
persist (Nguyen et al., 2016; Ojha et al., 2019) .

Improving adaptive capacity requires strengthening extension ser-
vices, diversifying communication channels (radio, mobile plat-
forms, community meetings), and translating scientific forecasts
into actionable advice (Bryan et al.,, 2013; Food and Agricul-
ture Organization (FAO), 2018). Policies should invest in agro-
meteorological services and build extension agent capacity to de-
liver tailored, context-specific information.

Credit constraints remain a major barrier for vulnerable farmers,
limiting adoption of improved technologies and coping strategies
(Abate et al., 2022; Dullo et al., 2022; Gebreyesus et al., 2023;
Osman et al., 2022; Worku and Singh, 2021. Reliance on infor-
mal, high-interest loans exacerbates financial precarity (Habib et
al., 2020; Ray et al., 2021). Restricted access to capital hinders in-
vestment in climate-smart agriculture and livelihood diversifica-
tion (Sow et al., 2020; Traor¢ et al., 2017) . The significant difference
observed in this study confirms financial capital as a critical deter-
minant of adaptive capacity.

Expanding affordable credit access through tailored microfinance
schemes, cooperatives, government-backed loan guarantees, and
simplified procedures is essential (Food and Agriculture Orga-
nization (FAO), 2018). Innovative financial products, including
climate-smart insurance, can enhance creditworthiness and re-
silience (Bryan et al., 2013).

Building the financial resilience of vulnerable farmers is essen-
tial for reducing climate-related risks. Key measures include pro-
moting savings groups, expanding access to micro-credit, and es-
tablishing climate insurance schemes (FAO, 2019). Beyond di-
rect financial access, policies should encourage diversified income
streams, improve market integration for agricultural products,
and implement social protection programs to provide safety nets
against shocks (Miiller et al., 2021) .

Social networks and community cohesion also emerge as crit-
ical non-financial assets for adaptation. They facilitate knowl-
edge sharing, labor exchange, and collective coping mechanisms
(Abate et al., 2022; Berhanu et al., 2014; Gebreyesus et al., 2023;
Simane et al., 2016; Tesfaye and Mebit, 2021. Strong social capi-
tal enhances resilience by enabling collective responses to climate
challenges (Antwi-Agyei et al., 2018; Zampaligré et al., 2019) .
Community-based networks are particularly vital for disaster pre-
paredness and recovery among vulnerable groups lacking formal
support (R. Khan et al., 2021; Saroar and Alam, 2022) . The modest
difference observed between groups suggests that non-vulnerable
farmers benefit from broader networks, including ties to market
actors and decision-makers, which provide additional adaptive ad-
vantages Deressa et al., 2009. Policies should therefore strengthen
community-based organizations, promote farmer-to-farmer learn-
ing, and integrate traditional social structures into formal adapta-
tion programs (Bryan et al., 2013; Food and Agriculture Organiza-
tion (FAO), 2018).

Medium access to training and education across both groups high-
lights a systemic gap in knowledge and skill development crucial for
climate adaptation ( Bedru et al., 2023; Gebremariam et al., 2021;
Haile et al., 2020; Nigussie et al., 2020; Tadese et al., 2020). Lim-
ited training in climate-smart agricultural techniques constrains
adoption of resilient practices (Masika et al., 2017; Mwakapalila,
2017) , while inadequate farmer education programs hinder inno-
vation uptake (Aguilar et al., 2020; Perez et al., 2018) . The absence
of significant differences between groups indicates that both are
underserved, though vulnerable farmers remain less equipped to
capitalize on existing opportunities. Investment in comprehensive,
context-specific training on climate-smart agriculture, water man-
agement, soil health, and livelihood diversification is therefore crit-
ical (Altieri et al., 2015; Food and Agriculture Organization (FAO),
2018).

Limited access to appropriate agricultural technologies such as im-
proved seeds, irrigation equipment, and modern tools remains a
well-documented constraint on productivity and adaptive capacity
( Alemayehu and Bewket, 2017; Berhanu et al., 2014; Gebreegzi-
abher et al., 2011; Nigussie et al., 2020; Osman et al., 2022). Af-
fordability, knowledge gaps, and weak supply chains hinder adop-
tion (Nkonya etal., 2016; Ray etal., 2021; Saroar and Alam, 2022;
Traoré et al., 2017). The modest difference observed suggests that
non-vulnerable farmers marginally overcome these barriers due to
stronger financial resources or social networks. Policies should
therefore prioritize making climate-smart technologies accessible
and affordable, through subsidies, credit schemes, and strength-
ened supply chains for critical inputs such as drought-resistant
seeds and efficient irrigation tools (Food and Agriculture Organi-
zation (FAQO), 2018).

Interestingly, higher institutional support among vulnerable farm-
ers reflects the design of development and humanitarian programs
that deliberately target these groups (Bryan et al., 2013; Deressa et
al., 2009; Gebreyesus et al., 2023; Simane et al., 2016; Tadesse et
al., 2021). Vulnerable farmers are more likely to benefit from gov-
ernment and aid interventions, while non-vulnerable farmers often
rely on market-based solutions. Humanitarian aid and social pro-
grams are thus channeled toward vulnerable populations, explain-
ing their higher reported engagement (Intergovernmental Panel on
Climate Change (IPCC), 2021; R. Khan et al., 2021. However, while
institutional support is reaching its intended beneficiaries, policies
must critically assess its effectiveness in enhancing adaptive ca-
pacity and reducing long-term vulnerability. Strengthening insti-
tutional coordination, ensuring flexible and needs-based support,
and integrating aid with market mechanisms are essential to shift
from short-term assistance toward sustainable resilience (Food and
Agriculture Organization (FAO), 2018; UNISDR, 2015).

The higher community engagement observed among vulnerable
farmers underscores the critical role of local social capital and col-
lective action in coping and adaptation strategies (Abate et al., 2022;
Bedru et al., 2023; Gebremariam et al., 2021; Osman et al., 2022;
Tesfaye and Mebit, 2021). Community-based disaster risk reduc-
tion initiatives and informal networks often serve as the first line
of defense for vulnerable populations. Strong social ties facilitate
collective management of common resources and coordinated re-
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sponses to environmental stress (Sow et al., 2020; Zampaligré et
al., 2019). The significant difference found in this study suggests
that while community engagement benefits all farmers, it is par-
ticularly vital for those with fewer individual resources. Policies
should therefore strengthen existing community structures and in-
digenous coping mechanisms (Food and Agriculture Organization
(FAO), 2018), foster participatory planning, and empower local
leaders to enhance resilience (Bryan et al., 2013).

The negative impact of vulnerability on household income is well-
documented. Vulnerable households, characterized by limited as-
sets, poor market access, and reliance on rain-fed agriculture, con-
sistently report lower and unstable income streams (Abate et al.,
2022; Bedru et al., 2023; Dullo et al., 2022; Osman et al., 2022;
Worku and Singh, 2021. Climate variability exacerbates these
deficits, deepening socio-economic inequalities (Antwi-Agyei et
al., 2018) . Low and inconsistent income restricts investment in
adaptive measures (Habib et al., 2020), directly correlating with
food insecurity and reduced resilience (Ray etal., 2021; Sow et al.,
2020; Traoré et al., 2017) . Income thus emerges as a fundamen-
tal driver of vulnerability. Addressing disparities requires targeted
interventions to diversify livelihoods, expand non-farm opportu-
nities, and strengthen market linkages (Food and Agriculture Or-
ganization (FAO), 2018). Access to affordable credit, microfinance,
and financial literacy training can empower households to invest in
resilience (Bryan et al., 2013), while climate-smart agriculture can
stabilize and increase incomes (Gebreyesus et al., 2023).

Significantly lower household consumption among vulnerable
farmers highlights chronic food and nutritional insecurity. Vul-
nerable households often face poor dietary diversity and reduced
access to basic needs (Dullo et al., 2022; Gebremariam et al., 2021;
Haile et al., 2020; Molla et al., 2020; Nigussie et al., 2020). Lower
consumption expenditures reflect struggles to meet caloric and nu-
tritional requirements, especially during climate shocks (Masika
et al., 2017; Mwakapalila, 2017). Income instability and limited
market access further constrain consumption (Khang et al., 2021).
Global assessments confirm that climate change disproportionately
affects consumption patterns in vulnerable populations (Intergov-
ernmental Panel on Climate Change (IPCC), 2021). Addressing
these gaps requires integrated food security interventions: increas-
ing production, improving market access, reducing food prices,
and promoting nutrition education (Food and Agriculture Organi-
zation (FAO), 2018). Social safety nets such as food assistance and
cash transfers provide immediate relief (UNISDR, 2015) , while in-
vestments in health and sanitation indirectly strengthen food uti-
lization.

Lower household production among vulnerable farmers is a con-
sistent finding, linked to limited access to inputs, poor soil fer-
tility, rudimentary technologies, and heightened climate exposure
(Gebreegziabher et al., 2011; Gebreyesus et al., 2023; Haile et al.,
2020; Osman et al., 2022; Tadese et al., 2020). Low productivity
undermines food availability and income, reinforcing vulnerability
(Olofintoye et al., 2020; Traor¢ et al., 2017) . Farmers with restricted
access to modern agronomic knowledge and technologies consis-
tently achieve lower yields (Aguilar et al., 2020; Perez et al., 2018) .
Production disparities intensify sensitivity to market and climate

shocks (Khang et al., 2021; Sriplung and Sompong, 2022). En-
hancing productivity requires improved access to climate-resilient
seeds, fertilizers, efficient water management, and sustainable soil
practices (Altieri et al., 2015; Nkonya et al., 2016). Strengthened
extension services and tailored training programs are vital (Food
and Agriculture Organization (FAO), 2018), while farmer cooper-
atives can improve access to inputs, markets, and shared technolo-
gies, collectively enhancing production capacity.

5 Conclusions

This study demonstrates that a substantial majority (72.65%) of
smallholder farmers in the Gedeo Zone are highly vulnerable to
climate-related hazards, with droughts, floods, and erratic weather
directly undermining their food security and economic stabil-
ity. Among these stressors, rainfall variability emerges as the
most acute and differentiating hazard, disproportionately affecting
vulnerable households and amplifying their sensitivity to climate
shocks.

Our study reveals statistically significant disparities between vul-
nerable and non-vulnerable farmers across key socio-economic
indicators. Vulnerable households consistently exhibit lower in-
come, consumption, and production, confirming their heightened
sensitivity to both climatic and economic shocks. In contrast,
non-vulnerable farmers benefit from stronger adaptive capacity,
largely due to better access to credit, financial resources and slightly
stronger social networks However, both groups face systemic chal-
lenges in accessing timely information and training, highlighting
structural gaps in extension and education services. These find-
ings confirm that vulnerability directly erodes financial well-being,
food security, and productivity, perpetuating cycles of poverty and
fragility.

To effectively reduce vulnerability and build resilience in the Gedeo
Zone, a comprehensive, integrated strategy should be implemented
that combines accessible financial services, climate-smart agri-
culture, strengthened institutional and social support, diversified
livelihoods, and targeted social protection. By addressing these di-
mensions simultaneously, farmers can enhance adaptive capacity,
stabilize income and food security, and foster sustainable, climate-
resilient livelihoods

Acknowledgements

I gratefully acknowledge the Gedeo Development Association
(GDA) for granting me the PhD opportunity. My sincere appre-
ciation goes to Dilla University for its research support, which was
vital to my academic journey. I extend my gratitude to the Woreda
Agriculture Office experts for their guidance and for facilitating
connections with Development Agents in the research kebeles. I
am deeply thankful to the Development Agents (DA) for their ded-
icated efforts in collecting reliable survey data, and to the farmers
whose time and patience made this work possible.

Gezahegn et al.(2025)

For.Nat.Reso (2025) 4(2)



4

JFNR | ISSN 3005-4036

Funding

Dilla University financed funded

Availability of Data and Materials

All data generated or analysed during this study are available from
the corresponding author upon reasonable request.

Competing Interests

The authors declare that they have no competing interests in rela-
tion to this study.

Authors Contributions

Tigistu Gezahegn: contributed to the conceptualization, data col-
lection, formal analysis, investigation, project administration, vi-
sualization, and overall original manuscript writing.

Mesele Negash: played a key role in designing the methodology,
supervising, validating, and reviewing the manuscript with con-
structive comments.

Eshetu Yirsaw: made significant contributions by reviewing, su-
pervising, validating, and providing comments on the manuscript.

References

Abate, S., Mekonnen, G., Gebre, H., & Haile, A. (2022). Farmers’
perception and adaptation strategies to climate change in
ethiopia: A review. Environmental Science and Pollution
Research, 29(46), 69629—-69647. https://doi.org/10.1007/
s11356-022-22442-9

Abera, W., Tadesse, B., Yitayew, M., & Moges, S. (2021). Farmers’
perception of and adaptation to climate change and vari-
ability in ethiopia: A systematic review. International Jour-
nal of Climate Change Strategies and Management, 13.

Abiyot, M. (2013). Soil and land resources of Gedeo zone, southern
ethiopia. Ethiopian Journal of Natural Resources, 15(1),
23-43,

Adger, W. (2018). Global and local drivers of vulnerability: The role
of social and economic factors. Environmental Research
Letters, 13(12), 123012. https://doi.org/10.1088/1748-
9326/aac7a2

Aguilar, A., Barrios, H., & Chavez-Ruiz, J. (2020). Farmers’ percep-
tions of climate change and adaptation strategies in small-
holder agriculture in southern mexico. Regional Environ-
mental Change, 20(2), 1-14. https : //doi . org /10. 1007 /
s10113-020-01633-z

Alemayehu, B., & Bewket, W. (2017). Smallholder farmers’ vulner-
ability to climate change and adaptation options in the
Dabus watershed, north-western ethiopia. African Journal
of Agricultural Research, 12(48), 3509-3522. https://doi.
org/10.5897/AJAR2017.1275

Altieri, M., Nicholls, C., Henao, A., & Lana, M. (2015). Agroecology
and the design of climate change-resilient farming sys-
tems. Agronomy for Sustainable Development, 35(2), 405—
427. https://doi.org/10.1007/s13593-014-0255-y

Antwi-Agyei, E., Stringer, L., & Dougill, A. (2018). Farmers’
perceptions of climate variability and traditional coping
strategies in ghana. Journal of Arid Environments, 150, 36—
46. https://doi.org/10.1016/j.jaridenv.2017.11.004

Asfaw, S., Tadesse, M., Di Domenico, L., Recha, J., & Kim, S. (2022).
Do climate-smart agriculture practices improve house-
hold food security? evidence from tanzania. Food Secu-
rity, 14(1), 173-193. https://doi.org/10.1007/s12571-021-
01201-y

Asnake, A. (2021). Climate variability and its impact on agricul-
ture: Evidence from Yirgachefe. African Journal of Agri-
cultural Research, 16(5), 183—193. https : // doi . org/ 10 .
5897/AJAR2021.15254

Awoke, A., Tegegne, A., & Degefie, D. (2018). Determinants of
farmers’ perception and adaptation strategies to climate
change in ethiopia: A case study of bati district, amhara
region. Journal of Environment and Earth Science, 8(1), 1—
13.

Bedru, H., Temesgen, W., Endris, G., & Mohammed, H. (2023).
Smallholder farmers’ perception and adaptation strategies
to climate change and variability in ethiopia: A systematic
review. Climate Risk Management, 41, 100523.

Berhanu, M., Fekadu, A., & Mesfin, S. (2014). Perception and adap-
tation strategies of smallholder farmers to climate change
and variability in the dendi district, central ethiopia. Jour-
nal of Agricultural Extension and Rural Development, 6(5),
188-202. https://doi.org/10.5897/JARD2013.0487

Bewket, W., & Conway, D. (2007). Climate variability and change
in the amhara region, ethiopia. Hydrology and Earth Sys-
tem Sciences Discussions, 4(2), 485-502. https://doi.org/
10.5194/hessd-4-485-2007

Bogale, A. (2007). An assessment of the agro-ecological character-
istics of Gedeo zone. Ethiopian Journal of Development Re-
search, 29(2), 185-203.

Bryan, E., Ringler, C., Okoba, B., Roncoli, C., Silungwe, F., & Yeo, D.
(2013). Adapting to climate change in ethiopia and kenya:
What is the role of information? Climate Policy, 13(6),
762-778. https://doi.org/10.1080/14693062.2013.805299

Conway, D., Schipper, E., & Conway, M. (2007). Ethiopia: Climate
change impacts and adaptation in the livestock sector.
International Journal of Agricultural Sustainability, 5(3),
209-223. https://doi.org/10.1080/14735903.2007 .
9684804

Deressa, T. T., Huai, P., & Ringler, C. (2009). Measuring the im-
pact of climate change on african agriculture: The case of
ethiopian smallholder farmers (tech. rep.). International

Food Policy Research Institute (IFPRI). https://doi.org/
10.22004/ag.econ.55612

Gezahegn et al.(2025)

For.Nat.Reso (2025) 4(2)


https://doi.org/10.1007/s11356-022-22442-9
https://doi.org/10.1007/s11356-022-22442-9
https://doi.org/10.1088/1748-9326/aae7a2
https://doi.org/10.1088/1748-9326/aae7a2
https://doi.org/10.1007/s10113-020-01633-z
https://doi.org/10.1007/s10113-020-01633-z
https://doi.org/10.5897/AJAR2017.1275
https://doi.org/10.5897/AJAR2017.1275
https://doi.org/10.1007/s13593-014-0255-y
https://doi.org/10.1016/j.jaridenv.2017.11.004
https://doi.org/10.1007/s12571-021-01201-y
https://doi.org/10.1007/s12571-021-01201-y
https://doi.org/10.5897/AJAR2021.15254
https://doi.org/10.5897/AJAR2021.15254
https://doi.org/10.5897/JARD2013.0487
https://doi.org/10.5194/hessd-4-485-2007
https://doi.org/10.5194/hessd-4-485-2007
https://doi.org/10.1080/14693062.2013.805299
https://doi.org/10.1080/14735903.2007.9684804
https://doi.org/10.1080/14735903.2007.9684804
https://doi.org/10.22004/ag.econ.55612
https://doi.org/10.22004/ag.econ.55612

2

JFNR | ISSN 3005-4036

Dullo, B., Mumba, M., Githui, F., & Messo, F. (2022). Farmers’
perception and adaptation strategies to climate change
and variability in Borana zone, southern ethiopia. African
Journal of Agricultural Research, 18(4), 304-315.

FAO. (2019). The state of food and agriculture 2019. moving forward
on climate change, adaptation and mitigation in agricul-
ture (tech. rep.). Food and Agriculture Organization of the
United Nations. http://www.fao.org/3/ca6030en/ca6030e

Food and Agriculture Organization (FAO). (2018). The state of food
and agriculture: Migration, agriculture and rural develop-
ment (tech. rep.). Food and Agriculture Organization of
the United Nations.

Gebreegziabher, Z., Mekonnen, A., & Kassahun, Y. (2011). Measur-
ing the economic impacts of climate change on ethiopian
agriculture: A ricardian approach. Environmental and Re-
source Economics, 48(3), 447—470. https : / /doi . org /10 .
1007/s10640-010-9407-2

Gebremariam, S. N., Tesfaye, A., & Gedif, F. F. (2021). Farmers’ per-
ception of and adaptation strategies to climate change in
ethiopia: A meta-analysis. International Journal of Climate
Change Strategies and Management, 13(2), 246-267. https:
//doi.org/10.1108/1IJCCSM-07-2020-0079

Gebreyesus, H., Yirga, C., & Tekle, Y. (2023). Smallholder farm-
ers’ perception and adaptation strategies to climate change
and variability in ethiopia: A review. Environmental Sci-
ence and Pollution Research, 30(2),2898-2917. https : //
doi.org/10.1007/s11356-022-24493-5

Geda, T. K., & Kebede, S. (2016). Assessment of soil degradation
and its impact on agriculture in Gedeo zone, southern
ethiopia. African Journal of Environmental Science and
Technology, 10(10), 301-310. https://doi.org/10.5897/
AJEST2016.2163

Habib, M., Fatema, M., & Alam, M. (2020). Farmers’ perception
of drought and its adaptation strategies in northwestern
bangladesh. Weather and Climate Extremes, 100277. https:
//doi.org/10.1016/j.wace.2020.100277

Haile, B., Fikire, T., & Tekle, Y. (2020). Farmers’ perception of cli-
mate change and adaptation strategies in ethiopia: A sys-
tematic review. International Journal of Climate Change
Strategies and Management, 12(4), 365-385. https://doi.
org/10.1108/IJCCSM-07-2019-0044

Hughes, L. (2011). Australia’s climate change adaptation dilemma.
WIREs Climate Change, 2(6), 856—871. https://doi.org/
10.1002/wcee.133

Intergovernmental Panel on Climate Change (IPCC). (2021). Cli-
mate change 2021: Impacts, adaptation, and vulnerability.
contribution of working group 1I to the sixth assessment
report of the intergovernmental panel on climate change.
Cambridge University Press.

Kabir, S., Alam, M., & Begum, M. (2019). Farmers’ perception of
climate change impacts and adaptation strategies: A study
in drought prone area of bangladesh. Progress in Disaster
Science, 1, 100010. https://doi.org/10.1016/j.pdsc.2019.
100010

Khan, M., & Hanjra, M. (2009). The policy and institutional land-
scape for agricultural water management in pakistan:
A review. Agricultural Water Management, 96(9), 1269—
1282. https://doi.org/10.1016/j.agwat.2009.04.010

Khan, R., Hasan, M., & Hossain, M. (2021). Perceptions of vul-
nerability and adaptation to climate change in coastal
bangladesh. Weather and Climate Extremes, 32, 100318.
https://doi.org/10.1371/journal.plcm.000103

Khang, N., Mai, L., Anh, N., & Dung, V. (2021). Farmers’ percep-
tions and adaptation strategies to climate change in the
mekong delta, vietnam. Heliyon, 7(1), e05988. https://doi.
org/10.1016/j.heliyon.2021.e05988

Lobell, D., & Gourdji, S. (2012). The influence of climate change on
global crop productivity. Plant Physiology, 160(4), 1686—
1697. https://doi.org/10.1104/pp.112.208298

Masika, J., Wokabi, R., & Manyara, G. (2017). Local perceptions of
climate variability and change in relation to agricultural
practices in kitui county, kenya. Journal of Agricultural Ex-
tension and Rural Development, 9(10), 227-238. https://
doi.org/10.5897/JARD2017.0673

Mastrorillo, M., et al. (2016). Climate change adaptation and food
security in west africa: A review of the evidence. Food Se-
curity, 8(3), 527-546. https://doi.org/10.1007/s12571-
016-0574-4

McDaniel, C. S., & Gates, R. (2006). Marketing research essentials
(7th ed.). John Wiley & Sons.

Mekonnen, Y., Tadesse, M., & Mengistu, M. (2018). Farmers’ per-
ception of climate variability and adaptation strategies in
ethiopia. Environmental Science and Pollution Research,
25(29), 29424-29437. https://doi.org/10.1007/s11356-
018-2818-7

Mengistu, M., & Dadi, M. (2023). Determinants of smallholder
farmers’ adoption of climate-smart agriculture practices
in ethiopia: A systematic review and meta-analysis. Cli-
mate Risk Management, 41, 100522. https://doi.org/10.
1016/j.crm.2023.100522

Mesele, A. (2011). Slope analysis and its implications for land man-
agement in Gedeo zone. Journal of Land Use Science, 6(4),
325-344. https://doi.org/10.1080/1747423X.2011.644182

Meteorological Climate and Technical Agency (MCTA). (2020).
Climate change and variability in southern ethiopia:
Trends and impacts (tech. rep.). Ethiopian Meteorological
Agency.

Molla, A., et al. (2020). Climate change vulnerability of smallholder
farmers in ethiopia’s southeastern rift valley: Insights and
adaptation strategies. Climate and Development, 12(8),
751-762. https ://doi.org/10.1080/17565529.2019.
1594650

Miiller, C., Franke, J., Jigermeyr, J., Ruane, A. C., & Waha, K.
(2021). Climate change risks for food security depend
on physical and socioeconomic conditions. Nature Food,
2(8), 586—595. https://doi.org/10.1038/s43016-021 -
00330-y

Mwakapalila, M. (2017). Local communities’ perceptions on cli-
mate variability and change: A case study of kilimanjaro
region, tanzania. Journal of Agricultural Extension and Ru-
ral Development.

Negash, M. (2007). Insights into the climate and agriculture of Yir-
gachefe district, southern ethiopia. Ethiopian Agricultural
Research Journal, 10(2), 45-54.

Gezahegn et al.(2025)

For.Nat.Reso (2025) 4(2)


http://www.fao.org/3/ca6030en/ca6030e
https://doi.org/10.1007/s10640-010-9407-2
https://doi.org/10.1007/s10640-010-9407-2
https://doi.org/10.1108/IJCCSM-07-2020-0079
https://doi.org/10.1108/IJCCSM-07-2020-0079
https://doi.org/10.1007/s11356-022-24493-5
https://doi.org/10.1007/s11356-022-24493-5
https://doi.org/10.5897/AJEST2016.2163
https://doi.org/10.5897/AJEST2016.2163
https://doi.org/10.1016/j.wace.2020.100277
https://doi.org/10.1016/j.wace.2020.100277
https://doi.org/10.1108/IJCCSM-07-2019-0044
https://doi.org/10.1108/IJCCSM-07-2019-0044
https://doi.org/10.1002/wcc.133
https://doi.org/10.1002/wcc.133
https://doi.org/10.1016/j.pdsc.2019.100010
https://doi.org/10.1016/j.pdsc.2019.100010
https://doi.org/10.1016/j.agwat.2009.04.010
https://doi.org/10.1371/journal.plcm.000103
https://doi.org/10.1016/j.heliyon.2021.e05988
https://doi.org/10.1016/j.heliyon.2021.e05988
https://doi.org/10.1104/pp.112.208298
https://doi.org/10.5897/JARD2017.0673
https://doi.org/10.5897/JARD2017.0673
https://doi.org/10.1007/s12571-016-0574-4
https://doi.org/10.1007/s12571-016-0574-4
https://doi.org/10.1007/s11356-018-2818-7
https://doi.org/10.1007/s11356-018-2818-7
https://doi.org/10.1016/j.crm.2023.100522
https://doi.org/10.1016/j.crm.2023.100522
https://doi.org/10.1080/1747423X.2011.644182
https://doi.org/10.1080/17565529.2019.1594650
https://doi.org/10.1080/17565529.2019.1594650
https://doi.org/10.1038/s43016-021-00330-y
https://doi.org/10.1038/s43016-021-00330-y

2

JFNR | ISSN 3005-4036

Negash, M. (2010). Geographic and agro-ecological overview of
Gedeo zone. Ethiopian Journal of Geographical Sciences,
5(1), 101-115.

Nguyen, T., Hoang, T., & Pham, T. (2016). Farmers’ perceptions
and adaptation strategies to climate change in the red river
delta, vietnam. Natural Hazards, 84(3), 1689—1707. https:
//doi.org/10.1007/s11069-016-2503-4

Niang, I., Ruane, A. C., & Zampaligré, N. (2014). Africa. In Cli-
mate change 2014: Impacts, adaptation, and vulnerability.
part b: Regional aspects. contribution of working group 11 to
the fifth assessment report of the intergovernmental panel
on climate change. Cambridge University Press. https://
www.ipcc.ch/report/ar5/wg2/

Nigussie, T., Abate, T., & Tsegaye, D. (2020). Smallholder farmers’
perception and adaptation strategies to climate change in
ethiopia: A review. Environmental Science and Pollution
Research, 27(26), 32375-32390. https://doi.org/10.1007/
s11356-020-09689-5

Nkonya, E., Mirzabaev, A., & von Braun, J. (2016). Economics of
land degradation and improvement — a global assessment
for sustainable development. Springer International Pub-
lishing. https://doi.org/10.1007/978-3-319-19168-3

Ojha, H., Ghimire, S., & Banskota, N. (2019). Knowledge and per-
ceptions of climate change and its impacts on agriculture
among farmers in nepal. International Journal of Climate
Change Strategies and Management, 11(2), 273-290. https:
//doi.org/10.1108/IJCCSM-03-2018-0021

Olofintoye, O., Ogungbenro, S., & Adebola, A. (2020). Farmers’
perception of climate change and adaptation strategies in
ekiti state, nigeria. Journal of Climate Change Studies, 8(1),
1-12.

Osman, B. H., Teklu, M., Mengistu, T. Z., & Hassen, A. (2022).
Smallholder farmers’ perceptions and adaptation strate-
gies to climate change in ethiopia: A systematic review.
Environmental Science and Pollution Research, 29(40),
59914-59929. https://doi.org/10.1007/s11356-022 -
21213-9

Perez, C., Westermann, O., & Marin, P. (2018). Farmers’ percep-
tions of climate variability and adaptation options in the
mexican semi-arid highlands. Climatic Change, 147(1-2),
177-190. https://doi.org/10.1007/s10584-018-2144-x

Phompila, C., Maruyama, A., & Tani, M. (2020). Farmers’ percep-
tion of climate change and adaptation strategies in low-
land rice farming in lao pdr. Sustainability, 12(7), 2960.
https://doi.org/10.3390/su12072960

Rahman, M., Roy, K., & Hasan, M. (2019). Farmers’ perception of
climate change impacts and adaptation strategies: A study
in drought prone area of bangladesh. Progress in Disaster
Science, 1, 100010. https://doi.org/10.1016/j.pdsc.2019.
100010

Ray, P., Kumar, S., & Shaw, R. (2021). Drought vulnerability assess-
ment in a semi-arid region of india: A perception-based
approach. International Journal of Disaster Risk Reduction,
59, 102229. https://doi.org/10.1016/j.ijdrr.2021.102229

Saroar, M., & Alam, M. (2022). Farmers’ perception of and adap-
tation strategies to flood in a disaster-prone coastal area
of bangladesh. Environmental Science and Pollution Re-

search, 29(2), 2200-2215. https ://doi.org/10.1007/
s11356-021-16024-w

Simane, B., Beyene, H., Sima, A., & Teklemariam, D. (2016). Re-
view of climate change adaptation practices in ethiopia.
Ethiopian Journal of Environmental Studies and Manage-
ment, 9(3), 329-342. https://doi.org/10.4314/ejesm.v9i3.7

Sow, M., Badiane, A., & Faye, D. (2020). Farmers’ perceptions and
adaptation strategies to climate change and variability in
the peanut basin of senegal. Heliyon, 6(1), ¢03154. https:
//doi.org/10.1016/j.heliyon.2020.e03154

Sriplung, H., & Sompong, P. (2022). Farmers’ perceptions and
adaptation strategies to climate change in thailand: A case
study of rice farmers in the chao phraya river basin. Cli-
mate Risk Management, 35, 100378. https://doi.org/10.
1016/j.crm.2022.100378

Tadese, M., Bedru, H., & Gebre, H. (2020). Farmers’ perception and
adaptation strategies to climate change and variability in
ethiopia: A review. Environmental Science and Pollution
Research, 27(26), 32375-32390. https://doi.org/10.1007/
s11356-020-09689-5

Tadesse, M., Mengistu, T. Z., Teklu, M., & Hassen, A. (2021). De-
terminants of smallholder farmers’ adaptation to climate
change in ethiopia: A systematic review. Environmen-
tal Science and Pollution Research, 28(29), 38459-38474.
https://doi.org/10.1007/s11356-021-14300-w

Tesfaye, S., & Mebit, G. (2021). Determinants of farmers’ percep-
tion and adaptation strategies to climate change: Evidence
from northern ethiopia. Environmental Science and Pollu-
tion Research, 28(4), 4697-4710. https://doi.org/10.1007/
s11356-020-10887-z

Thornton, P., Ericksen, P., Herrero, M., & Challinor, A. (2014). Cli-
mate change impact on livestock. Climatic Change, 125(1),
1-17. https://doi.org/10.1007/s10584-014-1108-5

Traoré, S., Diallo, D., & Sanogo, Y. (2017). Farmers’ perceptions of
climate change and adaptation strategies in mali. Journal
of Arid Environments, 142, 1-10. https://doi.org/10.1016/
j-jaridenv.2017.03.003

UNISDR. (2015). Sendai framework for disaster risk reduction
2015-2030.  https://www.undrr.org/publication/sendai-
framework-disaster-risk-reduction-2015-2030

Worku, G., & Singh, B. R. (2021). Smallholder farmers’ perception
and adaptation strategies to climate change and variabil-
ity in ethiopia: A systematic review. Environmental Science
and Pollution Research, 28(18), 22444-22459. https://doi.
org/10.1007/s11356-020-11786-w

Yamane, T. (1967). Statistics, an introductory analysis (2nd ed.).
Harper; Row.

Yibrah, A. (2014). Agroecological zones and their influence on
agricultural practices in Kochore district. Journal of Agri-
culture and Sustainability, 5(2), 164-179. https://doi.org/
10.5296/jas.v5i2.5225

Yin, R. K. (2018). Case study research and applications: Design and
methods (6th ed.). Sage Publications.

Zampaligré, N., Bougouma, B., & Bacye, B. (2019). Farmers’ per-
ceptions of climate change and adaptation strategies in
the sahelian zone of burkina faso. Regional Environmen-
tal Change, 19(7), 1857-1870. https://doi.org/10.1007/
s10113-019-01511

Gezahegn et al.(2025)

52

For.Nat.Reso (2025) 4(2)


https://doi.org/10.1007/s11069-016-2503-4
https://doi.org/10.1007/s11069-016-2503-4
https://www.ipcc.ch/report/ar5/wg2/
https://www.ipcc.ch/report/ar5/wg2/
https://doi.org/10.1007/s11356-020-09689-5
https://doi.org/10.1007/s11356-020-09689-5
https://doi.org/10.1007/978-3-319-19168-3
https://doi.org/10.1108/IJCCSM-03-2018-0021
https://doi.org/10.1108/IJCCSM-03-2018-0021
https://doi.org/10.1007/s11356-022-21213-9
https://doi.org/10.1007/s11356-022-21213-9
https://doi.org/10.1007/s10584-018-2144-x
https://doi.org/10.3390/su12072960
https://doi.org/10.1016/j.pdsc.2019.100010
https://doi.org/10.1016/j.pdsc.2019.100010
https://doi.org/10.1016/j.ijdrr.2021.102229
https://doi.org/10.1007/s11356-021-16024-w
https://doi.org/10.1007/s11356-021-16024-w
https://doi.org/10.4314/ejesm.v9i3.7
https://doi.org/10.1016/j.heliyon.2020.e03154
https://doi.org/10.1016/j.heliyon.2020.e03154
https://doi.org/10.1016/j.crm.2022.100378
https://doi.org/10.1016/j.crm.2022.100378
https://doi.org/10.1007/s11356-020-09689-5
https://doi.org/10.1007/s11356-020-09689-5
https://doi.org/10.1007/s11356-021-14300-w
https://doi.org/10.1007/s11356-020-10887-z
https://doi.org/10.1007/s11356-020-10887-z
https://doi.org/10.1007/s10584-014-1108-5
https://doi.org/10.1016/j.jaridenv.2017.03.003
https://doi.org/10.1016/j.jaridenv.2017.03.003
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://doi.org/10.1007/s11356-020-11786-w
https://doi.org/10.1007/s11356-020-11786-w
https://doi.org/10.5296/jas.v5i2.5225
https://doi.org/10.5296/jas.v5i2.5225
https://doi.org/10.1007/s10113-019-01511
https://doi.org/10.1007/s10113-019-01511

