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An index-based approach to
assess the vulnerability of
coffee-based farmers to climate
change and variability across
districts in Western Ethiopia
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Abayineh Amare!

!College of Agriculture and Veterinary Medicine, Jimma University, Jimma, Oromia, Ethiopia, 2Climate
Hazard Center, University of California Santa Barbara, Santa Barbara, CA, United States

Coffee farming supports the livelihoods of over 15 million people in Ethiopia.
However, approximately 90% of Ethiopian coffee producers are smallholders,
making them among the most vulnerable to global change because of their
limited resources and high dependence on family labor. This study examined the
vulnerability of coffee-based farmers to climate change and variability across five
districts in the West Wolega Zone of Western Ethiopia. The study combined primary
and secondary data. A cross-sectional research design was used to collect primary
data from 642 household heads, using 35 vulnerability indicators. Secondary data
was obtained from the Ethiopian Meteorological Institute (EMI). The Livelihood
Vulnerability Index (LVI) and Livelihood Vulnerability Index-Intergovernmental
Panel on Climate Change (LVI-IPCC) framework were used for data analysis.
The LVI indicated that coffee producers in Gimbi district (0.387) were more
vulnerable to climate change and variability, followed by those in Homa (0.379),
Ganiji (0.377), Nolekaba (0.370), and Haru district (0.365). The LVI-IPCC analysis
showed that coffee farming communities in the Haru districts (0.097) were the
most vulnerable to climate change, followed by the Nolekaba (0.089), Homa
(0.082), Ganji (0.081), and Gimbi districts (0.077). Spatial disparity in vulnerability
is explained by the heterogeneity of socioeconomic and biophysical factors.
Food, water, and climate variability contributed to the high vulnerability of farming
households in all districts. Overall, farmers in all districts face the highest exposure
and sensitivity, combined with a limited adaptive capacity. The findings of this
study are crucial for stakeholders and policymakers as they provide essential
insights for designing and implementing strategies to reduce vulnerability and
improve the adaptability of coffee farming households.
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1 Introduction

Climate change is becoming a major threat to human and natural systems, with severe,
long-term, cross-sectoral, and in some cases irreversible adverse impacts worldwide (IPCC,
2022). In response to the increasing impacts of climate change, the concept of adaptation has
gained significant attention and emphasis in the academic literature and policy discussions
(UNECCC, 2010). However, vulnerability assessment has become a prerequisite for identifying
at-risk areas and populations, and will guide the development of appropriate adaptation
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strategies. Therefore, vulnerability assessments and subsequent
adaptation policies have become top priorities in climate schools of
thought (IPCC, 2014).

Climate change disproportionately affects regions (Arnell et al,
2019), sectors (Rawat et al., 2024) and societies (Thomas et al., 2018).
Africa, despite low greenhouse gas (GHG) emissions accounting for
changes the world’s climate (Khan et al., 2014), faces extensive losses
and damage from human-attributable climate change impacts (IPCC,
2022). This is particularly true because key sectors that drive their
economic activities and livelihoods, such as agriculture, water
resources, biodiversity, coastal areas, forestry, and energy, are highly
vulnerable to climate change impacts (Abidoye and Odusola, 2015).
By 2030, it is projected that over 118 million people in Africa will
be vulnerable to climatic disasters such as drought, floods, storms, and
heatwaves (WMO, 2020). Sub-Saharan African (SSA) populations are
three times more vulnerable to the adverse consequences of climate
change than global populations (Amegah et al., 2016). The [PCC
(2022) predicts worsening climate impacts, expecting 921 million
people in SSA to face water stress by 2050. These changes are also
anticipated to reduce income per capita growth in SSA countries by
1.8% (Maino and Emrullahu, 2022). Ethiopia is vastly vulnerable to
climate-related disasters in sub-Saharan (Conway and Schipper, 2011)
and faces ongoing challenges.

Vulnerability is a theoretical concept that represents the
non-observable and non-measurable state of a system which has
emerged from several schools of thought (Hinkel, 2011). In climate
change science, vulnerability encompasses both biophysical and social
factors. Biophysical vulnerability is related to the physical impact of
natural hazards, which is influenced by geography. Social vulnerability
arises from societal structures shaped by various processes (Cannon
et al., 2015). There are multiple definitions of vulnerability in the
literature (Birkman, 2013; Birkmann and Fernando, 2007; Cannon
et al,, 2015; Cutter, 1996; O'Brien et al., 2004). These definitions
typically link vulnerability to exposure, sensitivity, and adaptive
capacity to climate-related risk (IPCC, 2014). Exposure refers to the
susceptibility of the human environment nexus to climatic hazards
(e.g., extreme temperature, drought, floods; Birkman, 2013);
sensitivity measures the likelihood of a system experiencing specific
climate hazards or conditions (Binita et al., 2015); and adaptive
capacity represents the system’s ability to respond to climate stress,
mitigate potential harm, take advantage of opportunities, and cope
with the effects (Birkman, 2013).

In Ethiopia, 85% of the population resides in rural areas and relies
mainly on agriculture for livelihood and economic activity
(Gebreegziabher et al., 2016). Ethiopia aims to achieve a lower-middle-
income status by 2025 with the goal of eliminating hunger and poverty
(UNDP, 2022). As agriculture is the pillar of the country, it is crucial to
achieve these governmental targets. However, the World Food Program
(WEP, 2020) reported that moderate drought reduced agricultural
income growth by 15% and increased the prevalence of poverty by
13.5%, damaging farmers livelihoods. The heavy dependence on
rain-fed farming makes farmers vulnerable to variability in rainfall,
including the timing, amount, intensity, and associated droughts and
floods (Berihun et al., 2023; Mamo et al.,, 2019). Vulnerability is
worsened by the countrys topographic diversity, geographical location,
and non-climatic stressors, such as war, conflict, a rapidly growing
population, and the limited use of agricultural inputs (Fazzini et al,,
2015; OCHA, 2022). Projected warming trends across the country are
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expected to exacerbate the likelihood of water scarcity (World Banlk,
2020), making agriculture, water, and human health the most
vulnerable (Serdeczny et al., 2016). This could harm the livelihoods of
the poor, especially the rural Ethiopian farmers. Therefore, evaluating
the vulnerability of farmers is crucial for reducing anticipated climate-
related risks through informed adaptation policies. This provides
valuable information for decision making regarding resource allocation
and priority settings (Birkman, 2013).

Several empirical frameworks have been developed to assess
the vulnerability to climate change. These frameworks incorporate
a variety of methodologies and indicators that allow researchers to
analyze vulnerability from diverse perspectives (Ahsan and
Warner, 2014; Cutter et al., 2003; Edmonds et al., 2020; Gerlitz
et al.,, 2017; Varadan and Kumar, 2015). However, Hahn et al.
(2009) made a significant contribution to the field by introducing
a two-step approach designed to comprehensively assess
vulnerability to climate change. This approach includes both the
Livelihood Vulnerability Index (LVI) and the Livelihood
Vulnerability Index-Intergovernmental Panel on Climate Change
(LVI-IPCC) framework. This methodology has since been accepted
and widely applied in many regions of the world (Alam, 2017;
Nabanita et al., 2019; Poudel et al., 2020; Zhang et al., 2018),
helping researchers and practitioners to effectively understand the
vulnerabilities of communities to climate change. The advantage of
the LVI and LVI-IPCC methods over others is that they combine
primary and secondary data sources. They also allow for a flexible
choice of indicators, take a multidimensional approach, focus on
specific areas, and organize indicators by district (Hahn
et al., 2009).

Previous research in Ethiopia has examined climate vulnerability.
For example, Deressa et al. (2008) and Gebrehiwot and Van Der Veen
(2013) showed that climate vulnerability is closely linked to poverty.
However, their large-scale study has overlooked local vulnerability
assessments. Other studies have highlighted uneven vulnerability
based on agroecology. For example, Amare and Simane (2017), Maru
etal. (2021), and Zeleke et al. (2023) reported that households residing
in lowland agroecology are more vulnerable than those settled in
highland and midland agroecology, while Tesso et al. (2012) show that
farmers living in highland areas are much more vulnerable than those
living in lowland areas. Abeje et al. (2019) indicated that midland
areas are more at risk from climate change than lowland and highland
areas, while Simane et al. (2016) found that lowland and highland
zones face more vulnerability than midland systems. Inconsistent
results from previous studies confirm that the degree of climate
vulnerability cannot be comprehensive in agroecological system-
specific climate vulnerability assessments. Furthermore, some studies
in Ethiopia (Bedeke et al., 2020; Dechassa et al., 2017) have focused
on smallholder farmers who rely on cereal crops and neglect cash
crops. In a broader context, vulnerability studies have not yet
addressed coffee producers or areas where coffee is cultivated.

In Ethiopia, coffee farming supports the livelihoods of over
15 million farmers, with smallholder farmers accounting for 90%
of coffee producers (Moat et al., 2017). However, coffee plants are
highly susceptible to fluctuations in weather patterns (DaMatta
etal., 2019). Several studies have been conducted on the impact of
climate change on coffee production in Ethiopian coffee-growing
areas (Chemura et al.,, 2021; Davis et al., 2012; Moat et al., 2017).
Some empirical studies have focused on exploring the adaptation
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measures taken by coffee farmers in response to climate change
(Bro et al.,, 2019; Diro et al., 2022; Eshetu et al., 2020). Due to their
reliance on coffee as their primary source of income, these farmers
appear to be vulnerable to climate-related changes in coffee-
growing conditions. However, the vulnerability of coffee farmers
to climate-related risks is largely unrecognized in Ethiopia,
particularly in the western region. Against this backdrop, the
present study examined the vulnerability of coffee farmers in five
districts of the West Wolega Zone, Western Ethiopia.

2 Methods and materials
2.1 Study area description

The study was conducted in five selected districts: Ganji, Gimbi,
Haru, Homa, and Nolekaba, located in the West Wolega Zone,
Western Ethiopia (Figure 1). Rain-fed agriculture is a major
contributor to the local economy, with coffee being an important cash
crop in these districts, covering over 1,026.02 square kilometers of
land. Despite this, farmers and stakeholders in the coffee sector have
noticed a gradual decline in overall coffee yield. Peak yields, previously
a yearly occurrence, have now become sporadic, manifesting only
once every second or third year. This shift can largely be attributed to
the impacts of climate change, such as the delayed onset of rains,

10.3389/fclim.2025.1537045

particularly from early February to March, and increased temperatures
during the growing season (Moat et al., 2017). The alternative
livelihood source of the study area is a mixed crop-livestock
production system. Major cereal crops grown in the study area include
maize, teff, and sorghum. The primary livestock raised are cattle,
sheep, poultry, bechives, goats, and donkeys. Detailed information
about the study districts, including altitudes, rainfall, temperature,
agroecology, land use patterns, and population statistics, was obtained
from each district administration office and various authors (Balemi
et al, 20225 CSA, 2013; Tola and Shetty, 2023), as summarized in
Table 1.

2.2 Sampling method and sample size
determination

A multistage sampling technique was employed to select
participants for the study. The West Wolega zone was purposively
selected in the first stage due to its potential for coffee production. In the
second step, Ganji, Gimbi, Haru, Homa, and Nolekaba were purposively
selected for their high coffee production levels and limited infrastructure.
In the third stage, villages involved in coffee production were then
stratified based on their production potential. Lastly, three villages fully
engaged in coffee production were randomly selected from each district.
The sample size of 642 households (Ganji=129; Gimbi= 135;
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TABLE 1 Summary of study area descriptions.

Detailed

10.3389/fclim.2025.1537045

Nolekaba

information

Location

N (8°57-9°7)
E (35° 30"-35° 45")

N (9°10°-9°17’)
E (35° 44’-36° 09)

N (8°527-9°33")
E (35°407-36° 00")

N (9°10-9° 36")
E (35°10"-35° 58)

N (8°407-8°50")
E (35° 40"-35° 50")

Temperature (°C)

The mean annual average

temperature is 23.1

The mean annual average

temperature is 20

The mean annual average

temperature is 20.2

The mean annual average

temperature is 21.9

The mean annual average

temperature is 22.3

Rainfall (mm)

The annual rainfall

average is 1717

The annual rainfall average

is 1790

The annual rainfall

average is 1809

The annual rainfall

average is 1838

The annual rainfall average

is 1750

Agroecology 93% midland 79.2% midland 86% midland 95% midland 25% highland
3% lowland 21.8% lowland 14% highland 5% highland 61% midland
4% highland 14% lowland

Altitudes (m. a. s. 1.) 1,500-1864 1,204-2,127 1,300-2,250 1,550-2,297 1,525-2,494

Land use patterns

Cropland: 29,435 ha
(20,580 ha for coffee and
8,855 ha for cereal crop
cultivation)

Forestland: 560 ha
Pastureland: 2445 ha
Others: 5201 ha

Cropland: 51984 ha
(26,115 ha for coffee and
25,869 ha for cereal crop
cultivation)

Forestland: 39130 ha
Pastureland: 5667 ha
Others:16,188

Cropland: 46,794 ha
(28,444 ha for coffee and
18,350 ha for cereal crop
cultivation)

Forestland: 2365 ha
Pastureland: 450 ha
Others: 3318 ha

Cropland: 11130 ha
(5,689 ha for coffee and
5,441 ha for cereal crop
cultivation)

Forestland: 125 ha
Pastureland: 700 ha
Others: 930 ha

Cropland: 34818 ha
(21,774 ha for coffee and
13,043 ha for cereal crop
cultivation)

Forestland: 15044 ha
Pastureland: 4887 ha
Others: 10,360 ha

Total number of 77,202 people (38,282 94,917 people (46,526 87,219 people (42,865 32,084 people (15,803 77,841 people (37,854 male
population male and 38,920 female) male and 48,391 female) male and 44,354 female) male and 16,281 female) and 39,987 female)

The total number of 8,289 (7,610 male and 13,602 (12,492 male and 12,800 (12,000 male and 4,150 (3,693 male and 10,077 (8,962 male and 115
coffee-producing farmers | 679 female) 1,110 female) 800 female) 457 female) female)

Haru = 128; Homa = 125; Nolekaba = 125) was calculated using the
Kothari (2004) formula for population, as shown in Equation 1.

72
n:M 1)
e’ (N-1)+Z*p+q

Where ‘n’ represents the desired sample size, ‘N’ denotes the
size of the household heads unit, ‘Z’ stands for the standard
variant (1.96 at a 95% confidence level), ‘¢’ signifies the precision
error (0.08), ‘p indicates the population standard deviation (0.5),
and ‘q reflects the estimated proportion of attributes not
present (1-p).

2.3 Data sources and data collection
methods

The study used both primary and secondary data. Primary
data was collected through a survey of 642 households
encompassing eight major components represented by several
indicators linked to exposure, sensitivity, and adaptive capacity.
The initial questionnaire was developed based on a literature
review and pre-tested by interviewing 10 randomly selected
coffee farmers in each study area. All ambiguities and limitations
identified in the initial questionnaire were resolved in the final
version (Table 2) before data collection. Both open and closed-
ended questions were used to collect household-level data
through face-to-face interviews from September 1 to October 30,
2023. Additionally, monthly precipitation and temperature
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datasets from 2012 to 2022 were obtained from the Ethiopian
Meteorology Institute (EMI).

2.4 Data analysis

2.4.1 Calculating LVI: composite index approach

The Livelihood vulnerability Index (LVI) for this study consisted
of eight major components aligned with 35 indicators. Each indicator
was measured using different units, so we first standardized them into
common units using a formula from Hahn et al. (2009) as shown in
Equation 2:

Sd — Smin (2)

indexgy =
max _Smin

Where Sd represents the observed values, and Smin and Smax are
the minimum and maximum values from survey data, respectively.

After standardization, each major component was calculated by
averaging the number of sub-components using Equation 3:

n
Zindexsdi

Md=i=l
n

(©)

Where Md represents a major component; Sdi represents its
indicators, and n is the number of indicators in each major component.
Then, the district-level LVI was obtained by averaging all major
components in each district using Equation 4.
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TABLE 2 IPCC contributing factor, major components, sub-components, and their hypothesized effect on vulnerability.

IPCC

contributing
factor

Adaptive Capacity

Major
component

Socio-demographic

Sub-components

Dependency ratio

Explanation of sub-components

The population ratio under 15 and above 65 years of age to between 19 and 64 years of age

Expected relationships

A higher dependency ratio means less adaptive capacity

References

Hahn et al. (2009)

profile Percentage of HH with a female head of household ‘The percentage of households with a female is the head of the family members. A higher percentage implies a lower adaptive capacity. Nabanita et al. (2019)
Percentage of HH heads not attending school. Percent of households where the head of the household did not attend school A higher percentage implies a lower adaptive capacity Alam (2017)
Percent of HH with orphans Percentage of households that reported at least one orphan living in their home. Children of < 18 years A higher percentage implies a lower adaptive capacity Hahn et al. (2009)
who have no one or both parents are known as orphans.
Average number of family members in the household Average number of family members in the household A large number of people increases vulnerability Hogq et al. (2021)
Livelihood A family member employed in a government or Percentage of households where at least one family member is affiliated with either a government or ‘The higher the percentage, the higher the adaptive capacity Developed for this
Strategies non-government organization nongovernmental organization questionnaire

HH relies only on agriculture as a source of income.

The percentage of households that reported agriculture as the sole source of their income

A higher percentage implies a lower adaptive capacity

Alam (2017)

Average livelihood diversity index

The inverse of the number of household livelihood strategies +1

A higher percentage means less adaptive capacity

Hahn et al. (2009)

Average livestock diversity index

The inverse of the number of different livestock species owned and reported by a household +1

A higher average, a lower adaptive capacity

Venus et al. (2021)

Social networks

HH that do not have communication devices

A percentage of households who reported that they do not have at least one communication device like a

mobile, radio, or TV in their house

A higher average means, a lower adaptive capacity

Hog et al. (2021)

Average Borrow: Lend ratio (Range:0.5-2)

‘The ratio of a household borrowing money in the past month to a household lending money, e.g., If a
household borrowed money but did not lend money, the ratio equals 2:1, and if they lent money but did

not borrow, the ratio is 1:2

‘The higher the ratio, the more adaptive capacity

Hahn et al. (2009)

HH who do not have access to savings and credit

chances

Percentage of households that responded that they did not have access to credit and savings cooperatives

‘The higher the percentage, the less adaptive capacity

Poudel et al. (2020)

Percentage of HH aiding neighbors in the last month.

Percentage of households that reported they have assisted neighbors within the previous month

‘The higher the percentage, the less adaptive capacity

Azam et al. (2019)

Percent of HH receiving neighbor support in the past

month

Percentage of households aided by neighbors in the past month.

The higher the percentage, the less adaptive capacity

Azam et al. (2019)

(Continued)
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TABLE 2 (Continued)

IPCC Major Sub-components Explanation of sub-components Expected relationships References
contributing component
factor
Sensitivity Health The time it takes to reach the nearest health center (in ‘The average time it takes households on foot to travel to the nearest health stations A higher percentage implies higher sensitivity Thao et al. (2019)
minutes)
Percentage of HH where a family member has a Percentage of households that reported at least one family member suffering from chronic illness A higher percentage implies higher sensitivity Thao et al. (2019)
chronic illness
Percentage of HH that missed work or school due to Percentage of households where at least one family member missed work or school within the previous A higher percentage implies higher sensitivity Hahn et al. (2009)
sickness 2 weeks because of sickness
Percentage of HH not involved in community-based The percentage of household heads who reported they have never used or participated in community- A higher percentage implies higher sensitivity Developed for this
health insurance based health insurance (CBHI) questionnaire
The percentage of HH that do not have mosquito nets Percentage of households that have not accessed and used mosquito nets for beds in the past year A higher percentage implies a higher sensitivity Developed for this
questionnaire
Food Percentage of HH that do not save seeds Percentage of households that do not save seed from each harvest to grow next year A higher percentage implies a higher sensitivity Baffoe and Matsuda
(2017)
Percentage of HH losing agricultural land Percentage of households that report they do not have agricultural land A higher percentage implies a higher sensitivity Nabanita et al. (2019)
Percentage of HH that do not save a crop Percentage of households that do not save crops from each harvest to eat next year in times of trouble A higher percentage implies a higher sensitivity Baffoe and Matsuda (2017)
Percent of HH dependent primarily on the family Percentage of households that obtained their food primarily from their farm A higher percentage implies a higher sensitivity Shahzad et al. (2021)
farm for food
Average crops diversity index The inverse of the number of types of crops grown by a household +1 A higher average implies a higher sensitivity Hahn et al. (2009)
Average number of months with insufficient food ‘The average number of months in the year when households lack enough food A higher average implies a higher sensitivity Hoq et al. (2021)
Water Average time to water sources ‘The average time it takes households to travel on foot to their primary sources of drinking water A higher average implies a higher sensitivity Hahn et al. (2009)
The percentage of households with no access to water A percentage of households reported that they do not have access to water for irrigation farming A higher percentage suggests higher sensitivity Zeleke et al. (2023)
for irrigation
Percentage of households that use natural water Percentage of households where rivers, ponds, or streams are their primary sources of drinking water A higher percentage indicates higher sensitivity Alam (2017)
sources
Percentage of households reporting recent water Percentage of households that reported having heard of conflicts over water in their community in the A higher percentage value indicates higher sensitivity Panthi et al. (2015)
conflicts past year
Exposure Natural Disasters Percentage of households without natural disaster Percentage of households that did not receive a warning about a severe flood, drought, or cyclone in the As the percentage increases, the exposure also increases Azam etal. (2019)
warnings past 6 years
The average number of disaster households The total number of floods, droughts, and landslides that households have reported during the last six As the percentage increases, the exposure also increases Hahn et al. (2009)
experienced in the past 6 years years
Percent of HH injury or death rate from natural Percent of a household that reported either injuries or deaths of their family members as a result of a As the percentage increases, the exposure also increases Hahn et al. (2009)
disasters in the past 6 years severe flood or drought in the past 6 years
Climate Variability Standard deviations of monthly average precipitation Standard deviations of the average precipitation by month between 2012 and 2022 The higher the standard deviation, the higher the exposure Azam et al. (2019)
Standard deviations of monthly average minimum The standard deviations of average monthly minimum temperatures by district from 2012 to 2022. The higher the standard deviation, the higher the exposure Poudel et al. (2020)
temperature
Standard deviations of monthly average maximum The standard deviations of average monthly maximum temperatures by district from 2012 to 2022. ‘The higher the standard deviation, the higher the exposure Baffoe and Matsuda
temperature (2017)
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D WniM gi
Lvig= = (4)

This can be also expressed as Equation 5

Lvi, =
WeppSDPy +WygLSy + Wy SNy + Wy Hy + WyEy + Wiy Wy + Wy NDCV,

)

Wspp +Wis + Wy + Wey + Wp + Wy +Wype

Where LV, is the Livelihood Vulnerability Index for district d.
The weight of Wmi was determined based on the quantity of indicators
in major components. The LVI was scaled to range from 0 (least
vulnerable) to 0.5 (most vulnerable).

2.4.2 Calculating the LVI-IPCC: IPCC-framework
approach

The LVI-IPCC framework is the second vulnerability assessment
to integrate eight components into exposure, sensitivity, and adaptive
capacity (Hahn et al., 2009). Exposure combines natural disasters and
climatic variability; sensitivity involves health, food, and water
security; and adaptive capacity entails socio-demographic profiles,
social networks, and livelihood strategies. All three elements were
calculated using Equation 6.

n
D WniM i
CF; = ’:lni (6)

Where CEd represents IPCC-defined factors, Mdi denotes the
district’s major component indexed by i, Wmi signifies the weight of
each major component, and n is the total major components in a
contributing factor. After calculating the three contributing factors,
the LVI-IPCC can be determined by using Equation 7.

LVI-IPCC4=(eq—az)*S (7)

Where LVI-IPCCd is the LVT for district d expressed using the
IPCC vulnerability framework, e is the exposure value for district d, a
is the adaptive capacity value for district d, and s is the sensitivity value
for district d. According to Hahn et al. (2009), the LVI-IPCC was
scaled from —1 (least vulnerable) to +1 (most vulnerable).

3 Results

3.1 Socio-demographic and economic
characteristics of households

The study involved selecting a total of 642 household heads across

the five districts. Among them, 91% were male, while the remaining
8% were female. The socio-demographic characteristics of the study
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participants, such as age, educational level, farming practices, marital
status, family size, farming experience, and economic characteristics,
are summarized in Table 3.

3.2 Livelihood vulnerability index

Vulnerability scores varied among major components (0.202 to
0.602), as shown in Figure 2. Based on the socio-demographic profile,
Ganji was more vulnerable (0.241), while Nolekaba was the least
(0.199). The livelihood strategies vulnerability index obtained from
the averaged subcomponents ranged from 0.283 in Gimbi to 0.207 in
Haru. Nolekaba had a higher social network vulnerability score
(0.356), with the lowest score in the Haru district (0.316). The
vulnerability of health, food, and water was higher in Gimbi, Haru,
and Ganji at 0.301, 0.580, and 0.576, respectively. Vulnerability to
recent natural disasters was consistent across districts, relatively
highest in Ganji and Gimbi (0.335) and lowest in Homa (0.331). In
climate variability, Nolekaba had the highest index (0.600) and Gimbi
the lowest (0.552). Overall, coffee farming communities across the five
districts were vulnerable to climate change, with varying levels of
vulnerability (Table 4). Notably, Gimbi district had the highest
vulnerability (0.387), followed by Homa (0.379), Ganji (0.377), and
Nolekaba (0.370), while Haru district displayed the lowest
vulnerability index (0.365).

3.3 LVI-IPCC analysis

Figure 3 displays the vulnerability results of IPCC factors per
district. The vulnerability index scores for exposures, sensitivity, and
adaptive capacity range from 0.2 to 0.5. The results show that Nolekaba
households were more exposed to climate change (0.463) when
climate variability was combined with natural disasters. However,
based on the health status, food, and water security of the district,
Gimbi (0.471) was found to be more sensitive to climate change. In
terms of socio-demographic characteristics, livelihood strategies, and
social networks, Haru (0.241) shows the lowest capacity to adapt to
the impacts of climate change. The overall LVI-IPCC results in Table 4
indicate that coffee-farming communities in Haru are the most
vulnerable to climate change (0.097), followed by Nolekaba (0.089),
Homa (0.082), and Ganji (0.081). Gimbi shows the least vulnerability
at 0.077.

4 Discussion

4.1 LI

4.1.1 Sociodemographic profile

The socio-demographic profile of households plays a crucial
role in shaping their vulnerability to climate change and influencing
their capacity to adapt and respond to environmental challenges.
The socio-demographic profile contributes the least to LVI in all
districts except Ganji. This could be due to the higher average
number of family members and percentage of household heads not
attending school in the district. According to Zhang et al. (2018),
households with a larger agricultural workforce invest more in
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TABLE 3 Socio-demographic and economic characteristics of the study participants.

Variable Name of districts Percent
Gimbi Haru Homa Nolekaba

Gender
Male 121 123 119 114 113 590 92
Female 8 12 9 11 12 52 8
Age of household head
31-40 50 48 48 59 49 254 40
41-50 33 37 34 31 35 170 26
51-50 22 27 28 21 19 117 18
61+ 24 23 18 14 22 101 16
Marital status
Single 5 7 3 3 2 20 3
Married 113 115 113 109 119 569 89
Widowed 9 10 11 10 4 44 7
Divorced 2 3 1 3 0 9 1
Size of household
<5 47 62 72 57 46 284 44
>5 82 73 56 68 79 358 56
Educational level
Un educated 29 31 27 31 36 154 24
Primary 59 63 59 59 59 299 47
Secondary 32 39 40 29 25 165 26
Diploma and above 9 2 2 6 5 24 4
Farming Experience
1-10 17 18 10 10 13 68 11
10-20 46 48 61 46 48 249 39
20-30 43 46 39 48 33 209 33
>30 23 23 18 21 31 116 18
Household income (annual)
<20,000 50 43 36 46 38 213 33
21,000-30,000 22 20 22 26 25 115 18
31,000-40,000 17 19 18 16 12 82 13
> 41,000 40 53 52 37 50 232 36

agriculture and animal-raising. Consequently, their livelihoods are
more vulnerable to the negative impacts of climate change as they
are more likely to experience risks and losses under the same
climatic conditions. Education has a proactive effect, as households
with a high percentage of educated members are less likely to
be vulnerable to climate change. A study by Striessnig et al. (2013)
on disaster mortality assessment from 1980 to 2010 in 130 countries
found that women with secondary education and above experienced
significantly fewer deaths from climate-related extreme events.
Education also enhances people’s receptiveness to agricultural
innovations and new technologies, enabling them to adapt better to
climate variability (Muttarak and Pothisiri, 2013). The dependency
ratio, presence of orphans within households, and gender of

Frontiers in Climate

household heads could all play varying roles in determining the
vulnerability of households to climate change. Households with a
high dependency ratio may struggle to allocate resources effectively
because more individuals rely on a smaller working population for
support. The gender of the household head can influence the
decision-making processes, resource management, and access to
support systems. Female-headed households may face unique
challenges such as limited access to credit, land, and agricultural
training, which can exacerbate their vulnerability to climate impacts
(Dev and Iv, 2023). Due to their disadvantaged and often
marginalized status, orphans are more vulnerable to the negative
impacts of extreme weather events such as floods, droughts, and
storms (Mkandawire, 2018).
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FIGURE 2
A spider diagram showing the major components of livelihood
vulnerability for each district.

4.1.2 Livelinood strategies

Livelihood strategies in the study area typically involve
diversifying income sources through on-farm, off-farm, and non-farm
activities. In this area, a higher percentage of farming households have
diversified their on-farm activities by combining crop and livestock
production, while some households engage in off-farm activities such
as casual labor and local business, and others pursue non-farm income
through wage employment and migrating household members to
work in distant towns and abroad. However, low-income
diversification through off-farm and non-farm activities was a
significant factor contributing to households’ vulnerability in all study
sites. This is evident from the index score of wage employment,
number of family members working outside the community, and
average livelihood diversity index. This finding corroborates the
findings of Panthi et al. (2015). Haru and Nolekaba districts showed a
lower vulnerability index, attributed to their increased engagement in
livestock raising and non-farm activities. In contrast, Gimbi exhibited
high vulnerability, primarily due to its heavy dependence on
agriculture as a source of income Mohammed et al. (2021) in rural
Ghana found that farming households using both on-farm and
non-farm diversification strategies were significantly more resilient to
climate change than those relying only on on-farm diversification
strategies. Similarly, Anang et al. (2020) argued that diversifying both
on-farm and non-farm activities can help reduce climate-related risks
for farm households. Heltberg et al. (2009) highlight the importance
of access to assets, employment, livestock restocking, microfinance,
migration, remittances, and training in enhancing household
resilience. This indicates that a multidimensional approach is required
to build and strengthen resilience in farm households through
livelihood diversification from off-farm and nonfarm activities.

4.1.3 Social networks

Strong social networks can facilitate the sharing of resources,
information, and support during times of crisis, enabling households
to cope better with the effects of climate change (Dapilah et al.,, 2019).
In rural areas, people may use interpersonal communication, radio,
and mobile phones to share weather information. The availability of
formal financial and social facilities can also affect farmers’ ability to
adapt to the negative effects of climate change (Abid et al., 2017).
Limited institutions and a low

access to financial
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borrowing-to-lending ratio greatly increased livelihood vulnerability
across all districts. This result is consistent with those of Alam (2017)
and Williams et al. (2018). According to Hahn et al. (2009), households
that often borrow or receive assistance but lend or provide little
support to others are considered more vulnerable than those with
extra resources to help. According to Castells-quintana et al. (2018),
access to formal credit and saving opportunities, provides financial
independence, and emergency funds, and helps improve one’s credit
score to cope with greater risk. However, Heltberg et al. (2009) found
that many low-income individuals lack access to banks and formal
financial institutions and instead rely on cash and informal borrowing
methods, which are less secure and flexible. In Africa, only 20% of
households have access to formal financial institutions (World Bank,
2012). Microfinance can help bridge this gap by reducing vulnerability
through livelihood support and providing risk management
instruments (Hammill et al, 2008). Overall, social networks
contributed significantly to LVI and did not differ significantly across
all districts. This uniformity may be attributed to the homogeneity of
social interaction dynamics observed in all districts. A comparable
observation was made by Pandey and Jha (2012).

4.1.4 Health

Smallholder farmers may be more sensitive to the effects of
climate change if they experience health issues. Inadequate healthcare
worsens farmers” health and climate vulnerability (Talukder et al,
2021). The longest travel time to the nearest healthcare center and lack
of mosquito nets were the main contributors to overall health
vulnerability across the five districts. Close access to health care is
essential when household members fall ill, as longer distances often
limit access to medical professionals (Nabanita et al., 2019). This
situation could lead family members to miss work and school,
especially if they are is chronically ill (Kosanic et al., 2022). In
comparison, Gimbi and Haru showed high vulnerability. Differences
were observed in the high percentage of households not participating
in community-based health insurance (CHI) in Gimbi and households
not using mosquito nets in Haru. Access to CHI helps improve
financial health security for farming households. It has been
functioning in Ethiopia since 2011, with the aim of universal health
coverage (Akafu etal,, 2023). Lack of access to mosquito nets becomes
worse during periods of high malaria prevalence (Adugna et al., 2022).
Overall, the ongoing conflict between armed groups and the
government hinders access to humanitarian aid and essential health
care services in the area. According to a study by Marktanner et al.
(2015), nine of the 10 most climate-vulnerable countries are in
sub-Saharan Africa, all of which have a recent history of armed
conflict. This correlation indicates that war and conflict exacerbate
communities’ vulnerability to the negative effects of climate change.
Thus, as these areas grapple with the dual challenges of climate change
and conflict, the need for comprehensive strategies to address both
issues has become increasingly urgent.

4.1.5 Food

Food security enhances farmers’ strategies coping with changes in
climate patterns and other external stressors. However, the quantity
and quality of the food produced depends on several factors (Myers
etal, 2017). Nearly all food subcomponents play a substantial role in
food insecurity. The high dependence of farming communities on
coffee cultivation as their main source of income could intensify this
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TABLE 4 Index value of sub-components, composite livelihood vulnerability index (LVI), and LVI-IPCC for each district.

Major components Sub-components or indicators Value of indicators for each district

Ganji = Gimbi Haru Homa Nolekaba

Dependency ratio 0.229 0.240 0.223 0.239 0.209

Percent of HHs headed by a female 0.079 0.088 0.070 0.083 0.072

Percent of HH heads not attending school 0.289 0.265 0.240 0.274 0.256

Percent of HHs with orphans 0.184 0.169 0.147 0.161 0.096

Socio-demographic profile Average number of family members in the households 0.425 0.415 0.323 0.365 0.361
Percent of HHs where at least one of the family members 0.184 0.176 0.194 0.121 0.144

affiliated in government or nongovernmental organization

Percent of HHs where at least one of the family members 0.079 0.088 0.078 0.073 0.096

work in different community

Percentage of HHs solely on agriculture as a source of income 0.184 0.221 0.163 0.234 0.192
Average livelihood diversity index (range: 0.14-0.5) 0.512 0.568 0.400 0.541 0.504
Livelihood strategies Average livestock diversity index (range: 0.14-1) 0.216 0.363 0.200 0.230 0.208
Percent of HHs who do not possess a communication device 0.158 0.228 0.186 0.218 0.208
Average Borrow: Lend ratio (Range:0.5-2) 0.395 0.321 0.276 0.341 0.363
Percent of HHs who are not involved in saving and credit cooperatives 0.816 0.713 0.791 0.839 0.832
Percent of HHs who have supported a neighbor in the past month 0.158 0.154 0.132 0.145 0.184
Percent of HHs who have received any kind of help from a neighbor 0.184 0.191 0.193 0.153 0.192
Social networks in the past 1 month
Average time to arrive at the nearest health stations (in minutes) 0.317 0.397 0.394 0.358 0.404
Percent of HHs with a family member with chronic illness 0.105 0.118 0.147 0.137 0.104
Percent of HHs with family members who missed work or school 0.132 0.140 0.155 0.121 0.120

due to illness in the past 2 weeks

Percent of HHs not involved in community-based health insurance 0.316 0.485 0.248 0.29 0.328
Health Percent of HHs do not have mosquito nets 0.342 0.368 0.457 0.355 0.368
Percent of HHs losing agricultural land 0.105 0.154 0.109 0.137 0.160
Percent of HHs that did not save seeds to grow next year 0.789 0.838 0.829 0.847 0.784
Percent of HHs that did not save crops to eat next year 0.921 0.868 0.860 0.911 0.848
Percent of HHs that obtain their food primarily from their farm 0.868 0.824 0.953 0.960 0.912
Average crops diversity index (Range:0.5-0.14) 0.351 0.401 0.303 0.418 0.299
Food The average number of months HHs with insufficient food 0.228 0.202 0.213 0.208 0.212
Average time in minutes to get to drinking water sources 0.381 0.453 0.306 0.408 0.278
Percent of HHs that do not possess water for irrigation 0.895 0.743 0.752 0.806 0.760
Percent of HHs that use natural water sources for drinking 0.947 0.985 0.991 0.952 0.952
Water Percent of HHs reporting water conflict in the preceding year 0.079 0.088 0.085 0.040 0.088
Percent of HHs that did not have a warning about pending natural 0.947 0.956 0.930 0.944 0.928
Disasters

Average number of floods or droughts experienced in the past 6 years 0.026 0.026 0.026 0.026 0.026
Percent of HHs with an injury or death as a result of natural disasters 0.032 0.022 0.039 0.024 0.024

Natural Disasters in the past 6 years
Standard deviations of monthly average precipitation 0.585 0.523 0.596 0.582 0.624

(years: 2012-2022)

Standard deviations of monthly average minimum temperature (years: 0.743 0.747 0.741 0.744 0.706
2012-2022)
Standard deviations of monthly average maximum 0.375 0.386 0.398 0.354 0.471
Climate Variability temperature (years: 2012-2022)
(Continued)
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TABLE 3 (Continued)

Major components Sub-components or indicators Value of indicators for each district

Ganji  Gimbi Haru Homa Nolekaba

LVI 0.377 0.387 0.365 0.379 0.370 ‘

LVI-IPCC 0.081 0.077 0.097 0.082 0.089 ‘

vulnerability to the overall vulnerability index and is comparable
Adaptive capacity across all districts. Most households in all the research locations relied
on natural water sources. This dependency leads to significant
vulnerability to the adverse impacts of climate change and variability
in water scarcity, particularly during the dry period (Baffoe and
Matsuda, 2017). Water problems are also attributed to the high
dependence on rain-fed farming. Furthermore, water scarcity can lead
to conflicts within and between communities over water use, thereby
increasing the risks associated with climate change, particularly for
irrigation purposes (Unfried et al., 2022). Limited access to drinking
water services within a 30-min radius can affect the health of

households and communities, increasing the risk of waterborne

Exposure Sensitivity
diseases (WHO, 2022). Water issues in the study area could worsen
due to a projected significant decline in streamflow, particularly
during the dry season (Serdeczny et al, 2016). To address the
—Ganji ——Gimbi ——Haru ——Homa —— Nolekaba anticipated effects of climate change on water availability, the study
HGURE 3 area must seek alternative water sources such as ponds and wells,
Vulnerability radar triangle of the IPCC contributing factors for each while also adopting new management strategies, such as rainwater
district. harvesting, drip irrigation, and cultivating drought-resistant coffee

and crops.

issue. As climate change continues to threaten coffee production, the 4.1.7 Natural disasters
resulting economic strain can exacerbate food insecurity (Moat et al., Most disasters have hydrometeorological origins due to extreme
2017). This can also lead to a lack of diverse and nutritious food  temperatures, rainfall, and winds (IPCC, 2021). Access to climate-
options as well as seasonal food insecurity (Leisner, 2020). Many  related information can assist farmers in identifying effective
farmers rely on the seeds provided by the government. This  approaches for mitigating the long-term effects of these disasters.
dependency can hinder their ability to cultivate food crops  Additionally, community preparedness plans and local early warning
independently, making them reliant on external sources of both seeds ~ systems can help farmers reduce the impact of natural disasters
and food. If these external systems fail or become unreliable, then food ~ (Andersson et al., 2020). However, none of the study areas have a local
security can be severely compromised. Overall, the food component  disaster warning system for farmers. Thus, people had to rely on the
in all districts significantly increased farmers’ vulnerability, with  national climate warning system. The absence of reliable local
Gimbi and Homa being more vulnerable than the rest three districts. ~ forecasting systems creates a risky situation for smallholder farmers,
This is because the crop diversification opportunities (aside from  leaving them vulnerable to the unpredictable nature of climate-related
coffee farming) in the latter three districts were higher than thosein  disasters (Andersson et al., 2020). Therefore, an effective early warning
the former two districts. In addition, high soil erosion severity,  system is essential for mitigating future hazards, particularly in
landscape issues, and lack of access to water for irrigation could also  vulnerable populations. Interestingly, the average number of floods
play a role at the Gimbi study site. In alignment with our findings,  and droughts experienced by farmers in the past 6 years was very low
Alam (2017) and Hoq et al. (2021) showed that food components are ~ and comparable in across five study sites. Consequently, the percentage
key factors in the vulnerability of farming communities to climate  of injuries and deaths reported from recent natural hazards was very
change. Hence, it is crucial to prioritize the improvement of food  low at all study sites. This phenomenon is due to the weak correlation
security within farm households. Crop diversification and access to  between ENSO and the wet season (JJAS), which is responsible for the
irrigation could play a significant role in ensuring adequate food = occurrence of natural disasters in the western part of Ethiopia, where
supply and resilience of farm households in the face of climate change  our study area is located (Degefu et al., 2017).
challenges (IPCC, 2022).
4.1.8 Climate variability

4.1.6 Water Variations in precipitation and temperature patterns have been

Water preserves lives, promotes health, and helps communitiesto  linked with climate change (IPCC, 2021). This research indicates that
become more resilient to climate change. A safe and available source  climate variability, particularly mean minimum temperature, is the
of clean water is essential for maintaining good public health (WHO,  key factor driving vulnerability at all study locations. Climate
2022). Similar to the food component, water contributes the highest ~ variability has profound implications for the sustainability and
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productivity of coffee cultivation (Davis et al., 2012; Moat et al., 2017),
ultimately affecting the economic stability and food security of
farming communities. In addition, other crops produced by farmers
are vulnerable. According to Ray et al. (2015), climate variability is
responsible for about one-third of worldwide crop yield fluctuations.
The implications of climate variability extend beyond agriculture.
Orimoloye et al. (2019) highlighted that it creates favorable conditions
for the proliferation of malaria-carrying mosquitoes and other disease
vectors. Moreover, climate fluctuations can cause more frequent
extreme weather events, leading to human displacement, death, and
injuries (IPCC, 2021).

4.2 LVI-IPCC

4.2.1 Adaptive capacity

Adaptive capacity considers social networks, livelihood strategies,
and sociodemographic factors. It was determined that social networks
represent the least contributing factor that constrains the adaptive
capacity of households across all research locations. In contrast, the
sociodemographic characteristics of farming households contributed
the most to enhance the adaptive capacity, except for Ganji. Overall,
coffee producers in Haru district were identified as more vulnerable to
the impacts of climate change, primarily because of their limited
capacity to adapt. According to Fussel and Klein (2006), adaptive
capacity relies on non-climatic factors, such as resources, infrastructure,
technology, sociopolitical aspects, and education. Households in the
study area vary in demographic features, assets, education levels, and
livelihoods, which influence adaptive capacities. Social networks and
institutions help farming societies by providing financial support,
capacity building, weather forecasting, insurance, innovation, and
investment (Dapilah et al,, 2019). Economic diversification in rural areas
generates additional income, enabling smallholder farmers to employ
agricultural technology and diversify their livelihood strategies (Anang
etal,, 2020). Therefore, it is crucial to encourage livelihood diversification
strategies to improve the adaptive capacities of farming communities.
This can be achieved through off-farm employment opportunities and
promoting sustainable agricultural practices (Mohammed et al., 2021).

4.2.2 Sensitivity

Sensitivity was the primary factor influencing livelihood
vulnerability at all study sites except for Nolekaba. Notably, the Gimbi
district showed a higher sensitivity than the other areas. Varied access
to water, healthcare, and food among farming communities in the
study area resulted in different sensitivities. However, diversifying
income sources have become less common in all cases. This financial
constraint can lead to food insecurity. Diversifying crops can mitigate
risks from pests, market fluctuations, and climate challenges, while
enhancing food security (Myers et al., 2017). Diversified income
sources can significantly enhance food security by providing a more
stable and reliable financial foundation (Anang et al., 2020). The
health status of households in the study area is also at risk owing to
inadequate health service coverage. Conflicts between armed groups
is hinder access to essential healthcare services in this area. Limited
access to essential health coverage makes households more vulnerable
to climate-related health effects (Bedeke et al, 2020). Access to
continuous water supply for irrigation and domestic purposes is also
amajor issue. Alternative water sources, such as small-scale irrigation
and rainwater storage, may reduce crop vulnerability during the dry
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season and household sensitivity (Gerlitz et al., 2017). Overall, food
and water were the main factors contributing to the increased
sensitivity of farming households across all districts in the study sites.
This finding aligns with several previous studies, including Shahzad
et al. (2021) in Pakistan, Thao et al. (2019) in Vietnam, and Poudel
etal. (2020) in India. Therefore, improving water and food security
while maintaining good health status could reduce the sensitivity of
farming households to climate-related disasters.

4.2.3 Exposure

Exposure is largely determined by the nature of climatic
characteristics and the community. Climatic conditions include risk
levels for precipitation, temperature, and wind. The nature of the
community concerns its settlement location relative to hydrological
disasters, such as floods and droughts (Ford and Smit, 2004). When
examining the climatic conditions, substantial variation was observed
across the study sites. The variability in climate is likely due to the
diverse topographical features and land-use practices in the research
area. The detected increased climate variability could have a significant
impact on coffee crop production, which could exacerbate the exposure
of farmers (DaMatta et al., 2019). In terms of settlement locations, all
five districts were located within the midland and lowland belt
agroecological conditions, resulting in a low number of natural disasters
recorded over the past 6 years. When combining climatic characteristics
with natural disasters, Nolekaba showed a higher exposure than the
other districts, mainly because of its increased climate variability. The
increased climate variability observed in Nolekaba can be attributed to
its unique and diverse agroecological settings, with elevation being a
particularly influential factor. A study by Ignacio et al. (2015) on the
impact of the 2011 tropical storms in the Philippines found that physical
characteristics, such as elevation and slope, play a more significant role
in determining exposure to flooding than sociodemographic factors.
This suggests that vulnerability to climate disasters is primarily
influenced by people’s exposure to environmental conditions, rather
than sociodemographic factors.

5 Limitations

While this study provides valuable insights into the vulnerability
of coffee-based farmers to climate change and variability, it is
important to recognize certain limitations. The primary limitation of
the indicator-based approach lies in the inherent subjectivity involved
in selecting indicators as well as the significant influence of the local
environment on the formulation and design of these indicators.
Second, the process of assigning appropriate weights to each
vulnerability indicator presents another challenge, because the relative
importance of these indicators can vary widely based on local
conditions and specific circumstances. Third, as primary farmers
reported for all household members, some livelihood activities may
have been unknown to them during the survey, possibly leading to
inaccurate estimations of households’ overall activities.

6 Conclusion

This study assessed the vulnerability of coffee farming communities
to climate change and variability in the West Wolega Zone, Western
Ethiopia, using the LVI and LVI-IPCC frameworks. The vulnerability
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indices differed across districts, but the high index scores for both
analyses indicated a high vulnerability to climatic risks. Some districts
showed high vulnerability to climate change; however, their overall level
of vulnerability was positively reduced by their adaptive capacity. Food
security, water availability, and climate variability were the three main
causes of the high livelihood vulnerability to climate change and
variability across all study sites. This situation was further exacerbated
by the limited adaptive capacity of each district. This suggests that even
under similar environmental conditions and agricultural practices,
variations in factors such as socioeconomic status, resource access, and
adaptive capacity may lead to differing levels of vulnerability to climate
impacts among these households. Overall, this study presents four
critical areas that need particular focus for all five communities: water
availability, early warning systems, access to formal financial institutions,
and implementation of diversified livelihood strategies for districts.

The findings of this study have several practical implications that
can significantly influence policymaking and community resilience.
It allows the development of targeted interventions and support
systems, informs the allocation of resources and funding, fosters
community engagement and awareness, enhances disaster
preparedness and response strategies, and contributes to long-term
sustainability goals.
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