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Abstract: This study assesses the perception and vulnerability of the farming communities to climate change 

in the southwestern parts of Ethiopia. Data were collected from 442 households in four districts: Jimma Arjo, 

Bako Tibe, Chewaka, and Sekoru. The vulnerability of the farming communities was assessed using the 

households’ livelihood vulnerability index. A total of 40 indicators were applied to calculate household 

livelihood vulnerability to climate change, which were categorized into five major capitals: natural, social, 

financial, physical, and human. The household perceptions of climate change results showed that there existed 

a statistically significant relationship between climate change perceptions and changes in rainfall pattern 

(75.6%, p<0.001), temperature pattern (69.7%, p<0.001), drought (41.6%, p=0.016), flood (44.1%, p=0.000), and 

occurrence of early (53.2%, p<0.001) and late rain (55.9%, p<0.001). The results showed that households in 

Sekoru district were the most vulnerable (0.61), while Jimma Arjo district were less vulnerable (0.47) to the 

effect of climate change. The vulnerability of the households in the study areas is mainly related to the 

occurrence of drought, lack of much-needed infrastructure facilities and weak institutional support. Links with 

the financial organization are also lacking among the household. The findings of this study will support 

policymakers to design climate change adaptation strategies to combat climate change impacts. To support 

disaster risk management on the one hand and increase the resilience of vulnerable societies to climate change 

on the other hand, we recommend a detailed assessment in the remaining districts of the region.  
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1. Introduction 

The global mean temperature is increasing, reducing agricultural yield and threatening people’s 

livelihoods [1]. An increase in global warming can reduce agricultural yields and threaten food 

security [2]. Declining agricultural yields expose farming communities to food insecurity and 

malnutrition; when the agricultural system is exposed to climate extremes, it reduces yield 

production and aggravates community vulnerability, while having adaptive capacity, the 

vulnerability of the communities to climate change will be minimized. It is, therefore, crucial to assess 

household perceptions of climate change and the level of vulnerability of farming communities to 

inform decision-makers to design effective climate change adaptation strategies. 

Household perception of climate change is one of the main elements that can enhance the 

adaptation process. Farmers who perceive the impacts of climate change are more likely to use 

various climate change adaptation options to minimize their vulnerability [3]. Developing countries 

are more vulnerable to the effects of climate change than developed countries due to their financial 

and technical weaknesses and low capacity to adapt [4, 5]. In contrast, developed nations generally 
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have a low degree of vulnerability and a high degree of adaptive capacity, which itself is a function 

of natural, technological, human, financial, and social capital [6]. 

Several studies have shown that Africa is more exposed to climate change than other continents 

due to its heavy reliance on rain-fed agriculture and limited adaptive capacity [7-12]. Africa is the 

most vulnerable to climate change [13]; however, it has the lowest emission of GHGs [7]. The eastern 

and western African countries are projected to be most affected by climate change [14]. 

Similar to other African countries, the farming communities in SW parts of Ethiopia are 

vulnerable to climate change due to heavy dependence on agriculture, which is climate-sensitive. A 

study by [15] indicated that the amount of rainfall in the wettest parts of Ethiopia is inconsistent, and 

some stations even experienced a declining trend during the crop growing season. The extent of 

climate change vulnerability varies across regions, economic sectors, and social groups. Climate 

change has an enormous impact on poor, young, elderly, and marginalized people because of their 

poor adaptive capacity [16-18]. Some social groups within the same livelihood system have various 

capacities to minimize the effects of climate change. Poor households are the most at risk of climate 

change due to a lack of access to risk management [19]. 

Vulnerability is the outcome of a high susceptibility to harm and a weak capacity to cope and 

adapt [18]. Vulnerability is the degree to which a system is susceptible to or unable to cope with 

climate change impacts [20]. Vulnerability to climate change is a function of exposure, sensitivity, 

and adaptive capacity [21-28]. Vulnerability has a positive correlation with exposure and sensitivity 

and a negative relationship with adaptive capacity; that is, the higher the exposure and sensitivity 

are, the more vulnerable, while the higher the adaptive capacity is, the less vulnerable [24, 29-30].   

Vulnerability assessment is a prerequisite to designing climate change adaptation strategies [31-

33]. To date, various techniques have been used to assess community vulnerability to climate change. 

For instance, three indicators, namely, exposure, sensitivity, and adaptive capacity, have been used 

to measure community vulnerability to climate change [24, 30, 34-36]. Others used both econometric 

and indicator-based methods. The econometric method uses household-level socioeconomic survey 

data [37], while the indicator-based method uses natural, social, financial, physical, and human 

capitals and then systematically combines to measure vulnerability status [21, 24, 28, 38-43]. The 

present study used an indicator-based approach, which is the most common method of 

demonstrating the power of each factor in vulnerability assessment [44-45].  

Several climate change trend assessments have been conducted in SW Ethiopia [46-51]. 

Although climate change trend assessments have been conducted by different scientists in the past, 

the vulnerability of households to climate change in SW Ethiopia has received less attention in 

previous studies. Although the impacts of climate change have already been reported by various 

scientists in SW Ethiopia, climate change perception and vulnerability assessments are not well 

documented, especially in SW Ethiopia. In line with this fact, Ethiopia’s Climate Resilient Green 

Economy Strategy claims a lack of climate change vulnerability assessment, monitoring and 

mainstreaming of climate adaptation [52]. This study therefore aims to address the existing research 

and knowledge gaps on community vulnerability to climate change in SW Ethiopia. Moreover, the 

present study is more comprehensive and includes natural, social, financial, physical and human 

capital to assess household vulnerability to climate change. 

2. Materials and Methods 

2.1. Study area descriptions 

This study was conducted in four Zones [West Shewa, Buno Bedele, East Wollega and Jimma] 

from western parts of Oromia (Fig 1). Four districts namely, Sekoru, Chewaka, Jimma Arjo and Bako 

Tibe were purposively selected in the present study. All districts are located in the southwestern part 

of Oromia. The study area’s economy relies heavily on rain-fed agriculture, one of the most 

vulnerable to climate change. A summary of the study area, including the location, population, 

topography, climate, especially rainfall and temperature of each district, is provided below. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

 

Figure 1. Map of the study area. 

Sekoru is one of the 20 districts in Jimma Zone. The district lies between 7.550N and 7.920N and 

37.250E to 37.420E. The district has a total population of 136,320, of which 68,469 and 67,851 are males 

and females, respectively, as documented by the Central Statistical Agency of Ethiopia [53]. The 

average annual rainfall is approximately 1,360 mm, with mean annual minimum and maximum 

temperatures of 13.30C and 26.2°C, respectively [54]. 

Chewaka, which is one of the districts in the Buno Bedele zone, is located between 80.43°N and 

9.500N and 35.580E and 36.140E. The district has a total of 28 villages (Kebeles) with an estimated 

population of 75,111 and 15, 649 households [55]. The annual rainfall ranges from 800-1200 mm, and 

the mean temperature varies between 19.80c and 28.50C. Chewaka is the largest resettlement area in 

the southwestern parts of Ethiopia [56]. Maize, sorghum, rice, sesame, and soybean are the most 

stable crops. 

Jimma Arjo district is located in the southwestern parts of the East Wollega Zone and situated 

between 8.220N and 8.550N and 36.200E and 36.410E and with a total area of 773 km2. The district has 

a population of 86,329, of which 42,093 and 44,236 are males and females, respectively [53]. This 

district is characterized by a humid tropical climate and receives a mean annual rainfall of 1702 mm 

with mean minimum and maximum temperature variations between 11.2°C and 13.2°C and 23.8°C 

and 25°C, respectively [15]. 

Bako Tibe district is located in the West Shewa Zone and is situated between 8.550N and 9.140N 

and 37.010E and 37.170E. The district has a total population of 123,031, of which 61,018 and 62,013 are 

males and females, respectively [53]. The district receives maximum rain from June to September. 

The district receives an average annual rainfall of 1006 mm with mean minimum and maximum 

temperatures between 12.9°C and 28°C, respectively [15]. Teff, maize, and wheat are the main cereal 

crops grown in this area. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

2.2. Study design 

A mix of quantitative and qualitative research designs [57-58] is used to assess the vulnerability 

of farming communities to climate change. Structured questionnaires: Close-ended and open-ended 

questionnaires were developed to assess household perceptions of climate change and the degree of 

vulnerability to climate change based on five household capitals: natural, social, financial, physical, 

and human capital [25, 59]. The five types of capital, including demographic, educational status, 

climate change and variability, income status of the household, and accessibility to different services 

and infrastructures, were included based on the literature and key informant interviews. All 

influencing factors were combined, depending on their association, into five types of capital, with 12 

sub-indicators for natural capital, seven for social capital, seven for financial capital, eight for physical 

capital and six for human capital. After the identification of all subcomponents, equal values were 

given (normalization as zero and one). A questionnaire-based survey of 442 randomly selected 

households from purposively selected districts and villages in the study area. 

2.2.1. Sampling procedure and sample size 

A multistage cluster sampling technique was used to select four of the six zones from the 

southwestern parts of Oromia. Thus, Sekoru, Chewaka, Jimma Arjo and Bako Tibe districts were 

selected from Jimma, Buno Bedele, East Wollega, and West Shewa Zones, respectively. Next, four 

districts, Sekoru (Jimma), Jimma Arjo (East Wollega), Chewaka (Buno Bedele), and Bako Tibe (West 

Shewa), were selected in consultation with stakeholders based on community exposure to climate 

change. After the study districts were identified, key informant interviews with district agricultural 

experts with relevant knowledge on climate change and then sample villages were selected for 

household interviews. Finally, four villages, namely, Abelti in Sekoru (N=84), Gudure in Chewaka 

(N=147), Hare in Jimma Arjo (N=121), and Oda Gibe in Bako Tibe (N=90), were selected for data 

collection. 

The main criteria for choosing study sites are the presence of meteorological stations, the 

variability of rainfall, the occurrence of climatic extremes such as excessive precipitation and 

increasing temperatures, changes in the climate suitability of some crops, and stakeholder 

recommendations. In addition to the exposure of communities to climate change, study area selection 

also takes into account the presence of long historical weather stations, agroecological zones, and 

topographic variation. The selected sites have significant topographical variation; thus, the elevations 

are Jimma Arjo (1280.67 to 2563.77 m), Bako Tibe (900 to 1281 m), Chewaka (1130- 2053 m), and Sekoru 

(1300 to 1800 m). After study villages were identified, a proportional sampling method was used, and 

a total of four hundred forty-two (442) households were sampled using the technique developed by 

[60] sample size determination at the 95% confidence level. Accordingly, there were a total of 147 in 

Chewaka, 121 in Jimma Arjo, 84 in Sekoru, and 90 in Bako Tibe. 

In this study, the triangulation method proposed by [61] and used by several authors [62-65] 

was adopted to use multiple techniques that utilize both quantitative and qualitative data. Ref. [62] 

demonstrated that triangulation techniques allow researchers to rely on multiple types of data to 

enhance the accuracy of their conclusions. Triangulation methods enable the integration of the 

reliability and validity of meteorological data outputs with community perceptions of climate change 

and community exposure to climate change impacts. The Delphi method [66-69] also adopted to 

design the questionnaire from eight key informants on community vulnerabilities, adaptation 

strategies and the existing barriers to adaptation. 

2.2.2. Household perceptions of climate change 

A household survey was conducted to assess the farmers’ perceptions of climate change and the 

extent of household vulnerability to this change. This study adopted a binary logistic model [70], 

which uses a binary-based response, that is, the value of one (1) indicates the probability of perceiving 

climate change, and zero (0) if otherwise. In the binary logistic model, the response probability 

depends on a set of explanatory variables [71-72] as shown in (Eq.14).  
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�� = ��  +×� �� + ��                                    (14) 

where Yi is a dependent variable (household awareness level of climate change). Yi=1 if the 

household is aware of climate change, and Yi=0 otherwise (the probability of not being aware of 

climate change). Xi is the 1 × K vector of other determinants influencing awareness of climate change, 

βi is the K × 1 vector of unidentified parameters, and Ɛi is the error term. 

2.2.3. Livelihood vulnerability index analysis 

The livelihood vulnerability index was calculated using five types of capital: natural, social, 

financial, physical, and human. Each capital/asset is standardized as an index, as recommended by 

many authors [21, 24, 28, 73]. After standardization of each indicator, the subcomponents were 

averaged [25, 36] using Eq. 15. 

�� =
∑ �������

�
���

�
                                               (15) 

where Mv is the average index value of one major component, Indexsv is index value of each 

indicator for the respective major components of vulnerability, and n is the number of indicators for 

each major component of vulnerability. 

Indictor-based climate vulnerability assessment was employed by creating a single indicator 

composite index [22] and normalizing them (zero and one). The household livelihood vulnerability 

index (HLVI) was applied to assess livelihood vulnerability to climate change [18, 26, 32, 36, 74-75]. 

Once equal values for the five major components for a district were obtained, the overall HLVI was 

calculated based on five major capitals, i.e., natural (N), social (S), financial (F), physical (P), and 

human (H) capital using (Eq. 16). 

���� =
���

�����
�����

�����
�����

�

�������������������
   (16)                                

where HLVI is the household livelihood vulnerability index, while We1, We2, We3, We4, and We5 

are the weights of indicators for natural (N), social (S), financial (F), physical (P), and human (H) 

capital, respectively. 

For this study, Wei=1 for all i due to the simplicity and uniform importance of the five capitals. 

The five livelihood assets are equally important in household vulnerability analysis. Each of the five 

capitals has different sub-components. Hence, natural capital (12 sub-indicators), social capital (7 sub-

indicators), financial capital (7 sub-indicators), physical capital (8 sub-indicators) and human capital 

(6 sub-indicators). Equal values were assigned [76-79] to all sub-components assuming that all 

contribute to vulnerability to climate change. The higher the value of HLVI, the most vulnerable, 

while the lower the value, the less vulnerable [24]. In the present study, household vulnerability index 

score values near one indicate high vulnerability, while values near zero indicate high resilience. 

3. Results and discussion 

3.1. Sociodemographic variables 

The results of the sociodemographic characteristics of the respondents showed that there were 

359 (81.2%) male-headed households of the 442-household head, which was almost five times greater 

than that of female-headed households. Previous studies have shown that male-headed households 

are more likely to implement climate change adaptation strategies than female-headed households 

[80-82]. The lower representation of female household heads in the study area was related to cultural 

patterns. Concerning household age distribution, nearly 13% ranged from 20 to 30. This indicates that 

some percent of young people the households in the study area. 

Regarding marital status, most of the households’ heads were married (85.1%), while 

approximately 8.1, 3.6 and 3.2% were widowed, divorced, and single, respectively. The majority of 

the household heads, 235, were illiterate (53.2%), while 207 (46.8%) were literate. Of the total literate 

household heads, 207 (46.8%), 178 (40.3%), and 29 (6.6%) had attained primary and secondary school, 

respectively. It is clear that educated families can easily evaluate the effect of climate change on their 

livelihoods and have a major influence on taking appropriate adaptation strategies. Education can 

enhance individual knowledge [83], which increases resilience to climate shocks. Studies show that 
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there is a positive correlation between education and farmers’ willingness to adopt an adaptation 

strategy to climate change impact [82, 84-86].  

Household ages between 31-40, 41-50, and above 51 accounted for 29.2, 25.3, and 32.8%, 

respectively. Regarding religious affiliation, Islam is the dominant religion in the sample households, 

with a share of 49.3%, followed by Protestant (35.1%) and Orthodox Tewahedo, with a share of 

approximately 15.6%. Most of the households had large family sizes. Accordingly, 47.3% of the 

households had a family size greater than seven, which is greater than the national average family 

size of 4.9 [87].  

Approximately 41% and 11.8% of the household heads had family sizes of 4-6 and 1-3, 

respectively. The age structure of the household heads in the study area indicates that approximately 

42% of the population was concentrated under the age of 15 years, while older age (>65 years) was 

small (4%). Age composition has a strong influence on the food security of the household. 

Economically active age groups (15-64) accounted for 54% of the sampled household heads. The 

sampled household age dependency ratio was 0.87 (87%), which exceeds the country age dependency 

ratio of approximately 0.77 (77%) [88].  

3.2. Farming communities’ perceptions about climate change 

Because of an increase in temperature and rainfall fluctuations in the study area, the majority of 

the households (323 out of 442) perceive climate change. The results show that there is a significant 

relationship between climate change perceptions and changes in rainfall pattern (p<0.001), change in 

temperature pattern (P<0.001), drought occurrence (p=0.016), recent drought occurrence (p<0.001), 

recent flood occurrence (p=0.000), flood frequency (p=0.009), and the occurrence of early rain and late 

rain (p<0.001). Most of the households perceive that there is a change in rainfall (75.6%) and change 

in temperature patterns (69.7%) (Table 1). 

Although statistically significant results have been obtained on the occurrence of climate 

extremes such as droughts and floods, more than 50% of the sampled households do not perceive the 

occurrence of droughts and floods in the study area. For instance, the majority of the farming 

community (66.3%) in the study area did not perceive drought occurrence in recent decades. 

However, 33.7% said they had drought problems in the study area. Some of the elders in the study 

area confirmed that rainfall is declining and that it may not rain at the right time to prepare the land 

for agriculture, which could affect the agricultural system. Farming communities claim that the 

beginning and end of the rainy season are often confusing and different from normal conditions. 

Similarly, 55.9% and 56.8% of the respondents do not perceive recent floods and frequent flood 

occurrences in the study area, respectively. However, the results of key informant interviews indicate 

that extreme events such as droughts and floods have recently increased in the study area. The 

contrasting findings are because more than 50% of the households were illiterate and did not clearly 

elaborate about climate change, while the key informants had an analytical capacity to express their 

knowledge and experiences on drought and flood occurrence. 

The farming communities perceived the occurrence of early rain (53.2%, p<0.001) and late rain 

(56%, p<0.001). Investigation of farmers’ perceptions of climate change is a precondition for assessing 

adaptation strategies [82]. Rainfall irregularity is one of the key problems of the rain-fed dependent 

agricultural economy. High interannual variability in rainfall and temperature has been observed 

recently in the southwestern parts of Ethiopia [15, 54]. 
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Table 1. Estimates of the probit model on climate change perception. 

Indicators of climate change Perceived Not perceived Chi-square P value 

Change in rainfall pattern 75.6 24.4 37.14 <0.001** 

Change in temperature pattern 69.7 30.3 50.38 <0.001** 

Occurrence of drought events 41.6 58.4 5.76 0.016* 

Recent drought occurrence 33.7 66.3 17.83 <0.001** 

Recent flood occurrence 44.1 55.9 13.48 0.000** 

Recent flood frequency 43.2 56.8 6.66 0.009** 

Occurrence of early rain 53.2 46.8 16.27 <0.001** 

Occurrence of late rain 55.9 44.1 50.79 <0.001** 

Taking action against climate change 43.2 56.8 44.81 <0.001** 

Crop loss due to rain deficit 47.5 52.5 33.88 <0.001** 

Food insecurity due to climate change 49.3 50.7 22.65 <0.001** 

Climate change affects human health 47.7 52.3 17.18 <0.001** 

Significance levels: * P ≤ 0.05; ** P ≤ 0.01 

Note: the values in the raw are percentages based on the sample size of 442. 

 
Concerning the association between crop loss and food insecurity with climate change, the 

number of perceived respondents was comparable with those who did not perceive climate change 

(p value <0.001). The key informants occasionally recognized the occurrence of drought and floods 

affecting agricultural crops in the past. The key informants felt that they indicated the increasing 

trend of extreme drought across the study area. Taking action on the adverse effects of climate change 

was another concern for the farming communities. The results revealed that approximately 43% 

(p<0.001) took measures such as crop diversification, crop rotation, and the use of improved crop and 

livestock varieties, while approximately 57% did not take any actions against climate change effects. 

A study by [89] indicated that if people do not believe in the occurrence of climate change, they may 

not implement adaptation actions. Household heads who aware of climate change grow multiple 

crops at one and alternately grow different crops to improve the soil’s nutrients. According to an 

interview with key informants in Jimma Arjo district, farmers grow Niger seeds and linseed when 

soil fertility is reduced. 

Farmers also grow crops such as peas and beans to increase soil fertility in the study area. 

Concerning human health issues, there was a significant relationship between climate change and 

human health (47.7%, p<0.001). Climate change, particularly the increase in temperature in highland 

areas, likely increases the risk of malaria. A study on Sub-Saharan African countries revealed that 

malaria prevalence has a significant positive correlation with temperature and precipitation [90]. 

3.3. Indicator of household vulnerability to climate change 

Compared with other sources of revenue, the livelihoods of the farming communities were the 

most vulnerable to climate change. Weak natural, social, financial, physical, and human capital 

increases the vulnerability of farming communities to the impacts of climate change. Ref. [16] 

highlighted that climate change aggravates the problems of vulnerable and poor people in marginal 

areas. In contrast, access to natural, social, financial, physical, and human capital increased 

community resilience to climate change [39, 91-92]. 

3.3.1. Natural capital 

The first major component was natural capital, which was assessed by 12 indicators of the 

household vulnerability index, including availability of fertile land, existence of water resources for 

irrigation, grazing land, potable water, use of rivers and streams for drinking, climate suitability for 
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agriculture, drought occurrence, flood hazards, exposure to cold temperatures, exposure to hot 

temperatures, and occurrence of late and early rain. For all 12 sub-indicators, the equal values were 

given and normalized (0 and one).  

The farming communities in the study area were vulnerable to climate change effects. The 

existing physical capital in the study area is insufficient to fight the effects of climate change. In terms 

of natural capital, there are large differences between districts. For instance, scores for the natural 

capital vulnerability index ranged from 0.33 for Jimma Arjo to 0.62, 0.63, and 0.68 for Bako Tibe, 

Sekoru, and Chewaka districts, respectively. This clearly shows that Chweaka district has less natural 

capital than Sekoru, Bako Tibe and Jima Arjo districts (Table 2). 

Table 2. Natural capital vulnerability index of Jimma Arjo, Bako Tibe, Chewaka and Sekoru 

districts. 

Indicators of household vulnerability index Composite index 

Jimma Arjo Bako Tibe Chewaka Sekoru 

Availability of fertile land for agriculture 0.45 0.62 0.76 0.94 

Existence of water resources for irrigation 0.58 0.77 0.73 0.82 

Existence of grazing land for livestock 0.19 0.76 0.68 0.83 

Potable water for household 0.57 0.47 0.61 0.67 

Agricultural drought occurrence 1.00 1.00 1.00 1.00 

Climate suitability for agricultural production 0.09 0.22 0.57 0.23 

Rainfall deficit in the study area 0.08 0.56 0.60 0.35 

Floods hazardous 0.12 0.68 0.70 0.45 

Extreme cold occurrence 0.08 0.46 0.70 0.69 

Exposures to extreme high temperature 0.10 0.74 0.56 0.74 

Occurrence of late rain 0.37 0.56 0.60 0.41 

Occurrence of early rain 0.36 0.61 0.66 0.40 

Natural capital vulnerability index 0.33 0.62 0.68 0.63 

 
The high vulnerability of Chewaka district may be associated with agricultural drought (1.00), 

availability of fertile land for agriculture (0.76), the existence of water resources for irrigation (0.73), 

flood hazards (0.70), extreme cold (0.70), the existence of grazing land (0.68), and the occurrence of 

early rain (0.66) and late rain (0.60). Natural capital helps communities restore their former state when 

livelihoods face environmental challenges [41]. 

Sekoru district was the second most vulnerable based on natural capital, which was connected 

with the occurrence of agricultural drought (1.00), fertile land (0.94), grazing land (0.83), water 

resources (0.82), high temperatures (0.74) and extreme cold (0.69). Comparable results were found 

for Sekoru (0.63) and Bako Tibe (0.62). It is clear that poor rural households with limited land 

resources for agricultural production are vulnerable to climate change. Moreover, infertile land and 

limited financial capital to afford chemical fertilizers are the main challenges faced by households in 

adapting to the effects of climate change. 

The scores of agricultural droughts (1.00), water resources (0.77), grazing land (0.76), extreme 

temperature (0.74), flooding hazard (0.68), fertile land (0.62), and early rain (0.61) were among the 

major driving forces for the natural vulnerability of Bako Tibe smallholder farmers. The key 

informant interviews highlight that increases in food shortages in the region are related to an increase 

in rainfall irregularities during the main growing season and an increase in climate extremes such as 

droughts and floods. The presence of fertile land (0.45), grazing land (0.19), climate suitability for 

agricultural production (0.09), exposure to floods (0.12), extreme temperatures (0.10), extreme cold 

(0.08), and rainfall deficits (0.08) makes Jimma Arjo district less vulnerable than the other three 

districts. 
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3.3.2. Social capital 

The second major component was social capital, which was assessed using seven indicators 

(community-based organization membership, access to climate information, access to chemical 

fertilizers, linkage with financial institutions, access to government subsidies, access to disaster relief 

assistance and obtaining loans without a contract from friends). All seven components are given 

equal values and normalized (0 and one). The results of the social capital index score indicated that 

Jimma Arjo district was less vulnerable (0.29), while Chewaka (0.42) was moderately vulnerable 

compared to Bako Tibe and Sekoru districts (0.55). At Jimma Arjo district, among the seven 

subcomponents of social vulnerability indicators, access to government subsidies (0.63) and disaster 

relief assistance (0.51) are the two major factors that influenced the vulnerability of the farming 

communities (Figure 2). 

 

Figure 2. Social capital vulnerability index for A) Arjo district, B) Bako Tibe district, C) Chewaka, and 

D) Sekoru districts. 

The existence of community-based organization (0.04), access to chemical fertilizers (0.06), access 

to climate information (0.12), the culture of obtaining loans from friends (0.31), and access to financial 

information (0.36) makes Jimma Arjo district less vulnerable to the impact of climate change. In 

Chewaka district, access to government subsidies (0.71) and access to disaster relief assistance (0.70) 

recorded higher indices compared to chemical fertilizers (0.22), community-based organizations 

(0.24), access to climate information (0.33), obtaining loans from friends (0.34), and access to financial 

institutions (0.40). Even though the overall social vulnerability for Bako Tibe and Sekoru were 

identical (0.55), there was a high disparity among the subcomponents of social vulnerability. Both 

Bako Tibe and Sekoru districts experienced low levels of community access to government subsidies 

and disaster relief assistance. Social capital plays a crucial role in enhancing public adaptive capacity 

to bounce back depleted resources [91].  

3.3.3. Financial capital 

The third main component was financial capital, which included seven: access to banking 

services, use of microcredit services, use of micro saving services, borrowing from financial 

institutions, ability to purchase food in the event of crop loss, off-farm income, and diversification of 
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household income (Table 3). The results show that there is great variation among the three districts. 

For instance, microcredit services (0.83), microcredit savings (0.83), and the culture of borrowing from 

financial institutions (0.79) increased the vulnerability level of the farming communities in Sekoru 

district. This means that a large number of households in the district were reluctant to use microcredit 

services and did not benefit from the existing financial institutions due to religious influence. 

However, the government is encouraging the local community to use existing microcredit services 

with low interest to increase their livelihoods. These problems are reported by the key informant 

interviews. A large proportion of Islamic religions are not interested in using microcredit services 

and saving because they perceive that all microcredit services have interest. The majority of Islamic 

religions are more interested in using interest-free microfinance, which is based on the Shariah profit 

loss sharing mechanism [93].  

Table 3. Financial capital vulnerability index of Jimma Arjo, Bako Tibe, Chewak and Sekoru 

districts. 

Indicators of household vulnerability index Composite index 

Jimma Arjo Bako Tibe Chewaka Sekoru 

Use of bank services 0.62 0.73 0.40 0.51 

Use of microcredit services 0.61 0.44 0.40 0.83 

Use of micro saving services 0.60 0.46 0.45 0.83 

Borrow from financial organization in the past 0.38 0.46 0.66 0.79 

Ability to purchase food in case of crop loss 0.21 0.37 0.73 0.55 

Off-farm income generation mechanisms 0.69 0.56 0.79 0.55 

Household income diversification 0.50 0.62 0.63 0.51 

Financial capital vulnerability index 0.52 0.52 0.58 0.65 

 
In Chewaka district, off-farm income (0.79) and ability to purchase food in case of crop loss (0.73) 

and borrowing from the financial organization (0.66) recorded higher index scores among the seven 

identified financial capital types that influenced the vulnerability level of the household. In Bako Tibe 

district, use of bank services (0.73) and income diversification (0.62) experienced higher index scores, 

while off-farm income (0.69) and use of bank services (0.62) recorded the highest index scores in 

Jimma Arjo district. A study by Ref. [94] financial capital encompasses both household income and 

household savings. The overall index scores in Jimma Arjo and Bako Tibe districts were identical 

(0.52). The availability of credit services plays an important role in poverty alleviation [95]. Due to 

low financial capital, vulnerable groups were not able to afford the rising costs of goods [91, 96]. 

3.3.4. Physical capital 

Physical capital was the fourth main component, which includes eight subcomponents: 

household land assets, cultivated farmland in hectares >1.5, use of solar energy for cooking, use of 

agricultural machinery, access to modern irrigation systems, access to health centers < 1 km, access 

to electricity for cooking, and access to road transportation facilities (Table 4). The results show that 

four out of eight physical capital types, access to electricity, use of agricultural farm machinery, use 

of solar energy, and utilization of modern irrigation facilities, scored higher index values, while the 

areas of household cultivated farmland (<1.5 ha), access to health centers (<1 km), household land 

assets, and access to road transport scored lower index values. 

Jimma Arjo was the most vulnerable (0.67), followed by Bako (0.67) and Chewaka (0.62), while 

Sekoru (0.61) was relatively less vulnerable than other districts in terms of physical capital. Jimma 

Arjo was the most vulnerable due to limited access to electricity (0.96), use of agricultural farm 

machinery (0.95), access to health centers (0.89), and use of solar energy (0.85). The physical capital 

of Bako Tibe is lower than that of Chewaka and Sekoru districts due to access to electricity (0.96), use 
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of modern irrigation infrastructure (0.94), use of agricultural farm machinery (0.91), and use of solar 

energy (0.90). 

Access to health facilities (0.18) had the lowest indicator score in Chewaka, while access to road 

facilities (0.07) had the lowest indicator score in Sekoru district. Jimma Arjo household land assets 

had the lowest indicator score (0.17), while access to road transport had the lowest score (0.17). The 

scores for cultivated farmland in hectares (0.41) and household land assets (0.42) at Chewaka and 

access to road transport (0.42) and cultivated farmland in hectares (0.52) at Jimma Arjo have lower 

values, indicating that the household has some resources. Households with good access to physical 

capital have better livelihood strategies than those without [97].  

Table 4. Physical capital vulnerability index of Jimma Arjo, Bako Tibe, Chewaka and Sekoru 

districts. 

Indicators of household vulnerability index Composite index 

Jimma Arjo Bako Tibe Chewaka Sekoru 

Household land assets 0.17 0.18 0.42 0.19 

Cultivated farmland in hectare in hectare <1.5 0.52 0.71 0.41 0.59 

Use of solar energy for cooking 0.85 0.90 0.92 0.89 

Use of agricultural farm machinery 0.95 0.91 0.88 0.87 

Modern irrigation infrastructure 0.78 0.94 0.85 0.90 

Access to health centers within <1 km 0.89 0.56 0.18 0.47 

Access to electricity for cooking 0.96 0.96 0.79 0.93 

Access to road transport services 0.42 0.17 0.53 0.07 

Physical capital vulnerability index 0.69 0.67 0.62 0.61 

3.3.5. Human capital 

Human capital is a key indicator of household vulnerability to climate change. In the present 

study, six subcomponents of human capital, namely, the education status of the household, 

knowledge of crop varieties, knowledge of improved livestock varieties, household size, household 

dependency ratio, and household head, were used to assess the existing human capital (Figure 3). 

According to interviews with key informants, farming communities have access to improved crop 

varieties, but the supply and demand are not balanced. Some people are unable to obtain improved 

crop varieties on time from offices of agriculture and natural resources. 

Two of the six human capital types, (1) knowledge of crop varieties and (2) male household 

heads, scored the lowest index values across the four districts. In contrast, four subcomponents, 

namely, dependency ratio, knowledge of improved livestock varieties, household size, and 

household education status, scored higher index values in four districts. Regarding livestock 

varieties, some households benefited from artificial insemination by veterinarians, but compared to 

improved crop varieties, opportunities to obtain improved livestock varieties are limited across the 

study area. Educated households are likely to be more aware of climate change and adopt a new 

technology to minimize climate change-related risks [85, 98-99]. 

The results show that there is great variation in the dependency ratio across the study areas. For 

instance, the dependency ratios for Bako Tibe, Jimma Arjo, Sekoru and Chewaka were 0.59, 0.70, 1.03 

and 1.15, respectively. Compared to the other districts, Bako Tibe has fewer economically in-active 

family members, which might be due to the lower number of children. The higher dependency ratio 

in Chewaka and Sekoru districts might be due to the high human fertility rate, which was influenced 

by cultural and religious beliefs to use family planning. Having many children is encouraged, and 

limiting the number of children is a sin in the Islamic religion [98]. Islamic religion discourages the 

use of family planning to limit the number of children [99]. 
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Figure 3. Human capital vulnerability index for A) Arjo district, B) Bako Tibe district, C) Chewaka, 

and D) Sekoru district. 

A higher dependency ratio increased the vulnerability of the household member due to less 

capacity to afford food prices [75]. The score values for education status were 0.40, 0.56, 0.62, and 0.65 

in Chewaka, Jimma Arjo, Bako Tibe, and Sekoru districts, respectively. The educated household has 

the capacity to deal with climate change and find alternative options [21]. Therefore, the high 

dependency ratio, limited knowledge on improved varieties of livestock, large household family size, 

and low educational status of the household heads are the main reasons for household vulnerability 

to the effects of climate change in the study area. 

3.4. Household vulnerability based on five indicators 

The radar pectoral of the five major capitals is presented in Figure 4. Results show that Jimma 

Arjo has relatively better social capital (0.29) and natural capital (0.33). The lowest vulnerability to 

climate change in Jimma Arjo district was due to the existence of community-based organization 

(0.04), access to chemical fertilizers (0.06), less exposure to rainfall deficit (0.08), less exposure to 

extreme cold (0.08), and climate suitability for agriculture (0.09). 

The results of the physical capital index revealed that Jimma Arjo scored the highest values 

(0.69), followed by Bako Tibe (0.67), while Chweaka and Sekoru districts scored 0.62 and 0.61, 

respectively. Regarding the human capital index, Sekoru and Jimma Arjo districts scored 0.60, while 

Jimma Arjo scored 0.57. Bako Tibe (0.54) and Chewaka (0.55) scored comparable values. Sekoru 

district had a lower financial capital (0.65), while Chewaka districts had a moderate social 

vulnerability index (0.58), and Jimma Arjo and Bako Tibe districts had a lower social vulnerability 

index (0.52). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

 

Figure 4. Radar pictorial presentation of overall household vulnerability indices based on five major 

capitals for A) Arjo district, B) Bako Tibe district, C) Chewaka district, and D) Sekoru district. 

Our analysis of the overall household vulnerability index shows that the highest vulnerability is 

detected in Sekoru district (0.61), followed by Bako Tibe (0.58) and Chewaka (0.57), while Jimma Arjo 

district experienced the lowest level of vulnerability (0.48) to climate change impact. The overall 

vulnerability at Bako Tibe and Chewak is more or less comparable, while there is a significant 

difference between Sekoru and Jimma Arjo districts. 

4. Conclusions 

The cumulative effects of rainfall irregularities and extreme weather events, such as erratic and 

excess rainfall, exposed the farming communities to the impacts of climate change. Weak physical 

and natural capital in Bako, Chewaka and Sekoru and poor financial capacities in Jimma Arjo, 

Chewak and Sekoru exacerbated the community’s vulnerability to climate change. The results show 

that the educated households in the study area can easily understand the impact of climate change 

on agricultural production. Public education and awareness-raising are therefore required to 

minimize the gap between literate and illiterate households. Educated households also described 

several adaptation options and willingness to combat climate change impacts. Therefore, education 

is a key factor that influences the household head to adopt climate change adaptation. 

The study results show that there is a significant correlation between climate change perceptions 

and changes in rainfall and temperature patterns as well as the occurrence of climate extremes such 

as drought and floods. People who can understand changes in rainfall and temperature patterns and 

the occurrence of extreme weather events such as drought and excessive precipitation will be able to 

recognize climate change and take necessary adaptation actions. Rainfall irregularities such as the 

occurrence of early rain and late rain significantly affect agricultural production, and consequently, 

more than half of the household heads perceived these problems. The findings of the household 

survey revealed that irregularity of rainfall is a key problem that significantly affects agricultural 

production in the study area. The key informants highlight that climate extremes, particularly 

drought and flood, affect agricultural crops. 
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It is evident that climate change significantly affects the rain-fed dependent agricultural 

economy, leading to food insecurity. The results of the study showed that the farming communities 

in Sekoru district were more exposed to the effects of climate change than those in Bako Tibe, 

Chewaka, and Jimma Arjo districts. Hence, Sekoru (0.61) is highly vulnerable to climate change, 

followed by Bako Tibe (0.58) and Chewaka (0.58), whereas the lowest vulnerability score was in 

Jimma Arjo (0.47). The vulnerability of households is mainly associated with climate change impacts 

such as changes in rainfall and temperature patterns and the occurrence of droughts and floods. 

Moreover, the lack of much-needed infrastructure facilities, weak institutional support and limited 

access to natural, social, physical, financial and human capital increased community vulnerability to 

the effects of climate change. 

There is high variation in the extent of household vulnerability to climate change among the 

districts because of differences in natural, social, physical, financial, and human capitals. The 

government and other nongovernmental organizations can increase the adaptive capacity of farming 

communities by providing improved varieties of crops and livestock, affordable agricultural inputs, 

weather information, and enhancing microcredit services and other possible strategies to minimize 

the vulnerability of the local community to the effects of climate change. Since the future trend of 

climate change is full of uncertainties, climate change resilience mechanisms should be in place by 

governmental and nongovernmental organizations to ensure the sustainability of farmers’ 

livelihoods in the regions and beyond. 

 

Author Contributions:  Conceptualization, Gemeda, D.O, Korecha, D. and Garedew, W.; methodology, X 

Gemeda, D.O, Korecha, D. and Garedew, W.; software, Gemeda, D.O.; validation, Gemeda, D.O.; formal 

analysis, Gemeda, D.O, Korecha, D. and Garedew, W; investigation, Gemeda, D.O, Korecha, D. and Garedew, 

W.; resources, Gemeda, D.O, Korecha, D. and Garedew, W.; data curation, Gemeda, D.O.; writing—original draft 

preparation, Gemeda, D.O.; writing—review and editing, Gemeda, D.O, Korecha, D. and Garedew, W, 

visualization, Gemeda, D.O.; supervision, Korecha, D. and Garedew, W.; project administration, Gemeda, D.O.; 

funding acquisition, Gemeda, D.O. All authors have read and agreed to the published version of the manuscript. 

Funding: This work was supported by Jimma University College of Agriculture and Veterinary Medicine. 

Data Availability Statement: The data used for this study is confidential. The data can be also available on 

request from the corresponding author. 

Acknowledgments: First of all, the authors acknowledge the farming communities of southwestern parts of 

Ethiopia for providing necessary information to carry out this study. Secondly, we acknowledge all stakeholders 

and key informant interview for their willingness to respond the designed questionnaire on public perception 

and community vulnerability to impact of climate change in southwestern parts of Ethiopia.  

 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

1. Naab, F.Z., Abubakari, Z., Ahmed, A., 2019. The role of climate services in agricultural productivity in 

Ghana: The perspectives of farmers and institutions. Clim. Serv.13:24-32. 

2. Afuecheta, E., Omar, M.H., 2021. Characterization of variability and trends in daily precipitation and 

temperature extremes in the Horn of Africa. Climate Risk Management. 32, 100295.  

3. Alam, G,M.M., Alam, K., Mushtaq, S., 2017. Climate change perception and local adaptation strategies 

of hazard-prone rural households in Bangladesh. Climate Risk Management. 17:52-63. 

4. Thomas, D. S. G., Twyman, C., 2005. Equity and Justice in Climate Change Adaptation amongst 

Natural Resource Dependent Societies. Glob Environ Change. 15:115-124. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

5. Seaman,J.A., Sawdon, G.E., Acidri, J., Pe�y, C., 2014. The Household Economy Approach. Managing 

the impact of climate change on poverty and food security in developing countries. Climate Risk 

Management. 4–5:59-68. 

6. Tol, R. S. J., Downing, T. E., Kuik, O. J., Smith, J. B., 2004. Distributional Aspects of Climate Change 

Impacts. Glob Environ Change.14(3):259-272. 

7. Huq S, Reid, H., Konate, M., Rahman, A., Sokona, Y., Crick, F., 2004. Mainstreaming 

Adaptation to Climate Change in Least Developed Countries. Clim. Policy. 4(1):25-43. 

8. Cairns, J.E., Hellin, J., Sonder, K., Araus, J.L., MacRobert, J.F., Thierfelder, C., Prasanna, B.M., 2013. 

Adapting maize production to climate change in sub-Saharan Africa. Food Security. 5, 345–360. 

9. Gemeda, D.O., Sima, A.D., 2015. The impacts of climate change on African continent and the way 

forward. JENE. 7(10):256-262. 

10. Olayide, OE., Te�eh, IK. & Popoola, L.,2016. Differential impacts of rainfall and irrigation on 

agricultural production in Nigeria: Any lessons for climate-smart agriculture? Agric.WaterManag, 

178:30-36. 

11. Karimi, V., Karami, E., Keshavarz, M., 2018. Climate change and agriculture: Impacts and adaptive 

response in Iran. J IntegrAgr. 17(1):1-15. 

12. Muema E, Mburu, J., Coulibaly, J., Mutune, J., 2018. Determinants of access and utilization of seasonal 

climate information services among smallholder farmers in Makueni Country, Kenya. Heliyon. 4, 

e00889. 

13. Aparaku, A., Morton, J.F., Gyampoh, B.A., 2021. Climate change and small-scale agriculture in Africa: 

Does indigenous knowledge ma�er? Insights from Kenya and South Africa. Scientific Africa. 12, 

e00821.  

14. Baarsch, F., Granadillos, J.R., Hare, W., Knaus, M., Krapp et al., 2020. Impact of climate change on 

incomes and convergence in Africa. World Dev. 126, 104699. 

15. Gemeda, D.O., Korecha, D., Garedew, W., 2021. Evidences of climate change presences in the we�est 

parts of southwest Ethiopia. Heliyon. 9, e08009.  

16. Bewket, W., 2012. Climate Change Perceptions and Adaptive Responses of Smallholders Farmers in 

Central Highlands of Ethiopia. Int J Environ. Stud, 69 (3):507-523. 

17. Alemayehu, A. & Bewket, W., 2016. Local climate variability and crop production in the central 

highlands of Ethiopia. Environmental Development, 19:36-48. 

18. Paul, A., Deka, J., Gujre, N., Rangan, L., Mitra, S., 2019. Does nature of livelihood regulate the urban 

community’s vulnerability to climate change? Guwahati city, a case study from North East India. J 

Environ Manage. 251,109591. 

19. Heltberg, R., Siegel, P.B., Jorgensen, S.L., 2009. Addressing human vulnerability to climate change: 

Toward a ‘no-regrets’ approach. Glob Environ Change. 19:89-99. 

20. IPCC (2007). Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working 

Group II to the 4thAssessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge, UK. 

21. Hahn, M. B., Miederer, A.M., Foster, S.O., 2009. The Livelihood Vulnerability Index:  A pragmatic 

approach to assessing risks from climate variability and change- A case study in Mozambique. Global 

Environmental Change. 19(1):74-88. 

22. Tonmoy, F.N., El-Zein, A., Hinkel, J., 2014. Assessment of Vulnerability to climate change using 

indicators: a meta-analysis of the literature. WIREs Clim Change.5:775-792. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

23. Mohan, D., Sinha, S., 2015. Assessing vulnerability to climate change in the Ganges Basin using a 

combined macro-and micro-level approach. Clim Dev. 8(4):312-323. 

24. Pandey, R., Jha, S.K., Alatalo, J.M., Archie, K.M., Gupta, A.K., 2017. Sustainable livelihood framework-

based indicators for assessing climate change vulnerability and adaptation for Himalayan 

communities. Ecol. Indic.79:338-346. 

25. Gupta, A.K., Negi, M., Nandy, S., Alatalo, J.M., Singh, V., Pandey, R., 2019. Assessing the vulnerability 

of socio-environmental systems to climate change along an altitude gradient in the Indian Himalayas. 

Ecol. Indic.106,105512. 

26. Jamshidi, O., Asadi, A., Kalantari, K., Azadi, H., Scheffran, J., 2019. Vulnerability to climate change of 

smallholder farmers in the Hamadan province, Iran. Clim. Risk Manag. 23:146-159. 

27. Wichern, J., Descheemaeker, K., Giller, K.E., Ebanyat et al., 2019. Vulnerability and adaptation options 

to climate change for rural livelihoods-A country-wide analysis for Uganda. Agric. Syst.176,102663. 

28. Omerkhil, N.,Chand, T., Valente, D., Alatalo, J.M., Pandey, R., 2020. Climate change vulnerability and 

adaptation strategies for smallholder farmers in YangiQala District, Afghanistan. Ecol. Indic.110, 

105863. 

29. Abdul-Razak, M., Kruse, S., 2017. The adaptive capacity of smallholder farmers to climate change in 

the Northern Region of Ghana. Clim. Risk Manag.17:104-122. 

30. Balaganesh, G., Malhotra, R., Sendhil, R., Sirohi, S.&Maiti et al., 2020. Development of composite 

vulnerability index and district level mapping of climate change induced drought in Tamil Nadu, 

India. Ecol. Indic.113,106197. 

31. Nur, I., Shrestha, K.K., 2016. An Integrative Perspective on Community Vulnerability to Flooding in 

Cities of Developing countries. Procedia Eng.198:958-967. 

32. Mekonnen, Z., Woldeamanuel, T., Kassa, H., 2019. Socio-ecological vulnerability to climate 

change/variability in central rift valet, Ethiopia. Advances in Climate Change Research. 10:9-20. 

33. Giri, S., Lathrop, R.G., Obropta, C.C., 2020. Climate change vulnerability assessment and adaptation 

strategies through best management Practice. J Hydrol.580, 124311. 

34. Dumenu, W.K., Obeng, E.A., 2016. Climate change and rural communities in Ghana: Social 

vulnerability, impacts, adaptations and policy implications. Environ Sci Policy. 55:208-217. 

35. Liu, Y., Zhao, M., Liu, D., 2017. Exposure, sensitivity, and social adaptive capacity related to climate 

change: empirical research in China. CJPRE.17 (3):209-219. 

36. Adu, D.T., Kuwornu, J.K.M., Anim-Somuah, H., Sasaki, N., 2018. Application of livelihood 

vulnerability index in assessing smallholder maize farming households’ vulnerability to climate 

change in Brong-Ahafo region of Ghana. Kasetsart J. Soc.Sci. 39:22-32.  

37. Hoddino�, J., Quisumbing, A., 2003. Methods for Micro-econometric Risk and Vulnerability 

Assessments. International Food Policy Research Institute, Washington, D.C. 

38. Kaly, U., Pra�, C., 2000. Environmental vulnerability index: Development and provisional indices and 

profiles for Fiji, Samoa, Tuvalu and Vanuatu. Phase II report for NZODA. SOPAC Technical Report 

306. 

39. Huynh, L.T.M., Stringer, L.C., 2018. Multi-scale assessment of social vulnerability to climate change: 

An empirical study in coastal Vietnam. Climate Risk Management. 20:165-180.  

40. Dumenu, WK. & Tiamgne, XT., 2020. Social vulnerability of smallholder farmers to climate change in 

Zambia: the applicability of social vulnerability index. SN Appl.Sci, 2,436. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

41. Jha, S.K., Negi, A.K., Alatalo, J.M., Negi, R.S., 2021. Socio-ecological vulnerability and resilience of 

mountain communities residing in capital-constrained environments. Mitigation and Adaptation 

Strategies for Global Change. 26, 38. h�ps://doi.org/10.1007/s11027-021-09974-1.  

42. Mihiratu, A., Okoyo E.C.,Lemma, T., 2021. Causes, indicators and impacts of climate change: 

Understanding the public discourse in Goat based agro-pastoral livelihoods zone, Ethiopia. Heliyon. 

7(3), e06529. h�ps://doi.org/10.1016/j.heliyon.2021.e065529 

43. Wu, T., 2021. Quantifying coastal flood vulnerability for climate adaptation policy using principal 

component analysis. Ecological Indicators. 129, 108006.  

44. Sarker, M., Wu, M., Alam, G. & Shouse, R., 2019. Livelihood vulnerability of riverine-island dwellers 

in the face of natural disasters in Banglades. Sustanability, 11, 1623.  

45. Singhal, A. & Jha, SK., 2021.Can the approach of vulnerability assessment facilitate identification of 

suitable adaptation models for risk reduction? Int. J. Disaster Risk Reduct, 63, 102469.  

46. Eshetu, G., Johansson, T. & Garedew, W., 2016. Rainfall trend and variability analysis in Setema-

Gatira area of Jimma, South-western Ethiopia, Afri. J. Agric. Res, 11(32):3037-3045. 

47. Eshetu, G., Johansson, T., Garedew, W. & Yisahak, T., 2018. Climate variability and small-scale farmer 

adaptation strategy in Setema-Gatira area of Jimma, Southwestern Ethiopia. J Agric Biol Environ Stat, 

4(1):1-9. 

48. Wedajo, GK.., Muleta, MK., Gessesse, B. & Koriche, SA., 2019. Spatiotemporal climate and vegetation 

greenness changes and their nexus for Dhidhessa River Basin, Ethiopia. Environ. Syst. Re, .8,31. 

49. Alemayehu, A., Maru, M., Bewket, W. & Assen, M., 2020. Spatiotemporal variability and trends in 

rainfall and temperature in Alwero watershed, western Ethiopia. Environ Syst Res. 9, 22.  

50. Eshetu, G., Johansson, T., Garedew, W. & Yisahak, T., 2020. Determinants of smallholder farmers’ 

adaptation options to climate change in a coffee-based farming system of Southwest Ethiopia. Clim. 

Dev, 13(4):318-325. 

51. Gemeda, DO., Feyssa, H.  & Garedew, W., 2020. Meteorological data trend analysis and local 

community perception towards climate change: a case study of Jimma city, Southwestern Ethiopia. 

Environ. Dev. Sustain.,23:5885-5903. 

52. Ethiopian Climate Resilent Green Economy: National Adaptation Plan (NAP) Implementation 

Roadmap. Environment, Forest and Climate Change Commission, Federal Democratic Republic of 

Ethiopia. h�ps://napglobalnetwork.org/wp-content/uploads/2020/08/napgn-en-2020-Ethiopia-climate-

resilient-green-economy-nap-roadmap.pdf  (Accessed on September 25, 2022). 

53. Central Statistical Agency (CSA). 2007. Central Statistical Agency.  h�p://www.csa.gov.et/census-

report/complete-report/census-2007?start=5 (Accessed on May 14, 2020). 

54. Dessu, T., Korecha, D., Hunde, D., Worku, A., 2020. Long-Term Land Use Land Cover Change in 

Urban Centers of Southwest Ethiopia from a Climate Change Perspective. Front. Clim. 2:577169. 

Doi:10.3389/fclim.2020.577169.   

55. Tefera, D. R., Sinkie, S.O., Dak, D.W., 2020. Economic Burden of Malaria and Associated Factors 

Among Rural Households in Chewaka District, Western Ethiopia. Clinico Economics and outcomes 

Research.12:141-152. 

56. Abera, A., Yirgu, T., Uncha, A., 2020. Impact of rese�lement scheme on vegetation cover and its 

implication on conservation in Chewaka district of Ethiopia. Environ Syst Res. 9(2).  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

57. Östlund, U., Kidd, L., Wengström, Y. & Rowa-Dewar, N., 2011. Combining qualitative and 

quantitative research within mixed method research designs: A methodological review. Int. J. Nurs. 

Stud, 48(3):369-383. 

58. Strijker, D., Bosworth, G. & Bouter, G., 2020. Research methods in rural studies: Qualitative, 

quantitative and mixed methods. J. Rural Stud, 78: 262-270, 

59. Chambers, R.  & Conway, G.,1992. Sustainable Rural Livelihoods: Practical Concepts for the 21st 

Century. Institute of Development Studies, UK. 

60. Yamane, T., 1967. Statistics, An Introductory Analysis, 2nd Ed., New York: Harper and Row. 

61. Jick., 1979. Mixing qualitative and quantitative methods: trangulation in action. Adm. Sci. Q. 24:602-

611. 

62. Rossman, GB. & Wilson, BL., 1985. Numbers and Words: Combining Quantitative and Qualitative 

Methods in a Single Large-Scalee Study. Evaluation Review. 9:627-643. 

63. Sechrest, L. & Sidani, S., 1995. Quantitative and qualitative methods: Is There an Alternative? Eval. 

Program Plan. 18(1):77-87. 

64. Oleinik, A., 2011. Mixing quantitative and qualitative content analysis: triangulation at work. Qual 

Quant. 45:859-873.  

65. Fallucchi, F., Gha�as, B., Spielhaus, R. & De Luca, EW., 2022. Digital Qualitative and Quantitative 

Analysis of Arabic Textbooks. Future Internet, 14, 237. 

66. Holsapple, CW. & Joshi, KD., 2002. Knowledge manipulation activities: results of a Delphi study. 

Information & Management, 39 (6): 477-490 

67. Lai, V. & Chung, W., 2002. Managing international data communications. Information & 

Management, 45(3:89-93. 

68. Okoli, C. & Pawlowski, SD.,2004. The Delphi method as a research tool: an example, design 

considerations and applications. Information & Management, 42(1):15-29. 

69. Kim, B.-T., Brown, CL. & Kim, D.-H., 2019. Assessment on the vulnerability of Korean aquaculture to 

climate change. Marine Policy, 99:111-122. 

70. Singh, S., 2020. Farmer’s perception of climate change and adaptation decisions: A microlevel 

evidence from Bundelkhand Region, India. Ecological Indicators. 116,106475.  

71. Fahad, S., Inayat, T., Wang, J., Dong, L., Hu, G., Khan, S., Khan, A., 2020. Farmers’ awareness level and 

their perceptions of climate change: A case of Khyber Pakhtunkhwa province, Pakistan. Land Use 

Policy.96,104669. 

72. Liverpool-Tasie, L.S.O., Pummel, H., Tambo, J.A., Olabisi, L.S., Osuntade, O., 2020. Perception and 

exposure to climate events along agricultural value chains: Evidence from Nigeria. Journal of 

Environmental Management. 264, 110430. h�ps://doi.org/10.1016/j.jenvman.2020.110430. 

73. Dumenu, WK. & Obeng, EA. ,2016. Climate change and rural communities in Ghana: Social 

vulnerability, impacts, adaptations and policy implications. Environ Sci Policy, 55:208-217. 

74. Dendir, Z. & Simane, B., 2019. Livelihood vulnerability to climate variability and change in different 

agroecological zones of Gurage Administrative Zone, Ethiopia. Progress in Disaster Science, 3, 100035. 

75. Mukherjee, N. & Siddique, G., 2019. Assessment of climate variability risks with applications of 

livelihood vulnerability indices. Environ Dev Sustain, 22:5077-5103. 

76. O’Brien, K., Leichenko, R., Kelkar, U., Venema, H., Aandahl, G., Tompkins, H., Javed, A., Bhadwal, S., 

Barg, S., Nygaard, L. & West, J., 2004. Mapping vulnerability to multiple stressors: climate change and 

globalization in India, Glob.Environ. Change, 14(4):303-313, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

77. Zurovec, O., Cadro, S., Sitaula, B.K., 2017. Quantitative Assessment of Vulnerability to Climate change 

in Rural Municipalities of Bosnia and Herzegovina. Sustainability.9,1208; doi:10.3390/su9071208. 

78. Dhamija, V., Shukla, R., Gorno�, C. & Joshi, P., 2020. Consistency in Vulnerability Assessment of 

Wheats to Climate Change- A District-Level Analysis in India. Sustainability, 12, 8256.  

79. Leis, J.-L. & Kienberger, S., 2020. Climate Risk and Vulnerability Assessment of Floods in Austria: 

Mapping Homogenous Regions, Hotspots and Typologies. Sustainability, 12, 6458.  

80. Deressa, T.T., Hassan, R.M., Ringler, C., Alemu, T., Yesuf, M., 2009. Determinants of Farmers’ choice 

of adaptation methods to climate change in the Nile Basin of Ethiopia. Global Environ. Change. 

19:248-255. 

81. Ali, A. & Erenstein, O., 2017. Assessing farmer use of climate change adaptation practices and impacts 

on food security and poverty in Pakistan. Clim. Risk Manag, 16:183-194. 

82. Jha, C.K. & Gupta, V.,2021. Farmers perception and factors determining the adaptation decisions to 

cope with climate change: Evidence from rural India. Environmental and Sustainability Indicators, 10, 

100112.  

83. Hitayezu, P., Wale, E., Ortmann, G., 2017. Assessing farmers’ perceptions about climate change: A 

double-hurdle approach. Climate Risk Management. 17:123-138.  

84. Yegbemey, B.N., Yabi, J.A., Silvere, D.T., Gantoli, G., Senakpon, E., Kokoye, H., 2013. Farmers’ 

decisions to adapt to climate change under various property rights: a case study of maize farming in 

northern Benin (West Africa). Land Use Policy. 34:168-175. 

85. Ali, A., Erenstein, O., 2017. Assessing farmer use of climate change adaptation practices and impacts 

on food security and poverty in Pakistan. Climate Risk Management.16:183-194. 

86. Patnaik, U. & Das, PK., 2017. Do development interventions confer adaptive capacity? Insights from 

rural India. World Dev, 97:298-312. 

87. Central Statistical Agency (CSA). 1999. Household Population and Characteristics. 

h�ps://dhsprogram.com/pubs/pdf/FR118/02Chapter02.pdf (Accessed on Nov 2, 2021). 

88. World Bank Group (2019).  Age dependency ratio (% of working-age population)-Ethiopia. 

h�ps://data.worldbank.org/indicator/SP.POP.DPND?locations=ET (Accessed on Nov 2, 2021). 

89. Har�er, J., Hamilton, LC., Boag, AE., Stevens, FR., Ducey, MJ., Christoffersen, ND., Oester, PT. & 

Palace, MW., 2018.  Does it ma�er if people think climate change is human caused? Clim. Serv, 10:53-

62.  

90. Nkiruka, O., Prasad, R., Clement, O., 2021. Prediction of malaria incidence using climate variability 

and machine learning. Informatics in Medicine Unlocked.22, 100508.  

91. Connolly-Boutin, L. & Smit, B., 2016. Climate change, food security, and livelihoods in sub-Saharan 

Africa. Regional Environ. Change, 16:385-399. 

92. Ha-Mim, N.M., Hossain, Md.Z., Rahaman, K.R., Mallick, B., 2020. Exploring vulnerability-Resilience-

Livelihood Nexus in the Face of Climate Change: A Multi-Criteria Analysis for Mongla, Bangladesh. 

Sustainability. 12, 7054; doi:10.3390/su12177054.  

93. Muhammed, SMK. & Reddy, MR., 2019. Viability and practice of intrest-free microfinance in the state 

of Kerala: An analytical study based on customers’ perceptions. IIMB Management Review, 31(4):350-

367. 

94.  Dunford, R., Harrison, P.A., Jager, J., Rounsevell, M.D.A., Tinch, R., 2015. Exploring climate change 

vulnerability across sectors and scenarios using indicators of impacts and coping capacity. Climatic 

Change. 128:339-354. h�ps://doi.org/10.1007/s10584-014-1162-8.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1


 

 

95. Gabil, H., Bensaid, B., Tayachil, T., Jamaldeen, F., 2020. The Need for Shari’ah-Compliant Awqaf 

Banks. Jornal of Risks and Financial Management.13, 76; doi:10.3390/jrfm13040076. 

96. Bunce, M., Rosendo, S., Brown, K., 2010. Perceptions of climate change, multiple stressors and 

livelihoods on marginal African costs. Environ Dev Sustain. 12(3):407-440. 

97. Thathsarani, U.S., Gunaratne, L.H.P., 2018. Constructing and Index to Measure the Adaptive Capacity 

to Climate Change in Sri Lanka. Procedia Engineering. 212:278-285. 

98. Egeh, A.A., Dugsieh, O., Erlandsson, K., Osman, F., 2019. The views of Somali religious leaders on birt 

spacing-A qualitative study. Sexual & Reproductive Healthcare. 20:27-31. 

99. Msoka, A.C., Pallangyo, E.S., Brownie, S., Holroyd, E., 2019. My husband will love me more if I give 

birth to more children: Rural women’s perceptions and beliefs on family planning services utilization 

in a low resource se�ing. International Journal of Africa Nursing Sciences. 10:152-158. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2023                   doi:10.20944/preprints202304.0654.v1

https://doi.org/10.20944/preprints202304.0654.v1

