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Abstract 

Livelihoods vulnerability is compounded effect of socio-economic and 

environmental factors that interact under a set of social systems that can be 

managed with proper strategic measures. Accordingly, Ethiopia has already 

adopted various responsive measures to maintain sustainable livelihoods. 

However, studies reveal that most of the strategies have been designed without 

adequate information on the vulnerability level and determining factors.  This 

study identified the livelihoods vulnerability status and determinants in context of 

climate change impacts. Farmers’ perceived vulnerability, ranking technique and 

IPCC-LVI model were employed to a wide-ranging of primary data collected from 

410 farmers sampled randomly from four districts of Arsi and East Shewa zones 

of Oromia region. The results revealed that the climate structures have been 
significantly changing over time imposing challenges on livelihoods 

sustainability, while government has introduced various response measures. In 

this regard, community level livelihoods vulnerability rating score was 49% and 

66.7% in highland and lowland, respectively, indicating more adverse situation 

under lowland community, relative to highland areas. Additionally, the perceived 

sensitivity rating score was 45% in highland community and 74% in context of 

lowland community, while the corresponding perceived community exposure are 

54.5% and 77.3% in highland and lowland community. Contrarily, adaptive 

capacity rating score indicate about average level with slightly small difference 

that is 53% and 52% for highland and lowland agro-ecology respectively showing 

moderate level adaptive capacity of the study community to manage prevailing 

climate change impacts associated risks. These results demonstrate a need to 

strengthen adequate information on community level livelihoods vulnerability, 

exposure, sensitivity and adaptive capacity. Therefore, policy makers should 

redesign appropriate regional policy, strategy and extension approaches based on 

well identified community vulnerability. This ensures environmentally suitable 

rural development in smallholders farming system. 

Keywords: Climate, change, Impacts, Livelihoods, Vulnerability, Smallholder and 

Farmers 
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INTRODUCTION  

The developing countries have been already vulnerable to climate change impacts which commonly manifested 

through extreme weather events (IPCC, 2007). In the context, developing countries are most vulnerable to frequent 

climate change impacts as the result of scarcity of capital to promote adaptation measures and high possibility of 

exposure to disasters (World Bank 2009). According to various findings, weather risks which commonly influence 

livelihood vulnerability are the most pressing consequences of climate change at global and community level. In 
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this regard, with a 0.6°C global temperature change, 2-3% increase in rainfall was projected in tropical and 3% 

decrease in subtropical latitudes; were observed in the end of 20th century, while an increase of 1.4°C and 5.8°C 

global temperature projected by the end of the 21st century inducing vulnerability (Udin, 2014). 

Under Ethiopian circumstance, climate change related impacts are apparent through increased frequency of 

droughts and floods which required adequate research prior to promotion of adaptation strategies (Asfaw and 

Lipper, 2011, Howden; 2007 and Morton, 2007). As a result, Ethiopia has been identified among the utmost 

vulnerable countries to direct impacts of climate change and indirect negative effects on environmental 

sustainability (The World Bank Group, 2011). Apparently, in Ethiopia, more than 83% of the population entirely 

depends on rain-fed agriculture and thus, any small change in seasonal rainfall patterns and temperature has a 

direct impact on agricultural productivity (MoANR, 2017) which entirely increase the livelihoods vulnerability to 

climate change.  

In a more detail, vulnerability is a resultant effect of three major factors: namely exposure, sensitivity and 

adaptive capacity as well as their relationship in the system that can be described as a set of factors that categorize 

certain individuals/groups as “vulnerable” to certain natural disasters. Vulnerability is also defined as the degree 

to what extent a particular system is prone to adverse impacts of natural disasters (Arega, 2013 and Adger, 2006). 

Generally, understanding vulnerability with its components helps to evaluate the nature and magnitude of climate 

change impact, identify sources of vulnerability and to design climate smart adaptation responses (Marshall et al, 

2009).  

In Ethiopia, a range of improved technologies and practices have been developed and disseminated to the 

broader farming communities to manage vulnerability to climate change impacts (Rosegrant, et al., 2008).  

Consequently, this study has been designed to generate adequate information on livelihoods vulnerability at 

community level and provides the proper recommendation for policy level and technical managers in respective 

of Oromia Region’s rural community in general and study community in particular. Additionally, households’ 

food self-sufficiency in rural communities and national food security are significantly subjective to normal 

performance of seasonal rainfall reliant farming systems which is naturally sensitive to climate change and weather 

variability in Ethiopia in general and the study areas in particular. However, the extent studies, like Muluneh 

(2015), indicate that Ethiopian Central Rift Valley (CRV) which embraces the study areas is under continuous 

threat due to frequent environmental degradation, leading to structural changes in climatic condition in the form 

of recurrent drought and seasonal weather variability.  

On the other hand, except some few areas, location specific studies on estimating the overall impacts of climate 

change in context of introduced strategies are inadequate. According to studies, for instance, Mulatu et al., 2016 

and FAO,2016, this is a notable gap that is yet to be sufficiently researched in the country. This research is 

significant because it will identify the location specific factors that are responsible for the livelihoods vulnerability 

in comparison between highland and lowland agro-ecologies emphasizing on four districts and twelve Villages of 

East Shewa and Arsi zones of Oromia region. Consequently, this study has been designed to generate adequate 

information on livelihoods vulnerability at community level and provides the proper recommendation for policy 

level and technical managers in respective of Oromia Region’s rural community in general and study community 

in particular.  

 

METHODS AND MATERIALS   

General Context of the Areas Selected for the Study    

The Areas selected for this study are situated in Oromia Regional State along the Great Central Rift Valley (CRV), 

where risks associated with climate change and weather variability are common and affecting livelihoods of the 

community. Commonly, mixed farming and agro-pastoral farming system are regularly conducted in each of 

highland, mid and lowlands. In this context, four districts, of which Bosat and Dudga districts were selected from 

East Shewa, while Hetossa and Tiyo districts were selected from the Arsi Zone. Most of the villages in the districts 

are situated along the Awash river catchment, where recurrent adverse impacts of climate change are severe as the 

result of frequent drought (Figure 1).  

Generally, an altitude of the study areas ranged from 500-3500 meters above sea level (masl). More 

specifically, the study has been conducted in the east shewa zone representing the low land areas and Arsi Zone, 

representing the highland parts. The highland (2300 to 3200 masl) with cold climate, while the midland (1500 to 

2300 masl), experiencing warm climate and the lowlands (500 to 1500 masl) having hot with arid land areas 

(Tamirat,2019 and Tamirat 2018). Despite the persistent drought in the lowlands, there are three distinct seasons; 

with two rainy seasons and one dry season (World Bank Group, 2011).  

East Shewa zone covers a total of 971,159.21ha land area with twelve administrative districts (10 rural and 2 

urban) in the central lowland of Oromia Region. Agro-ecologically, the zone constitutes 18.7% highland, 27.5% 

midland and 53.8% lowland with rainfall 1150mm (Asfaw, et al., 2020). As to this author, of total land size, about 

12.6% is arable land, of which arable land 47.31% is currently under cultivation practices in every year. Similarly, 

Arsi the largest Zone of the region is situated in central Oromia Regional State covering an area of 19,825.22 km2 

and consist of 25 administrative districts (WIKIPEDIA, 2023). Generally, due to diverse set of agro-ecological 
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zonation, Arsi zone is predominantly characterized by moderately cool (40%) followed by cool (34%) annual 

temperature (Addisu, et al., 2020). 

 

 
Figure 1. Study area map and location (Source: Developed based on google File) 

 

Data collection   

A total of 410 farm households were sampled through structured questionnaire interviews across the two agro-

ecology of the farming systems in the two zones. To attain the required standard and good quality data, the 

structured interview questionnaires, formats for secondary data collection and checklist (interview guide) for 

guiding the discussion process have been developed thus enabling relevant data collection from primary 

(individual farmers through enumerators managed interviews) and secondary sources (published source 

documents) for the analytical and crosschecking of the information. Based on the experience of Abate (2009) and 

Thornton (2010), who listed multi-dimensional vulnerability determinant variables, essential data were identified, 

where the selected indicators included in the data collection checklist.  

The primary data such as socio-demographic (educational level, age, sex, marital status, social networks, 

farming experience, etc) economic and resources (landholding, livestock holding, crops and cropping systems, 

seasonal incomes, source of incomes, water availability, sources of livelihoods etc) were collected. Furthermore, 

infrastructures and services (extension services, public facilities, access to markets, credit and mass media 

services) and natural disasters (emphasized on drought frequency and weather variability) and strategies 

(adaptation and coping strategies related data) were collected. The whole spectrum of data were analyzed using 

Statistical Package for Social Sciences (SPSS) sub-program. Furthermore, participatory discussions and direct 

observations procedures are intensely synchronized with other data collection techniques with the intention to 

triangulate the collected information including the study findings. Based on the nature of the data, appropriate 

analytical techniques were selected and specified against study variables and objective, where descriptive 

statistical techniques were employed.  

On the other hand, livelihoods vulnerability indicators and components were identified to define the required 

data and relevant information. To delineate the livelihoods vulnerability indicators and components, adequate 

literature review was conducted. In this regard, the selected exposure impact indicators include; frequency of 

climate variability, water resource availability, shortage of irrigation water sources, increased drought frequency, 

increased major agricultural disease and pest occurrence. For   adaptive capacity six indicators were used i.e. 

agricultural livelihoods diversification, non-farm income diversification, wealth and yearly income, use of 

improved agricultural technology, technical capacity to manage climate change, exposure to technical and 

Technological supports. Again, sensitivity component indicators include, Seasonal productive crop   Land decrease 

(abandoned land), Crops productivity and production decrease over time, Significant loss of crops varieties over 

time, decline of livestock number, productivity and production over years and food sufficiency reduced (below 

yearly 1.8 Qt/person) and increased climate change impact associated Risks.  
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Data analysis  

Descriptive analysis   

The identified and collected data were analyzed using descriptive statistics; which includes frequency, percentage 

and mean emphasizing on the aspect of the data that helps to compare results with ground reality and some other 

study evidences. In this regard, primary data that are related to perceived impact of climate change were analyzed 

using descriptive statistical tools across the selected two agro-ecologies based on some selected vulnerability 

criterion, where the processed data were summarized and presented in tabular formats. 

Indexing and Inferential Methods  

Index Model for Vulnerability Components Analysis  

This section highlights the approaches that were adopted to compute the vulnerability major components 

(sensitivity, exposure and adaptive capacity) separately before the aggregated vulnerability analyses. In this 

context, the collected data were analyzed based on the index formula suggested by Nasir et al. (2014), which was 

employed to determine the adaptation of introduced strategies and innovations in the study community. The model 

specification is a composite of the summarized components and variables shown below (Formula 1): 

𝐴𝑆𝐼 = 𝐴𝑆𝑛 × 0 + Asl × +Asm × 2 + Ash × 3                                                                                            (1) 

  Where, ASI =  Aggregated Adaptation Strategy Index                                                                      
Asn =  Frequency of farmers rating the strategy as having none … … … … … … . … . (0) 

 Asl =  Frequency of farmers rating the strategy as having low level … . … … … … . . (1) 
Asm =  Frequency of farmers rating the strategy as having medium level … . . … … (2) 
Ash =  Frequency of farmers rating the strategy as having high level … . . … . . … … . (3)    

The respondents have been managed to rate present-day status comparing with previous times situation, to generate 

information over time and they were expected to assign a scoring value on a four-point scale for each indicator in 

respective of each major component and strategy in viewpoint of ranking. The four-point scales represent as high, 

moderate, low and negligible in which these ranking levels were represented by 3,2,1 and 0 numerical values, 

respectively. The acquired data were assessed quantitatively to produces a description related to major 

vulnerability components from the viewpoint of the respondents which can be presented for each respondent and 

in aggregate form. The collected data were properly coded and analyzed quantitatively and the results interpreted 

to draw relevant conclusion that enable the investigator to generate the reliable evidence to encompass the policy 

recommendations. In this aspect, the score of each variable rating level were summarized and finally aggregated 

from which the percentage was calculated considering the assumed highest score if all respondents (farmers) rate 

a particular indicator three (3 point) which is simply 600 for highland and 630 points for lowland agro-ecology, 

respectively for strategies and variables ranking.  

Index Model for Livelihoods’ Vulnerability Analysis  

In several contexts, climate impact vulnerability is an important aspect of climate change studies which stimulated 

the selection of Vulnerability analytical model for current study. Based on Adu (2013), IPCC Livelihood 

Vulnerability Index (IPCC-LVI) technique was used to determine the overall livelihoods vulnerability to climate 

change impacts. The below (formula 2) is a working equation which indicates the function of the major 

components:  

Vulnerability = f(Exposure, Sensitivity, Adaptive Capacity)                                                           (2) 

 The frequently employed procedure to assess vulnerability is the vulnerability index grounded on specifically 

defined combinations of indicators (Adu, 2013). Accordingly, each of the vulnerability’s major component 

(exposure, sensitivity, and adaptive capacity) usually have sub-components and these components were 

standardized where average weight of the components were used. To analyze the index of each indicator, it is 

required to standardize the measurements of each indicator (making unit free), where the following model has 

been selected and employed to execute the standardization of particular measurement (equation 3).  

     

Indexshi=   Sh-Smin                                                                                                                                  (3) 

               SMax-Smin 

Where Sh is an observed sub-component of particular indicator for I household and Smin and Smax are identified 

minimum and maximum values of indicators, respectively for specific sub-component. After each indicator has 

been standardized, the sub-component indicators were averaged using below equation (formula 4). 

Mh=
                                                                                                                                                                                        (4)

 

where Mh is one of the eight major components of vulnerability Livelihood Strategies (LS), Socio-Demographic 

Profile (SDP), Health (H), Social Network (SN), Water (W), Food (F) and Natural Disaster (ND), or Climate 

Variability (CV)] for household and the indexshi were assumed to characterize sub-components which is commonly 

indexed by i, that makes up each major component, and n is the number of sub-components in each major 

component (Hahn, 2008). Then, the working equation to estimate the livelihoods vulnerability based on the IPCC 

framework is: 
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LVI-IPCC= (Exposure-Adaptive capacity) * Sensitivity                                                                             (5) 

 Generally, livelihoods vulnerability components (major and sub-components) and indexing procedures for each 

component were adapted from IPCC framework. Commonly, several researchers converge to common 

components and indexing approach adopted from IPCC, where eight major components with 35 sub-components 

were identified for the study of livelihoods vulnerability. Specifically, Thi et al. (2024), Tran, et al. (2023) and 

Septri et al. (2024) approaches were adopted as the reference in this particular study to determine overall 

livelihoods’ vulnerability in the study community. 

Tobit Regression Model to Assess Determinants of Livelihood Vulnerability 

The determinants of livelihood vulnerability to climate change impacts were analyzed using the Tobit regression 

model. In this regard, Weather-related variables (average, standard deviation, and coefficient of variation for 

rainfall and maximum temperature) were used directly in the Tobit regression analysis. Due to multicollinearity 

effect that was observed among the variables, minimum temperature variable was excluded from the model, while 

the indexed value was used for model estimation. The Tobit model was adopted from Bierens (2004) and the 

selected model can be expressed as: 

                   (6) 

Where  is a latent variable denoting the vulnerability of ith household to climate change. In addition, j is the 

number of variables in each variable category. , ,  and are the independent variables for social, economic, 

institutional, and environmental variables, respectively, with , , , and as the estimated parameters. The 

model’s error term   usually assumed to be the independent N(0; σ2) distributed conditionally on independent 

variables. 

 

RESULTS AND DISCUSSION  

Perceived level of Livelihoods vulnerability to climate change impacts 

Table 1 below illuminates that majority of respondents perceived the level of climate change impact vulnerability 

as moderate level in both highland and lowland agro-ecology. However, comparatively the proportion of 

respondents that indicates the moderate level of vulnerability for highland agro-ecology is slightly higher (63.5%) 

than lowland (59%) agro-ecology, while in the case of lowland areas, the second majority (33.8%) perceived high 

level of community vulnerability as compared to only negligible proportion of the respondent from highland agro-

ecology indicating that serious situation in the lowland farming system of the study community.  
 

Table 1. Perceived level of vulnerability to climate change impact in the study Community 

 

No 

 

Perceived level of Vulnerability  

Highland Lowland Total 

Actual % Actual % Actual % 

1 Highly  Vulnerable  2 1.0 71 33.8 73 17.8 

2 Moderately Vulnerable   127 63.5 124 59.0 251 61.2 

3 Less vulnerable   58 29.0 15 7.2 73 17.8 

4 Negligibly vulnerable   13 6.5 - - 13 3.2 

 Total  200 100.0 210 100 410 100.0 

 

In addition to perceived level of vulnerability analysis, three vulnerabilities components were separately analyzed 

using respective indicators where the results presented in below four Tables (Table 2, 3, 4 and 5) including the 

perceived level of vulnerability. Among these, Table 2 was established based on IPCC-LVI sensitivity indicators 

which show the aggregated score below average (45%) for highland and above average (74.1%) for lowland agro-

ecology which clearly indicates highest degree of sensitivity at lowland area compared with highland farming 

system. Specifically, the declining trend of livestock productivity appeared the highest (78.7%) score, which 

followed by the decline of productive farm land used for seasonal crops that rated the next top score (78.3%) in 

the lowland block.  
 

Table 2. Perceived sensitivity of farm livelihood in context of climate change impact  

 

Category of the effect indicators 

Highland Agro-ecology Lowland Agro-ecology 

3 2 1 Total % 3 2 1 Total % 

Productive crop   Land decrease  81 168 18 267 44.5 336 126 31 493 78.3 

Crops production decrease over time  51 144 41 236 39.3 207 196 39 442 70.2 

Loss of crops varieties over time  90 174 31 293 48.8 222 224 19 465 73.8 

Livestock number decrease over years  66 170 60 296 49.3 234 210 24 468 74.3 

Livestock productivity declined 78 92 59 229 38.2 312 156 26 496 78.7 

Livestock production decrease 75 186 45 306 51.0 219 224 19 462 73.3 

Declining  of  biodiversity  30 154 80 264 44.0 192 216 34 442 70.2 

Average     270 45.0    467 74.1 
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On the other hand, the highest score which explains declining trend of livestock production in the highland area is 

about the average (51%) indicating the larger disparity between the highest score of the lowland (73.3%) and 

highland agro-ecology. Generally, the sensitivity indicators rating scores shows that the lowland farming business 

is operating within the sensitive situation which is alarming situation for policy makers and producers to look for 

better adaptation and mitigation strategies. Table presented below (Table 3) was established based on IPCC-LVI 

Exposure indicators with an intention to show the degree to what extent the community is exposed to bad climate 

condition and weather variability in the past ten years which ultimately leads to climate change impacts and related 

risks. According to analyzed and interpreted survey data, among the selected seven indicators, frequent weather 

variability and change found to be highest (84%) in rating score in the lowland areas, while the increased 

agricultural pest incidence indicator scored highest (65.8%) within the highland agro-ecology. 
 

Table 3. Exposure indicators and rating in respective of study community  

 

Categories of effect indicator  

      Highland Agro-ecology        Lowland Agro-ecology 

3 2 1 Tota

l  

% 3 2 1 Tota

l  

% 

Frequency of weather variability increased    21 262 52 335 55.8 357 162 10 529 84.0 

Water availability and supply declining  171 158 54 383 63.8 234 226 19 479 76.0 

shortage of irrigation water source  261 64 49 374 62.3 237 158 42 437 69.4 

Drought frequency increased in10 years 15 140 45 200 33.3 330 162 18 510 81.0 

Rain shortage frequency increasing   27 124 83 234 39.0 324 164 19 507 80.5 

Agricultural  pest incidence  increased  204 138 53 395 65.8 342 146 22 510 81.0 

Family Natural resource  reduced  168 146 55 369 61.5 159 246 34 439 69.7 

Average  327 54.5  487 77.3 

 

An aggregated score of exposure indicators for highland agro-ecology is about average level (54.5%) when 

compared with the highest score (77.3%) of the lowland agro-ecology situation indicating harmful situation which 

necessitates new strategies and approaches to divert the negative consequence of climate changes impacts and 

related threats in context of lowland community and ecosystem. Furthermore, the result summarized in Table 4 

was handled based on the IPCC framework vulnerability indicators with the intention to show the perceived degree 

to what extent a particular community is susceptible to resultant effect of climate change expressed in context of 

seasonal weather variability in past cropping seasons which eventually leads to social in security and disorder in 

the exposed community. Among the selected eleven vulnerability indicators, the danger related to agricultural 

production found to be the highest rated indicators (87.3%) in lowland block compared with the score of the same 

indicators rated relatevly low (56 %) in context of highland agro-ecology.  

 
Table 4. Livelihoods Vulnerability indicators and rating  

 

Vulnerability Indicators  

Highland Agro-ecology Lowland Agro-ecology 

3 2 1 Total % 3 2 1 Total % 

Agricultural production in danger  126 190 20 336 56.0 372 138 14 524 87.3 

Lack of weather early warning  60 168 51 279 46.5 150 248 27 425 70.8 

Frequent change of crops choice  144 166 51 361 60.2 96 284 30 410 68.3 

Shortage of potable water  132 128 37 297 49.5 234 202 18 454 75.7 

Shortage of Irrigation & facilities   261 86 53 400 66.7 270 138 40 448 74.7 

Small farm landholding  39 132 73 244 40.7 153 150 49 352 58.7 

Poor access to extension services  45 116 119 280 46.7 213 168 36 417 69.5 

Dependency on outsider 75 120 52 247 41.2 93 154 69 316 52.7 

Inadequate access to credit service 48 102 106 256 42.7 84 200 52 336 56.0 

Inadequate access to CC training 24 152 101 277 46.2 96 212 58 366 61.0 

Lack of private land for family 90 122 73 285 47.5 93 190 69 352 58.7 

Average     297 49.0    400 66.7 

 

The aggregated vulnerability score found to be about average (49%) from bottom line for highland agro-ecology, 

while the lowland score (66.7%) is relatively higher and above average when compared with highland agro-

ecology score. On the other hand, climate change and weather variability do affect the social, economic and natural 

environments of the community which in real sense depend upon the adaptive capacity of the individuals and the 

community.  

Practically, the adaptive capacity of the community is the function of livelihoods, resources and technical 

dimensions of the community and service delivery system to influence the impact of climate change in a positive 

manner. In context of this study, IPCC-LVI adaptive capacity indicators adopted and employed to determine the 

most impacting factors in context of study community and Table 5 shows the summary of the results against each 

indicator and disaggregated results based on the respondents’ rating score which indicates overall adaptive capacity 

of the community and to identify the most leading determinant factors. The data presented below in Table 5, shows 

that for highland agro-ecology exposure to extension service is the most important variable which better scored 
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(63.5%) followed by Technical capacity of the community to manage the adaptation and mitigation strategies and 

agricultural livelihood diversification with 58.7% and 58.5%, respectively. However, the majority (62.5%) of the 

selected adaptive capacity components rated within the range of the average level score (about 50%) by the 

respondents indicating that the moderate level adaptive capacity of the community and the systems to withstand 

the climate change related shocks and associated risks.    

 
Table 5. Community Level Adaptive Capacity to Manage Climate Change Impacts  

 

Category of the indicators 

Highland Agro-ecology Lowland Agro-ecology 

3 2 1 Total  % 3 2 1 Total  % 

Agriculture livelihood Diversification  102 172 77 351 58.5 99 260 44 403 64.0 

Non-farm income diversification  15 76 84 175 29.2 39 190 60 289 45.9 

Family wealth ( Assets)  63 134 95 292 48.7 30 142 71 243 38.6 

 Family level yearly income  54 200 69 323 53.8 30 216 75 321 51.0 

Improved agricultural technology  105 152 80 337 56.2 69 170 102 341 54.1 

Technical capacity to manage adaptation  99 194 59 352 58.7 54 178 84 316 50.2 

Exposure to techniques and technology 108 126 91 325 54.2 60 194 85 339 53.8 

Exposure to extension service  129 202 50 381 63.5 63 242 59 364 57.8 

Average     317 52.8    327 51.9 

 

 Similarly, the most important component for the lowland agro-ecology found to be agricultural livelihood 

diversification (64%), while the exposure to extension service (57.8%) and use of improved agricultural 

technology (54.1%) rated 2nd and 3rd level respectively in the lowland blocks of the study community. Likewise, 

the majority of the adaptive capacity components (62.5%) rated average level by survey respondents which shows 

similar trend with highland agro-ecology indicating the moderate level adaptive capacity of the community in the 

lowland study area and community. In these selected two agro-ecology, the overall and aggregated rating score 

found to be within the average range with slightly small difference, that is about 53% and 52% for highland and 

lowland agro-ecology, respectively, showing moderate level adaptive capacity of the study community and overall 

system. Therefore, the ability of the study community to adjust to climate change including weather variability 

and extreme to moderate the potential damage or to cope with consequences of climate change seems to be about 

average which needs strategies to improve the adaptive capacity to higher level so that the system remains 

sustainable in all aspects against climate change impacts and associated consequences.  

Livelihoods Vulnerability and Determinants   

Under this sub-section, Livelihood vulnerability indexing was based on the measurement of eight major 

components and thirty-five sub components which ultimately contributes to the indexed value of three (exposure, 

Sensitivity and adaptive capacity) vulnerability components where accordingly the results summarized in the 

below Table 6 and presented in respective of the two study agro-ecologies. From Table 6, the aggregated LVI 

values were found to be 0.459 and 0.556 for highland and lowland agro-ecology, respectively, indicating a bottom 

level moderate vulnerability to the impact of climate change for highland areas and above moderate level 

vulnerability of lowland livelihoods vulnerability to the impact of climate change associated risks. 

 
Table 6. Livelihood Vulnerability situation in the study survey community 

Indicators Number of Major 

components  

Number of sub 

components 

Major component index value 

Highland Lowland 

Adaptive capacity 3 12 0.444 0.525 

Sensitivity 3 15 0.485 0.542 

Exposure  2 8 0.448 0.601 

Total  8 35 1.377 1.668 

Livelihood Vulnerability Index (LVI)  0.459 0.556 

IPCC -LVI  (e-a)*S  0.002 0.041 

 

The three contributing factors, that are adaptive capacity, sensitivity and exposure to natural disasters contributes 
relatively closer impacts for highland agro-ecology vulnerability, while the variation among the contributing 

factors are larger for lowland agro-ecology area as compared to the highland community situation. According to 

the findings, lowland livelihoods are highly vulnerable to climate change as identified by high index value of 

exposure (0.601) and relatively low (0.525) adaptive capacity. The sensitivity index for the lowlands is 0.542, 

while 0.485 for the highlands. For the highlands, adaptive capacity is 0.444 indicating below average level. In this 

regard, Ebrahim, et.al.(2022) identified that comparatively the Kolla (lowland area) as the most vulnerable (0.18) 

as the result of its highest exposure (0.74) and sensitivity (0.71) and lowest adaptive capacity (0.49), while Daga 

(highland area) is least vulnerable (0.08) because of its lowest exposure (0.61) and sensitivity (0.42); but the 

majority of findings mentioned in this study indicate highest vulnerability as compared to our finding in context 

of livelihoods vulnerability.    
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Relative to our findings, Getnet et.al.(2022) identified slightly highest vulnerability score (0.64) for households 

residing in lowland, followed by those of households in the highland (0.61) and midland (0.54) agro-ecologies in 

context of the same scenario which all of these findings (0.601) are slightly higher than the result of current 

findings. According to these authors, these findings are explained by the average score of the exposure index value 

of 0.46, 0.44, and 0.38 for the lowland, highland, and midland agro-ecological zones, respectively, suggesting a 

greater exposure of lowland communities to climatic risk than highland and midland community. In this regard, 

in the study conducted in Ethiopia, Dendir and Simane (2019), asserted relatively higher overall livelihoods 

vulnerability score for Sodo lowland (0.39) as compared to Cheha midland (0.356) and Ezha highland (0.379), 

indicating relatively moderate vulnerability of the locality to climate change. Furthermore, Javeed (2022) 

conducted the LVI analysis in context of two study areas in India without referring the agro-ecology, where he 

observed the index score of 0.413 in Doda and 0.408 for Bhaderwah with overall vulnerability index score of 

0.411, indicating moderate vulnerability i.e.  closely similar with findings of this study. 

In generalized scenario, farming in the study communities is mainly dependent on rainfall amount and 

distribution that fit the requirement of crops to mature and livestock production.  The rainfall variability, especially 

deficit rainfall as well as poor distribution increase the vulnerability of the livelihoods in the study community 

resulting from poor productivity and low production from per-unit of land. As the result, the highest value of 

exposure (0.601) for lowland agro-ecology indicates the degree of burden that the local community is confronting 

along the process of daily livelihoods making. On the other hand, the analyzed data results related to determinants 

of vulnerability to climate change impact are presented in the below figure (Figure 2 presents aggregated results 

for highland and lowland agro-ecologies in perspective of eight components) with intention to show the most 

contributing, moderate and least contributing factors in respective of each indicator and ultimately to overall 

livelihood vulnerability.  

 

 
Figure 2. Vulnerability Contributing Variables 

 

Based on extent studies and IPCC frameworks, there are eight major components and thirty-five sub-components 

which contribute to respective major components were selected in this study where all specified sub-components 

were indexed and the summarized results were presented and discussed under below section based on the Figure 

2 Above which indicates the value of each component. 

Socio-demographic component:- According to IPCC framework, socio-demographic component is among the 

components significantly contributing to adaptive capacity of the households and ultimately the community’s 

vulnerability. In this aspect, the sub-components of this major component are dependence ratio, female headed 

households, head of household with no formal education, which each of them indexed based on respective 

measurement and major component value summarized from these indices. From Figure 2, the overall major 

component value for socio-demographic variable was found within the values considered as lower for both 

highland and lowland agro-ecology with the vulnerability score of 0.315 and 0.365, respectively, with insignificant 

difference between the two agro-ecologies. This study identified slightly lower vulnerability as compared to the 
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finding of Ebrahim, Miheretu and Alemayehu (2022), who revealed Kolla (Lowland) as most vulnerable (0.47) 

followed by the highland (0.39), and intermediate highland (0.38) in the context of study community. In 

comparison, Javeed (2022) asserted vulnerability index value of 0.365 (36.5%) in Doda (India); indicating 

moderate vulnerability whereas 0.363 (36.3%) in Bhaderwah which means vulnerability is just approaching 

moderate level. Furthermore, Dendir and Simane (2019), also asserted vulnerability value closer to Ezha with a 

weighted average of 0.35 point, that followed by 0.3-point score in Cheha and similar 0.3-point score in Sodo, 

which are representatives of the highland, midland and lowland parts of the locality, respectively; the result of 

which is similar with current finding. 

Livelihood strategies:- In context of Livelihoods strategies, the findings of this study show that the livelihood 

strategies as the major component contributes moderate level (0.467) to climate change impact vulnerability for 

lowland area which is slightly higher than the highland contribution value (0.388) showing highly significance of 

this major component in the climate change impact vulnerability in the lowlands, compared with highland farming 

system. In this regard, Javeed (2022), further revealed the vulnerability index score of 0.290 (29%) for Doda and 

0.273 (27.3%) for Bhaderwah block indicating low vulnerability level in both blocks which are by far less 

vulnerable as compared to the current study findings. Similar study by Dendir and Simane (2019) summarized 

aggregated average score for livelihood strategies indicator, where both Cheha (midland) and Sodo (lowland) 

districts showed greater vulnerability of 0.43 and 0.41, respectively. 

Social network:- The indices and the summary of the result show extremely higher (0.744) in context of lowland 

farm households and also slightly higher than the value (0.629) reported for the highland. Justifiably, the 

contribution of this component for highland agro-ecology is the highest of all other remaining components within 

the same agro-ecology and the second highest when compared with the score of other components within the agro-

ecology of lowland area. Generally, this finding indicated relatively stronger social network score in lowland agro-

ecology, as compare to findings of Ebrahim, Miheretu and Alemayehu (2022), who noted index value score of 

0.61, 0.53 and 0.63 for lowland, intermediate highland and highland respectively for social networks component. 

However, the findings of these authors in context of the social network was closely similar with findings reported 

concerning highland community in current study. Again, according to Getnet, Menberu and Linger (2022), the 

social capital components have the highest index value in the midland (0.35), followed by highland (0.34) and 

lowland (0.33) agro-ecosystems, where the lowest level of index value in terms of social network support in 

lowland agro-ecology is due to farmers’ lack of credit access, which may impede the adoption of improved 

agricultural technologies and farm inputs. Furthermore, in terms of social network component, Dendir and Simane 

(2019), reported the more index value in Ezha highland (0.49) as compared to Sodo (0.45) and Cheha (0.42)  scores 

which in real scenario significantly lower as compared to the findings reported in context of highland and lowland 

community in the current study. 

Health:-  The finding of this study reveals the highest contribution (0.803) at lowland, while moderate effect 

(0.540) at highland agro-ecology for the sensitivity indicator that manifested in context of health. Similarly, Javeed 

(2022) reported vulnerability index score of 0.497 (49.7%) for Doda and 0.487 (48.7%) Bhaderwah study sites 

without specifying the nature of agro-ecology. Furthermore, Dendir and Simane (2019) found more index score 

of Ezha highland with a weighted contiribution score of 0.33, while Cheha midland (0.23) showed less contribution 

to vulnerability; the results of which were significantly lower.  

Food:- Generally, the indexed value of this major component is lower at both (highland and lowland) areas of the 

study. Specifically, the lowest (0.215) score for lowland agro-ecology indicates the insignificant contribution of 

this particular component to its vulnerability component. However, relatively higher index score (0.336) observed 

at highland which illustrate significant contribution of this component in context of highlanders compared with 

lowland situation. Overall, the lower score identified in both cases (highland and lowland) in context of this 

component are not a granting condition for farm households which adversely affecting the whole system of 

community like change of life style, migration within and outside the country deepening the instability of social 

system and livelihoods ultimately leading to chronic vulnerability of the community. Furthermore, Ebrahim, 

Miheretu and Alemayehu (2022) conducted and summarized study results which divulged Kolla (0.42) is more 

vulnerable while Woina-Dega (midland) is less vulnerable (0.34) and Daga (highland) is moderate (0.38) in terms 

of food major component indicators. Similarly, the study conducted by Dendir and Simane (2019) in Ethiopia, 

revealed that Sodo lowland was found to be more vulnerable in context of food component (0.47) as compared to 

the vulnerability score of Cheha (0.35) and Ezha (0.33) districts. 

Water:- Water aspect as major component of sensitivity consists of five sub components, namely conflict over the 

water resources, sustainability of water supply for household consumption and time taken to access water sources 

in the community. An indices summary of this major component indicates above average score which is an 

indication of testing situation in highland and lowland agro-ecology. However, an indexed score of the highland 

(0.573) is closer to moderate relative to the lowland score (0.607), which require the adequate attention and 

emphasis to maintain sustainable life and livelihoods of the community. With regard to this, Getnet, Menberu and 

Linger (2022), reported extremely highest vulnerability index score of the water resources (0.97) for the lowland; 

indicating relatively more vulnerability of lowland community as compare to highland (0.91) and midland (0.70) 



 

Gerishu. B.W. Assessing determinants of livelihood vulnerability Int. J. Agric. Environ. Food Sci. 2025; 9 (2): 283-295 

 
 

 292 

agro-ecology. Again, according to Dendir and Simane (2019), the LVI score showed below average score for Sodo 

lowland district but revealed more vulnerability of this area (0.46) than Ezha (0.37) and Cheha (0.33) districts 

which are representatives of midland and highland, respectively.  

Natural disasters:-  The overall vulnerability contribution score of highland agro-ecology seems within the bottom 

range of moderate (0.431) in context of water showing relatively moderate vulnerability, while aggregated score 

of lowland area illustrates the upper level moderate (0.517) which is closer to unsafe range when considered 

climate change vulnerability categories. In comparison, Javeed (2022), found 0.206 (20.6%) vulnerability index 

score for Doda and 0.28 (28%) in Bhaderwah study area indicating low vulnerability level in both study area as 

compare to current study findings in context of natural disasters scenario.  

Climate change associated Risks:- The result of analysis shows that bottom range moderate (0.464) for highland 

agro-ecology and as expected the highest score (0.684) was obtained for lowland agro-ecology. The finding of this 

component is lower when compared with the findings of Ebrahim, Miheretu and Alemayehu (2022), who indicated 

vulnerability index score of 0.98 in Kolla (lowland), 0.98 in Woyina Daga (midland) and 0.9 in Daga (highland) 

which are extremely higher as compare to the score of current study findings. 

Assessments of Livelihood Vulnerability Determinants using Tobit Regression   

The aggregated data (merged highland and lowland agro-ecology data) were used to analyze the determinants of 

livelihoods vulnerability using Tobit model. The indexed value of vulnerability component indicators scores have 

been taken as a dependent variable, while socio-economic, technological variables and weather related parameters 

presented in the below Table 7, are considered as independent variables.   

   In this regard, vulnerability indicator components (exposure, sensitivity and adaptive capacity) scores were 

indexed using the Principal Component Analysis (PCA) and indexed value of those variables has been taken as 

dependent variables in Tobit regression analysis. Similarly, CSA practices rates of adoption and minimum 

temperature parameters were indexed using the same technique (PCA) in order to reduce the dimension of 

variables score to a single variable, where the indexed values were used as independent variables in the selected 

model. In this regard, rainfall and maximum temperature parameters were used directly in Tobit regression 

analysis, while based on the multicollinearity effect observed in the process of data analysis and management, 

minimum temperature parameters were indexed using PCA technique.  

 
Table 7. Tobit Regression Analysis to determine Determinant of livelihoods Vulnerability   

 

Explanatory variables 

Inferential statistics 

Coefficient  Std. Err      t-value p>/t/ 

Agro-ecology -3.830 4.662 -0.820 0.412 

Age of the Respondents  -0.067 0.015 -4.460 0.000*** 

Education level of Households head 0.164 0.120 1.360 0.175 

Family size of Households  0.175 0.056 3.140 0.002** 

Crop diversification -0.003 0.102 0.030 0.979 

Alternative income source  -0.935 0.297 3.150 0.002** 

Livelihood diversification -0.330 0.129 2.570 0.011** 

Drought frequency 0.419 0.106 3.970 0.000*** 

Farm size of Households  -0.032 0.090 -0.360 0.720 

Extension Support -0.105 0.182 0.580 0.565 

Credit Support  0.882 0.255 3.450 0.001*** 

Rainfall mean -0.018 0.010 -1.830 0.068* 

Rainfall standard deviation 0.173 0.166 1.040 0.300 

Rainfall coefficient of variation (CV) 100.380 84.628 -1.190 0.236 

Maximum Temperature Mean 0.449 0.640 0.700 0.483 

Max Temp Coefficient of Variation (CV) 121.207 136.916 -0.890 0.377 

Minimum Temperature Index -0.027 0.299 -0.090 0.929 

CSA Practices adoption Index -0.057 0.124 -0.460 0.647 

Constant  0.725 18.067 0.040 0.968 

Log Likelihood --------------------------------- 910.078 

LR chi-square  (X2) ---------------------------- 133.030 

Prob>chi-Square (X2) -----------------------------0.000  

Pseudo R2 ------------------------------------------0.068 

   

 

Among the effect of socio-economic indicators emphasized in the study, only the effect of family size and 

education level  of households on livelihoods vulnerability was found to have positive influence indicating that as 

these particular variables increase in respective measurement scale, the resultant effect tends to increase 

households’ livelihood vulnerability in context of climate change impact. In this regard, a unit increases in the 

scale of family size in particular household, tends to increase the vulnerability of the households by a factor of 
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0.175 which is statistically significant at 1% significance level. On the ather hand, the age of households heads 

found negative indicating that a unit increase in the measurement of households’ head age tends to reduce the 

households’ vulnerability to climate change impacts by a factor of 0.067 which is statistically significant at 1% 

significance level. These findings are somewhat consistent with other research findings, like Arega (2013), who 

asserted that an increase in family size of household heads tends to increase the odds of a household being 

vulnerable in the circumstance of climate change and weather variability. As presented in Table 7, among the two 

institutional supports included in this analysis (extension and credit), dummy credit accessibility and supports was 

found positive association with climate change related livelihoods vulnerability, indicating that respondents with 

adequate accessibility to credit had a higher likelihood of increasing the vulnerability to climate change by about 

factor of 0.88 point, which is statistically significant at 1% significance level, while the effect of extension support 

found statistically insignificant. Trustfully speaking, this result contradicts the findings of Arega (2013), who 

suggested that in context of drought-prone areas of Ethiopia where crop production is extremely affected by 

amount and sequential distribution of precipitation, access to credit enhanced seasonal food shortage of the 

households and assists in diversifying the livelihood options to cope with the resultant negative impacts of weather 

variability and climate change. 

More importantly, almost all diversification approaches (crops, income sources and livelihoods diversification) 

found to reduce the livelihoods vulnerability related to prevailing climate change and linked impacts in the study 

community circumstances. Accordingly, income diversification and livelihoods diversification reduce the level of 

livelihoods vulnerability by a factor of 0.94 and 0.33, respectively, in the scale of livelihoods vulnerability 

measurement and the effect of these variables are significant at 1% and 5% level, respectively.  

Regarding to weather factors, the majority of selected weather related parameters, such as  rainfall mean 

standard deviation, rainfall coefficient of Variation (CV), maximum temperature mean and maximum temperature 

coefficient of variation (CV) found positive association with livelihoods vulnerability to climate change, indicating 

that a unit increase in particular weather parameters mentioned above tends to increases the likelihoods of the 

livelihoods vulnerability with the proportional amount of coefficient mentioned in respective of variables indicated 

in the Table 7 above, but the effect of majority found statistically insignificant except mean rainfall which found 

statistically significant. Specifically regarding rainfall, a unit increase in mean rainfall tends to reduce the level of 

livelihoods vulnerability to changing in climate parameters by a factor of 0.018 in the scale of livelihoods 

vulnerability and statistically significant at 10% significance level. In Similar manner, the effect of drought 

frequency was found positive to livelihoods vulnerability asserting an increase in the frequency of drought tends 

to increase the level of livelihoods vulnerability by a factor of about 0.42 point indicating the significant impact 

of drought on community livelihoods vulnerability and ultimately on the national economy, where the effect is 

significant at 1% significance level.  

 

CONCLUSION AND RECOMMENDATION  

The findings from primary data analysis and literatures review indicate significant impact of climate change on 

the livelihood of community and apparent in terms of economic burden and social instability which leads to food 

insecurity, where this was found to be more pronounced in lowland drought prone areas of the study. Specifically, 

about 95% of respondent perceived climate change associated impact as the major threat of community’s 

livelihoods and majority of respondents’ reported that natural resource which mainly farmland is suffering very 

severe problem as the result of climate change leading to low productivity.  

Accordingly, the Livelihoods vulnerability diagnostics conducted indicate the average level of vulnerability, 

where comparatively lowland area livelihoods are highly vulnerable to climate change impacts and associated 

risks. More importantly, of total respondents, the majority perceived negative impact of climate change on 

community livelihoods as compare to positive influence and revealed that most practiced livelihoods are 

vulnerable to climate change associated risks. On the other hand, it was asserted by majority of respondents and 

secondary data, the most frequent natural disasters (drought and over flooding) are already identified as the major 

source of crisis leading to incompetence of the individuals in respective of livelihoods performance. Specifically, 

of total respondents in the lowland community, relatively the majority (about 53%) revealed drought occurrence 

more than 3 times in the past six cropping years, where about 95% of households reported serious crop related 

livelihood damage as the result of drought disaster.  

From the total of highland respondent, 52% are severely dependent on natural resource exploitation during 

food shortage which practically leads to natural resource degradation leading to environmental calamity. On the 

other hand, the ability of the community to moderate the potential risks (adaptive capacity) found to be about 

average (overall about 53 % and 52% for highland and lowland, respectively) which need adequate effort to 

improve to higher level so that the system can sustainably manage the climate change impacts and related 

consequences. Additionally, the empirical evidences of research findings, suggest that global warming resulting 

from climate change is already affecting and will continue to affect the agro-ecological suitability required for the 

development of agricultural sectors which requires the adoption and sustainability of the adaptation and mitigation 

strategies in the farming community. 
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Commonly, adaptation strategy adoption only can be realized through adequate adaptive capacity of the system 

which resulted from the compounded effect of interacting sub-components along the production value chain in 

context of agriculture. However, the results of the study indicate unpromising system level adaptive capacity 

resulting from in adequate technical capacity, limited technological and institutional support to the farmers which 

commonly resulted from inadequacy of the right policy direction and strategies. Accordingly, policy level 

managers and technocrats need to revisit and/or redesign existing policies with its strategies to promote 

economically and environmentally sustainable development approaches emphasizing on the adaptive capacity 

improvement. Additionally, it is pick time for local community to re-emphasize on endogenous knowledge and 

traditional practices promotion to manage and control currently worsening environmental degradation, especially 

deforestation to maintain environmentally sustainable community development.    
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