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Abstract 

Rural households in Ethiopia, specifically in Haramaya District, rely heavily on rain-fed subsistence agriculture for their 

livelihoods. This dependence exposes them to considerable risks associated with climate variability and long-term climatic 

changes. Strengthening the resilience of smallholder farmers therefore requires improving their ability to adopt and implement 

appropriate adaptation measures. This study examines the range of climate change adaptation practices employed by smallholder 

farmers in Haramaya District, located in the Oromia National Regional State, an area highly susceptible to climate-related 

challenges. The analysis draws on both primary and secondary data sources. Primary data were gathered from 189 randomly 

selected farm households using structured questionnaire, and were further enriched through Focus Group Discussions (FGDs) 

and Key Informant Interviews (KIIs). Secondary data was obtained from existing literature and institutional reports. The data 

were analyzed using descriptive statistical techniques alongside a multinomial probit model. The results indicate that smallholder 

farmers employ a variety of adaptation responses to cope with climate change. Among these, changing livestock type was the 

most commonly adopted strategy (22.75%), while changing the planting period was the least practiced (16.40%). Other 

adaptation strategies include soil and water conservation (22.22%), income diversification (20.63%), and cultivating drought-

tolerant crop varieties (17.99%). Furthermore, the multinomial probit model results reveal that several factors significantly 

influence farmers’ adaptation decisions in the study area, such as: age, education level, size of the active labor force, frequency 

of extension contact, access to climate-related information, use of irrigation, livestock holdings, and access to credit. The findings 

underscore the importance of coordinated efforts of regional governments and Non-Governmental Organizations (NGOs) to 

enhance farmers’ adaptive capacity to climate change. Key areas of intervention include improving access to credit services, 

raising climate awareness and strengthening climate information dissemination systems, expanding and improving the 

effectiveness of agricultural extension services, promoting rural education, facilitating adoption of irrigation technologies, 

supporting livelihood diversification through livestock production, and investing in sustainable, long-term climate resilience 

initiatives. 
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1. Introduction 

Agricultural production in Sub-Saharan Africa (SSA) is 

highly dependent on climatic conditions, particularly rainfall, 

which remains a critical determinant of crop productivity. The 

increasing variability and unpredictability in rainfall patterns, 

temperature regimes, and other climatic variables are intensi-

fying globally due to climate change and associated environ-

mental hazards [1]. Climate change is now widely recognized 

as a global phenomenon with profound impacts, dispropor-

tionately affecting rural livelihoods in developing countries, 

where resource-poor households face heightened exposure 

and limited adaptive capacity [2-4]. Empirical studies [5, 6] 

consistently indicate that smallholder farm households in 

these regions are among the most vulnerable to climate-related 

risks and stresses. 

In response to these challenges, farm households in SSA 

implement various climate change adaptation strategies, often 

through autonomous and experience-based decision-making 

processes. These adaptation responses are largely shaped by 

indigenous knowledge systems and traditional practices, with 

relatively low integration of modern technologies [7, 8]. To 

reduce vulnerability and enhance resilience, farmers adopt a 

range of adaptive measures, including adjustments in planting 

dates, adoption of improved and drought-tolerant crop varie-

ties, and crop diversification or substitution [9, 10]. Additional 

adaptation practices include modifying land allocation, crop 

marketing decisions, mulching, application of agrochemicals, 

integration of livestock production, mixed cropping systems, 

and the implementation of soil and water conservation tech-

niques [2, 11]. 

Agriculture is a fundamental pillar of the economies of least 

developed countries, contributing substantially to the national 

Gross Domestic Product (GDP) and sustaining the livelihoods 

of a large portion of the population. Smallholder farmers, who 

are the backbone of agricultural production, depend directly 

or indirectly on farming for income and food security. Ethio-

pia is one of the countries, where agriculture remains the pri-

mary source of economic activity. Smallholder farmers are 

central to the national economy, although their productivity 

potential is often underexploited. These farmers typically 

manage small landholdings, averaging less than 0.9 hectares 

per household, cultivating primarily subsistence crops along-

side one or two cash crops, and relying predominantly on fam-

ily labor [12]. 

According to the report of [13] agriculture accounted for 

34.9% of the Ethiopian economy during the 2017/18 fiscal 

year, contributing 16.5% to GDP growth. This growth was 

largely associated with a 4.7 percent increase in crop produc-

tion of smallholder farmers compared to the preceding year. 

The expansion of smallholder agricultural production at the 

national level has a positive effect on overall economic growth 

and development, highlighting the sector as a foundational 

driver of the country’s Growth and Transformation Plan. 

However, smallholder agriculture faces significant challenges, 

particularly from climate change. In addition to socioeco-

nomic constraints such as endemic poverty, conflicts, and lim-

ited access to capital and global markets, climate change rep-

resents one of the most complex and pressing environmental 

challenges confronting the sector today. Climate change lies 

at the heart of Ethiopia’s transformation agenda, as it is a key 

global concern and the country is highly vulnerable, with lim-

ited capacity for adaptation. Climate change is a natural phe-

nomenon which influences agricultural production and nega-

tive effect on the social and economic activities and lead to 

food insecurity in particular [14]. 

Adaptation strategies represent a critical mechanism for 

mitigating the impacts of climate change on smallholder farm-

ers. Empirical studies indicate that implementing appropriate 

adaptation measures can substantially reduce both the vulner-

ability and severity of climate-induced risks. In the absence of 

adaptation, climate change exerts predominantly adverse ef-

fects on agricultural systems; however, the adoption of con-

text-specific and effective adaptation interventions can mark-

edly enhance resilience [15]. Therefore, promoting and imple-

menting context-specific adaptation strategies is essential to 

sustain agricultural productivity, enhance livelihoods, and en-

sure food security in climate-sensitive regions. 

Numerous studies have investigated climate-related issues 

in Ethiopia, particularly among farmers in the Nile Basin [16-

18]. While these studies offer valuable insights for policy and 

intervention at the micro-level, especially for farmers in simi-

lar socio-economic and climatic contexts, a uniform approach 

is not ideal. The variations in agro-ecological zones necessi-

tate that adaptation strategies be tailored to local contexts. 

Therefore, customizing adaptation strategies to local condi-

tions is critical for effectively mitigating the adverse impacts 

of climate change on smallholder farmers. 

Haramaya District, located in the Eastern Hararghe Zone, 

exhibits high exposure to climate change impacts, experienc-

ing recurrent droughts and erratic rainfall patterns. To date, 

there is a notable gap in the literature regarding empirically 

grounded analyses of adaptation practices among smallholder 

agro-pastoral households in this locality using house-

hold-level survey data. Accordingly, this study aims to iden-

tify the key factors influencing farmers’ choices of adaptation 

strategies. Such strategies are essential for mitigating the ad-

verse impacts of climate change, as they reduce the severity 

of climate-induced losses and contribute to the resilience and 

sustainability of agricultural productivity. Moreover, insights 

into farmers’ perceptions and adaptive responses to climate 

variability are indispensable for the development of effective, 

context-specific adaptation policies and programs. 
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2. Research Methodology 

2.1. Description of the Study Area 

The research was carried out in the rural Kebeles of Ha-

ramaya District, situated in eastern Ethiopia, about 505 km 

from Addis Ababa, the country’s capital. The district shares 

its borders with Kurfa Chele in the south, Kersa in the west, 

Dire Dawa in the north, Kombolcha in the east, and the Harari 

Region in the southeast. Geographically, Haramaya is located 

at approximately 41°59'58" N latitude and 09°24'10" E longi-

tude. Administratively, Haramaya District consists of 34 rural 

Kebeles and 2 urban Kebeles. The elevation of the district 

ranges between 1,900 and 2,450 meters above sea level. This 

altitudinal variation gives rise to three major agro-ecological 

zones: Dega (highland), Woinadega (midland), and Kola 

(lowland). Climatically, the district records an average annual 

rainfall of 74.1 mm and has a mean annual temperature of 

16.9°C. The dry period, defined by monthly rainfall below 30 

mm, typically spans from October to February. The principal 

rainy season (autumn rains) occurs from September to No-

vember, while the shorter spring rains are experienced be-

tween March and May [19]. 

 
Figure 1. Geographical Location of Haramaya District. 

2.2. Sampling Technique and Sample Size 

The research was carried out in Haramaya District, which 

comprises 34 rural Kebeles and two towns. To obtain a repre-

sentative sample, a stratified random sampling technique was 

applied. In the first stage, all Kebeles were grouped into three 

agro-ecological zones: Dega (highland), Woinadega (mid-

land), and Kola (lowland). Subsequently, one Kebele from 

each stratum was randomly selected, namely Gobe Chala 

(highland), Kerensa Sharif Kalid (midland), and Haqa Fila 

(lowland). 

Following this, households within the selected Kebeles 

were chosen at random from the official household lists. The 

allocation of sampled households was determined proportion-

ally to the total number of households in each Kebele: Gobe 

Chala (800 households), Haqa Fila (978 households), and Ke-

rensa Sharif Kalid (673 households). The overall sample size 

was computed using Yamane’s [20] formula with a 7% mar-

gin of error, yielding a total of 189 households. This sampling 
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procedure enhanced the representativeness of the study by ad-

equately capturing variations across the district’s agro-ecolog-

ical zones. 

𝑛 =
𝑁

1+𝑁 (𝑒)2  

n =
2451

1+2451(0.07)2  

n = 189  

Where: 𝑛 denotes the required sample size, 𝑁 represents 

the total number of households (population size), and 𝑒 indi-

cates the desired level of precision. Applying this calculation 

to the total population of 2,451 households yielded a minimum 

sample size of 189 households. 

Table 1. Distribution of sampled households across selected Kebeles. 

Kebeles Sample households Sample size Percentage 

Gobe Chala 800 62 32.5% 

Haqa Fila 978 75 40% 

Kerensa Sharif Kalid 673 52 27.5% 

Total 2451 189 100% 

 

2.3. Data Type and Methods of Data Collection 

This study employed a mixed-methods research design, in-

tegrating both quantitative and qualitative data from primary 

and secondary data sources to examine smallholder farmers’ 

adaptation strategies to climate change in Haramaya District. 

The combined approach allowed for a holistic assessment of 

the implemented adaptation measures and the demographic, 

socio-economic, and institutional determinants shaping farm-

ers’ adaptation decisions. 

Primary data collection involved three complementary 

methods: household surveys, Focus Group Discussions 

(FGDs), and Key Informant Interviews (KIIs). A structured 

questionnaire was administered to 189 households, selected 

randomly to ensure representativeness, and was translated into 

Afan Oromo to facilitate accurate responses. FGDs were or-

ganized within each selected Kebele, with each group com-

prising eight participants reflecting diverse age cohorts, gen-

der, and socio-economic status. The discussions focused on 

farmers’ perceptions of climate variability, including shifts in 

rainfall regimes, temperature anomalies, and the frequency of 

extreme weather events, as well as current coping mechanisms 

and adaptation practices. Additionally, KIIs were conducted 

with 16 stakeholders, including ten community-level key in-

formants (five male and five female farmers), three Kebele-

level Development Agents (DAs), and three district-level ag-

ricultural experts. 

Secondary data were obtained from prior empirical research, 

official government reports, unpublished documents, and pub-

lications from regional, zonal, and district agricultural offices. 

The triangulation of multiple data sources strengthened the va-

lidity and reliability of the study’s findings and provided a nu-

anced understanding of the demographic, institutional, and so-

cio-economic determinants shaping climate change adaptation 

strategies among smallholder farmers. 

2.4. Analytical Methods 

Data collected from both primary and secondary sources 

were analyzed through an integrated approach combining 

qualitative and quantitative methods. This mixed-method ap-

proach facilitated a thorough examination of smallholder 

farmers’ strategies for adapting to climate change, as well as 

the determinants influencing their adoption decisions. 

Qualitative information derived from focus group discus-

sions and key informant interviews was analyzed using the-

matic analysis. The data were systematically coded, organized 

into thematic categories, and interpreted to elucidate farmers’ 

perceptions of climate change, locally implemented adapta-

tion practices, and the contextual factors that shape their se-

lection of adaptation measures. 

Quantitative data were analyzed using descriptive statistics 

alongside an econometric Multinomial Probit (MNP) model. 

Descriptive analyses—including means, percentages, and fre-

quency distributions—summarized the socio-economic pro-

files of sampled households and identified prevalent adapta-

tion strategies. The MNP model was applied to determine the 

key factors influencing farmers’ choices among alternative 

strategies aimed at mitigating the effects of climate change. 

By integrating descriptive statistics, econometric modeling, 

and qualitative insights, the study achieved a comprehensive 

understanding of both observable adaptation patterns and the 
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socio-economic and institutional drivers underlying farmers’ 

adaptation decisions. 

2.5. Multinomial Probit Model Specification 

Smallholder farmers frequently adopt multiple adaptation 

strategies simultaneously to address the variety of risks and 

challenges associated with climate change, rather than de-

pending on a single approach. Analytical tools commonly em-

ployed to model such multi-choice adaptation decisions in-

clude the multinomial logit (MNL) and multinomial probit 

(MNP) models. For instance, Nhemachena and Hassan [21] 

applied the multinomial probit model to explore the factors 

influencing farmers’ adaptation decisions in Southern Africa. 

Nevertheless, many studies on climate change adaptation 

overlook the potential interconnections among different strat-

egies. 

In response to climate-induced pressures, farm households 

often implement a combination of adaptation measures, ena-

bling them to reduce climate-related risks and capitalize on the 

synergies between different practices. Farmers’ adaptation de-

cisions are also path-dependent, implying that earlier re-

sponses to climatic shocks or environmental stressors can 

shape subsequent adaptation choices. As highlighted by [22] 

the simultaneous adoption of multiple strategies indicates that 

these decisions are interrelated, leading to potential correla-

tions in the error terms across the adaptation equations. Ignor-

ing such correlations and analyzing each strategy inde-

pendently may yield biased or inefficient results. To address 

this, the present study utilizes a multinomial probit model to 

identify the factors influencing smallholder farmers’ choices 

of climate change adaptation strategies. 

Following Lin [23], the multinomial probit model is speci-

fied with a single dependent variable, i.e., adaptation strategy, 

and five discrete outcomes: 𝑦1  (changing planting period), 

𝑦2  (soil and water conservation practices), 𝑦3  (changing 

livestock type), 𝑦4  (income source diversification), and 𝑦5 

(growing drought tolerant crops such that: 

𝑦𝑖=1 𝑖𝑓𝛽𝑖𝑥′+𝜀𝑖 > 0 

and 

𝑦𝑖=0 𝑖𝑓 𝛽𝑖𝑥′+𝜀𝑖 ≤ 0 

Where 𝑖 = 1,2,3, … ,189; 𝑥represents a vector of explana-

tory variables; 𝛽1, 𝛽2, 𝛽3, 𝛽4, and 𝛽5  are the corresponding 

parameter vectors; and 𝜀1, 𝜀2, 𝜀3, 𝜀4, and 𝜀5  denote random 

error terms, which are assumed to follow a multivariate nor-

mal distribution with zero mean, unit variance and correlation 

matrix. Accordingly, the dependent variable in the empirical 

estimation of this study is the choice of adaptation decision(s) 

from a set of climate change adaptation measures identified. 

However, the selection of adaptation strategies is influenced 

by multiple socio-economic, demographic, and institutional 

factors. The model is also employed to explore the potential 

trade-offs and synergies among the strategies adopted by 

farmers. By estimating the influence of explanatory variables 

on each adaptation option simultaneously, the approach ac-

counts for correlations among unobserved disturbances and 

captures the interdependencies between the various practices 

implemented by farmers [22]. 

2.6. Definition of Variables and Working 

Hypothesis 

Dependent variable: The dependent variable in this study 

represents the selection of climate change adaptation strate-

gies most commonly employed by smallholder farmers in the 

research area. In accordance with the assumptions of the mul-

tinomial probit model, these choices are treated as mutually 

exclusive. The variable is categorical and encompasses the 

following adaptation options: adjusting planting periods, 

adopting soil and water conservation practices, changing live-

stock types, diversifying income sources, and cultivating 

drought-tolerant crops. 

Explanatory variables: Based on insights from previous 

studies on climate change adaptation, a set of demographics, 

socio-economic, and institutional factors is proposed to influ-

ence smallholder farmers’ decisions in adopting specific ad-

aptation strategies within the study area. 

Table 2. Summary of Variables, Definition, and Measurement. 

Variables Type Definition Measurement 

Dependent variable    

Adaptation strategies to climate change Categorical   

Explanatory variables    

Age Continuous Age of household head Year 

Education level Continuous Education level of household head Class completed 

Access to credit Dummy Access to credit 1 if access; 0 otherwise 

http://www.sciencepg.com/journal/sd


Science Discovery http://www.sciencepg.com/journal/sd 

 

254 

Variables Type Definition Measurement 

Sex Dummy Sex of household head 1 if access; 0 otherwise 

Distance to market Continuous Distance from home to the nearest market kilometre 

Climate information Dummy Access to climate information 1 if access; 0 otherwise 

Cultivated land size Continuous Cultivated land size Hectare 

Household farm income Continuous Annual on-farm income Birr 

Active labor size Continuous Household member whose age is between 15 and 65 Number 

Livestock holding Continuous Total livestock holding TLU 

Irrigation access Dummy Access to irrigation water 1 if access; 0 otherwise 

Extension visits Continuous Extension visits Number of visits 

 

3. Results and Discussion 

This chapter presents the findings of the study on climate 

change adaptation strategies and farmers’ perceptions, based 

on data collected from 189 households, focus group discus-

sions, and key informant interviews. The chapter is structured 

into two main sections: the first outlines the adaptation strate-

gies employed by smallholder farmers in the study area, and 

the second presents the results of econometric analyses iden-

tifying the determinants of these strategies. 

3.1. Households’ Adaptation Strategies to 

Climate Change 

Smallholder farmers are particularly vulnerable to climate 

change, especially in developing regions where agriculture is 

predominantly rain-fed and highly sensitive to climatic varia-

bility. Key challenges affecting agricultural productivity in-

clude shifts in rainfall patterns, prolonged droughts, increas-

ing temperatures, and soil degradation. In response, farmers 

act as proactive agents, adopting various strategies to sustain 

their livelihoods rather than passively confronting these envi-

ronmental stresses. Examining these adaptation practices is 

essential for informing agricultural policy, promoting climate-

resilient development, and designing interventions aligned 

with the realities of rural communities. 

Farmers in the study area were surveyed regarding the 

measures they had implemented to cope with climate-related 

risks. The findings indicate that smallholder farmers are ac-

tively engaged in multiple adaptation practices to mitigate the 

impacts of climate change on their agricultural activities and 

livelihoods. A substantial proportion of respondents reported 

experiencing climate-related challenges in recent years and 

confirmed that they employ a combination of strategies to re-

duce associated risks. 

Among the identified measures, changing livestock types 

was the most frequently adopted strategy, with 43 farmers 

(22.75%) switching to more resilient or drought-tolerant 

breeds. This reflects efforts to address declining availability 

of feed and water resources. Similarly, 42 farmers (22.22%) 

reported utilizing Soil and Water Conservation (SWC) tech-

niques such as terracing, mulching, and water harvesting. 

These interventions indicate an understanding of the im-

portance of preventing soil erosion, conserving moisture, and 

enhancing soil fertility—crucial factors for maintaining agri-

cultural productivity under increasingly variable climatic con-

ditions. 

Additionally, 39 respondents (20.63%) diversified their in-

come sources through off-farm employment, including small-

scale businesses, reducing their reliance on climate-sensitive 

farming. Other commonly reported strategies included culti-

vating drought-tolerant crops (17.99%) and adjusting planting 

schedules (16.40%). Farmers highlighted that drought-re-

sistant crops provide greater reliability under dry conditions 

and shorter growing seasons, whereas altering planting peri-

ods allows them to adapt to the increasingly unpredictable 

timing of rainfall, which has rendered traditional planting cal-

endars less dependable. 

Overall, these results demonstrate that smallholder farmers 

in the study area are highly responsive to climate-related risks. 

Their adaptation decisions are driven by both necessity and 

experiential knowledge, offering critical insights for the de-

velopment of locally relevant support mechanisms and agri-

cultural policies aimed at enhancing resilience to climate 

change. 

Table 3. The widely used adaptation strategies to climate change by 

smallholder farmers. 

Strategies Frequency Percentage 

Change livestock type 43 22.75 

Soil and water conservation 42 22.22 
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Strategies Frequency Percentage 

Income source diversification 39 20.63 

Growing drought tolerant crops 34 17.99 

Changing planting period 31 16.40 

3.2. Econometric Model Results 

3.2.1. Regression Diagnostics 

Before estimating the multinomial probit model, it was es-

sential to identify outliers and assess potential multicollinear-

ity among the explanatory variables. Multicollinearity can 

substantially distort parameter estimates, as the simultaneous 

inclusion of highly correlated variables may either attenuate 

or exaggerate their individual effects. In such cases, the coef-

ficients of interacting variables can provide guidance on 

whether one of the correlated variables should be omitted 

from the model (Kotari, 1990). 

Accordingly, diagnostic tests were conducted prior to 

model estimation to ensure that the underlying assumptions of 

the model were met. The Variance Inflation Factor (VIF) was 

computed for all explanatory variables using SPSS version 20 

to detect potential multicollinearity. All VIF values were 

found to be below the threshold of 10, indicating that multi-

collinearity is unlikely to compromise the reliability of the 

model estimates (Table 4). 

Table 4. Variance Inflation Factor (VIF) for continuous variable. 

Continuous explanatory variable VIF TOL 

Education level 1.80 0.554831 

Extension visits 1.51 0.664000 

Household farm income 1.33 0.753762 

Active labor size 1.31 0.765100 

Cultivated land size 1.19 0.843022 

Age 1.18 0.843921 

Livestock holding 1.10 0.910464 

Distance to market 1.09 0.917724 

Mean VIF 1.31  

In addition, interactions between dummy variables can con-

tribute to multicollinearity. To assess this, contingency coef-

ficients (CC) were computed from the survey data using SPSS 

version 20. The results presented in Table 5 below indicated 

no strong associations among the discrete explanatory varia-

bles, as all coefficients were low (< 0.75). 

Table 5. Contingency Coefficients (CC) for Dummy Variables. 

Dummy explanatory variable Contingency Coefficient (CC) 

Irrigation access 0.196 

Climate information 0.180 

Access to credit 0.107 

Sex 0.043 

3.3.2. Determinants of Farmers Choice of 

Adaptation Strategies to Climate Change 

The multinomial probit model was utilized to assess the in-

fluence of explanatory variables on smallholder farmers’ se-

lection of climate change adaptation strategies, with results 

summarized in Table 6. The model’s overall fit was evaluated 

using the Log-Likelihood Ratio (LR) test, which produced a 

Wald chi² value of 423.21 and a probability value (Prob > chi²) 

of 0.00, indicating strong statistical significance and provides 

a strong fit to the data. The Pseudo R² of 0.73 suggests that 

approximately 73% of the variation in adaptation strategy 

choice is explained by the 12 variables included in the model, 

highlighting the model’s effectiveness in capturing key deter-

minants of households’ adaptation decisions. 

Cross-sectional data obtained from 189 households were 

used to examine the factors influencing the adoption of major 

adaptation strategies, including adjusting planting periods, 

implementing soil and water conservation measures, changing 

livestock types, diversifying income sources, and cultivating 

drought-tolerant crops. The findings reveal that the adoption 

of specific climate change adaptation strategies is influenced 

by a combination of demographic, socio-economic, and insti-

tutional factors. Of the twelve variables incorporated in the 

model, eight were statistically significant. These are age and 

education level of the household head, active labor size, fre-

quency of formal extension services, access to climate infor-

mation, irrigation access, livestock holding, credit access. The 

discussion below focuses solely on the variables that had sig-

nificant effects on the choice of adaptation strategies. 

Age of the household head: As shown in Table 6, the age of 

the household head positively influenced the adoption of strat-

egies such as adjusting planting periods, changing livestock 

types, and diversifying income sources, with significance lev-

els of 5%, 5%, and 1%, respectively. This indicates that older 

household heads are more likely to adopt adaptation measures 

to mitigate the adverse effects of climate change, reflecting 

their accumulated experience and greater familiarity with en-

vironmental variability. The marginal effect results indicate 

that each additional year in the age of the household head in-

creases the probability of adopting specific adaptation strate-

gies—adjusting planting periods, changing livestock type, and 

diversifying income sources—by 0.2%, 0.15%, and 0.12%, 

respectively. These findings align with [21] who emphasize 

the importance of household head age in adaptation decision-
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making. 

Educational level: The table below depicts that the house-

hold head’s education level was a significant factor influenc-

ing the adoption of changes in livestock type as an adaptation 

strategy to climate change, with significance at the 5% level. 

The positive association indicates that more educated farmers 

are more likely to adopt new livestock breeds with high 

drought resistance and other resilient traits, reflecting their 

greater understanding of the potential benefits of adaptation 

measures in coping with climate change and associated risks. 

The model results further indicate that each additional year of 

formal education increases the probability of changing live-

stock type as a climate change adaptation strategy by 1.5%, 

which is consistent with the findings of Hassan and Nhema-

chena [21]. 

Active labor size: According to the model output, the num-

ber of active household members (aged 15–65) had a positive 

and statistically significant influence on both adjusting plant-

ing periods and diversifying income sources, each at the 5% 

probability level. This indicates that households with a larger 

labor force are better positioned to implement labor-intensive 

climate change adaptation strategies. Holding other factors 

constant, each additional active household member increases 

the probability of adopting specific adaptation measures to cli-

mate change, such as modifying planting periods by 3.2% and 

diversifying income sources by 4.6%. 

Access to formal extension services: The model results in-

dicate that households with access to extension services were 

more likely to adopt drought-tolerant crops as a climate 

change adaptation strategy, and it was found to be statistically 

significant at the 5% level (p < 0.05). Marginal effect results 

showed that each additional day of extension visits increases 

the probability of adopting drought-tolerant crops by 3.4%. 

This finding highlights the pivotal role of extension services 

in disseminating information on climate change impacts and 

facilitating the uptake of effective adaptation strategies. 

Strengthening extension systems and ensuring that extension 

agents are well-trained in locally relevant, context-specific ad-

aptation practices is critical for enhancing smallholder resili-

ence [21, 24, 25]. 

Access to climate information: Access to timely and relia-

ble climate information emerged as a critical factor shaping 

farmers’ adaptation decisions in the study area. Households 

that received regular climate updates were more likely to im-

plement specific adaptation strategies, particularly changing 

livestock type and diversifying income sources, both of which 

were statistically significant at the 5% probability level (Table 

6). The marginal effect results further reveal that households 

with access to climate information were more likely to adopt 

changes in livestock type by 0.08% and more likely to diver-

sify income sources by 0.2% compared to those without such 

climate information access, holding other variables constant. 

These results align with findings reported by Alemayehu and 

Bewket [26]. 

Access to information from the national meteorological 

agency played a crucial role in enhancing farmers’ ability to 

adopt suitable climate change adaptation strategies. House-

holds receiving regular weather updates were better posi-

tioned to adjust crop choices, modify planting schedules, and 

plan agricultural activities in response to seasonal and inter-

annual climate variability. This underscores the importance of 

complementing agricultural advice with reliable, locally rele-

vant climate forecasts and extension support to strengthen the 

adaptive capacity and resilience of smallholder farmers. 

Access to irrigation: The influence of irrigation on climate 

change adaptation strategies was found to be mixed. Specifi-

cally, access to irrigation was negatively associated with the 

adoption of Soil and Water Conservation (SWC) practices at 

the 10% significance level, suggesting that irrigated house-

holds were less inclined to implement SWC measures. Con-

versely, irrigation positively influenced the adoption of 

drought-tolerant crops, raising the probability of adoption by 

12.7% relative to households without irrigation. 

Irrigation enables smallholder farmers to offset moisture 

deficits, diversify cropping systems, and sustain agricultural 

productivity under variable climatic conditions. By ensuring a 

reliable water supply, irrigation allows households to cultivate 

consumable crops, enhance overall food security, and main-

tain agricultural production even amidst the challenges posed 

by climate change. 

Table 6. Determinants of adaptation choice to climate change: Multinomial probit model. 

Explanatory 

Variables 

Changing planting 

period 

Soil and water c 

onservation 

Change livestock 

type 

Income source  

diversification 

Growing drought  

tolerant crops 

Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value 

Sex of the 

household 

head 

-0.136 0.841 -0.201 0.526 0.210 0.528 -0.003 0.999 0.041 0.904 

Age of the 

household 

head 

0.054 0.014** 0.0188 0.366 0.041 0.036** 0.059 0.005* -0.030 0.183 
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Explanatory 

Variables 

Changing planting 

period 

Soil and water c 

onservation 

Change livestock 

type 

Income source  

diversification 

Growing drought  

tolerant crops 

Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value 

Education 

level 
-0.048 0.407 -0.096 0.103 0.118 0.042** -0.022 0.695 0.090 0.131 

Active labor 

size 
0.337 0.019** -0.069 0.610 -0.219 0.107 0.288 0.042** 0.209 0.121 

Frequency of 

extension visit 
0.012 0.949 0.175 0.343 -0.202 0.084 0.027 0.884 0.372 0.048** 

Access to 

credit 
0.629 0.308 0.887 0.112 -1.00 0.084* 0.114 0.839 -0.436 0.424 

Distance from 

market 
-0.005 0.841 0.014 0.540 0.011 0.603 -0.026 0.262 -0.001 0.956 

Cultivated 

land size 
-0.341 0.534 -0.229 0.644 -0.375 0.444 0.605 0.233 -0.477 0.361 

Household 

farm income 
0.02 0.225 -0.001 0.354 0.000 0.715 0.002 0.196 0.000 0.567 

Livestock 

holding in 

TLU 

-0.323 0.627 0.039 0.542 0.068 0.275 -0.107 0.091* 0.0137 0.833 

Access to cli-

mate info 
-0.136 0.373 0.124 0.710 0.682 0.047** -0.806 0.021** 0.235 0.490 

Access to irri-

gation 
-0.529 0.337 -0.917 0.072* 0.386 0.460 0.531 0.292 0.919 0.083* 

Constant 0.721 0.45 0.069 0.941 -1.29 0.157 1.23 0.191 -0.102 0.917 

Number of 

observations 
189          

Log likeli-

hood 
-32.33          

LR chi2 (19) 423.21          

Prob > chi2 0.00          

Pseudo R2 0.73          

Note: ***, ** and* significant at 1%, 5%, and 10% probability level of significance 

Post-estimation results, derived from marginal effects and 

predicted probabilities, indicate that the likelihood of house-

holds adopting specific climate change adaptation strategies 

was 16.69% for adjusting planting periods, 22.32% for imple-

menting soil and water conservation practices, 15.25% for in-

come source diversification, 28.92% for changing livestock 

types, and 16.82% for cultivating drought-tolerant crops. 

Table 7. The probability of using different adaptation strategies to climate change. 

Adaptation strategies Likelihood 

Change livestock type 28.92% 

Soil and water conservation practices 22.32% 
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Adaptation strategies Likelihood 

Growing drought tolerant crops 16.82% 

Changing planting period 16.69% 

Diversification of their income sources 15.25% 

 

4. Summary, Conclusion and 

Recommendations 

4.1. Summary and Conclusion 

Ethiopia remains highly vulnerable to climate change due 

to its heavy dependence on rain-fed agriculture, recurrent 

droughts, erratic rainfall patterns, and limited adaptive capac-

ity at both household and community levels. These climate-

related shocks disrupt cropping calendars, reduce agricultural 

productivity, and heighten the risk of crop and livestock fail-

ure, thereby undermining rural livelihoods and food security. 

Understanding the factors that influence farmers’ adaptation 

decisions is crucial for designing targeted interventions to en-

hance resilience. This study examines the determinants of 

farmers’ climate change adaptation strategies in the Haramaya 

District, Eastern Ethiopia. Cross-sectional data were collected 

from 189 randomly selected households across three rural 

Kebeles using a structured questionnaire. In addition, qualita-

tive data were gathered through focus group discussions and 

key informant interviews. The collected data were analyzed 

using descriptive statistics and a multinomial probit model. 

Descriptive statistics provided an overview of farmers’ per-

ceptions of climate change, and the range of adaptation 

measures employed. The multinomial probit model allowed 

for identification of the demographic, socio-economic, and in-

stitutional factors that significantly influence the adoption of 

specific adaptation strategies. 

The descriptive analysis revealed that the most commonly 

employed adaptation strategy was changing livestock type, 

adopted by 43 households (22.75%). This was closely fol-

lowed by soil and water conservation practices, implemented 

by 42 households (22.22%), and diversification of income 

sources, practiced by 39 households (20.63%). Cultivation of 

drought-tolerant crops was reported by 34 households 

(17.99%), while altering planting schedules was the least com-

mon adaptation strategy, adopted by 31 households (16.40%). 

These findings highlight that farmers are implementing di-

verse strategies to cope with the adverse impacts of climate 

change, with particular emphasis on enhancing livestock re-

silience and sustainably managing natural resources, while 

also exploring alternative livelihood sources. 

Results from the multinomial probit model show that the 

age and education level of the household head, the size of the 

active labor force, frequency of extension visit, access to cli-

mate information, use of irrigation, credit access, and live-

stock holdings are significant determinants of adaptation 

choices. The model further estimates the predicted probabili-

ties of adopting each strategy: adjusting planting periods 

(16.69%), implementing soil and water conservation measures 

(22.32%), diversifying income sources (15.25%), changing 

livestock type (28.92%), and cultivating drought-tolerant 

crops (16.82%). These results underscore that human capital, 

access to climate-related information, technology, and finan-

cial resources play critical roles in shaping farmers’ responses 

to climate change. 

4.2. Recommendations 

Several evidence-based recommendations are proposed for 

local policymakers and stakeholders in the district to enhance 

farmers’ resilience to climate change. 

Policy interventions aimed at mitigating the adverse effects 

of climate change should focus on supporting farmers to in-

tensify and effectively utilize existing adaptation strategies, 

such as cultivating drought-tolerant crop varieties, adjusting 

planting periods, implementing soil and water conservation 

measures, diversifying income sources, and changing live-

stock types. Strengthening institutional support, technical as-

sistance, and access to necessary inputs will further enhance 

the sustainability and effectiveness of these adaptation 

measures. 

Farmers’ perceptions of climate change strongly influence 

their adoption of adaptation strategies; however, a substantial 

number of households still lack sufficient awareness of chang-

ing climatic conditions and their potential impacts. Conse-

quently, greater attention should be given to climate education 

and awareness-raising programs to facilitate informed deci-

sion-making at the household level. This can be achieved 

through improved extension services, farmer-to-farmer 

knowledge exchange, community discussions, and wider dis-

semination of climate information via media platforms. Sup-

porting informal social networks and local knowledge-sharing 

forums will further enable farmers to select and implement ap-

propriate adaptation measures. Additionally, promoting mul-

tiple channels for climate information—including radio, ex-

tension agents, local networks, and traditional leaders—and 

enhancing coordination among these sources will strengthen 

farmers’ capacity to respond effectively to climate risks. 

Adaptation initiatives should be context-specific, taking 
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into account local agro-ecological conditions and gender dif-

ferences to ensure equitable participation and effectiveness. 

Gender-sensitive approaches are critical to addressing dispar-

ities in access to resources, information, and decision-making 

power, thereby increasing the likelihood of successful adop-

tion of adaptation measures among smallholder farmers. Ex-

panding adult education programs is also essential, as literate 

farmers are better equipped to interpret climate-related infor-

mation and apply it to farming practices, improving their abil-

ity to select and implement appropriate adaptation strategies. 

Flexible learning systems and targeted capacity-building pro-

grams will support long-term resilience development. 

Encouraging diversification of on-farm and off-farm in-

come sources is another important strategy for enhancing 

household resilience. Higher income levels increase farmers’ 

purchasing power, enabling investment in critical inputs such 

as drought-tolerant seeds, irrigation systems, seedlings, and 

fertilizers. Ensuring the accessibility and affordability of these 

inputs, combined with promotion of alternative income-gen-

erating activities, will strengthen the ability of households to 

withstand climate shocks. 

Targeted guidance is needed for farmers with different 

landholding sizes. Households with larger farms should be 

supported to adopt suitable adaptation measures through fo-

cused extension support, while those with smaller farms 

should receive guidance on efficient and intensified production 

practices to maximize limited resources. Modernizing livestock 

husbandry systems—from traditional to improved practices—

can also reduce labor, time, and land constraints while enhancing 

productivity and resilience to climate variability. 

Improving farmers’ access to affordable credit is vital to en-

able the adoption of various adaptation strategies, including 

drought-tolerant crops, adjusted planting periods, soil and wa-

ter conservation, income diversification, and livestock man-

agement changes. Expanding the reach of formal credit insti-

tutions, offering reasonable interest rates, and promoting fi-

nancial literacy will enhance households’ investment capacity 

and accelerate the uptake of climate-resilient practices. 

Finally, further research is recommended to evaluate the 

impacts of climate change on the livelihoods of smallholder 

farmers, and assess the effectiveness of individual adaptation 

measures in reducing vulnerability to climate change. Such 

studies will provide evidence-based insights to inform the re-

finement and prioritization of future policy and development 

interventions. 
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