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ABSTRACT 

Climate change is a major concern for agriculture in East Africa, particularly in Ethiopia, with 

direct implications for smallholder farmers' incomes and food security. Despite the promotion of 

climate-smart agriculture (CSA) as a potential adaptation solution, there is a lack of rigorous 

evidence on its effectiveness in improving incomes and ensuring food security. This Thesis is 

aimed to examine the adoption of Climate Smart Agriculture (CSA) practices by smallholder 

farmers in southern Ethiopia and study used data from 385 randomly selected households and 

historical meteorological data for the years 1983 to 2016. A Heckman probit two-stage selection 

model was also applied to examine the factors influencing farmers’ perceptions to climate change 

and their adaptation measures through adoption of CSA practices, which was supplemented by 

key informant interviews and focus group discussions. The propensity score matching approach 

with various types of matching algorithms was used to quantify the conditional effects of CSA 

intervention on income and food security. The results from the analysis of meteorological data 

showed that rainfall and temperature varied significantly across the study area. The survey findings 

indicated that a significant number of farmers (81.80%) observed a shift in the local climate. 

Specifically, 71.9% noted an increase in temperature, while 53.15% reported a decline in rainfall. 

Results also showed that farmers adaptation to climate change through adoption of CSA practices 

was influenced by level of education, family size, gender, landholding size, farming experience, 

access to climate information, social membership, livestock ownership, income, and extension 

services. The study also found that farmers’ perceptions of climate change and variability were 

significantly influenced by age of the farmers, level of education, farming experience, and access 

to climate information. In comparison to the food consumption score, farmers that adopted CSA 

practices had a higher food consumption score of 43.70, whereas non-adopters had 36.40. 

Furthermore, 34.55%, 44.68%, and 20.77% of all interviewed farmers were found to have 

acceptable, borderline, or poor categories of food consumption status, respectively. The study 

concluded that effective extension services, accurate climate information, and policy support are 

required to promote and scale up the uptake of CSA practices the study area to improve farmers’ 

adaptive capacity and food security and recommended that an enabling agricultural policy 

environment should be put in place to support the efforts of farmers to utilize CSA practices and 

technologies. 
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CHAPTER ONE: INTRODUCTION 

 

This chapter provides an overview of climate Change (CC) and variability, adaptation options 

based on climate smart agriculture (CSA) practices, the statement of the problem, the study 

objectives, and its significance. 

 

1.1. Background Information   

 

Climate change threatens global agriculture, food security, and the livelihoods of billions of global 

populations (Field, 2014; Abidoye et al., 2015; Reidmiller et al., 2018; IPCC, 2022). Previous 

research indicate that increased temperatures will probably have adverse effect on farming system 

(Aggarwal et al., 2009; Lobell et al., 2012), precipitation change (Mall et al., 2006; Prasanna, 

2014), and shifts in the intensity and incidence of droughts and floods (Brida and Owiyo, 2013; 

Singh et al., 2013). The FAO (2016) indicates that between 2004 and 2014, the estimated costs 

and risks related to the global impacts of climate change on agricultural system reached $100 

billion USD. According to Njeru et al. (2016), approximately 2.5 billion people worldwide make 

their livelihoods from the agricultural sector. However, 690 million people worldwide are 

struggling with famine (Zougmoré et al., 2021). 

 

Climate change has a detrimental effect on the security of food and crop productivity in Eastern 

African countries (Porter et al., 2014; Salahuddin et al., 2020). Recent literature suggests local 

farmers' resilience to the impact of climate change is associated to various adaptation strategies 

(FAO, 2021; Mekonnen et al., 2021; Jellason et al., 2022). Applying climate change adaptation 

methods to agriculture could help with several issues, including poverty alleviation, food, and 

nutrition insecurity, and safeguarding human welfare under changing climate. This is particularly 

relevant for low-income nations in ‘Sub-Saharan Africa (SSA’) such as Ethiopia.  This is because 

the adverse effects of climate change on agricultural and food require adoption of feasible 

adaptation efforts to reduce these impacts and enhance productivity (FAO, 2016). 
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The FAO (2009) introduced the concept of CSA for the first time. Climate smart agriculture 

practice has been promoted to increase farmers' resilience, agricultural productivity, and food 

security (FAO, 2013). Three major pillars support the adoption of CSA approaches. The first pillar 

is aimed to achieve sustainable growth in agricultural productivity while also fostering 

improvement in farm incomes, food security, and the overall development of rural communities. 

Its second goal is to strengthen and adapt food systems to climate change. Finally, it seeks to 

reduce GHGs emissions from agriculture wherever possible (FAO, 2013).   

 

Climate change adaptation measures are classified as "climate-smart" based on the influences on 

the above- mentioned three pillars, and agricultural practices that meet those goals are referred to 

as "climate-smart." (FAO, 2010; FAO, 2013). Climate smart agriculture encompasses a range of 

micro-level conservation measures that aim to support farmers in response to climate change and 

its effects. These include the application of agroforestry techniques, the adoption of improved crop 

varieties, enhanced livestock breeding, and soil and water conservation (SWC) (Bazzana et al., 

2022).  More broadly, CSA is "an approach for transforming and reorienting agricultural 

development under the new realities of climate change" (Lipper et al., 2014). The goal of CSA 

practices is to develop internationally applicable concepts for maintaining agriculture for food 

security in the face of climate change. The ‘Food and Agriculture Organization of the United 

Nations’ and other multilateral organizations rely on these principles as the basis for their policy 

recommendations and support. The development of the CSA approach was motivated by the need 

to get a more holistic understanding of agriculture's contribution to assuring food security and its 

capacity meet the adaptation and mitigation issues in the context of global climate policy (Lipper 

et al., 2017). 

 

Different agriculture practices provide different "climate-smart" benefits (FAO, 2013). Reppin et 

al. (2019) conducted a case study in the western part of Kenya and found that trees in an 

agroforestry system provide household firewood, lumber for generating income, and carbon 

sequestration estimated 4.07 Mg C/ha.  Similar improvements in agriculture productivity, income, 

and food security indicators were measured in Tanzania and Zimbabwe by diversifying cropping 

systems (Makate et al., 2016; Kimaro et al., 2019).  
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Implementation of crop diversification also enhances soil fertility, reduces pest and disease 

pressures, and enhances resilience and biodiversity on farms (Kurgat et al., 2020). In a different 

study, the application of agroforestry and conservation agriculture improved maize yield, 

strengthened adaptation to climate change in Tanzania (Kimaro et al., 2016). CSA practices 

increased agricultural production by 22% for north-west Ethiopian farmers between 2015 and 

2017(Asrat and Simane, 2017). Farmers that grow both perennial and annual crops are more likely 

to boost agricultural productivity, better their livelihoods, and create more sustainable 

agroecosystems. Perennial crops, which require fewer expensive inputs and incur lower ploughing 

and planting costs (Crews et al., 2018; Fadina and Barjolle, 2018; Kogo et al., 2022).  

 

According to recent studies conducted in Eastern African countries, the region's agriculture sector 

experiences low production and food insecurity due to the presence of unpredictable rainfall 

patterns and temperature fluctuations (Austin et al., 2020; Ojara et al., 2021; Kogo et al., 2021; 

Stuch et al., 2021; Fusco, 2022). According to Kogo et al. (2021), Kenya's agricultural production 

is significantly affected by current climate change, and this is projected to continue. According to 

Ojara et al. (2021), Tanzania's maize production is likely to suffer from severe climate change 

events and Austin et al. (2020) note climate change is worsening Rwandan farming system; it is 

critical to comprehend how agricultural adaptation actions can reduce the severity of climate 

change effects (Ogada et al., 2020).   

 

Although it has been shown that CSA is a viable approach for mitigating climate change risks in 

Ethiopia, smallholder farmers have different challenges when deciding whether to adopt 

adaptation strategies (CIAT, 2017; Teklu et al., 2022). Various factors, such as restricted credit 

availability, insufficient education and extension programs, and infrequent and weak agricultural 

extension support, have been identified in the literature as major barriers to farmers' ability to 

adapt, these factors are hence reducing agriculture production and food systems in rural areas 

(Khonje et al, 2018; Ojo and Baiyegunhi, 2020).  The impact of climate change in Ethiopia has 

reduced agricultural production, caused food insecurity (Hilemelekot et al., 2021), displaced 

people (Solomon et al., 2018), increased poverty (Onyutha, 2019; Seife, 2021), and exacerbated 

conflicts (Van Weezel, 2019). The agricultural sector in Ethiopia contributes 52% of the GDP, 

80% of employment, and 80.2% of foreign exchange profits (Belay et al., 2021; Zerssa et al., 

2021) and hence the primary risk that CC poses to the economic gains of the federal government. 
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The country's agricultural sector is characterized by smallholder mixed crops and low-level 

livestock production, as well as inadequate extension services (Tessema and Simane, 2021). These 

factors impede the ability of small-scale producers to respond to climate change (Jha and Gupta, 

2021). Although the magnitudes of these effects are not well understood, recent studies in Ethiopia 

have shown that climate change has long-term, adverse effects on farmers' livelihoods (Araro et 

al., 2020; Koch et al.,2022). According to Talanow et al. (2021), there is inadequate evidence as 

to whether smallholder farmers' understanding, and perception of climate change affect their level 

of adoption measures.  

 

There is a lack of empirical data on farmers' perceptions, behaviours, and knowledge about climate 

change adaptation strategies. Research conducted in southern Ethiopia has indicated that 

unpredictable precipitation patterns threaten food security and crop yields (Wodaje et al., 2016; 

Philip et al., 2018; Zewdu et al., 2020). Smallholder farmers may be more responsive to adopting 

CSA measures to mitigate climate change if their knowledge and perceptions are considered during 

the CSA adoption process (Jellason et al., 2019).  Adaptation refers to the local response to climate 

change and its impacts. It is critical to address the knowledge gap among smallholder farmers on 

climate related effects (Ricart et al., 2022). Previous studies report that CSA practices improve 

farming's resilience to climate change (Aryal et al., 2018; Wake et al., 2019; Ogada et al., 2020; 

Mugabe, 2020). 

 

Ethiopia has historically struggled with food insecurity and climate change; to develop measures 

for adaptation and mitigation, the ministry of agricultural in Ethiopia announced the policy 

document named Climate Resilient Green Economy (CRGE) program in 2011 (CIAT, 2017; 

FDRE, 2019). Among the key initiatives include different land management approaches such as 

agroforestry, area closures, improved crop-livestock production, soil, and water conservation using 

biological methods (FDRE, 2019; Paul and Weinthal, 2019). Despite global attention and 

investment in CSA, there is few studies on the effects of CSA measures on household income and 

food security in Ethiopia (Zerssa et al., 2021). Farmers who adopt CSA practices may benefit from 

adaptation and mitigation to a changing climate. This is shown by studies conducted in East and 

South African countries, which indicates that implementing CSA practices can lead to improve 

revenue and food production (Wekesa et al., 2018; Makate et al., 2019; Ogada et al., 2020; 

Mugabe, 2020; Mujeyi et al., 2021).  
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For the past decade, locally adapted CSA practices have been introduced and promoted in the 

Doyogena district of southern Ethiopia.  However, there is a limitation of broad understanding and 

documentation regarding the effect of CSA interventions on household revenue and food safety. 

Therefore, further studies are needed to determine how farmers' awareness and understanding 

influences the implementation of CSA measures on food security and income. This study examines 

how smallholder farmers in Southern Ethiopia are using CSA considering the changing climate. 

The estimation of the socioeconomic impacts of CSA activities aims to fill the existing knowledge 

gap and highlights the importance of promoting and expanding locally applicable CSA options. 

 

1.2. Statement of the problem  

 

Ethiopia is highly vulnerable to climate change and variability due to its reliance on rain-fed 

agriculture and natural resources, as well as its low capacity to adapt to projected changes (Philip 

et al., 2018; World Bank, 2021). Historically, Ethiopia has encountered climatic change and 

variability, resulting in food insecurity (Lewis, 2017; Girma et al., 2023). Smallholder farming in 

the Southern Ethiopia depends on rainfall and is extremely vulnerable to the impact of climate 

change. These impacts include increased variability in the timing and duration of rainfall, heavy 

rainfall events, strong winds, rising temperatures, as well as the incident of sudden floods and 

extended droughts. The practices of conventional farming such as frequent ploughing and removal 

and burning of crop residues in Ethiopia has resulted in the degradation of soil quality, leading to 

a decline in crop productivity. 

 

Climate extremes, combined with conventional farming practices and the area's high slope 

topography, create land degradation and soil fertility loss, which affects agricultural production 

and leads to a shortage of cattle feed, as well as food insecurity and reductions in household income 

(Bonilla et al., 2020). Climate change has an adverse effect on food security, and it is an important 

cause of food poverty due to its direct effects on yields as well as its indirect effects on diseases, 

pests, and water availability and quality (FAO, 2016). Some smallholder farmers are adopting CSA 

as a potential solution to mitigate the negative effects of climate change (CIAT, 2017).  

 



6 
 

The CSA approach is considered a more sustainable alternative to conventional farming practices 

as it improves the agriculture systems' ability to withstand the negative impacts of climate change, 

reduces GHG emissions, and increases agricultural productivity and profitability (FAO, 2013; 

Engel and Muller, 2016).  Empirical findings from some Eastern and Southern African countries 

shows that the implementation of CSA techniques by farmers enhances their capacity to adapt to 

climate change measures (Wekesa et al. (2018), Makate et al. (2019), Ogada et al. (2020), Mugabe 

(2020), and Mujeyi et al. (2021). In the study area, different climate-smart practices are being 

developed, tested, and prompted through partnerships with the government, non-governmental 

organizations, and local communities. Despite the increasing recognition of CSA practices and 

their potential to improve agriculture production, limited studies have measured the effects of CSA 

on revenue and food security in different parts of Eastern Africa countries (Ogada et al., 2020; 

Mugabe, 2020; Bazzana et al., 2022). There is currently a limited level of evidence and 

understanding of climate change and the impacts of CSA measures on food security and income 

in the study site. 

 

Limited studies have attempted to analyze climate trends and variability in the study region, and 

the findings from these studies have failed to establish consistent trends. The causes for the 

conflicting results might vary and include limitations in the quantity and quality of data available, 

as well as methodological differences in the analytical. For example, studies conducted in North 

and Southwestern Ethiopia have shown that there is no significant trend in annual and seasonal 

rainfall patterns (Girma et al., 2016; Gebremicael et al., 2017). Other studies in Ethiopia indicate 

increasing temperatures and falling rainfall patterns (Mekasha et al., 2014; Weldegebriel and 

Prowse, 2017; Asfaw et al., 2018). Understanding local climate trends and farm household 

socioeconomic behavior are necessary to take up and strengthen adaptation measures (Wouterse et 

al., 2022).  Farmers’ commitment to use CSA adaptation measures is determined by their 

understanding and perception of climate change and variability. However, farmers’ responses to 

adaptation decisions may be driven by internal and external factors which could constrain 

participation in the CSA-adoption process (Below et al., 2015). In this context, it is critical to 

investigate farmers' knowledge of climate change, and perceptions toward adaptation measures. 

Therefore, this study investigates the adoption of CSA practices among smallholder farmers and its 

implication for climate change adaptation in Southern Ethiopia. 
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1.3. Research questions  

 

These are the study's research questions. 

i. What temporal variability and trends in temperature and rainfall patterns was observed in 

the study area from 1983-2016?  

ii. How do farmers' perceptions and knowledge of climate change influence their adoption of 

climate smart agriculture practices for climate change adaptation measures? 

iii. What are the main effects of climate smart agriculture   practices on household income and 

food security? 

 

1.4. Objective of the study  

 

The main objective of this study is to investigate into the adoption of CSA practices among 

smallholder farmers and its implication on climate change adaptation in Southern Ethiopia. The 

specific objectives of the study are outlined below: 

a) To analyse climate variability and trends from 1983 to 2016 in the study area  

b) Assess farmers' knowledge of climate change and the use of climate-smart agriculture 

practices for climate change adaptation; and 

c)  To examine the effects of climate smart agriculture practices on food security and 

household income. 

 

1.5. Justification and significance of the study  

 

The significance and justification for the study are as follows: 

 

1.5.1 Justification 

 

Farmers in Ethiopia face a variety of climate-related threats, such as rainfall variability, rising 

temperatures, decreasing water resources, a decline in agricultural production, land degradation, 

soil erosion, floods, and droughts (Hilemelekot et al., 2021). Smallholder farmers have adopted 

improved farming systems as an option to conventional practices to mitigate the adverse effects of 

climate change.  
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This approach increases agricultural output and income while increasing resilience to climate 

change (FAO 2013, Engel and Muller, 2016).  Understanding the adaptation measures employed 

by local farmers in the study site, regardless of whether they are considered "climate smart," is 

critical in dealing with the adverse impact of climate change on agriculture. Assessing the extent 

of this impact and putting CSA adoption strategies into practice are crucial steps in reducing the 

negative effects of climate change. The size of the farm plot, the weather, and other environmental 

factors, as well as ecological, cultural, geographic, political, institutional, and socioeconomic 

considerations, all influence how farmers respond to climate change challenges (Wouterse et al., 

2022).  

 

Understanding the complexity of climate change adaptation strategies, as well as exploring the 

factors that influence adaptation measures, can greatly influence policymakers and priorities 

(Carlos et al., 2020). The successful adoption of CSA practice and technologies by farmers relies 

heavily on robust policy support. This support is crucial in motivating farmers to embrace 

improved agricultural practices and strengthen their ability to adapt at the household level. 

 

1.5.2  Significance of the study 

 

The government of Ethiopia has prioritized agriculture and implemented a variety of measures to 

increase productivity (FAO, 2016) including Climate Resilient Green Economy (Aweke, 2017). 

The country's strong reliance on agriculture is an issue of concern, given its vulnerability to climate 

variability and change (Addisu et al., 2019). Ethiopia, with 120 million people, is the second 

biggest population in Africa (Argaw, 2023). The Ethiopian development agenda is nested in Africa 

Union’s Agenda 2063, which is adaptation to climate change and increasing adaptation capacity 

through suitable agricultural investments (Africa Union Commission, 2015) and the ‘United 

Nations' Sustainable Development Goals (SDGs)’ which calls for sustainable agriculture, food 

security, and poverty reduction by 2030 (Omilola and Robele, 2017). Current CSA practices and 

technology contribute particularly to SDGs 1 (end poverty), SDGs 2 (end hunger and promote 

sustainable agriculture), SDGs 3 (health and wellbeing) SDGs 13 (fight climate change), and SDGs 

15 (life on land).  
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The study contributes to the current body of knowledge by providing important baseline data for 

future research and policy intervention in Ethiopia, which was launched a comprehensive climate 

change policy document in 2011(CRGE, 2011; Paul and Weinthal, 2019). Specifically, the 

findings of the research do support the current CSA policy intervention and address institutional 

and external factors that impede smallholder farmers from adopting CSA practices. Additionally, 

the study contributes to evidence showing how farmers' knowledge of and perception of climate 

change influences their implementation of CSA measures, which improves the likelihood of 

smallholder farmers. The findings of this research can be used to shape agricultural policies, 

programs, and initiatives in the country, adding to the current body of knowledge by providing 

critical basic information for future CSA studies and policy action. 

 

1.6. Scope and limitation of the study   

     

The scope and limitation of the study are as follows: 

 

1.6.1 Scope 

 

Food security and agricultural productivity are seriously threatened by climate change, and CSA 

is crucial to reducing the negative impacts. This study focuses on smallholder farmers’ adoptions 

of CSA under changing climate in Doyogena district, Southern Ethiopia, where CSA interventions 

have been promoted and employed with the support of governmental and NGOs. The study 

investigates observed trends and variability of climate in the research site, farmers' awareness of 

climate change and variability, implementation of CSA practices as an adaptation strategy, as well 

as its effects on household income and food consumption in 2020/2021. The study analyzed 

observed two key parameters of climate trends in the study area using 34 years (1983–2016) of 

historical meteorological data and cross-sectional survey data from 385 randomly selected survey 

participants.  
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1.6.2 Limitation  

 

The climatic trend and variability analysis was conducted by integrating rainfall and temperature 

data from local weather stations in the study area. This method made use of the combined data 

from six stations (Doyogena, Angacha, Durame, Alaba Kulito, Hossana and Fonko) provides more 

comprehensive understanding on the regional climate.  As each station may have a unique analysis 

result, more research is needed to account for these limitations and provide station-based analysis 

and provide recommendations. The study depends on cross-sectional household data at the farm 

level, which hinders the ability to track the development of the CSA intervention over time. Due 

to the spillover effects of the intervention and unobserved heterogeneity, this may have an impact 

on the estimation results.  

 

This study focused on the aggregate effect of CSA practices on farmer income and food security. 

However, each CSA practice may have a unique impact on household well-being, and a dedicated 

study for each adoption measure is necessary to provide specific recommendations on the relevant 

CSA measures.  The COVID-19 pandemic and ethnic-based conflicts were the major obstacles 

that impeded the in-person data collection process.  

 

1.7. Structure of the Thesis 

 

This doctoral thesis is structured into seven chapters. Following on from the earlier chapter one, 

the introductory section, the second chapter gives a review of the literature, and the third chapter 

covers the study area and the detailed methods used. The climate variability, trends and results are 

presented and discussed in the fourth chapter; the fifth chapter discusses how farmers' knowledge 

and perceptions of climate change influence CSA adoption; and the sixth chapter discusses the 

effects of CSA measures on household income and food security. In the final chapter, the 

conclusions from the earlier chapters are synthesized and appropriate recommendations drawn. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1.  Introduction   

 

This section presents literature review on historical and contemporary trends in climate change 

and variability, as well as how awareness of such trends might help smallholder farmers implement 

adaptation plans into practices. Afterwards, reviewed the effects of climate change on agriculture 

and assessed how implementing CSA practices could potentially improve household income and 

food security. 

 

2.2.  Climate Change and Variability  

 

Climate change and variability are still a global issue that threatens all sectors of economic 

development (IPCC, 2014). The ‘United Nations Framework Convention on Climate Change 

(UNFCCC)’ recognizes that human activity is the primary driver of greenhouse gas emissions. 

The effects of climate change are becoming more and more apparent in the twenty-first century, 

affecting every country (Reidmiller et al., 2018; IPCC, 2022). The impacts of climate change and 

related risks including flooding, land-use changes, poverty, inequalities, social exclusion, food 

insecurity, extended drought and associated vulnerability conditions have led to the substantial 

decline of developing countries economy (IPCC, 2014). The 2022 IPCC report states that global 

climate system has changed and from now only the most extreme reductions in carbon emissions 

will help prevent an environmental catastrophe as the world is expected to approach the 1.5oC level 

over the next two decades.   

 

Both developed and developing countries require substantial actions on reducing global 

greenhouse gas emissions through strong mitigation and adaptation actions (Anderson, 2015; 

Pörtner et al.,2022). Climate change has a large impact on African countries, whose main 

economic developments are largely dependent on climate-sensitive sectors with limited adaptation 

capacity (Anderson et al., 2010; Mesfin et al., 2020). Africa accounts for 7% of global carbon 

emissions, and global warming is already having an impact on its hydroclimate, biodiversity, 

wildfire dynamics, and societal and economic growth (Al-Zu’bi et al.,2022).  
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The adverse effects of climate change have led to an increase in the amount of land degradation, 

which in turn reduces productivity of agricultural and threatens food security in SSA, particularly 

in Eastern Africa, including Ethiopia (Stuch et al., 2021). According to recent research, the main 

factors causing rainfall variability in Eastern Africa are ‘El Niño Southern Oscillation (ENSO) and 

Indian Ocean Dipole (IOD)’ (Saji et al.,1999; Tierney et al., 2013; Urgessa, 2013; Wodaje et al., 

2016; Minda et al.,2018; Dubache et al., 2019). These factors have a substantial impact on crop 

production and vegetation, which in turn affects food and social security.  

 

Ethiopia is extremely susceptible to the effects of climate change since it has a low potential for 

adaptation (Mekonnen et al., 2021). The temperature level in Ethiopia has risen by 1°C starting 

since 1960, or 0.25°C every ten years (World Bank, 2021). Increases are especially visible between 

July and September. From 1960 to 2003, there was an increasing trend and frequency of "hot 

nights" by approximately 37.5%, alongside a 20% increase the incidence of "hot days" per annum 

(World Bank, 2021). The central and highland regions of the country have been impacted by higher 

rates of warming. As a result of the observed temperature increase, evapotranspiration and soil 

moisture levels have both increased. The precipitation patterns in Ethiopia have been challenging 

to measure over an extended period due to their high unpredictability. Nevertheless, throughout 

the previous four decades, there has been an overall decrease in precipitation, with significant 

annual variability (World Bank, 2021). 

 

Some regions are predicted to have less rain, despite Ethiopia's extremely unpredictable 

precipitation patterns. For example, the south-central part of the country has had a 20% decrease 

in rainfall since 1960.  According to 2021 World Bank report, average temperatures are expected 

to rise significantly in Ethiopia. Assuming a high-emission scenario, the mean monthly 

temperature fluctuations are predicted to increase by 1.8°C by the 2050s and 3.7°C by the 21st 

century. The projections indicate that the incidence of "hot day" is probably going to rise 

considerably over time. Specifically, it is estimated that by the 2060s, "hot days" will occur on 19 

- 40% of days, and by the 2090s, this frequency is expected to rise to 26 - 69% of days. According 

to projections, the months of July, August, and September are expected to experience the highest 

rates of increase. Based on the World Bank's report in 2021, temperatures in Ethiopia are projected 

to increase in the coming decades. 
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Ethiopia has a significant degree of inter-annual variability, and future estimates of Ethiopia's 

precipitation patterns are highly uncertain. The expected future patterns of rainfall in the southern 

and central regions will be reduced by 20% during the spring and summer seasons. The warming 

trends projected for the entire country are expected to exacerbate observed rainfall decreases, 

resulting in severe water stress. Climate change is having a profound impact on social, economic, 

political, and environmental systems within the country (IPCC, 2021). Ethiopia is severely affected 

by extreme weather changes, and this intensifies low productivity of farming system and food 

insecurity (Amare and Simane, 2017). The average national temperature of Ethiopia has increased 

by 0.370C (Gebrechorkos et al., 2019). A decreasing rainfall trend has been observed in Ethiopia 

since the 1990s (Abebe, 2017; Abebe, 2008) and this has considerably affected the farming system 

in the country. The ENSO event coupled with the anthropogenic activities has greatly contributed 

to climate change (Diro et al., 2012; Rowell et al., 2015).  

 

Recent studies conducted in Africa of Eastern region particularly in Ethiopia, on multi-decadal 

variability of climate reveals mixed results. Some of the studies show declining trends of annual 

rainfall while others indicate an increasing pattern of rainfall (Tierney et al., 2013; Rowell et 

al.,2015; Asfaw et al., 2018; Philip et al., 2018; Benti and Abara, 2019; Shawul and Chakma, 

2020). The causes for the conflicting results might vary and include limitations in the quantity and 

quality of data available, as well as methodological differences in the analytical. 

 

According to Cheung et al. (2008), trend assessment of rainfall for over 134 sites in 13 watersheds, 

the Southwestern and Central Rift Valleys of Ethiopia experienced a substantial decrease in Kiremt 

(June-September) rainfall trends. The central highlands and northwestern part of Ethiopia had 

recorded decreasing precipitation distribution during the cropping season (Asfaw et al., 2018). The 

study used pixel-based Mann-Kendall trend analysis and Vegetation Condition Index (VCI) and 

the findings show significant countrywide droughts were recorded during El Niños in the 2009–

2005 period. In Ethiopia, El Niño creates drier conditions which affects the planting season June 

to September (Gleixner et al., 2017). During the 2015 El Niño, farmers had to change their planting 

season due to below-average rainfall during the "Kiremt and Belg" rainy season (Singh et al., 

2016; Philip et al., 2018).  
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Ethiopia in general and southern Ethiopia in particular have two distinct rainy seasons: the primary 

one, which lasts from June to September, and the secondary one, which runs from February to 

May. Some southern parts of the country, such sa Borena, also benefit from the little rainfall that 

falls between October and December. Ethiopia's national meteorological agency (NMA) report 

states, the average yearly national rainfall pattern remained constant between 1951 and 2006, but 

rainfall patterns in Kiremt and Belg have been highly variable (NMA, 2007), while Fazzini et al. 

(2015) report that annual and spring rainfall in Ethiopia has been decreasing over the last thirty to 

fifty years. This contradiction may happen due to the data quality or different data analysis 

approach. 

 

According to Wodaje et al. (2016), the Southern part of Ethiopia experienced significant spatial 

rainfall variability. Rainfall variability reduces the soil water availability to crops, resulting in 

reduced agricultural yield. Particularly, annual, and seasonal rainfall information is vital to 

overcome the socioeconomic challenges for farmers who depend on rainfall (Philip et al., 2018; 

Zewdu et al., 2020; Bedane et al.,2022). Analyzing rainfall trends and variability is essential for 

accurately predicting climate extremes and for implementing the necessary mitigation and 

adaptation strategies (Field, 2014). 

 

2.2.1. Impact of climate Change on agriculture  

 

Climate change has substantial consequences on agricultural systems. Temperature variations and 

precipitation have a major impact on crop production, quality and availability of soil and water. 

Droughts and floods are examples of severe weather events that may severely damage agricultural 

products and production of food. In addition, climate change has the possibility to increase the 

occurrence of pests and diseases, posing a greater threat to crops. This has a significant implication 

on food security and the well-being of rural communities. According to the ‘IPCC Working Group 

II's Fifth Assessment Report’, the greatest threat to the productivity of agriculture around the world 

is climate change and related impacts (Edenhofer, 2015). According to FAO (2021), climate 

change affects agriculture in several ways, including altered rainfall patterns, average temperatures 

as well as adverse weather conditions like floods and droughts, altered diseases and pests, altered 

carbon dioxide levels, altered food quality, and altered growing seasons.  
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Hoffmann (2013) indicated that during extreme weather events, crop yield has a strong correlation 

with temperature change and duration of warm or cold waves and varies based on plant maturation 

stages. Praveen and Sharma (2019) indicate that variation in rainfall patterns may exacerbate water 

scarcity and associated drought problems for crops, as well as changes in irrigation planning, all 

of which will reduce rainfall predictability for farmers and their respective adaptation planning.  

 

Climate change is already reducing rice, maize, wheat, potatoes, and vegetable products on a global 

scale, and it will continue to do so severely by the year 2050 (Praveen and Sharma, 2019). Climate 

change is a major concern in all industries, including livestock, as it affects the quality and quantity 

of feed supply (Hoffmann, 2013). Recent reports indicate that climate change has already produced 

negative consequences on African agriculture and food security (Njeru et al., 2016; von Braun, 

2020). Recent studies show climate change is expected to cause a significant challenge to Africa's 

mixed crop-livestock farming practices (Thornton and Herrero, 2015; Antwi-Agyei et al., 2021). 

Atwoli et al. (2022) indicate that in Africa, climate change associated risks include flooding, 

drought, and heat waves; these risks are reducing food production and decreasing labor 

productivity.  

 

Atwoli et al. (2022) add that extreme weather affects water and food supplies, causing food 

insecurity and hunger, which affects 17 million people in Africa each year; malnutrition has 

increased by nearly 50% since 2012. Smallholder farmers, with their strong focus on climate-

sensitive agriculture, face significant challenges because of climate change and its adverse 

impacts. These challenges can exacerbate issues such as unemployment, poverty, and hunger (Jiri 

et al., 2018; Etana et al., 2020; von Braun, 2020). Climate change and related impacts reduce 

agricultural crop yields and livestock production (Alewoye et al., 2020; Pedersen et al., 2021; 

Tsegaye et al., 2017; Archer et al., 2021). Climate change is severely impacting agriculture in 

Kenya (Kogo et al., 2021), in Tanzania (Ojara et al., 2021), Ghana (Austin et al., 2020), Rwanda 

(Obeng et al., 2013), and Ethiopia (Hilemelekot et al., 2021). Ethiopia is specifically exposed to 

climate change in the areas of water, agriculture, infrastructure, forestry, and public health; its 

consequences are already seen across the country (World Bank, 2021). The impact of climate 

change and severe weather conditions in Ethiopia can be seen in various sectors. Agricultural 

production is significantly reduced, leading to food insecurity (Hilemelekot et al., 2021).  
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Additionally, these conditions contribute to displacement of people (Solomon et al., 2018), 

exacerbating poverty levels (Onyutha, 2019; Seife, 2021). Furthermore, the increased frequency 

of conflicts can be attributed to these climate-related challenges (Van Weezel, 2019). With 52% 

of the GDP and 80% of all jobs coming from the agricultural sector, Ethiopia's economy is based 

mostly on the agriculture sector. It also produces 80.2% of the foreign exchange profits, which 

makes it the main source livelihood (Deressa et al., 2011; Belay et al., 2021).  

 

The agricultural sector in Ethiopia is characterized by small-scale mixed crops and low-level 

livestock productivity, along with inadequate extension services (Tessema et al., 2021). The 

primary causes for low productivity of the agriculture sector in Ethiopia include traditional 

agricultural practices, severe soil erosion caused by deforestation, overgrazing and poor 

institutional services (e.g., extension, credit services, and marketing), and extremes in the weather, 

including drought and flooding (Deressa et al., 2011; Etana et al., 2020; Tesfahunegn et al., 2021). 

The ability of farmers to adjust to climate change is negatively impacted by these factors (Jha et 

al., 2021).  

 

Enhancing farmers' understanding of climate change and implementing adaptation strategies could 

mitigate the negative impacts of the event, boost the incomes of small-scale farmers, and improve 

food security (Talanow et al., 2021; Ogundeji et al., 2022). The agricultural sector in Ethiopia is 

severely affected by adverse weather conditions including extended flood and drought conditions 

(Feyissa et al., 2018; Gemeda et al., 2021; Wordofa et al., 2021). For instance, Arndt et al. (2011) 

report that between 1991 and 2010, the country's economic performance decreased by 9% because 

of climate-related effects. Furthermore, Zewdu et al. (2020) projected that the national GDP will 

fall from 6% to 32.5% by 2030-2050, but Mideksa (2010) and CIAT (2017) predict that 8-10% of 

the GDP will be reduced from the planned objective in 2050. 

 

According to Gemeda et al. (2021), variations in precipitation, including unpredictable rainfall 

patterns have a significant effect on crop yield in Ethiopia. Moreover, temperature variability has 

facilitated the growth and survival of pathogens throughout their lifecycle, thereby creating a 

conducive environment for pests and diseases (Ebi et al., 2019). Furthermore, Ethiopia will 

continue to experience extreme floods and droughts in terms of their spatial extent and coverage. 
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Studies show that national crop production for all main crop species is expected to decline by 2050 

it is expected teff production will decline by 25.4%, maize 21.8%, sorghum 25.2%, barley 30%, 

and wheat 25.5%, pulse 25.2%, oil seed 12.0%, vegetable 22.7%, and fruit 26.8% (Solomon et al., 

2021; Mase et al., 2017; Tegegne et al., 2021). 

 

2.2.2. Impact of climate change on farmers household income  

 

The influence of climate change and variability on rural income is important, particularly when it 

is reliant on rain-fed agriculture that employs inefficient agricultural technology. There is an 

understanding that Climate change and weather variations negatively affect household welfare 

given that the farming system is among the vulnerable sector to climate change and related impacts 

(Auci and Coromaldi, 2018).  Climate change impacts on household income will vary depending 

on the type of agroecology and crop systems in place. For example, farmers in rural environments 

that are prone to flooding and drought will be most affected (Altieri et al., 2015). Perennial and 

diverse cropping systems are important for long-term food security, especially since weather 

patterns are becoming more unpredictable (Leisner, 2020; Sanford et al., 2021).  

 

In addition, smallholder farmers are greatly affected by climate change due to their dependence on 

rainfall for their livelihoods, limited access to and affordability of agricultural tools and inputs, 

and the increasing rates of poverty. The susceptibility of agricultural production to climate change 

can lead to food insecurity, while also diminishing the actual income of farmers (Dhakal et 

al.,2022). Smallholder farmers are more susceptible to climate change related impacts, which 

increases their total income loss (Zakari et al., 2022). In Ethiopia, hundreds of thousands of 

smallholders have been forced to relocate to marginal areas where there is little access to irrigated 

fertile land and where climatic shocks are more common (Ketema et al., 2022). Due to climatic 

and associated factors, Ethiopian rural farmers' income is expected to fall by 20.4 % by 2050 

(Solomon et al., 2021). Hence, these farmers are relatively susceptible to climate risk, which 

reduces farm profitability (Ketema et al., 2022). 
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2.2.3. The impacts of climate change on food security    

 

Climate change is expected to have a negative impact on agricultural systems, particularly in 

Africa where agricultural practices heavily depend on rainfall and temperature (Mekonnen et al., 

2021). Furthermore, it is worth noting that such nations in the Sub-Saharan Africa countries 

including Ethiopia are heavily dependent on agriculture and activities related to natural resources. 

These sectors are particularly exposed to the negative effects of climate change. Furthermore, 

farmers low adaptation capacity to climate change exacerbates their vulnerability to its impacts 

(Akinnagbe and Irohibe, 2014; Addisu et al., 2019).  

 

Climate change affects soil moisture and organic matter all of which reduce agricultural yield (Sida 

et al., 2018). In developing countries, where farmers depend heavily on rain-fed agriculture, the 

favorable climate is a valuable resource for both crop and livestock productions (Birara et al., 

2015; Weldearegay and Tedla, 2018). The growing evidence from the scientific community also 

suggests that climate change is reducing crop yields in developing nations by raising temperatures 

and altering precipitation patterns (Alemu and Mengistu, 2019). The prevalence of food insecurity 

in rural Ethiopia is closely linked to changing weather conditions, which are seasonal and tied to 

rainfall (WFP, 2014).  

 

About 42% of Ethiopia's GDP comes from subsistence farming, which has a substantial impact on 

the country's economic growth (CSA, 2018).  In addition, the country is particularly sensitive to 

the effect of climate change for three key reasons, (a) approximately 80% of total people depends 

largely on rain-fed agriculture; (b) it is a developing nation with a low per capita income; and (c) 

its diverse geographical locations experience climate change at varying intensities (Alemu and 

Mengistu, 2019). The country's susceptibility to the adverse effect of climate change on its 

agricultural sector is attributed to the interplay between its location, topographic features, and 

adaptive capacity (Addisu et al., 2019). Therefore, many of the Ethiopian community experiences 

chronic and temporary food insecurity, which is closely connected to critical and chronic food 

shortages and famines caused by frequent droughts (Mota et al., 2019).  
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Most of the households without access to adequate food supplies are found in the southern part of 

Ethiopia, an area notable for its susceptibility to drought related famine (Mota et al., 2019). 

Climate and agricultural productivity are clearly related: climate change has adverse effects on 

food systems in all areas (Adugna et al., 2016; Tafesse et al., 2016). In addition, climate-related 

shocks have the potential to decrease productivity, impede economic growth, and worsen existing 

societal and financial problems (Carleton and Hsiang, 2016). 

 

2.3.Farmers' perceptions of climate change and the use of CSA practices as an adaptation 

strategy 

 

The need of adaptation to both current and anticipated climate change is crucial for farmers to 

reduce the negative effects that climate change has on agricultural practices (Pörtner et al., 2022). 

Adopting measures depends on how farmers perceive climate change and variability (Teshome et 

al., 2021). Limited availability of climatic information and extension services, coupled with 

limited understanding and knowledge of climate change and variability, result in a lack of 

motivation to adopt new farming practices (Sertse et al., 2021). Smallholders’ knowledge and 

perception of climate change consist of information and understanding of climatic risks, which are 

essential for climate change adaptation (Nguyen et al., 2019). In this regard, the simplicity of 

farmers’ knowledge and observation toward climate change is mainly characterized by personal 

opinions with inadequate scientific evidence (Hundera et al., 2019).  

 

The scientific literature suggests that there are significant gaps in understanding public opinion 

and perception of climate change, which arise from the subjective nature of measuring climate 

change. It is crucial to address these gaps by providing scientific evidence (Ringler et al., 2010; 

Silvestri et al., 2012; Howe et al., 2019). Farmers' perceptions of climatic changes alone may not 

guarantee adaptation measures; several other reasons may threaten their ability to adapt (Jha and 

Gupta, 2021). Farmers' ability to adapt is determined by their knowledge and cognitive skills, 

which vary across families and are affected by demographic factors such as age, family size, farm 

size, educational level, gender, geographic location, and other socioeconomic aspects (Belay et 

al., 2017; Fierros-González et al., 2021; Talanow et al., 2021; Jha and Gupta, 2021).  
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Adaptation is the local response to climate stimuli, which should resolve the critical gaps, i.e., 

farmers' perceptions and understanding of the changing climate (Ricart et al., 2022). Disregarding 

the importance of knowledge and perceptions in farmers’ adaptation decisions could be 

counterproductive as farmers’ response process behavior could help address their economic, 

socioenvironmental problems (Ng et al., 2010; Jellason et al., 2019). Measuring farmers’ 

knowledge, behavior, and perceptions regarding climate change is a complex task to be visualized 

and examined in a different approach. Some scholars hypothesize that perceptions come before 

any adaptation interventions taken in response to climate change and variability (Singh et al., 2017; 

Bradley et al., 2020).  

 

2.4.Adoption of CSA practices   

 

Climate change threatens agriculture, food supply, and employment for millions of people 

worldwide, particularly in Africa (Makate, 2019; Leisner, 2020; Atwoli et al.,2022). Community 

livelihoods have been impacted by changes in average temperatures, shifts in rainfall patterns, and 

the intensity and frequency of extreme events like floods and droughts (FAO, 2021; Zougmoré et 

al., 2021). Agricultural production systems, including agroforestry, livestock, and crops, need to 

adapt to climate change and establish resilient livelihood systems to secure the food and livelihood 

of rural communities (FAO, 2016; Crippa et al., 2021).  

 

The ‘International Center for Tropical Agriculture (CIAT)’ (2017) report that climate change has 

the potential to cause a significant decline (8–10%) in the GDP of Ethiopia by the year 2050. 

However, it has been suggested that implementing adaptation measures in agriculture could 

potentially reduce losses caused by climate shocks by up to 50%. To reduce the severe climatic 

risks, agriculture has several effective adaptation options. The scientific community is widely 

advocating CSA practices to transform agricultural systems in a changing climate (Omilola and 

Robele, 2017; Khonje et al., 2018; Crippa et al., 2021). Climate smart agriculture is widely 

promoted to improve agriculture under the face of CC (FAO, 2013). FAO (2010) and Lipper et al. 

(2014) state that CSA is a strategy that aims to improve food security under climate change by 

altering agricultural systems and offering adaptable, socially acceptable, and context-specific 

solutions.  
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The CSA approach's guiding principles are as follows: Increasing agricultural and food system 

resilience to climate variability and change; (ii) boosting equitable improvements in farm income 

and food security through sustainable productivity and development; and (iii) reducing GHGs 

emissions from agricultural activities (crop, livestock, fisheries, and so on) (FAO, 2010). Climate 

smart agriculture encompasses various agricultural practices and technologies which are described 

in different literatures such as soil and water conservation (SWC) with biological measures, 

integrated practices of fertility of soil and its management (e.g., soil mulching and crop rotations), 

livestock breeds, agroforestry systems, conservation agriculture, crop diversification and improved 

pasture lands (Suckall et al., 2015; FAO, 2013).  

 

Recent studies indicate that CSA as an approach can enhance food self-sufficiency, biodiversity, 

and livelihoods in the challenge of climate change. Studies have shown that implementing various 

CSA measures can have positive impacts on revenue, production, and food security in diverse 

settings. Implementing stress-tolerant crop varieties and early warning services has been proven 

to boost crop yields, incomes, and food self-sufficiency (Lipper et al., 2014; Anderson, 2018; 

Makate et al., 2019; Lunduka et al., 2019). Diversifying agriculture systems can also lead to 

increased crop-livestock production and other livelihood gains. Adopting farming systems that 

improve yields and livelihoods has shown positive results (Mango et al., 2017). Additionally, the 

practice of agroforestry systems has been strongly linked with higher incomes, livestock holdings, 

and improved household food (Bostedt et al., 2016; Leisner, 2020). Furthermore, CSA provides 

additional co-benefits that can considerably accelerate CSA policies and mainstream adaptation 

and mitigation actions to increase resilient livelihood diversification (IPCC, 2014; Suckall et al., 

2015).  

 

Despite the wide range of applications for CSA measures and technologies, the adoption rates 

among African farmers remain relatively low (Palanisami et al., 2015). The low rate of CSA 

adoption can be attributed to various factors. These include the socioeconomic characteristics of 

farmers, the bio-physical environment in which they operate, the absence of proof or success 

stories regarding CSA adoption in agricultural systems, the lack of sound policies strategies, and 

the specific characteristics of new technologies (Nyasimi et al., 2017; Aggarwal et al., 2018; Aryal 

et al., 2018).  
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The main challenges in scaling up CSA in different agro-ecological locations focus in identifying, 

prioritizing, and promoting current CSA practices and technologies. These challenges need to be 

addressed while contemplating local climate risks and the requirement for such technologies 

(Stuch et al., 2021). For instance, in many Eastern African countries, such as Ethiopia, the current 

climate change adaptation programs lack comprehensive information on adaptation planning, 

despite the need to prioritize CSA options at the farm level (Ayinu et al., 2022). Lipper et al. 

(2014) report that farmers are adopting CSA interventions relatively slowly in Africa, notably so 

in Ethiopia, and argue that research and policy support should be strengthened. According to 

Tigabu and Gebeyehu’s (2018) study on agricultural extension services and technology adoptions 

in Ethiopia, adaption strategies require new policy frameworks and novel approaches.  

 

Prioritizing farms can help key stakeholders make smart choices that are compatible with 

institutional frameworks and governmental rules (Nyasimi et al., 2017; Senyolo et al., 2018). 

Institutional and policy reforms are necessary for adopting CSA initiatives. For instance, 

enhancing institutional support and policy to enable farmers to use CSA innovations, as well as 

offering essential agricultural inputs, financing, consulting services, and sustainable markets, can 

all contribute to the widespread adoption of CSA on farms and in landscape level (Khatri et al., 

2017; Makate et al.,2019). Hence realistic institutional and policy measures are required to 

implement and scale up CSA practices. 

 

2.5.  Impacts of CSA practices on farmers income and food security  

 

Smallholder farmers are extremely vulnerable to the effect of climate change and variability, which 

threaten their agricultural-based livelihoods. Efforts are underway to promote CSA practices and 

technologies to help smallholder farmers in adjusting to climate change (Mujeyi et al., 2021). The 

implementation of CSA is a crucial measure in enhancing the welfare of farmers in developing 

countries that are dealing with the challenges of climate change and limited agricultural land for 

expansion (Khatri et al., 2016). The implementation of CSA has effectively enhanced the overall 

welfare of rural communities. This is particularly true for farm households that possess sufficient 

capital, robust social networks, and well-integrated food markets (Bazzana et al., 2022).  
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Overall, CSA plays a critical role in ensuring food security, fostering economic growth, and 

alleviating poverty (Ouédraogo, et al., 2019).  Improved agricultural practices can lead to better 

household welfare through income growth and enhanced food security (Sani and Kemaw, 2019). 

Previous studies assessed the impacts of CSA technologies including improved crop varieties in 

Kenya (Ogada et al., 2020), manure composting in Tanzania (Pamuk et al., 2021), improved maize 

in Zambia (Khonje et al., 2015), improved wheat and sorghum in Ethiopia (Tesfaye et al., 2016; 

Wake et al., 2019), improved livestock breeding in Rwanda (Habiyaremye, 2017), SWC in 

Somalia (Nyirahabimana et al., 2021). Farmers who implemented CSA measures were shown to 

be more food secure in terms of ‘Household Dietary Diversity Scores (HDDS), Household Food 

Consumption Score (HFCS)’, and household income.  

 

For example, adopting drought-tolerant maize crops has increased yields by 13.3% while lowering 

risk by 81% in rural Nigeria (Wossen et al., 2017). Farmers who adopted different CSA packages 

that included improved crop variety, risk reduction strategies, and specific SWC activities were 

56.83% and 25.44% more food sufficient compared with non-adopters in terms of HFCS and 

HDDS respectively (Wekesa et al., 2018). The implementation of different crops that are more 

resistant to stress resulted in an 83% increase in household income (Ogada et al., 2020). 

Smallholder farmers in Ethiopia have implemented a multitude of CSA measures to climate change 

impacts and to safeguard agricultural productivity, poverty reduction, and food security (Di Falco 

and Veronesi, 2018). These measures include improved crop varieties, SWC with biological 

measures, agroforestry, minimum tillage/mulching, and irrigation schemes. The recent study on 

the effects of CSA and have found both direct and indirect impacts in Ethiopia (Bazzana et al., 

2022). The direct effects include improved productivity of crops and livestock. On the other hand, 

the indirect effects include enhanced food security due to the increase of staple crops and income 

of the household. 

 

Ethiopian government produced the ‘Climate Resilient Green Economy (CRGE)’ strategy 

document in 2011 to meet the 2025 target of middle-income countries. To address the pressing 

problem of climate change, the policy document calls for the adoption of CSA options, which will 

improve household income, food security, and carbon emissions reduction.  
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The Ministry of Agriculture undertook a national effort to promote row planting of cereal crops 

through the Agricultural Transformation Agency (ATA); around 2.5 million farmers participated 

in this campaign (Fentie and Beyene, 2019). The Ten-Year Development Plan (2021 - 2030) is the 

most recent major development strategy in Ethiopia (Minot, et al.,2021). As stated in the Plan's 

description, the main objectives are to increase the incomes and livelihoods of farmers and 

pastoralists and to end poverty by making agriculture more productive and competitive; to play a 

significant part in the structural transformation of the economy, particularly in satisfying the 

nation's food and nutritional needs by modernizing agriculture; to supply raw material inputs for 

the agriculture sector; and to provide rural employment opportunities (Wayessa, 2021).  

 

Despite its importance, the productivity of agriculture in Ethiopia is insufficient and cannot feed 

the current population. The agriculture sector is challenged by extended droughts, irregular 

rainfall, soil erosion, low input supply, and limited technology adoptions. Due to limited cultivated 

land and insufficient inputs supply, and manpower requirements, the adoption rate of improved 

agricultural technology, performance, and productivity in Ethiopia remain unsatisfactory (Yu and 

Pratt, 2014). Ogunyiola et al. (2022) indicate, CSA practices such as improved crops have been 

implemented and are enhancing food security and household income. To successfully implement 

CSA practices in agriculture, multiple stakeholders’ approach is required such as extension agents, 

practitioners, policymakers, scientific communities, and other relevant actors (Ogada et al., 2020).  

 

The ‘Consortium of International Agriculture Research Center (CGIAR) research program on 

Climate Change, Agriculture, and Food Security (CCAFS)’ has been collaborating with 

smallholder farmers in Eastern Africa, specifically in Ethiopia, promoting a range of CSA 

measures via a ‘climate-smart village’ approach to scale up improved agricultural technology and 

support policy options (Ogada et al., 2020). Adaptation can take place either from the bottom up, 

where it is based on actual concerns and is driven by demand, or from the top down, where it is 

centralized and driven by policy (IPCC, 2014). Scientific evidence shows CSA practices increase 

the productivity of agricultural and these increments can improve household income, food security 

(Aggarwal et al., 2018; Mujeyi et al., 2021). Some studies have provided empirical evidence 

showing that CSA adoption benefits outweigh conventional methods of farming systems (Wake et 

al., 2019; Ogada et al., 2020).  
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However, studies on the effects of CSA practices, particularly for income and food security from 

Ethiopia's perspective, remain limited as the adoption intervention has been observed to be location 

specific (Zerssa et al., 2021; Kassaye et al., 2022; Khoza et al., 2021). Several CSA practices are 

adopted in various landscapes in Ethiopia; nevertheless, the impact studies are not well understood 

nor scientifically documented (Fentie and Beyene, 2019; Issahaku and Abdulai, 2020; Zerssa et 

al., 2021; Mekonnen et al., 2021). The adoption of CSA practices could be affected by access to 

climate information, limited inputs supply, lack of institutional support, and inappropriate 

technology (Partey et al., 2018; Ogada et al., 2020; Zerssa et al., 2021). Furthermore, lack of 

evidence or a knowledge gap may cause CSA practices or technologies to take longer to catch on, 

which will have a poor effect on livelihoods (Asfaw et al., 2012; Ullah et al., 2020). 

 

2.6.    Strengths and challenges of Climate Smart Agriculture  

 

Climate change adaptation is a two- step process: the first step requires farmers to recognize that 

the climate is changing, the second step involves applying adaptation strategies (Li et al., 2021; 

Mirzabaev, 2018).  Morton (2007), Teklewold et al. (2019) and Fierros-González and Lopez-

Feldman (2021) emphasize the importance of farmers understanding climate variability to improve 

agricultural practices, such as implementation of CSA practices and technologies. In this regard, 

different theories of perception have been reviewed to understand farmers’ awareness of climate 

change.  

 

The theory of planned behavior (TPB) is used to construct rural farmers' perceptions and 

behavioral control over present climate change and variability. (Ajzen, 1991). Theory of planned 

behavior is analyzed from three aspects: (1) attitudes toward behavior, subjective norm, and 

perceived behavioral controls; (2) associated with farmers’ cognition of climate change 

perceptions; and (3) aspiration of technology adoptions. Aspiration is the reference point for 

farmers to achieve the target of desire that improves the farming system by adopting CSA 

practices. The motivation of farmers is to achieve the target of improving agricultural production 

for bettering their lives against climate change risks (Duan et al., 2021). Farmers’ aspirations in 

agriculture production are based on, for example, aspiration window, gap, capacity, and failure 

(Nandi and Nedumaran, 2021).  
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The aspiration window denotes that the farmers’ cognitive dimension draws aspiration in their 

domain. Meanwhile, the aspiration gap is what farmers aspire to and what they can achieve, 

whereby such gaps affect their future.  Rogers's (2004) theory of diffusion summarizes the main 

factors influencing farmers’ aspirations and decisions over their CSA adoption process. This 

includes the innovator who takes the risk of using new farming technologies, the ways of 

information dissemination for early adopters, the time conditions that early majority was 

convinced for CSA adoption, the skeptical characteristics of farmers who seek evidence of 

adoption benefits, and the poor farmers who are suspicious of new farming technologies. The 

theory assumes that farmers’ willingness to accept, and information access are the main factors 

influencing farmers’ adoption decisions. However, previous studies show many factors affecting 

farmers’ adoption of agricultural innovation. For example, Wheeler et al. (2013) argued that social, 

biophysical, economic, human, institutional, demographic, and farm variables influence farmer 

behavior. In addition, Owusu et al. (2017) and Jethi et al. (2016) state that climate and non-

climactic factors determine the agricultural productivity performance of farmers. 

 

According to Janzen et al. (2017), farmers who have high aspirations and internal locus of control 

are forward-looking and tend to benefit their families and communities’ resilience toward climate 

shocks. Farmers’ belief of climate change and their decision to take CSA measures is associated 

with the internal locus of control and their aspiration (Knapp et al., 2021). Climate extremes have 

become more frequent and intense; thus, smallholder farmers feel the impacts and contemplate 

their future, leading to aspiration failure and cognitive depression. Understanding farmers’ 

perception can be considered a precondition for designing and successfully implementing the 

selected agricultural innovations (Carlos et al., 2020). Effective implementation of such 

interventions requires proper institutional arrangements and clear policy directions that enhance 

the CSA adoption and its effectiveness among rural farmers.  

 

Hellin et al. (2021) suggest that CSA practices should bring farmers, researchers, policymakers, 

and relevant stakeholders together and investigate the existing practices and new agriculture 

technologies in adaption to current climate change and variability. Farmers have a mixed 

knowledge of climate change; some farmers perceive it, whereas others do not. Farmers' decisions 

regarding climate change adaptation are influenced by their knowledge and understanding of 

climate change and variability.  
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Farmers' responses to adaptation decisions, on the other hand, may be motivated by external as 

well as internal factors (e.g., education, farming experience, household size, landholding size, 

livestock ownership institutional services, social network, and market infrastructure). These 

factors could be a constraint for farmers to participate in the adaptation process (Below et al., 

2015). Similarly, not all farmers take improved adaptation measures, and farmers' adaptation to 

climate change is affected by external and internal factors that determine their adoption ability. In 

this regard, examining farmers’ understanding of climate change and their response intentions by 

integrating socioeconomic and biophysical factors needs to be explored. This would contribute to 

more social desirability and networking, access to valuable climate information, and improved 

knowledge and understanding of farmers’ adaptation behavior. Adaptation constraints (e.g., lack 

of knowledge, limited input supply, poor institutional support, and money shortage) provide 

potential entry points for CSA adaptation policymaking and its implementation (von Braun and 

Birner, 2017; Ogada et al., 2020).  

 

Adoption of CSA is important to improve farmers’ welfare under the threats of climate change 

(Boz and Shahbaz, 2021; Sardar et al., 2021). Implementing CSA practices and technology can 

greatly benefit smallholder farmers by helping them achieve food security, enhance their income, 

and alleviate poverty. Recent research indicates that enhancing agricultural yield has the potential 

to positively impact farmers' well-being by boosting household income and ensuring better food 

security (Ogada et al., 2020; Warinda et al., 2020; Hussain et al., 2022; Ogunyiola et al., 2022; 

Musafiri et al., 2022). 
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CHAPETR THREE: STUDY AREA, DATA AND METHODS 

 

3.1.  Introduction  

 

This chapter first introduces the study area, describing biophysical and socioeconomic settings, 

land use and resources, and climate vulnerability and adaptation. The chapter then presents the 

conceptual framework and the methodological approach, including objectives, data gathering 

tools, and models for data analysis. 

 

3.2.  Study area location and description 

 

This study was carried out in the Doyogena district, which is geographically located between 

7°17′-7°19′ N latitude and 37°45-37°47′ E longitude, and administratively in Southern Nations, 

Nationalities, and Peoples Region of Ethiopia (Figure 3.1). The altitude varies between 2420 and 

2800 meters above sea level. Farmers' main source of income is mixed agriculture (crop-livestock 

agricultural systems). The area produces legumes, cereals, fruit trees, vegetable root crops, and 

perennial crops such as Enset/false banana (Ensete ventricosum). Enset is a widespread drought-

tolerant and multifunctional crop that yields a high-calorie meal known as "Kocho," which is 

cultivated by practically every farmer in the study site.  Livestock production in the study area 

includes cattle, sheep, and poultry (Belay et al., 2021; Tadesse et al., 2021). 
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Figure 3.1 Map of the study area (author’s own work, 2022) 

 

The research site is susceptible to extreme weather events including drought and flooding, which 

can lead to severe water scarcity, soil erosion, land fragmentation, shortages of feed for animals, 

diseases of crops and livestock, deforestation, and land degradation (Taye et al., 2016; Bonilla et 

al., 2020; Tadesse et al., 2021).  

 

According to a Central Statistical Agency report, the number population for the study district is 

estimated 122,336 between 2007 and 2015, with 51% males and 49% females and the average 

population density per square kilometer was 458 (Central Statistics Agency (CSA), 2013). The 

study sites have diverse crop-livestock agricultural systems with different topography. Various 

ethnic groups (e.g., Kembata, Hadiya, Wolaita, Tembaro, Gedio, and Guragie Halaba) live 

together, settling in different villages, and sharing values, cultures, religions, and food systems 

(Melketo et al., 2020). The agricultural system in the research area is completely dispersed. 

Following the demographic growth and parcelling out of the farm plot, most existing settlements 

established at the top of the hills are ideally suitable for growing various crops. To reduce the effect 

of climate change on smallholder farming systems in the study area, CSA initiatives are being 

implemented by the development partners such as the CCAFS, and InterAide.  
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In the study district, farmers have been using CSA practices for a decade (2012), with the help of 

partners and the local government. InterAide, for example, launched a pilot project in several 

villages in 2006 to address climate-related impacts in the study region. Later, in 2012, the ‘CGIAR 

project Africa Research in Sustainable Intensification for the Next Generation’ (commonly known 

as Africa RISING) was launched, with the goal of expanding to other CSA villages. 

 
3.3.  Biophysical Setting  

 

The sections below present the biophysical settings of the study area which includes climate, 

vegetation, land use and resources, physiography and drainage, water resources and biophysical 

vulnerabilities. 

 

3.3.1. Climate  

 
The Doyogena district in the southern region has a humid climate, with an average annual rainfall 

of 1500 mm. The area has highly variable weather conditions with bimodal rainfall seasons 

namely, Kiremt with peaks June-September (long rainy season); and Belg season from February-

April (short rainy season). The average temperature varies between 12°C and 20°C annually, while 

the rainfall varies from 972-1500 mm (Belay et al., 2021). The two rainy seasons are referred to 

as mate'haa sana and glalichi sana in Kambattis and Kiremt and Belg in Amharic respectively 

(Belay et al.,2021). 

 

3.3.2. Vegetation  

 

The study area has an abundance of vegetation, with domestic tree species including Podocarps 

falcatus, Acacia abyssinica, Olea Africana, Cordia africana, Croton macrosachyus, and Juniperus 

procera among others. These tree species are used for firewood and timber production. Farmers, 

for example, grow Eucalyptus globules for construction, firewood, and timber production. The 

farmland of the smallholders is surrounded by broad leaf agroforestry, which consists of woody 

perennials such as Ensete ventricosum plantation is used as hedging and live fencing safeguarding 

the farmers crop from animal damage (Demalo,2014; Erchafo, 2018). 
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3.3.3. Land use and resources  

 

The economic setting of the area depends on subsistence agriculture and livestock systems. In the 

district, from 1973 to 2020, the proportion of forestland plummeted from 1756.7ha (38.8%) to 

71.6ha (1.6%). Wetland areas, for example, have shrunk from 16.8 ha/year between 2000 and 2010 

to 6.3 ha/year between 1986 and 2020. Contrarily, cropland increased from 34.1% in 1986 to 2000 

to 46.3% in 1986 to 2020 (Mariye et al.,2022). The average size of landholding possessed by both 

male and female farmers is approximately 0. 75ha (Mathewo et al.,2021). The area's livelihood 

systems are based on agriculture, cattle, and the production of pasture for animal feed. In the study 

area, settlement is often found at the top and bottom of the hill, and due to the large population 

density, some households also build their homes on the mid-slope. The study site is described by 

the growing of various crops such as Enset, wheat, potato, and legumes. Farmers plant productive 

forage plants such as Desho Grass (Pennisetum pedicellatum) to feed their livestock and to 

overcome the shortage of grazing lands (Erchafo, 2018).  

 

3.3.4. Physiography and Drainage  

 

The area consists of a large network of rivers which ensures the region's good drainage in the 

Bilatie watershed. Four of the rivers (Sana, Yabela, Bilatie, and Shanya) are permanent, while the 

other three are intermittent (Shapa, Gondala, and Kasho) (Mariye et al.,2022). The Sana, Yabela, 

Bilatie and Shanya rivers have a constant flow of water all year and eventually join into the Omo 

Basin. The area exhibits a varied and steep topography with elevations that span from 2420 to 

2800 meters above sea level. The slope of farmland varies from 2% to 65% where agricultural 

activities are practiced, and the terrain slope is classified into three major types, namely normal, 

moderate, and steep slopes, which account for 10.7%, 63.9%, and 25.4%, respectively (Mariye et 

al.,2022). This geographical feature contributes to considerable soil erosion and the creation of 

gullies. 
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3.3.5. Water resources  

 

The area has sources of domestic water from rivers, and groundwater from shallow and dug wells. 

The area is rich in tributaries and rivers. According to the ministry of water and energy information 

or data on the total water supply in the region, about 60% of them are functional and the remaining 

40% are not (Abera and Wana, 2023). The average urban and rural area water supply reaches about 

75% and 49% respectively (Demalo, 2014; Tadesse et al.,2021).  

 

3.3.6. Biophysical vulnerabilities  

 

The productivity of crops and fodder in the district are contingent upon the amount of rainfall 

received, which is known to be unpredictable. The variabilities in these occurrences can be 

observed through their frequency, severity, spatial extent, length, and timing.  The effect of climate 

change on farming systems is generally observed through both direct and indirect effects (Gitz et 

al.,2016). Direct effects are those that have an immediate impact on certain agricultural production 

systems, such as shifts in temperature and rainfall. Unpredictable rainfall patterns have a major 

effect on land degradation and soil erosion, which eventually results in lower land productivity. 

Indirect effects are those that have an impact on production by affecting different species such as 

pollinators, pests, disease vectors, and invasive species.  

 

Rainfall variability is considered as one of the highest causes of risk and vulnerability in the area 

(Belay et al.,2021; Mariye et al.,2022). Additionally, water scarcity, free grazing, soil erosion 

(from both water and wind), land fragmentation, animal feed shortage, livestock disease, 

deforestation, and barren land because of soil degradation are the most frequently reported 

problems (Tadesse et al., 2021; Abera and Wana, 2023). The combination of steep topography and 

irregular rainfall causes extensive erosion of open fields as well as significant erosive run-off. 

Within the study area, there is an increasing trend of severe deforestation and vegetation clearing. 

This is primarily driven by the need to acquire more cultivable land and grazing pastures. However, 

it is important to note that these activities are exacerbating the problem of soil erosion. In the 

context of mountainous steep slope environments, the replacement of forests and grasslands by 

farming results in significant soil deterioration (Demalo, 2014; Melketo et al., 2020; Tadesse et 

al.,2021). 
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3.4.    Socioeconomic Setting   

 

This section highlights the political and administrative context, the national/regional/local 

economic environment, the social environment, the health environment, the regulatory framework, 

and socioeconomic vulnerabilities. 

 

3.4.1. Political and administrative context  

 

The Doyogena district is located in the ‘Kembata Tembaro zone of the Southern Nations, 

Nationalities, and Peoples Region in Ethiopia’.  The place is located 258 kilometers south of Addis 

Abeba and 171 kilometers Southwest of Hawassa. The study area has about 217km weather roads 

and 140km dry weather roads. The road density of the area is 249 km per 1000km2 (Teketel et 

al.,2021). 

 

3.4.2. National/regional/local Economic setting 

 

The area has different socioeconomic problems, and this creates poverty in the local community 

including insufficient labor production due to migration to urban areas. The regional government 

has been working different economic activities focusing on job opportunities and poverty 

reduction activities like development projects such as industrial parks, educational and health 

centers, green infrastructure (Teketel et al.,2021). 

 

3.4.3. Social setting 

 

The federal and regional government has designed different strategies to safeguard the most 

vulnerable part of societies and social protection programs have been in place to safeguard the 

communities. For instance, the country's food security program has been designed in various ways 

to effectively address the issue of scarcity and benefit a significant portion of the population. This 

food security program is aimed to create employment opportunities for youth and women (Teketel 

et al.,2021). 
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3.4.4. Health setting  

 

The country’s health policy has been adopted in the way to as the response of the people’s need 

for basic health services. The health extension program is one of the newly established programs 

that could serve better the needs of the community with special attention to mothers and children 

focusing on the rural areas. In the region, about ten hospitals and many health centers have been 

built by the federal government to enhance the safe motherhood program (Lafore et al.,2021).  

 

3.4.5. Regulatory Framework 

 

After Ethiopia's military regime was overthrown in 1991, the constitution was enacted in 1995. 

The Extension programs enhance agricultural productivity economically and elect more farmers 

politically. The Ethiopian extension system uses a bottom-up, Farm Training Center (FTCs) based 

agricultural extension method along with farmer organizations like One-in-Five and development 

units, which are regarded as the entrance point for grassroots extension services (Leta et al., 2017). 

FTCs are required to provide a wide range of agricultural extension services through an innovative 

and sustainable farmer-owned agricultural extension system with the help of development agents 

and farmer groups.  

 

The country's agricultural strategy aims to increase output and facilitate political control, both of 

which are believed to be necessary to win elections. A study at the community level has identified 

a few root causes for the ineffectiveness of agricultural extension services, including weak links 

between research and agricultural extension, policies that are not tailored to the needs of small 

holders, and the lack of involvement of agricultural extension workers in activities (Hoben, 1995; 

Keeley and Scoones, 2000). 

 

3.4.6. Socioeconomic vulnerabilities  

 

The socioeconomic vulnerability in the region is exacerbated by its high level of poverty and 

reliance on major industries that are expected to be affected by climate change: agriculture, water, 

tourism, and forestry (World Bank, 2021).  
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While the region is subject to natural risk such as sudden flooding and drought, its topographic 

variety and heavily marginalized populations make it even more vulnerable. Non-climate stresses 

such as inadequate infrastructure to handle the growing population are also influencing climate 

change vulnerability. The frequent droughts and floods have had a substantial impact on poverty, 

food security, livelihood status, and community human capital. In response of the above-

mentioned problems, local farmers are applying a multitude of CSA practices including integrated 

watershed management and landscape rehabilitation, improved crop and livestock production, 

cereal and legume rotation and agroforestry practices are some of the current activities being 

implemented (Belay et al., 2022; Tadesse et al.,2021).  

 

3.5.   Conceptual Framework  

 

Recent studies indicates that the adoption of new agricultural technologies and practices is 

influenced by the possible risks and uncertainties associated with climate change. According to 

the expected utility theory assumptions, farmers who make decisions to adopt new agricultural 

technology, such as CSA practices, consider the risks, uncertainties, and farm input constraints 

that may affect their utility maximization(Jaeger, 2007; Mercer, 2004). The decision to maximize 

utility or profit is a function of farmers’ preferences or selection from the available alternatives, 

which include CSA practices and technologies (Marra et al., 2003; Wens et al., 2021).  

 

The adoption theory demonstrates that farmers’ resource allocation decisions for different 

agricultural practices are subject to maximizing the expected utility of food and income by 

selecting specific CSA practices under risks and uncertainties(KW Maina et al., 2020). In this 

study, for example, smallholder farmers expect benefits or utilities from adopting CSA practices 

that maximize their income and food security (Sardar et al., 2020). Smallholder farmers adopt new 

agricultural practices and technology if the expected utility or benefits from adoption (Ua) are 

substantially greater than the expected utility or benefits from non-adoption (Un) (Kassie et al., 

2015; Ngoma et al., 2021).  
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Following Wooldridge (2010)  and Greene (2003), as indicated in (Equation 1),  we derived the 

utility function from the adoption of CSA with dichotomous choices, which are determined by the 

given observable and unobservable characteristics of Zi and the error term εi, such that 

 

I*i = βZi+ ℇi, Ii=1   if    I* > 0, and 0 if otherwise      (1) 

 

where Ii represents a binary choice variable for CSA adoption, which equals 1 if the farmers I 

adopt the CSA practices, and 0 otherwise. β represents the coefficient of the vector parameters to 

be estimated, Zi represents socioeconomic characteristic of the farmers, and εi is the error term. 

Therefore, farmers adopt CSA practices if Ii = Ua − Uu > 0. Hence, the probability of households’ 

adoption of CSA practices and technology would be quantified in Equation 2 as follows: 

 

Pr (Ii = 1) and Pr (I*I > 0) = 1−D(βZi)                    (2) 

 

where ((Ii=1) represents the probability of CSA adoption, and D is the cumulative distribution 

function for the error term(ℇi), which differentiates the types of model used for estimation (Greene, 

2003).  

 

Adoption of CSA is critical for improving farmer welfare in the face of climate change threats 

(Boz & Shahbaz, 2021; Sardar et al., 2021). Adopting CSA practices and technology can assist 

smallholder farmers in achieving food security, increased income, and poverty reduction. 

According to recent research, increasing agricultural yield can improve farmers’ well-being by 

increasing household income and food security (Hussain et al., 2022; Musafiri et al., 2022; Ogada 

et al., 2020; Ogunyiola et al., 2022; Warinda et al., 2020). 

 

This study’s conceptual framework is built around four main components:  i) climate change 

/variability and its effects; ii) adoption of CSA; iii) crop yield increment; and iv) household income 

and food security. The conceptual framework follows a top-down approach indicated (Fig. 3.2). 

The lines connecting the boxes with positive and negative signs show the impacts of each 

component on the other components in different ways. Climate change and variability harm 

smallholder farmers’ livelihoods because their livelihoods are vulnerable to climate-related risks 

and have poor adaptive capacity  (Ogada et al., 2020).  
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Climate-related impacts can be mitigated by adopting CSA practices and technology on 

agricultural land (Warinda et al., 2020). Effective and timely adoption of CSA practices on farming 

plots depends on knowledge and perception of climate change and its consequences (Boz & 

Shahbaz, 2021). Moreover, the intention of farmers to adopt available CSA practices is influenced 

by experience, socioeconomic and intuitive support, infrastructure, and sound policies(Ruben et 

al., 2019). The advantages of CSA adoption have a direct positive effect on farmers’ income 

growth and mitigate the adverse effects of climate change and variability (Hussain et al., 2022). 

Moreover, farmers’ decision to adopt CSA practices tends to reduce climate risk, increase crop 

yield, improve household income, and satisfy the demand for farmers’ food consumption 

(Ogunyiola et al., 2022). 

 

In contrast, if farmers failed to adopt CSA measures and instead practiced conventional farming, 

it could lead to an increase in climate risk vulnerability and a decline in crop yield per hectare 

(Sardar et al., 2021). Smallholder farmers can reduce climate-related losses and damages by 

incorporating CSA practices into their farming system (Musafiri et al., 2022). Smallholder 

agriculture productivity and crop income ultimately enhance household food security, but farm 

income and food security enhancement is contingent upon CSA interventions (Sedebo et al., 

2022). Therefore, the conceptual framework of this study began with climate change and its effects 

on farmers’ agricultural practices, as well as the direct implication of CSA adoption on household 

income and food security (See Figure 3.2). 
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Figure 3.2: Conceptual framework of the study  

Sources : adapted from Sarda et al. (2021) 

 

 

Climate-related impacts can be reduced through the implementation of CSA measures and 

technology on farming plots (Warinda et al., 2020). Effective and timely adoption of CSA 

practices at farming plots depends on knowledge and perception of climate change and its effects 

(Boz and Shahbaz, 2021). The intention of farmers to embrace CSA practices is influenced by 

experience, socioeconomic factors, intuitive support, infrastructure, and solid policies (Ruben et 

al., 2019). The advantage of CSA measures has a direct positive implication on farmers’ income 

improvement and mitigate the negative impact of climate change and related risks (Hussain et al., 

2022). Farmers' response to adopt CSA practices tends to reduce climate risk, increase crop yield, 

improve household income, and meet the demand for farmers’ food consumption (Ogunyiola et 

al., 2022).  
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In contrast, if farmers fail to adopt CSA measures and follow conventional farming, it may have 

consequences of increasing climate risk vulnerability and a reduction in crop yield production per 

hectare (Sardar et al., 2021). Smallholder farmers can reduce climate-related loss and damage 

through the adoption of CSA measures in their farming system (Musafiri et al., 2022). Smallholder 

agricultural productivity and crop income eventually increase household food security, and CSA 

interventions improve farm revenue and food self-sufficiency (Sedebo et al., 2022). The 

conceptual framework of this study links climate change and variability to farmers' understanding 

and awareness of climate change, factors that influence the implementation of CSA, and its impact 

on household income and food security. 

 

3.6.    Methodology  

 

This section provides a detailed overview of the study methodology used for this study. It covers 

the process of selecting the study area, gathering samples, selecting households, and collecting and 

analysing data. 

 

3.6.1. Research design   

 

The study focused on smallholder farmers in the ‘Southern Nations, Nationalities, and Peoples 

Region (SNNPR) of Ethiopia’, specifically in districts where climate smart agriculture practices 

have been introducing since 2012.  A method of multistage sampling was used to select the study 

site and households for the sample selection. In the beginning stage, Doyogena district from the 

Southern region in which CSA practices have been tested and promoted for a decade was randomly 

selected. In the second stage, two Kebeles (the lowest level administrative units of the ‘Federal 

Democratic Republic of Ethiopia)’, were randomly selected. In the third stage, with the help of 

extension personnel and peasant associations leaders, four villages from each Kebeles in total 8 

villages from two kebeles were identified, and a total of 385 survey participants were randomly 

selected for the final survey interview.  A combination of both quantitative and qualitative data 

was employed in a research design to gather information from primary and secondary sources.  
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This approach was used to examine how farmers' understanding, and perceptions of climate change 

contributed to the adoption of CSA measures as an adaptation strategy, as well as to determine 

whether CSA practices improved farmers income and food security. The national meteorology 

agency provided meteorological data. Semi-structured questionnaires were used to perform a 

cross-sectional household survey. The objective of the survey was to gather important data about 

farmers' understanding of climate change and their adoption of CSA measures. The study 

employed qualitative techniques to collect data, such as conducting ‘Focus Group Discussions 

(FGDs), Key Informant Interviews (KIIs)’, and direct observations. The necessary secondary data 

was obtained by conducting a review of relevant literature pertaining to climate, crops, livestock, 

and other socioeconomic factors. 

 

3.6.2. Analysis of trends and variability of rainfall and temperature 

 

This section discusses data collection activities such as desktop studies, field work studies, and 

data analytical procedures for specific objective one. 

 

3.6.2.1.  Desktop studies  

 

The ‘National Meteorological Agency (NMA)’ provides rainfall and temperature time series data 

from 1983 to 2016. In this work, 34 years of meteorological data is used to investigate the observed 

changes of rainfall and temperature across the given area. Annual rainfall and temperature data 

from each station were calculated by combining and averaging the station data (Tabel 3.1) from 

1983-2016 (Gissila et al., 2004; Cheung et al., 2008). 
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Table 3.1: The name, altitude, coordinates, and years of the selected meteorological stations  

Name of station  Lat. (N) Long. (E) Alt. (a.m.s.l)        Duration  

Doyogena 7o 20' 37o 47' 2629 1983-2016 

Angacha 7o 20'  37o 51' 2321 1983-2016 

Durame 7o 14' 37o 53' 2116 1983-2016 

Alaba Kulito 7o 31' 38o 09' 1726  1983-2016 

Hossana 7o 34'  37o 51'  2306                    1983-2016 

Fonko 7o 38'  37o 58' 2246 1983-2016 

 

3.6.2.2.  Fieldwork Studies  

 

Local meteorological stations in the study area were identified and chosen for analysis. The 

weather stations were chosen based on the relative completeness of data availability and the length 

of years that fulfills the requirements of the World Metrological Organization (WMO) typically 

three decades or longer. It is standard procedure to undertake climatological research with a 

minimum of 30 years of data (Wodaje et al., 2016).   

 

3.6.2.3.  Data Analysis 

 

The analysis of climate data is conducted at different scales, including monthly, yearly, and 

seasonal. The analysis of temperature time series involved calculating annual and seasonal 

averages based on monthly climatic data. The analysis of rainfall time series involved using annual 

and seasonal totals. In this study, different statistical techniques are employed to analyze long-

term climate variability and trends over the study area. For example, there are several methods 

used to assess rainfall patterns such as the ‘Standardized Rainfall Anomaly (SRA), Standard 

Precipitation Index (SPI) and Standard Anomaly Index (SAI). A standard rainfall anomaly is a 

more general term for the deviation of observed rainfall from expected values, while SPI is a 

specific index standardized for measuring precipitation anomalies over various time scales. 

Additionally, SAI may include a variety of indices used to measure anomalies in environmental 

variables, including precipitation, which may or may not adhere to SPI's standardization.  
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Whereas ‘the coefficient of variation (CV) is used to analyse the seasonal and annual variation of 

precipitation patterns ( Svoboda et al., 2012; Hänsel et al., 2016; Asfaw et al., 2018; Esayas et al., 

2019)’. Two non-parametric statistics are used in this study: Sen's Slope is used to identify trend 

magnitude, and ‘Mann-Kendall (MK)’ is used to determine trend direction. Sen's Slope is 

commonly used to determine the percentage shift in the variable over the studied timeframe’. The 

‘Standard Anomaly Index (SAI) is used for the calculation of rainfall patterns to identify extreme 

wet and dry periods (Agnew et al., 1999; Babatolu et al., 2013; Gleixner et al., 2017; Koudahe et 

al., 2017; Asfaw et al., 2018). 

 

The SAI index is calculated as shown in Equation (3): 

Z = 
 (𝑋𝑖−𝑋𝑖̅̅ ̅)

𝑆
                                                                        (3) 

 

Where the standardized rainfall anomaly, denoted as Z, is calculated using the annual rainfall 

values, represented by xi, based on the historical record. The value (xi) ̅ represents the average 

annual rainfall, while s indicates the variability of the annual rainfall based on historical 

observations of the time series.  

 

Extreme drought conditions are classified as such (Z -1.65), severe (-1.28 > Z > -1.65), and 

moderate (Z > -0.84) (Agnew et al.,1999; McKee., 1993; Viste et al., 2013). Extreme drought and 

an extreme rainy year are indicated by the standardized rainfall anomaly index, which runs from 

≤-2.0 (dry) to ≥ 2.0 (wet), respectively. 

 

The degree of variability in seasonal and annual rainfall was measured using the Coefficient of 

Variation (CV). According to Hare (2003), there are three categories for rainfall variability: high 

(CV > 30), moderate (20 < CV > 30), and low (CV < 20).  

 

The CV value is computed with the following (Equation 4): 

CV =
𝜎

𝜇
× 100                                                              (4)        

where 𝜎  is the standard deviation, CV is the coefficient of variation, and μ is the mean precipitation 

for the period of record.     
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The ‘Precipitation Concentration Index (PCI) is used to evaluate the monthly, seasonal, and annual 

rainfall distribution.  According to De Luis et al. (2000) and Gocic et al. (2013), PCI is used to 

show the risk of floods and drought occurrences in the study area and computed in (Equation 5)’: 

𝑃𝐶𝐼 =
∑ 𝑝𝑖

212
𝑖=1

(∑ 𝑃𝑖
12
𝑖=1 )2

                                                       (5)       

Where Pi is monthly precipitation in the month i, and Σi is summation of precipitation. 

 

A PCI value of  < 10 indicates that precipitation is distributed uniformly; PCI value ranging from 

11-15 indicates moderate rainfall concentration; PCI a value between 16 and 20 indicates an erratic 

rainfall distribution, whereas a value more than 20 indicates a highly irregular rainfall distribution 

across the area (Oliver, 1980).  

     

One of the most used methods for determining climate trends is the Mann- Kendall (MK) trend 

test. Mann and Kendall (1975) provide specifications for the MK test. The MK test is used to 

identify patterns in the annual and seasonal variations of climate parameters that are monotonically 

increasing or decreasing. To find out if there have been any changes in the temperature and rainfall 

indices over time, Sen's estimator and the MK trend test are used. Climate outliers have less of an 

impact on the MK test's ability to detect annual and seasonal trend changes (Birsan et al., 2005). 

The MK test is performed using monthly, seasonal, and yearly rainfall data from 1983 to 2016 in 

the study area. The Z value and trend are calculated using Sen's slope (β) estimation. 

 

The MK Statistics(S) can be calculated with (Equation 6): 

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑘)                                                          (6)
𝑛
𝑗=𝑘+1

𝑛−1
𝑘=1         

‘Where xk and xj are the sequential data values of the time series' k and j (j > k), and n is the length 

of the time series.  A positive S value shows an increasing trend in the provided time series data, 

whereas a negative value indicates a decreasing trend. The sign function is given (Equation 7)’:  

𝑆𝑔𝑛(x𝑗 − x𝑘) = {

1 𝑖𝑓(x𝑗 − x𝑘) > 0

0 𝑖𝑓(x𝑗 − x𝑘) = 0

−1 𝑖𝑓(x𝑗 − x𝑘) < 0

                                                  (7) 

The variables xj and xk represent the annual data values for a given set of years, k and j(j>k) 

respectively. 
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When the sample size or observation is less than 10 (n < 10), the S statistics follows an 

approximately standard normal distribution with a mean of zero. In this case, the variance of the 

statistics is estimated by (Equation 8).    

Var(S) =
𝑛(𝑛 − 1)(2𝑛 + 5) − ∑ 𝑡𝑘(𝑡𝑘 − 1)(2𝑡𝑘 + 5)𝑚

𝑘−1

18
                           (8) 

Where ‘Var(S) represents the variance of the quantity, n implies the number of observations, and 

m is the number of tied groups. Tied groups refer to sets of sample data with the same value, and 

it indicates the number of data points in ith group and tk represents the tied value of the ith sample 

time series. The MK test is used to determine if a time series is decreasing or increasing; in this 

case, the highest S positive values show an increasing trend, while the lowest S negative values 

indicate a decreasing trend. The Z statistics are calculated by (Equation 9)’: 

𝑍 =

{
 
 

 
 
𝑠 − 1

𝑣𝑎𝑟(𝑠)
 𝑖𝑓 𝑠 > 1

0 𝑖𝑓 𝑠 = 0
𝑠 + 1

𝑣𝑎𝑟(𝑠)
 𝑖𝑓 𝑠 < 0

                                                                                     (9) 

 

The Z statistic measures the significant level of the trend i.e., positive, and ‘negative Z value 

indicate upward and downward trends of the given period respectively. Z0 is the null hypothesis 

which indicates trends are not observed and accepted if |Z| ≤ Z α/2, where Z α/2 is the normal 

distribution. Hence, the climate data is statistically analyzed at a 95% confidence interval (alpha 

value of 0.05) for each time series data.  

 

The time series data is analysed using the nonparametric tests donates as Sen's slope method (Sen, 

1968) to determine the linear trends.   The ‘Sen's method calculates the magnitude of the Sen's 

slope in a sample of N data pairs. A positive value for β indicates a increasing trend, while a 

negative value indicates a declining trend in the time series.  Hence Sen’s slope (Ti) in any two 

values of N pair’s data can be computed by (Equation 10)’: 

 

 (𝑇𝑖) =
(𝑥𝑗−𝑥𝑘)

𝑗−𝑘
                                                                                             (10) 

Let xj and xk denote the data value at time j and k (where j>k) respectively.   Sen's slope estimator 

is defined as the median of the N values of the Ti. 
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The most used technique for identifying and characterizing meteorological drought is the Standard 

Precipitation Index (SPI) (McKee et al., 1993; Karabulut, 2015). According to Svoboda et al. 

(2012), SPI can be computed for a range of time periods, including 1, 3, 6, 12, 24, and 48 months. 

Twelve-month or annual periods (SPI-12) are employed in this study. SPI value is calculated as 

(Equation 11): 

SPI𝑖𝑗 =
X𝑖𝑗 − µ𝑖𝑗

α𝑖𝑗
                                                                              (11) 

In the given equation (9), ‘SPIij represents the rainfall total value for ith month at jth period, while 

xij represents the observed rainfall total value for ith month at jth period. The variables µij and αij 

represent the long-term mean and standard deviation of the selected period (ith month at jth time 

scale), respectively’.   McKee et al. (1993) and Svoboda et al. (2012) indicate SPI has a range of 

output values from -2.0 to 2.0, as shown in Table 3.2’.   

 

                  Table 3.2.  Standard Precipitation indices and their interpretation  

SPI Value Interpretation  

≥ 2.0 Extremely wet  

1.5 to 1.99 Severely wet 

1.0 to 1.49 Moderately wet 

0.99 to -0.99 Near normal  

-1.0 to -1.49 Moderately dry  

-1.5 to -1.99  Severely dry  

≤-2.0 Extremely dry  

Source: Svoboda et al. (2012) 

 

3.6.3. Investigating farmers' knowledge of climate change and adoption of climate-smart 

farming practices for climate change adaptation 

 

This section presents data collection activities such as desktop studies, field work studies, and data 

analysis procedures for specific objective two. 
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3.6.3.1. Desktop Studies 

 

The study involved collecting data from various sources such as published articles, working 

documents, policy briefs, and annual reports from NGOs, the ‘Ministry of Agriculture’, as well as 

offices for rural development. The research focuses on examining the understanding and attitudes 

of farmers towards climate change, alongside their implementation of CSA practices. 

 

3.6.3.2.   Fieldwork Studies 

 

To gather the required information on the socioeconomic and demographic features of the 

households, a semi-structured survey questionnaire was designed. The study examines farmers' 

understanding of climate change, rainfall, and temperature variability. The farmers were polled on 

a broad range of topics, including how they felt about the changing climate and its variability. The 

responses were utilized to conduct a perception survey with the farmers. In the follow-up questions 

of the survey, respondents were asked to provide evidence of the changes that they have witnessed 

or experienced during the past three decades. In addition, the study measures farmers’ perception 

of climate change and variability using three key variables: rainfall and temperature changes and 

a general understanding of climate change.  

 

Farmers were asked a general question about their feelings regarding changing climate and 

variability. The responses were used to measure the farmers’ perceptions. Information on farmers' 

understanding, the effect of climate-related risks on their livelihoods and natural resources, 

farming systems, farmland characteristics, training, credit services, climate information, and 

challenges with adaptation were among the topics covered by the questionnaire. Moreover, 

questions about farmers’ CSA practices and its influences on household income and food security 

were added while food consumption score was used as an indicator for household food security. 

The household interview and checklists were designed to gather qualitative information to 

supplement the household questionnaire survey. The survey was carried out between September 

2020 and February 2021.  Data collection took place during the COVID-19 epidemic, and it was 

challenging to conduct face-to-face interviews due to social distancing measures, and movement 

limitations. 
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Participants in the FGDs and KII included farmers, government, and NGO representatives, as well 

as heads of community members, Kebele administrations, and development agents. FGDs and KIIs 

helped to capture comprehensive information on farmers’ knowledge and perception of 

precipitation and temperature patterns for the previous three decades, climate risks, perceived 

impacts of weather variations, and CSA adaptation measures toward climate change. The 

questionnaire and checklist were pretested before the actual data collection phase(Creswell, 2017). 

Following the pre-testing procedure, we conducted further modifications and corrections of the 

questionnaire and checklists.  

 

Household survey: A survey was conducted in Doyogena district, Southern Ethiopia to gather 

data on the knowledge and perceptions of climate change and the use of CSA measure among 

farmers. The survey conducted interviews with a total of 385 households. Since Ethiopia has not 

conducted an official census since 2007, it is uncertain how many people reside at the research 

location. To determine sample households for the interview, locally estimated total population and 

number of households were acquired from district agriculture and rural development office and 

InterAide project office. A total of 385 households, 80.5% male and 19.5% female respondents, 

were selected from 10267 sampled population using Yamane (1967) formula proportionally and 

figured as follows (Equation 12). 

𝑛 =
𝑁

1 + 𝑁(𝑒)2
=

10267

1 + 10267(0.05)2
= 385  ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠                            (12) 

Where: n indicates the sampled households for the study N = total number of households in the 

district and e is the level of precision (5%).   

 

To properly identify the study site and households, the study used a multistage sample strategy 

that included a combination of sampling procedures. In the beginning step, a district from the 

Southern region was selected randomly in which CSA practices have been tested and promoted 

for a decade. In the second step, two Kebeles (the lowest level administrative subdivisions of 

Ethiopia's federal democratic republic) were chosen at random. In the third stage, with the help of 

extension personnel and peasant association leaders,4 villages from each Kebeles in total 8 villages 

were identified, and 385 households were randomly selected for the final interview (see equation 

10).  
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The study used mixed research designs, gathering data for both quantitative and qualitative 

analysis from primary and secondary sources (Section 3.6.3.2). A detailed distribution of sample 

households in the area is provided (Appendix ‘A’).   

  

Focus Group Discussion (FGD): FGD were held with the selected group of individuals to get 

their thoughts and opinion on the topics of the research questions (Appendix B). FGDs participants 

were selected purposively using the following criteria: Farmers who have lived in the study site 

for a longer period (not less than 20 years) and who have firsthand information or experience of 

the local environment, historical and current weather conditions. Participants were selected with 

the help of local development agents, kebele administrations and district agriculture and rural 

development experts. A mixed focus group discussion was conducted for each study kebele, with 

a total of 12 participants (8 men and 4 women). A total of 24 participants, consisting of 16 men 

and 8 women, participated in the FGDs in the two kebeles. The FGDs lasted for two hours each, 

with language translation took longer because participants did not speak Amharic and English. 

Participants were asked about their views, knowledge, attitudes, and beliefs regarding previous 

and current climatic variations, climate-related consequences on their farming activities, and 

adoption of CSA practices as an adaptation measure.  

 

Key informant interviews: The KIIs were conducted in February 2021 using a checklist of open-

ended questions. The place of the interview was chosen by the key informants in their villages. 

The average time for the face-to-face interview with a key informant lasts between 20 and 30 

minutes. The interviews were conducted with 16 individuals, and the key informants are a more 

homogeneous group, therefore 16 people were adequate numbers for this study. The interviewees 

were selected from several groups, including model farmers (8), district development agents, and 

agricultural professionals. (2), Kebele administrators (2),’ non-governmental organizations in the 

district (2) who provide agricultural extension services to farmers, and leaders of community-based 

organizations (2) individuals with experience on climate change and adaptation’ (Appendix C). 

 

The following criteria were used to choose the key informants: Farmers who have lived in a 

specific place for a longer period (at least 20 years); or who have direct knowledge or experience 

with the local environment, weather patterns, climate change, and agricultural practices.  
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The procedure for choosing informants was carried out with the assistance of the kebele 

administration, development agents, and experts in district agriculture and development. During 

data collection, factors including a farmer's age, education status, farming experience, and farmers 

knowledge of climate change have been examined. Due to their hesitation, voice recording was 

not possible during the KII; instead, notes were taken.  During the field work, different kinds of 

CSA practices were identified and relevant information from households was collected (Appendix 

D). 

 

3.6.3.3.  Data Analysis  

 

Descriptive statistics were employed to analyze household characteristics, socioeconomic issues, 

and farmers’ awareness about climate change and its related impacts. The Heckman sample 

selection model was used to determine  the factors influencing the perceptions of farmers and 

implementation of CSA measures (Deressa et al., 2011). STATA software version 14.2 was used 

to enter, code, and process the gathered data. The dependent variables used for the selection model 

are farmers’ perception to climate change, which includes rainfall and temperature variations and 

adaptation measures taken. The dependent variable in the outcome model is farmers adaptation to 

CC through the adoption of CSA. The models employed in recent studies on farmers' knowledge 

and perceptions of climate change and adaptation measures include independent variables such as 

socioeconomic, demographic, environmental, and institutional aspects. In addition, the 

relationship between the variables was determined using the chi-square test. 

 

Qualitative data collected from smallholder participation in KIIs, and direct observations were 

analyzed using narrative analysis methods. Perception research on climate change and variability 

employ several models, such as nominal or ordinal probit models and binomial probit 

models(Maddison, 2006; Piya et al., 2012), ‘multivariate discrete choice model (Nhemachena and 

Hassan, 2007), Heckman probit selection model (Deressa et al., 2011), binary probit model (Khan 

et al., 2021), binary logit model (Onyeneke et al., 2018), and ordinary least square estimation 

(Huong et al., 2017; Uddin et al., 2017; Marie et al., 2020; Nyang'au et al., 2021; Sertse et al., 

2021)’.  
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However, in this type of survey-based empirical research, there is a significant issue that can lead 

to a biased causal effect of the measured variables on the outcome variables being studied 

(Wooldridge, 2016; Wuepper et al., 2018). Recent studies, particularly those on climate change 

perception, attitudes, behavior, knowledge, and choices, face biased estimate caused by omitted 

variables (Mehiriz and Gosselin, 2021; Sajons, 2020). To overcome this biased causal effect, the 

Heckman probit selection model was used to assess farmers' knowledge of climate change and 

efforts to apply adaptation strategies. This model enables obtaining reliable and accurate 

estimations for each of the model's parameters.  

 

The process of climate change adaptation involves a two-step procedure. First, there is a need to 

recognize the changing climate. Then, in the second step, it is critical to be prepared to put 

adaptation measures in place (Morton 2007; Deressa et al., 2011). To address this selection bias, 

the two-step maximum likelihood procedure was employed (Heckman, 1976). Heckman's 

selection model examines how farmers' understanding, and views of climate change influence their 

decision-making process. It also explores how these factors impact the actions farmers take to 

adapt to climate change. Heckman's probit selection model necessitates the existence of an 

underlying relationship, which is represented by (Equation11): 

 

  y𝑗     = 𝑥𝑗𝛽 + 𝜇1𝑗                                                                     (11) 

Where x represents a vector of explanatory variables that impact adaptation measures, yj denotes 

the latent variable, or the tendency to adopt climate change measures, β represents the estimated 

parameter, and μ1j represents the error term.   The probit model only displays the binary result in 

this case (Equation 12):    

 

𝑦𝑗
𝑝𝑟𝑜𝑏𝑖𝑡 = (𝑦𝑗 > 0)                                                                    (12) 

 

In the selection equation (Equation 13), the observation of the dependent variable is conditional 

on the observation of j: 

𝑦𝑗
𝑠𝑒𝑙𝑒𝑐𝑡 = (z𝑗δ +  u2𝑗 >  0)                                                         (13) 

𝜇1 ~ N(0,1), 𝜇2 ~  N(0,1); Corr (𝜇1 , 𝜇2)= ρ 
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Where z is the vector of explanatory variables that influence farmers' perception of climate change, 

δ is the parameter estimate, and μ1 and μ2 are the error terms, which are normally distributed with 

mean zero and variance one and  𝑦𝑗
𝑠𝑒𝑙𝑒𝑐𝑡  indicates whether the farmers observed climate change.   

 

In this case, the initial step of Heckman's two-stage model centers around the selection model 

(Equation 11), which encompasses farmers' perception of climate change.   In the next step, I focus 

on the outcome model (Equation 12). This model illustrates how farmers decide to adopt climate 

change adaptation measures, considering their perception of climate change.   When there is 

correlation between the error terms in the selection and outcome model, or when ρ≠0, the estimates 

obtained from the standard probit model applied to (Equation 12) may be biased.   Therefore, the 

Heckman probit model is a valuable tool for obtaining accurate and reliable estimates for all 

parameters in the model (Van de Ven and Van Praag, 1981). As a result, the Heckman probit 

selection model is used in this study to investigate farmers' understanding of climate change and 

adaptation measures in southern Ethiopia. The selection of explanatory variables that may affect 

farmers' understanding of climate change and adaptation measures is made based on available 

literature (Appendix ‘E’).   

 

The model variables that were chosen based on available literature are indicated in Appendix E.  

shows. Climate perception related variables have been measured in previous studies using either a 

Likert scale (Nuamah and Botchway, 2019; Behailu et al., 2021; Jellason et al., 2021; Sertse et al., 

2021) or by treating perception as a dummy variable (Roco et al., 2014; Makate et al., 2019; Marie 

et al., 2020; Nyang'au et al., 2021). Perception is assessed using a multi-step process. During the 

initial phase, prepared open-ended questions were posed to the farmers (e.g., “Do you know what 

climate change is? Have you perceived any change in climatic conditions in the recent past in your 

local area? Which climate factor/s did you perceive as a change? What changes have you observed 

concerning the factors you have perceived in the last three decades?”). Depending on the answers 

provided to the first two questions, the farmer is considered to (not) “perceive” climate change in 

their area. In the second stage, a farmer’s perception was treated as a dummy variable that takes 

the value of 1 if the farmer perceives that the climate is changing, and 0 if not. A series of questions 

were asked to the farmers to define the variable CSA adoptions (Appendix ‘E’).  
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3.6.4. Examining the impacts of CSA on household income and food security. 

 

This section discusses data collection activities such as desktop studies, field work studies, and 

data analysis procedures for specific objective three. 

 

3.6.4.1. Desktop Studies  

 

This research carried out a comprehensive review of scientific sources pertaining to CSA practices 

and their potential implication on income and food security. The review was conducted by 

analyzing a diverse range of sources, including published articles, working papers, and policy 

documents. This was complimented by the field studies described below.   

 

3.6.4.2. Fieldwork Studies  

 

The main data collection tools used for this objective include household questionnaire interview, 

FGD and KIIs. Data was collected from 385 households as was presented under Section 3.6.3.2 

through semi-structured household interviews to investigate the effect of CSA measures on 

farmers benefits such as income and food security. This study involved conducting FGD and KII 

in selected villages to examine the impact of climate change on agriculture and adopting CSA 

practices as a means of adaptation. The study conducted an analysis on the impacts of CSA 

implementation on both income and food security. FGD and KII were designed to collect 

information on farmers' understanding of rainfall and temperature variations, implementation of 

CSA measures as a climate change adaptation strategy, the impact of CSA practices on soil fertility 

improvement, crop income, and household food consumption.  The information contained in the 

data collected from primary and secondary sources included socioeconomic characteristics of 

farmers’ income sources. Farmers’ income data were gathered using the expenditure method that 

is less sensitive to measurement than direct annual estimation (Angus, 1997; Battistin, 2003; Kanu 

and Okezie, 2021). 

 

Household food security: The nutrient adequacy of the households was determined using the most 

prevalent proxy tools, namely the Food Consumption Score (FCS). Each target household’s food 

consumption history (type and frequency of each food consumed) is categorized into nine food 
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groups (i.e., main staples, pulses and nuts, vegetables, fruits, meat and fish, dairy products, sugar, 

oil, and other condiments) with a 7-day recall from the date of survey data collection. The 

frequency of each food category is weighted by the World Food Program's (WFP) specific values 

and summed to provide an individual FCS that can be compared to standardized cut-off points 

(WFP-VAM, 2008). Standard cutoff points were utilized to classify the sample household based 

on its level of nutrient sufficiency (Appendix F). Along with the survey interview, FGDs and KIIs 

were conducted to validate the results from the household interview (Section 3.6.3.2). The field 

work was conducted from September 2020 to March 2021.  

 

3.6.4.3.  Data Analysis    

 

Income and food security were used to assess the impact of CSA measures. The income of the 

household came from both on-farm (crop-livestock) and off-farm sources, including as 

remittances, self-employment income, and non-agricultural wages (Bojnec and Knific, 2021). 

Food security refers to the state in which every member of a household has consistent access to an 

adequate supply of safe and nutritious food that fulfills their dietary requirements (FAO, 2009; 

Tendall et al., 2015). The World Food Program (WFP) commonly uses FCS to measure the 

quantity of food groups consumed in a family over a specific reference period (Mujeyi et al., 2021). 

It is computed based on the frequency of weighted dietary diversity of households consuming nine 

food groups (Section 3.7.1.2). The consumption frequency is then summed to give the food group 

score, and each group score was multiplied by the weights of each nutrient density of the given 

food groups (see, Appendix F) to yield the FCS (Carletto et al., 2013; Maxwell et al., 2014) as 

shown below (Equation 14): 

 

FCS= ∑𝑦𝑖𝑓𝑖                                                                                (14) 

 

Where FCS is Food Consumption Score, yi represents different food groups, i is the weight of the 

nutritional value of each food group, and fi is the consumption frequency of food groups that the 

households consumed within the last 7 days.  Adopting CSA options helps farmers increase food 

supply availability and generates more income. Smallholder farmers decide to adopt a new framing 

strategy in this process and estimating the impact of such adoption intervention is critical (DiPrete 

and Gangl, 2004).  
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This study utilized the ‘Propensity Score Matching (PSM)’ approach to measure the effects of 

CSA adoption on household revenue and food security outcome indicators (Khonje et al., 2015; 

Brüssow et al., 2017).  PSM estimation is a valuable tool for examining the impact of CSA 

measures on household welfare. It allows us to explore this effect by assuming that unobserved 

factors do not have an influence on CSA adoption, and that there is considerable propensity score 

overlap between individuals who use CSA and those who do not (Maina et al., 2019). 

 

In pre-treatment observable characteristics, the PSM approach is used to find a similar group of 

farmers who have adopted the available CSA options and compare them to other similar farmers 

who have not adopted any CSA options. After controlling the pre-treatment observable 

characteristics associated with CSA adoption, we confirmed that adopters and non-adopters have 

outcomes comparable to what those who did not adopt CSA would have experienced. The outcome 

variables (food security or household income growth) of individual farmers who engaged in CSA 

practices (y1) are compared with that of similar farmers who did not participate in CSA adoptions 

(y0), this is the foundation for the Average Treatment Effect (ATE). The average gain from the 

result of program participants (treatment group) versus non-participants (control group) can be 

introduced (Equation15): 

 

ATE=E(Yi (1) |Ti =1)-E(Yi(0)Ti=1)                                                                    (15) 

 

Where Yi is the outcome for individual i, Ti is the treatment dummy variable, Yi (1) represents an 

outcome of individual under treatment, and Yi (0) is an outcome of an individual who is a non-

participant. PSM constructs the statistical comparison group based on the likelihoods of 

participating in the treatment (in our case, adoption of CSA practices), conditional on variables 

(covariates) that are thought to affect treatment participation and can be expressed (Equation 16):   

 

P(X)= Pr(T=1 |X)                                                                                                         (16) 

 

Food security and gross household income are the study’s outcome variables, which measures the 

effects of CSA adoptions. The outcome of farmers who adopted CSA practices(adoption of any 

CSA practices, an index generated from a set of practices)  in response to the perceived effects of 

climate change is contrasted with those farmers who did not implement any CSA measures; these 
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two groups are assumed to not be different systematically besides CSA adoption. In this regard, 

the average treatment effect on the treated (ATT) and untreated (ATU) assesses the differences in 

treatment and control group outcomes (food security or household income) after matching. As a 

result, the ATT is the difference between with and without treatment, as calculated by (Equation 

17).   

      ATT = E (Y1|T = 1) =+E [(Y1|T = 1)] − E [Y (0) T = 1]                                                (17) 

 

Two presumptions, that is, common support condition and conditional independence, underlie the 

validity and satisfaction of the PSM estimation outputs (Rosenbaum and Rubin, 1983). The 

conditional independence or unconfoundedness assumption states that the potential outcome is 

independent of treatment status and used to establish an unbiased counterfactual for the treatment 

group after controlling the set of Xi observable covariates (Wake et al., 2019).  

 

The equation can be expressed as: (YiT, YiC) ┴Ti|Xi*                                       ( 18) 

 

Then, we obtain (Equation 19) 

 

 Yi (1) =YiT and Yi (0) =YiC                                                                                  (19) 

 

Where YiT is the outcome of an individual on treatment, YiC is the outcome of an individual on 

control, Xi* is the covariate, and ┴ is the independence. Meanwhile, the assumption of common 

support certifies that as overlapping between treated and untreated groups is sufficient, acceptable 

matches can be obtained. The equation is given as 0 < P (T = 1|X) < 1.l      

                                                                                                                    

It guarantees that the comparison observation is close to the treatment observation in the propensity 

score distribution. According to Rosenbaum and Rubin (1983), the treatment assignment is 

intended to be strongly ignorable if the presumptions are true. In general, PSM estimation consists 

of two steps, both of which are used in this analysis. The first stage is based on the entire sample, 

and a binary outcome model with a binary treatment variable is used, which is a probability 

conditional on the characteristics of the households. This stage helps in reducing section bias by 

employing a matching algorithm as a robustness check (Caliendo and Kopeinig, 2008).  
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Considering the observable characteristics X, the PSM technique is used to evaluate the chance 

that farmers engaged in CSA practices. The propensity score P(X) is then calculated by 

constructing comparison matching groups with comparable propensity scores, and unmatched 

units are removed from the model (Caliendo and Kopeinig, 2008). 

 

The analysis includes the use of various matching algorithms commonly employed in propensity 

score matching (PSM) estimation. These algorithms include ‘Nearest Neighbor Matching (NNM), 

Kernel-Based Matching (KBM), Radius Matching (RM), and Caliper Matching (CM)’. In the 

second stage of PSM, the impacts of CSA adoption on the average outcome variables (food 

security and income) are determined, and the ATT is estimated. The NNM method is used to pair 

participant households with nonparticipant households based on their propensity score distance. 

However, the NNM faces bad matches if the propensity score distance between two neighbors is 

large. This can be avoided by imposing a tolerance level on the maximum propensity score, and 

caliper matching with 0.1 restrictions is specified for common support conditions (Smith and Todd, 

2005).  

 

The kernel matching method constructs the counterfactual outcome and produces the average 

treatment effect on the treated using the kernel weighted average of the farmers in the adopter 

group. The key capability of PSM estimation is controlling selection bias, which is dependent on 

two conditions: the balancing performance of the given covariates and the absence of systematic 

household heterogeneity due to the household’s unobserved characteristics (Caliendo and 

Kopeinig, 2008). The balancing test in PSM estimation assumes that it will balance the variable 

distribution, reduce bias, and eliminate potential differences in the given covariates (Rosenbaum 

and Rubin, 1983). Moreover, the PSM addresses the systematic difference due to observable 

characteristics among households in two ways: first, by estimating the probability of propensity 

score for each observed characteristic using the logit or probit model, and second, by matching 

each adopter with non-adopters who have the same propensity score value to estimate the ATT. 

The matching approach is the widely used method to estimate ATEs (Karimi et al., 2020). The 

estimation of the ATE using various matching algorithms is not robust against hidden bias. 

  



57 
 

Hidden bias characteristics, such as unobserved factors, are believed to have the potential to 

influence the estimation of matching for treatment and outcome variables (Becker & Caliendo, 

2007; Rosenbaum, 2002). Rosenbaum’s (2002) proposed abounding approach is used to address 

such hidden bias. The outcome variable calculated at various gamma critical level values suggests 

that the p critical levels are significant, implying that the important covariates which can affect 

both CSA adoption and outcome variables, have been considered in this study. I did not find the 

critical value of gamma* that questioned the estimated value of ATT (Annex 1). Based on the 

bounds estimation, it can be concluded that the results of average treatment effects (ATEs) are not 

influenced by the presence of hidden bias. Implementing CSA practices has an important effect on 

the financial well-being of households and their ability to access food.   Thus, it is crucial to 

consider the potential bias caused by unobserved selection variables when estimating the impact 

of adopting CSA practices.      

  

In addition, the Heckman selection model is employed to resolve the possible correlation between 

observed covariates and selection bias (Asrat and Simane, 2017). Furthermore, the Rosenbaum 

bound test is conducted to address unobservable hidden bias (Rosenbaum, 2002; Heckman and 

Navarro-Lozano, 2004). The testing approach includes adjusting the significance level bound at 

the ATT under the provided assumption of self-selection into CSA adoption, hence identifying the 

level of ATT estimation at which the significance level became insignificant (Caliendo and 

Kopeinig, 2008). Following Sardar et al. (2021) average treatment effects are examined by 

comparing the projected crop revenue and FCS of CSA adopters and non-adopters (i.e., 

counterfactual outcomes). 
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CHAPTER FOUR: RESULTS AND DISCUSSION ON CLIMATE 

VARIABILITY AND TRENDS IN SOUTHERN ETHIOPIA 

 

4.1.  Introduction  

 

This chapter summarizes the findings and discussions for specific objective 1. The chapter covers 

monthly and seasonal rainfall patterns as well as temperature trends reported in the study area over 

a three-decade period. Furthermore, the chapters discuss the key findings before presenting the 

summary and conclusion. 

 

4.2.  Results obtained for Objective One  

 

These are presented in the sections below. 

 

4.2.1. Rainfall Summary Statistics 

 

An overview of the rainfall data for the study area from 1983 to 2016 is shown in Table 4.1. 

Important statistical measures conducted including the mean, standard deviation (SD), rainfall 

contribution, and coefficient of variation ‘(CV) are included in the Table 4.1. As shown, the mean 

annual precipitation was 1023.24 mm, with a standard deviation of 142.60 mm. August and July 

are the two months that experience the highest monthly rainfall. In August, the rainfall reaches 

162.57mm, while in July it is slightly lower at 160.74mm. These two months contribute 

significantly to the overall annual rainfall, with August accounting for 15.89% and July 

contributing 15.71%. December and February had the lowest amounts of rainfall, which accounts 

for about 1.34 % and 1.47% of the total annual rainfall, respectively. The rainy season, or Kiremt, 

which runs from June to September (55.4%), and the planting season, or Belg’, which goes from 

late February to May (33.20%), account for most of the annual precipitation. During the dry season 

(Bega), which spans from October to February, there was a low amount of rainfall, which 

accounted about 11.35%.  
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Table 4.1: Summary statistics and MK trend test result (1983-2016)  

Variables Mean(mm) SD(mm) CV (%) Sen.’s (β) MK test 

(P-value) 

Rainfall 

Contribution 

(%) 

Trends 

January 15.02 16.53 110.04 -0.026 0.667 1.47 D 

February 27.51 31.26 113.66 -0.720 0.01* 2.69 D 

March 69.27 40.42 58.35 -0.838 0.346 6.77 D 

April 115.97 49.91 43.04 -0.304 0.659 11.33 D 

May 126.97 50.33 39.64 -0.129 0.859 12.41 D 

Jun 109.79 32.05 29.19 0.807 0.215 10.73 I 

July 160.74 31.11 19.35 0.406 0.289 15.71 I 

August 162.57 30.33 18.66 0.000 1.000 15.89 I 

September 134.26 28.15 20.97 0.844 0.054** 13.12 I 

October 66.30 53.16 80.19 -0.080 0.977 6.48 D 

November 21.18 25.58 120.78 0.595 0.015*** 2.06 I 

December 13.67 23.78 173.97 -0.046 0.532 1.34 D 

Belg 339.72 97.00 28.55 -1.843 0.027** 33.20 D 

Kiremt 567.36 78.99 13.92 2.220 0.156 55.45 I 

Bega 116.17 69.75 60.04 0.680 0.444 11.35 I 

Annual 1023.24 142.0 13.94 1.136 0.702 100.00 I 

Note: *, **, *** significant at 0.1, 0.5, 0.01 level; I= Increasing trend; D=decreasing trend   

 

4.2.2. Linear Trend Analysis of Annual and Seasonal Rainfall  

The MK test shows significant increasing trend in rainfall over the study area for the months of 

September (p < 0.05) and November (p <0.05) and a significant downward trend for February (p 

< 0.01). (Table 4.1) The rainfall trends showed an upward trend during June and July, while it 

experienced a slight decrease during March, April, and May. Based on monthly shares of rainfall, 

57.51% shows a positive trend and 42.49% shows a negative trend. In the case of the Belg season 

(March to May), it exhibited a significant decline of 5% and the data indicates a low variation in 

annual rainfall of 0.474 mm/year. Furthermore, the analysis reveals that there are no significant 

trends of annual rainfall. Figure 4.1 depicts the seasonal trend analysis. The seasonal rainfall 

variability was recorded as -1.935mm/year, 1.841mm/year, and 0.568mm/year for Belg, Kiremt, 

and the Bega, respectively, whereas the declining trend of the Belg season was statistically 

significant (Table 4.1). As it is depicted in Figure 4.1, Belg rainfall has shown a decreasing trend 

and is significant at the p<0.05 level. The Belg season is important for farmers in most of the region 

since it affects their planting and preparation activities in a specific study area. 
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Figure 4.1: Seasonal rainfall trends over the observed period for 1983-2016  

 

The annual trend was examined using linear regression, and the results are shown in Table 4.2. 

The result indicated that there was a 5% level of significant variation in rainfall distribution among 

seasons and annual observations from 1983–2016. However, the distribution of annual rainfall 

revealed a non-significant increasing trend, and the average rate of change of the rainfall variation 

was calculated as 0.47 mm/year (Table 4.2). 

 

Table 4.2: Precipitation changes on an annual and seasonal basis (1983-2016)   

Season Change in 

Rainfall/mm/year 

P-value R2 Mean(mm) CV % of annual 

rainfall  

Kiremt 1.841 0.156 0.054 567.36 13.92 55.45 

Belg -1.935 0.027 0.039 339.72 28.55 33.20 

Bega 0.568 0.444 0.006 116.17 60.04 11.35 

Annual 0.474 0.702 0.001 1023.24 13.94 100 

       

   

 

A thorough analysis was performed on the annual mean rainfall data spanning from 1983 to 2016, 

divided into ten-year intervals. The average rainfall amounts for the periods 1984-1994, 1995-

2005, and 2006-2016 are 972.59 mm, 1082.39 mm, and 1021.53 mm, respectively (Figure 4.2). 
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Figure 4.2: Annual trend of rainfall between 1983-2016  

 

The primary rainy season, referred to as Kiremt (summer), begins in June and continues until 

September, while the second rainy season, known as Belg (spring), starts in February and extends 

until May. Figure 4.3 illustrates the findings with regards to the monthly anomalies.  

 

Figure 4.3: Standardized rainfall anomalies for monthly means (1983-2016) 

 

4.2.3. Rainfall Variability 

The seasonal rainfall data indicate a considerable variation in rainfall during the Bega season, with 

a high fluctuation of 60.04%. In contrast, the Belgian season showed moderate fluctuation of 

28.55%. Annual rainfall, on the other hand, had a lower coefficient of variation, indicating that 

interannual rainfall variability (13.94%) was seen in the study area between 1983 and 2016. The 

year 2001 saw the highest positive anomaly at +1.74, while the year 2015 experienced the highest 

negative anomaly at -2.62. Figure 4.4 shows the annual rainfall anomalies from 1983-2016 in the 

study area.    
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Figure 4.4: Standard annual rainfall anomalies of the study area (1983-2016) 

 

Based on the computed annual rainfall anomalies, drought years are identified for the study area. 

1984–7, 1990–1, 1994, 1997–2000, 2009, 2011, 2012, 2015–6 and most of these coincide with an 

El Niño event. As presented in Table 4.3, about 94% of the observed period experienced moderate 

rainfall distribution and about 6% of the rainfall distribution was irregular patterns. The 

‘Precipitation Concentration Index (PCI)’ was calculated using a distinct class of PCI to measure 

the seasonal and annual rainfall distribution over the study period (Table 4.3). The study area 

experienced a moderate rainfall distribution according to the annual mean precipitation 

concentration index. The dry season, on the other hand, had an irregular rainfall distribution 

compared to the wet seasons. 

 

 Table 4.3: Years of the different PCI class in the study area (1984-2016) 

PCI Categories   Years   Percentage                     Seasons   

<10 Uniform rainfall 

distribution 

  0    0 Kiremt 

(PCI=8.76) 

Between 10 and 15 Moderate rainfall 

distribution  

32 94 Belg 

(PCI=12.09), 

Annual 

(PCI=13.17) 

Between 16 and 20  An irregular rainfall 

distribution  

2(1984, 2012) 6 Bega 

(PCI=17.09) 

>20  Strong erratic rainfall 

distribution  
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4.2.4. Trends of Drought  

The results of the SPI values for the study area are presented in Figure 4.5. During the study period, 

the area had a range of precipitation levels, from wet to extremely dry years, as shown in Table 

3.2. The year 2001 was wet; 1983, 1993, and 2011 moderately wet; 1985, 2009, and 2012 

moderately dry; and 1984 and 2015 extremely dry. The rest of the year exhibited below normal 

rainfall distribution. 

 

Figure 4.5: Standard Precipitation Index (SPI) for Annual rainfall series (1984-2016) 

 

Figure 4.6 depicts the monthly SPI results. The study area experienced wet and drought months as 

indicated by the SPI-1-month value. This value serves as an indicator of the variability in rainfall 

distribution across the study area. The driest months were observed in March 2000, April 

1984/2015, May 1989, June 1995/2015, July 1987, and August 1986. On the other hand, the 

wettest months were February 1990, August 2010, November 1997/2008, and December 

1989/2002.  
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Figure 4.6: Standard precipitation index (SPI) result for monthly time scales in the study 

area 

 

4.2.5. Temperature Trends  

 

The study area experienced an average annual temperature of 18.80 °C during the 1983-2016 

period.The report shows the average maximum temperature was 25.24 °C, while the average 

minimum temperature was 12.36 °C (Figure 4.7). The average maximum temperature for the 

1983–1993 period is 24.97°C and the average minimum temperature 11.64°C; 25.17°C and 

12.42°C for 1994–2005; 25.49°C and 12.83°C for 2006–2016.   

 

The result shows statistically significant increasing trends (p< 0.05) for the ‘mean maximum and 

minimum temperatures in the studied area. The average annual temperature increases by 0.04° C 

every year. Furthermore, the maximum temperature increased by 0.03°C, while the minimum 

temperature increased by 0.06°C (Figure 4.7)’. 
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Figure 4.7: Temperature trends for maximum, minimum and mean temperature in the 

study area (1983-2016) 

4.3.  Discussion  

The results of the first objective are discussed below. The study area showed considerable seasonal 

rainfall variability, rainfall distribution ranging from below-average to above-average between 

1983 and 2016. The seasonal rainfall result shows a downward trend in Belg rainfall, whereas 

‘Kiremt and Bega rainfall showed non-significant growing trends. Recent studies indicate that 

there have been no significant changes in the annual and Kiremt rainfall patterns in Ethiopia (Viste 

et al., 2013; Wagesho et al., 2013; Mengistu et al., 2014; Matewos, 2019). For example, the Kiremt 

and Bega rains' seasonal rainfall distribution were both captured by the rainfall anomaly index. 

The irregular and unpredictable rainfall patterns during these wet seasons have a significant impact 

on the productivity of crops and livestock (Matewos, 2019). The coefficient of variation (CV) for 

the seasonal rainfall indicates significant variability in rainfall during the Bega and Belg seasons. 

An increase, while not a statistically significant trend, was indicated by annual rainfall 

observations. The results align with recent studies that have highlighted irregular seasonal and 

annual rainfall trends in Ethiopia (Alemu and Bawoke, 2019; Asfaw et al., 2018; Esayas et al., 

2019).  The results are in line with the findings of Benti and Abara's (2019) study on the 

distribution of annual rainfall in southern Ethiopia.    
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The study found that there was a slight increase in annual precipitation from 1995 to 2014, 

although the change was not statistically significant. According to Matthews et al. (2018), an 

increase of 1 degree Celsius in the annual temperature of the Niño 3.4SST region has the potential 

to result in a decrease of approximately 79mm per year, specifically in East Africa. It is important 

to consider adaptation measures for mitigating the adverse effects of climate change and related 

impacts during the dry season (Gashaw et al., 2014; Seleshi and Zanke, 2004). As per the study 

conducted by Cheung et al. (2008), there were no significant changes in the trends of annual 

rainfall in Ethiopia, both at the national and regional levels. The study conducted by Ayalew et al. 

(2012) investigated monthly and annual rainfall variability and trends in Ethiopia. The findings 

indicate that there were no significant long-term trends in the annual rainfall patterns. The result 

indicates a significant decrease in rainfall from 1995 to 2016, with an average annual rainfall 

deficit of approximately 60.86mm during this period. These findings align with previous research 

conducted by Jury (2010) and Bahaga et al. (2019).   

 

The standard rainfall anomalies revealed positive and negative anomalies, which shows inter-

annual rainfall variability. In 2015, there was a significant negative anomaly caused by the 

occurrence of El Niño in Ethiopia. This had a profound impact on rural communities, particularly 

in terms of their main livelihood activities (Gebregiorgis et al., 2019). According to several studies 

(Bayecha, 2013; Viste et al., 2013; Mersha and van Laerhoven, 2018; Matewos, 2019; Mekonen 

et al,2020), Ethiopia has experienced major historical droughts since 1984 that have adverse 

impact on the socioeconomic development. The occurrence of major droughts in Ethiopia over the 

past three decades has been found to be closely related with ENSO (El Niño-Southern Oscillation) 

events. According to Gleixner et al. (2017), in Ethiopia, there were several occurrences of El Niño 

events in 1987, 1991, 2009, and 2015. These incidents occurred during a prolonged drought period 

from April to November, which adversely affected the country's main cropping season. This 

drought period coincided with the country's primary cropping season. The recent 2015 El Niño 

related drought reduced annual household consumption by 8% and this exacerbating poor resilient 

food systems among rural communities in Ethiopia (Kasie et al., 2019).  It is evident that most of 

the drought years recorded in the region were associated with the El Niño events whereas wet years 

coincided with La Niña years. Based on the SPI values, the area has encountered a range of rainfall 

conditions, varying from rainy to extremely dry years.  
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The study findings align with previous research that shows the frequency of drought cycles in 

Ethiopia has been changing over time (Amsalu and Adem, 2009; Shawul and Chakma, 2020). In 

2015, Ethiopia experienced the impact of the East African drought, which was attributed to an El 

Niño event. This phenomenon significantly affected the Belg (March, April, and May) and Kiremt 

(June, July, August, and September) seasons, primarily in the northern and southern eastern 

regions of the country (Viste et al., 2013; Kasie et al., 2019). As a result, crops failed in the field, 

cattle died, and millions of people became starved (Gidey et al., 2018; Philip et al., 2018; Viste et 

al., 2013). The drought years had a notable effect on crop-livestock production during the Belg 

and Kiremt seasons, which are the primary cropping seasons in many regions of Ethiopia (Philip 

et al., 2018). The temperature analysis reveals a distinct upward trend in the study area's average 

minimum and maximum temperatures (p<0.05) level.  

 

The recent studies conducted by Mekonen et al. (2020) and Abebe (2017) have reported an 

increase in the average yearly temperature in Ethiopia over the past 6 decades. According to Asfaw 

et al. (2018), there has been an increasing trend in both annual maximum and minimum 

temperatures in Ethiopia between 1901 and 2014. The impact of rising temperatures and declining 

precipitation in Ethiopia is particularly severe for crop farmers. Rain-fed agriculture is the primary 

source of income for over 80% of the country's population (Zewdu et al., 2020)’. There is a 

statistically significant increase in both the annual maximum and minimum temperatures (p<0.05). 

The findings are in line with those of Benti and Abara (2019), who has shown an annual increase 

in temperature trends. Overall, the results of this study show that there were substantial variations 

in temperature and precipitation during the specified observed period. 

 

4.4.  Summary  

 

The purpose of this study was to investigate the patterns and fluctuations in rainfall and 

temperature during a 34-year period (1983-2016) in southern Ethiopia. The focus was on analyzing 

seasonal, annual, and monthly trends using time series station data. In this study, SAI, CV, PCI, 

and SPI were employed to assess rainfall variability and generate drought indices. ‘Sen's slope 

estimator and the MK trend test are used to identify variations in rainfall patterns across the 

observed period. The findings show that the region experienced considerable rainfall variability 

and change that caused extended drought and flooding events over the observed period.  
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SAI and SPI results indicate an average inter-annual rainfall variability: the proportion of years 

with a below average rainfall distribution is 55.90%, with above average 44.10%.  According to 

the Mann Kendall trend analysis, there is no significant trend of increased rainfall during the 

yearly, Kiremt (summer), and Bega (dry) seasons. However, the Belg (spring) season saw a notable 

decrease in rainfall, with implications for farmers and their agricultural activities, as this season is 

crucial for crop planting.  The annual mean, maximum, and minimum temperature fluctuations in 

the specified study site have been recorded as 0.0420C, 0.0270C, and 0.0560C’ respectively. The 

results of the study may serve as an input for decision-makers to implement potential interventions 

that reduce the impact of rainfall and temperature variations. These interventions could increase 

the effectiveness of adaptation and mitigation measures at multiple levels. 
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CHAPTER FIVE: RESULTS AND DISCUSSION ON FARMERS' 

KNOWLEDGE OF CLIMATE CHANGE AND USE OF CLIMATE-SMART 

FARMING PRACTICES FOR ADAPTATION 

 

5.1.  Introduction  

 

This chapter gives an overview of farmers' knowledge and perspectives of climate change, as well 

as response approaches in the research area. The chapter explores the impact of socioeconomic 

and demographic factors on farmers' knowledge of climate change and variability. The chapter 

focuses on the implementation of CSA measures by farmers as a means of adaptation measures on 

their farming plots. Furthermore, this chapter examines the implementation of CSA measures and 

their impact on agricultural productivity. It also identifies the crucial factors that affect the 

adoption of CSA measures.  

 

5.2.  Results  

 

The results obtained for specific objective two are presented in the sections below. 

 

5.2.1. Socio-demographic background 

 

The descriptive statistics indicated that about 80.5% of the survey participants are male headed. 

The household size varies between five and seven family members on average. The average 

farming experience of local farmers in the area is about 25 years. Concerning the households’ level 

of education, 37.5% of the heads of family attended primary school, and only 1% of the households 

attended tertiary school level. On average, 36.74% of farmers have straw/grass houses, 29.68% 

have corrugated iron houses, and the remaining have both straw and iron houses. About 45.4% of 

farmers are between the ages of 47 and 66, 33.12% are between the ages of 27 and 46, and 21.4% 

are between the ages of 67 and 86.  Table 5.1 summarizes the findings from the study site's farmers' 

awareness and perception of climate change and associated risk. 
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Table 5.1. Farmers’ awareness and perceptions of climate change and shocks 

Farmers response to climate change and variability  

 

Lemisuticho 

(%) (n = 238) 

Begedamo (%) 

(n=147) 

χ2 test  

Perception of climate change     5.011 

Yes 86.61 76.99  

No 13.39 23.01  

Temperature trend in the last 30 years   11.79 

Increase  71.97 71.92  

Decrease  13.81 11.64  

No change 6.28 9.59  

Don’t know 7.95 6.85  

Rainfall trend in the last 30 years    0.878 

Increase  35.15 37.89  

Decrease  50.63 55.67  

No change  7.53 8.90  

Don’t know  6.69 7.53  

Hot days in the last 30 years    6.617 

Increased  73.22 71.23  

Decreased  13.81 8.22  

Stayed the same  6.28 12.33  

Don’t know  6.69 8.22  

Rainfall days in the last 30 years    

Increased  35.63 42.47 2.80 

Decreased  50.98 39.73  

Stayed the same  7.98 10.27  

Don’t know  5.44 7.53  

Level of recent precipitation (5-10 years)    6.836 

Very high  7.95 5.48  

High  37.24 32.19  

Normal 21.76 28.08  

Low  26.36 21.92  

Very low  6.69 12.33  

Encountered drought in the last 30 years    2.875 

Yes 58.16 63.70  

No 34.73 32.88  

Don’t know  7.11 3.42  

Flooding event in the last 30 years    5.253 

Yes 59.00 68.49  

No 38.08 30.82  

Don’t know  2.93 0.68  

Pest and disease occurrence in last 30 years    3.626 

Yes 90.79 86.99  

No 5.86 10.96  

Don’t know  3.35 2.05  
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Farmers have reported an increase in temperature and a decrease in rainfall patterns during the last 

three decades. This tendency has become more apparent in the last five to ten years, with a rise in 

temperature and a decrease in rainfall distribution. An average of 81.8% of respondents from 

households in both study sites show that they have observed climate change, 71.95% responded 

that they have observed temperature increase, and 53.15% reported that rainfall variability and 

decreasing trends were observed. These results come from the interviews that were conducted at 

both study sites (Table 5.1). The survey participants provided information regarding the primary 

changes in rainfall and temperature that they have observed in their respective locations over the 

past decade. About 71% of the participants indicated that they have observed a growing level of 

unpredictability in the trends of rainfall and temperature. Farmers' agricultural activities have been 

severely impacted by the unpredictability and varied nature of rainfall and temperature. 

 

The FGDs and KIIs confirm there has been erratic and intense rainfall distribution in the last 

decade and that this had a significant impact on farming activities. The participants in the FGD 

highlighted that widespread variations in temperature and the distribution of rainfall have become 

an urgent issue in the past five to ten years and have significantly impacted the ways in which the 

local communities make their living. The findings of the FGD indicate that many participants were 

informed of climate change; however, there were still few participants in the communities who did 

not grasp the phrase "climate change." This is because the questions are too broad, and the answers 

are too technical for farmers to easily understand. The findings of the survey suggested that most 

of the farmers who took part in the discussion had just a basic understanding about climate change. 

This revealed that 89% of farmers who participated in the FGD admitted that climate change is 

already happening, along with how it is affecting their farming operations.  

 

One of the interviewees from Lemisuticho Kebele, who has resided in the study site for a period 

of 35 years, has stated the following: "20 years ago, the amount of rainfall used to have a relatively normal 

pattern and it was sufficient for planting. However, in the recent decade, the duration and number of rainy seasons in 

both belg and meher/harvesting season had declined. For example, in 2020/2021, rainfall started in July and lasted 

in the mid of September, and the problem of rainfall become very difficult and unpredictable. In the past, rain typically 

began in belg season from May and continued through September a sometimes extends to first week of October, but 

this year's rainfall is happening less frequently compared to the previous time. Hence, this will highly affecting my 

agricultural activities". 
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 Key informants from Begedamo Kebele, who have resided there for 25 years, provided valuable 

insights on temperature change: "temperature is increasing at an alarming rate when compared 

to the previous two decades. Several water springs in our locality have dried up as the temperature 

has risen, and the volume of water in nearby rivers has decreased when compared to the previous 

two decades. “Because water supplies for livestock and human consumption are getting scarce, 

we must travel long distances to obtain water for drinking".  

 

5.2.2. Farmers perceived impacts of climate change and variability 

 

Table 5.2 presents the outcomes of farmers’ perceived effect of climate change and variability on 

their means of livelihoods. According to smallholder farmers’ report, climate change and the 

unpredictable pattern of rainfall pose significant threats to their means of subsistence. Farmers 

were asked to indicate how much climate change and variability influenced their means of 

subsistence. Farmers claimed that major sources of livelihood, such as economic, environmental, 

physical, human, and social systems, were severely impacted by climate change and fluctuation. 

According to farmers report during the interview period, climate change and its consequences have 

had a significant impact on their livelihood systems. These effects include a reduction in crop 

production (85.85%), a loss of household income (89.57%), a drop in the productivity of 

agricultural land (82.5%), food shortages and insecurity (79.47%), a rise in food prices (92.94%), 

and a rise in the cost of agricultural inputs (74.26%).  
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Table 5.2. Smallholder farmers’ perceptions of the impact of climate change-related events in 

Lemisuticho and Begedamo Kebele  

 

 

 

Perceived climate-related impact 

  

Lemisuticho  

(n = 238) 

 

Respondents         

 

Begedamo  

(n = 147) 

 

Respondents          

 

 

 

Mean (%)  

Crop yield decline   203(85.31) 127(86.39) 85.85 

Loss of income 211(88.65) 133(90.47) 89.57 

Decline in household consumption 204(85.71) 124(84.35) 85.03 

Food shortage, food insecurity 184(77.31) 120(81.63) 79.47 

Death of livestock and human mortality 90(37.82) 41(27.89) 32.855 

Reduced productivity of agricultural land 166(69.75) 140(95.24) 82.5 

Reduced water availability and quality 136(57.14)     80(54.42) 55.78 

Increase cost of farm inputs 177(74.37)        109(74.15) 74.26 

Increase cost of health care  102(42.86)    46(31.29) 37.075 

Reduction in soil fertility  157 (65.97)     114(77.55) 71.76 

Loss of Forest resources  167(70.16)  125(85.03) 77.595 

Unemployment  106(44.53) 97(55.74) 50.14 

Increase food prices  211(88.65) 143(97.23) 92.94 

 

Farmers in FGD were asked about their primary sources of information about weather conditions, 

and they stated that they obtain climate information from a variety of sources (Figure 5.1). In both 

FGDs radio and development agents were frequently mentioned as the primary sources of 

information in both Lemisuticho and Begedamo kebele and radio is considered as the primary 

source of weather information.  
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Figure 5.1. Channels of climate information for farmers in lemisutischo and begedamo 

 

5.2.3. Farmers’ adoption of CSA Practices 

 

The benefits of different CSA measures that are now being utilized by the farmers are summarized 

in Table 5.3. The farmers in the research site apply different CSA measures such as improved crop 

varieties (high yielding beans, potato wheat), crop rotation (cereal/potato), SWC with biological 

measures, agroforestry systems (wood perennial crops), improved breeds (small ruminants), and 

residue incorporation (wheat/barely).  
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Table 5.3: Summary of the benefits of different CSA practices  

CSA practices  Productivity Adaptation  Mitigation  

SWC with 

biological methods  
Increase crop-

livestock productivity  

Reduce erosion, 

increase moisture, 

increase income 

diversification    

Reduce emissions of 

GHG, enhanced 

efficiency of water 

use 
Improved crop 

varieties  
Increases yield  combats against pests, 

diseases, and drought 

Reduce carbon 

emissions and 

chemical use 
Crop rotation   Increase yield  Improve soil nutrient 

utilization  

Carbon sequestration  

Agroforestry  Increase crop-

livestock productivity 

Reduces soil erosion Captures and stores 

more carbon 
Improved breeds  Increase milk and 

meat production, 

increase income  

Increase food and 

nutrition, increase 

income 

Enhance input use 

efficiency 

Controlled grazing  Increase livestock 

productivity  

 

Improve soil organic 

matter, increase 

income, increase food 

and nutrition  

Reduce methane 

emissions, carbon 

sequestration  

Residue 

incorporation  
Increase crop yield  Reduce soil 

evaporation and runoff  

Increase water use 

efficiency, carbon 

sequestration 
Green manure   Improve yield  Increases soil fertility carbon sequestration 
Cut and carry 

system 
Increase livestock 

productivity  

 

Reduce feeding costs 

and increase 

profitability 

Carbon sequestration 

Minimum 

tillage/mulching   
Increase yield  Reduce soil 

evaporation and runoff 

Carbon sequestration 

 

 

According to the results obtained interview, it was found that approximately 83.58%of the 

participants reported implementing SWC practices with biological measures (Figure 5.2). This is 

because soil erosion is a common problem in the research region due to the steep slopes that make 

up the landscape, and it has a severe impact on soil fertility as well as agricultural production. The 

farmers in the study area employ a range SWC measures, such as terracing, soil bunds, and desho 

grass strips, to efficiently maintain resources and improve their agricultural practices. The research 

area exhibits a prone area to erosion, and implementing these practices can effectively enhance 

soil moisture levels while reducing runoff.  
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The most extensively used CSA practices among farmers are SWC, cut and carry system, crop 

residue and green manure incorporation. Natural grasses and agricultural wastes were what 

smallholder farmers relied on to feed their cattle. Growing fodder grass as the crop in their farm 

plot was an unusual practice, and it is only a very recent change to the original practices. Farmers 

have adopted new methods of livestock management based on a "cut and carry" feeding system to 

meet the requirements of feeding systems. The current situation involves a growing demand for 

communal pasture lands and a decline in fodder availability. The feed for cattle comes from 

different places at various times of the year and in accordance with the amount of produce that 

may be harvested by farmers. 

 

 

Figure 5.2 Farmers’ adoptions of different climate-smart agriculture practices in the study 

sites 

 

Farmers are adopting different CSA options to mitigate the impacts of climate change. The 

strategies encompass various approaches such as the utilization of improved crop varieties, 

implementation of the cut-and-carry system, implementation of SWC measures with a focus on 

biological measures, incorporation of agroforestry techniques, and the application of residue 

incorporation. 
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Table 5.4 estimates the overall impact of various CSA procedures on agricultural yield production 

among both adopters and non-adopters. It demonstrates the substantial gap in crop productivity 

between CSA adopters and non-adopters. Adopters have reported relatively higher yield 

production of vegetables, perennial crops, and cereals as compared to non-adopters. In comparison 

to non-adopters, CSA adopters have a greater average yield. For instance, adopters produce more 

wheat and potatoes than non-adopters during the production season, with yields of 36.84% and 

40%, respectively (Table5. 4). Notably, the CSA adopters have a considerably larger yield than 

the non-adopters while using less fertilizer input and spending less on other expenses. According 

to farmers, the main challenges in their communities that hinder the implementation of CSA 

methods are inadequate agricultural inputs and weak institutional support. These issues are the key 

obstacles faced by farmers.   

 

Table 5.4. Summary of aggregate crop yield production estimate   

Crop type  Adopters’ ton 

/ha 

Non-adopter’s ton 

/ha 

Mean difference 

ton /ha 

% 

Wheat  3.8 2.40 1.4 36.84 

Barley  2.75 2.00 0.75 27.27 

Legumes  1.6 1.10 0.5 31.25 

Potato 20.00 12.00 8.00 40.00 

Enset 83.2 67.35 15.85 19.05 

Vegetables  4.70 3.25 1.45 30.85 

 

Farmers have identified inadequate finance services, a absence of meaningful information, and a 

lack of labor as the three primary obstacles that inhibit adaptation efforts (Figure 5.3). According 

to the findings, the three most important factors influencing farmers' perceptions on climate change 

are: annual income, market access, and the availability of climate information. 
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. 

Figure 5.3 Constraints of climate change adaptation measures 

 

5.2.4. Determinants of farmers' perceptions of climate change and adoption of CSA 

Practices 

The Heckman probit selection model's findings for the outcome and selection models that affects 

farmers' CSA measures are shown in Table 5.5. ‘Many of the explanatory variables in the outcome 

and selection models, along with their associated marginal effects, are statistically significant at 

the 0.05 level. The explanatory variables that were found to have a positive and significant impact 

on the likelihood of CSA practices included education, family size, gender, landholding size, 

farming experience, access to climate information, training received, social membership, 

ownership of livestock, farm income, and frequency of extension visits. For example, farmers with 

access to climate information were 20.2% more likely to adopt CSA practices than their 

counterparts who had no access to such information.  In terms of education, 45.51% never attended 

school, 37.56% attended elementary school, 15.91% attended secondary school, and 1.02% 

attended college’. For example, the likelihood of farmers adopting CSA measures improves by 

21.40% as the number of years spent in school increases. The marginal impacts quantify the 

probabilistic shift in how farmers will interpret and adjust to a one-unit shift in an explanatory 

variable. There is a relationship between the selection model and farmers' awareness of climate 

change and their commitment to take action to adapt to it. 
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Table 5.5. Results of the Heckman probit selection model 

 Outcome model  Selection model 

Variables  Regression  

 

Marginal value Regression  

 

Marginal effect 

 Coefficient z-Value  Coefficient z-

Value 

Coefficient z-

Value 

Coefficient z-

Valu

e 

Age(Continues) 0.012 1.93 0.012 1.93 0.026 2.87 0.003 2.45 

Education (Continues) 0.044 4.98 0.214 2.35 0.154 16.61 0.026 5.53 

Familysize (Continues) 0.031 1.83 0.031 4.39     

Gender (Continues) 0.103 0.89 0.103 0.89 0.016 0.08 0.003 0.48 

landholding size in ha 

(Continues) 

0.160 8.46 0.161 2.17     

farming experience 

(Continues) 

0.024 4.19 0.039 6.90 0.028 4.19 0.036 2.85 

access extension (1/0) 0.137 3.43 0.137 4.58     

Distance to market 

(Continues) 

-0.012 -1.71 -0.012 -1.71     

Access to climate info (1/0) 0.402 5.99 0.202 6.79 1.084 5.99 0.231 8.56 

contact extension(frequency) 0.213 6.20 0.013 2.93     

Training received(1/0) 0.224 2.21 0.224 2.21     

access to credit(1/0) 0.001 0.01 0.001 0.01     

Social member (1/0) 0.206 20.29 0.106 2.59 0.620 1.70 0.005 2.72 

Total Livestock Units 

(TLUs)(continues) 

0.013 5.78 0.013 5.77     

Annual income (Continues) 0.235 2.68 0.235 2.68     

Soil fertility (1/0) 0.135 4.71 0.135 1.37     

Slop of farm plot(1/0) -0.012 -0.14 -0.012 -0.14     

rainfall Var((Continues)     0.069 1.97 0.020 2.21 

Constant  0.490  2.65   0.121 2.79   

Total observation    385         

Censored          79         

Uncensored       306         

Wald Chi- square (zero 

slopes) 82.45, p<0.001 

 

        

Wald chi-square 

(independent equation) 

10.25, 

p<0.001 
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The findings from the Heckman probit selection model shows that farmer’s education level is 

directly related to the amount of agricultural output they generate. Education may improve a 

farmer's capacity to obtain climate-related information, evaluate that knowledge, and easily 

comprehend it; as a result, the farmer is better able to devise potential solutions to problems caused 

by climate change and appropriate response mechanisms.  

 

5.3.  Discussion   

The study investigated the farmers' understanding and awareness of climate change, as well as 

their adoption of CSA practices as adaptation strategies. The results indicate that most farmers 

(81.80%) have reported observing changes in the local climate. More specifically, 53.15% of 

respondents reported less rainfall and 71.9% of respondents reported higher temperatures. The 

results align with a study carried out in the ‘Central Rift Valley of Ethiopia’ by Hundera et al. 

(2019), where 90.3% of participants stated that the climate is changing.  

 

The findings are supported by meteorological data, indicating a decrease in precipitation and a 

increase in temperature. Farmers have reported an escalation in the incidence of droughts, floods, 

pests, and diseases, which has been attributed to the impact of climate change. A farmer from 

Begedamo Kebele who took part in the FGD indicated that there was observed significant change 

in rainfall patterns over the past five to ten years. Specifically, the rainfall has become more 

irregular and short duration. Participants added that there was an increasing incidence of dry spells 

and prolonged droughts, which were affecting agricultural practices. Recent studies conducted by 

Concha (2018) in west Africa, Hundera et al. (2019), and Teshome et al. (2021) in Ethiopia found 

that a substantial number of farmers have knowledge about climate change and its adverse effect 

on agricultural production. The farmers who participated in the FGDs from Lemisuticho kebele 

emphasized that the rainy seasons as well as the times for planting, cultivation, and harvesting 

were predictable approximately three decades ago, and farmers used to cultivate their agricultural 

practices in good weather patterns. However, in recent decades, farmers have experienced 

unpredictable changes, such as a short duration of rainfall, massive flooding, crop failures in the 

field, crop-livestock pests and diseases, and human health problems. FGD participants from 

Begedamo kebele also reported that erratic rain and erosion are growing more and more common, 

which has led to soil fertility loss, land degradation, and poor agricultural yields.  
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The temperature rise may lead to a prolonged dry season. The changes have been notably 

significant in the past 5-10 years. This finding aligns with the outcomes of a study carried out in 

Ethiopia by Teklewold et al. (2019). The study found that smallholder farming systems are 

impacted by the unpredictability of rainfall and temperature.  

 

Hundera et al. (2019) did a study to examine the perceptions of farmers in the Central Rift Valley 

of Ethiopia. The study indicates farmers hold the belief that the climate has experienced changes, 

and this has influenced their agricultural practices. Weldegebriel and Prowse (2017), who carried 

out their research in the northern region of Ethiopia, found that growing trends of temperature and 

rainfall variables influenced smallholder farmers’ agricultural activities. Minda et al. (2018) did a 

study on the factors that affect adaptation measures in Ethiopia. The farmers emphasize that severe 

crop failure, extensive soil erosion, and a lack of water are all caused by climate change. 

 

Participants in both focus group discussions added that droughts have affected many people in the 

research area over the previous three decades, with some of these droughts being unprecedented 

in the country's drought history. Farmers' drought reports are consistent with meteorological 

findings and are linked to ‘El Niño Southern Oscillation (ENSO)’ events such as those that 

occurred in 1984,1987, 1991, 1997, 2001, 2009, 2015, and 2019. For instance, the farmers reported 

on the 2015 drought lasted from April through November, which is the study area's main planting 

and agricultural season. The smallholders’ perspectives of climate change and its impact are 

consistent with current studies (Dapilah and Nielsen, 2020; Apollo and Mbah, 2021). 

 

Farmers' responses indicate that climate change has significantly impacted their means of 

livelihood. Most farmers, approximately 85.85%, have reported a decrease in agricultural 

production during the 2020/2021 production year. The results are aligned with the study made by 

Araro et al. (2019) who found that about 52.2% of smallholders in the southwest part of Ethiopia 

shown a decline in land productivity due to climate change and this decline led to decreased crop 

yields. Megersa et al. (2014) found that pests and diseases are caused by climate change, which 

lowers crop production and livestock productivity in southern Ethiopia.  According to Mavhura et 

al. (2021) report on how climate change is affecting Zimbabwean farmers' livelihoods, agricultural 

crops have been negatively affected by climate change. Teshome et al. (2021) indicated that the 

small farming system in Ethiopia is adversely by climate change.  
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Furthermore, Kogo et al. (2021) and Mairura et al. (2021) indicated that climate change has 

negatively affected crop production and food security in Kenya. Climate change affects farmers' 

agriculture productivity as climate-related impacts worsen their livelihood systems (Dalton et al., 

2016; Islam et al., 2021). Farmers' inability to achieve their goals has several negative effects, 

including how it is viewed psychologically, increasing rates of poverty, restricted access to food, 

and insufficient response to climate-related issues (Mekonnen et al., 2021). Farmers need 

significant agricultural policy support to overcome climate-related shocks and achieve their goals 

(Genicot and Ray, 2017; Suckall et al., 2017). 

 

Having access to climate information significantly increases the likelihood of farmers adopting 

CSA practices by 20.2%. The findings align with the study conducted by Ado et al. (2019), which 

indicates that farmers' knowledge and perception of climate change are affected by the availability 

and accessibility of climatic information. For example, having more climate information, 

extension services, and input pricing could help decrease the barriers that exist in the way of 

putting CSA measures into action. According to Issahaku and Abdulai (2020) and Onyeneke et al. 

(2018), the adoption of CSA measures is primarily dependent on climate information. Adopters 

would have better experience of the CSA practice and become more aware of potential climate 

risks and uncertainty.  

 

Climate information services can assist farmers in mitigating climate risk by enhancing 

information availability, knowledge exchange, and network connectivity, as well as implementing 

suitable adaption measures to reduce the negative impacts of climate change through adopting 

various CSA practices. Boz and Shahbaz (2021) suggested that the successful implementation of 

CSA practices in agriculture is contingent upon farmers' knowledge and perception of climate 

change and its consequences. Sardar et al. (2021) indicated farmers' aspirations to use CSA 

practices are contingent on their climate change knowledge and vulnerability). According to recent 

research, farmers' decisions to implement CSA techniques are influenced by their knowledge of 

climate change (Abegunde et al., 2020; Wassie and Pauline, 2020; Nyang'au et al., 2021).  Farmers 

in the research site indicated that social networks, radio, and development are the main sources of 

information on climate and farming activities related issues.  
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In addition, local communities have a common social asset called “Iddir,” which is a traditional 

system established for mutual aid and support in time of funeral services and collective managing 

of goods like farm management techniques. The area is also characterized by subsistent farming, 

poor access to essential resources, low-income, high poverty, and vulnerability to climate extremes 

(Dowsing et al., 2020).  

 

Henriksson et al. (2021) found that farmers gain knowledge about climate change and its related 

effects by leveraging their social networks. This finding is consistent with the concept that social 

capital serves as the primary source of climate related information for farmers in their respective 

communities. Farmers that participate in social membership programs receive various benefits that 

enhance the likelihood of CSA adoption. This is primarily due to their access to valuable 

agricultural information from experienced senior members who possess better information on new 

agricultural practices. Zougmoré et al. (2021) shows farmers who are part of social institutions 

have a 10.6% greater chance of adopting CSAs than farmers who are not members of social 

organizations.  

 

Participating in social groups is regarded as a valuable contribution to the development of the 

community's social capital, which plays an essential part in the exchange of agricultural 

experiences. In addition, having a robust social network makes it easier for people to join CSA 

measures (Abegunde et al., 2020). The social group helps farmers as a means of communication 

and is critical in the process of implementing collective management of the farming system among 

rural communities (McNaught et al., 2014). This social institution provides the opportunity to 

share information with other farmers to have a relative awareness of climate change and innovative 

farming practices (Dapilah and Nielsen, 2020). Furthermore, membership in social organizations 

helps farmers to bridge information asymmetry and lower farmers cost of seeking for knowledge 

about new agricultural and climate related information (Sambrook et al., 2021). In the study site, 

radio is the primary source of weather information for farmers. This finding aligns with the 

research conducted by Henriksson et al. (2021), which highlights that radio is the primary medium 

for accessing weather information in Malawi. CSA approaches are helping farmers cope with 

drought, flooding, pests, and diseases (Amare and Simane, 2017; Sertse et al., 2021). To 

effectively address climate change and variability, adaptation techniques are necessary (Keshavarz 

and Moqadas, 2021).  
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Farmers' responses about climate change influence their decisions to utilize CSA approaches as 

adaptation measures (Zerssa et al., 2021). The implementation of CSA measures increases 

agricultural productivity, improvement in the climate-related resilience of farmers, and a reduction 

in GHGs emissions (Lipper et al., 2017). Establishing an anti-erosive structure that incorporates 

the association of grass and legumes to produce feed and the maintenance of soil moisture is 

required to control the serious soil erosion problems that have been plaguing the area. These 

biological conservation measures allow for the resolution of numerous issues at the same time, 

including soil fertility enhancement, the reduction of water retention, the problem of a lack of 

fodder, and the reduction of open grazing (Ayele et al., 2012).  

 

In the context of Rwanda, Rutebuka et al. (2021) found that soil conservation practices that 

combined biological protection with terracing techniques were effective in preventing soil erosion. 

One of the most important things that can be done to protect agricultural productivity from ongoing 

climatic extremes and to strengthen farmers' ability to withstand them is to have them participate 

in SWC (Njeru et al., 2016). Farmers who participated in the FGD and KII reported that the daily 

duty of seeking for feed for their animals is a labor-intensive task that is typically carried out by 

the children or the women in the household. Depending on the season, as well as the number of 

animals in the herd, gathering forage might take anywhere from two to four hours of productive 

time per day. The finding consistent with Balehegn et al. (2020) on the possibility of improving 

livestock feed in developing countries, reported that livestock feeding is one of the primary 

challenges for many countries. This is because livestock production requires a considerable 

amount of feed, and fodder production has already been damaged by extreme drought, particularly 

in Ethiopia (Mengistu et al.,2017).  

 

In order to increase agricultural productivity and adapt to climate change, farmers in the study area 

employ different CSA practices. The CSA measures include SWC, improved crops, agroforestry, 

livestock management, and crop residue incorporation. Farmers who are using these strategies 

reported that their soil fertility has improved since the intervention when compared to those who 

are using conventional techniques. Recent studies have revealed the significant benefits of CSA 

practices on soil fertility and crop yield (Anteneh and Asrat, 2020; Belay et al., 2021; Borrell et 

al., 2020; Waaswa et al., 2021).  
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For example, Waaswa et al. (2021) studied CSA farming practices and potato productivity in 

Kenya and reported that CSA-farmers generate 15 tons more potatoes per hectare than farmers 

who employ conventional agricultural techniques. According to Belay et al. (2021) report, 

adopting the CSA increases the yield of potatoes to more than 17 tons per hectare. Additionally, 

according to Anteneh and Asrat (2020), farmers may generate an average of 2.9 tons of wheat per 

hectare throughout the production season by using improved agricultural practices. As a result, the 

findings show that CSA adoption boosts agricultural yield and income while making efficient use 

of the resources at hand. The finding is in line with the findings of Marie et al. (2020), who studied 

the adoption of climate change adaptation strategies that enhanced crop productivity in 

Northwestern Ethiopia.   

 

Analyzing the determinants that affect farmers' choices to adopt climate change measures is crucial 

for improving agricultural productivity and ensuring resilient livelihoods (Massresha et al.,2021). 

The model's results show that variables, such as household age and education level, agricultural 

experience, and climate-related knowledge, relate to a higher likelihood to recognize climate 

change and the related adaptation measures. Different studies shows that farmers' education status 

has a positive impact on their decision to adopt new farming practices since a farmer's access to 

education increases their ability to collect, understand information associated to the adoption of a 

CSA innovation (Deressa et al., 2011; Challa and Tilahun, 2014; Asrat and Simane, 2017; 

Ramaano, 2021).  

 

Education is essential for empowering farmers to address the challenges caused by climate change.  

Education plays a crucial role in strengthening the connection between smallholder farmers and 

agriculture extension providers, thereby enhancing the farmers' ability to adapt and survive.   

Farmers who possess a higher level of education tend to be more willing towards adopting modern 

farming techniques (Fentie et al., 2019; Kumar et al.,2021). Educated farmers are more likely to 

use new farming techniques. A farmer with a strong educational background possesses a higher 

level of expertise and understanding when it comes to implementing improved adaptation 

measures (Walker et al., 2021). According to Aryal et al. (2020), there is an association between 

higher education and receiving institutional support for climate risk and adaptation measures in 

East Africa and Southern Asia including Ethiopia, Nepal, and Bangladesh. 
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By receiving and utilizing meaningful climatic information relevant to CSA operations, the literacy 

level helps to mainstream new agricultural practices and increase farmers' ability for adaptation 

(Abegunde et al., 2020). Deressa et al. (2011) and Arunrat et al. (2017) indicate that households 

with higher education level had a higher likelihood of adapting to climate change than those with 

lower levels of education due to new experiences in agricultural technologies. The effect of having 

a higher education level resulted in a greater exposure of farmers to new information and 

technology, which enhanced the likelihood of farmers adapting to their environments.  

 

In a similar case, Croppenstedt et al. (2003) and Deressa et al. (2011) noted that higher-education 

households had a better probability of adjusting to climate change than lower-education 

households. Higher-educated farmers know better farming practices. They also have numerous 

income sources, which helps them invest in capital-intensive farming advances. Wainaina et al. 

(2016) indicates that there is an association between higher education levels among Kenyan 

smallholders and their increased usage of improved maize seeds and fertilizer. This can be 

attributed to their enhanced knowledge and the availability of additional sources of income. This 

result, however, contrasts with the one that was found by Wekesa et al. (2018), who found that the 

more years they spent in school had a positive influence on CSA practices.  

 

‘Having a larger family can be beneficial in situations where there is a shortage of available labor, 

especially when adopting CSA practices.  Most family members spent their time in the field due 

to the labor-intensive agricultural activities (Mvula and Dixon, 2021). The probability of farmers 

adopting CSA practices increases by 3.1% for each additional productive family member added to 

a household. This is because CSA activities are labor-intensive such as SWC with biological 

measures and agroforestry systems, and a considerable labor force is required for the efficient 

application of those agricultural practices on the farm plot (Ojoko et al., 2017). Farming experience 

affects farmers' climate change adaptation measures. Farmers with more farming expertise are 

more likely to respond to climate change (Deressa et al., 2009; Silvestri et al., 2012; Li et al., 

2017). The greater the farming experience, the high possibility of employing efficient adaptation 

strategies that improve farmers’ resilience to climate change (Mwungu et al., 2018; Nyang'au et 

al., 2021). Most of the agricultural activities in the field require physical labor, and men are more 

likely than women to participate in such work (Tsige et al., 2020).  
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The age of the family head is an important element that can influence the adoption of improved 

agricultural techniques. Age has a lot to do with how much a farmer knows and how much farming 

experience they have. Elderly farmers exhibit greater capacity to evaluate the benefits and 

drawbacks of agricultural technology compared to their younger counterparts. Beshir (2014) found 

that there is a positive correlation between the age of the farm household head and the likelihood 

of adopting forage technology in Ethiopia. Feyisa (2020) found that the age of the household head 

positively influences farmers' adoption of improved agricultural techniques. This is because older 

families, with their accumulated life experiences, tend to possess more knowledge about the 

benefits of new agricultural technologies. The probability of farmers adopting CSA programs 

increases by 3.90 percent for every additional year of farming experience gained from time spent 

working on farms. This finding aligns with a previous study conducted by Onyeneke et al. (2018), 

which indicated farming experience as a determinant factor in adopting CSA practices in Nigeria.  

Ringler et al. (2010) and Silvestri et al. (2012) found that experienced farmers are more climate 

change conscious. Thus, they are more likely to adapt to climate change and embrace CSA 

practices. 

 

Teshome et al. (2021) found 94% male-headed households in eastern Ethiopia. Kristjanson et al. 

(2017) found that women in Saharan Africa are less equipped, marginalized, and less likely to 

adapt to climate change than men. Bryan et al. (2018) highlighted the importance of considering 

gender-sensitive adaptation measures in different local contexts to ensure the effective 

implementation of adaptation strategies. Cultural and socioeconomic constraints that limit 

women's access to land, knowledge of agricultural practices, and participation in non-agricultural 

activities may reduce technology adoption among female-headed families. Another important 

factor influencing farmers’ perception and adaptation measures is land holding size of households. 

Land is the most important resource for agricultural production; the greater the availability of land 

that can be farmed, the greater the number of people that participate in CSA practices.  For 

example, the survey result indicates that the percentage of farmers who participate in CSA 

practices increases by 16.10% for every additional hectare (ha) of cultivated landholding size. This 

means, larger land resources may be employed for a variety of agricultural approaches, which 

would lessen the risks associated with uncertainties.  
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5.4.  Summary  

 

The aim of this study is to assess the farmers' knowledge of climate change and their use of climate-

smart agriculture (CSA) practices as a response to climate change.  The study utilized a ‘multistage 

sampling methodology to collect data from 385 households in Southern Ethiopia. The study 

employed a Heckman probit two-stage selection econometric model to examine the determinants 

of farmers’ understanding towards climate change and their implementation of CSA techniques. 

The findings reveal that a significant proportion of farmers (81.80%) have reported the occurrence 

of climate change in their local area. More precisely, 71.9% of them have reported a rise in 

temperature, whilst 53.15% have witnessed a decline in the frequency of rainfall.  

  

Farmers implemented several practices of CSA, including SWC techniques using biological 

methods, adoption of enhanced crop varieties, implementation of agroforestry, utilization of 

improved livestock breeds, adoption of the cut and carry system, controlled grazing, and 

incorporation of crop residues.   The empirical findings demonstrated that farmers' response to 

climate change through the adoption of CSA practices was influenced by various factors, including 

education level, family size, gender, landholding size, farming experience, access to climate 

information, received training, social membership, livestock ownership, farm income, and 

availability of extension services. Additionally, the finding indicated that farmers' perspectives on 

climate change and variability were especially impacted by factors such as age, educational 

background, farming expertise, and access to climate-related information. To enhance the 

knowledge and understanding of farmers, it is imperative to prioritize the improvement of 

meteorological information accuracy, the reinforcement of extension services’ and the 

implementation of a gender-responsive adaptation approach.  Agricultural policies should support 

farmers in enhancing their dependence on climate resilience farming systems while simultaneously 

addressing barriers to the adoption of CSA practices.  
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CHAPTER SIX: RESULTS AND DISCUSSION ON THE IMPACT OF 

CLIMATE SMART AGRICULTURE (CSA) PRACTICES ON 

HOUSEHOLD INCOME AND FOOD SECURITY 

 

6.1.  Introduction  

 

This chapter gives an overview of the findings and the following discussions derived from specific 

objective three. The chapter provides an overview of descriptive statistics related to household 

characteristics, farm management practices, and sources of income for food security. The chapter 

provides a detailed analysis and draws conclusions based on the empirical data. The chapter 

discusses the findings of the average treatment effects of CSA adoptions, leading up to the 

summary and conclusion. 

 

6.2.  Results  

 

The result obtained for objective three are presented in the sections below. 

 

6.2.1. Socioeconomic characteristics of CSA adopters and non-adopters  

 

Table 6.1 summarizes the variables used in the empirical study; selection criteria is derived from 

the literature. The model output shows there is a substantial socioeconomic variation among CSA 

adopters and non-adopters. Farmers who adopt CSA practices differ from those who do not in 

several ways, including landholding size, education, soil fertility, frequency of extension, training 

received, social membership, livestock ownership, perception of climate, and willingness to take 

risks with new agricultural practices. The average labor forces for CSA adopters and non-adopters 

are 4.333 and 3.25, respectively. Climate smart agriculture adopters have the capacity to employ 

more labor compared to non-adopters. Higher mean values generally indicate that these variables 

influence CSA adoptions. Employers who have adopted CSAs have significantly higher labor 

demand than those who have not.  
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This analysis considers the household income and food security status, as defined by the FCS, as 

an outcome variable. Climate smart agriculture adopters have a higher gross household income 

and food consumption score than non-adopters which is significantly different at the 1% level.  

Farmers who have implemented CSA practices generally experience higher FCS scores compared 

to their counterparts. The average FCS value for adopters is 43.70, while non-adopters have an 

average FCS value of 36.40. Similarly, farmers that have implemented CSA practices have a 

greater mean annual gross income than their counterparts. The mean annual gross income for non-

adopters is 9,933.91 ETB (1 USD = 37.35 ETB), whereas the mean annual gross income for 

adopters is 15,209.41 ETB. The t-test results indicate a substantial difference in annual total 

income among CSA adopters and their counterparts. 

 

Table 6.1. Summary of the variables included in the model  

Variables  Non-adopters 

 Mean (SD) 

Adopters 

 Mean (SD) 

P-value 

HH crop income log (in ETB) 9933.91(828.13) 15209.41(986.83) 0.002*** 

HH_FCS (food consumption 

score) 

36.40(0 .434) 43.70(0.416) 0.001*** 

Age (years) 52.06(1.18) 49.41(0 .83) 0.200 

Education (years) 2.84(0.22) 4.55(0.36) 0.050** 

Family size(continues) 7.77(0.19) 7.21(0.15)  0.130 

Family labor(continues) 3.25(0.24) 4.33(0.16)                      0.050** 

Gender (1/0) 0.79(0.03) 0.81(0.02) 0.360 

Landholding size(hectare)    0.54(0.03) 0.65(0.03) 0.025** 

Farming experience (years)   26.72(1.24) 25.02(0.80) 0.320 

Distance to market (km)   0.82(0.03) 0.89(0.02) 0.210 

Access to climate info (1/0)  0.07(0.03) 0.86(0.03) 0.023** 

Soil fertility (1/0) 0.63(0.03) 0.78(0.02) 0.012** 

Slope of farmp plot (1/0)                 0.56(.04) 0.57(0.032) 0.130 

Contact extension(frequency)   2.02(0.06) 5.78(0.06) 0.053* 

Training received (1/0)             0.58(0.04) 0.82(0.02) 0.005** 

Access to credit (1/0)                 0.27(0.03) 0.28(0.02) 0.232 

Social group membership (1/0)                 0.66(0.015) 0.94(0.014) 0.025** 

TLU         2.46(0.13) 4.46(0.13) 0.023** 

Climate change perception (1/0)  0.67(0.021) 0.87(.022) 0.001*** 

Agri technology risk (1/0)       0.42(0.04) 0.72(0.02) 0.000*** 

Rainfall Var (coefficient of 

variation)         

1.73(0.07) 2.02(0.09) 0.001*** 

Note: The numbers in parenthesis are standard errors. *, **, and *** represent the level of 
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significance at 10%, 5%, and 1%, respectively. At the time of the survey 2020/2021, 

1 USD = 37.35 Ethiopian Birr (ETB).  

After questions about CSA implementation, dividing the households into adopters and non-

adopters, both groups were asked about what farm management strategies were chosen and the 

frequency of their application (Figure 6.1).  

 

 

Figure 6.1: Selected farm management practices in farmers’ farm plot   

 

The study found that CSA activities require a higher frequency of farm management procedures 

as well as a higher level of commitment compared to conventional farming systems. CSA practices 

require more labor, and a rise in labor demand is critical for rising agricultural labor wages and, 

consequently, improving farming practices. For farmers in the study area, selling crops, cattle, 

trees, and other non-agricultural goods is their primary source of income (Figure 6.2). Of all 

farmers surveyed, 64.71% rely primarily on income generated from crop sales as their earnings of 

subsistence and primary source of income. Furthermore, farmers in the study area have been 

raising livestock, including improved animal varieties of animals (e.g., small ruminants).  

0

1

2

3

4

5

6

Frequency of
ploughing during last

farming season

Frequency of
weeding during last

farming season

Frequency of
fertilizer application
during last farming

season

Frequency of
pesticide application
during last farming

season

fr
eq

u
en

cy
 

Adopters Non adoptes



92 
 

 

Figure 6.2: Farmers' sources of income in the study region 

 

There are different kinds of agricultural crops cultivating in the study area including wheat, barley, 

legumes (e.g., beans), Enset/false banana, potatoes, fruits, and vegetables Farmers were asked, 

“What have been your monthly expenses for food, agriculture inputs, medication, and dressings 

(Appendix G). The expenditure approach for households is based on their total expenses, which 

approximate the total household, as measured by the expenditure on food items, non-food items, 

and other contributions for their total living expenses.   

 

On the basis of crop production and FCS indicators, an assessment was done on the influence of 

CSA measures on the diversity of food consumed. Figure 6.3 illustrates the percentage of families 

into various categories of food consumption and shows that farmers in the region under 

investigation produce and eat a wide variety of foods. Farmers were surveyed about their food 

consumption over the past week from the date of surveyed , including a variety of cereals, tubers, 

pulses and nuts, vegetables meat and fish, dairy products, fruits, sugar and honey, and oil, fat, and 

butter.   
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The FCS of a household is a measurement of the household's dietary diversity. Sampled 

households, adopters, and non-adopters, were assigned to one of three food consumption 

categories based on their computed FCS: inadequate, borderline, or adequate. Out of the total 

number of households, 22.34% of adopters and 12.21% of non-adopters were found to fall into 

acceptable food consumption categories respectively. In addition, 31.17% of adopter households 

and 13.51% of non-adopters’ households had borderline scores for food consumption. Meanwhile, 

8.30% of households in the adopters’ group and 12.47% of households in the non-adopters’ group 

had poor consumption scores.  

 

 

Figure: 6.3 Different categories of farmers’ food consumption score  

 

6.2.2.  Estimation of propensity score and matching 

 

A binary logit model is employed to make an accurate prediction on the chance of CSA 

implementation. The condition of overlapping and the tendency toward balancing have both been 

established and satisfied.  
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Adopters' estimated propensity scores range from 0.108 to 0.987, with a mean of 0.729 based on 

minimum and maximum criteria. Non-adopters, meanwhile, have a predicted propensity score of 

between 0.010 and 0.896, on average scoring 0.439.  As a result, the range [0.108, 0.896] satisfied 

the common support criteria, while the remaining 68 observations lay outside this domain. 

Matching conditions were not employed for any households whose propensity score was outside 

the range of 0.108 to 0.896. In order to calculate the influence of CSA adoption on households’ 

welfare, matching algorithms NNB, RM, and CM were utilized. Table 6.2 shows the propensity 

scores derived from the logit model. Table 6.2 presents the factors affecting the implementation of 

CSA measures, such as education, family size, family labor, landholding size, livestock ownership, 

and perceived soil fertility level. 

 

Table 6. 2. The estimated results of the logit specification of the propensity scores  

CSA Practices(dummy)                               Coef. Std.Err. z      

Age (continues)    −0.026     0.015    −1.700 

Education (continues)     0.126     0.037    3.390*** 

Family size (continues)    −0.148     0.053    −2.800** 

Family labor (continues)     0.142              0.052     2.730** 

Gender (1/0)     0.515     0.323     1.590 

Landholding size (continues)     0.920     0.325     2.830** 

Farming experience (continues)     0.001     0.015     0.080 

Distance market (continues)    −0.076     0.025    −3.020*** 

Climate information (1/0)     0.519     0.132     3.931*** 

Soil fertility (1/0)     0.906     0.296     3.060*** 

Slop of farmplot     −0.263     0.266    −0.990 

Contact extension (continues)     0.029     0.011     2.636** 

Training received (1/0)      1.587     0.290     5.480*** 

Access to credit (1/0)    −0.104     0.281    −0.370 

Social member (1/0)    −0.606     0.663    −0.910 

TLU (continues)     0.47     0.070     2.428** 

CC perception (1/0)    −0.062     0.402    −0.150 

Rainfall_var  (continues)    −0.415     0.105    −3.960*** 

_cons      2.905     1.012     2.870** 

Number of obs   385 

Prob > chi2        0.000 

Pseudo R2           0.2436 

Note: *, **, and *** represent levels of significance at 10%, 5%, and 1% levels, respectively.  
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Figure 6.4 depicts the distribution and common support propensity scores before and after the 

matching process.  For example, if the following conditions are met, the matching exercise is 

considered successful: there are no substantial differences in covariate distribution across matching 

groups; a low pseudo R2, a lower standard means bias; and significant joint variables are rejected 

after matching. This shows from the covariate distribution after matching, the pseudo R2 value 

(0.019), and the probability ratio's p-value (1.000) that the covariates are balanced among adopters 

and non-adopters in their respective farm households. The common support graph in Figure 6.4 

shows significant overlap between CSA adopters and non-adopters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.4: Propensity score distribution and common support region for propensity score 

estimation:(a) treated and untreated propensity score; (b) propensity score in common 

support region.  
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Treated on support indicated the individuals in groups who found a suitable match and treated off 

support indicated the individuals in the group who did not find a suitable match. Before matching, 

the propensity scores of adopters and non-adopters differ by about 70%.  After matching, the bias 

was reduced to 4.7% from its previous value. It has been demonstrated that considerable differences 

emerged upon variables before matching; nevertheless, after such matching process, all the 

variables fall into insignificance and are balanced. Furthermore, the covariate balancing test results 

showed that the distribution of covariates among CSA adopters and non-adopters was comparable 

after matching. This was proved by the low pseudo R2 value, insignificant P-value, and less than 

20% mean standard bias. 

 

6.2.3. Estimation of the average treatment effect of CSA adoptions  

 

The study uses a variety of matching techniques, including radius matching, kernel matching, and 

nearest-neighbor matching, to examine the overall impact of CSA on FCS and crop income on a 

weekly basis. The evaluation of the Average Treatment Effect on Treated (ATT) in each of the 

three distinct matching algorithms reveals that engaging in CSA practices yields a positive impact 

on household crop revenue and FCS. Table 6.3 presents the estimated average treatment effects, 

derived from CSA adoption matching algorithms.  

 

Table 6.3. The average impact of CSA adoption on household income and food security 

Outcome 

variables  

Matching  

algorith

ms 

Treated  Control ATT Pseudo-

R2 

Standard 

Mean 

Bias 

S.E. Z -value 

 

Income  

NNM 15048.01 9972.94 5057.07 0.027 5.0 1405.34 3.61 

CM 14875.36 9758.44  5116.91 0.031 4.8 1410.48 3.63 

RM 14875.36 9972.94 4902.41 0.134 7.1 984.69 4.98 

 

FCS 

NNM  43.43 37.15 6.27 0.036 8.0 1.96     3.19 

CM      

43.96    

35.81      8.15 0.037 4.3   1.06 7.63 

RM      

43.72 

36.24      7.47 0.134 7.5   0.56 13.18 
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The results of the ATT estimation for FCS are as follows: 6.27 using nearest neighbor matching, 

8.15 for kernel matching, and 7.47 for radius matching. The average treatment impact on weekly 

FCS is 6.27–8.15% higher for CSA adopters compared to non-adopters. Adopters tend to have a 

more income of 4902.41- 5116.91 ETB compared to non-adopters. As shown in Table 6. 3., the 

adoption of CSA procedures has a large influence on household crop income per hectare. The 

analysis examined the overall effects of CSA and found that it had positive and statistically 

significant effects on household crop income and food consumption levels. 

 

6.3.  Discussion  

The purpose of this research is to investigate the impact of climate smart agriculture activities on 

household income and food security in the study area. The study findings suggest that households 

that have implemented CSA practices are more likely to experience improved food security 

compared to households that have not adopted these activities. The average FCS among CSA 

adopters and non-adapters was found to be statistically significant at a high level of probability 

(P<000).  The results are consistent with the research conducted by Aweke et al. (2020) and Teka 

and Lee (2020), which documented the beneficial impacts of enhancing agricultural techniques on 

the general well-being of households in Ethiopia. Adoption of CSA techniques in Ethiopia has a 

considerable positive impact on household welfare (Teka and Lee, 2020).   

 

The average treatment effects of CSA adoption on crop revenue range from 4,902.41 ETB to 

5,116.91 ETB higher than non-adopters. This finding aligns with the research conducted by Fentie 

and Beyene (2019), who examined CSA practices and the welfare of farmers in Ethiopia. They 

found that implementing CSA has a beneficial impact on household crop income and yield. Fentie 

and Beyene added that farmers can derive significant benefit from embracing CSA techniques and 

technology, since this approach offers the potential to enhance crop revenue and reduce levels of 

food insecurity. Farmers who adopt CSA practices have access to a better variety of foods and 

generate more income compared to non-adopters (Bedeke et al., 2019). Furthermore, CSA 

practices improve farmers' ability to respond to the effects of climate change (Tesfay, 2020). The 

implementation of CSA practices on the farm plot depends on the availability of resources, 

institutional factors, and the severity of climate change conditions. As Keshavarz et al. (2021) 

indicated, the application of CSA practices is dependent on the specific local context.  
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Climate smart agriculture practices frequently used by the local famers in the study site includes 

crop rotation (cereal/potato), improved crop varieties (high yielding beans, potato wheat), 

agroforestry systems (wood perennials crops), improved breeds (small ruminants), and residue 

incorporation (wheat/barely). According to Lipper et al. (2017), CSA options have a positive effect 

on agricultural productivity. This, in turn, leads to increased household income, greater resilience 

among farmers, and a reduction in the negative effects of climate change.  

 

Tadesse et al. (2021) employed various soil fertility indicators to assess the effects of CSA 

adoptions on the soil fertility status, crop output, and soil carbon levels of both CSA adopters and 

non-adopters within the same study area. These indicators include total nitrogen (TN), soil organic 

carbon (SOC), and plant-available phosphorus. According to the findings of Tadesse et al, the soil 

fertility of adopters' farm plots is significantly better (p< 0.05) compared with non-adopters. 

Furthermore, Tadesse et al. (2021) found that there are significantly higher levels of soil SOC, TN, 

and phosphorus in CSA adopters compared to areas that are not adopters. The study results show 

that the level of SOC in CSA measures was found to be 2.8–3.1 times higher in comparison to 

those who did not adopt CSA practices. Similarly, the levels of total nitrogen TN are 2.2–2.6 times 

higher in CSA, and phosphorus levels are 1.7–2.7 times higher in CSA adopters compared to non-

adopters. 

 

Crop productivity increased because of a combination of improved seeds and the implementation 

of more CSA practices. For instance, wheat crop output is increased by 30%–45% with CSA 

intervention compared to traditional farming, and this increase was significant at (p< 0.05), given 

the soil fertility indicators. According to Tadesse et al. (2021), the implementation of CSA 

intervention has been looked at in various landscapes, including forests, crops, and agroforestry, 

within the study area. The stock of SOC was assessed at a depth of one meter for both adopters 

and non-adopters. The findings show that the stock of SOC has shown an increase of 3.2%, 4.6%, 

5%, and 6.9% for forestland, grassland, cropland, and agroforestry, respectively, when compared 

to non-adopters. The amount of SOC found in agroforestry landscapes was the largest (312 Mg C 

ha-1), followed by agricultural landscapes (229 Mg c ha-1). According to Mwongera et al. (2017) 

and Anang et al. (2021), adoption of CSA measures, including SWC, agroforestry systems, and 

residue incorporation, can lead to improved soil water retention, enhanced soil fertility, and 

increased potential for carbon sequestration. 
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This study indicates that CSA activities require a higher frequency of farm management practices 

as well as a larger level of commitment than conventional farming systems. This result supports 

previous research conducted by Akrofi-Atitianti et al. (2018) and Kangogo et al. (2021), which 

indicates that successful implementation of CSA on farms needs productive labor and effective 

resource mobilization. Asfaw et al. (2012) reported that CSA practices are labor-intensive and 

require skilled workers. According to recent studies, effective CSA adoption on the farm level 

demands productive labor, access to more financial resources (Kangogo et al., 2021). Agriculture 

is the main sector in rural areas; increasing agricultural productivity through CSA practices 

improves both the financial stability of households and their access to nutritious food (Lipper et 

al., 2014). The farmers in the study area employed various CSA practices to diversify their income 

streams. The adoption of CSA practices has a substantial and positive effect on the economic well-

being of households, both through direct and indirect means. Direct implications include increased 

agricultural and livestock productivity as well as a decrease in production costs, which leads to in 

a rise in revenue and ensures that there is always food available (Aweke et al., 2020). Furthermore, 

the practices of CSA measures have the potential to enhance the food supply by increasing the 

quantity of food available in the market.  

 

According to farmers' responses during the interview, the selling of cattle is the second-largest 

source of income, following crop sales. According to Brüssow et al. (2017) and Aweke et al. 

(2020), who studied how the CSA practice affect food security among Tanzanian farmers, show 

that livestock production is considered as one of the primary sources of income for farmers. 

Climate smart agriculture adopters are believed to have a higher level of awareness regarding 

climate change and a greater tendency to engage with new farming techniques on their agricultural 

lands in comparison to non-adopters (Kalimba and Culas, 2020; Sardar et al., 2021). The finding 

aligns with previous studies conducted on the adaptation farmers to climate change in Ethiopia 

(Gebrehiwot et al., 2013), the adoption of CSA practices by smallholder farmers in Ethiopia who 

rely on maize production (Bedeke et al., 2019), the association between climate change and farmer 

adaptation in Sub-Saharan Africa (Kalimba et al., 2020), and the various factors that influence the 

adoption of multiple CSA technologies in Zimbabwe (Mujeyi et al., 2020).   
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Hence, it is crucial for farmers to have regular interactions with agricultural extension workers and 

access to climate information in order to enhance their ability to adapt to climate change. The study 

findings show that the average treatment impact on weekly FCS varied significantly between CSA 

adopters and non-adopters. The impact for CSA adopters is 6.27-8.15 higher compared to non-

adopters. This result is in line with Tafesse et al. (2020), who found that the impacts of moringa 

crop adopters on FCS are 6.2 times higher than those of non-adopters. However, the adoption 

adaptation strategies at the farm level faces challenges that have been recognized by local experts 

in the research area. For instance, lack of qualified workers at all levels is identified as the major 

barrier impeding the ability to implement climate change adaptation and mitigation measures. Saj 

et al. (2017) identify challenges that CSA practices faces, which are attributed to misconceptions 

in the scientific community and the response from the wider community. According to Taylor 

(2018), a major criticism of CSA practices is its narrow focus on technical solutions, without 

considering other important factors such as improvements in labor practices, consumption patterns, 

and land ownership issues.  

 

The local experts during their interview also added that there is a lack of integration among 

organizations in the implementation and promotion of CSA practices. Contributing factors to this 

issue are insufficient coordination mechanisms at both local and regional levels and lack of 

operations to bring together and coordinate all the stakeholders involved in promoting CSA 

practices in its different forms (Autio et al., 2021). Andrieu et al. (2019) argue that the process of 

co-designing climate-smart farming systems is complex and involves the interaction of knowledge, 

technologies, and institutional environments. To develop potential solutions, it is important to 

utilize a participatory and systems-based approach that incorporates the creation of scientific 

knowledge at the local level.  

 

6.4.  Summary 

 

This study looks at how CSA practices affect food security and household income in Southern 

Ethiopia. To choose 385 households for the sample, a multistage sampling process was used. The 

study explored how the CSA intervention affected farm revenue and food self-sufficiency using 

survey data. Propensity score matching was used with a variety of matching methods, such as 

NNM, CM, and RM, to quantify the conditional impacts of CSA on household welfare.  
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In the study area, several CSA measures have been implemented to offset the negative effects of 

climate change and improve productivity in agriculture, income, and food security. Farmers that 

have adopted CSA practices have a FCS between 6.27 and 8.15 scores which was statistically 

significant at the 1% level. In addition, from the total sampled households, 34.55%, 44.68%, and 

20.77% of households were categorized as acceptable, borderline, and poor statuses, respectively. 

Furthermore, households that adopted CSA practices have a 20.30% higher per hectare average 

annual farm income than non-adopters. The study suggests that effective extension services, 

accurate climate information, and policy support are required to promote and scale up CSA 

measures in the study area to improve farmers’ adaptive capacity, farm income, and food security. 
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CHAPTER SEVEN: SUMMARY, CONCLUSIONS AND 

RECOMMENDATIONS 

 

This chapter focuses on the thesis synthesis, general conclusion, and recommendation. The 

synthesis part summarizes the results discussions of the major findings across the objectives, 

followed by a general conclusion, recommendation, and policy implications.  

 

7.1.  Synthesis 

 

The adverse impact of climate change presents a significant threat to the well-being of millions of 

people in developing nations, as well as to the stability of agriculture and food security (IPCC, 

2022).  Climate change has been identified as a major contributor to the development in crop pest 

incidents, decline in soil moisture levels, rapid depletion of soil nutrients, and significant decreases 

in crop production and yields (Khatri-Chhetri et al.,2017; IPCC, 2022; Jellason et al., 2022). The 

observed decreases in rainfall, combined with the scarcity of improved high-yielding crop 

varieties, provide challenges for agricultural extension services. Additionally, the lack of 

accessibility to irrigation infrastructure could potentially jeopardize food security, limit export 

revenues, and greatly diminish net crop revenue (Jellason et al.,2022).  

 

Ethiopia has been significantly affected by climate change, which has had a negative impact on its 

socioeconomic development (Bimir, 2022). The vulnerability of Ethiopia to climate change is 

mainly due to its heavy reliance on rain-fed agriculture for economic development, combined with 

its limited capacity to adapt to climate change (Addisu et al., 2019). Low adaptation capacity and 

a lack of awareness on climate change intensify the impact of climate change on farmers' livelihood 

systems (Feliciano et al., 2022). The rural livelihood systems of Ethiopia are susceptible to climate 

change, although to various degrees, due to their dependence on rainfall (Feliciano et al., 2022). 

Ethiopia has experienced multiple climatic and environmental shocks over the past three decades 

(Tofu et al.,2022). According to Tofu et al. (2022), the most significant climate change induced 

shocks in Ethiopia have been increases in rainfall and temperature change-related parameters, such 

as shifts in rainfall seasons, rain deficits, and erratic spatial distribution rainfall.  
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Furthermore, Tofu et al. (2022) highlights the challenges that Ethiopia experiences, including 

droughts, crop and livestock pests and diseases, and a scarcity of adequate pasture and freshwater. 

The analysis indicated that climate change induced shocks have had substantial negative effects 

on the livelihoods of smallholders, primarily through land degradation and decreased agricultural 

and livestock production. Despite national and local efforts in Ethiopia to mitigate climate change 

impacts, negative effects are occurring across the country. Many smallholder farmers are 

particularly affected; agricultural production systems are being severely impacted. These new risks 

brought on by climate change are probably to exacerbate the already difficult circumstances faced 

by many rural households in Ethiopia. It is vital to effectively coordinate collective efforts and 

take prompt actions on a worldwide and local scale to mitigate the fundamental factors 

contributing to climate change. Additionally, it is important to proactively prepare for and adapt 

to the inevitable consequences of climate change. 

To effectively address the negative impacts of climate change, several CSA measures have been 

adopted within the research area. These measures attempt to improve agricultural output, income, 

and food security for farmers. According to Bazzana et al. (2022), CSA practices have proven to 

be a realistic strategy for enhancing the well-being and capacity of rural populations to adapt to 

climate change. This approach is particularly effective for farmers that have more opportunity to 

access financial resources, robust social networks, and an integrated food market. Despite this, 

there have only been a few studies conducted to better understand the adaptability of farmers in 

Ethiopia, particularly in the southern region, which is vulnerable to several climate related risks, 

such as recurrent droughts and floodings.  

Studies have concentrated on exposures and traditional adaptation measures of climate change, 

instead exploring farmers' experiences of temporal variability and trends in temperature and 

rainfall patterns. It is critical to examine farmers' understanding and knowledge of climate change 

because this influences the implementation of CSA measures that enhance production and 

resilience. As a result, this research adds to the current body of knowledge by providing critical 

baseline information for future research and policy intervention in Ethiopia, which has recently 

launched a comprehensive climate change policy document called Climate Resilient Green 

Economy (CRGE) to reduce carbon emissions while supporting national adaptation plans.  
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The research findings can be used to complement the current CSA policy intervention and address 

institutional and external challenges that hinder smallholder farmers from adopting CSA practices. 

Smallholder farmers have traditionally been responsible for managing climate risk, apart from 

large climatic shocks. Climate change adaptation studies have frequently been conducted on a 

broad scale.  

In order to develop impactful policies or initiatives aimed at mitigating the negative impacts of 

climate change, it is crucial to carefully consider adaptation measures that are tailored to the 

particulars of the local context. In addition, there has been a significant oversight in recognizing 

the farmers' understanding of climate change and their adoption of CSA measures as a means of 

adapting to it. Furthermore, the potential implications for household welfare have not received 

adequate attention. The study was carried out in Southern Ethiopia, an area known for its 

susceptibility to the effects of climate change (Mekonnen et al., 2021; Shukla et al., 2021). The 

purpose of this research is to investigate the adoption of CSA approaches within the context of 

small-scale farming in southern Ethiopia. To address the research problem, the study utilized a 

mixed methods approach. Hence, both quantitative and qualitative information data were collected 

simultaneously and combined to offer a comprehensive analysis of the research problem.   

The meteorological findings indicate that the study area had significant variations of rainfall and 

temperature, leading to prolonged flooding and drought. The ‘Mann-Kendall trend test revealed a 

slight increase in precipitation levels in the annual, Kiremt (summer), and Bega (dry) seasons. 

However, the Belg (spring) season experienced a significant decrease in rainfall at a significant 

level of (P<0.05). The yearly mean, maximum, and minimum temperature changes in the research 

area were 0.0420C, 0.0270C, and 0.0560C, respectively. The study findings indicate that a 

significant majority of farmers (81.80%) reported that the local climate is changing. Specifically, 

71.9% of farmers reported an increase in temperature, while 53.15% reported a decrease in the 

distribution of rainfall. Farmers employed various CSA methods, such as SWC techniques that 

involved the use of biological measures, improved crop varieties, agroforestry practices, better 

livestock breeds’ cut and carry feeding methods, controlled grazing, and incorporation of crop 

residues.  
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The empirical evidence showed that factors such as ‘education, family size, gender, landholding 

size, farming experience, access to climate information, training, social membership, ownership 

of livestock, farm income, and access to extension services significantly influence the ability of 

smallholder farmers to respond to climate change by adopting climate-smart agriculture measures. 

The study result added that farmer’s age, education, farming experience, and availability to climate 

information all have a substantial impact on farmers perceptions of climate change and variability.   

Compared with non-adopters, farmers who have adopted CSA practices have a FCS of 6.27–8.15. 

In addition, from the total sampled households, 34.55%, 44.68%, and 20.77% of households were 

found under categories of acceptable, borderline, and poor statuses, respectively. The result also 

confirms that households that implement CSA measures have an average annual income that was 

20,30% higher compared to non-adopters. Farmers who used CSA were more likely to have higher 

incomes and more stable food supplies compared to those who did not use CSA measures. The 

study findings may provide decision-makers with a starting point to consider potential 

interventions in response to climate change. These interventions could enhance climate change 

responding measures at various levels. The study indicates that effective extension services, 

accurate climate information, and policy support are required to promote and expand CSA 

measures in the region to improve farmers’ adaptive capacity, farm income, and food security. 

Agricultural policies should aim to strengthen farmers' activities in enhancing climate resilience 

and addressing challenges associated with the adoption of CSA) practices. 

 

7.2.  General Conclusion 

 

Given Ethiopia's strong reliance on weather-sensitive livelihoods, its exposure to climate change 

and variability provides reason for great concern. Especially in the agricultural sector, a thorough 

understanding of temperature and rainfall variability is essential for creating successful adaptation 

and mitigation strategies. This study comprehensively analyzed temporal variability and the trend 

of rainfall distribution using meteorological data. Large variation was observed among seasons in 

the observing period. The SAI and SPI indices show drought years with the proportions of below 

and above average rainfall distribution anomalies. Reduction of precipitation in the research area 

affects agriculture production and availability of forage for the livestock feed, and food security.  
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The study revealed a distinct increase in both the maximum and minimum temperatures observed 

within the study area.   The increasing temperature in the studied region has led to substantial water 

depletion because of evaporation.  Agriculture, livestock farming, and drinking water supply are 

among the sectors that have been impacted. The result from the meteorological data shows that 

variations in temperature and precipitation have been observed throughout the specified period. 

Additionally, the study found that the SAI and SPI results agree with previous drought years 

associated with ENSO periods. Sociodemographic and institutional factors have a substantial 

impact on farmers' perceptions of climate change and variability.  

The findings show, most farmers believe their local climate is changing, which is consistent with 

meteorological records of increasing temperatures and declining rainfall trends over decades. In 

response to the effects of climate change, smallholder farmers have implemented different CSA 

practices. The adaptation practices have been facilitated by local extension agents and non-

governmental organizations. Additionally, farming experiences, education, gender, income, 

climate information, social group membership, risk-taking behavior, and extension services are 

key factors influencing CSA adoption. Maintaining feasible adaptation and mitigation investments 

using CSA practices and strengthening the ability of adaptation of households is imperative. The 

study implies the need to support smallholder farmers’ CSA practice and technology with various 

policy support initiatives, including credit and farm inputs subsidies, to improve farmers’ 

aspiration for future economic opportunities.  

In Ethiopia, climate change and severe climate conditions have lowered agricultural yield and 

created food insecurity. The study examines how the application of CSA practices affects the 

income and food security of rural households in the study area. The study underlines the 

importance of CSA measures in terms of agricultural income and food security. Smallholder 

farmers are applying a range of CSA options to mitigate the negative effects of climate change and 

maintain the productivity of agriculture. The key findings show that smallholder farmers who have 

implemented CSA measures earn significantly more farm income and improved their food security 

compared with non-adopters. The role of CSA measures on farmers’ welfare can be strengthened 

by providing subsidies, extension services, and accurate climate services. 
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7.3.  Recommendation and policy implications  

The study suggests that climate change adaptation measures should consider current climate 

change and variability. The study also promotes the timely and accurate climate information that 

the Ethiopian Meteorological institute should provide, such as seasonal forecasts and early warning 

systems. To do this, a thorough understanding of how climate change affects the livelihoods of 

smallholder farmers is vital. Climate change concerns require policy interventions that can 

transform climate-sensitive livelihood systems into climate-smart options. 

The study also recommends that future studies increase their geographic scope to consider the 

entire SNNRP regions and geographical areas further, due to the region's diverse range of 

agroecology and landscapes.  

The policy intervention to improve agricultural production and adopt appropriate CSA practices 

should consider reducing farmers’ exposure to climate risks and alleviating farmers’ difficulties 

while undertaking CSA practices and technologies. Adoption of CSA requires significant technical 

skill and knowledge. Thus, enhancing farmers’ education, providing accurate climate information, 

and strengthening extension services are some of the policy measures that need to be taken to 

promote CSA uptake. This study suggests that a portfolio of CSA practices for farmers living in 

diverse landscapes should be identified and prioritized for promotion and scaling up. Enhancing 

the experience and perception of climate change and its influences among smallholder farmers can 

facilitate the integration of more efficient CSA techniques into their farming practices. 

Moreover, future studies need to be conducted comparing both program participants and non-

participants before and after adoption of the CSA adoption to measure the dynamic of CSA 

interventions and capture possible unobserved heterogeneities. 

This study only measured the aggregate effects of selected CSA practices. However, each CSA 

measure has a different level of impact on household income and food security, and an independent 

study is required to provide detailed CSA measures for designing specific interventions.  
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Appendixes 

 

Appendix ‘A’ Distribution of sampled households by Villages Are these results 

Kebeles  Villages   Total Households  Sampled 

househol

ds   

Male 

household 

heads  

Female 

household 

heads  

Lemisuticho Tula  1733 65 48 16 

 Suticho  2428 91 78 14 

 Cherema  1360 51 41 10 

 Kanko  853 32 27 5 

Begedamo Gateme  1707 64 48 16 

 Bakucho  1013 38 33 5 

 Tach- begedamo  880 33 27 6 

 Lay- begedamo  293 11 8 3 

Total households    10267 385 310(80.5%) 75(19.5%) 

Source: Author’s own construction from fieldwork 2020/2021 

 

Appendix ‘B’ Profile of Focus group discussion participants (F-Female; M-male)  

Attributes  Lemisuticho  Begedamo 

Age 50-60 40-60 

Education  1-12 grade 1-12 grade 

Farming experience   >30 years >30 years 

Number of participants from the farmers  10(6 M,4 F) 10(6 M,4 F) 

Development agents                1 1 

Kebele administration               1    1 

Sub-total              12                12 

Total                                                                      24 

Source: Author’s own construction from fieldwork 2020/2021 
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Appendix ‘C’ Profile of Key informants’ participants (F-Female; M-male)  

Attributes  Lemisuticho  Begedamo 

Age 40-60 40-60 

Education  6-12 grade 1-12 grade 

Farming experience   >30 years >30 years 

Number of participants from the farmers  4(3 M,1 F) 4(3 M,1 F) 

Development agents                1 1 

Kebele administration                1    1 

NGOs               1    1 

Community leader (Idir)                1    1 

Sub-total                8               8   

Total   16 

Source: Author’s own construction from fieldwork 2020/2021 

Appendix ‘D’ List of CSA practices as adaptation strategies 

List of CSA practices as an adaptation strategy  Farmers response  

Yes (‘1’)     No 

(‘0’)    

      Framers practicing soil and water conservation with biological measures   

           Farmers using improved crop varieties (wheat, potato, beans, seeds)    

           Farmers using crop rotation   

      Farmers adopting Agroforestry (woody perennials and fruit crops; 

fallow) 

  

           Farmers using improved breeds (sheep and cattle)   

           Farmers using controlled grazing    

           Farmers using residue incorporation for Wheat or Barley   

           Farmers using green manure    

           Farmers using cut and carry system   

           Farmers using minimum tillage/mulching     

Source: field work 2020/2021 
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             Appendix ‘E’ Variables summaries used in the model. 

 Variable                    Explanation   Mean  Std. Dev. 

 CSA Adoptions                     1 for adopters; 0 otherwise   0.618 0.486 

 Climate change perceptions 1 for perceived; 0 otherwise 0.868 0.339 

 Age                                       The actual age of the household head in years  50.423 13.461 

 Education                              Level of education in years  3.112 3.854 

 Family size                           The number of family members in the household  7.429 2.451 

 Gender                                  1 for male, 0 otherwise  0.805 0.397 

 Landholding size                  Total crop landholding in hectares  0.617 0.466 

 Farming experiences            The actual farming experience of the household  25.67 13.538 

 Distance outputmar~t           The distance of input and output market in km 4.871 5.7 

 Access climatetinf~n            1 for access to climate information; 0 otherwise  0.771 0.42 

 Contact extension                 The number of annual contact with extension agents  5.117 12.298 

 Training received                 1 if the farmers had received training; 0 otherwise  0.732 0.443 

Access credit                         1 if the farmers had access to credit; 0 otherwise  0.286 0.452 

 Social membership               1 if the farmer was a member of a social group; 0  0.956 0.206 

 TLU                                      The tropical livestock unit 2.442 1.868 

 Income                                  Estimated annual income in Ethiopian currency 12571.66 907.48 

Soil fertility                            1 if a farmer has fertile soil; 0 otherwise        0.63          0.04 

Rainfall                                average annual rainfall in millimeter(mm)                                                     1249.1       441.336 

Slop of farm plot                      1 if farm plot is steep slop; 0 otherwise              0.56       0.032 
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Appendix ‘F’ 

Farmers were asked what types of foods they had consumed over the last seven days (one week) 

among which includes cereals (maize, teff, wheat, sorghum, millet); tubers (potatoes, sweet 

potatoes), pulses and nuts (beans, lentils, peas, peanuts, and so on); vegetables and fruits; meat 

and fish (beef, goat, poultry, pork, eggs, and fish); dairy products (milk, yoghurt, cheese, and 

other milk products); sugar and honey; oil, fat, and butter and computed based on the table 

below. 

Food categories  Food 

groups(definitive) 

Weight 

(definitive) 

Maize, maize porridge, rice, sorghum, millet pasta, bread, 

and other cereals 

Main staples 2 

Cassava, potatoes and sweet potatoes, other tubers, 

plantains 

Beans. Peas, groundnuts, and cashew nuts Pules  3 

Vegetables, leaves Vegetables  1 

Fruits fruit 4 

Beef, goat, poultry, pork, eggs, and fish Meat and fish 4 

Milk yogurt and other diary Milk  4 

Sugar and sugar products, honey Sugar 0.5 

Oils, fats, and butter Oil  0.5 

spices, tea, coffee, salt, fish power, small amounts of milk 

for tea. 

Condiments 0 
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Annex ‘G’ 

Table : Rosenbaum bounds for _FCS (N = 384 matched pairs) 

 

Gamma sig+      sig-    t-hat+    t-hat-       CI+       CI- 

    1           0         0   39.9876   39.9876   39.9876   39.9876   

 1.25         0         0   39.9876   39.9876   39.9876   39.9876   

  1.5          0         0   39.9876   39.9876   39.9876   43.7264   

 1.75         0         0   39.9876   39.9876   39.9876   43.7264   

    2           0         0   39.9876   43.7264   39.9876   43.7264   

* gamma - log odds of differential assignment due to unobserved factors 

  sig+   - upper bound significance level 

  sig-   - lower bound significance level 

  t-hat+ - upper bound Hodges-Lehmann point estimate 

  t-hat- - lower bound Hodges-Lehmann point estimate 

  CI+    - upper bound confidence interval (a = .95) 

  CI-    - lower bound confidence interval (a = .95) 

 

Table ?: Rosenbaum bounds for log crop income (N = 384 matched pairs) 

Gamma sig+      sig-    t-hat+    t-hat-       CI+       CI- 

    1              0         0     10500     10500      9500     11450   

 1.25            0         0      9500     11400      8700     12500   

  1.5             0         0      8850     12250      8000     13500   

 1.75            0         0      8325     13000      7500     14500   

    2              0         0      7900     13750      7100     15500   

* gamma - log odds of differential assignment due to unobserved factors 

  sig+   - upper bound significance level 

  sig-   - lower bound significance level 

  t-hat+ - upper bound Hodges-Lehmann point estimate 

  t-hat- - lower bound Hodges-Lehmann point estimate 

  CI+    - upper bound confidence interval (a = .95) 

  CI-    - lower bound confidence interval (a = .95) 



150 
 

 

Appendix ‘H’: Glossary of Terms 

Adaptation: Adaptation is defined “it is adjustment in ecological, social, or economic systems in 

response to actual or expected climatic stimulus and their effects or impacts” (IPCC, 

2014: 76). 

Climate change: Climate change is defined by the IPCC as "a change in the state of the climate 

that can be determined (e.g., using statistical tests) by changes in the mean and/or 

variability of its attributes and that persists for an extended period, typically three 

decades or longer" (IPCC, 2014:120) 

Climate Smart Agriculture (CSA): " is an integrated approach that sustainably increases 

agriculture productivity, enhances resilience (adaptation), reduces/removes GHGs 

(mitigation) where possible, and enhances achievement of national food security and 

development goals" (FAO,2010) 

Climate variability: Climate variability “refers to variations in the mean state and other statistics 

(such as standard deviations, the occurrence of extremes, etc.) of the climate on all 

spatial and temporal scales beyond that of individual weather events” (IPCC, 2014:121). 

Food Consumption Score: "The variety and frequency of food groups consumed during the 

previous week, which is then weighted according to the relative nutritional value of the 

consumed food groups" (WFP, 2008).    

Food security: “situation that exists when all people, at all times, have physical, social and 

economic access to sufficient, safe and nutritious food that meets their dietary needs and 

food preferences for an active and healthy life” FAO (2002). 

Knowledge: It is defined as the main component for a basic understanding of an issue and 

reasoning in decision making about the issue (Jho and Kim, 2014). 

Perception: "It is the process by which we receive information or stimuli from our environment 

and transform it into psychological awareness" (IPCC, 2014) 

Resilience: Resilience is defined as " the ability of a system's (social, economic, and 

environmental) to cope with and recover from the effects of a hazardous event or 

disturbance" (IPCC, 2014). 



151 
 

  

 

 

 

Appendix ‘I’: Questionnaire  

Climate Smart Agriculture Practices by smallholder Farmers under Changing Climate in 

the Southern Ethiopia  

Survey Questionnaire 

Prepared by Abrham Belay 

 

General Instructions to Enumerators 

 Make brief introduction before starting any question, introduce yourself to the respondents, 

greet them in local ways and make clear the purpose and objective of the study. 

 Please fill the interview schedule according to the farmers reply (please do not put your own 

opinion).  

 Please ask each question clearly and patiently until the respondents gets your points. 

 Please do not use technical terms and do not forget local units. 

 During the process, put the answer of each respected respondent both on the space provided and 

CIRCLE on the choice. 

 

 

Household Identification 

[Date/Month /Year] 

________________ 

1. Enumerator’s Name: 

_______________________ 

2. Questionnaire Code: 

_______________ 

3. District/Woreda__________________ 4. Kebele_________ 5 Village____________ 

6. Name of respondent_______________________7. Name of field supervisor_______________               

8. Easting: _________________9. Northing ___________________ 10. Altitude __________  
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11. Economic status of the household:  1=Poor, 2 = Medium, 3 = Better-off/rich  

 

A. Household characteristics 

1. Total family size of the household? __________Male____     Female____  

2.  Gender of the household’s head 1= male 0= female,  

3. Age of the household’s head in years _______ 

4. Educational status of the household’s head? Can read and write? 1= Yes 0= No, if no (skip to 

Q.5)  

5. If your answer is yes for Q4, give the highest level of education in years (________),  

 1 =primary 2= secondary 3= tertiary   

6. Marital status of the household’s head?  1=Single 2= Married 3=Widowed=4. 

Divorced/Separated   

7.  Types of house you have፡ 1= straw/Grass house 2= Corrugated iron house 3= both 

8. What is your major occupation 1= Farmer 2=Trader 3= daily laborer 4= Civil Servant 

9. 5= Unemployed 6=both farmer and trader  

10. Total land holding size in hectare___________ 

11. How did you acquire land for farming?   

1 = First distribution 2= Inherited 3= sharecropping 4 = Renting in 5=Gift 

12. Average distance of your farm plots from your home in minute_____ in km________ 

13. Average distance of the school from your home in minute_____ km________ 

14. Average distance of the farmer training center from your home in minute_____ km________ 

15. Farming experience in years___________  

16. Total annual income in ETB (refer section E) ___________ (Farm crops selling________ 

Livestock selling_________wood/plantation selling________ other off farm income 

sources________    

17. How do you estimate your level of level expenditure? Food conception_____, clothing____, 

and farm inputs _________other utilities__________   

18. Do you have access to extension services 1=yes 0=No? 

19. If Yes, distance of extension office in km from your home in minute_____ km________  
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20. Do you have access to input market? 1=Yes=No 

21. If Yes, average distance in km from your home in minute_____ km________ 

22. Do you have access to output market? 1=yes 0=No 

23. If yes, average distance from your home in km _______ 

B:  Perception on climate change and variability 

24. Do you know about climate change? 1= yes 0= No 

25. How do you perceive temperature change for the last 30 years?  

Don't Know 2= No change 3= Decrease 4= Increase 

26.   How do you perceive rainfall change for the last 30 years?   

1= Don't Know 2= No change 3= Decrease 4= Increase 

27. Has the number of hot days over the last 30 years 1= Increased 2= Decreased?  

3= Stayed the same 4= Don‘t know 

28.  Has the number of rainfall days over the last 30 years? 1= Increased 2= Decreased 3= Stayed 

the same 4= Don‘t knows 

29. What was the recent amount of precipitation during a rainy season in contrast to the last 10-

30 years? 

  1= Very low 2 =Low 3= Normal 4= High  5=Very high 

30. What were the main changes you have observed regarding rains and temperature?  

30.1 Changes of rain starting time? 1= Earlier 2= later 3=no change  

30.2 Change of rainfall intensity? 1= lighter 2=heavier 3=no change  

30.3 Changes of rain ending time? 1=Shorter2= longer3= no change  

30.4 Change of temperature? 1=warmer 2=cooler 3= no change  

31.  Have you encountered drought over the last 30 years? 1= Yes 2= No 3= Don‘t know 

32.  If yes, how do you describe the frequency of occurrence of drought for the last 5-10 years in 

years as compared to the past 30 years? 1= Increased 2= Decreased 3= Followed a similar 

trend 

33. Have you encountered a flooding problem over the last 30 years? 1= Yes 2= No 3= Don‘t 

know 

34.  If yes, how do you describe the frequency of occurrence of flood in last 5-10 years as 

compared to the past 30 years? 1= Increased 2= Decreased 3= Followed a similar trend 
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35. Have you encountered a pest and disease problem over the last 30 years? 1= Yes 2= No 3= 

Don‘t know 

36. If yes, how do you describe the frequency of occurrence of pest and disease in recent years as 

compared to the past 30 years? 1= Increased 2= Decreased 3= Followed a similar trend 

37. Since when you have noticed that the overall climate condition of your area has changed?  

38. 1=10 years 2=20 years 3= 30 years 4=40 years  

39. Did you have access to climate information?  1= Yes 0= No 

40. If your answer for Q39 is yes through which channel did you receive the climate 

information?  

41. 1= Radio 2= Mobile phone 3=Personal contact or social group 4= Research 

institutions/NGOs  5= Development agents 5= another channel, specify _________ 

42. Did you understand the content of the information you received? 1= Yes, 0= No. 

43. Did you get the information on time (e.g. before/during the planting season)? 1= Yes, 0= No. 

44. Did you personally have access to seasonal forecast for expected rains for the next month’s 

1=yes 0= no, 

45. If your answer for q 44 is yes, in response to the seasonal forecast did you undertake changes 

in your crop and livestock activities? 1= Yes 0=No 

46. Did you receive any training on seasonal weather forecast? 1= Yes 0= No 

47. If your answer for q42 is yes, who has provided the training? 1=I don't remember 

2=Government agricultural extension 3=Metrological office 4= No government institutions 

5= Other____  

C. Climate related hazards/risks on farmers’ livelihood systems   

 

48.  Do you know about climate change related risks/hazard? 1=Yes 0=No 

49. If yes for the above question 48, what is your level of perception/understating on climate 

change related risks/hazard? 1= highly perceived 2= moderately perceived 3= less perceived 

4= Not sure  

50. Did you have access to early warning on climate change and variability 1=Yes  0=No 
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 Climate change 

risk perception 

Predicted/expected climate related risks/hazards in the future  Degree of risk 

perception 

4 = high;  

3 = moderate; 

2 = low; 

1= not sure 

1 Climatic 

variables 

Probability of droughts, floods and dry spell  

Probability of increased temperature and decrease rainfall   

2 Health and 

socio-economic 

Severity of consequences on human diseases and mortality 
 

Severity consequences on food security and incomes 
 

Severity of consequences on migration 
 

 Biodiversity 

and forestry 

Probability of reduction in plant and forest species and 

decrease forest area 

 

Probability of reduction in animal species 
 

4 Agricultural 

production 

Probability of decrease crop yield  

Probability of increase in pests and diseases 

 

 

Probability of increase in cost of production 

 

 

 Probability of decrease in soil fertility  

5 Psychological Perceived ability to control risk  

 

51. Did any climate relate risks affected the household production or income in the previous 

years?  

1=Yes 0= No 

N0.   

52.  If yes for Q51, which major climate-related hazards/risks 

have affected the household during the last 20-30 years?  

Degree of exposure/ impact  

 0=no impact, 

 1= low impact, 

 2= medium impact 
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53.  What was the impact of the climate related hazards on your livelihoods and natural 

resources?   

(You can choose multiple options) 

 

(You can choose more than one and rank them by degree of 

impact in priority order 

 

Type of climate-related hazards  
 

 3= high impact  

 

1 Drought   

2 Flooding  

3 Shortage of rain  

4 Increased temperature   

5 Change in rainfall distribution pattern   

6 Animal disease outbreak   

7 Crop pest outbreak  

8 Hunger/Famine   

9 Soil erosion   

10 Human disease outbreak   

11 Land slide/degradation    

12 Storms/strong winds  

13 Frost   

14 Forest fire   

15 Other specify   
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54. Because of the impact of climate shock, did you have to: 1= Shift from on-farm to off-farm 

work 2=Go elsewhere to get work 3= Saving money 4=borrowed money 

55. Because of the negative weather impacts, did you undertake changes in your animal and crop 

related activities? 1= Did not do any change 2= Changes done but not because of climate 3= 

Yes, changes done because of climate 4=Integrate crop with livestock  

56. Which type of changes you made regarding animal activities 1=Introducing more animal 

types (diversification) 2.  Substitute animals by other animal 3=Change in breed types 

(substitution) 4. Selling, relocation or migrating herd/stock 5=Changing pasture/ feed 

management 5= Changing animal number/size 6= Other 

57. Which type of changes you made regarding crops/trees activities 

         1=Introducing new crops 2= did not introduce new crops 3= Yes, but we have had them before 

4=Yes, they were totally new 5=we never had them before 

 

       

  

N0.  Type of climate-related impacts  
 

Choose multiple options (√) 

3.2.1 1 Decline in crop yield  

3.2.2 2 Loss of income  

3.2.3 3 Decline in household consumption  

3.2.4 4 Food shortage, food insecurity  

3.2.5 5 Death of livestock and human mortality  

3.2.6 6 Reduced productivity of agricultural land  

3.2.7 7 Reduced water availability and quality  

3.2.8 8 Increase cost of farm inputs  

3.2.9 9 Increase cost of health care   

3.2.10 10 Reduction in soil fertility  
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 D. Risk perception and management strategies (Likert-type scales) 

 

 

 

  

  

N

o 

 

58. Do you agree to taking the following risks?  

Sources of the risks 

 

Relative risk aversion 

Please give the following 

scales 

1 = strongly disagree  

2 = disagree 

3 = neutral  

4 = agree  

5 = strongly agree. 

1 2 3 4 5 

1 Production risk; 

(poor performance of production due to climate related risks  

     

2 Market risks;  

Higher prices of farm inputs, inaccessible market, shortage of 

inputs in the market   

     

3 Institutional risk; 

Possible loss of tenure rights, government policies on 

subsidies of farm inputs lack of input supply, lack of 

extension services   

 

     

4 Technological risks; 

Adoption of new farm techniques and inputs, expensive 

adoption cost   

  

     

5 Climate risks; flooding, drought, loss of soil fertility, 

disease and pest occurrence  
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E. Farming system and farmland /characteristics 

59. Total area of cultivated plots/land in hectare______ 

60. Soil fertility status of your plots 1=good 0= poor  

61. Your farm plot soil depth 1= Deep 0= Shallow   

62. How the slop of your farm plot is ?1= Gentle slope 0= Steep slop 

63.  Severity of soil erosion 1=severe 2=moderate 3=low 

64. Number of annual contacts with extension workers (put in number) ________ 

65. Main source of income? 1=Sale of crop 2=sale of animal 3=Sale of trees 4= other 

66. Source of water? 1=Traditional well2= Protected spring 3=Unprotected spring 4=Ponds    

67. Did you grow crops in your farm last year? 1=Yes 0=No 

68.  Which crop types did you grow last year? Choose multiple answers from below table? 

N

o 

Crop types 

Gown in your 

farm plot 

Tic

k√ 

Impro

ved  

Not 

impro

ved  

Both  Cultivat

ed lands 

in 

hectare 

Annual 

Product

ion 

Kuntal/

ha  

 

Consum

ption in 

kuntal 

Quantity 

sold 

(kuntal) 

 

Current 

stock 

(kuntal 

1 Wheat          

2 Barley           

3 Legumes 

(Beans, peans) 

         

4 Enset/false 

banana 

         

5 Potato           

6 Carrot           

7 Beetroot          

8 Cabbage           

9 Fruits           

 

69. Did you raise home animals on your farm? 1=Yes 0=No  

70. Which types of animals are raised on the farm? Please use the following table 



160 
 

 Types of 

animals 

Tick  

√ 

Record their 

number  

Annual income 

from livestock selling 

(Birr)  

 

Conversion factor for 

each animal type 

 

TLU 

1 Cattle     1.00  

2 Sheep    0.13  

3 Goat     0.13  

4 Donkey    0.35  

5 Horse    1.1  

6 Chicken/poultry      0.013  

71. Did you grow trees in your farm 1= Yes   0= No  

72. Which types of trees you grown in your farm? Please use the following table  

 Types of tress/fruits  Tick 

√ 

Number of 

trees/hectares   

Total annual income from 

tree/fruit selling in (Birr) 

1 Eucalypts( ባህርዛፍ)    

2 Korch (Erytrnia Abyssinia 

)ኮርች 

   

3 Bamboo ቀርቀሃ    

4 Fruit trees የፍራፍሬ ዛፍ    

6 Coffee ቡና    

7 Cordia Africana   ዋንዛ    

8 Podocarpus ዝግባ    

9 croton macrostachyus  ብሳና    

10 Grevilia ግራቪላያ    

11 Legumes tree (የጥራጥሬ ዛፍ ለመኖ 

እ ና አፈር ለምነት) 

 (treelucern, sesbania,   

   

12 Cupressus Lusitania የፈረንጅ 

ጽድ 
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       F.  Training and credit services   

73. Did you receive training on farming system? 1=Yes 0=No  

74. From whom did you receive the training?1=Government extension worker 2= NGOs          

3=Meteorological services 4= other __________-  

75. Do you have access to credit services from government or private finance 1= Yes 0=No? 

76. From which source do you get credit facility? 1=government 2=Private 3= Both 

77. Are you a member of social groups(association) (squab, edire or religious)? 1=Yes 0=No?  

           G. Climate Smart Agriculture Practices 

78.  Do you know about climate smart agriculture practices? 1=Yes 0=No  

79.  Are you currently implementing any of the CSA options? 1=yes 0= No   

80. What was the level of understanding on CSA practices?   

 1. I have heard about it but don’t know how to implement it. 

 2. I have never heard about it 

 3. I heard about it but did not do  

 4. I have already involved and implementing it 

 5. I did it before but stopped it now 

81.  If you implement it before, how much hectare of your land is covered by CSA practices 

______? 

82. What was the main motivation or reasons to implement such CSA options in your farm land? 

(Choose multiple answer) 

1. Because of learning or training  

2. New market opportunities 

3. in response to negative climate change impact  

4. to adapt future climate shocks 

5. Time saving   

6. Reduce farm inputs 

83.  If you didn’t implement it before, what was the main reason for not adopting of the CSA 

practices (Choose multiple answer)?  

1. Limited supply of farm inputs and materials  

2. Limited credit and finance  

3. Shortage of labor  
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4. Poor physical and social infrastructure. 

5 lack of CSA-relevant information  

6. Lack of knowledge and skill. 

7 Poor institutional supports 

8. Inappropriate technologies 

9. Lack of interest 

84.   From whom you hear /learn these CSA options 

           1= from other framers 2=Self-learning 3=Training by development agents 4=NGOs  

Which of the following CSA options you have had applied on your farm for the last 3-6 

years? 

  

No.  CSA options  Aware of 

the CSA 

practice 

 

Aware and 

Applying the 

CSA 

practice  

Aware 

but not 

applying  

Give 

Ranks  

1 Soil and water conservation with 

biological measures  

    

2  Controlled grazing     

3 Improved crop varieties (wheat, 

potato, beans, seeds) high yield, 

disease resistance and early maturing) 

    

4  Crop rotation       

5  Residue incorporation for Wheat or 

Barley  

    

6 Green Manure     

7 Improved breeds (sheep and cattle)      

8  Agroforestry (woody perennials and 

fruit crops; fallow)  

    

9  Cut and carry system     

10  Minimum tillage, 

Mulching  
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85. How was the implementation of this CSA option affected your time in your agricultural 

activities?    1= Spend less time 2= Spend more time 3=Spend the same amount of time. 

86. What was the effect of the CSA options on your farm production? 

              1.= Increase production 2= Decrease production 3=No effect on crop production 

              4. Don’t know    

87.  If the practices increased your production, what did you do with additional production 

generated with CSA practices?  

1.= Mainly use in household consumption 2= Mainly have sold it 3=borrow to other neighbor 4= 

We use it for both selling and consumption  

88.  In your option, did this CSA practices generate additional income? 1=Yes 0=No 

89.  If your answer is yes for q77, how much money you have generated per year in 

Bir________?  

90.  For what purpose do you use the income you generated from CSA practices? 

1= Buying agricultural inputs  

2=Buying food  

3=Buying non-agricultural assets  

4= Save it   

91. Did the CSA option increase food availability? 1=Yes 0=No 

92.  Did the CSA options helped you to be less affected by climate shocks? 1=Yes 0=No 

93. If you answer yes for the above question 81, what is the advantage of implementing CSA 

practices?  

        1=Increase production 2= Less inputs use 3= Strong /resilient to climate change  

       4= Save time 5= other  

94. In your understanding how did you perceive about soil fertility status of your cultivated land 

since you used the above CSA practices? 1= Increased 2= Decreased 3= No change 4= I do 

not know   

95. In your understanding, over all annual income since you used the above CSA practices?  

       1= Increased 2=Decreased 3= No change 4=I do not know   

96. Please indicate frequencies of selected farm management practices per farming systems at 

both CSA practices and without CSA practices  
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Please indicate the frequency of applying 

in number 1,2,3,4,5 

CSA adoption Non-CSA adoption 

Frequency of ploughing    

Frequency of weeding    

Frequency of fertilizer application    

Frequency of pesticide application    

Frequency of insecticide application   

 

H: Food consumption Score 

 

97.  Over the last seven days (one 

week) how many days did you 

consume the following foods?  

98.  In the past 30 days (one month), did your household have 

access to food? Choose of the three codes below 

 

1= Rarely (once or twice in the past four 

weeks) 

2 = Sometimes (three to ten times in the past 

four weeks) 

3 = Often (more than ten times in the past four 

Weeks 

Items  Number of 

days (1-7days) 

Qs Items  Codes 

(1,2,3) 

 Cereals (Maize, 

Teff, Wheat 

Sorghum, Millet) 

and tubers 

(potatoes, sweet 

potatoes) 

 1 

 

Did you worry that your family would not 

have enough food? 1=Yes 0=No 

 if Yes, how often did this happen 

 

 

 Pulses and nuts 

(beans, lentils, 

peas, peanuts, 

etc.) 

 2 Not able to eat the kinds of foods you 

Preferred because of a lack of resources? 

1=Yes 0=No 

 if Yes, how often did this happen 
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 Vegetables 

 3 Eat limited variety of foods 1=Yes 0=No 

 if Yes, how often did this happen 

 

 

 Fruits 

 4 Eat foods that you did not want to eat1=Yes 

0=No 

 if Yes, how often did this happen 

 

 

 Meat and fish 

(Beef, goat, 

poultry, pork, 

eggs and fish) 

 5 Eat a smaller food because there 

Was not enough food?  

 

Dairy products 

(milk, yoghurt, 

cheese, other 

milk’s products) 

 6 Did you eat fewer meal in day because there 

was not enough food?  1=Yes 0=No 

 if Yes, how often did this happen 

 

 

 Sugar, honey 

 7 No any kind food to eat in the house? 1=Yes 

0=No 

 if Yes, how often did this happen 

  

 

 

Oil, fat, butter 

 8 Go to sleep hungry because there 

was not enough food? 1=Yes 0=No 

 if Yes, how often did this happen 

 

 

  9 Go a whole day and night without eating? 

1=Yes 0=No 

 if Yes, how often did this happen 

 

 

 

99. What are the coping strategies you have used to minimize food insecurity during food 

shortage time in your households? Please tick under each choose  
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No  Coping strategies (1) =Never (2) =Once 

in a week 

(3) =2–6 days/week (4) =Every day  

1 Eating less preferred foods     

2 Borrowing food or relying on help 

from friends and relatives 

    

3 Limiting portion sizes at meal 

times 

    

4 Selling asset and Purchase food      

5 Limiting adult intake so that small 

children can eat 

    

6 Reducing the number of meals per 

day 

    

7 Consume seed stock held for next 

season 

    

 

J: CSA practice (Choose one which was the most practiced in your plot: Soil and Water 

Conservation; Improved Crops, Crop Rotation, Agroforestry, Improved Breeding, Controlled 

Grazing, Residue Incorporation, Cover Crops, Cut and Carry System) 

100. Name of practice you have implemented in your farm plot________________________? 

101.  How long have you practiced the above CSA activity in your farm? ……… years 

102. What is the lifetime of the selected practice ……………years? 

103. What is the total size of your farm covered by the selected practice? ……………hectare 

104.  List the main crops grown by the above selected practice in the below table     refer q93 

  

 

Crop grown by 

practice 

 

Tick  

 

Size of 

farm/ha 

 

% 

sold 

Perce 

% 

consumed 

Season of 

production 

1=kirment 

2=bega 

3= both 

 

How many times of 

cultivations per 

production season 1,2,3 

a. Wheat       

b. Barley        
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c. Legumes 

(Beans, 

peans) 

      

d. Enset/false 

banana 

      

e. Potato        

     f.  vegetables        

Other        

  

105. For each crop grown on the above CSA practices, could you please tell us the maximum 

yield you got after introduction of the CSA practice and without before introduction of the 

CSA practice?  

 

Appendix ‘G’ Leading Question for Key Informant Interview and Focus Group Discussion   

You have been identified as a key informant and group discussion participant to participate in 

this interview because of your position in and understanding of the community.  

Your opinion will be very useful in triangulating information from previous studies and 

individual household interviews. We appreciate this opportunity to talk to you. 

CLIMATE CHANGE AND EFFECTS 

 

Crops 

grown by 

practice 

 

area/ha 

Before CSA practices After CSA practice 

Minimum yield 

(kuntal/hectare) 

Maximum 

yield(kuntal/hecta

re) 

Minimum 

yield(kuntal/hectare) 

Maximum 

yield(kuntal/

hectare) 

Wheat      

Barley      

Legumes 

(Beans, 

peans) 

     

Enset/false 

banana 

     

Potato      

vegetables      

Other   
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1. What does climate change mean for you? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

___________________________ 

2. From your experience, have there been noticeable changes in the climate of your area? 

Yes/No? 

 If yes, what specific changes have you noticed? explain the trend in temperature and rainfall 

change in your area in the last 30 years compared with the current situation? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____ 

3.  Is the change in temperature and rainfall affecting the agricultural activity in the area?  Yes / 

No 

4.  If yes for Q3, explain how both crop and livestock production is being affected by the 

change in temperature and rainfall? 

Crop production 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________

__________  

Livestock production  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_________________________________________________________ 

5. When did you start to realize or understand these climate change impacts? Mention the 

specific time period 

___________________________________________________________________________

___________________________________________________________________________

________________________________________________ 

ADAPTATION STRATEGIES BY FARMERS 

6. Do you practice climate change adaptation to minimize these impacts? Yes/No   

7. If yes for Q6, please mention which climate change adaptation practices you have been 

taking  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

___________________________________ 

8. Which risks do you face in?  

Agricultural and livestock production 

risks__________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________

___ 

Health and socioeconomic risks 

______________________________________________________________________________

______________________________________________________________________________

__Biodiversity risks 

______________________________________________________________________________

________________________________ 

Psychological risks 

______________________________________________________________________________

______________________________________________________________________________

__ 

Climate risk 

______________________________________________________________________________

______________________________________________________________________________

_______  

9. What are your main barriers /constraints to cope with these above risks?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 

10. What motives do you take to cope and adapt these risks?   

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 
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11.  Explain the measures they have been taking to minimize the impacts on crop and livestock 

production?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

__________________________________________________________________ 

 

12. What indigenous adaptation actions are likely to be useful in reducing negative impacts and 

taking advantage of any opportunities get from climate change?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____ 

USE OF CLIMATE SMART AGRICULTURE PRACTICE  

13.  List any agricultural and livestock technologies related (new or existing) that could help you 

to adapt climate change impacts 

Agricultural  technologies 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

__________________________________________- 

Livestock technologies 

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________

_____________________ 

14. Do you know climate-smart agriculture practices (የአየር ንብረት- ለዉጥን የሚቋቋሙ ዘመናዊ 

የግብርና ልምዶች/ዘዴዎች) ? Yes/No 

 

 

15. IF Yes for Q14 What do you know about these practices; please tell me the details?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____ 

16. Which of these practices have you currently implemented?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 

Have your livelihood sources changed over the last 5 years? Yes or no 

If yes, what are the possible causes of the changes in? if the cause of change is related to CSA 

intervention, mention some of them 

______________________________________________________________________________

______________________________________________________________________________

________  

17.  Which practices have high implementation cost compare to others  and why 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

_______________________________________ 

18.  Which practices have low  implementation cost compare to others  and 

why_______________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_____________________________________________________________ 

19. What is the level of increase in productivity, income and food security due to CSA 

implementation compared to the traditional Practices?   

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____ 

 

20. What are the main motivating factor that helps you to implement such CSA practices?    

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____ 

21. What are the main challenges that influence you to adopt such CSA options in your 

farmland? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____ 
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22. What are the external effects resulting from implementing the CSA practices? Specifically, 

a. Which practices are useful for improving air equality? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 

b. Which practices are useful for nitrogen fixing? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____________________ 

c. Which practices are useful   for social benefits? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____________________ 

d.  Which practices are useful for the quality of the environment (natural beauty)? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_________________ 

e. Which practices are useful   for improved water availability? 

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________

_____________________ 

f. Which practices are useful   for the reduction of soil erosion? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 

g. Which practices are useful   for increase soil biodiversity? 

______________________________________________________________________________

______________________________________________________________________________

______________ 

h. Which practices is useful   for increase crop biodiversity and others?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

_____________________ 

23. What is expected from the local stakeholder /government /NGOs /to improve the CSA 

intervention  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________- 

 

24. What are the main challenges of livelihood improvements in Doyogena wereda 

________________________________________________________________________

________________________________________________________________________

__  


