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[bookmark: _Toc75363470]Abstract
Climate change adaptation is an adjustment made to ecological, human, physical and socio-economic systems, in response to apparent susceptibility or impacts of climate change. Climate change is expected to further continue in Ethiopia. In the case of developing countries, rural livelihoods became extremely exposed to climate change. Climate change impact may magnify in these countries because of their economy’s substantial reliance on agriculture. The aim of this research is to add to the existing study on climate change adaptation at farm household level.  It was examined how farm households’ decision to implement a set of adaptation options brings long run response to climate change. Bale zone is lies in between 5° 22' - 8° 08'N latitude and 38° 41'- 40° 44'E. It is located in the southeastern part of Oromia National Regional State. The study used both primary and secondary data sources. For this study simple random sampling techniques was employed to select respondents. However, simple random sampling methods were applied to identify respondents for the questionnaire survey. Descriptive statistics such as mean, percentages, frequencies, chi-square test, and standard deviations was used in the process of identifying and describingthe status of adaptation strategies to climate change and the constraints facing farmers not to adapt and the imapct of adaptation strategies.  Depending on the nature of the objectives of this study, different statistical and econometric models will be used.  These are Multivariate probit model, Measurement of Food Security, Foster Greer-Thorbecke (FGT), Endogenous switching regression analysis. This study revealed a number of adaptation strategies used by small holder famers have been identified. Accordingly, the following adaptation strategies have been identified as a prominent adaptation strategy used by small holder farmers in the study area. The Multi variate probit model of sample farmers climate change adaptation strategies was estimated to identify socio-economic variables affecting small holder farmers adaptation strategies to mitigate climate change impact. The Wald χ2(60) and p < 0.000 is statistically significant at 1% significance level and the null hypothesis that the coefficient of all regressors is statistically equal to zero is rejected implying the model is fit and has a strong explanatory power. The result implied that different Socio-economic characteristics significantly affected the small holder farmers Climate change adaptation strategies. Finally, the study found the important impacts of climate change adaptation strategies, these are using organic fertilizers, planting of short duration crops, changing of planting dates and increased production season by using irrigation.
Key Words; Climate Change, Adaptation, Strategy
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[bookmark: _Toc57178352][bookmark: _Toc75363471]CHAPTER ONE
1. [bookmark: _Toc75363472]Introduction

1.1. [bookmark: _Toc57178353][bookmark: _Toc75363473]Background
Climate is the average weather or statistical description in terms of variability and mean over a period of time from months to thousands or millions of years. A change in climate over time as a result of human activities or natural change is a climate change (IPCC, 2007). According to IPCC (2007), raise in global average temperature above the range of 1.5oc-2.5oc negatively affects distribution of species and survival.  
Agriculture contributes 46% of the GDP, over 80% employment and 85% of export revenue (MoFED, 2012).  Ethiopia is as one of the most susceptible to climate change with low adaptive capacity. Climate change is manifested in the form of frequent drought (1965, 1974, 1983, 1984, 1987, 1990, 1991, 1999, 2000, and 2002) and recent flooding (1997 and 2006) in Ethiopia. The major causes of food insecurity and famine in Ethiopia are inconsistency of rainfall and drought (ILRI, 2006 and Stige et al, 2006)
Climate change adaptation is an adjustment made to ecological, human, physical and socio-economic systems, in response to apparent susceptibility or impacts of climate change (Adger et al., 2007; IPCC, 2001; Smit, Burton, Klein, & Wandel, 2000)
Climate change is expected to further continue in Ethiopia. The average annual temperature has been rising by about 0.37 oc in every 10 years (Di Falco & Veronese, 2013). These result points out, climatic change have already occurred in Ethiopia. In 2060s the average annual temperature is expected to increase by 1.1 to 3.1˚C and by 2090s it will increase by 1.5 to 5.1˚C (FAO, 2009). Therefore, given the nature of Ethiopia’s economy which largely depends on weather-sensitive and small scale agricultural practices and the low adaptive capacity of deprived farm households, the potential adverse impact of change in climate on agriculture and food security of households will be increasing through time.
Agriculture is practiced by millions of small scale and poor farmers who produce food crops for subsistence in SSA. Cruel weather conditions (high temperature, and unpredictable rainfall and Low land productivity combined with low adaptive capacity of climate change adaptation strategies characterize the crop production environment (Cline, 2007).
1.2. [bookmark: _Toc75363474]Statement of the problem 
There is global agreement on the adverse consequence of climate change on agricultural production. In the case of developing countries, rural livelihoods became extremely exposed to climate change. Climate change impact may magnify in these countries because of their economy’s substantial reliance on agriculture. The agriculture sector supports livelihood for majority of people in Ethiopia. It contributes 80 percent of employment, 85 percent of export revenues and 46 percent of GDP (MoARD, 2010; IMF, 2012).
Even if, climate is a significant factor for agricultural output, climate change affects food accessibility, food availability, food utilization and food systems stability which are major dimensions of food security. The effects of Climate change are already seen in worldwide food markets, particularly in rural location where production and productivity highly depends climate factors. Both rural and urban locations are affected by climate in which,  supply is disrupting, prices of goods  increase, loss of livelihood opportunities  and assets, falls of purchasing power, and affect health of  human beings(FAO, 2011).

Different studies showed that climate change would significantly reduce production and productivity of agriculture in developing countries especially in sub-Saharan region. In SSA, climate change could reduce appropriate land area for agriculture. Several rain-fed crop output are expected to reduce to as much as 50 percent by 2020 (IPCC, 2007). 
Ethiopia is one of the most susceptible to climate change and has low capacity to response for the change(Thornton al., 2006; Stiger et al., 2006 & Di Falco et al., 2011).due to this droughts and floods have been severely reduce the growth of the country. For example, the drought in 1984-85 reduced the country’s agricultural output by 21%.Drought during 1998-200 brought losses of livestock and crop in Eastern Ethiopia (Stern, 2007). 
Climate change adaptation strategies are believed to minimize the impact of climate change on agricultural production. The capacity of smallholder farmers to choose the climate change adaptation strategies is insignificant (Di Facalo et al., 2011; Di Falco & Veronese, 2013). Farmers use climate change adaptation options (terracing, crop mix, agronomic practices, harvesting dates). Farm and village coping strategies are adopted by many farmers in Ethiopia which are expected to improve efficiency, farm productivities and profit (Deressa, 2008).

Many studies have been conducted to compute the impact of climate variation on Ethiopian agriculture sector and determined the adaptation strategies (Deressa, 2008; Kidane et al. 2006; NMSA 2015). Even though promotion of adaptation strategies increase eventually, there are limited observed studies that tried to analyze the contribution of these adaptation options on farm household food security (Ali and Erenstein, 2017; Arslan et al. 2015; Gebrehiwot and Anne Van Der, 2015).

There is no adequate evidence how adaptation strategies affects farm household food security in general in Ethiopia and particularly in the study area. The aim of this research is to add to the existing study on climate change adaptation and food security at farm household level.  It examines how farm households’ decision to implement a set of adaptation options brings long run response to climate change. Since many studies focusing on the impact of climate change on agriculture rather than on the contribution of adaptation, this study seems particularly relevant. So, analysis the impact of adaptation strategies to climate change was important to provide policy makers with information on intervention areas to minimize the susceptibility of smallholder farmers to climate change.

1.3. [bookmark: _Toc57178355][bookmark: _Toc75363475]Objectives of the Study
1.3.1. [bookmark: _Toc75363476]General Objective of The Study

[bookmark: _Hlk75289790]The overall objective of this study is to examine the impact of adaptation strategies to climate change in Bale zone, south eastern, Ethiopia. 
1.3.2. [bookmark: _Toc75363477]Specific objectives 
i. [bookmark: _Hlk75353831]To identify the adaptation strategies farmers in response to climate change. 
ii. [bookmark: _Hlk75353843]To determinant factors those, affect the farmer’s choice of adaptation strategies to climate change. 
iii. [bookmark: _Hlk75353863]To identify the impact of climate change adaptation strategies on household productivity 
[bookmark: _Toc57178354][bookmark: _Toc75363478]1.4. Research Questions

The study attempted the following questions
i. What are the adaptation strategies farmers in response to climate change? 
ii. What are the determinant factors those, affect the farmer’s choice of adaptation strategies to climate change?
iii. What are the impacts of climate change adaptation strategies on household productivity?
[bookmark: _Toc75363479]1.5.	Significance of the Study  
Farmer’s climate change adaptation strategies differ from region to region and hence it needs detail study to identify the adaptation methods that fits with specific place. This study was conducted on, impact of adaptation strategies to climate change in the study area. It revealed the strategy of the smallholder farmers on climate change at local level and their reaction to the change in order to adapt the situation which could help to look at better alternatives for effectiveness in adaptation practices. Hence, it enables to understand climate change adaptation strategies among the set of options and verifies factors that significantly influence adaptation strategies.  
The study provides information about household adaptation strategies with their determinants in the area. It would assist local policy makers and development practitioners in designing and formulating policies that seeks to capitalize the farmers‟ dominant adaptation strategies to reduce climate change danger in the study area in their development intervention and build climate change resilient economy at the national level. Finally, the study can be used as a base for further studies in the area of climate change. It will serve as source of information and reference material for studies that will be conducted on adaptation strategies against climate change impacts. 
[bookmark: _Toc75363480]1.6.	Scope and Limitations of the Study 
This study was limited to Bale Zone, Oromia Region. It also focused on analyzing impacts of climate change and adaptation strategies to climate change. It made a comprehensive analysis of the smallholder farmers adaptation strategies to climate change and determinant of farmer‟s adaptation choice in the study area. The study identified the major adaptation mechanisms which are most frequently used by the farmers and the determinants for the farmers‟ decision to take adaptation measures to climate change.  However, there are a large number of adaptation measures that could be taken by farmers in the area. It is also limited to crop production and animal production is not included. Furthermore, the impact of each adaptation strategy is not considered in this study.  
[bookmark: _Toc75363481]1.7.	Organization of the Thesis 
This thesis is structured into five main chapters. Chapter two presents the theoretical and empirical review of literature to climate change, perception and adaptation strategies in response to climate change. Chapter three describes the methodology used in the study. It consists of the description of the study area, sampling technique, methods of data collection and analysis. Chapter four wholly devoted to present and thoroughly discuss the results of the study. Finally, the summary, conclusions and recommendations of the study are offered in chapter five.














[bookmark: _Toc75363482]CHAPTER TWO
2. [bookmark: _Toc57178356][bookmark: _Toc75363483]Literature Review

[bookmark: _Toc75363484]2.1. Definitions and Basic Concepts 
Weather: The behavior of the atmosphere on a day-to-day basis in a relatively local area is known as weather. A description of the weather would include daily temperatures, relative humidity, sunshine, wind and rainfall (Ramamasy et al., 2007). 
Climate: Climate in a narrow sense is usually defined as the average weather, or more rigorously, as the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands or millions of years. The classical period for averaging these variables is 30 years, as defined by the World Meteorological Organization. The relevant quantities are most often surface variables such as temperature, rainfall, and wind (IPCC, 2012). 
Climate change: Climate change refers to a variation in the state of the climate that can be identified by changes in the mean and/or the variability of its properties and that persists for an extended period, typically decades or longer. It refers to any change in climate over time, whether due to natural variability or as a result of human activity (IPCC, 2007). Climate change may be due to natural internal processes or external forcing such as modulations of the solar cycles, volcanic eruptions, and persistent anthropogenic changes in the composition of the atmosphere or in land use (IPCC, 2014). 
Climate change refers to ongoing changes in the global climatic system resulting primarily from anthropogenic global warming as a consequence of the increased and continuing emissions of greenhouse gases, and the loss of vegetation cover and other carbon sinks (FAO, 2008). It can also be defined as gradual changes in climate norms, notably temperature and changes in the frequency, extent and severity of climate and weather extremes, explained as a persistent change in the mean and variability of climate variables such as temperature, rainfall, humidity and soil moisture (Krishna, 2011). 
Greenhouse gases: The atmospheric gases which are responsible for causing global warming and climate change. The major GHGs are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), chlorofluorocarbons (CFCs), and ozone (O3). Less prevalent but very powerful greenhouse gases are hydroflurocarbons (HFCs), periflurocarbons (PFCs) and sulphur hexafluoride (SF6) (Kiehl and Trenberth, 1997). 
Perception: It is the process by which people receive information or stimuli from our environment and transform it into psychological awareness (Van and Hawkins, 2000). People infer about a certain situation or phenomenon differently using the same or different sets of information. The knowledge, interest, culture and many other social processes shape the behavior of an actor who uses the information and tries to influence a particular situation or phenomenon (Banjade, 2003). 
Saarinen (1976) also expressed perception as an extremely complex concept and confines social perception which is concerned with the effects of social and cultural factors on cognitive structuring of our physical and structural environment. This varies with the individual„s past experiences and present sets or attitudes acting through values, needs, memories, moods, social circumstances, and expectations. 
Adaptation: Adaptation is the adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities (IPCC, 2007). In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human intervention may facilitate adjustment to expected climate and its effects (IPCC, 2014). 
Adaptation is a process by which strategies to moderate, cope with and take advantages of the consequences of climatic events are enhanced, developed, and implemented (UNDP, 2007). It is an adjustment in ecological, social or economic systems in response to actual or expected stimuli and their effects or impacts. The term refers to changes in processes, practices and structures to moderate potential damages or to benefit from opportunities associated with climate change (IPCC, 2007).  
Vulnerability: Vulnerability is the extent to which a natural system or human society is unable to cope with the negative impacts of climate change, variability and extremes. It depends on changes in climate as well as the sensitivity and adaptive capacity of the system or society (Pittock, 2003). Vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity (IPCC, 2001). 
Disaster: Disaster is a serious disruption of the functioning of a community or a society causing widespread human, material, economic or environmental losses which exceed the ability of the affected community or society to cope using its own resources (ISDR, 2004). 
Exposure: The degree of climate stress upon a particular unit analysis is known as exposure. It may be represented as either long-term change in climate conditions or by changes in climate variability including the magnitude and frequency of extreme events or people, property, systems or other elements present in hazard zones that are thereby subject to potential losses or the nature and degree to which a system is exposed to significant climatic variations is known as exposure. Measures of exposure can include the number of people or types of assets in an area (IPCC, 2001). 
Coping: It is the use of available skills, resources, and opportunities to address, manage, and overcome adverse conditions, with the aim of achieving basic functioning in the short to medium-term during and immediately after a climate-induced hazard (IPCC, 2012). 
Mitigation: Mitigation is a human intervention to reduce the sources or enhance the sinks of greenhouse gases. Examples include using fossil fuels more efficiently for industrial processes or electricity generation, switching to solar energy or wind power, improving the insulation of buildings and expanding forests and other sinks to remove greater amount of carbon dioxide from the atmosphere. In climate change policy, mitigation is defined differently, being the term used for the reduction of greenhouse gas emissions that are the source of climate change. Tackling climate change by limiting greenhouse gas emissions is known as mitigation (IPCC, 2001).  
[bookmark: _Toc75363485]2.2. Overview of Climate Change 
Climate change is a complex biophysical process. It is not possible to predict precise future climate conditions, but the scientific consensus is that global land and sea temperatures are warming under the influence of greenhouse gases, and will continue to warm regardless of human intervention for at least the next two decades (IPCC, 2007). According to Joel et al. (1998), the climate has changed, is changing, and will continue to change regardless of what investments in mitigation is made. 
 
Africa is highly stressed, low adaptive capacity and easy vulnerable to climate change. The main consequences of negative impact of climate change or climatic hazards are poverty, unequal access to resources, food insecurity, social and political conflicts and incidences of diseases such as malaria, tuberculosis and HIV/AIDS. This impact of climate change presents a substantial challenge to regional agricultural development. The Sub-Saharan African countries have low adaptation mechanism and are vulnerable to the widespread effect of climate change. With this bid serious problem, GDP is predicted to lost in the coming 2100 in most part of the continent. For instance, 2-7% in part of Sub-Saharan Africa, 2-4.5% in West and Central Africa, and 0.4-1.3% in North and Southern Africa (FAO, 2009). 
According to IPCC (2007), increase in global average temperature above the range of 1.52.50C will negatively influences species distribution and survival. In most developing countries where the majority of the population is dependent on natural resources based livelihoods, it has an impact on socio-economic and threat to overall sustainable development. It was predicted that during 21th century, greenhouse gases mission will increase by 25-90%. This will be continuing for future periods. 
Climate change affects many sectors, including water resources, agriculture and food security, infrastructures, ecosystems and biodiversity, human health and coastal zones. Because of its innate link to natural resources, agricultural production is at the mercy of uncertainties driven by climate variation, including extreme events such as flooding and drought (Kurukulasuriya and Rosenthal, 2013).  
[bookmark: _Toc75363486]2.3. Cause of climate change 
Climate change is caused by the emission of greenhouse gases (GHGs) into the earth‟s atmosphere through both natural processes and human activities; though growing evidence demonstrates the largest contribution is from the latter. The burning of fossil fuels, largely as a result of transportation, is the primary contributor to the emission of carbon dioxide while processes such as deforestation and industrial agriculture are the main contributors to the emission of methane and nitrous oxide compounds into the atmosphere. Despite constituting less than 15% to total GHG emissions, methane is a very strong greenhouse gas which is 23 times stronger than CO2 (IPCC, 2007). 
[bookmark: _Toc75363487]2.4. Climate change impact 
Agriculture is ranked as the most susceptible sector to climate change impacts and so do the livelihoods of subsistence farmers and pastoralists. Climate change exerts multiple stresses on the biophysical as well as the social and institutional environments that impacts agricultural production. Its impacts disproportionately affected Sub-Saharan African countries such as Ethiopia because their economies are highly dependent on climate-sensitive activities such as rain-fed agriculture. Some of the induced changes are expected to be immediate, while others involve gradual shifts in temperature, vegetation cover and species distributions. Climate change is expected to and in parts of Africa has already begun to alter the dynamics of drought, rainfall and heat waves, and trigger secondary stresses such as the spread of pests, increased competition for resources, and biodiversity losses (Christensen et al., 2007). 
Predicting the impact of climate change on complex biophysical and socio-economic systems that constitute agricultural sectors is difficult. In many parts of Africa it seems that warmer climates and changes in rainfall will destabilize agricultural production. Total agricultural production declines significantly due to the unanticipated change in climate. This is expected to undermine the systems that provide food security. As a result, it could threaten the efforts to improve food security. The projected impact of climate change on agricultural productivity differs per region and per agricultural activity. Typically, mixed farming or crop farming is practiced in the highlands while the lowlands are characterized by nomadic pastoralism (Gregory et al., 2005).  
There is growing evidence that climate change has had negative effects on agriculture and a widespread agreement that agriculture, mainly in developing countries, is the sector which is most negatively affected by climate change. Moreover, Africa‟s agriculture is hardly hit with impacts of climate change due to its low level of economic development and adaptive capacity (IPCC, 2007; Lobell et al., 2011). 
[bookmark: _Toc75363488]2.5. Climate Change in Ethiopia 
Climate change is a key concern to Ethiopia and need to be tackled in a state of emergency. It has brought an escalating burden to already existing environmental concerns of the country including deforestation, serious soil erosion and loss of top soil and land degradation which in turn have adversely impacted agricultural productivity (MoA, 2011). 
[bookmark: _Toc75363489]2.5.1. Climate change and agricultural sector in Ethiopia 
The economy of Ethiopia is mainly based on rain-fed agriculture which is the source of livelihood for the majority of its population (CSA, 2007). Ethiopia exhibits different agroecological zones attributed to varied microclimates. There are different ways of classifying the climatic systems of Ethiopia, including the traditional and the agro-climatic zone in classification systems (Yohannes, 2003). Among the different ways of classifying the climatic systems of the country, the traditional and agro-ecological classifications are the most common ones (Temesgen et al., 2010). The agro-ecological zone classification system combining growing periods with temperature and moisture regimes has 18 major agroecological zones which are further sub-divided into 49 agro-ecological zones. According to MoA (2000), these agro-ecological zones can be grouped into six major categories which include Arid zone (31.5%), Semi-arid (3.5 %), Sub-moist (19.7%), Moist (25%), Sub-humid and humid (19.3%) and Per-humid which covers close to 1 % of the Country. 
The traditional classification, based on altitude and temperature, shows the presence of 5 climatic zones (NMA, 2007). Based on traditional classifications, agro-climatic zones of Ethiopia could be divided as Wurch (upper highlands), Dega (highlands), Weyna Dega (midlands), Kola (low lands) and Berha (desert) (MoA, 2000). 
Climate is the main determinant of Ethiopian economic growth. This due to the fact that agriculture sector is continued to be the engine of the country‟s economic growth. Agriculture includes crop production, livestock husbandry, forestry, fishery and others. Out of 39% of contribution of agriculture to the country‟s GDP, crop production is estimated to contribute to the agriculture sector on average about 70.2%, livestock sub-sector accounts around 20.3% and forestry and other subsectors around 9.5%  of the total agricultural value in the country at the end of 2014/15 (FDRE, 2016). 
The problems cause by climate change on agriculture and for which MoA is responsible to take actions against are land degradation, biodiversity loss, animal diseases, crop diseases and pests, factors that reduce agricultural production, shortage of food and feed, intensified disasters and increased environmental refugees (MoA, 2011).  
Climate is often described by the statistical interpretation of rainfall and temperature data recorded over a long period of time for a given region or location. The mean annual distribution in Ethiopia is characterized by large spatial variation which ranges from about 2000 mm over some pocket areas in the southwest to less than 250 mm over in Afar and Ogaden lowlands‟ (Kurukulasuriya and Mendelsohn, 2008). 
The heavy dependence of Ethiopia‟s economy on rain-fed agriculture exacerbated its vulnerability to climate change impact. In addition, its geographical location and topography in combination with low adaptive capacity entail a high vulnerability to the impacts of climate change. Historically, the country has been prone to extreme weather variability. Rainfall is highly erratic, most rainfalls with high intensity, and there is a high degree of variability in both time and space. Since the early 1980s, the country has suffered 11 major drought years (Masih et al., 2014).  
Even in recent years, Ethiopian farmers and systems experienced one of the worst droughts in 50 years which was comparable to the 1983-5 drought in large part due to El Niño. In 2015, Ethiopia faced one of the most severe droughts in half a century due to the effects of El Niño. Significant rainfall deficits severely impacted the lives and livelihoods of farmers and herders throughout the country. Following two consecutive poor rainy seasons; belg and kiremt, harvests were well below average, with some areas experiencing between 50 and 90 percent crop loss. The livestock sector has seen extreme mortality and morbidity rates and abnormal migration in search of pasture and water. Many families dependent on agriculture have become indebted and dependent on humanitarian assistance. At the start of 2016, more than 10.2 million people were in need of emergency food aid, 1.7 million households were seed insecure and 2.4 million households in need of livestock support (FAO, 2016). 
Rain failure, floods, drought and other changes in the country`s natural and environmental system due to climate change threaten the performance of the economy as a whole and cause severe malnutrition and loss of livelihoods for households mainly in marginal and less productive lands in the country (PANE, 2009). This effect is attributed to the fact that those changes can seriously depress agricultural production in the country. This clearly demonstrates that, economic growth in general and households` welfare in particular are significantly influenced by changes in rainfall and other climate variables (World Bank, 2006). This shows that the impact of climate change in the country can be felt not only on agricultural output but also on other sectors of the economy. 
Many studies have concluded that the agriculture sector of the country is the most affected sector by climate change. The trends in the contribution of agriculture to the country‟s total GDP clearly explain the relationship between the performance of agriculture, climate and the total economy. 
[bookmark: _Toc75363490]2.5.2. Projected climate change in Ethiopia 
The models predicting future climate change scenario in Ethiopia put conclusion that temperature will increase in the coming decades. However, there is conflicting results concerning the predicted level of rainfall (Tadele et al., 2013). There are constant, decreasing and increasing levels of projected rainfall levels which were generated using different models. According to Mahoo et al. (2013), the frequency and severity of natural shocks in Ethiopia is increasing because of severe and repeated rainfall failures which strengthens the scenario that rainfall is decreasing time to time.   
According to NMA (2007), temperature will increase in the range of 1.7-2.10C by the year 2050 and 2.7-3.40C by the year 2080 over Ethiopia. The country will experience an increasing level of temperature and rainfall in the coming decades. However, it stated that a small increase in rainfall can be expected.  
Studies also indicated that Ethiopia in the coming years will face a decrease in agricultural production due to the adverse impact of climate change and variability‟s (Tadele et al., 2013). In addition, World Bank (2007) stated that climate change is projected to reduce yields of the wheat staple crop by 33% in Ethiopia .This suggests that agricultural production as an engine of growth and development is highly vulnerable to climate change and climate variability which further become a serious threat to food security. While the more pronounced effects on crops and livestock are likely to materialize in later decades, efforts to enhance the resilience to climate shocks of crop yields and livestock production should be improved. This will enable to secure an increment in agricultural output and lead to achieve the overall economic performance and objective of Ethiopian growth and transformation plan.  
[bookmark: _Toc75363491]2.6. Perception and Adaptation to Climate Change 
[bookmark: _Toc75363492]2.6.1. Climate change perception 
In agrarian communities, the linkage between agriculture and climate is much more complex than others, and farmers are able to identify specific and important weather patterns. Farmers usually base their crop and other production decisions using local knowledge systems which are developed from years of observations and experiences. Local knowledge forecasts provide more than just information about the forecast. They provide a set of behavioral rules that households and communities follow when certain indicators are or are not observed. Predicting climate is an important cultural component for farmers (Burton et al., 1992). 
According to Maddison (2007), perceiving change and then deciding whether or not to adopt a particular measure is process in climate change adaptation. Whenever they have the opportunity, farmers tend to adopt new variety of measures or technologies in response to the perceived changes of weather conditions. The supports from extension workers, information gained and technologies available to them will highly influence their adaptation and response capacity. For instance, farmers use water conservation techniques whenever the rainfall patterns are changed and amounts of rain are reduced. They tend to plant different crop varieties and use short term crops with adjustment of planting dates. These adjustments are done when they perceive reduction in rainfall and changes in the onset and offset of rainy seasons. 
For poor farmers, adaptation strategies to climate change are vital because failure to take adaptation measures could lead to social problems and displacement (Downing et al., 1997). 
To approach the issues of climate change appropriately, the local communities‟ or farmers understanding and level of awareness about climate change is determinant factor. Farmers perceive climate change as having a strong spiritual, emotional, and physical dimension (Apata et al., 2009).   
The study by Benedicta et al. (2010) showed that farmers are well aware of climate change, but few seem to actively take steps toward adjusting their farming activities. According to Temesgen et al. (2011), majority of farmers were able to recognize that temperatures have increased and there has been a reduction in the volume of rainfall, still few farmers‟ lack the perception of change in climatic condition of their area to take steps to adjust their farming activities. The degree of farmers‟ perception on climate change also depends on its impact on farmers‟ livelihood, their social, institutional and economic background. It is different and depends mainly on level of education, livelihood activity, location and age. 
[bookmark: _Toc75363493]2.6.2. The basics of adaptation and adaptation strategies to climate change 
Over the coming decades, climate change impacts on agriculture are likely to increase due to greater climate variability, and increased frequency and intensity of extreme events. In order to address the expected pressures on the agricultural as well as other economic sectors, policymakers have largely focused on tackling climate change through mitigation of humaninduced emissions of greenhouse gases and sequestration of carbon. However, it is becoming widely accepted that mitigation alone is unlikely to be sufficient as a climate policy (Pielke, 1998).  
Adaptation and mitigation are two separate policy responses to climate change. Both are; however, intrinsically linked.  Because mitigation measures will not be able to immediately avoid global warming, adaptive measurements are needed to avert the negative consequences of climate change at the short-term. On the long-term mitigation measures will be able to avoid further warming or even reduce the effect (Parry et al., 2007).  
Numerous studies have consequently emphasized the need to pursue adaptation in addition to mitigation strategies. The goal of an adaptation measure should be to increase the capacity of a system to survive external shocks or changes. The IPCC noted that adaptation through changes in processes, practices or structures is a crucial element in reducing potential adverse impacts or enhancing beneficial impacts of climate change (IPCC, 2001). Adaptation strategies are also necessary to overcome the expected adverse impacts from higher temperature and changing rainfall patterns (Kurukulasuriya and Mendelsohn, 2007). The key component of climate adaptation involves building resilience, where resilience is the capacity of a system to tolerate disturbance without collapsing into a qualitatively different state that is controlled by a different set of processes. A resilient system can withstand shocks and rebuild itself when necessary (FAO, 2003). 
There are many different strategies that the farmers can implement to reduce the risk of climate change impacts. Farmers use different adaptation strategies that fit with the types of the problems caused by climate change they faced. This is due to the fact that impact of the climate change is unevenly distributed over different geographic areas and hence the adaptation mechanisms also vary with types and level of the impact of climate change (IPCC, 2007). 
A number of adaptation strategies that the farmers used to reduce the impact of climate change are mentioned in different literatures. This includes; changing crop variety, changing planting dates, mix crop and livestock production, decrease livestock, moving animals or temporary migration, change livestock feeds, soil and water management, planting trees, change from livestock to crop production, change animal breeds, seek off-farm employment, planting short season crop, and irrigation or water harvesting are among some of the several strategies available to enhance social resilience in the face of climate change (Bradshaw et al., 2004; Nhemachena and Hassan, 2007).  
Studies carried out independently by Temesgen et al. (2009), the World Bank (2010), and Mengistu (2011) also showed that using different crop varieties, changing planting dates, planting trees, adoption of drought tolerant and early maturing crop varieties, increased use of soil and water conservation techniques or soil erosion prevention programs, diversification, water harvesting techniques, increased use of irrigation and or use of irrigation techniques, changing fertilizer application, changing cropping densities, pesticide application, the pastoral system or the herd composition, applying different feed techniques, improvement or rehabilitation of terraces, home-garden agriculture are among the common adaptation strategies farmers carry out in response to climate change.  
Despite the wide range of adaptation options, there is no guarantee that a particular farmer will undertake adaptive action. The extent to which adaptation strategies are implemented varies among individual farmers depending on their capacity and willingness to adopt (Crimp et al., 2010).  
There are factors that are restricting adaptive capacity and willingness to adopt as a potential source of limits and barriers to adaptation. A complex mix of conditions determines the capacity of systems to adapt. The main features of communities or regions that seem to determine adaptive capacity are biophysical, economic, social, technological, information, skills, infrastructure, and institutional characteristics (Munasinghe and Swart, 2005).  
[bookmark: _Toc75363494]2.7. Farmers’ perception to climate change  
Fosu-Mensah et al. (2012) conducted study on farmers‟ perception and adaptation to climate change Sekyedumase district in Ghana. Results showed that about 92% of the respondents perceived increases in temperature, while 87% perceived decrease in rainfall over the years. Even though the communities are highly aware of climate issues, only 44.4% of farmers have adjusted their farming practices to reduce the impacts of increasing temperature and 40.6% to decreasing rainfall, giving lack of funds as the main barrier to implementing adaptation measure.  
A research was undertaken by Bryan et al. (2009) on adaptation to climate change in Ethiopia and South Africa which examined farmers‟ perceptions of climate change in Ethiopia and South Africa. The result showed that even though farmers perceived changes in temperature and rainfall, a large percentage of farmers did not make any adjustments to their farming practices.  Belaineh et al. (2013) also found that there are nearly unified perceptions of climate variability and change among gender and social groups. 
Abid et al. (2015) studied farmers‟ perceptions of and adaptation strategies to climate change and their determinants in Punjab province of Pakistan. The results demonstrated that awareness of climate change is widespread throughout the area, and farm households make adjustments to adapt their agriculture in response to climatic change. 
A study has been conducted by Nega et al. (2015) on perception of climate change and its impact by smallholders in pastoral/agro pastoral systems of Borana, South Ethiopia. The results suggested that most participants perceived climatic change and its negative impact on agriculture and considered climate change as a salient risk to their future livelihoods and economic development. Different levels of perception were expressed in terms of climate change and the impact on traditional rain-fed agriculture. Age, education level, livestock holding, access to climate information and extension services significantly affected perception levels. 
Gadédjisso-Tossou (2015) conducted a study on understanding farmers‟ perceptions of and adaptations to climate change and variability the case of the Maritime, Plateau and Savannah 
Regions of Togo. The analysis of farmers‟ perception to climate change revealed high increase in temperature and decrease in rainfall. These results were in line with the trend analysis of climate data records in the study area especially on the temperature. 
Solomon et al. (2016) undertook a research on perception and adaptation models of climate change by the rural people of Lake Tana Sub-basin, Ethiopia by employing Heckman probit and MNL models. The farmers‟ perceptions to climate change found to be statistically and significantly related to factors such as marital status, farm size, climate change information access and the level of income generations. 
Adeoti et al. (2016) examined farmers‟ vulnerability, perception and adaptation to climate change in Kwara State using descriptive statistics and MNL model. The study revealed that majority (84%) of the farmers believed that temperature had increased while about 65.8% noticed that rainfall had declined. 
Wondimagegn and Lemma (2016) conducted a study on climate change perception and choice of adaptation strategies base on empirical evidence from smallholder farmers in east Ethiopia. According to this study, majority of farmers in the study area are aware of climate change patterns and their adverse effect on income, food security, diversity, forest resources, food prices and crop and livestock diseases. Results showed that, from the sample households, more than 95% perceived the rise in average temperature and about 86% perceived the decrease in precipitation over the years.  
Abrham et al. (2017)  also investigated smallholder farmers‟ adaptation to climate change and determinants of their adaptation decisions in the Central Rift Valley of Ethiopia using a descriptive statistics and MNL model. The result showed that 90% of farmers have already perceived climate change and 85% made attempted to adapt.  
[bookmark: _Toc75363495]2.8. Adaptation strategies to climate change and their determinants  
Burton et al. (1992) presented that adaptation to climate change and risks takes place in a dynamic social, economic, technological, biophysical, and political context that varies over time, location, and sector and determines the capacity of systems to adapt. Adaptive capacity varies considerably among regions, countries, and socio-economic groups. The ability to adapt and cope with climate change impacts was also a function of wealth, technology, information, skills, infrastructure, institutions and equity.  
A research was conducted by Nhemachena and Hassan (2007) on micro-level analysis of farmers‟ adaptation to climate change in Southern Africa using a multivariate discrete choice model to identify the determinants of farm-level adaptation strategies. The results confirmed that access to credit, extension, and awareness of climate change are some of the important determinants of farm-level adaptation. 
Hassan and Nhemachena (2008) examined determinants of African farmers‟ strategies for adapting to climate change using a multinomial choice analysis. The results indicated that warming poses the highest risk and encourages irrigation, multiple cropping and integration of livestock. Increased precipitation reduces the probability of using irrigation and will benefit most African farms, especially in drier areas. Better access to markets, extension and credit services, technology and farm assets (labor, land and capital) found to be critical for helping African farmers to adapt to climate change. 
Temesgen et al. (2009) identified the major methods used by farmers to adapt to climate change in the Nile Basin of Ethiopia, the factors that affected their choice of methods and the barriers to adaptation by employing multinomial logit (MNL) model. Based on their findings, the level of education, gender, age, and wealth of the head of household; access to extension and credit, information on climate, social capital, agro-ecological settings, and temperature found to influence farmers‟ choices.  
A research conducted by Bryan et al. (2009) on adaptation to climate change in Ethiopia and 
South Africa which examined farmers‟ perceptions of climate change, the extent of adaptation, barriers to adaptation, and the factors influencing adaptation and adaptation choices in Ethiopia and South Africa by employing a probit model. The research found that the most common adaptation strategies include use of different crops or crop varieties, planting trees, soil conservation, changing planting dates, and irrigation. The results of the probit model revealed that wealth and access to extension, credit, and climate information are factors that influenced farmers‟ decision to adapt in Ethiopia. Food aid, extension services, and information on climate change were found to facilitate adaptation among the poorest farmers. 
Gbetibouo et al. (2010) conducted a research on climate adaptation strategies of farmers in the Limpopo Basin of South Africa. The results showed that even though many farmers noticed long-term changes in temperature and precipitation, most could not take remedial action. The common adaptation responses reported included diversifying crops, changing varieties and planting dates, using irrigation, and supplementing livestock feed. A MNL analysis of climate adaptation responses noted that access to water, credit, extension services, off-farm income, employment opportunities, tenure security, farmers‟ asset base, and farming experience are the key that enhanced farmers‟ adaptive capacity.      
A study has been conducted by Gutu et al. (2012) on econometric analysis of local level perception, adaptation and coping strategies to climate change induced shocks in North Shewa, Ethiopia using two steps process of Heckman model to analyze adaptation to climate change. Perception to climate change found to be the prime determinant for adaptation. Farmers found to follow different coping mechanisms where some of them negatively affected the future development of the community and immediate recovery from climate change impacts. The result concluded that awareness creation on climate change, facilitation of credit availability, investment on non-farm engagement, improve good mix of livestock holding, encourage adult education, dissemination of indigenous early warning information, diversifying crops to perennial trees, and improved frequencies of agricultural extension contact enabled farmers well perceived climate change and then adapted to the changes. 
A study has conducted by Fosu-Mensah et al. (2012) on farmers‟ perception and adaptation to climate change Sekyedumase district in Ghana. The major adaptation strategies identified included crop diversification, planting of short season varieties, change in crops species, and a shift in planting date. Results of logit regression analysis indicated that the access to extension services, credit, soil fertility, and land tenure are the four most important factors that influenced farmers‟ perception and adaptation. The main barriers included lack of information on adaptation strategies, poverty, and lack of information about weather.  
Aemro et al. (2012) investigated climate change adaptation strategies of smallholder farmers in Babilie District, East Harerghe Zone of Oromia Regional State of Ethiopia. The results from the MNL analysis showed that sex, age, and education of the household head; family size, livestock ownership, household farm income, non/off farm income, access to credit, distance to the market center, access to farmer-to-farmer extension, agro-ecological zones, access to climate information, and extension contact found to have a significant impact on climate change adaptation strategies. 
Belaineh et al. (2013) examined smallholder farmers‟ perceptions and adaptation to climate variability and climate change in Doba District, West Hararghe Ethiopia. The adaptation strategies used in MNL model were crop diversification and the use of soil and water conservation practices, integrated crop and livestock diversification, engaging in off-farm income activities and rainwater harvesting. It was found that agro-ecological locations, sex, family size, plot size, off-farm income, livestock holding, frequency of extension contact and training were the determining factors influencing adaptation strategies. 
Temesgen et al. (2014) analyzed climate change adaptations of smallholder farmers in Southeast Ethiopia using a descriptive statistics and MNL model. The model result depicted the strong and positive association between the combined measures of agronomic practices and use of agricultural inputs with education, access to weather information, access to credit and farm income.  Similarly, sex of the household head and access to weather information were found to significantly affect the choice decision of inputs and agronomic practices like use of drought tolerant crop species and crop diversification measures.  
A research done by Gebru et al. (2015) on farmers‟ climate change adaptation options and their determinants in Tigray Region, North Ethiopia in which descriptive statistics were employed to assess adaptation options while the MNL model was used to identify factors influencing households choices. The results revealed that farmers use change in crop type/ variety, soil and water conservation practices, crop diversification, change in planting date and irrigation practices as climate change adaptation options. Educational level, age, sex of the household head; farm income, access to extension service, access to credit, access to climate information and agro-ecological settings were the most important determinant factors that significantly affected the choice of farmers to climate change adaptations.    
A research has been conducted by Abid et al. (2015) on farmers‟ perceptions of and adaptation strategies to climate change and their determinants in Punjab province of Pakistan. Changing crop varieties, changing planting dates, planting of shade trees and changing fertilizers were the main adaptation methods implemented by farm households in the study area. The results from the binary logistic model revealed that education, farm experience, household size, land area, tenancy status, ownership of a tube well, access to market information, information on weather forecasting and agricultural extension services influenced farmers‟ choices of adaptation measures. The results also indicated that adaptation to climate change is constrained by several factors such as lack of information, lack of money, resource constraints and shortage of irrigation water in the study area.  
Gadédjisso-Tossou (2015) conducted a study on understanding farmers‟ perceptions of and adaptations to climate change and variability the case of the Maritime, Plateau and Savannah Regions of Togo. Descriptive statistics and MNL were used to analyze data obtained from a cross-sectional survey. The results also showed that crop diversification, change in crops, find off-farm jobs, change of the amount of land, change of the planting date and plant short season variety found to be the adaptation methods employed by the farmers. The MNL analysis showed that education level, farming experience, access extension services, access to credit and access to climate information were the factors that enhanced farmers‟ adaptive capacity to climate change and variability. 
Solomon et al. (2016) undertook a research on perception and adaptation models of climate change by the rural people of Lake Tana Sub-basin, Ethiopia by employing Heckman probit and MNL models. The MNL model results revealed that age, educational level, wealth status, agricultural extension services, and distance to the nearest health center are found to be significant for determining climate change adaptation.  
A study by Adeoti et al. (2016) examined farmers‟ vulnerability, perception and adaptation to climate change in Kwara State using descriptive statistics and MNL model. The econometric investigation revealed that education of household head, farming experience, land ownership, rainfall and temperature were the most relevant and significant factors that determined the farmers‟ choice of adaptation strategies to climate change in the study area. The major barriers to adaptation include lack of information on adaptation methods, land tenure problem and inaccessibility to credit. 
Wondimagegn and Lemma (2016) conducted a study on climate change perception and choice of adaptation strategies base on empirical evidence from smallholder farmers in east Ethiopia. The study found that the major adaptation strategies used by farmers in response to adverse effects of climate change include cultivating different crops, planting different crop varieties, changing planting dates, use of soil and water conservation techniques, conservation agriculture practices and engaging in non-farm income activities. The MVP model result revealed that the choice of adaptation strategies are influenced by gender of household head, household size, farm size, distance from market and number of farm plots. 
Abrham et al. (2017) investigated smallholder farmers‟ adaptation to climate change and determinants of their adaptation decisions in the Central Rift Valley of Ethiopia using a descriptive statistics and MNL model. It is found that farmers made attempted to adapt using practices like crop diversification, planting date adjustment, soil and water conservation and management, increasing the intensity of input use, integrating crop with livestock, and tree planting. The econometric model result indicated that education, family size, gender, age, livestock ownership, farming experience, frequency of contact with extension agents, farm size, access to market, access to climate information and income were the key factors determining farmers‟ choice of adaptation practice. 
In summary, most of the studies regarding climate change in Ethiopia focused in basins, pastoral and severely drought affected areas repeatedly. Nevertheless, for farmers to perceive and adapt for the changing climate, agro-ecological setting, socio-economic conditions and way of living of the community matter at most. In connection to this, some areas which are highly productive but gradually affected by climate change have been left unconsidered. Given the need for agro-ecologically based policy measures for climate change, it is impossible to aggregate these findings as evidence for the country. Thus, studying climate change perception and adaptation at micro level in different areas with different socio-economic and institutional characteristics is worthwhile to suggest policy options conditioning on the context of a specific area. In addition, most of these studies used MNL model to identify factors affecting choice of adaptation strategies to climate change. However, adaptation strategies are interdependent by nature and employing this model is inappropriate.   
[bookmark: _Toc75363496]2.9. Conceptual Framework of the Study 
In this study, farmers‟ adaptation process at the farm level described as a three-step procedure. First, there is an increasing level of emission of greenhouse gasses to the environment which caused climate change. The changes in climatic conditions were manifested by an increase in temperature and decrease in rainfall availability so that emergence of unfavorable situation for agricultural practices. Climate change thus causes adverse impacts on livelihood of farmers. Farmers then have to perceive climate change and its adverse impacts on their agricultural production and their livelihood in order to respond to the change so that capable to lessen side effects. There is also an awareness creation and some other intervention from government and non-government organizations to enable farmers to perceive climate change and to take adaptation measures. Secondly, farmers then took certain measures to adapt to climate change based on their perception and intervention from governmental and non-governmental organizations. In fact, there are a number of adaptation options from which farmers made a choice. Finally, farmers‟ adoption of particular adaptation measures was subject to various household and institutional factors. The following analytical framework depicted the most important variables expected to influence the farmers‟ choice of adaptation strategies to climate change the case of the study area (Figure 1). 
[bookmark: _Toc75363497][image: ]
[bookmark: _Toc75363555]Figure 1 Conceptual framework of the studySource: Own construction based on reviewed related literature
[bookmark: _Toc75363498]CHAPTER THREE
2. [bookmark: _Toc57178366][bookmark: _Toc75363499]Methodology

[bookmark: _Toc57178367][bookmark: _Toc75363500]3.1. Description of the Study Area
3.1.1 [bookmark: _Toc495320886][bookmark: _Toc527445948][bookmark: _Toc75363501]	Geographic Location
Bale zone is lies in between 5° 22' - 8° 08'N latitude and 38° 41'- 40° 44'E. It is located in the southeastern part of Oromia National Regional State. Relatively, Bale zone is found in between Genale River in the south and west, and Wabe Shabele River in east and north direction. Bale is also bordered with Somali National Regional State in east, West Hararghe in north, East Hararghe in northeast, Arsi in northwestern, East Arsi in west and Guji in south and southwest (Robe Town Municipality, 2014). [image: F:\map of cc.jpg]
[bookmark: _Toc523365165]
[bookmark: _Toc75363556]          Figure 2: Geographical location of Bale zone
Bale zone is covered by different landforms like plains, plateaus, mountains and hills. There is a great altitudinal variation between the lowest (500m) and the highest (4,377m) points. Generally, the landforms of Bale zone divided into three physiography classes. These are high and low plateaus, and lowlands. High plateaus are areas which has an elevation above 2,500m. These high land plateaus hold the Sanete plateaus (Bale Mountain National Parks) and Mount Tulu Dimtu. These places are about 9% of the total areas of the zone. Whereas low plateaus areas are places which lies in elevation range from 1,500 to 2,500m. Bale zone has about 22% low plateau lands which are found in the north, central and northwestern part of the zone. Lowlands are another landform of Bale zone that has an elevation below 1,500m. These areas include flat plains, river valleys and gorges broken up by hills and ridges and it constitute about 69% of the total areas of the zone. The majority of the lowland is characterized by scarce rainfall and semi-nomadic activities (pastoralist). Lowland areas of Bale zone classified into Southwestern, Eastern and Southeastern lowland (Bale Zone Water, Mineral & Energy Office, 2015).
Climate consists of several elements temperature, rain fall, wind and pressure that are greatly affects all economic, social activities including the living condition of human being. The altitude of Bale zone is varying between lowest (500m) and the highest (4,377m) above mean sea level, therefore it found in the different climatic zone. Therefore, the climate of Bale is mainly defined through its altitude (Robe Town Meteorology Agency, 2014). 

[bookmark: _Toc57178368][bookmark: _Toc75363502]3.2. Data Sources and Method of Data Collection

The study will use both primary and secondary data sources. The primary data will be collected
using questionnaire through interview method. Secondary data will be collected from published and unpublished literatures, district and zonal rural development and agriculture offices.

[bookmark: _Toc57178369][bookmark: _Toc75363503]3.3. Sampling Method and Sample Size Determination

The study employed different types of sampling techniques for the qualitative and quantitative data analysis parts of the study. For the qualitative analysis, purposive sampling techniques will be employed to select respondents. However, simple random sampling methods were applied to identify respondents for the questionnaire survey. 

The sample size will be determined using the formula given by Yamane (1967) in drawing an adequate sample size from a given population at 95% confidence level.

Where n is the sample size, N is the population size (total household size), and e is the level of precision. The zone woreda has a total of N households. Hence, the sample size equals
n = ≈


n= 399.8

[bookmark: _Toc57178370][bookmark: _Toc75363504]3.4. Methods of Data Analysis

[bookmark: _Toc57178371][bookmark: _Toc75363505][bookmark: _Toc195281327][bookmark: _Toc195881485][bookmark: _Toc391388445][bookmark: _Toc402389793]3.4.1. Descriptive statistics

Descriptive statistics such as mean, percentages, frequencies, chi-square test, and standard deviations will be used in the process of identifying and describingthe status of food security,climate change perceptions, adaptation strategies to climate change and the constraints facing farmers not to adapt and the imapct of adaptation strategies on food security. 
[bookmark: _Toc57178372][bookmark: _Toc75363506]3.4.2. Econometric models

Depending on the nature of the objectives of this study, different statistical and econometric models will be used. 
Multivariate probit model

In the study area, farmers are more likely to employ a combination of different adaptation practices rather than depending on a single option to reduce the impact of climate change and variability. Adoption could be path-dependent with earlier adopted strategies informing decisions on subsequent practices in the future. Thus, it is necessary to use a model that estimates the influence of exogenous factors on the adoption of the strategies simultaneously while allowing for the error terms of each of these strategies to be freely correlated. Failure to correct for these interrelations can lead to biased estimates (Teklewold et al., 2013; Lin et al., 2005).  Multivariate probit model has been employed to analyze the data as it enables to investigate determinants of climate change adaptation strategies and the possible interrelationships between different adaptation strategies. The use of climate change adaptation strategies is modeled under the general framework of utility maximization (Nhemachena and Hassan, 2007).

Following Lin et al. (2005), in formulating the multivariate model with n dependent variables major adaptation strategies in the study area. 



and

       i= 1, 2, 3,…………..n



Where is the explanatory variables,  vector of a parameter to be estimated, and   disturbance terms distributed as a multivariate normal distribution with a mean value of zero and unitary variance



[bookmark: _Toc75363507]CHAPTER FOUR 
[bookmark: _Toc75363508]4. RESULTS AND DISCUSSION 
For this study, data was collected from a total of 400 farm households. The most common household characteristics that are expected to be associated with the choice of climate change adaptation strategies are discussed below. 
[bookmark: _Toc510004489][bookmark: _Toc510005359][bookmark: _Toc513198257][bookmark: _Toc514330640][bookmark: _Toc446742738][bookmark: _Toc446754296][bookmark: _Toc75363509]4.1. Demographic Characteristics of the Sample Households 
[bookmark: _Toc75363510]4.1.1. Sex of the household head
[bookmark: _Toc75363579]Table 1 Sex of the Households
	[bookmark: _Toc75363511]Sex of the Households
	[bookmark: _Toc75363512]Adaptation Status
	[bookmark: _Toc75363513]Total

	
	[bookmark: _Toc75363514]Employed adaptation
	[bookmark: _Toc75363515]Not employed
	

	
	[bookmark: _Toc75363516]Frequency
	[bookmark: _Toc75363517]Frequency
	[bookmark: _Toc75363518]Frequency
	[bookmark: _Toc75363519]%

	[bookmark: _Toc75363520]Male
	[bookmark: _Toc75363521]236
	[bookmark: _Toc75363522]81
	[bookmark: _Toc75363523]317
	[bookmark: _Toc75363524]79.25

	[bookmark: _Toc75363525]Female
	[bookmark: _Toc75363526]62
	[bookmark: _Toc75363527]21
	[bookmark: _Toc75363528]83
	[bookmark: _Toc75363529]20.75

	[bookmark: _Toc75363530]Total
	[bookmark: _Toc75363531]298
	[bookmark: _Toc75363532]102
	[bookmark: _Toc75363533]400
	[bookmark: _Toc75363534]100


[bookmark: _Hlk75287805]Source: Based on Survey data (2021)
The survey result presented in Table 1 show that about 79.25 percent of the sample households were male headed and the remaining 20.75 percent were female headed. This result indicates that majority of the sample respondents are male headed households.
On the other hand, respondents were asked whether they are employed any climate change adaptation strategies or not. Based on this the study result indicated that about 74.5 percent 25.5 percent did not employ any climate change adaptation strategies. 
[bookmark: _Toc510004491][bookmark: _Toc510005361][bookmark: _Toc513198259][bookmark: _Toc514330641]

[bookmark: _Toc75363535]4.1.2. Age of respondents
[bookmark: _Toc75363580]Table 2 Respondents’ age groups
	No 
	Age group
	Frequency
	Percent

	1
	20-29
	44
	11

	2
	30-39
	70
	17.5

	3
	40-49
	85
	21.25

	4
	50-59
	110
	27.5

	5
	60 and more
	91
	22.75

	
	Total
	400
	100.0


[bookmark: _Hlk75287947]Source: Based on Survey data (2021)
About 50 % of the household respondents are above the age 50 year. From the total number of respondents 21.25 % are between the age group of 40-49, 17.5 % are between age group of 30-39 years, and 11 % are between age group of 20-29 (Table 2).
	[bookmark: _Toc514330642]No 
	Family size
	Frequency
	Percent

	1
	1-5
	108
	27

	2
	6-10
	120
	30

	3
	11-15
	122
	30.5

	4
	16-20
	50
	12.5

	5
	Total
	400
	100.0


[bookmark: _Toc75363536]4.1.3. Household size of Respondents
[bookmark: _Toc75363581]Table 3 Household size of Respondents
[bookmark: _Hlk75288065]Source: Based on Survey data (2021)
The result of the study shows that the household size ranges from 1 to 18 with an average of 9 persons. The house hold sizes include family members, relatives or other people living with in the household for an extended period of time (Table 3). Based on this the study result shows that about 60.5 % of respondents has 6-15 family size, 27% reveled that they have 1-5 family size and only 12.5% of respondents has 15-18 family size. 
[bookmark: _Toc514330643]

[bookmark: _Toc75363537]4.1.4. Educational background 
[bookmark: _Toc75363582]Table 4 Educational status of sampled households
	[bookmark: _Hlk75283011]No
	Educational Background
	Frequency
	Percent

	1
	Cannot read and write
	214
	                                53.5

	3
	Informal Education
	120
	30                               

	2
	Primary (Grade 1-8)
	83
	20.75

	3
	Secondary General (Grades 9-12)
	59
	14.75

	4
	Technical/Vocational Certificate
	7
	1.75

	
	Total
	400
	100.0


Source: Based on Survey data (2021)
The result of the study indicates that majority of the respondents 53.5% didn’t attend formal education and 30% attended informal education and they can read and write. About 20.75 % attended primary education, 14.75% attended secondary education and only 1.75% attended technical and vocational education (Table 4). The result implies that there is a high level of literacy rate in the study area.  
[bookmark: _Toc75363538]4.1.5. Occupational Status of Respondent
[bookmark: _Toc75363583]Table 5 Occupational Status of the Small holder Farmer
	[bookmark: _Hlk75358007]No
	[bookmark: _Hlk75283849]Type of Occupation 
	Frequency
	Percent

	[bookmark: _Hlk75284426]1
	Crop production
	96
	                                24

	3
	Fuel wood selling
	53
	13.25                             

	2
	Animal husbandry
	58
	14.5

	3
	Charcoal production
	52
	13

	4
	Mixed Farming
	141
	35.25

	Total
	400
	100.0


	Source: Based on Own Survey data (2021)


[bookmark: _Hlk75358425]Occupational Status of the Small holder Farmer: Households may engage on different type of occupation for income generating activities. In the study area, farmers occupation categorized in to five major occupations. These are crop production, Fuel wood selling, Animal husbandry, Charcoal production and Mixed Farming by which the farmers generate their income. Based on this the study result revealed that about 35.25% of the respondents are practicing mixed farming followed by crop production (24%), animal husbandry (14.5%) and charcoal production (13%) (Table 5 and also shown on the below graph figure 2). This implies that majority of the peoples in the study area are practicing misted farming as a source of income for most of the sample households. 
The below graph shows that most of the respondent those who are employed climate change adaptation strategies are practicing missed farming. The same is true from the questioner respondents most of those who did not employed any climate change adaptation strategies are also practicing mixed farming activities. 

[bookmark: _Toc75363557]Figure 3 Occupational Status of the Small holder Farmer
[bookmark: _Toc205449]

[bookmark: _Toc75363539]4.2. Climate Change Adaptation Strategies Used by Smallholder Farmers 
[bookmark: _Hlk75353218]For this study, adaptations are adjustments or interventions, which take place in order to manage the losses or take advantage of the opportunities presented by a changing climate. It is the process of improving small holder farmers ability to cope with changes in climatic conditions across time scales, from short-term to the long-term. The goal of an adaptation measure should then be to increase the capacity of a system to survive external shocks or changes.   Based on the household survey data collected from the study area, almost all small holder farmers have observed changes in climate over time. Then after, sampled households were asked their response to mitigate the impact of climate change through adaptation. A number of adaptation strategies are used by small holder famers have been identified. Accordingly, the following adaptation strategies have been identified as a prominent adaptation strategy used by small holder farmers in the study area. These are identified by considering the number of frequencies of these adaptation strategies among small holder farmers as compared to all other options surveyed. It is found that farmers are using Crop variety, Soil and Water Conservation, Mixed Farming and using of small-scale irrigation are 14.5%, 22%, 20.5%, 63.4%, and 17.25%, respectively to reduce the negative impact of climate change (Table 6). 
Use of crop varieties: Those smallholder farmers highly depend on crop production and their adaptation strategy focuses on crop production and 14.5 percent of adaptation strategy users use drought resistant and short maturing varieties of crops as an adaptation strategy. 
Soil and water conservation practice   Soil erosion is more serious problem in the study area. Therefore, soil and water conservation are the most important adaptation strategies by the majority of smallholder farmers in the study area. About, 22 percent of the sample respondents use soil and water conservation practice as an adaptation strategy in combination with other strategies. The sample respondents reported that planting trees in their land reduce soil erosion as well as the leaf of the plant increases the fertility of the soil. The farmers believes that planting trees can increase rainfall in addition to its high contribution to soil conservation. Trees also provide natural shade for their livestock or as a wind or hail storm break when the temperature is hot. However, some of the respondents observed that in the cultivated land it facilitates the growth of weeds and became tidies. 
Mixed Farm: The other adaptation strategies used by smallholder farmers especially in midland agroecological zone is crop diversification. About, 20.50 percent of the sample respondents used mixed cropping into varying crops to mitigate the negative impact of climate related shock. 
Small scale irrigation: adoption of developing the culture of using irrigation helps small holder farmer to cope up climate change impact and risks by diversifying income level because households engaged indifferent type of activities. Additionally, it serves drinking water for small holder farmers of and livestock. These types of adaption strategies adopt by 17.25% of sampled respondent especially in study area. Smallholder farmers used small scale irrigation practice to cope the negative impacts of climate change. About 17.25 percent of the sample respondents use small scale irrigation practice as an adaptation strategy to mitigate the negative impact of climate change in the study area (Table 6).  
[bookmark: _Hlk75094840][bookmark: _Toc75363584]Table 6 Summary of adaptation strategies used by small holder farmers of the Study area
	Climate Change Adaptation Strategies
	Frequency.
	Percent

	Crop variety
	59
	14.75

	Soil and Water Conservation
	88
	22.00

	Mixed Farming
	82
	20.50

	Small scale Irrigation
	69
	17.25

	Total
	298
	74.50


[bookmark: _Hlk75186264]Source: Based on Own Survey result (2021)                           
[bookmark: _Hlk75196096][bookmark: _Hlk75195364]Based on the estimated result, the likelihood of households to adopt Crop variety, Soil and Water Conservation, Mixed Farming and using of small-scale irrigation are 14.5%, 22%, 20.5%, 63.4%, and 17.25%, respectively. 
[bookmark: _Toc75363540]4.3. Factor Affecting of Adaptation Strategies of Small holder Farmers
To use Multi variate probity model, the correlation coefficients of the error terms should be significant for any pairs of equations. 
Accordingly, the correlation coefficients of 4 combinations are statistically different from zero which demonstrates the appropriateness of the Multi variate probity model specification and choice of climate change adaptation strategies are not mutually independent (Table 7). This means that positive correlations and negative correlations exist between different adaptation options being used by the small holder farmers. There is interdependence among adaptation options.  
There is a positive correlation between Crop variety, Soil and Water Conservation, Mixed Farming and using of small-scale irrigation. This implies that these combinations of adaptation strategies can be used at a time. These combinations can also supplement to each other. There is also a negative correlation between use of Soil and Water Conservation practice and use of small-scale irrigation. This also implies small holder farmers may use either of the two adaptation strategies since one can be used instead of the other.   
[bookmark: _Hlk75353340][bookmark: _Hlk75265958]The probability of choice of applying a variety of adaptation measures in response to climate change impact are affected by several small holder farmers characteristics. The Multi variate probit model of sample farmers climate change adaptation strategies was estimated to identify socio-economic variables affecting small holder farmers adaptation strategies to mitigate climate change impact. Table () presented the results of estimation of Multi variate probit model along with the levels of statistical significance of socio-economic factors. The Wald χ2(60) and p < 0.000 is statistically significant at 1% significance level and the null hypothesis that the coefficient of all regressors is statistically equal to zero is rejected implying the model is fit and has a strong explanatory power. The result implied that different Socio-economic characteristics significantly affected the small holder farmers Climate change adaptation strategies. 
[bookmark: _Hlk75270422][bookmark: _Hlk75284988]Farm income: Farm income was found to be statistically significant and positively related to using soil and water conservation, mixed farming and small-scale irrigation at 1% significance level. The justification that smallholder farmers who have higher farm income are more likely to adapt the climate change impact adaptation strategies. When the main source of income in farming increase, farmers tend to invest on productivity smoothing options such as using of soil and water conservation, mixed farming and small-scale irrigation. Farm income enables the farmer to perceive and adapt to climate change by devoting higher money for the purchase of seed and seedlings whenever the rain comes, buying a drought tolerant variety and apparatus for the use of SWC practice and irrigation at higher price. This result was supported by Aemro et al. (2012) who found that as farm income increases the probability of adopting SWC practice, irrigation adjusting planting date and, drought tolerant variety increases. 
Non-farm income: non-farm income is significantly and positively affected crop variety, soil and water conservation, mixed farming and small-scale irrigation at 1% significance level. The justification is that small holder farmers of the study area have had an optional income source that enable them to mitigate the climate change impact and they are also capable of buying instruments for irrigation use. This result is consistent with the study by Aemro et al. (2012). 
Agro-ecology: Agro-ecological status of the study area significantly affected soil and water conservation use as adaptation strategies to climate change. This implied that farmers‟ living in different agro-ecological status used different adaptation measures in response to climate change impact. 
[bookmark: _Hlk75284496][bookmark: _Hlk75284356]Access to credit Service: The Multi variate probit model indicated that small holder farmer’s access to credit has a statistically significant positive effect on using of   crop variety, soil and water conservation, mixed farming and small-scale irrigation. Small holder Farmers who have access to credit service are more likely to adapt climate change impact by using the above prominent adaptation strategies. It enables farmers to change their management practices in response to changing climatic factors and to buy fertilizers, seedlings, drought tolerant varieties, irrigation technologies like water pumps and other inputs to smoothening production and reduce the negative impact of climate change. This result is consistent with Gadédjisso-Tossou (2015) that found farmers who have access to credit are more likely to adopt planting short season varieties. 
Frequency of Extension Contact: Extension visit was found to be statistically significant and positively related to soil and water conservation. The reason is that extension visit helps farmers to get informed about contemporary climate related issues and plays a crucial role in improving farmers‟ knowledge about best adaptation practices to the change in climate. Hence, it enables farmers to make decision based on substantial information. More specifically, it informs farmers when to sow and what variety to use in response to climate change.  
Access to climate information: Access to climate information significantly and positively affected using of crop variety, mixed farming and small-scale irrigation. Farmers who have access to climate related information from different media like radio and television have a higher probability of using crop variety, mixed farming and small-scale irrigation an adaptation strategy in response to climate change. The reason is that access to climate information permits to perceive the change and choose appropriate strategies in response to climate change. Climate information notifies the situation of the existing climatic conditions to enable the farmers to use alternative adaptation strategies like drought tolerant variety and irrigation. The result is found to be the same with Temesgen et al. (2009) which asserted that access to climate information increases the likelihood of using short season and improved variety in response to climate change. 
Distance from home to the farm: The average distance the farm is located from the farmers‟ home has a statistically significant effect on the use of crop variety, soil and water conservation, and mixed farming at 5% significance level and small-scale irrigation at 10% significance level.  The reason for this might be due to the fact that farmers whose farm is far from their home could not frequently follow up their farm as compared to those whose farm is nearer to their home. 

[bookmark: _Toc75363585]Table 7 Multivariate probit results of farmers climate change adaptation Strategies
	Socio-Economic Factors
	Adaptation strategies used by Smallholder Farmers

	
	Crop-Variety
	Soil and Water Conservation
	Mixed Farming
	Small Scale Irrigation

	
	Coeff.
	Std.error
	P-value
	Coeff.
	St. error
	P-value
	Coeff
	Std.error
	P-value
	Coeff
	Std.error
	P-value

	Age of the Household head
	-0.0039
	0.0153
	0.8
	0.0082
	0.0143
	0.564
	0.0146
	0.0141
	0.3
	0.0002
	0.0146
	0.991

	Sex of the Household head
	-0.0367
	0.3358
	0.913
	0.3283
	0.3110
	0.291
	-0.0232
	0.3204
	0.942
	0.2851
	0.3225
	0.377

	Education Level
	0.0696
	0.0639
	0.276
	0.0984
	0.0602
	0.102
	0.0616
	0.0614
	0.316
	0.0600
	0.0632
	0.342

	Agro-Ecology
	0.1129
	0.1096
	0.303
	0.2580
	0.1058**
	0.015
	0.1179
	0.1061
	0.266
	0.2171
	0.1092**
	0.047

	Family Size
	-0.1174
	0.0567**
	0.038
	-0.1544
	0.0530***
	0.004
	-0.1244
	0.0538**
	0.021
	-0.1387
	0.0567**
	0.014

	Farm income
	0.0019
	0.0000
	0.134
	0.0046
	0.0000***
	0.007
	0.0049
	0.0000***
	0.005
	-0.0081
	0.0000***
	0.003

	Nonfarm income
	0.0036
	0.0000***
	0.000
	0.0033
	0.0000***
	0.000
	0.0030
	0.0000***
	0.000
	0.0032
	0.0000***
	0.000

	Land Owned in Hectares
	-0.1400
	0.0796
	0.147
	-0.0227
	0.0701
	0.746
	-0.0500
	0.0697
	0.473
	-0.0417
	0.0729
	0.567

	Distance to Market
	0.0713
	0.0323**
	0.027
	0.0774
	0.0313**
	0.013
	0.0815
	0.0313**
	0.009
	0.0583
	0.0324*
	0.072

	Livestock owned in TLU
	-0.0008
	0.0101
	0.939
	-0.0138
	0.0133
	0.3
	-0.0158
	0.0160
	0.324
	-0.0538
	0.0277**
	0.042

	Access to Agricultural input
	0.0402
	0.3772
	0.915
	0.5553
	0.3481
	0.111
	0.6569
	0.3449**
	0.047
	0.5036
	0.3596
	0.161

	Access to Credit
	0.9344
	0.3564***
	0.009
	0.8008
	0.3466**
	0.021
	0.9435
	0.3424***
	0.006
	0.9300
	0.3578***
	0.009

	Frequency of Extension contact
	0.1530
	0.1327
	0.249
	0.3010
	0.1270**
	0.018
	0.0770
	0.1318
	0.559
	0.0651
	0.1369
	0.634

	Climate information
	1.2550
	0.5456**
	0.021
	0.8381
	0.5411
	0.121
	1.2538
	0.5254**
	0.017
	1.2472
	0.5436**
	0.022

	Constant
	-4.4341
	1.1727
	0.000
	-5.7635
	1.1342
	0.000
	-5.3648
	1.1102
	0.000
	-4.8963
	1.1485
	0.000


Number of observations 	 	 	 	 	400 
Log likelihood 	 	 	 	 	           -528.41 
Wald χ2(60) 	 	 	 	 	                        129.13*** 
P-value 	 	 	 	 	                        0.0000 
Note: ***, **, and * signify level of significance at 1%, 5%, and 10%, respectively.  
Source: Own computation from survey data, 2021

[bookmark: _Toc75363541]4.4. Impact of Climate Change Adaptation Strategies on Household Productivity
[bookmark: _Toc75363586][bookmark: _Hlk75358566]Table 8 Impact of Climate Change Adaptation Strategies on Household Productivity
	No
	Impact of Adaptation Strategies
	Frequency
	Percent

	1
	Use of organic fertilizers
	49
	                                12.25

	2
	Planting of short duration crops
	172
	43                             

	3
	Change of planting dates
	98
	24.5

	4
	Using Irrigation
	81
	20.25

	Total
	400
	100.0


Source: Based on Survey data (2021)
[bookmark: _Hlk75359337][bookmark: _Hlk75359941]The study result shows that the using climate change adaptation strategies has its own impact (Positive) on Household’s productivity. In the study area, using different climate change adaptation strategies resulted using organic fertilizers, planting of short duration crops, changing of planting dates and increased production season by using irrigation. Based on this the study result revealed that about 43% of the respondents responded as planting short duration crops is the best impact of climate change adaptation strategy on household productivity followed by change of planting dates (24.5%) and increased production season by using irrigation (20.25%). Additionally, about 12.25% respondents responded that, use of organic fertilizer is also another important impact of climate change adaptation strategy in the study area (Table 8). This implies that majority of the peoples in the study area are using planting short duration crops as an important impact climate change adaptation strategy in the study area. 
The KI and FGD result also shows that farmers who use planting short duration crops as an adaptation strategy are able to produce twice from their land 80-110 kg/ha of maize output higher than those who do not. This implies that using planting short duration crops as an adaptation to climate change tends to promote maize yield.  According to IFPRI (2010, p. 7) Ethiopia’s agricultural sector increase yield by using improved seeds and sort duration crops due to an climate change factors on agriculture and IFPRI (2010, p. 2) also found that, increasing the use of good quality seeds and improved seeds could increase Ethiopia’s food production significantly which is similar with this study. 
[bookmark: _Toc75363542]CHAPTER FIVE
[bookmark: _Toc75363543]5. CONCLUSIONS AND RECOMMENDATIONS 
[bookmark: _Toc75363544]5.1. Conclusion
This study aimed to identify climate change adaptation strategies and impact on the productivity and its determinants in selected woreda of Bale zone.  The data collected from both primary and secondary sources. The primary data collected from individual face-to face interview using semi-structured household survey questionnaire collected from 400 randomly selected sample respondents. Secondary data obtained from different unpublished and published sources. Data analysis is using descriptive statistics, inferential statistics and econometric analysis. Since the determinants of climate change impact adaptation strategies used by small holder farmers can vary from area to area, across time and individuals to come up with the result and implication of the study, multivariate regression model employed for analysing the data.
Climate change has adversely affected the livelihoods of people in developing countries where a large proportion of the population is heavily dependent on agriculture. Long-term records indicate that there have been severe and repeated rise in temperature and rainfall failures resulting in severe food insecurity, including famines in Ethiopian due to significant loss of crops and livestock. Farmers should thus be able to adapt in order to reduce the negative impact of climate change.  
A better knowledge on the level of perception of farmers to the changing climate and the common adaptation strategies with their determinants is, therefore, vital as it permits to policy makers to craft a host of strategies and instruments towards reducing climate change danger. It is also important to make effective increment in output, self-sufficiency in food as well as sustainable development possible.   


[bookmark: _Toc75363545]5.2. Recommendations  
Based on the findings of this study, the following recommendations have been made for local policy makers and stakeholders in the district.  
Policy interventions aimed at mitigating the adverse effect of climate change need to focus on supporting farmers to intensively use and capitalize the existing adaptation strategies: use of drought tolerant varieties, agro-forestry, adjusting planting dates, SWC practices, and irrigation. 
Intensifying efforts to improve awareness and adaptive capacity of farmers through improving provision of extension service, encouraging farmer-to-farmer extension services and motivating using of media is very critical. It is necessary to encourage informal social networks and discussions at farmers‟ level so that enable them to share information and experiences which are important for choice of appropriate adaptation strategies. Farmers also need to be encouraged to use different media like radio, phone, and television to get access to climate information so that they will be able respond to climate change.   
Creating opportunities for a diversified farm and off/non-farm income sources for the farmers is important. Higher income increases the purchasing power of farmers and enables them to easily meet the cost of farm inputs like drought tolerant variety, inputs for irrigation use like water pump, seeds, seedlings and fertilizer. Hence, adequate farm inputs need to be available to improve farm income and creation of alternative off-farm income source is very imperative.  
The government and other stakeholders also need to inspire farmers who have large landholding size for effective adaptation to climate change. They should suggest appropriate adaptation strategies to practice through extension.  On the other side, farmers with small landholding should be encouraged for efficient use of successful adaptation to climate change. Policy interventions should also focus on transforming the livestock husbandry system from traditional way to modern. It helps to mitigate the land, time and labor requirement. 
Promoting farmers‟ access to credit is vital to secure immediate need of money for the very purpose of purchasing farm inputs and meet the costs associated with using various adaptation strategies: adjusting planting date, using agro-forestry, using drought tolerant varieties using SWC practices, and irrigation in response to climate change. Therefore, the outreach and availability of formal credit providers that can be accessed with affordable interest rate need to be increased to improve farmers‟ financial capacity.   
Finally, the researcher recommend that further study need to be done on the impact of each adaptation strategies in improving the livelihood of farmers and alleviate the problem of food insecurity in the district.   
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[bookmark: _Toc75363547]Appendix I: Questionnaire for Interview Schedule  
Department of Geography and environmental studies 
Survey questionnaires to be filled by Sample Farmer households

Dear respondent! The purpose of this questionnaire is to gather information on Assessing Climate Change Adaptation strategies of Smallholder Farmers and its impacts on their productivity:  The Case of Bale zone, South Eastern Ethiopia, Ethiopia. The success of the study entirely depends on your cooperation. There is no right and wrong answer, so you are kindly requested, to give your genuine responses to the following questions. Your responses will be kept confidential and will only be used for research purposes. 
Thank you in advance

	                        Questionnaire NO.:
	
	

	Questionnaire Code:
	
	

	Location:
	1 Berbere             2 . Gololcha              3. Goro               4. Sinana                  5.  Goba
6.  Dinsho                   7.    H/ Buluk                8. Agarfa              9. Gasera        

	
	
	
	
	 DATE OF INTERVIEW
	

	Locality Name:
	_______________
	
	TIME:
	Beginning 
	_______________

	Name of interviewed:
	_______________
	Sign: _________
	
	End of interview
	_______________

	Name of interviewer:
	_______________
	Sign: _________
	
	
	_______________

	Name of Supervisor:
	_______________
	Sign: _________
	
	
	_______________



Instruction: Please circle it your response
Part One: General Information 
1. Enumerator 
1.1 Name of the enumerator: ____________________________________
1.2 Signature of the enumerator ensuring completeness of the questionnaire and correctness.
 Sign: ________________ Date: _____________
2.  Questions on Household Head Socio-economic Characteristics
1. Zone: _________________________________
2. Woreda: ______________________________
3. Locality (Kebele): _________________________ 
4. Name of the household head (respondent) or code:    _______________________
5. Age of the respondent (years) __________________
6. Sex of the respondent           A. Male                    B.  Female
7. Education level completed by the respondent   
1. 
1. Illiterates
1. 1st cycle (1-4th grade)  
1. 2nd cycle (5 to 8th grade)                
1. High school (9-10th grade)
1. Completed preparatory                    
1. Certificate    
1. Diploma                                           
1. Degree   

8. Current marital status of the respondent    
1. 
1. Married   
1. Unmarried   
1. Divorce    
1. Widowed

9. Religion of the respondent 
1. 
10. What was/ is your major occupation
1. 
1. Crop production             
1. Fuel wood selling     
1. Animal husbandry       
1. Charcoal production      
1. Mixed farming          
1. If others, specify_______________

11. What is your Agro-ecological Zone?
[bookmark: _Hlk66454710]       A. Wurch             B. Dega              C. Woyna Dega             D. Kola              E. Bereha
12. Family size of the household    Male_________       Female__________ 
13. Number of active household members aged between 15-64 years   Male______ Female_______ 
Part Two: Farm and Farming System in the study area
1. Farming system, you follow currently
1. 
2. Crop production only
3. Livestock rearing only
4. Mixed farming
5. Others (please specify) .............
2. How much income can you generate from your farming activities during last production year? Please specify in Birr:
1. From crop production___________
2. From selling livestock and livestock products. _____________
3. Selling of fruits and vegetables___________
4. Selling of cash crops (chat and coffee) ___________
5. Others (please specify) _______________________
3. Income from other activity
1. Indicate the type of other farm activities performed by family members.
	other income sources or Activities Performed (see codes below)
	Income obtained in Birr/year

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Activities code: 1=Remittances, 2=Sale of charcoal /fire wood /grass, 3=Petty trade, 4=Land rental income, 5=Sale of beverages, 6=Quarry/mining, 7=Aid or donation, 8=Self-employment, 9 =Pension, 10=Sale of handicraft, 11=Safety net program, 12=Sale of tree/pole/grass, 13=compensation received, 14=Other, specify

4. How much is your total expenditure during last production year? Please specify in Birr: _______
Expenditure for the year ____
	s.no 
	Items 
	Amount (in Birr)

	1. 
	Food Items
	

	2. 
	Health
	

	3. 
	Clothing
	

	4. 
	Farming Inputs (fertilizer and improved seed, pest sides)
	

	5. 
	Harvesting
	

	6. 
	purchase of animals
	

	7. 
	School fees
	

	8. 
	Taxes
	

	9. 
	Festivals
	

	10. 
	Transport
	

	11. 
	Others
	



5. Total farm land operated including any grazing land (including rented land and excluding rented out land) during last production year (in hectares)_________
Size of land rented in ____________ Size of land rented out___________
6. [bookmark: _Hlk66457271]Do you have certificate for your land?            1. Yes        2. No
7. What are the physical characteristics of your farm, in terms of its exposure to erosion?
1. Susceptible to erosion moderately
2. Susceptible to erosion 
3. Not susceptible at all 
8. How is the fertility of the soil of your farm in general? 
1. 
2. [bookmark: _Hlk66456128]Very fertile 
3. Fertile
4. Moderate
5. Poor/Low
6. Infertile
9. If you have more than one plot, answer the following questions 
1. [bookmark: _Hlk66456200]Plot A: 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile
2. Plot B: 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile
3. [bookmark: _Hlk66456229]Plot C: 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile 
4. Plot D: 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile 
5. Plot E: 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile 
6. Plot F 1. Very fertile        2. Fertile          3.  Moderate           4. Poor/Low       5.  Infertile 


10. What is your average distance to reach your farm from your home? 
         Distance (in KM) ......................         In terms of time it takes (in min) ..........................\
11. How many quintals of yield have you harvested per hectare during this season? 
1. 
2. Maize________________                             
3. Wheat_______________ 
4. Coffee_______________                              
5. Barley_________________ 
6. Bean/pea________________                               
7. Others (specify if any) ______

12. Do you regularly obtain information on expected rainfall and temperature from any source?
1. 
2. Yes       
3. No

13. If you Answer for Q14 is “Yes” From which source do you obtain information? (use  Multiple responses)
1. 
2. Government 
3. Radio/TV
4. Fellow farmer
5. NGO
6. Other, specify_________
14. Do you have any communication devices like TV, radio, mobile phone, so on?      1. Yes        2. No
15. If your answer for question 16 is “Yes” what types of communication devices you have?
1. 
2. TV 
3. Mobile 
4. Radio 
5. Others specify_________
Part TTREE. Institutional Factors
1. Do you have better access to get agricultural inputs?      1. Yes         2. No
2. If no, How far the market where you buy your agricultural inputs is (e.g. hoes, seeds, fertilizers, etc)?    Distance in KM____________            In terms of time it takes (in hour)__________
3. How far is the market where you sell your agricultural outputs?                                                  Distance in KM_____________              In terms of time it takes (in hour)_________
4. In undertaking your usual farming activities have ever faced shortage of finance? For example, to purchase agricultural inputs like fertilizer, oxen, and others
1. 
2. Yes 
3. No

5. Do you have access to any formal credits (DCSI) in time face shortage of money?  
6. 
1. Yes 
2. No

7. If yes, indicate the average amount received per year-----------------------
8. Do you have access to any informal credits (from neighbours, friends, relatives etc)?
1. Yes                                                                                2. No
9. If yes to ‘5&7’ where you look for credit to fill your financial constraints? More than one choice is possible
1. 
2. Relatives  
3. Friends 
4. Non- formal lenders 
5. Microfinance Institutes 
6. Banks

10. Do you have access to agricultural extension services in your kebele?
                      1. Yes                                2. No 
11. If yes, how many times where you visited by extension officers per month? ______________
12. Do you receive any support from agricultural extension which could help improve your farming activities?
[bookmark: _Hlk65334122]             1. Yes                                2. No 
13. Please specify any kind services you get from them. ___________________________________________________________________________________________________________________________________________________________
14. Have you ever got any kind of formal training which helps improve your farm productivity? This might be how to (protect soil from erosion, conserve rain water, use modern agricultural inputs, reduce post harvest loss, etc)   
                    1. Yes                                2. No 
15. Did you have non-formal training of the above kind from farmers or did you give training to other farmers in your locality? (Farmers-to-farmers extension services) 
                      1. Yes                                2. No 
16. If yes to ’13 & 14’ how do find it in terms of its contribution to improve your farming income?
1. 
2. Very important 
3. important   
4. I don’t know
5. Has no effect 

Part V. Questions on Perception of Climate Change and Adaptation Methods Employed
1. [bookmark: _Hlk66457758][bookmark: _Hlk66457889][bookmark: _Hlk66455728]Do you Know climate change and its adaptation strategies?     1. Yes        2. No
2. In last decades have you noticed any changes in the rainfall patterns?     1. Yes        2. No
3. [bookmark: _Hlk65334283] If yes, please specify the pattern of the change in rainfall you have noticed?
1. 
2. [bookmark: _Hlk66457929]Increasing 
3. Decreasing 

4. In last decades have you noticed any changes in temperature?    1. Yes        2. No
5.  If yes, please specify the pattern of the change in temperature you have noticed.
1. 
2. Increasing  
3. Decreasing 

6. 
Dear respondent please fill the following if you are experienced with it.
	No 
	Have you experienced with the following types of climate change and variability indicators?
	Response 
	How often 

	
	
	Yes 
	No 
	

	1
	Drought 
	
	
	

	2
	Floods 
	
	
	

	3
	Off-seasonal rainfall
	
	
	

	4
	Too much rain
	
	
	

	5
	Too little rainfall
	
	
	

	6
	Higher temperature
	
	
	

	7
	Frost (coolness)
	
	
	

	8
	Land degradation
	
	
	

	9
	Decreasing crop production
	
	
	

	10
	Livestock disease
	
	
	

	11
	High winds
	
	
	

	12
	Others (specify
	
	
	


7. Have you observed the following climate change related impacts in last decades?
	No 
	Climate change related impacts
	Yes 
	No 

	1
	Decline in crop yield
	
	

	2
	Decline in livestock production
	
	

	3 
	Death of livestock due to shortage of fodder and water
	
	

	4
	Food shortage /insecurity
	
	

	5
	Increased weed and pest pressures
	
	

	6
	Communicable diseases
	
	

	7
	Decrease of water quality and quantity
	
	

	8
	Higher risk of crop damage from drought
	
	



8. In response to climate change, have you taken any adaptation measures in order to reduce the impacts of climate change?   1.    Yes          2. No
9.  If your answer to question number 8 is no, why?
	No 
	Reasons for not taking adaptation
	Yes 
	No 

	1
	Lack of information
	
	

	2
	Lack of capital
	
	

	3
	Lack of knowledge
	
	

	4
	Shortage of farming land
	
	

	5
	Not observing the climate related problems
	
	

	6
	Giving less emphasis to climate change problems
	
	

	7 
	Others
	
	



10. If Yes to question number 8 is Yes, have you employed any of the following climate change impact adaptation strategies in your farm in past decades?   1. Yes         2. No
11. 
If your answer to question number 10 is Yes, what was your adaptation strategies? (Use multiple responses)
	No 
	Climate change adaptation
	Response
	If no, please specify 
the reason why not?

	1
	Buying insurance
	
	

	2
	Change crop variety
	
	

	3
	Mixed farming
	
	

	4
	Temporary migration
	
	

	5
	Planting early maturing crop
	
	

	6
	Soil and water conservation 
	
	

	7
	Planting trees
	
	

	8
	Irrigation
	
	

	9
	Changing planting dates
	
	

	10
	Seek off-farm employment
	
	

	11
	Reduce number of livestock
	
	

	12
	Agro-forestry 
	
	

	13
	Organic fertilizer 
	
	

	14
	Inorganic fertilizer 
	
	

	15
	Others (specify if any
	
	



12.  Have you observed any impacts of climate change adaptation strategies on your productivity?
1. 
2. Yes 
3. No

13. [bookmark: _Hlk66462724]If no, what do you think why there was no any impacts? List
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
14. If yes, what are the impacts? 
1. 
2. Production increase
3. Diversified income means
4. Easy access to water
5. Easy access to fodder
6. Secured food
7. Specify if other________
15. 
16. In the past years do you received any agricultural technical support from the Government in implementing adaptation?                     1. Yes      2. No 
17. If yes, what kind of technical support do you received in your effort to reduce the impacts of climate change and improve your farming system? Please list.
1. _________________________________________________
2. _________________________________________________
3. _________________________________________________
18. [bookmark: _Hlk65337133][bookmark: _Hlk66463077]If no, what kind of support would you want to receive? Please list
1. ________________________________________________
2. _________________________________________________
3. _________________________________________________
19. What do you suggest to be done to reduce the impacts of climate change in your area? 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


[bookmark: _Hlk75362468][bookmark: _Toc75363548]Appendix II: Guiding Questions for Focus Group Discussion  
1. Explain the condition of environment in your locality. Do you feel the pattern of weather is generally changing? 
2. Have you ever heard about climate change? If yes, from which sources? 
3. What is your observation on the climatic (temperature and rainfall) condition in your area? 
4. What are your indicators to realize the presence of change in climate? 
5. What is the cause of climate change (Traditional how people believe the cause) 
6. What are the problems that you have ever experience because of climate change? (Drought, flood,). For how many years during the last 24 years? Which one was the most sever?  
7. What are the impacts of climate change on agriculture and livelihood of rural people?  
8. Do you think that the change in climate will continue in the future? 
9. What are the adaptation strategies employed by farmers to minimize the adverse impact climate change?  
10. Identify any indigenous crop cultivar, which is now out of production due to climatic change? 
11. Identify any newly appeared crop infestation and diseases in your locality.  
12. Do you sow your crops at different times or different places to avert risks of crop loss?  
13. Do you switch to short maturing or drought resistance crop varieties instead of long maturing crop verities? If yes, explain the crop types and the planting/ harvesting pattern. 
14. Do you perceive that there are differences in adaptive capacities across your groups? 
15. What factors affect the choice of adaptation strategies by smallholder farmers?   
16. What are the main hindrances for use of adaptation options of combating climate change?  
17. If you perceived climate change, but not adapt what other barriers do you have?  
18. What agricultural technology and Meteorological information system do you access regularly and during climatic extremes? 
19. Do you have access to credit?  
20. Do you have easy access to agricultural inputs such as seed?  
21. Do you have sufficient knowledge about adaptation options?  
22. Do you receive early warning information on short term variations and/or long-term climate change from any sources? 
23. What do you recommend to be done to enhance the fight towards climate change? 

Employed Adaptation	Crop production	Fuel wood selling	Animal husbandry	Charcoal production	Mixed Farming	0.81	0.35	0.42	0.32	1.08	Not Employed Adaptation	Crop production	Fuel wood selling	Animal husbandry	Charcoal production	Mixed Farming	0.15	0.18	0.16	0.2	0.33	
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