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ABSTRACT 

Ethiopian smallholder farmers are the most vulnerable group of societyto the effects of 

climate variabilitybecause they have nature dependent economic system. This study 

examinedtheeffects of climate variability on five major cereals yield,crop income and rural 

labor displacementin thecentral highlands and Arsi grain plough farming systems of Ethiopia. 

The seven round unbalanced panel data (1994-2009) collected by Ethiopian Rural Household 

Survey from 15 kebeles of the seven farming systems was the base to use panel data in this 

study. After managing one round survey in 2014 from six sampled kebeles of the two farming 

systems the research hadeight-round unbalanced panel data (1994-2014). Meteorological 

data from central observatory of Ethiopia showed that long run trend of cropping season 

temperature and rainfall of the country showed greater variation with frequent extremes in 

short periods of interval. The stochastic frontier regression result revealed that inorganic 

fertilizer and draught power significantly increased cereals yield. Cropping season rainfall 

and temperature have different effect on yield of the five cereal crops as to the model result. 

Cropping season temperature increment would increase yield of wheat and barley, while it 

reduces teff, maize and sorghum yield. Yield ofteff and barley would significantly increase if 

there were cropping season rainfall rise in the study area.GLS regression result revealed that 

shocks sourced from climate variabilitysignificantlyreduced smallholders’ technical efficiency 

of producing cereals. Fixed effect regression result disclosed negative and significant effect of 

climate variability elements including cropping season rainfall, temperature, shocks and 

rainfall inconsistencies on smallholders’ crop income. The model result also indicated 

positive effect of agricultural inputs such as cropland and draught power on crop income. 

Smallholders’ in the two farming systems had 12.04% probability of adopting thefour 

alternative strategies (changing the sowing time, modern technology, alternative income 

sources and conservation) at a time. MVP model result showed that covariates 

includingrainfallshortage, distance from the main road and crop price increment were 

common factors that stronglyaffectthe probability of adoptingall thestrategies simultaneously. 

Frequent cropping season rainfall shortage initiated smallholders to adopt strategies related 

to changing sowing time and alternative income sources. The studyalso identified that most of 

the rural migrants were youth who were below 25 years. Instrumented random effect two 

stage least squares regression result showed that crop income, education, livestock owned, 

participation in off-farm activities and draught powersignificantly reducedthe proportion of 

family members who displaced due to climate variability. Any of the parameters that reduce 

crop income would directly aggravate the labor displacement from the study area. In general, 

climate variability sourced from rainfall inconsistencies commonlyaffectedthe crop 

production, income and rural labordisplacement in the two farming systems of Ethiopia.Crop 

production inputs like fertilizershould be made easily available for households of the study 

area to use them as to the standard level to enhance cereals yield.Both material and labor 

budget should be ready to reduce effect of pest infestation and harvesting season rainfall on 

smallholders’ crop yield and income. Crop yield and income of households could be improved 

if there is due effort to have consistent moisture availability.Displacement of the rural labor 

could be reduced if alternative income sources are there to supplementhousehold’s main 

source of income, crop production.  

 

Keywords: Climate variability; Smallholders;Yield;Crop income;Adaptation; Labor 

displacement 
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1. INTRODUCTION 

 

1.1. Background of the Study 

 

Scientific findings argued that global land and sea temperatures are warming under the 

influence of greenhouse gases (Intergovernmental Panel on Climate Change (IPCC), 2007a). 

Continuous increment of the gas emissions result in global warming that promote sea level 

rise, rapid breakup of ice sheets, changes in precipitation over land and other unexpected 

shocks (IPCC, 2014a). Recently, worldwide drought increased in frequency, severity, and 

duration (Peterson et al., 2013). Extreme weather events like severe storms, floods, droughts 

and heat waves are becoming more frequent and intense recently (IPCC, 2012).Sushenjit and 

Emmanuel(2012) argued that climate change could increase the number of extreme 

temperature and rainfall inconsistencies, and hence climate variability showed an upward 

trend. Recent estimates indicated that unprecedented climate variability mostly occurs in the 

tropics and among low-income countries, where the projected climate elements continuously 

move outside the bounds of historical records (Mora et al., 2013). Evidences showed that in 

the tropics and sub-tropics crops reached their maximum temperature tolerance, and yields 

would likely to decrease for each further increment. Droughts during 2000–2001 and 2007–

2008 were the worst in the history of Central Asia, andin mountainous regions of the area 

rainfall is getting heavier with frequent floods whereinprojections showed even more changes 

in the future (Ihtiyor and Aden, 2014). 

 

However, climate variabilityaffects a range of sectors, but agricultureis most sensitive to the 

problem (Cruz et al., 2007). Since agriculture of developing countries has due connection 

with the natural system, adverse effects of weather variations are potentially harmful for 

performance of the entire economy (Sara, 2012). Similarly, Edame et al.(2011) argued that 

climate variability could aggravate risk of frequent crop failure for the rural communities that 

depend on agriculture in a fragile environment. In connection to this, amount and temporal 

distribution of crop season rainfall is onecritical climatic factorfor crop yields (DiFalco, 

2011). Unfavorable rainfall and temperature conditions can have devastating impact on farm 

households if the agriculture is purely dependent on rain (Paul et al., 2012), and successive 
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variability of the climate elements has an overwhelming effect on smallholders‟ productivity. 

Rosenberg et al.(2003) evidenced that by 2020, world and African cereal production might be 

0.5% and 2-3% less than what it would have been in the absence of climate change and this 

decline may be higher by 2050 and later. 

 

Climate change and variability affects developed and developing nations differently, wherein 

the latter ones are suffering from serious and continuous food shortage while developed ones 

affected by relatively simple problems (FAO, 2008). Altitude is the main determinant in the 

distribution as well as stability of cropping season rainfall and temperature (FAO, 1996), 

which are the most important climatic factors for Ethiopian agriculture. The organization 

identified that rainfall in Ethiopia is highly correlated with altitude wherein middle and higher 

levels receive substantially greater rainfalls than the lowlands, except western lowlands where 

rainfall is intense. There is a significant temperature difference among different parts of the 

country, wherein highlands in the Central North are becoming cold, but the southeast 

lowlands become warmer (Temesgen et al., 2008). Alemayehu(2003) identified that 

temperature and rainfall inconsistency, and soil structure determine moisture availability 

thatfurther influences crop productivity of the country.The author argued thaterratic rainfall 

especially in the lowlands of the country makes crop production very difficult. 

 

The rain-fed agriculture of Ethiopia plays a central role in the economic performance 

throughbeing source about 44% of total GDP (Alemayehu et al., 2012). The crop production 

sub-sector accounts about 80% of the agricultural GDP. Smallholderscultivate 95% of the 

cropland and produce 90-95% of cereals, pulses and oilseeds. The five major cerealcrops (teff, 

wheat, maize, sorghum, and barley) cover about three-quarters of total cultivated area, and 

constitute 29% and 14% to theagricultural and total GDP, respectively. Grain crops of the 

country that include cereals, pulses and oilseeds covered 12.60 million ha (CSA, 2015a).The 

survey also showed that teff, maize, sorghum, wheat and barley covered 24.02%, 

16.80%,14.58%, 13.25% and 7.81% of the cropland, respectively.Agricultural production 

patterns of the country vary markedly among agro-climatic conditions, due to varying rainfall 

and overall moisture(Alemayehu et al., 2012).Cereal crop productivity of Ethiopia is still at 

low level as compared to other developing countries (CSA, 2015b). Hence, smallholders of 
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the country try to manipulate different remedial activities to enhance their crop productivity 

through adopting the ongoing climate variability. Effective adaptation strategies may be 

demanded to secure well-being in the face of climate variability. Climateadaptation should 

focus on support for smallholders to build their capacity that facilitate social learning, 

technology transfer,and innovation(Stainforth et al., 2007). Adaptation is most relevant when 

it influences decisions that exist irrespective of climate variability, but which have longer-

term consequences. 

 

Researchers (Alemayehu et al., 2012;Getnet and Mehrab, 2010) argued that crop production 

of Ethiopia is relatively more sensitive to climate variability, resulting in subsequent income 

variation and initiating rural labor migration. Today, more than 105 million individuals are 

working outside their country of birth due to migration (IOM, 2017). The labor migration in 

Ethiopia increased from 60,031 individuals in 1999 to 73,919 in 2008 (CSA, 2009). The rural-

rural labor migration increased from 38 to 47%, in the same year while the rural-urban 

migration increased from 24 to 27%. This huge rural labor migration may be sourced 

fromagricultural productivity variationthat may be due to climate variability. Each crop 

production variation could result in income reduction for smallholders in the country. Thus, 

climate variability could have an indirect effect on rural labor displacement through crop 

income reduction.  

 

Ethiopian Rural Household Survey (ERHS) classified farming systems of the country into 

seven categories excluding pastorals and agro-pastorals, which comprised only 10% of the 

rural population (Dercon and Hoddinott, 2011). ERHS considered the crop production system 

as a central unit to classify the farming systems. The two adjacent farming systems (Central 

highland and Arsi/Bale grain plough) were samples considered in this study. Theyare main 

producer of cereals thatfrequently suffer from rainfall inconsistencies and occasionallysevere 

drought. Households in the study area commonly produce cereals without supplementing with 

perennial or cash crops. Given this, ERHS had consistent panel data from sample households 

in the two farming systems only. Thus, this study tried to examine effect of climate variability 

on crop yield, crop income and rural labor migration of smallholders in the two farming 

systems of Ethiopia. 
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1.2. Statement of the Problem 
 

Majority of the chronically starved people of the world live in rural areas of developing 

countries, whose livelihoods depend directly or indirectly on agriculture that is highly affected 

by climate variability and extreme weather shocks (FAO, 2009b). In many low-income 

countries especially in the tropics and sub-tropics that are vulnerable to rising temperatures 

and threatened by decreasing water availability, pressure of climate variationis more severe. 

Most obviously, climate change and variability has the greatest impact on agriculture 

dependent countries (Deschenes and Greenstone, 2007) in which the problem worsens living 

conditions of many smallholders (Edameet al., 2011). Cline (2007) forecasted that 

agricultural output of developing and industrialized countries might decline by 20% and 6%, 

respectively due to climate variabilityin 2080. Similarly, Lobell et al. (2011) argued that crop 

yields would decline by 10% in 2050 nearly in all Sub-Saharan Africa (SSA) countries. In 

connection to this,Mathilde and Kubik (2014) identified that climate variability is an 

important source of risk for rural households of developing countries.  

 

UNDP (2007) reported that climate variability sourced shocks could exacerbate income 

inequality among countries. Dell et al.(2008) had supportive finding wherein a 1
0
c 

temperature rise in a given year could result in a 1.1% reduction in annual economic growth 

of poor countries. This indicated that climate variability has significant effectin the short-term 

fluctuation ofdeveloping countries‟ rain-fed agricultural production. In semi-arid and sub-

humid areas, rainfall deficits may dramatically reduce crop yields particularly cerealswould 

show the greatest potential variability (Schlenker and Roberts, 2008). Ringer (2010) argued 

that cereals yield would decline further within moderate global warming. Historically, the 

significant crop productivity reduction in the developing worldsourced from anomalous low 

precipitation (Sivakumar et al., 2005). Only a few days of extreme temperature at the 

flowering stage of crops can drastically reduce yield (Wheeler et al., 2000). These all imply 

that rural populations of the developing world are more vulnerable since they are highly 

dependent on nature-governed source of income that isagriculture. 
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Climate variabilityis mainly manifestedin Ethiopia through rainfall and temperature 

variation(NMA, 2007) and different parts of the country faced insufficient rainfall and higher 

temperature. Flood was more of a lowland phenomenon, but it is becoming common problem 

to highlands and makes the areasless productive currently (Arjan et al., 2011). World Bank 

(2008) identified that temperature increment is a major climate variability element, which 

affects crop production of Ethiopia significantly. It is predicted that temperature has been 

increasing annually at a rate of 0.2
0
C over the past five decades (Yohannes and Mebiratu, 

2009), and thisresulted in agricultural production decline. The ongoing moisture variability 

might result in 33% wheat yield reductionin Ethiopia (Amare, 2015). Report of CSA in 2015 

revealed that hailstone, rain shortage and outbreak of pests significantlyaffectedcereal yield of 

the country. Thus, how strong is the effect ofclimate variability on cereals yield in the two 

farming systems of Ethiopia was one issue that this research intended to address. 

 

Successive cropping season temperature increment significantly affects agricultural 

productivity and farm income (Battisti and Naylor, 2009). The problem has additional effects 

on rural smallholders‟ farm income and earning opportunities through its induced effect on 

crop price. Climatic variations frequently create short-term price fluctuations that may have 

adverse effect on crop income (Getnet and Mehrab, 2010). Coping capacities of households in 

the developing worldare limited due tolower income diversification in turn sourced 

fromclimate variability(Arjan et al., 2011).  

 

Adaptation is a natural or human system to moderate the negative effects of actual or expected 

climatic factors (IPCC, 2007b). It reduces vulnerability from climate variability (Stern, 2007). 

This indicates that adaptation aims to mitigate and develop appropriate coping measures to 

address the negative effects of climate variability on agricultural productivity. Smallholders of 

the country adopt different strategies from their intrinsic and cultural knowledge mainly to 

cope up moisture stress. Most agricultural systems have an in-built adaptation capacity but the 

subsequent climate variability impose new and potentially overwhelming pressures on the 

existing capacity(Gina et al.,2008). Different constraints may holdback smallholders to 

adoptpotential alternative strategies that would reduce negative effect of climate variability.  



6 

 

 

Both the direct and induced effect of climate variability on rural income could initiate rural 

labour displacement to other areas. An increasing number of rural people in Africa have been 

forcedto move and search for a living in towns (Annelet et al., 2004). Climate shocks result in 

higher probability of migration via reducing agricultural yields (Mathilde and Kubik, 2014). 

Households exposed to drought conditions are far more likely to send a migrant (Hunter et al, 

2011) that may reduce family level effect of the problem. Bascom (1995) had also argued that 

population mobility intensified by severe stress situations, such as drought and famine that 

deteriorate rural living conditions. Findings of Annelet et al. (2004) similarly revealed that 

poverty because of drought would end up in rural-urban migration.Climate variability, 

increasing landlessness and fragmented landholdings push rural labor into seasonal out-

migration from farming activities in search of additional income (Getnet and Mehrab, 2010). 

Although the scale of migration differs, people migrate from rural to rural, urban to urban, 

rural to urban and urban to rural areas in search of a better thing. De Haan et al. (2000) found 

that poor rural people in Ethiopia tend to migrate more often than relatively rich ones, in 

contrast to the experience of other rich countries. Significant income variation due to climate 

variability directly results in looking for compensation mechanisms like migration from their 

dwelling areas.  

 

Labor movement out of agriculture could have far-reaching effects on agricultural production 

and smallholder‟s income in rural areas.Many developing countries suffer from a massive 

brain drain from rural areas that may reduce the agricultural labor. Obtaining the necessary 

skillwith the required competencies and knowledge to run modern agricultural operations may 

be a serious problem in most developing countries due to rural labor displacement. The 

problem would createstrong economic consequences having a direct effect on agricultural 

productivity. How strong is the effect of climate variability on rural labor displacement in 

central Ethiopia, where agriculture is the dominant actor in the overall performance of the 

economy? Earlier studies did not clearly identifiedindividual effect of climate variability 

elements on rural labor displacement in Ethiopia.  

 

Studies done before on the effect of climate variability considered the national economic 

rather than smallholders at different production periods. Panel data allow better observation 
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about variation across time and individuals(Hyunchul, 2012). Having all the above, this 

research adopted panel data to examine effect of climate variability on crop yield and income 

as well as rural labor displacement of smallholders in central highland and Arsi/Bale grain 

plough farming systems of the country. 

1.3. Objectives of the Study 
 

The general objective of this research was to examine effects of climate variabilityoncrop 

yield and income of smallholders incentral highlands and Arsi/Bale grain plough farming 

systems of Ethiopia. The specific objectives of the study are to: 

1. Assess effect of climate variability on cereal cropyield, 

2. Analyze effect of climate variability on rural smallholder‟scrop income, 

3. Identify determinants of smallholder‟sadaptation strategies to climate variability; and 

4. Examine theeffects of climate variability on rural labor displacement. 

 

1.4. Significance of the Study 
 

Climate variability is becoming a serious bottleneck for achieving food security in most 

developing countries especially in SSAwherein rain-fed agriculture constitutes the livelihood 

base for majority of the rural inhabitants. This study, which investigated the effect of climate 

variabilityelementson smallholders‟ crop production in Ethiopia, would have crucial inputs in 

formulating national levelagricultural policies. 

 

More than 95% of Ethiopian crop production is purely nature governed and managed by 

smallholders who do not have the capacity to cope up with climate related problems. The 

study considered the main economic activity of the country, crop production that has great 

interaction with climate variability. Thus, findings of the study would be important in 

developing policies related to crop production of the country for enhancing productivity of 

smallholders that take the lion‟s share in producing both food and industrial crops. 

 

Ethiopian government planned to have middle-income country by 2025 through green 

economy base that enhance sustainable use of natural resources. The government developed a 
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strategy to build a green economy and it is implementing the strategy where the process 

welcomes research findings either from domestic or international researchers. Thus, any 

supportive works to this vision and plan would be very crucial for achieving the targeted plan. 

 

Achieving the secondGrowth and Transformation Plan (GTP II) of the country requires 

boosting agricultural productivity tolay the foundation of industrialization. Thus, it is 

important to identify the constraints that impede crop productivity and rural income 

improvement of the country. Therefore, research works and recommendations related to this 

plan of the country would be invaluable to achieve the predefined objectives. This study 

hopes to produce crucial inputsforcrop productivity improvement of the country. 

 

Detail investigations are not there about problems that holdbacksmallholders‟ crop production 

improvement, whichare main producers of consumable or industrial inputs in most developing 

nations including Ethiopia. Detail investigations about problems that result incropproduction 

variability and sometimes lose should be beneficial to the main economic agents, 

smallholders. Climate variability frequently affectedsmallholders‟ crop production of 

Ethiopia, and this study tried to examine how significant is the effect of the problemon 

smallholders‟ in the two farming systems. 

 

Many research findings showed that the short-run solution of climate variability is adaptation. 

Smallholdersof the country have different indigenous adaptation strategies, and this study 

tried to identify determinants of adopting those strategies in the two farming systems.How 

strong is the effect of climate related covariates on aggravating the current time displacement 

of the rural labor from one area to others? Thus, critical investigations and recommendations 

of this research could generate useful inputs for national policy makers in 

formulatingpoliciesand programs to reduce the productive rural labor displacement. 

 

Additionally, the study may also be useful input and bestepping-stone for having further 

researches atmeso or macro level abouteffect of climate variability on smallholders‟ 

productivity, income and labor displacement.  
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1.5. Scope and Limitations of the Study 
 

National level reports showed that small-scale, rain-fed dependent subsistence farmers 

produce most of the crops in the country. Smallholder farmersthat have lower capacity to cope 

up with severeproblems individually were the focus of this study. Variation in climate 

elementsmay affect smallholders‟ livelihoodthrough reducingagricultural production and 

incomes.Cropdamage may be a serious problem at national, local and individuallevel since 

the sub-sector has prominent share in the overall economic performance of the country. 

Cereals tend to be more sensitive to climate variability than other food crops, which was one 

reason why this study considered only the five major cereal crops.Cereals not only constitute 

the major food crops in the country, but also serve as a main source of income for 

smallholders. Findings of this study emphasized on cereal cropsthat take the dominant share 

in the overall crop production. 

 

ERHS categorized Ethiopian farming systems into seven categories includingCentral 

Highland, Arsi/Bale Grain plough, Grain-plough complex Highlands, Grain plough complex-

Northern Highland, Grain-plough/hoe complex, Sorghum plough/hoe Hararghe and Enset 

growing area (with or without coffee). Sincecrop production in the last three farming systems 

intermingled with permanent and cash crops, then vulnerabilityto climate variability may be 

lower due to diversification. Given this, Grain-plough complex Highlands and Grain plough 

complex-Northern Highland farming systems have no consistent data throughout the survey 

periods of ERHS due to civil war and shifting of sampled smallholders. Thus, this study 

considered the first two farming systems that were consistently visited in conducting ERHS. 

Additionally, they are from part of the country where cereal crops produced commonly with 

the frequent rainfall inconsistency.  

 

Due to inability to get consistent time series data for a long period at smallholder levelthe 

study consideredunbalanced panel data(1994-2014) collected in differenttime intervals from 

smallholders in the sampledkebeleadministrationsof the two farming system. Whereby,the 

research limited its study areas only on the six kebelesof the two farming systems that 

commonlyproducesample cereal crops (teff, wheat, barley, maize and sorghum). Given this, 



10 

 

 

the main target of the study was to address interaction ofclimate variability, and crop yield, 

income as well as rural labordisplacement.Thus, content of the research would be limited only 

to those areas rather than covering the whole concepts covered by ERHS in the previous 

seven roundsurveys.  

 

Climate change analysis is a complex process that needs longer period of data and laboratory 

works to examine its detailed impact on yield. This study hadeight round unbalanced panel 

data that could enable to examine the effect of climate variabilityon crop yield, incomeand 

labor migration but not climate change. Since the study had not laboratory works,it could not 

revealed effect of CO2 and solar radiations on crop yield, income, health and other effects 

onsmallholders. Thus, this study had a technical and analytical limitation in this regard.  

 

Technically, it is rational to use balanced panel data to consider all the sample units in all the 

sample years. Due to dissolution and migration of same households, this study failed to have 

balanced panel data for the sample households from the two farming systems. Since the focus 

of the study was crop production sub-sector, then the sample households were only from part 

of the country in which mixed farming practiced. Thus, the study has limitation of examining 

households from pastoral and agro-pastoral areas of the country.  

1.6. Organization of the Dissertation 

 

The dissertation has six chapters. The first chapter, introduction, covers the background, 

statement of the problem, objectives, limitations and significance of the study.Review of 

related works, done before, about concepts like definition of terms, empirical works, and 

theoretical as well as analytical tools covered in the second part of the work, literature review. 

The third and fourth part of the dissertation covered research methodology, and results and 

discussion about the findings. Discussion about method of data collection, source and type, 

method of data analysis to address the predefined objectives covered in the third part of the 

dissertation. Conclusions and recommendations from the findings presented in the fifth part. 

Cited works of different authors from previous works listed in the sixth part of the work, 

reference. 
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2. LITERATURE REVIEW 

This part of the dissertation reviews the crop season rainfall and temperature trend of the 

country, empirical studies, theoretical and analytical review, and conceptual framework. 

Works conducted regarding effect of climate variability on smallholders‟ crop production, 

income and family member displacementwere reviewed. The empirical review providesa 

foundation to justify the research problem under study and it could enable formulation of 

conceptual framework that visualizes relationship of climate variability and smallholders‟ 

crop production. The methodological framework section briefly discusses the potential 

methodologies employed to analyze the data in order to address objectives of the study.  

 

2.1. Definition of Terms 
 

Climate change: It can be identified (using statistical tests) by changes in the mean and/or 

variability of its elements and that persists for an extended period of more than half a century, 

typically decades or longer (IPCC, 2007b). Climate change is a long-term continuous change 

ofaverage weather conditions without going back to the normal value of each element. It is a 

slow and gradual, but not year-to-year variability within short periods. Thus, this study did not 

consider this concept due to data limitation.  

 

Climate variability: Variations in the mean value and other statistics like standard deviations 

of all climate elements(mainly rainfall and temperature) on all temporal and spatial scales 

beyond that of individual weather events (Fussel and Klein, 2006). It is harder for families 

and communities to predict the ever-changing, inconsistent weather (Oxfam International, 

2010). Climate elements may fluctuate over seasons and yearly above or below a long-term 

average value. It is possible to capture the problem within short period of observation as 

compared to climate change. Thus, this research uses the concept of climate variability since 

the number of sample survey years is not long enough to examine climate change.  

 

Labor displacement: Movement of people from one area to others (rural to urban, rural to 

rural, urban to urban or urban to rural), either temporarily or permanently is migration. If the 

movement of labor is due to climate variability, then it could be referred as labor 
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displacement (ILO, 2012), but not migration. This research referred rural labor displacement 

if there is movement among members of the household within the previous three years, before 

the time of data collection.Labor displacement sourced from problems related to climate 

shocks, production lose, agricultural income, food shortage and/or combination of related 

problems considered in the data collection. Those parameters were the caliper to disentangle 

rural labor displacement from other form of migrations.  

 

Adaptation: It involves the action that people take in response to actual changes or 

anticipating projected variations to reduce adverse impacts posed by climate change (Parry et 

al., 2005). IPCC (2007b) defined climate change adaptation as “adjustment in natural or 

human systems in response to actual or expected climatic stimuli or their effects, which 

moderate harms or exploits beneficial opportunities”. Thus, any of the strategies employed by 

smallholders to enhance crop production through reducing effect of climate variability were 

adaptation strategies for this dissertation analysis.  

 

Agricultural household: It is a household when at least one member is engaged in growing 

crops and/or raising livestock in private or in combination with others (CSA. 2007a). Thus, 

households that practice mixed farming could be within this domain and the study adopted 

those definitions in considering smallholders to substitute samples if there is dissolution of 

earlier sampled ones by ERHS in 2009.  

 

Surveyseason: It refers the time interval on which the data for this study collected (Appendix 

Table 1). Few of ERHSs had different survey and production season, and there was recall data 

collection about previous year production in some of surveys by ERHS.  

 

Production year: It implies the season starting from land preparation to harvesting for each 

crop. Climate related data of each survey follow the production year to have consistency 

between the crop production and climate variability elements (Appendix Table 3). The study 

considered the difference in the production years of each cereal in identifying the respective 

climate variability elements. This definition was the base to consider climate variability 

elements (rainfall and temperature) for each cereal crops.   
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Farming system:It is a resource management strategy to achieve economic and sustained 

production to meet diverse requirements ofa farm household while presenting resources base 

and maintaining a high level environmental quality (Lal and Miller, 1990).Given this, ERHS 

considered crop production system of households for the classification of the seven farming 

systems from which this study selected central highland and Arsi/Bale grain plough.  

 

Technical efficiency(TE):Refers to achievement of the maximum potential output from given 

amounts of inputs, taking into account physical production relationships (Farrell, 1957). 

Similarly others such as Hensher (2001) and Hollingsworth(2008) defined TE as producing 

the maximum amount of output from a given amount of input or alternatively, producing a 

given output with minimum input quantities. From both definitions, TE is highly related to 

output and its variation could indirectly indicate that there was output variability.  

 

Climate sourced shocks:Climate variability sourced external shocks resulted in huge 

economic costs and decreased growth (James et al., 2008). Extreme precipitation causes 

flooding (Falloon and Betts 2009).Given this, events including flood, frost and drought are 

elements that sourced from climate variability and considered as climate-sourced shocks in 

this research. 

Rainfall inconsistencies:Changes in the precipitation patterns including onset and harvesting 

times are indicators of climatevariability(Sassiand Cardaci, 2012).Similarly, late onsets, early 

cessation, rainfall at harvesting season, and consistency in the growing season were elements 

considered as rainfall inconsistency in this research.  

 

2.2. Climate Variability and its Effect in Ethiopia 

 

Recently, concern has grown worldwide that droughts may be increasing in frequency, 

severity, and duration given changing climatic conditions that increasesprobability of shocks 

(Peterson et al., 2013). Asoffrequent drought there is widening in the gap between water 

supply and demand for agriculture, and there has been remarkable production variability in 

both developing and developed countries (Donald et al., 2014). Among the climatic factors, 

rainfall variability has a colossal effect on livelihoods of the poor as well as economies of 
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most African countries (Hellmuth et al., 2007). Drought, in particular, represents one of the 

most important natural factors contributing to famine in many parts of SSA (Bekele et al., 

2014). Between 1971 and 2001 alone, drought affected more people than any other natural 

disaster in Africa (UNEP/GRED, 2005). The increased frequency of drought observed in 

eastern Africa over the last 20 years is likely to continue as long as global temperatures 

successively rise (Williams and Funk, 2011). This posed risks on more than 18 million people 

in the Horn of Africa alone who frequently faced potential food shortages and starvation. 

 

Osman and Sauerborn (2002) indicated that the second half of the 20
th

 century suffered 

predominantly from negative rainfall anomalies in summer season whereinthe rainfall level 

was frequently lower than the long run average. Yilma and Ulrich (2004) identified that the 

corresponding persistent warming of the South Atlantic Ocean over the period approximately 

from 1986 to 2002 caused rainfall decline in Eastern, South and Southwestern Ethiopia. The 

authors also identified that drought is the most important climate related disaster in the 

country, although floods and storms also happen periodically. The serious ones that killed 

many people and animals were in 1957–58, 1964–65, 1972–73 and 1983–84. El Niño event 

occurred in 2002 associated with impacts of global climate and extreme drought and result in 

severe production reduction and starvation in the country (Tagel and Anne, 2013). The 

problem manifested with lower rainfall in the long rainy season that resulted in huge livestock 

death due to feed shortage. During the time the rainfall, distribution was very uneven in 

northern part of Ethiopia. Moreover, climate change would greatly exacerbate weather risks 

since poverty limits capacity of people to manage risks (Hellmuth et al., 2009). 

 

Annual temperature of Ethiopia has rapidly increased in the last five decades thereby the 

mean level rose by 1.3
0
C that is 0.28

0
C per decade during 1960-2006 (UNDP, 2008b). World 

Bank (2008) showed that in the coming 100 years the average temperature of Ethiopia has 

projected to increase from 23.08
0
C towhat it was during 1961-1990 to 26.92

0
C in 2070-2099. 

Drought frequency has been increasing and proportion of the population affected by the 

problem increased continuously from 8% in 1975 to 16% in 2003 (Abera, 2010). Ethiopia has 

experienced at least five major national droughts since 1980, along with a large number of 

localized droughts (World Bank, 2008). These cycles of drought create poverty traps for many 
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smallholders, constantly consuming their efforts in building assets and income. About half of 

all rural households in the country experienced at least one major drought from 1999 to 2004 

(Dercon, 2009). Having the rain-fed agriculture rainfall variability stressed the lives and well-

being of many rural smallholders in Ethiopia. Smallholders‟ dependency on rainfall and its 

erratic patterns largely contributed to the food shortages with which they constantly struggle. 

 

In the famine that lasted for three years from 1983–85, about 400,000 to 500,000 people died 

(deWaal, 1991). The famine of 2003 in Ethiopia was the worst since the mid-1980s, which led 

about one fifth of the population without food and tens of thousands died because of 

starvation and malnutrition (Carter, 2011).Ethiopia has been structurally food deficient since 

1980. The food gap rose from 0.75 million tons in 1980to 5 million tons in 1994, falling to 2.6 

million tons in 1996 due to better harvest (Befekadu and Berhanu, 2000). The large food aid 

(240,000 tons) deliveredin 1996 fiscal year suggested that chronic food insecurity afflicts 

millions of Ethiopians even in the absence of transitory production shocks (Devereux, 2000).  

 

Ethiopia‟s economy showed an average 10% growth over the past decade, but contracted by 

more than 3% in 2012 when the El Nino occurred(Zenebe et al., 2011). Ethiopian government 

combats the drought in 2015by spending 4 billion Birr ($191 million) for importing of 

627,000 metric tons of wheat and 20,000 tons of edible oil. Rainfall shortage from February 

to May in 2015 production year of the country left more than 10 million people in need of 

emergency support, and the crisis worsen through September of 2015 year. Totally 15 million 

people were in need of food aid in 2015, and an extra $340 million was required for relief 

efforts (William,2015) due to the crop season rainfall inconsistency.The annual average grain 

loss was roughly 462,000 ton from 1994 to 2004. Due to drought crop planting in summer and 

autumn was disrupted wherein 10%-30% yield reductions recorded in central arid area from 

710,000ha (Zenebe et al., 2011). Frequent drought also affected the quality and yield of 

grazing grassland, which in turn affected the number and quality of livestock. The negative 

impacts of future climate change and variability entail serious damage on production of 

teffand wheat, but relatively maize yield will increase in 2050(Zerihun, 2012). 

 

https://en.wikipedia.org/wiki/Alex_de_Waal
http://mgafrica.com/author/william-davison
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2.3. Cropping Season Temperature and Rainfall Trend 

 

Long run crop season temperature of Ethiopia exhibited upward movement with the going of 

time wherein the increment becomes higher after 1950 with greater variability. Its variation 

was in a constantly increasing trend before 1930, but it showed greater variability after 1950s 

registering the lowest temperature before 1960s. High temperature level, above 23.00 
0
C 

registered in 1953-55, and 1980 after 30 years as well in 1998 after 18 years. After 4 years of 

registering the highest in 1998, the same level of temperature was registered in 2002-06 for 

longer duration and 3 years later in 2009. This circumstance indicated that the time gap of 

registering high temperature was narrowing with the going of time and in recent years; there 

is consistent increment that creates difficulty on the crop production of the country. Given all 

the above crop season temperature of the country showed drastic type of increment after 2000 

production yearand this circumstance may countinue even in the future.  

 

Similarly, long run cropping season rainfall of the country showed greater variation especially 

after 1950s. The rainfall was very low in 1972 and 1987 within 15 years interval, this problem 

happened in 1995 exactly after 8 years, and the problem happened again at a shorter period 

interval of only 7 years in 2002. This circumstance showed that frequency of low rainfall 

becomes shorter recently and this would crop production creates uncertainty in the country. 

 

 

Figure 1. Cropping season temperature trend of Ethiopia. 

Source: Ethiopian NMAfrom the central observatory, 2014. 
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Though rate of reduction in cropping season rainfall is not like the temperature increment, 

there was continuous reduction in rainfall of the country. Both variability and reduction of 

cropping season rainfall were better than the circumstance in temperature. There were 

subsequent cropping season rainfall variations in many of the production years especially in 

recent times as to the data collected from central observatory of the country. Cropping season 

rainfall of the country showed that there was greater variation or volatility in each subsequent 

production years and the long-run trend exhibited continuous reduction with the going of time 

and the same condition will continue in the future.  

 

 
Figure 2. Cropping season rainfall trend of Ethiopia. 

Source: Ethiopian NMAfrom the central observatory, 2014. 
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Table1. Main sources of crop damage in the country 

Cause of 

damage   

Number of smallholders in 000 

2006 2007 2008 2010 

All 

crops 

Cereals All 

crops 

Cereals All 

crops 

Cereals All 

crops 

Cereals 

Floods 231 73 417 166 463 167 70 25 

Insects 100 34 84 32 94 30 77 26 

Low rain  20 7 17 5 34 9 14 7 

High rain 160 46 150 51 201 60 117 35 

Hailstone 402 130 236 89 303 99 1,493 654 

Pests 50 18 71 33 76 31 37 15 

Source: CSA, 2006, 2007, 2008 and 2010.  

 

Since agriculture of the country is a rain-fed type, each variation in one or more elements of 

the climate would have devastating effect on productivity and income of rural smallholders 

(Peter and Lamin, 2010). Climate variability mainly encompasses precipitation and 

temperature, which are the two most important agricultural production inputs (Deschênes and 

Greenstone, 2007). Since adverse impacts of climate variability are becoming more frequent 

and severe, the already fragile socioeconomic activity of the country is more likely to 

exacerbate (Collier et al., 2008). Getnet and Worku (2013) estimated effect of rainfall 

variability on crop production, and the result showed that if the annual rainfall diverges from 

its long-term average, thereby production of all crops diminished significantly. The authors 

also argued that extreme rainfall could reduce productivity effect of fertilizer on crop 

production, and finally conclude that climate change induced rainfall variability is an 

inevitable threat to Ethiopian crop production.  

 

Analysis of long-term records of drought events compiled by NMA (1987) over several years 

in Ethiopia indicated increment in drought frequency at exponential rate. Dejene and Seleshi 

(2003) showed that there was drought in 1965, 1972–73, 1983–84, 1987–88 and 1997, that 

resulted in serious agricultural production loss and affected millions of rural poor farmers, 

pastorals, domestic and wild animals, with sever environmental degradation effect. There is 

an urgent need to reduce vulnerability of Ethiopia from climate variability and to the threats 

from the problem (Bekele et al., 2014). The authors also argued that simulation results 

indicate that, over 50-years period, the projected reduction in agricultural productivity may 
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result in 30% less average income, compared with the possible outcome in the absence of 

climate variability. The moisture sufficient highlands of the country are cereal dominate in the 

crop production and overall productivity is projected to increase approximately until 2030 as a 

result of climate variability, but the decline could be sharpthereafter. In the high total factor 

productivity (TFP) growth scenario, overall productivity increment can compensate the loss in 

other areas where productivity could continuously reduce until 2040, but it could be difficult 

to keep pace with the loss onwards that year (Zenebe et al., 2011). Those authors also argued 

that in the low TFP growth scenario, because of climate variability, overall production of both 

crops and livestock is lower at the end of 2040 than at the beginning. In the drought-prone 

highlands, land productivity and crop yield expected to decline because of climate variability 

more or less continuous for most periods, but much of the decline occurs relatively soon.  

 

Rainfall variability has historically been a major cause of food insecurity and famines in the 

country and the rainfall in Amhara regional state of Ethiopia is characterized by alternation of 

wet and dry years in a periodic pattern (Woldeamlake, 2009). The author identified that out of 

the 29 years of observation, 17 years (59%) recorded below the long-term average annual 

rainfall amount while 12 years recorded above average. Sharp crop production reduction also 

observed in many parts of the country after 2030 that may increase crop value and actually 

rises, albeit temporarily, above the no-climate variability baseline (Zenebe et al., 2011).  

 

2.4. Potential Effect of Climate Variability on Crop Income 

 

It is known that climate variability has two contradictory effects on smallholders‟ crop 

income: positive (induced) effect through crop price increment and negative (direct) effect via 

reducing yield. Stephanie (2012) showed that frequent heat waves result in sharp price rises 

that may increase producers‟ crop income. Researchers found that climate variability is likely 

to have far greater influence on crop price volatility than factors that recently blamed for price 

swings like oil prices, trade policies and government bio-fuel mandates. There was household 

income reduction for rural farmers of Mozambique, who relies on rain-fed agriculture, when 

monthly rainfall varies from its normal amounts (Julie and Corene, 2014). Susanne (2012) 

also argued that regional weather events affected not only price, but also quantity produced 

that results in net real crop income variation, with a rise of about 84% in 2007 and 18% 

http://topics.nytimes.com/top/reference/timestopics/people/s/stephanie_strom/index.html
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reduction after the year. If farmers would have extra produce available for sale, then there 

may be better crop income collection even with the ongoing climate variability.  
 

Figure A Figure B 

Y Y 

 

  

 

 

 C C 

Figure 3. Possible effects of climate variability on crop income 

Where: Y =Gross margin                            Pi = Price of each crop i 

C= Climate variability                     Qi = Quantity of each crop type i 

 

Partial effect of climate variability on crop income takes either of the above two forms. Figure 

A and B demonstrate relationshipbetween climate variability and crop income throughcrop 

price and quantity available for sale variation, respectively. Relationship between crop income 

and climate variability through price could generate U shaped type of interaction, keeping 

quantity constant. This logic implies that the lower production due to climate variability could 

increase crop price as of quantity supply reduction. Inverted U shaped type of relationship 

between climate variability and crop income could be developed through the quantity effect, 

keeping price constant. This relationship implies that the quantity of cereals available for sale 

(marketable amount) would reduce if there were overall production reduction because of 

climate variability.Since smallholder farmers in Ethiopia have low capacity to produceextra 

quantity for sale if climate variability affects the crop production, then the problem would 

have greater negative effect on their crop income because of not having marketable amount. 

Based on the above figures, the one that has stronger effect would direct overall effect of 

climate variability on crop income. If the price effect, the positive brunt, outweighs the 

negative effect via reduction in quantity, then overall effect of climate variability would be 

positive and improvement in the crop income. In the other direction, if the effect through 

quantity reduction outweighs, then overall brunt would be negative and each increment in 

climate variability would result in crop income reduction. 

Y = F(Ci, Pi) 

Y = F(Ci, Qi) 
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2.5. TheoreticalFramework 

2.5.1. Determinants of Yield and Income 

 

In the late 18
th

and early 19
th

century, the classical economists argued that agriculture does not 

have the capacity to produce surplus product, but the industry can do that(Jayne et al., 

1994).According to growth stages theories, progress in agriculture was dependent on strong 

export demand or domestic industrial development has the potential to develop agriculture 

and the total economic growth. Nelson (1981) recognized that there are important interactions 

between capital formation, labor allocation, technical progress and agricultural productivity. 

Others argued that technological limitations, rigid social institutions, fragmented markets and 

reduced communication network between rural areas and urban centers often inhibit the 

higher level of production(Ferreira and Khatami, 1996). The argument of these authors 

implies that investment in infrastructure is an important source of agricultural growth. 

Currently, smallholders hardly aimed at maximizing agricultural productivity and they are just 

desirous to save their families from starvation due to significant yield variation. They 

frequently afraid of drought and famine, and sometimes they worried about extensive rains. In 

this regard, poor peasants tried toutilize thetraditional strategies, which they have inherited 

from their ancestors in order to reduce risks.  

Singh and Dhillion (2000) stated that agricultural productivity is frequently associated with 

the attitude towards work, thrift, industriousness and aspirations for a high standard of living. 

For the analysis of agricultural productivity functional forms like Linear, Cobb-Douglas, 

Trans-log, Normalized Quadratic, Leontief and others may be adopted by different 

researchers. Given those potential functional forms the Cobb-Douglas production function is 

commonly used because it is theoretically and empirically more plausible as well as being 

easy to estimate and mathematically manipulate. Smallholders‟ income mainly derived from 

farm and non-farm sources (Tessema, 2015) and factors that affect either of the two sources 

would have significant effect on their overall income. Farm and non-farm activities could play 

a vital role in the rural economy.  
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Adoption of better seeds, fertilizers, and simple irrigation devices would enhancestaple crops 

production (Lydia, 2012). In order to boost the crop production fertilizers and other input 

consumption should be to the standard level, which enable the agriculture sector to earn 

surplus that may upliftliving standard of the majority. The author also argued that one-third of 

cereal production worldwide increase has been attributed to fertilizer related factors. The 

transition from subsistence farming to diversified type depends on reasonable and reliable 

access to credit, fertilizers, water, crop information, and marketing facilities, fair market price 

for agricultural produce and provision of extensive services. Diversified farming could 

minimize the impact of staple crop failure, and provide a security of income that was not 

available earlier. 

2.5.2. Theories on Rural Labor Migration 

 

Migration will take place due to the differences in demand for labor in different sectors of the 

economy (Lewis, 1954), which was the first theory to predict and explain the movement of 

labor in general terms. However, Lewis‟s theory soon came under attack from inductive and 

historical accounts. It became obvious that in many developing countries after World War II 

there was large scale rural to urban migration, despite huge unemployment in the destination 

area. Migration continued to flow from labor surplus areas or low wage to areas that had 

abundant labor and large unemployment.  

 

A new version ofneoclassical economic theory developed in the late 1960s in order to explain 

labor migration, wherein the migrant is a rational actor who calculates the difference between 

expected and potential earnings as well as the income obtained in the rural sector (Todaro, 

1969). Thus, the migrant is an economic agent who decides to migrate based on two main 

criteria: evaluating the urban-rural real income difference and the probability of obtaining a 

job in the urban. In this theory, the difference between rural income and potential income 

from the urban is the factor that gives the rational individual the incentive to migrate. This 

income difference is the pull factor in the rural labor migration.  

 

Todaro‟s model and theory is still very influential despite challenged by the New Economics 

Labor Migration Theory(NELM) after 1980s. TheNELM theory explained that migration is a 
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social groups‟- family or household level decision based on how migration transforms the 

migrant‟s economy. According to the NELM theory the decision on whether to migrate or not 

is not necessarily taken by the individual, but the household is more often the basic economic 

agent that allocates resources (Massey et al., 1993). Moreover, the household may have 

different motivations and concerns when it makes strategic decisions than the individual 

family member. It is usually very important to minimize risk, for instance by taking on a 

diverse portfolio of income generating activities. Since most rural areas in developing 

countries lack diversified source of income, rural smallholders are vulnerable for seasonal 

fluctuations and other external risks. Thus, participation in migration may be one way for 

smallholders to mitigate or reduce risks and uncertaintiessourced from climate variability. 

 

In addition to the above human capital theory of labor migration, there are also other recent 

theories that tried to formulate new versions considering current problems(Wildan, 2012). The 

network theory of labor migration argued that the network between potential migrants and 

previous migrants is a significant factor in facilitating the rural migration. Migrants and 

household members maintain connection and cooperation over long distance through 

exchange of transfer and other assets. Thus, the complex social network within the 

community, and prospective migrants and the already migrated onesdetermined the decision 

to migrate. Migration sourced from this social factor was not main interest of this study.  

 

However, there are immense theories about rural labor migration, but many of them ignored 

the current time push factor, climate change and variability, in their discussion. This problem 

may be critical factor in aggravating rural labor migration especially in developing countries 

that have rain-fed agriculture as a main source of livelihood for the rural smallholders. Thus, 

this study tried to incorporate climate variability elements as determinants of rural labor 

migration in central highland and Arsi grain plough farming systems of Ethiopia.  

 

2.6. Analytical Framework 

 

This section presents the analytical techniques and procedures used in this document. 

Previous studies done in areas related to this work were investigated to select the appropriate 
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analyticalmethodologiesto address the predetermined objectives of this study in the two 

farming systems. 

 

2.6.1. Analytical Framework aboutDeterminants of Crop Yield 

 

Agricultural productivity most commonly estimated using the parametric and non-parametric 

approaches. In the former approach coefficients of the production function are estimated 

statistically using econometric approach whereas, in the non-parametric approaches by using 

the mathematical programming approach. It is the parametric approach commonly used in the 

estimation of production functions while the non-parametric ones used in efficiency analysis 

(Coelli et al., 1998). 

 

Production Function Approach, Agronomic-Economic Models (AEM), Agro-Ecological Zone 

Models (AEZM), and Ricardian Cross-Sectional Model (RCSM) are the prominent models 

commonlyused to assess economic impacts of climate change and variability on 

agriculture.The Production Function Approach of examining effect of climate variability on 

agriculture assumes that crops do not have adaptationcapacity to the changing climate 

condition.The model also assumes that land used in a given year for a specific crop would be 

budgetedfor the same crop in other years. In this approach, yields of different cropspecies are 

examined under different climatic conditions (Reinsborough, 2003).Considering feature of the 

experimental design could provide estimates of weather effect on crop yield.  

 

Agronomic-Economic models are biophysical representations of crop production simulating 

the relevant soil-plant-atmospheric components that determine plant growth and yield. They 

are tools to examine impacts of climate variability on agricultural productivity, as well as to 

investigate potential effects of different adaptation options.The AEM employs a controlled 

experiment on specific crops grown in field or laboratory settings under different climate 

scenarios such as temperatures, precipitations, and/or CO2and others (Adams and McCarl, 

2001).AEZM on the contrary assigns crops to agro-ecological zones as indicated in the name 

and predict their yields. The model relates agro-ecological zones and crop yield variations due 

to climate variability, which makes it possible to predict effects of alternative climate 

scenarios on crop yields (Mendelsohn and Dinar, 1999). 
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Gupta et al. (2012) adoptedCobb-Douglas production functional form for investigating effect 

of climate variability on rice, sorghum and millet productivity using panel data. Precipitation 

is also a major determinant of crop yield in rain-fed areas. Zaal et al. (2004) argued that 

impact of water supply oncrop yields should be estimated using cumulative annual rainfall, 

but Fermont et al. (2009) used growing season rainfall only. Elodie (2012) used two 

alternative specifications for each crop to avoid multicollinearity. The first analysis, the 

Temperature–Precipitation (T-P) model, includes the most commonly used weather indicators 

like precipitation and temperature averages. The model summarized as:   

Yit = (Ait, Tit, T
2

it,Pit,P
2

it,TitPit,T
2

it, Pit,TitP
2

it)                (1) 

Where: Y represents yield of crop i at time t,  

A is area harvested for each crop i at time t 

T and P represent temperature and precipitation, respectively,for each crop i at time t 

The second analysisevaluates the effect of temperature including squared term for Tit, 

Standardized Precipitation Index (SPI), drought and flood dummies represent effect of 

extreme precipitationconditions. The model has the following format: 

 

Yit = F(Ait,Tit, T
2

it, SPIit, Dit, Fit, TitSPIit, T
2

itSPIit, TitDit, TitFit)  (2) 

Crop yield determinants like fertilizer, draught power and capital were not considered in the 

above functional form. Additionally, the formulation may suffer from serious multicolinearity 

problem due to incorporating interaction and quadratic terms. Although the formulation has 

immense limitations, it can be used as a base for formulating better analytical framework. It 

could serve as a base for this research to formulate a mathematical modelthat is appropriate as 

to the data type considered.Anthonyet al.(2011) model yields(Y)using a quadratic function of 

degree-days d, where d is deviation of temperature from the optimum of each crop.  

Y=β0+β1d
2
+β2d  (3) 

Where d is the difference between daily temperature or rainfall level, and optimum of the 

crop. It may be a better formulation in measuring response of the crop at its full growing 
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period. This method of formulation is difficult in developing nations‟ agriculture due to 

serious data problem and difficulty of accessing each plot to have a day-to-day record.  

Battesse and Coelli,(1992) considered a stochastic frontier production function with a simple 

exponential specification of time-varying effects, which incorporates unbalanced panel data 

associated with observations. The model was defined as:  

 
𝑌𝑖𝑡 =  𝑓( 𝑋𝑖𝑡;  𝛽) 𝑒𝑥𝑝(𝑉𝑖𝑡 − 𝑈𝑖𝑡)

and 
 𝑈𝑖𝑡 =  𝜂𝑖𝑡 𝑈𝑖 =  {𝑒𝑥𝑝[−𝜂(𝑡 − 𝑇)]𝑈𝑖      

 (4) 

Where:Yitis the production for individual i at time t. 

f(Xit; β) is suitable functional form of vectors,  

Xit refers the production inputs and a vector β the unknown parameters 

t=1,2,..n, the production time considered as a sample 

η is an unknown scalar parameter that show reduction, remain constant or increment in 

the yield variability as t increases, if η >0,  η=  0  or  η<0, respectively. 

 

Battesse and Coelli,(1992) and Temperature –Precipitation (T-P) model ofElodie (2012) were 

the bases to formulate mathematical equations (See section 3.4.1.)in order to examine effect 

of climate variability on the five cereal crops. The amendment done based on data and crop 

type as well as smallholder level characteristics of the two farming systems. 

 

2.6.2. Analytical Framework for Determinants of Smallholders’ Crop Income 

 

Production Function Approachrelies on experimental evidences about effect of climate 

change and variability on agricultural yields and income (Reinsborough, 2003). Consequently, 

it is straightforward to use the results of these experiments to estimate impacts of a given 

change in temperature or precipitation. The approach does not take into account even the 

short-run adaptation behavior of farmers; it produces estimates of climate change and 

variability that are downward biased. For this reason, it sometimes referred to as the “dumb-

farmer scenario”. This approach may not be logical enough since most smallholder farmers 

are aware and always try to adopt traditional strategies to increase crop yield and income. 
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Agronomic-Economic Models (AEM)does not take into account economic considerations that 

affect actual farm decisions. Estimated changes from experimental crops in agronomic models 

entered into an economic model to predict crop choice, production, and market prices. One 

major advantage of this model is that it directly predicts the way climate variability affects 

crop yields since it requires carefully calibrated controlled experiments. However, it has 

disadvantages that limits its applicability especially for developing countries since agronomic 

estimates do not control for adaptation to climate variability (Mendelsohn and Dinar, 1999); 

and lack of sufficient controlled experiments to determine agronomic responses in developing 

countries (Seo et al., 2005). 

 

The Agro-Ecological Zone Models (AEZM) arejust like the AEM wherein changes in the 

experimental crops derived from the different agro-ecological zones fed into an economic 

model to predict overall supply and market effects (Darwin et al., 1995). The greatest strength 

of this model isits applicabilityin developing countries if the geographical distribution of 

zones is available in the region (Mendelsohnet al, 2000). The model is not applicable if 

climate zones of the country are not clearly identified, and which crop grows in each zone. At 

the same time, it does not control for adaptation to changing climates as the case with the 

AEM. Given this, the methodology is not suitable for this study since the data were not agro-

ecology based rather farming system.  

 

The Ricardian Model (RM) deeply rooted in the famous theory of economic rents by David 

Ricardo in 1815 however, much of its application to climate-land value analysis, draws 

extensively from the work of Mendelsohn et al. (1994). The RM simply examines how 

climate in different places affects the net revenue or value of land. As Seo et al. (2005) noted 

that RM accounts direct impacts of climate on yields of different crops as well as the indirect 

substitution of different inputs, introduction of different activities, and other potential 

adaptation by farmers to different climates. Thus, the greatest strength of the model is its 

ability to incorporate changes that farmers could make to tailor their operations to climate 

variability to increase potential benefit of cropland. A key assumption to this approach is that 

land used for a given purpose is best used for that purpose and land values represent the 

present value of rents when the land is used for its optimal purpose.  
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The RM method considers temperature and precipitation to examine effect of climate 

variability on agricultural land value. Mendelsohn et al. (1994) examined how climate 

variability in different places affects net rent or value of farmland. The approach directly 

measures farm prices or revenues and account direct effect of climate on crop yield, 

substitution of different inputs, introduction of different activities and other potential 

adaptation strategies to climate variability. To implement this approach successfully, it is 

necessary to obtain consistent estimates of the independent influence of climate variability on 

land values, which requires that all unobserved determinants of land values are orthogonal to 

climate. Ricardian model bases on the idea that the long-term productivity of land is reflected 

in its product value. After estimating how climate conditions affect land values or farm net 

revenues, it is possible to use climate scenarios to infer about effects of climate variability on 

value and farmland productivity.  

 

Deschenes and Greenstone (2006) link profits and yields to weather fluctuations.Ricardian 

cross-sectional approaches that measures performance of households and firms across spatial 

scales with different climates draws heavily on the underlying competitive market assumption 

of constant prices and land values reflect productivity (Nhemachenaet al, 2010).It also 

assumes that input and output prices are unchanged and that firms adjust their market inputs 

and outputs to adapt environmental changes. This assumption may be violated in Ethiopian 

case since our smallholders who produce similar crops may get different prices due to 

geographic location from the central market. The approach uses monetary values and 

therefore makes aggregation straight forward (Di Falco, 2011). Despite its few shortcomings, 

the RM has beenextensively applied in different parts of the world with remarkable success 

(Edame et al., 2011). Since many of its assumptions are in line with Ethiopian smallholders‟ 

agriculture, this research employed Ricardian method of analysisto examine effect of climate 

variability on crop income in the two farming systems. In connection to this, Anthony et al. 

(2011) formulatedthe economic profit in year t as:  

Yct=αc+γst+Xctβ+ θ𝑖𝑖 𝑓𝑖(𝑊𝑖𝑐𝑡 )+uct                     (5) 

Where:Yct is the economic profit that is simply difference between sales and expenditure  

αc is a county fixed effect 

γst is ayear fixed effect 
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Xct are time-varying county-specific controlvariables like soil quality 

Wict is weather variable i in county cat year t.  

uct is theerror term. 

 

John and Berhanu (2005) incorporated different input factors (If) including labor, ox power, 

fertilizer, seeds, manure or compost to identify determinants of crop production value per 

hectare (Yhp= gross revenue function). The gross revenue function includes other covariates 

like land management practices (Mp), household‟s endowments of physical capital (Kp)and 

financial capital (Ca) in the regression.  

 

Yhp = Y(If, Mp, Kp, Ca, Xv, uyhp)                                                      (6) 

 

Where: uyhp = random factors 

The above functional formulation shows that aggregateproduce value per hectare of different 

cropsis a function of both input and non-input factors. Similarly, Kumar and Jyoti (2001) 

formulated household‟s revenue(R) by considering climate elements like temperature (T
o
), 

precipitation (P) and deviation of temperature (DvarT
o
), yearly temperature variation 

(YvarT
o
) and capital inputs(K). The authors formulated the following type of mathematical 

expression to identify effect of climate variability on households‟ revenue in India.  

 

R = F(T
o
, P, DvarT

o
, YvarT

o
, K)                                                   (7) 

 

Jameset al. (2009) employed a Seemingly Unrelated Regression (SUR) model for the three 

different sources (Field crops, Horticulture, Animal production) of households‟ net income in 

which crop production inputs, wages paid, productivity, temperature and rainfall of each 

months were considered as explanatory variables for the three equations. The data what this 

research considered were not long enough to calculate deviation term from the actual level for 

rainfall and temperature. To calculate temperature and rainfall deviation term it is mandatory 

to have long run average for each sample kebele, which was impossible due to data 

inconsistency from the national meteorology. Taking the above two functional form as a base 

this study formulated reduced form of endogenous function (See section 3.4.2.) to examine 

effect of climate variability on smallholders crop income. 
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2.6.3. Analytical Methods for Determinants of Labor Migration 

 

Li and Zahniser (2002) adopted probit model to analyze the determinants of temporary rural-

urban migration in China. Vera et al. (2010) constructed a dummy dependent variable 

indicating whether the household has at least one member who migrates or not. To consider 

the magnitude difference of the migrant from each household in the two farming systems this 

study constructed continuous dependent variable. This type of dependent variable could be 

able to consider effect of climate variability on the extent of displacement. Different factors 

like wage gap, income risk, education, gender, family, infrastructure, water resource, cropland 

and credit access affected labor migration(Wildan, 2012). After listing the potential factors in 

affecting migration decision, Wildan (2012) formulatedtwo types of mathematical models, 

which were household and village level type, respectively as: 

 

D= F(X1, X2, X3, X4, X5, X6, X7, X8)                                (8) 

The village levelmathematical representation considers the percentage of village population 

going abroad as a dependent variable:  

Y= F(Z1, Z2, Z3, Z4, Z5, Z6)                                                                                                    (9) 

Agricultural land, socio-economic indicators, access to market and credit, and other covariates 

include in the village level migration decision framework. The author did not include 

production inputs in the formulation and did not perceive that income variation is a source of 

migration. Ikra et al. (2011) argued that migration decision is purely dependent on variation 

of socio-economic (SE) variables. The authors formulatedbinary probit model to estimate the 

effects of those covariates on migration decision after having dummy dependent variable.  

 

Mi = β0 +  β𝑖
𝑛
𝑖=1 SE𝑖+  εi (10) 

Shivashankaraand Gowda (2010) adopted logit model to identify the determinants of rural-

urban migration in India. Underlying the observed dichotomous behavior Yit(whether or not 

an individual migrates at a given age), there is an unobserved or latent continuous response 

Yit*, representing the propensity to migrate (Pau and Amparo, 2016). If the latent response is 

greater than 0 then the observed response is 1; otherwise it is 0. A linear regression model 

specified for the latent response Yit* as: 
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Yit* = β0 + β‟Xit + ui                  (11) 

This equation tried to show presence of some hazardsbehind migration decision of 

individuals, but itfailed to consider them in the formulation. Relationship between migration 

and environment conditions is logical, particularly in rural areas (Nevins, 2007). 

Environmental and climatic variations affect agricultural productivity and can induce 

significant migration as a response (Feng et al., 2012). Researchers speculated about peoples‟ 

propensity to engage in massive movement from countries that have limited abilities to 

mitigate environmental hazards. Hunter (2011) employed state level migration model to 

examine effects of natural disasters and crop yield reduction on the migration likelihood. 

These all imply that climate variation affects householdmember‟s mobility through its effect 

on yields. Temperature or precipitation shocks could reduce yields and as a result 

smallholder‟s income, which in turn induces family members to displace away. The 

endogeneity problem would direct to employ instrumented model, wherein the first equation 

generates predicted value of income to use it as an explanatory in the second equation.  

Mij= f(Yfarmij, Xij, Cj)+ ε1ij                       (12) 

Where: Mij number of migrants from smallholder i village j 

Yfarmijis the logarithm of cropincome 

Xij household level characteristics and  

Cj denotes cost of migration, proxy by the distance from the village to a main road 

To take into account the endogeneity problem in the first equation, crop income could be 

instrumented with temperature, precipitation and other determinant variables: 

 

Yfarm ij= f(Nij, Lij, LSij, Sij, Shockj) +ε2ij     (13) 

Smallholder i‟s agricultural income is determined as a function of climatic shock in a village 

j, and as a function ofsmallholder‟s number of labor, cropland, livestock units and soil type. 

Earlier works in connection to migration had a focus on pull and some pushing factors mainly 

socioeconomic types. The migration analytical framework did not consider effect of climate 

variability and other production input variations. Thus, this research tried to incorporate 

climate variability elements in the above mathematical formulation (equation 13)to 

identifythe determinants of rural labor displacement from central highland and Arsi/Bale grain 

plough farming systems of Ethiopia.  
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2.7. Empirical Review 

2.7.1. Economic Growth Effect of Climate Variability 

 

The global average temperature in 2013 was 14.6
0
c, which was 0.6

0
c warmer than the mid-

20
th

 century this adds an evidence for the ongoing climate variability and change (McCarthy, 

2014). While the world experienced relatively warm temperature in 2013, but in some 

countries, it was the hottest year on record. Weather patterns are always causing fluctuations 

in average temperature from year to year, and the continuous increment in greenhouse gas 

levels of Earth‟s atmosphere is driving a long-term global temperature rise. Ihtiyor and Aden 

(2014) identified huge differences regarding impacts of climate change between large-scale 

commercial and small-scale farms in the northern regions of Kazakhstan in which the problem 

had positive income gains effect while the latter affected negatively. The authors also argued 

that negative impacts could be further aggravated in arid zones of Central Asia due to climate 

variability and water demand increase in upstream regions if irrigation water availability is 

not there. Similarly, Parry (2004) argued that impact of climate change on crop yield would 

be different for countries in developing and developed world. Deschenes and Greenstone 

(2006) also identified that climate change has a considerable heterogeneous effect on yield of 

the most important crops produced in some part of USA.  

Droughts led to rampant environmental degradation and desertification in most part of the 

world. With the current level of greenhouse gas emissions, each successive decade will be 

warmer than the previous one. Inter annual rainfall variability is large over most of Africa, 

and for some regions multi-decadal variability is substantial (Boko, 2007). Extreme events 

like droughts and floods have strong population displacement effects on African nations, and 

prolonged droughts lead to famine, diseases outbreak and deaths in most of the nations.  

African countries are likely to be the most vulnerable to climate change since they have 

limited skills and equipment for disaster management, limited financial resources, weak 

institutional capacity and heavily dependent on rain-fed agriculture (Rockstrom, 2000). The 

problem compounded with infertile cropland in most parts of SSA: caused by low production 

inputs, lack of appropriate technology and lower access to modern inputs (Reardon et al., 
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1999). Climate change threatens SSA countries to intensify development challenges already 

confronting them, including food insecurity (Scholes and Biggs, 2004). The recent prolonged 

and severe droughts, in East African nations like Ethiopia and Kenya, are widely perceived to 

be symptomatic about effect of changing climate (KMD, 2008). Episodes of recurrent 

droughts and associated effects on landscape and resources are not new for many of African 

countries. Abnormal onset of the rainy season results in severe consequences, where abrupt 

floods destroy infrastructure and hamper physical mobility, damage crop fields, increase 

disease epidemics for crops and livestock, and have severe impact on livelihoods (Ojwang et 

al., 2010). Rainfall variability, warmer temperatures and frequency of extreme weather events 

expected to increase in East Africa and many nations will face risk of longer dry spells and 

heavier storms. This implies that increased frequency and severity of droughts aggravate 

aridity of dry lands, making it drier and adversely affecting ecosystems balance, food security 

and overall livelihoods of communities who depend on rain-fed agriculture.  

 

Climate variability may aggravate the water stress currently faced by some countries in SSA, 

and some nations that do not experience currently will become at risk in the near future (Imed, 

2011). Even without climate variability, several countries in northern Africa will exceed the 

limits of their economically usable land-based water resources before 2025. About 25% of 

Africa‟s population currently experience high water stress, and a number of nations already 

face semi-arid conditions as of climate change that makes agriculture more challenging, as 

well as it is likely reducing the length of growing season and forces huge marginal croplands 

out of production (Boko, 2007). The author also argued that sea-level rise could increase 

flooding, especially in eastern African coastlines that would have strong health impact. This 

problem would probably increase the socio-economic and physical vulnerability of coastal 

cities in the region.  

 

Studies on climate variability identified that the already hot and dry continent, Africa, is most 

vulnerable to the problem (Mendelsohn and Williams, 2004). The livelihoods and welfare of 

hundreds of million Africans depend on agriculture (Ojwang et al., 2010) wherein IPCC in 

2007b reported confidently that the Middle East and North Africa (MENA) region is 

extremely vulnerable to climate variations. Majority of the countries in this region belong to 
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the hydraulic poor part of the world characterized by scarcity and temporal rainfall variability. 

Moreover, climate change in the MENA is more than an issue of environment rather it is a 

matter of development. Climate changeand variability would further exacerbate economic 

problems of the region through reducing employment opportunities and food prices hike 

(Imed, 2011) that would exacerbate the existing poverty and starvation. 

 

Whilst smallholder farmers in some regions of the world may benefit from longer growing 

seasons and better yields, general consequences of climate variability in Africa, expected to 

be adverse and particularly for the poor and marginalized farmers that do not have means to 

withstand shocks and changes (Gina et al., 2008). A recent mapping on vulnerability and 

poverty in Africa (Orindi et al., 2006) put Ethiopia as one of the most vulnerable nations to 

climate change with the least capacity to respond. Ethiopia has suffered from periodical 

extreme climate events, manifested in the form of frequent drought and occasional flooding. 

Rainfall variability and associated droughts have been major causes of food shortage and 

famine in Ethiopia. At the national scale, the link between drought and crop production is 

widely known (Di Falco et al., 2011) in Ethiopian agriculture. 

 

Cline (2008) had argued that global warming is the long list of potential source of risk for 

world agriculture and it stands out as among the most important. James et al. (2008) found 

that climate variability especially rainfall variation exaggerate food insecurity problem in 

some part of Zambia due to crop production variation. Raymond (2009) found that projected 

climate variability over the period 2010-2039 reduces major crop yields by 4.5 to 9% in India. 

The author also argued that the long-run (2070-2099) impact is dramatic yield reduction by 

25% or more in the absence of long-run adaptation. These findings suggest that climate 

variability is likely to impose significant costs on the economy unless farmers can quickly 

recognize and adapt to the increasing temperatures. Among several agricultural climate 

conditions, temperature is the critical factor in deciding the rice cultivation period (Chang‐Gil, 

2011). In addition, vegetables like onions and lettuce may have problems at high 

temperatures, which means climate variability not only affects the growth of fruit trees but 

also their quality, harvest time and storage. Crop production, especially rice, the main food 

staple, is the most susceptible to climate variability. Any changes in climate will increase rice 
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production uncertainty in which climate is major cause of year-to-year yield variability. 

Climate variability not only affects the growth of fruit trees but also their quality, harvest time 

and storage (Sarker, 2012). Therefore, the change in climatic conditions significantly affects 

the productivity and quality of crop produces. Increased risk due to global warming has 

already embedded in agricultural decision-making and uncertainties projected to increase 

even further (Ihtiyor and Aden, 2014). Effects of climate variability also need to be 

considered along with other evolving factors that affect agricultural production, such as 

changes in farming practices and technology for the overall economic improvement. 

 

2.7.2. Effect of Climate Variability on Crop Yield and Income 

 

Global climate change and variability forecasted to decrease global output potential by 6 to 

18% from current cultivated lands (Cullen, 2013). However, these forecasts suggest a future 

widening inequality between countries with favorable agro-climatic conditions and countries 

whose climates will become increasingly hostile to many food crops. Some food exporting 

countries at higher latitudes will increase their agricultural production, while many tropical 

developing countries including major rice exporters will have declining production as to the 

forecast level (James et al., 2008). The major grain crop supplier to world market, U.S. 

farmers, faced significant yield reduction due to temperature changes, CO2, and frequent 

shocks (USEPA, 2016).  

 

Climate variability mostly affects the rural poor people of developing countries; those that are 

least able to adopt alternative coping strategies to deal with the problem (Michel and 

Christopher, 2013). Societies already vulnerable from the problem in some sense more likely 

challenged disproportionately in which the rural poor arguably affected mostly. Given this, 

extreme events largely influenced the poor because their agriculture is at risk from frequent 

floods and droughts, and they have no buffered capital to survive through bad periods. Recent 

estimates suggested that, relative to the no climate change situation, cereal yields could 

change by -5 to + 2.5% depending on the region in world.  
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Wang et al. (2008) found that higher temperature to be harmful, and more precipitations to be 

beneficial for agricultural production. In contrast, their most disaggregated results showed that 

marginal increases in temperature and rainfall have different effects on agriculture in different 

regions of the world. Dell et al. (2008) argued that extreme weather events always result in 

significant challenges for local production and livelihoods, but these localized weather events 

could have global consequences when they strike on the major food-exporting countries and 

regions. Drought affected areas have become more vulnerable to land degradation, crop 

damage and livestock deaths due to lack of forage, and in some African countries rain-fed 

crop yields could be halved by 2020 and net revenues from crops could fall by 90% in 2100 

(IPCC, 2007b). Consequently, in the next decade, there might be a haphazard shift in crop 

growing seasons and poor crop productivity. Smallholder farmers of the arid and semi-arid 

areas will suffer greater from the emerging climate change related problems (Ojwang et al., 

2010).Frequent variability and only few days of extreme temperature at the flowering stage of 

many crops may result in yield and total factor productivity reduction (Wheeler et al., 2000). 

The negative and significant effect of maximum growing season temperature may be very 

harmful to agricultural productivity (Imed, 2011). 

 

By 2020, crop yields in Africa‟s rain-fed production would decrease by 50% (Boko et al., 

2007).Climate variability directly affects agricultural production, since the sector is inherently 

sensitive to climate conditions and it is the most vulnerable sectors to the risks and impacts of 

this global problem (Ziervogel et al., 2006). Limited amount and uneven distribution of 

rainfall is the most limiting factor for crop production and livestock management that could 

finally has consequences on the wellbeing of the rural populations. Ethiopia is vulnerable to 

climate variability and change since large segments of its population are poor, dependent on 

income sources that are highly sensitive to the weather, and have low access to education, 

information, technology, and health services (Oxfam International, 2010).  

 

Lobell et al. (2011) showed that water availability reduction during growing period could 

have significant effect on reducing agricultural productivity. Indeed, water is vital to plant 

growth and historically, many of the largest falls in crop productivity have been attributed to 

sudden reduction of precipitation (Imed, 2011). Moreover, uncertainty about agricultural 
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production will increase as extreme climate events like droughts and floods are more frequent. 

The uncertain production environment is pervasive in its effect on farming practices and farm 

performance that could discourage smallholders in adopting new production technologies. 

This indicates that climate variability and change has an induced effect on smallholder‟s 

performance and futurity.  

 

Temperature increment from 1 to 3ºC is expected to benefit crop and pasture yields in 

temperate regions, while in tropical and seasonally dry regions it is likely to have negative 

impacts, particularly for cereal crops (Leff et al., 2004). More than 3ºC increment expected to 

have negative effects on production in all regions of the world (IPCC, 2007b). The report also 

showed that meat and other livestock products supply will be influenced by crop production 

trends since feed crops account for roughly 25% of the world„s cropland. When temperature 

was 6ºC above the long-term mean, crop yields dropped significantly for instance 36% for 

maize in Italy, and 25% for fruit and 30% for forage in France (Porter and Semenov, 2005). 

The authors also indicated that frequent storms that altered the precipitation have long-run 

implications on the viability of current world agro-ecosystems and future food availability. 

 

A 2
0
C local warming in the mid-latitudes could increase wheat production by nearly 10% 

whereas at low latitudes the same amount of temperature increment may decrease yields by 

nearly the same amount (Jemma et al., 2010). This indicates that income of small-scale 

farmers in developing countries would decline sharply since performance of the crop 

production sub-sector declined significantly. Climate extreme events affected availability of 

certain food products, which may influence price that could have an indirect effect on income. 

Short-term yield fluctuations for smallholders related to the national level variation because of 

climate variability. In arid and tropical regions where temperature is already close to 

physiological maxima for crops, further temperature increment may be more detrimental that 

increase the heat stress on crops. Lobell et al. (2008) estimated that warming since 1981 

resulted in global level losses of 40 million tons from production of wheat, maize and barley 

due to high temperature. Several villages in Tigray and Southern Nations and Nationality 

Peoplregional states of Ethiopia experienced severe localized droughts that caused 

considerable income losses (Dercon et al., 2009) 
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2.7.3. Smallholder’s Adaptation Strategies to Climate Variability 

 

Traditional adaptation strategies to climate change and variability in Uganda include 

diversification of resource base and participating in non-farming activities (Bagamba, etal., 

2012). Most farmers in central region are engaged in off-farm self-employment and they are 

least affected by climate variability while many farmers in the southwest of Uganda derive 

their livelihood from farming (Bagamba, 2007). Diversification into other activities, 

specifically non-farm, could be one means used by smallholders to cope with environmental 

problems (Soini, 2005).  

 

Agrawal and Perrin (2008) identified that strategies like seed selection, changing planting 

dates, fertilizer application, and food storage facilities improvement as an adaptive 

mechanism employed by smallholders to cope up with climate variability. Smallholders also 

adopt water management techniques such as water harvesting, rehabilitate terraces and 

improve irrigation techniques to cope with rainfall variability. To diversify income 

smallholder‟s adopted techniques including temporal or permanent migration, use of 

alternative sources of fuel wood, home-garden agriculture, changes in the consumption 

pattern or reductions of livestock herd, reforestation, rangeland preservation, communal food 

storage facilities or local water management rules (Arjan et al., 2011). 

 

Individual water harvesting techniques are more common in Yemen than in Ethiopia where 

the techniques currently promoted by the extension programs (Arjan et al., 2011). Households 

of the two nations switch to crops that are more drought resistant in recent times. Most Malian 

households, especially those in the Sahelian regions, already have switched from sorghum to 

the more drought resistant Millet. In Ethiopia, more effort is exerted on solving the problem 

of deforestation, which is an institution-based strategy where individual households could not 

easily adopt and requires presence of effective institutions. Malians mostly selected individual 

strategies, while in Ethiopia and Yemen there is a mixing of individual and communal 

strategies (Arjan et al., 2011), which shows the main strategies adopted according to the 

communal versus individual characteristics and coping capacity enhancement.  
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Institutions play an important role in improving livelihoods in Ethiopia through implementing 

communal adaptation strategies (Bryan et al., 2009). Findings of this study were similar to 

work of Temesgen et al. (2008). However, some of the adaptation strategies employed tended 

to have a backlash for instance some rural poor have been compelled to sell their assets in an 

attempt to cope with the food insecurity brought by climate variability. Crop diversification 

has proven to be successful in Bikita with a number of respondents highlighting that they have 

moved to new crop varieties that are relatively drought resistant and hence can withstand the 

long dry spells that are rampant (Gukurume, 2011). Adoption of small drought resistant crops 

as if sorghum and millet have become the most dominant crops in the area and the rationale 

behind was their adaptability to both climate variability and poor soil nutrients. Traditional 

and indigenous knowledge systems have also been extremely useful in both adaptation and 

mitigation strategies devised by the smallholders in most parts of the world. 

 

Wealthier households in Ethiopia participated more in communal strategies, like soil and 

water conservation, for which external help is necessary (Arjan, 2011). In many cases, 

adaptation activities are local, district, regional or national issues rather than being an 

international concern (Paavola and Adger, 2005). New cropping systems such as zero tillage 

as well as minimum tillage or conservation farming have been widely introduced by various 

stakeholders in order to adapt climate variability especially in the tropics. Strengthening 

agricultural production systems is a fundamental means of improving incomes and food 

security for the food insecure part of the world (Ravallion and Chen, 2007). Improving the 

resilience of agricultural systems is essential for climate change adaptation and it is the key 

economic sector of most low-income countries (Conant, 2009) especially in the short run. 

Works done before indicated that smallholders in different parts of the world have their own 

indigenous adaptation strategies to reduce effects of climate change and variability.  

 

2.7.4. Climate Variability and Rural Labor Displacement 

 

A study done by Harris and Todaro in 1970 argued that rural migration is based on the 

expected wage disparities between the rural and urban formal labor markets as a driving force 

behind the decisionmigrate. It is a response to changes in living cost, as well as to the 

evolution of real wage differentials in factors of production. They argued that capital 
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accumulation and competition between sectors are the drivers of rural-urban labor migration. 

The pull factors in the urban took the significant effect in the rural labor migration as to the 

previous theories. Prior works showed that migration is associated with local economic 

conditions that are particularly indicative of opportunities for remunerated work for labor 

(Riosmena, 2009). Major driving forces of internal and international migration are different in 

expected earnings between rural and urban locations, family strategies to cope with the risk of 

agriculture, and relative deprivation. Empirically, differences in expected earnings between 

agricultural and industrial occupations seem to be key drivers of rural to urban migration. 

However, the current situation is not going in this direction, but many theorists argued that 

rural-urban migration has long been associated with economic development and growth. 

Given this, the recent phenomenon may be different due to complex push factors in the rural 

economy.  

 

One would expect climatic variability to have an impact on international migration, 

particularly in drier places (Durand and Massey, 2003). The impacts of climate changeand 

variability via different directions push around 600 million people into malnutrition and 

increase the number of people facing water scarcity by 1.8 billion in 2080 (UNDP, 2008a), 

which all would be pushed to displace from their original places. Thus, population 

displacement would be aggravated, as people become squatters or rely on relief aid, 

sometimes forced to live in abject poverty. Migration that may decrease vulnerability would 

likely to continue to increase in the future (Mertz, 2011). The decision to migrate may be to 

escape from an environment that no longer felt to guarantee survival. Drought, crop failure 

and famine would result in distress migration (Michel and Christopher, 2013). Over the last 

50 years, 800 million people have migrated from rural to urban areas (Riosmena, 2009). Lack 

of decent work combined with widening disparities in incomes and human security were main 

push factors in rural areas. Cropland degradation, agricultural productivity reduction, lack of 

access to credit and arable land, and shifting the farmland into capital intensive industries 

contribute to rural out migration (ILO, 2012).  Migration can disrupt local employment, 

undermine family and community cohesion, and engender dangerous and exploitative 

working conditions. 
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The desire to improve the conditions in their villages led rural people to migrate to towns 

temporarily in pursuit of cash (Potts, 2008). Rural people move to urban areas in search of 

better paying jobs and amenities, such as better schools, health care, and entertainment 

centers, but the urban economies are unable to absorb most rural migrants, particularly those 

with low education. Migration can alleviate pressures on local labor markets, land and natural 

resources, but it may also create labor shortages in rural communities that reduce 

smallholders‟ productivity and exacerbate child labor exploitation. The huge rural out-

migration may exert pressure on urban labor markets as well as quality of life mostly in the 

developing world. Environmental degradation and climate change accelerate displacement of 

rural populations who would otherwise prefer to stay in their place of origin. A large number 

of rural-urban migrants remain jobless and eventually return to rural areas and engaged in 

their farming (Potts, 2008). Ezra and Kiros (2001) evidenced that environmentally induced 

migration has been found to be significant for low-income countries like Ethiopia. 

2.7.5. Effect of Rural Labor Migration on Agriculture 

Whereas initial theories effectively suggested that migration took place primarily if migrants 

could obtain higher returns to their human capital, theories that are more recent suggest that 

migration may also arise as part of a smallholder strategy to overcome other constraints 

(Lucas and Stark, 1985). The logic behind this argument is labor migration may be performed 

to enhance the agriculture through backward linkage through remittance and cash flow. In 

such an environment, individual participation in migration arises so that it can make 

investments in its farm or non-farm income generating activities. Migration may reduce 

poverty through increased returns to labor for the migrant and remittance to the source 

household. Though migration should be poverty reducing, its relationship with agricultural 

production at the household level may be complex (Alan, 2014). 

 

In densely populated regions of the world, outmigration of rural labor may be a way to 

alleviate underemployment in agriculture and protect the farmers‟ livelihoods (International 

Fund for Agricultural Development (IFAD), 2007). This logic implies that seasonal migration 

allows for a better deployment of labor, since those who are underemployed during the 

agricultural lean season can find work in towns or in other areas, thereby increasing their 
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incomes. The migrant individual may use the money received from migration to invest in an 

investment back home. During the green revolution in India, diaspora members supported the 

acquisition of nearly 2000 tractors and tube wells thanks to government incentives. They 

support the shift to modern farming such as „zero grazing‟ forms of livestock and horticulture 

and the development of non-farm activities. Some seasonal emigrants may use the skills and 

farming techniques learnt abroad to improve their activity. In countries where land purchase 

and farm investment still attracts a fair amount of migrants‟ investments, farm revenue is 

significantly higher for migrant than for non-migrant households (Thomas, 2012). 

 

Migration may enhance smallholders‟ agricultural output through remittances reinvestment. 

This reinvested remittance may compensate the reduction of farm labor due to migration and 

the loss in output. Policies facilitating migration, the flow of remittances, and their use for 

farm investment may contribute to reduce poverty, increased agricultural output, and decrease 

income uncertainty. Rural to urban migration is typical for economies in transition from an 

agricultural structure to an industrial and services economy (Huynh and Walter, 2015). 

Migration of farm household members, especially those with small farmland and low 

productivity may have net positive effects on agricultural output, if there is reinvestment of 

remittances. Up scaling small farms, making use of increasing returns to scale in agricultural 

production, tends to have larger effects on agricultural output, contributing to efficiency and 

reduction of poverty. Promoting measures to reinvest remittances in farm up scaling are 

policies that support not farm income vulnerability but also agricultural output and efficiency.  

 

Other scholars including Michel and Christopher (2013) argued that rural‐urban migration, in 

the absence of technological progress in agriculture, would result in total agricultural output 

reduction. On the other hand, more lasting outmigration can deprive rural areas of critical 

agricultural labor during farming seasons (Deshingkar and Grimm, 2005). Outmigration can 

also cause the drain of skills and the loss of innovative community members from rural areas. 

Migration has a direct impact on the available household labor for agricultural production, so 

that there is a case for reverse causation between agricultural output and household member 

migration (Huynh and Walter, 2012).  
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2.8. Conceptual Framework 

 

Climate change is posing the greatest threat on agriculture and food security in the 21
st
 

century, particularly for many of the poor and agriculture-based countries of SSA (Nellemann 

et al., 2009). The problem increases water scarcity (Lobell et al., 2009) and temperature 

increment (Jon et al., 2012). Growing season temperatures will exceed the extreme seasonal 

level record in the past century (Battisti and Naylor, 2009). Global warming has significant 

impacts on inputsthat affect agriculture through changing temperature, CO2, glacial run-off, 

precipitation and interaction of these elements.The World Bank (2007) identified five main 

factors through which climate change affected the crop productivity: changes in precipitation, 

temperature, carbon dioxide (CO2), fertilization, climate variability, and surface water runoff. 

 

There will be intensification of global frequency and severity of drought if climate change 

continues, and some regions adversely affected by the change in rainfall patterns, rising 

temperatures and severe drought (John, 2008). These conditions determine the carrying 

capacity of the biosphere to produce enough food for the human population and domesticated 

animals (Schneider, 2007). In general, climate change and variability could result in droughts, 

heat waves, floods and rainfall variation, and push millions into malnutrition and extreme 

poverty(UNDP, 2008a). 

 

Crop production is directly influenced by precipitation and temperature(Schultz et al., 2011).  

Weather variability has significant influence on crop yields (Lobell et al., 2011), which 

indicates that variation in the day-to-day weather conditions could affect the crop production 

process. Changes in rainfall patterns and droughts increase the likelihood of short-run crop 

failures and long-run production declines causing food insecurity (Nnyaladzi, 2012). The 

author also noted that the drier the climate, the greater the rainfall variability and yield 

instability. Soil moisture deficits, crop damage and disease outbreak are all driven from 

rainfall and moisture variability (Eva, 2009). Higher temperatures and humidity could 

increase the probability of insects and disease outbreak (Schneider, 2007). Over time, these 

complexes and interacting factors induce a strong effect on agriculture especially on the crop 

production (John, 2009). Approximately 40% of SSA countries are at risk of significant crop 

http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Precipitation_%28meteorology%29
http://en.wikipedia.org/wiki/Carrying_capacity
http://en.wikipedia.org/wiki/Carrying_capacity
http://en.wikipedia.org/wiki/Carrying_capacity
http://en.wikipedia.org/wiki/Biosphere
http://en.wikipedia.org/wiki/Human_population
http://en.wikipedia.org/wiki/Vector_%28epidemiology%29
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production reduction due to climate variability (Shah et al., 2008). Droughts seriously affect 

agricultural yields and can contribute to spikes on income through price (John, 2008). 

 

Strong negative rainfall anomalies frequently lead to yield variation often associated with 

small rainfall anomalies (Liqiang, 2005). Martin (2007)found that world cereal production 

would decrease between 1 and 7% depending on the climate scenario of the world. The higher 

temperatures sourced from climate variabilitywould force plants to lose their moisture (Cline, 

2008). Beyond a certain range of temperatures, warming tends to reduce crop yields because 

of moisture lose in their development, and finally produce less grain. Thus, climate variability 

affects food production directly through changing environmental conditions (Eva, 2009) and 

the problem indirectly affect growth and distribution of rural incomes.The environment 

affects consumption mainly through its impacts on current agricultural production and/or 

income. This logic could holds true for rural areas where crop production is purely dependent 

on nature sourced precipitation and temperature. 

 

Climate variability in rural areas of developing countries is the major threat to smallholders‟ 

income and therefore acts as push factor in initiating rural migration (Jonas and Heiko, 2010). 

Findings of Mathilde and Zaneta (2014) confirmed that climate shocks could significantly 

increase probability of rural migration through reducing agricultural yields. Those authors 

identified that a 1% agricultural income reduction induced by weather shock could increase 

the probability of rural labor migration by 3%.Ezra and Kiros (2001), and Henry et al. (2004) 

argued that rural labor migration in low-income countries is environmentally induced type. 

 

Detail investigation of all the above empirical works were the base for developing the 

conceptual framework here in this study to examine effect of climate variability on crop yield, 

income and rural labor displacement in central highland and Arsi grain plough farming 

systems of Ethiopia.  
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Note: The solid arrows show direct relationship of climate variability elements to the 

economic activities while the dashed ones show indirect.  

Source: Own development based on empirical works  
 

Figure 4. Conceptual framework 
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3. RESEARCH METHODOLOGY 

This chapter provides details of the methodology used to address the predefined objectives of 

the study. It includes description of the study area, sampling design, type of data and method 

of collection, methods of data analyses and description of the covariates for each model.  

3.1. Description of the Study Area and Data Source 

 

Ethiopia has seven farming systems, excluding pastorals and agro-pastorals, according to 

ERHS classification. The farming systems include Grain plough complex (Central highland), 

Arsi/Bale (here after Arsi) grain plough, Grain-plough complex highlands (Wollo area), Grain 

plough complex highlands (Northern highland (Tigray)), Grain-plough/hoe complex, 

Sorghum plough/hoe Hararghe and Ensetgrowing (with or without coffee/cereals). The survey 

considered the main crop type produced, the way of cultivation, land utilization as well as 

other features of smallholders in categorizing farming systems of the country.Different 

institutions like International Food Policy Research Institute (IFPRI), Centre for the Study of 

African Economies (CSAE) at Oxford University, Economics Department of Addis Ababa 

University and Ethiopian Development Research Institute (EDRI) participated in ERHS 

conductedon the seven farming systems of the country.ERHS started in 1989 when IFPRI 

team visited 450 households from seven rural kebeles in Central highlands and Southern 

Ethiopia (Dercon and Hoddinot, 2004). In 1994, the survey extended to 15 kebeles to cover 

the main farming systems of the country. Sampled households were randomly selected from 

each kebele through stratification techniques in order to have sufficient coverage from each 

farming system. Totally 1,477 households were included in 1994a
1
 survey. These households 

were re-interviewed in 1994b as well as in 1995, 1997, 1999, 2004 and 2009 (Dercon and 

Hoddinot, 2011).  

 

The first two farming systems (central highlands and Arsi grain plough) were samples 

considered in this research because of high concentration of cereal crops; consistent panel 

data availability and relatively more vulnerable from climate variability problems.These two 

                                                 

1
 There were two surveys in 1994 and the first one named as 1994a and the second as 1994b 
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farming systems took 43.3% of sampling share of the well-organized survey of ERHS in 

1994(Dercon and Hoddinott, 2011). At the same time, they accounted 58% of the consistent 

panel sampled smallholders of the successive surveys after 1994. Those authors also claimed 

that the two farming systems covered 40% of the national population based on CSA in 

1994.Given all the above, this study considered the six kebeles (Table 2) and 581 households 

for the eighth round survey in 2014 from central highland and Arsi grain plough farming 

systems. 

 

Table2.Main crops produced and agro-ecological description of samplekebeles 

Name of kebele Location  Main crops grown  Rainfall*(mm) Elevation 

(m a.s.l) 

Agro-

ecology 

Debre-Berhan  North 

Shoa Wheat,barley,beans 903 2750 Dega 

Yetmen  
Gojjam 

Teff, maize, wheat 1384 2418 
Weyna-

dega 

Dinki  North 

Shoa  
Teff, maize, sorghum 1190 1805 

Kola  

Sirbana-Godeti  Central 

Shoa 

Teff, maize, wheat, 

barley 

993 1900 Weyna-

dega 

Korodegaga  Arsi Teff, maize, wheat 739 1351 Kola  

Turufe-

Kechemane  
Arsi Teff, wheat, barley 879 1937 Weyna-

dega 

Note:*Annualaveragerainfall from 1991-2013organized by NMA (2014)  

Source: ERHS, 2009 

 

The first four kebeles in the above table are from central highlands and the last two from Arsi 

grain plough farming system of Ethiopia. All sample kebeles have two rainy seasons, 

spring(Belg) and summer (Kiremit), the latter being the main rainy season lasting from June to 

September and the former continues from March to May. Households in the sample kebeles 

practiced mixed farming to produce cereal and other crops like pulses, and cash crops. Some 

of the kebeles(Dinki and Korodegaga)severely affected by drought in few production years 

(Dercon and Hoddinott, 2011). The following figure showsthat sample kebeles in the study 

from the two farming systems covered the central and mostly highland parts of the country. It 

is the area wherein dominant cereals including teff, wheat, barely, maize and 

sorghumcommonly produced. 
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Figure 5. Geographical location of sample kebeles 

Source: Dercon and Hoddinot, 2011 

 

3.2. Sampling Unit and Design 

 

Sample selection of this study was not a big deal since itis based on secondary data generated 

by ERHS. ERHS considered the crop productionsystem as an important stratification basis 

than administrative boundaries in selecting the final sample units, smallholders.This study 

simply considered allsample kebelesas well as households from the two farming systems 

(Central highland and Arsi grain plough) included in the data collection of the last ERHS in 

2009.Sample households selected randomly were proportional to the total households within 

eachkebele.The samplesize from each kebele was representative since each individual 

householdwas selected considering the proportions from the total population. Each survey 

followed a similar format of sample units that were already determined in the first well-

organized survey of 1994a. Sample proportions from each kebele, considered in the last 

survey (2009) of ERHS, directly accepted bythis research to have the eighth round survey in 

2014. The study tried to revisit all the sampled households(581) from the six kebelesin 2014 

survey and the data collected from the 575 households having 1.03% iteration. 
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Table3. Sample distribution in eachkebele 

Kebele 

name 

No of households in 

2009 

No of households 

in 2014 

Percentage 

in 2014 

Farming system  

D/Birhan 168 166 28.87 Central highland  

Yetmen  51 50 8.70 Central highland 

Dinki  79 78 13.56 Central highland 

Sirbana 82 82 14.26 Central highland 

Koro 106 104 18.09 Arsi grain plough 

Turufe 95 95 16.52 Arsi grain plough 

Total  581 575 100  

Source: Dercon and Hoddinott, 2011. 

 

This research considered households who were not retired or those who were economically 

active forpracticing mixed farming. New households included as a sample in case of 

dissolution of sampled households after 2009to have representative sample size.In this case, 

an exact proportion of newly households that havesimilarity in demographic and wealth terms 

replaced the lost ones. Village elders and officials were consultedto evaluate similarity of the 

new households with the lost ones.When attrition is exogenous, that is unrelated with the 

response variable Y, the information carried by the samplescould be unbiased about the 

population level regression function of Y (Franco, 2001). This is no longer true when attrition 

is endogenous, that is if the information is systematically related to Y (the respondent itself), 

in this case attrition could typically beimportant.Attrition in using panel data could result in 

serious problem if the main objective of the study is related to the respondentscharacteristics: 

going to college, finding a job, marriage, death and the like. In this situation, attrition 

mayresult in invalid inference about the population of interest, even if the attrition rate is 

modest. Since each of the predefined objective of this research were not related to personal 

characteristics of the respondent, modest attrition rate in the sampling processis not expected 

togenerate biased conclusions and recommendations. Given this, the attrition rate in ERHS 

was very small that was 1% on average for each survey.  

 

3.3. Types and Methods of Data Collection 

 

This work considered both primary and secondary data, in which the formerones were 

collected from sampled smallholders of each kebele(Table 2) that are located in the two 



50 

 

 

farming systems.ERHS collectedthe data from rural Ethiopia especially from high and mid-

land parts where mixed farmingpracticed commonly.The previous seven round ERHSs 

(1994a-2009) covered different aspects of smallholders‟ including demographic, consumption 

(food and non-food), production, asset holding, purchases and sales, landholdings and 

livestock ownership and other aspects. Moreover, data on prices, access to health and 

education as well as infrastructure were collected at community level.  

 

Having the previous seven round surveys(1994a-2009) and the recent one in 2014, the 

research had eight round unbalanced panel data for sample households from the six 

kebelesonly. The eighth round survey from the samplekebeles incorporated recent 

circumstances about sample smallholders. This survey adopted the questionnaire (after 

amending as to the objective of this research) used by ERHS in collecting the seventh round 

survey in 2009. In addition to the panel data collected by ERHS and this research, the study 

also considered other secondary data from different institutions like CSA and NMA. 

 

Ideally, it is better to have balanced panel data, but unbalanced ones entail some 

computational and estimation issues although most software packages in recent times are 

capable to handle both balanced and unbalanced panels (Cameron and Trivedi, 2009). Rachid 

et al. (2006) estimated import demand of countries based on unbalanced panel data models. 

Eriket al. (2006) used unbalanced panel data over the period 1972 to 1993 and identified 

negative trend in the number of firms participated in differentindustries. Gravelle et al. (2002) 

also used an unbalanced panel data set for 191 countries as a sample and analyzed these data 

using the fixed effects model. 

 

3.4. Methods of Data Analysis 
 

The research had different objectives that demand generation of different dependent variables 

and employment of appropriate data analysis methods. This indicates that method of analysis 

is mainly depending on the predefined objectives and nature of the dependent variable as well. 

Some objectives require simple descriptive method of analysis like tabulation, graphical 

representation and other simple mathematical statistics (mean, median, mode and ratios) 

especially in qualitative data based research works. Objectives addressed through quantitative 



51 

 

 

data may require employment of mathematical models and/or econometric tools. Thus, the 

four main objectives of this research entailed the following method of data analysis. 

 

3.4.1. Effect of Climate Variability on Crop Yield 

 

This study considered the five major cereal crops namelyteff, wheat, maize, barley and 

sorghum to examine the effect of climate variability on yield. Nastis et al. (2012) considered 

production per unit of land as a dependent variable to analyze the impact of climatic 

variability on agricultural productivity in Greek. Similarly, yield of the cereal crops was used 

as a dependent variable inthis research. The mathematical formulation was based on Cobb-

Douglas production function, which assumes that agricultural production is a function 

ofinputs like cultivated area, oxen power, fertilizers, labors, capital, rainfall and temperature. 

The study tested compatibility of trans-log function, but it was not companionable in the 

regression process considering the square and interaction terms of covariates.   

 

Functional form of the model was: 

TPiht = F ASiht , IFAiht ,  ALiht , WC𝑖ℎ𝑡 , DPiht , Rirt , Tirt  (14) 

Where:-i=1,2,….,5 (for the five cereals) 

h=1,2,….,H (the sample household) 

t=1,2,….,8 (the eight round sample years)  

TPiht =Total Production ofsample cereali for smallholderh at yeart 

ASiht = crop-wise Area Sown by each smallholderh at year t 

IFAiht = Inorganic Fertilizer Application for each crop by smallholderh at year t 

ALiht = Agricultural Labor of each smallholder h for each crop at year t 

DPiht = Draught Power of each smallholder h for each crop at year t 

WC𝑖ℎ𝑡= the Working Capital budgeted by smallholder h for each crop at year t 

Rirt= Cropping season rainfall level for each crop i from the nearest meteorological site r at 

time t 

Tirt = Average cropping season temperature for crop i from the nearest meteorological site r at 

time t 
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Thus, total production (TP)should bedivided by area sown (AS) of each sample cereal i to get 

yield, then the above equation would become: 

 TP AS  𝑖ℎ𝑡 = Qiht = F IFAiht ,  ALiht , WC𝑖ℎ𝑡 , DPiht , Rirt , Tirt          (15) 

 TP AS  𝑖ℎ𝑡 = Qiht is yield of sample cereal i for smallholder h at t production year. After 

computing yield of each cereal, then the above equation wouldtake the following form: 

Qiht = F IFAiht ,  ALiht , WC𝑖ℎ𝑡 , DPiht , Rirt , Tirt                             (16) 

Thus, equation 16 can be rewritten following Battesse and Coelli,(1992): 

 

lnQiht  = ln⁡(f(Xit , β)exp⁡(Vit − Uit )       (17) 

And  

Uit  = 𝜂𝑖𝑡 Ui= {exp(-𝜂[(t-Ti)]}Ui                                                                                              (18) 

Qiht representsyield of cereal i for theh
th

 household at the t
th

 period; f(Xit , β) is a suitable 

function of a vector, Xit ,of factor inputs associated with production of i
th

 cereal in the t
th

 

period, and a vector, β, of unknown parameters. The random effect, Uiisindependent and 

identically distributed (iid) non-negative truncations with𝑁 0, 𝜍𝜇
2 ,Vit  isalso iid 

𝑁 0, 𝜍𝑉
2 random errors and independent ofμi.ηis an unknown scalar parameter that shows the 

type of yield variation. Household‟s technical efficiency (TE) tends to improve, remain 

constant if not decrease in producing cereals towards the base year, 2014 if η> 0, η= 0 or η< 

0,respectively. The time periodt = 1,2……, Ti periods for which observations for the 

i
th

household are obtained. 

 

From equation 17 and 18TE of household h for producing the i
th

 cereal at time t would be: 

TEiht = 
Q iht

Q iht
∗  =

𝑓 𝑋𝑖𝑡 ,𝛽 exp ⁡(𝑉𝑖𝑡−𝑈𝑖𝑡 )

𝑓 𝑋𝑖𝑡 ,𝛽 exp ⁡(𝑉𝑖𝑡 )
 = exp(-𝑈𝑖𝑡 )                                                                  (19) 

 

To deal with factors affecting smallholder‟s efficiencies in cereal production, different socio-

economic and climate variability elementswere considered on the regression using 

Generalized Least Squares (GLS). This model was employedbecause the TE scores of all the 

observations were between 0and 1, but not 0 or 1, which allowed to have linear type of 

dependent variable. Sincethe dependent variable was based on panel data, the appropriate 
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regression model was GLS that consider hetroscedasticity and panel-autocorrelation 

problems. The functional form of the efficiency equation could be: 

TEiht=   𝛼𝑖𝑋ℎ𝑡  +υi + εit                    (20) 

 

Where:TEiht= theTE scores of smallholderhfor cereal i at time t 

αi = a vector of unknown parameters ought to be estimated 

Xht = a vector of explanatory variables i (i = 1, 2, ..., k) for household h 

υi= an error term that is iid, N (0, συ
2
), and it is the time invariant part of error term 

εit= the time variant error term that should beiid, N (0, σε
2
) independently of υi 

 
 

The dependent variable for the stochastic frontier model  

Deschenes and Greenstone (2006) adopted production per acre planted of soybeans and wheat 

asthe dependent variable. Similarly, Elodie (2012) considered yield of crops as a dependent 

variable to examine effect of climate change in SSA.Anthony et al.(2011)used 

similardependent variable. Yield of each sample cereal crop for each smallholder, measured 

as the ratio of quantity produced to cropland sown; was the dependent variable in the first 

objective of this research, and the frontier regression considered the following explanatory 

variables. 

 

Human labor: It is one important factor in agricultural production system that demands large 

labor participation especially in the peak periods. Man equivalent of each household was 

consideredfor eachcereal production.Quality of labor inputs contributed more to increaseteff 

yield and in larger farms qualityof the input had a much more significant role in yield 

variations (FAO, 2009a). The same logic may hold true for smallholders in the two farming 

systems and the covariate would affect the dependent variable positively.  

 

Draught power: It is a critical input for Ethiopian smallholders,who managetheir crop 

production by traditional oxen-plow wooden materials. Availability of oxen (draught) power 

to smallholders is highly determining factorin the crop production system. Pair of oxen 

available to each householdcould be the unit of measurement and it would have positive effect 

onincreasing crop yield. 
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Inorganic fertilizer: Fertilizer applications raised maize yields, since the use of fertilizer was 

low on the smallholder farms, fertilizer applications did not have much effect on yields (FAO, 

2009b). Integrated application of organic and inorganic fertilizer could increase crop yield 

(Habtamu et al., 2015). This study considers application of DAP and/or Urea measured in 

kilogram and expected to have positive effect on yield of the sample cereals.  

 

Working capital: Production inputs like pesticides, the local seeds, insecticides, additional 

labor employment and other inputs could enhance crop yield. The actual amount of money 

spent for purchasing those inputs considered as one covariate and expected to have positive 

effect on yield of each cereal crop.  

 

Rainfall: Dell et al. (2008) used annual variations in temperature and precipitation for the 

previous half century to study impacts of climate change on the world economy. Edeme et al. 

(2011) considered annual deviations of precipitation. Govinda (2013) used average cropping 

season rainfall level to examine effect of climate change on wheat, barley, sorghum and maize 

production. Based on the premise of plant physiology, seasonal data is more relevant for 

estimating the effect of climate variability on crop production than the annual level (Mathilde 

and Kubik, 2014). It is not rational to use cumulative annual rainfall but rather it is better to 

use growing season rainfall (Zaal et al., 2004). The same crop type, for instance maize, may 

be different in its variety for some behaviors and characteristics when itgrows in different 

agro-ecologies.The data what this research considered were not long enough to calculate 

rainfall deviation from the actual level. To calculate the deviation term it is necessary to have 

long run average for each sample kebele, which was impossible due to data inconsistency 

from the national meteorology.The rainfall variable in this research was constructed over the 

growing season of each crop in each kebele considering actual rainfall level in the season 

from the nearest meteorology site.  

 

Temperature: Joshi et al. (2011) adopted daily mean temperature to assess effects of global 

warming on grain crop production. Increment of mean temperature in tropical regions, 

wherein crops are at their optimum level, is likely to have negative effect particularly for 
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cereal crops (IPCC, 2007b). This implies that temperatures above the optimum level of crop‟s 

growth will be damaging and this research expected similar circumstance. Given this, the 

research considered the nearest meteorology sites as a source of average daily cropping 

season temperature for each sample cereal in each kebele of the two farming systems.  

 

Table 4. Summary of the variables considered as determinants of cereals yield 

Explanatory variables  Measurement  Hypothesized effect 

Human Labor  Continuous (Man equivalent) + 

Draught power Continuous (Pair of oxen) + 

Working capital  Continuous (in Birr) + 

Inorganic Fertilizer Continuous (kilogram) + 

Rainfall  Continuous (mm) +/- 

Temperature Continuous (
0
C) +/- 

 

Definition of variables fortechnical efficiency (TE) 

 

Dependent variable  

Stochasticfrontiermodeloutput of each cereal was the base to generate the dependent variable 

in the TE regression. TEof household hin producing crop i waspredicted from the stochastic 

frontier regression result. The hypothesis to be tested was how climate variability elements 

and other socioeconomic factors affect smallholders‟ TE in producing cereals. Based on 

empirical reviews, this study considered three broad categories of explanatory variables 

including demographic, economic and climate related ones, in the regression.  

 

Explanatory variables  

 

Household size: It isa continuous variable considering the total man equivalent calculated 

based on the standard conversion rate.Since labor is the main input in the crop production of 

smallholders, then this variable is expected to affect efficiency level of farmers positively. 

Asmallholder that has large family size could carry out each crop production practices timely. 

Family size had positive effect on economic efficiency (Rehman and Umar, 2009;Sisay et al., 

2015). Some authors including Mekdes (2011) argued that large family size might increase 

expenditure for consumption, which affect smallholders‟ efficiency negatively 
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throughcreating financial constraints for the crop production. Thus, final effect of the 

covariate on TE would be dependent on the magnitude of the two effects.  

Household head education level: Education enables farmers to have information access, new 

ideas, knowledge and skill aboutefficient utilization of scarce resources. Sisay et al (2015) 

claimed that education level had positive effect on maize production efficiencies. It was 

continuous variable based on number of years at school. Positive effect isexpected on 

households‟TE in producing cereals.  

 

Age of the household head:Hardwick (2009) argued that the quantity and productivity of 

household labor is one critical determinant of agricultural efficiency. Since this study focuses 

on TE of households in producing cereals, younger household head would have the courage 

and energy to allocate the demanded production labor that could enhance TE.Therefore, it is 

hypothesized thathousehold‟s TE in producing cereals would be better if younger heads 

manage it. 

 

Credit access: This is a dummy variable constructed as 1 if any of the household member has 

access to credit in each survey year otherwise 0. It affects smallholder‟s capacity to purchase 

the necessary agricultural inputs at the right time. FAO (2014) notified that access to credit is 

one critical determinant of TE for specialized farmers in Chile. Thus, easy access to credit 

would have positive effect on TE of households to produce cereals. 

 

Off/non-farm activities: It was measured as a dummy variable that took value of 1 if a 

member of the household participated in off/non-farm activities and 0 otherwise. Kindie 

(2005) found that off/non-farm activities had positive effect on smallholders‟ TE. There may 

be competition between agriculture and participation in those activities for critical inputs like 

human labor and scarce capital. This circumstance would negatively affect TE of households 

and hence agricultural activities.It can also affect TE positively by reducing household‟s 

financial constraints inpurchasing all the necessary farm inputs.  

 

Climate shocks:Developing nations are more vulnerable to the stresses and shocks (flood, 

drought and frost) brought by climate variability (Corinne et al.,2004).Unexpected climate 
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variability has negative effect on wheat and maize yield (IPCC, 2014b).Michel and 

Christopher (2013) indicated that unexpected short-run factors or natural disasters because of 

climate variability would result in drastic crop yield reduction.For each crop, there is 

temperature level at which crops grow best across the seasons, and going above or below that 

level would have negative effect(Julie and Corene, 2014).Cereal yields can be damaged by a 

few days of temperatures above or below a certain threshold level (Wheeler et al., 2000). 

Mathilde and Zaneta (2014) similarly argued that temperature shock would significantly 

reduce crop production.The circumstance would be the same for cereal crops considered by 

this research in the two farming systems. The covariate was dummy type taking value of 1if a 

household suffered from one of the problems (flood, drought and frost) and 0 otherwise. 

 

Summer rainfall onset: It was one dimension to measure rainfall inconsistencies of the study 

area for each sample household. It was a dummy variable taking 1 if there was happening of 

the problem for each household and 0 otherwise. 

 

Harvesting season rainfall: Untimely rainfall at harvesting season of each crop may reduce 

efficiency of smallholder in producing cereals. It was a dummy variable taking 1 if there was 

happening of the problem for each individual household and 0 otherwise. 

 

Pests and disease outbreak: This variable is directly related with cropping season rainfall 

and temperature variability for each household. Dinesh et al.(2015) argued that climate 

variability might bring risk of pests and diseases outbreak to African agricultural systems, 

affecting crop productivity. It would be dummy variable taking value0 if there is no outbreak 

or else 1if there was an outbreak within the cropping season for each household.  

 

Table 5. Description of variables that affect technicalefficiency 

Variable description  Units of Measurement  Hypothesized effect 

Household size Man equivalent +/- 

Household head education  Dummy literate=1, otherwise=0 + 

Livestock holding  TLU + 

Age of the household head Years + 

Credit access Dummy Yes=1, otherwise=0 + 

Off/non-farm activities Dummy Yes=1,otherwise =0 +/- 

Climate shocks Dummy Yes=1,otherwise =0 - 

Summer rainfall onset Dummy Yes=1,otherwise =0 + 
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Harvesting season rainfall Dummy Yes=1,otherwise =0 - 

Pests and disease outbreak Dummy Yes=1,otherwise =0 - 

3.4.2. Effects of Climate Variability on Crop Income 

 

The Ricardian approach argued that environmental factors affect production and costs, and 

result in generating new net revenue for each household. It assumed that climate changes are 

instantaneous and the economy could adjust to these changes completely, so that land prices 

reflect a long-run climatic equilibrium. Thus, each smallholder wishes to maximize income 

subject to exogenous conditions of the farm. Smallholders could select the crop inputs for 

each unit of land that maximizes income (Mendelsohn et al., 1994). DiFalco (2011) employed 

Ricardian analysis and used net revenues as a dependent variable. This can be particularly 

useful if yields of different crops aggregated to generate income. John (2009) argued that 

gross value of production or net farm income might be used to examine farm‐level impact of 

climate variability on rural households‟ crop income. Nhemachena et al. (2010) considered 

net farm revenues to measure economic impact of climate change on African agricultural 

production systems. This research followed similar logic and considered gross margin 

collected from crop, measured in terms of Birr, as a dependent variable. Thus, this research 

formulated smallholder‟s crop income in the two farming systems as a function of price and 

quantity sold: 

Yhrt = F Pirt   Qiht  −  I𝑖𝑡Χ𝑖𝑡 (21) 

Where: Yhrt  = Crop income of a smallholder (h) in a specific kebele (r) at year t, 

Pirt = Market price of crop i in each kebele r at year t. The research assumed that rural 

smallholders in each kebele have one common market wherein crop price could be 

equal for sample households within a kebele.  

Qiht = Quantities of crop i sold by smallholder h at year t 

Xiht = is a vector of production inputs such as labor, fertilizer, seeds, and pesticides used 

by smallholder h for crop i at production year t 

Iit = quantity of each input budgeted in the production. The summation of the product of 

quantity and unit price could result in generating total cost of production.  

 

The above functional form implies that smallholder‟s crop income is a function of crop price 

charged and quantity sold. Apparently, crop prices largely influenced by the local supply and 
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demand forces (Liqiang, 2005). The author argued that total value of corn and beanstrongly 

correlated to the yield. Quantity of crop sold could be a function of both production inputs and 

other factors like socioeconomic, demographic, and climate related ones.  

𝑌ℎ𝑟𝑡 =  Pirt Q𝑖ℎ𝑡 Kiht , L𝑖ℎ𝑡 , F𝑖ℎ𝑡 , C𝑖ℎ𝑡 , Hiht , S𝑖ℎ𝑡 , Oiht  −  I𝑖𝑡Χ𝑖𝑡             (22) 

 

Where: Kiht  = capital budgeted for the crop production i by household h at year t 

Liht = is human laborbudgeted for the crop production by household h at year t 

Fiht = Inorganic fertilizer used for crop i by smallholder h at year t  

Hiht = Demographic characters at year t that affect quantity of crops available for sale 

Ciht = Climate variability elements that affect quantity of crop available for sale by 

household h atsurvey year t. 

Siht =Represent socioeconomic factors that affect the quantity of crops available for sale 

by household h at survey year t.  

Oiht =Other covariates like off/non-farm activities that affect quantity of crops available 

for sale by each household at year t 

 

Panayotis and Alexander (2007) assumed that produce prices are independent of quantity 

produced by the household. Since the crop market in Ethiopia is a perfect competitive type 

with many sellers and buyers,an individual smallholder has not the power to determine crop 

price. Thus, smallholders in the sample farming systems could be price takers that exchange 

based on the existing market price level. This implies that the main actor in changing 

smallholder‟s crop income would be variation in quantity of crops available forsale. Income 

of small-scale farmers‟ in developing countries would decline sharply if their crop production 

fails since the sub-sector is the main source of income (Thomsen and Metz, 1998). Jehovaness 

(2010) considered climate related variables like rainfall, temperature and flood as exogenous 

variables, and regressed separately, which was not logical due to data mining or regression 

fishing problem. Smallholders in Ethiopia mostlymade production decisions several months 

in advance of actual sale. Based on the above equation,the quantity of crops available for 

salecould be a function ofproduction inputs, household related variables and climate related 

factors. 
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Qiht = F Kiht , Liht , Hiht , Fiht  , Ciht  , Siht , Oiht               (23) 

Equation 23 implies that some of the climate variability elements have a direct brunt on 

quantity of crops available for sale and consequently have an inducedeffect on smallholders‟ 

crop income. Variability in temperature and rainfall intensity is likely to affect crop 

productions and the ultimate effect would be on smallholders‟ revenue (IPCC, 2001). If a 

farmer chooses the crop that provides the highest net income and select each input (i.e. 

quantity produced) in order to maximize net income, the resulting equation would be a 

function of just the exogenous variables only (Mendelsohn et al., 1994) due to having the 

reduced form of the original function. Then, the above function would be: 

Yhrt =  Pirt , Kiht , Liht , Hiht , Fiht , Ciht , Siht ,  Oiht , Iiht    (24) 

 

Each change in smallholder‟s income sourcedfrom variation in one of those variables or 

simultaneous change in two or more of them at a time. Additionally, available inputs in 

connection to marketing and other demographic shocks may affect households‟crop income 

through changing quantity of crops available for sale, thus equation 24can be rewritten as: 
 

Yhrt =  Pirt , Kiht , Liht , Hiht , Fiht , Ciht , Siht , Oiht , Iiht , Dhrt  (25) 

 

Dhrt = Demographic related shocks for householdh at a specific time t in each kebele r. To 

simplifyregression of the above equation crop revenue approximated the dependent variable, 

net crop income. Temesgen (2006) considered net farm revenue to assess economic impact of 

climate change. Jain (2006) also adopted the same variable to assess impacts of climate 

change on Zambianagriculture. In the same fashion, this research approximated 

smallholders‟net crop income by revenue collected from crop production only. Thus, the 

above equation reformulated as: 
 

lnYhrt = θ1lnPirt + θ2lnKiht + θ3lnLiht  + θ4lnHiht +  θ5lnFiht +  θ6lnCiht + θ7Siht +

θ8Oiht + θ9lnIiht + θ10 lnDhrt + αi + εit(26) 

Where the individual-specific effectsα1,...,αNmeasure unobserved heterogeneitythat is possibly 

correlated with the other regressors, Xit(Cameron and Trivedi, 2005). Cropping season rainfall 

and temperature variation considered as an approximate to climate variability (Ciht ), which 

might take the right hand share in affecting the dependent variable, crop income. Extreme 
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climate variability sourced shocks such as droughts, flooding and frost severely affect the 

quantity of crop available for sale by smallholders. Thus, there would be inclusion of shocks 

and other rainfall inconsistencies as an explanatory variable. Considering all these, the above 

equation transformed into the following form: 

lnYhrt = θ1lnPirt + θ2lnKiht + θ3lnLiht + θ4lnHiht +  θ5lnFiht +  θ6lnRrt + θ7lnTrt
0 +

θ8lnIiht + θ9lnRIht + θ10Siht + θ11Oiht + θ12lnDhrt + αi + εit (27) 

Rrt  and Trt
0  denote cropping season rainfall and temperature level in each villager at year t  

RIht  refers rainfall inconsistencies and shocks sourced from climate variability, which is 

different for each household h at yeart.  

 

Explanatory variables 

 

Temesgen (2007) considered household related variables like livestock ownership, education 

level of the head, distance to input markets, household size, linear and quadratic temperature 

and precipitation terms for the four seasons and other control parametersas explanatory 

variables in analyzing economic impact ofclimate change on Ethiopian agriculture. Ajay and 

Pritee (2013) considered agricultural labor, rainfall, temperature and others as independent 

variables in analyzing impact of climate variation on agricultural production. Given all the 

above, this research considered the following variables as an explanatory.  

 

Family size:Attaining higher net farm revenues strongly depends on factor endowments (i.e. 

family size, cropland and capital) at the disposal of farming households (Nhemachena, 2010). 

It is critical input expressed in terms of man equivalent for each household at time t. This 

variable has two contradictory effects on crop income, which are the consumption effect that 

reduce crop income and production effect that increases it. Thus, direction of the final effect 

of human labor on crop income would be dependent on the magnitude of the two effects.  

 

Rainfall: Julie and Corene (2014) showed that in a period where monthly rainfall seldom 

occurred in normal amounts, most households experienced agricultural income reduction. 

Household‟s net agricultural income maybe negatively affected by a decline in rainfall, 

especially in rain-fed agriculture (James et al., 2009). In this research, the rainfall variablewas 
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constructed based on actual cropping season amount (measured in mm)over the crop-growing 

season collected from the nearest meteorological site to each sample kebele.  

Temperature: Michelle (2003) used monthly climatic normal deviations to examine climate 

variability. Agronomists have shown that plant growth depends on the cumulative exposure to 

heat and precipitation during the growing season (Grierson, 2002). The number of years 

having well-organized temperature data are very few for each meteorology site to consider 

deviation of each month from the long-term crop season average. This research considered 

average cropping season temperature collected from the nearest meteorological sites to each 

sample kebele. The serious multicolinearity problem prohibit consideration of the quadratic 

temperature as an explanatory variable in this research. 

 

Interaction of rainfall and temperature: Interaction of the two dominant climate related 

variables (cropping season rainfall and temperature) would result insmallholders‟ crop income 

improvement in the two farming systems due to counterbalancing negative effect of the one 

with positive effect of the other. This positive effect of the variable is due to counter 

balancing negative effect of the one with positive effect of the other.This logic could hold true 

if there is successive increment in both cropping season rainfall and temperature. 

 

Climate related shocks: This variable encompasses different shocks like flood, droughtand 

frost. Floodmay reduce overall crop income of households through reducing the quantity of 

crop available for sale. Impacts from recent climate-related extremes, such as heat waves, 

droughts and floods reveal significant vulnerability on many human beings because of the 

recurrent climate variability (IPCC, 2014b). Temperature rise would have negative effects on 

farm net revenue (Edeme, 2010), which implies that drought would reduce smallholders‟ crop 

income. 

 

Diseases and pest infestation: Dinesh et al. (2015) argued that climate change would bring 

greater risk of pests and diseases to African agricultural systems, affecting crop, livestock, 

and fisheries productivity. The authorsfound that areas affected by both wet and dry rainfall 

extremes could decrease well-being of rural households. Countries characterized by highly 

variable rainfall and exposure to extreme events, particularly if coupled with high levels of 

poverty, result in drastic income reduction (Julie and Corene, 2014). It would be dummy type 
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taking 0 if there is no outbreak or 1 if there is within the cropping season in each smallholder, 

and would affect crop income through reducing quantity of crop available for sale. 

Saving: Availability of working capital and diversified income source could be possible if the 

household has saving in the formal or informal institutions like equb or edir. It was dummy 

variablebased on household members participation to either of the two institutions, and would 

have positive effect on the dependent variable.  

 

Cropland size: Larger farm sizes appear to have positive effect on net farm revenue across all 

farm types, suggesting that more cropland allows smallholders to diversify their crop 

production, leading to better income (Nhemachenaet al, 2010). Largercropland possession, 

measured in hectare, would result in having positive effect on gross income via increasing the 

quantity of crops available for sale.  

 

Off- and/or non-farm activities: They are alternative source of income for rural households, 

which would reduce uncertainties due to having one source of income. Thus, if the household 

has access to participate either in off- or non-farm activities,then there would be reduction in 

crop income due to labor competition. Given this, those activities may be one source of 

working capital for the well performance of the crop production that would increase income. 

 

Number of oxen: Draught power is critical input in the crop production of smallholders in 

Ethiopia. Possessing large number of oxen would increase the potential of having higher 

draught power that would increase efficiency in crop production and better opportunity of 

collecting higher crop income. 

 

Livestock holding (TLU): Possession of large livestock unit (excluding oxen)may have two 

directional effects on smallholders‟ crop income in the two farming systems. It may 

increasecrop income because of being additional source of capital and power for the crop 

production. In the other direction, households may face labor and working capital competition 

for the two sub-sectors of agriculture, which would reduce marketable quantity of crops. 
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Rainfall inconsistency:It includes rainfall at harvest, enough rain at beginningand 

summerrainfall on timeavailability. Late start or early cessation of the crop season as well as 

harvesting time rainfall may affect the crop production that could reduce the marketable 

quantity of crops for smallholders in the two farming systems. 

 

Idiosyncratic shock: Francis and Tomoya (2013) showed that areas with conflicts have 17% 

lower yield than those free of the problem, which means it hurts productivity seriously.It is a 

dummy variable taking value of 1 if one of the problemsoccurrence or else 0, and the research 

proposed that it would have negative effect on households‟ crop income in the two farming 

system. 

 

Table6.Summary of explanatory variables for cropincome 

Explanatory variables Description Hypothesized effect  

Rainfall  Continuous (mm) - 

Temperature  Continuous (
0
C) - 

Rainfall XTemperature Continuous (numeric) + 

Rainfall at harvest Dummy (1 if there was,0 otherwise) - 

Enough rain at beginning Dummy (1 if there was, 0 otherwise) + 

Summer rain on time Dummy (1 if there was, 0 otherwise) + 

Number of oxen Continuous (Numeric) + 

Livestock size  Continuous (Numeric) +/- 

Idiosyncratic shock  Dummy (1 if there was,0 otherwise) - 

Off/non-farm activities  Dummy (1 if there was participation, 0 

otherwise) 

-/+ 

Crop residue Dummy (1 if there was collecting and 

selling, 0 otherwise) 

+ 

Climate sourced shocks  Dummy (1 if there was,0 otherwise) - 

Disease and pest outbreak Dummy (1 if there was,0 otherwise) - 

Access to credit  Dummy (1 if there is access,0 otherwise) + 

Cropland  Continuous (hectare) + 

Family size Continuous (numeric) +/- 
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3.4.3. Adaptation Options to Climate Variability 

 

Since they have not resources to invest for improving theiradaptive capacity developing 

countries in the Tropics are worse off than developed ones under different scenarios of 

climate change (Corinne et al., 2004). Households in developing nations adopt 

differentstrategies like soil conservation schemes, changing crop variety, planting trees, water 

harvesting, sought off-farm activities, planting lateor early, migration to urban areasor 

adopting new technologies in order to reduce the negative brunt of climate variability 

(Nhemachena and Hassan, 2007). Those are common adaptation methodsfor smallholders in 

low-income countries.Households of the rural economy are having different mechanisms in 

order to adapt climate variability (Arjan et al., 2011). Pytrik etal. (2015)considered only 

changing the sowing date and the crop varieties in simulated adaptation measures. Households 

always try to implement different adaptive mechanisms though they may not be free from 

effect of climate variability.  

 

Kurukulasuriya and Mendelsohn (2006), and Seo and Mendelsohn (2006) employed 

multinomial logit model for analyzing determinants ofadaptationchoices to curve the negative 

effects of climate change. Temesgen (2010) also used multinomial logit to identify 

determinants of six alternative adaptation options employed by smallholders assuming that the 

alternatives are mutually exclusive, which may not be logical assumption since smallholders 

are rational enough to utilize two or more of the methods in one crop season. Adaptation 

measures that smallholders employ may be profit driven or cost effective type, rather than 

climate change driven as to the work of the above author. However, this study assumed that 

households‟ ability to implement andcollect benefitsfrom each strategy were the bases for 

categorizing adaptation strategies. Hence, smallholders in the two farming systems hadfour 

alternative adaptation strategies. 

 

 Changing sowing time (Strategy_1): includeschanging the sowing time like planting 

early or late, early harvesting and other activities. 
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 Technology adoption (Strategy_2): comprisesadoption of agricultural 

technologiesincludingnew crop varieties, pesticide, insecticides andother new 

technologies. 

 Alternative income sources (Strategy_3): includes searching alternative income 

sourcessuch as temporal migration, off- and non-farm income, petty trade and artistic 

works. 

 Conservations (Strategy_4): encompasses adopting other strategies like reforestation, 

water harvesting, irrigation, erosion prevention etc. 

 

The four alternative strategies could be grouped into two (short-run and long lasting) sub-

unites based on the time needed tocollect benefits. Reilly and Schimmelpfenng (1999) argued 

that adoption of tillage systems, variety and fertilizer needs shorter period of not more than 10 

years, but strategies like dams and irrigation development, and afforestation need more longer 

years of about 20 years. Thus, the research groupedthe first and third strategies as shortrun, 

and the second and fourth strategies as long lasting type. Smallholders implement the first and 

third strategies as short run remedy to curve immediate problems, and they adopt the second 

and fourth strategies as longlasting measures for combating climate variability. 

 

There are different problems behind the potential and willingness of smallholders to adopt 

those mechanisms. The study used theeighthround datacollected in 2014 to assess 

determinants of smallholders‟ adaptation strategies. They may adopt one or more of the four 

alternatives, which would result in having mutually inclusive choices and correlated error 

terms(Cameron and Trivedi, 2005). The multiple-equation model ormultivariate probit (MVP) 

model, with four dependent variables is given by: 

 

𝑌1 = 𝑋1𝛽1 + 𝜀1 , 𝑦1 = 1 𝑖𝑓 𝑌1 > 0, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑌2 = 𝑋2𝛽2 + 𝜀2, 𝑦2 = 1  𝑖𝑓 𝑌2 > 0, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑌3 = 𝑋3𝛽3 + 𝜀3, 𝑦3 = 1  𝑖𝑓 𝑌3 > 0, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑌4 = 𝑋4𝛽4 + 𝜀4, 𝑦4 = 1  𝑖𝑓 𝑌4 > 0, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 -     (28) 

And  
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𝐸 𝜀1 𝑋1, . . 𝑋4 = 𝐸 𝜀2 𝑋1, . . 𝑋4 =. . .  𝜀4 𝑋1, . . 𝑋4 . = 0

𝑉𝑎𝑟 𝜀1 𝑋1, . . 𝑋4 =  𝜀2 𝑋1, . . 𝑋4 = ⋯ 𝜀4 𝑋1, . . 𝑋4 = 1

𝐶𝑜𝑣 𝜀1, 𝜀2 𝑋1, 𝑋2 = 𝜌1, 𝐶𝑜𝑣 𝜀1, 𝜀3 𝑋1, 𝑋3 = 𝜌2 , 𝐶𝑜𝑣 𝜀1, 𝜀4 𝑋1, 𝑋4 = 𝜌3

𝐶𝑜𝑣 𝜀2, 𝜀3 𝑋2, 𝑋3 = 𝜃1 , 𝐶𝑜𝑣 𝜀2, 𝜀4 𝑋2, 𝑋4 = 𝜃2

𝐶𝑜𝑣 𝜀3, 𝜀4 𝑋3, 𝑋4 = 𝛾  
 
 

 
 

- (29) 

Where the Xis are vector of explanatory variablesthat determine adaptation of the four 

alternative strategies available for each smallholder, in which i = 1, 2, 3 and 4 for each 

equation Y1,Y2, Y3 and Y4, respectively.  

Explanatory variables for determinants of adaptation 

 

Household income level:Coping capacities could improve when households have more 

income earning opportunities (Arjan et al., 2011) and result in having better potential of 

adopting different methods. Income sourced from different activities like crop production or 

livestock management, non- and off-farm, remittance, aid and other sources may increase 

smallholder‟s capacity to adopt climate variability. This variable expressed in terms of money 

and expected that it would have positive effect on smallholders‟ adaptation behavior. Reverse 

causality between current income and previous year adaptation could not be there since the 

data for this objective are cross sectional type.  

 

Human labor: Changes in input factors such as financial and physical resources, 

infrastructure, knowledge and human resources may change adaptation capacity of 

households over time (Ringler, 2010).Farm assets (labor, land and capital) are critical for 

helping African farmers to adapt climate change (Hassan and Nhemachena, 2008). Human 

resources or social characteristics (Jones and Boyd, 2011) of households affect access to 

information and in turn, it will highly affect adoption behavior of them. The study considered 

man equivalent of each smallholderand expected to have positive interaction with the 

dependent variables. 

 

Access to credit: It implies availability of different source of finance from either legal or 

illegal lenders. Financial constraints and difficulty to obtain affordable loans by smallholders 

are most commonly observed constraints for all strategies. There is very high confidence 

thatlack of financial resources (in the form of credit) isone major bottleneck in the adaptation 

behavior of farmers in Africa and Asia (Temesgenet al., 2009). Adaptation strategies will not 

http://en.wikipedia.org/wiki/Probability_vector
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be successful unless financial constraints are not solved (Arjanet al., 2011).This dummy 

variable based on access would have positive effect on smallholder‟sadaptation behavior. 

 

Rainfall inconsistency: It includes previous cropping season year rainfall shortage and rain at 

harvesting season. Consistent availability of crop season rainfall would determine 

sustainableproduction of crops.Gbetibouo et al, (2010)suggested that access to water and 

extension services arekey inputs to enhance farmers' adaptive capacity. The same logic may 

hold true in this research where cropping season rainfall inconsistency at onset, growing 

period, cessation and harvesting season could be considered in dummy variable format.  

 

Access to market: Currently, low quality infrastructure,poorly functioning markets, and low 

purchasing power (Arjan etal., 2011) may hamper adaptation initiatives. For rural households‟ 

lack of access to markets is a major barrier in adopting agricultural production strategies. 

Households adopted improved technologies; especially improved maize seeds combined with 

better market access had significantly higher income (Cunguara and Darnhofer, 2011).The 

variable approximated by the distance between all-weather road and dwelling place of each 

farm household. Thus, distant located smallholders would restrain to adopt strategies that 

need strong market interaction. 

 

Climate sourced shocks: It includes drought, flood and frost that may be different for each 

household.It is one of the most common climate sourced shocks faced by farm households 

and majority of them perceivedit as a major threat than flood hazards or storms (Arjanet al., 

2011). Occurrence of frequent flood may initiate farm households to adopt new technologies 

that reduce its impact. Smallholders could be active enough in looking for alternative 

strategies if there is frequent flood, drought or frost.This dummy covariate would have 

positive effect on the probability of adopting one of the alternative strategies. 

 

Diseases and pest: Earlier studies identified that climate variability especially inconsistencies 

in cropping season rainfall frequently result in outbreak of crop disease and pests, which 

would have strong negative effect on productivity. This circumstance could directly affect the 

crop yield and income. Frequent outbreak of the problem may initiate farm households to look 
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for adaptation strategies to cope up with the problem. It could be constructed as dummy 

variable taking 1 if there was outbreak of the problem and 0 otherwise.  

 

Infrastructural facilities:Hassan and Nhemachena (2008) showed that better access to 

technologies is critical for helping African farmers to adapt the changing climate. 

Infrastructural facilities includeaccess to electrification and pipe water mayenhance crop 

production and marketing system that would increase awareness of smallholders to identify 

the appropriate strategy clearly. Having access to those facilities could improve their 

adaptation capacity. 

 

Food self-sufficiency: If a household fully satisfied its food requirement, then the effort 

would be on producing more and generating additional buffer income. This circumstance 

indicated that if a household were food self-sufficient its capacity to adopt different strategies 

would be high.  

 

Crop price:Price increases would likely have significant effect on farm income and enhance 

adaptation capacity of farmers to curve negative effect of climate changes (Pytrik etal., 

2015).It is a continuous variable measured in Ethiopian Birrand affect probability of 

alternative adaptation strategies.  

 

Table7.Summary of explanatory variables for household‟s adaptation behavior 

Explanatory variables  Description Hypothesized effect 

Total income  Continuous (in Birr) + 

Rainfall shortage Dummy (1 if there was, 0 otherwise) - 

Harvest season rainfall Dummy (1 if there was, 0 otherwise) - 

Human labor  Continuous (man equivalent) + 

Access to electric  Dummy (1 if there is access, 0 otherwise) + 

Access to pipe water Dummy (1 if there is access, 0 otherwise)  

Climate related shocks Dummy (1 if there was, 0 otherwise) + 

Disease and pests Dummy (1 if there were, 0 otherwise) - 

Distance from the road  Continuous (km) + 

Food self sufficiency Dummy (1 if there was, 0 other wise) - 

Crop price stability Inflation index  + 

Saving account Dummy (1 if there was participation, 0 

otherwise) 

+ 
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Expected drought Dummy (1 if the household expected it, 0 

otherwise) 

+ 

 

3.4.4. Effect ofClimate Variability on Rural Labor Displacement 

 

Mathilde and Zaneta (2014) proposed that climate variability has induced effect on farm 

household member mobility through its direct effect on agricultural yields. Temperature or 

precipitation shock decreases yield and as a consequence household‟s income, which in turn 

induces the family to send its member away. This indicated that climate variability does not 

affect migration decision directly, but it may affect through its amenity value or through 

household‟s preferences for a given climatic setting. Thus, climate variability elements could 

not appear directly in the migration equation. Michel and Christopher (2013) found indirect 

relationship between climatic change and international migration. Paul et al. (2012) 

considered total annual household expenditures per capita as a determinant of migration. 

 

Some scholars had very strong assumption that climatic factors influence migration indirectly 

through crop production, but not directly.Kavi and Brinda (2012) considered rice and wheat 

yield separately as the relevant agricultural variables that determined migration. They used the 

fraction of out migrants defined as ratio of total rural out-migrants from a state to the rural 

population of the origin state, as dependent variable. Few studies assumed that rural labor 

migration is associated with food insecurity and some others connect it with crop yield 

reduction. It is easy to generalize that rural labor movement mainly sourced from crop income 

variability in one or the other direction. Since the crops considered in this study were the 

dominant cereals but not the whole, it would not be logical to consider yield variability as a 

main source of labor movement. It is generally accepted fact that crop production is the main 

source of food and income for Ethiopian farm households, and variability in this sub-sector 

would result in enormous income variation. Thus, it is more logical to say that each crop yield 

changemight result in income variation that would initiate family members to migrate.  

 

 
𝑀𝑖𝑡 = 𝐹 𝑌𝑖𝑡 + 𝜀𝑖𝑡

and
𝑌𝑖𝑡 = 𝐹 𝐶𝑖𝑡 + 𝛾𝑖𝑡

                                                                                                               (30) 
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Where:-Mit is the number of emigrant from farmhousehold i at yeart. Mathilde and Kubik 

(2014) used a dummy dependent variable for a household having at least one migrant in 

working age and the preferred temperature and precipitation shock in 2008 one year prior to 

migration as main climatic variable in the regression. Michel and Christopher (2013) 

considered the ratio of migrants from the total population of the country in addressing impact 

of climate change on international migration. The ratio of labor migrated from each 

householdto the total family size in each survey year was the dependent variable in this 

research. Hence, the ratio could enable this research to generate continuous and normally 

distributed dependent variable.This conversion could allow the researchto have continuously 

varying type of dependent variable, but not counting data type. In this circumstance, 

households that have large number of displaced labors could have different value than those 

with lower number of migrants in each survey year. 

 

Yit= the crop income collected by each farm householdi at yeart.Since the main objective of 

this research is to examine interaction of rural labor displacement and climate variability the 

study considered smallholder‟s crop income collected from crop production only that is a 

sector highly susceptible to each climate variation.  

Cit =represents climate variability elements (rainfall, temperature and other shocks) 

forsmallholderi at periodt, and 

𝜀𝑖𝑡and 𝛾𝑖𝑡 represent the error terms.  

 

The crucial assumption made by Harris and Todaro (1973) for modeling rural-urban 

migration is that the circumstance will continue so long as the expected urban real income at 

the margin exceeds agricultural product-i.e., prospective rural migrants behave to maximize 

the expected utility. This indicates that agricultural income is the base to examine rural labor 

migration.Here the climate variability would affect the crop income directly and the rural-

labor displacement indirectly, which implies that consideration of smallholder‟s crop income 

as an independent variable that directlyaffect labor migration is logical enough. Thus, the 

mathematical formulation seem: 
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LMit = β0 + β1Yit + β2θit + β3PAi + εit

and 
𝑌𝑖𝑡 = 𝛼0 + 𝛼1𝐶𝑖𝑡 + 𝛼2Φ𝑖𝑡 + 𝛼3𝑄𝑖 + 𝜐𝑖𝑡

 (31) 

 

Where:- PAi= represent vector of variables like socioeconomic, demographic, and other  

household level dummy ones, which affect the labor displacement directly.  

θit= encompasses additional variables that have direct effect on labor displacement 

Cit = refers climate variability elements like cropping season rainfall, temperature, 

shocks and others that affect crop income directly.  

Qi= vector of covariates like demographic types that affect crop income directly.  

Φit= represents other variables that affectsmallholders‟ crop income.  

 

Simultaneous equation model could illustrate causal interpretation of parameters through 

having endogenous variables (Cameron and Trivedi, 2005). It is useful to see, in a simple 

model, that an explanatory variable that is determined simultaneously with the dependent one 

may generally correlated with the error term, which leads to biasness and inconsistency in 

OLS regression. Although reduced form models are very useful for some purposes, 

knowledge of structural or causal parameters is essential for policy analyses. Identification of 

structural parameters within the simultaneous equations framework poses numerous 

conceptual and practical difficulties (Cameron, and Trivedi, 2005). It is possible to consider 

the two-equations; the structural and reduced form that is a single equation managed by 

pooled OLS, afterexpressing the dependent variable in terms of exogenous co-factors and 

error terms only (Wooldridge, 2005).  

 

LMit = β0 + β1(𝛼0 + 𝛼1𝐶𝑖𝑡 + 𝛼2Φ𝑖𝑡 + 𝛼3𝑄𝑖 + 𝜐𝑖𝑡) + β2θit + β3PAi + εit                        (32) 

 

Substitution of the second equation to the first one would generate the reduced form; 

LMit = β0+β1𝛼0 + β1𝛼1𝐶𝑖𝑡 + β1𝛼2Φ𝑖𝑡 + β1𝛼3𝑄𝑖 + β1𝜐𝑖𝑡  +β2θit + β3PAi + εit (33) 

Assumptions Υ0=β0+β1𝛼0 ,Υ1 = β1𝛼1, Υ2 = β1𝛼2 and Υ3 = β3 

μit = β1𝜐𝑖𝑡  + εit ;  it is the within household error across time 

𝜋𝑖= β1𝑄𝑖 it is the between households error on the same time period  

 

Thus, the final equation would be: 
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LMit = Υ0 + Υ1𝐶𝑖𝑡  + Υ2Φ𝑖𝑡 +  Υ3PAi + Υ4θit + 𝜋𝑖+μit      (34) 

 

Explanatory variables to rural labor displacement 

 

Belay (2011) has identified that factors includingcropland shortage and others that have 

connection with the rural economy were push factors for rural-urban migration.Similarly, 

Kavi and Brinda (2012) considered individual characteristics (sex, age, employment statusand 

economicdependency), household‟s characteristics (familysize, religion and landholding), 

weather variability (district level average of maximum temperature and annual rainfall) as 

explanatory variables in studying the implication of weather variability on labor 

migration.Variability in economic, social, political, demographic and environmental 

factorsand the complex interactionsof them remains a major challenge that initiate individuals 

to migrate (IPCC, 2014a). In the same fashion, this research considered the following 

explanatory variables to the rural labor displacement from the two farming systems.   

 

Climate related shocks:Climate variability would directly result in different shocks that have 

strongeffect on rural-urban migration (Mertz et al., 2011). Frequent occurrence of these 

shocks would result inagricultural productionreduction and aggravate rural labor migration. 

Harsh weather conditions will increase the probability of an individual to migrate seeking 

alternative livelihoods and additional incomes. With the continuousoccurrence of a chronic 

disaster (flood, drought), communities engaged inshort-term migration patterns (Clionadh et 

al., 2009).Occurrence of those shocks valued as 1and 0 if not, to have dummy variable and 

the research expected that this variable would aggravate rural labor migration.  

 

Rainfall: Shortage of rainfall significantly increases migration from rural areas across SSA, 

but not in other parts of the developing world (Barrios et al., 2006). Munshi (2003)found 

statistically significant and positive correlation between rural migration and rainfall reduction. 

Similarly, Marchiori et al. (2011) claimed that climate variations manifested by variability in 

rainfall spur both internal and international emigration in SSA. This studyconsidered the 

actual crop season rainfall from the nearest meteorological site to each sample kebele in the 

two farming systems, wherein households in one kebele had similar rainfall level. 
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Temperature: continuous warming adversely affects crop yields, and thenmigration increases 

in the long-term (Fenget al., 2012).Mathilde and Zaneta (2014) identified that climatic 

variabilityrepresented by temperature and precipitation were the main factors for the rural 

emigration.This study considered average cropping season temperature from the nearest 

meteorology site to examine effect oftemperature variationon rural labor emigration.  

Cropland: Having large landholding would reduce the possibility of laboremigration. 

Regarding economic characteristics of migrants, the general observation is that poor, landless 

and unskilled individuals dominate the overall migration streams (Montira,2010). It is 

measured in terms of hectare and possessing large plot of cropland would reduce labor 

displacement of farm household members in the study area. 

 

Farm labor: Most migrants tend to come from relatively large families (Montira, 2010). 

Abundant labor supply within a household mightinitiate thesurplus labor to 

migrate.Households tend to allocatetheir labor force optimally over different geographic 

markets in order to reduce risks if they have surplus labor (Vera et al., 2010). Young adults 

emigrate in search of a better life due to productivity for longeryears to generate higher 

income (DeHaan and Rogally, 2002). This covariate wasexpressed in terms of man equivalent 

and would have positive effect on rural labor migration from the two farming systems.  

 

Age of the household head:The youngest age group, those between 15 and 29, are more 

initiatedto have migration decisions if there is a yield shock (Fenget al., 2012). Young people 

view migration as an avenue to improve their status, learn new skills, and transit into 

adulthood(Charlotte, 2009). The author argued that youths are an integral component of the 

migrant population. Consequently, migration continues to serve as a means to improve rural 

livelihoods in which young household headswould have strong initiation toundertake it. 

 

Household head education level: Less educated people are more likely to be migrants 

compared to those with middle level education. Studies done before found that educational 

selectivity existed at both ends of the scale; large proportion among people with very little or 

no education and among those with high educational levels tended to migrate (Montira,2010). 
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The variable measured in the number of schooling yearsof the head and expected to have 

negative effect on migration decision of the household. 

 

Livestock holding:The number of livestock units is an important determinant of migration, in 

which richer households have a higher probability of migration (Mathilde and Kubik, 2014). 

The reverse may be true in Ethiopia wherein possessing relatively large livestock in terms of 

TLU implies having betterbuffer stock and diversified source of income, whichwould result in 

lower labor displacement due to climate variability problems. 

 

Capacity to save: It is one way of reducing negative effect of climate variability via having 

buffered stock for investing in alternative sources of income. Households having access to 

saving and credit would not need to migrate (Dean, 2003), which may be due to devouring 

better capacity to cope problems that affect agricultural productivity. In the same fashion,this 

dummyvariablewould reduce rural labor displacement from the two faming systems.  

 

Enough rain at the beginning: Since sampleof this study were smallholder farmers, their 

agriculture could be seriously affected by any of the rainfall inconsistencies. Those dummy 

types of covariates would affect the crop production and income, which finally initiate rural 

labor displacement.  

 

Summer rainfall onset: It was one dimension to measure rainfall inconsistencies of the study 

area for each sample household. It was a dummy variable taking 1 if there was happening of 

the problem for each household and 0 otherwise. 

 

Harvesting season rainfall: Untimely rainfall at harvesting season of each crop may reduce 

efficiency of smallholder in producing cereals. It was a dummy variable taking 1 if there was 

happening of the problem for each individual household and 0 otherwise. 

 

Crop residue collection: Participation of the household members in this activity may result in 

having additional income source to substantiate the main source of income, crop or livestock 

sales. Generating income from crop residue may provide a diversified source of income for 
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the household that may enable the family members to have a settled life in their original 

abode rather than displacing to other areas.  

 

Inflation: Since the sample, smallholders are from areas that produce crops in surplus 

households are not net buyers rather they are net sellers. Thus, increment in crop price may 

improve their revenue from crop production.Hence, this circumstance may increase 

smallholders‟ income and enable them to prefer settled life in their abode rather 

thandisplacing to other areas. 

 

Table8. Summary of explanatory variables for rural labor displacement 

Explanatory variables  Description Hypothesized effect 

Climate related shocks  Dummy (1 if there was,0 otherwise) + 

Crop income  Continuous (in Birr) - 

Enough rain at the beginning Dummy (1 if there was, 0 otherwise) + 

Summer rainfall onset Dummy (1 if there was, 0 otherwise) - 

Harvest time rainfall Dummy (1 if there was, 0 otherwise) + 

Disease and pest Dummy (1 if there was, 0 otherwise) + 

Cropland  Continuous (hectare) - 

Ag of the head Continuous (years) - 

Farm labor Continuous (numeric) + 

Education of head Continuous (numeric) + 

Creditaccess Dummy (1 if they have, 0 otherwise) + 

Crop residue Dummy (1 if there was selling, 0 

otherwise) 

+ 

Off-farm Dummy (1 if they have access, 0 

otherwise) 

+ 

Livestock holding Continuous (Numeric) + 

Inflation  Continuous (Indexed value) - 
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4. RESULTS AND DISCUSSION 

 

This chapter presents the results and discusses the core findings of the study. It has sub-

sections in which the first part covers descriptiveresults about common and individual 

characteristics like socioeconomic, production inputs, crop yield, income and other aspects of 

the sample smallholders in the two farming systems. The second sub-sections present 

econometric results and discussion about effect of climate variability on cereal yield, crop 

income and rural labor displacement, and it further discusses results of the study in 

comparison with the findings of related previous studies.  

 

4.1. Descriptive Analysis 

4.1.1. Socioeconomic Characteristics 

 

Smallholders in the two farming systems had significant difference in most of the covariates 

considered to describe sample households(Table 9). Households in Arsi grain plough farming 

system had relatively larger household size (more than six persons per household) as 

compared to the central highlands(5.30 per household). This indicates that farm households in 

the two farming systems may have significant difference in human labor available for the crop 

production. Household size of the overall sample smallholders showed successive reduction 

with the going of time (Appendix Table2). There were smallvariations in few sample years 

like in 1997for smallholders from central highlandsand in 1999forArsi grain plough farming 

system. Total average family size of sample households fromArsi grain plough farming 

system was largerthan central highlands, which may resulted in having densely populated area 

in the former farming system. Family size variability among sample smallholders in a given 

year was higher in Arsigrain plough farming system. Bartlett‟stest of variance equalityshowed 
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that household size variability betweenArsi grain plough and central highlandsfarming system 

was significantly different having χ
2
 =43.99andP-value of0.000. Based on the test there was 

significant family size variationamong households within the two farming systems having 

χ
2
=23.66 and 25.18 for central highland andArsi grain plough, respectively. 

 

Table9. Summary of covariatesfor the two farming systems 

Covariates Central highland  Arsi grain  Combined Mean  t-value 

Household size 5.30 6.36 5.67 12.813*** 

Age of household head 52.32 48.62 48.61 5.983*** 

Fertilizer (kg) 89.55 35.17 70.71 10.704*** 

Total seed usage (kg) 44.73 8.83 29.00 5.351*** 

Number of oxen  1.18 0.81 1.05 9.961*** 

Livestock hold (TLU) 5.02 3.78 4.59 9.072*** 

Total cropland (ha) 1.99 1.96 1.98 0.597 

Teff land (ha) 0.715 0.549 0.634 6.593*** 

Maize land (ha) 0.211 0.610 0.467 11.555*** 

Wheat land (ha) 0.425 0.479 0.444 3.567*** 

Teff yield (kg/ha) 979.57 621.63 820.90 13.056*** 

Barley yield (kg/ha) 939.56 978.72 950.81 1.001 

Wheat yield (kg/ha) 1068.56 1262.20 1134.97 3.489*** 

Maize yield (kg/ha) 1183.06 1174.82 1177.14 0.041 

Sorghum yield (kg/ha) 697.61 1252.04 783.98 6.354*** 

Crop income in Birr 1256.50 1520.53 1347.55 2.013** 

Crop season rainfall 866.62 630.28 785.14 26.423*** 

Crop season temperature 21.75 26.76 23.47 62.741*** 

Non/Off-farm income 163.17 212.29 180.10 2.811*** 

Note: ***, ** and * indicate 1%, 5% and 10% level of significance, respectively 

Source: Own computation, 2016 

 

The ERHS data revealed that most sample smallholders had an economically active head, 

with a significant difference between the two farming systems (Table 9). Age of the head 

among smallholdersin central highland showed significant difference across time and 

households with t-value of 24.73, butforArsi grain plough, there was no significant difference 

(t-value of 0.249). However, the two farming systems had relatively larger cropland (1.98ha) 

as compared to the national level (1.25ha) reported by CSA (2015) while there was no 

significant difference between them. Based onTable 9,smallholders of the two farming 

systems had significant difference in their crop yield exceptfor barley and maize. In general, 

smallholders in the two farming systems had significant variation in most of the covariates 

considered in Table 9.  
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4.1.2. Cropland Allocation and Yield 

 

Post-harvest survey in 2015 indicated that cereals took 81% and 87% of the total cropland 

allocation and overall production of the country, respectively (CSA, 2015a). The survey 

showed that teff, maize, sorghum, wheat and barley covered 24.02%, 16.80%, 14.58%, 

13.25% and 7.81% of the cropland, respectively. The national averagecropland holding was 

0.88haper household in 2015/16 production year. Given this, croplandallocation of 

smallholders in central highlands farming system was higher thanArsi grain ploughforsome 

production years especially before 1999 (Table 10). Land allocated for crop production in the 

two farming systems showed consistent increment from 1993 to 1997 production years, but 

there was drastic change after 2004 that may be due to introduction of land redistribution 

programin the country. Because of this circumstance, cropland allocated in 2009 production 

yearwas lowerthan the amount what it was in 2004 for smallholders in the two farming 

systems. Land redistribution program may be the reason for the drastic reduction of cropland 

in central highlands farming system after 2004 production year. Recall data collected by 

ERHS indicated that long run cropland allocation of some farm households in central 

highland farming system of Ethiopia was below 1 ha before 1989, but there was increment 

onwards that year. 

 

Based onTable10the overall average cropland allocation of smallholders in the two farming 

systems was equal in most of theproduction yearsexcept 1999 and 2009. Cropland ownership 

among farm households within each farming system had significant difference havingχ
2
= 

52.522 and 46.86 for Arsi grain plough and central highland farming system, respectively.  

 

Table10. Household‟s cropland allocation in the two farming systems (in ha) 

Year Central highland Arsi grain plough Combined Average t-value 

1994a 2.01 1.91 1.98 0.354 

1995 2.34 2.01 2.23 1.46 

1997 2.29 2.16 2.25 0.991 

1999 1.69 2.13 1.84 4.353
***

 

2004 2.35 2.15 2.28 1.345 

2009 1.41 1.79 1.55 4.627
***

 

2014 1.54 1.46 1.51 0.737 

Overall Average 1.898 1.926 1.908  

Overall Std. Dev. 1.483 1.445 1.470  
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Within Std. Dev. 1.047 0.829 0.977  

Between Std. Dev. 1.073 1.208 1.120  

Note: *** represent 1% level of significance 

Source: ERHS (1994a-2009) and own survey, 2014 

 

The variation in cropland allocation among smallholders was relatively larger in Arsi grain 

plough as compared to central highland farming system.Individual household‟s yearly 

cropland allocation variation was relatively larger in central highland as compared to Arsi 

grain plough farming system. Table11shows the probability of changing the cropland 

allocation of smallholders from budgeting below 2ha to more than itwithin theten production 

years (from 1999 to 2009) interval. In connection to this,sample smallholders had 39.75% 

probability of allocating below 2ha cropland even after ten years in 2009. Smallholders that 

allocated more than 2 ha cropland in 1999 had 60.25% probability of remaining within that 

amount after ten years in 2009.Smallholders in central highland and Arsi grain plough, 

respectively had probability of 38.34% and 42.43% to have cropland of below 2ha evenafter 

ten years in 2009, wherein households in the former farming system had more variable land 

allocation.  

 

Table11. Probabilityof changing the cropland allocation 

Description  Years  Overall Central highland Arsi grain  

1999 2009 1999 2009 1999 2009 

Below 2 ha 1999 50.99  49.01 37.76 62.24 64.56  35.44 

2009 34.88  65.12 38.50   61.49 25.63    74.37 

Total  39.75 60.25 38.34       61.66 42.43 57.57 

Below yearly  

average  

1999 71.72 28.28 68.18 31.82 80.20 19.80 

2009 36.21 63.79 51.85 48.15 14.43 85.57 

Total  57.39 42.61 62.33 37.67 47.98 52.02 

Note: Values in the table are in percentage 

Source: Own computation from ERHS (1999 and 2009), 2017 

 

Based on Table11 smallholders had 57.39% probability of budgeting below overall (average 

of the sample households) yearly average cropland in 2009. Smallholders in the two farming 

systems had 28.28% probability of shifting from having below the overall yearlyaverage 

cropland to more of it after ten years. Similarly, smallholders in the two farming systems had 

71.72% probability of budgeting equal amount of croplandafter ten years in 2009. 
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Smallholders in central highland had relatively better probability of changing their cropland 

allocation in the ten years interval from 1999 to 2009, in which they had 62.24% probability 

of transition from budgeting below 2ha cropland while smallholders from Arsi grain plough 

had only 35.44%. Smallholders from central highland had 31.82% probability of transition 

from having below yearly overall (average of the sample households) average;smallholders 

inArsi had only 19.80% probability of shifting.This circumstance indicates that farm 

households in central highland had better probability of changing their cropland allocation.  

 

Teff is the dominant cereal crop of the country in terms of cropland and second to maize in 

terms of production. Similarly, teff took the leading position in cropland coverage in the two 

farming systems (Appendix Table 8). Maize and wheat took the second and third position in 

cropland coverage in Arsi grain plough farming system, whereas barley took the second 

position in central highland.Appendix Table11 showed that households that budgeted 

cropland of below the overall yearly average for producing teff, maize and wheat in 1999 had 

85.17%, 40.46% and 53.57%, respective probability of remaining below that level even after 

ten years in 2009. This indicated that there was lower variation in land allocation for teff as 

compared to the other cereals since more than 85% of the sample smallholders had similar 

cropland allocation for this crop. The table also showed that there was better probability of 

transmission incropland allocation for teff (40.76%) and maize (50.75%) as compared to 

wheat (19.54%).  

 

Ethiopian overall grain production showed a remarkable enhancement of 102.06% in 2015 

from what it was in 2006, exactly ten years later (CSA, 2015a). This significant change was 

mainly due to cultivated land increment as to the report of the agency. Overall yield of teff 

was significantly different in the two farming systems, wherein households in central 

highlands were better productive. Both production and yield of wheat was significantly better 

in Arsi grain plough farming system(Table 12). The table revealed that most of the yearly 

average cereal yield was better in central highlands farming system as compared toArsi grain 

plough except for maize in which the latter farming system performed better. Maize 

yieldconsistently increasedin the two farming systems starting from 1999. Households in 

central highlands farming system were better productive in producing teff than Arsi grain 
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plough and the reverse happened formaize. The test result showed that teff and barley yield 

exhibited significant difference between the two farming systems having P-values of 0.003 

and 0.004, respectively. Teff yield difference of the two farming systems consistently 

narrowed from the first to the last sample survey year.Households in the two farming systems 

had no significant difference in maize yield (t-value =0.041) for the sample survey years even 

though farmers in Arsi grain plough had relatively better yield.There was relatively narrow 

gap between yield of wheat and barley in central highland farming system as compared to the 

difference in Arsi grain plough. Overall difference of the two farming systems in wheat and 

barley yield was lower as compared to the gap for teff and maize production. Both wheat and 

barleyyield showed better and successive improvement in central highlands than Arsi grain 

plough farming system after 1999. Wheat and barley responded similarly for each variation in 

production inputs that may be artificial or natural ones, and there was relatively higher yield 

variability in the two farming systems for few years like 1997 and 2014.  

 

Table12. Crop yield (qui/ha) trend in the two farming systems 

Year Central highland   Arsi grain  

Teff Wheat  Maize Barley Teff Wheat  Maize Barley 

1994a 8.74 9.02 7.84 11.87 3.71 8.96 10.12 10.44 

1995 8.36 8.03 9.95 11.70 5.04 9.70 13.56 9.42 

1997 9.93 12.16 11.24 9.95 5.97 15.56 15.55 12.42 

1999 9.49 11.12 6.78 10.29 4.96 9.21 11.60 10.04 

2004 10.16 11.82 10.19 9.88 6.73 11.04 13.88 8.69 

2009 9.12 12.37 14.60 13.73 6.62 13.08 17.74 11.86 

2014 13.77 20.91 17.42 23.22 11.88 14.60 22.23 11.79 

Overall average 9.81 10.69 11.72 9.40 6.22   12.62 11.75 9.80 

Overall Std. Dev. 6.68 9.14 11.30 7.80 6.10 8.70 12.04 7.01 

Within Std. Dev. 5.62 7.41 8.87 6.50 4.98 6.37 9.45 5.10 

Between Std. Dev 3.76 5.76 7.60         5.03 5.03 6.31 8.58 5.05 

Source: ERHS (1994-2009)and own survey, 2014 

 

Yield variation for sample holseholds in the two farming systems happened in most cases at 

the same year for instance in 1999 there was yield reduction for all crops and this overall 

reduction also happened in 2009 exactly after ten years for cereals like teff. Sampled 

households from the two farming systems had lower wheat, maize and sorghum yield for each 

of the sample years as compared to the national level (Appendix Table 9). The gap between 

the national level and the two farming systems for wheat and sorghum was increasing starting 
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from 1997. There was similar circumstance for teff yield though the two farming systems had 

better performance in 1994a and 1997. Variation of maize yield was highin the two farming 

systems compared to the other cereals. Both within and between smallholders variation were 

relatively highfor maize followed by wheat yield(Table 12).Teff yield had the lowest relative 

variation in the sampled survey years.  

Smallholders that hadteff, maize and wheat yield of below the overall average in 1999 had 

59.24%, 49.25% and 80.46% probability of remaining below the average level even after ten 

years (Appendix Table 11). Majority (71%) of the smalholder households in the two farming 

sytsems had teff yield of lower than the national average level in 1999 and many of them 

remain below that even after ten years in 2009. The rate of transition to produce more than the 

national level was lower for the sample smallhoders in the first (25%), second (28.88%) and 

third (24.55%) ten production years gap(Table 13). Smallholders‟transtion to production 

levelof more than the national average was better formaize (38.94%, 36.31% and 30.06%) and 

wheat (34.98%, 35.60% and 36.36%) yield as compared to teff(25.00%,28.88% and 

24.55%)in the three respective ten years interval presented below.  

 

Table13. Probability of smallholders‟ to produce more than the national level 

Intervals Teff Maize Wheat 

1995 2004 1995 2004 1995 2004 

1
st
 ten 

years  

1995 75.00       25.00 61.06 38.94 65.02 34.98 

2004 55.36       44.64 44.00 56.00 26.84 73.16 

 Total  63.66       36.34 48.97 51.03 40.75 59.25 

2
nd

 ten 

years  

 1999 2009 1999 2009 1999 2009 

1999 71.12       28.88 63.69 36.31 64.40 35.60 

2009 47.51       52.49 41.83 58.17 38.18 61.82 

 Total  58.33       41.67 50.25 49.75 46.88 53.13 

3
rd

 ten 

years  

 2004 2014 2004 2014 2004 2014 

2004 75.45 24.55 69.94 30.06 63.64 36.36 

2014 53.25 46.75 42.33 57.67 58.00 42.00 

 Total  64.29       35.71 56.55 43.45 59.95 40.05 

Note: The values are in percentage  

Source: Own coputation from ERHS (1995 and 2004), 2017 

 

4.1.3. Crop Yield, Income and Rainfall Variability 
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Average crop seasonal rainfall of central higlands farming system was higher for all the 

production years as compared to the otherfarming system, and it showed greater 

inconsistencies registering the highest amount in 2010. Average crop season rainfall level 

difference between the two farming systems was becoming wider in recent years, mostly after 

2006. There was cyclical type of movement in rainfall of central highlands farming system 

having reduction within three to five years of interval. Though it was not clear enough like the 

central highlands, rainfall trend of Arsi grain plough also had cyclical type of movement to 

some extent and exhibiting extrem reduction in few years like 2002 and 2012 (Figure 8).   

 

Fractional variation in one of the climate elements would have devastating effect on the 

productivityand overall futurity ofEthiopiancrop production. A study conducted by Lobell et 

al. (2011) argued that cereals‟ yield would decline by 10% in 2050 nearly in all SSA countries 

due to rainfall inconsistency. Since Ethiopian crop production is purely rain-fed type every 

variation in either rainfall or temperature, or two of them together would significantly affect 

smallholders‟ crop yield.Dercon and Hoddinott (2011) also found that the harvest in1993 at 

the main cropping season was very low and the worst for some households in Arssi grain 

plough ascompared to the previous five years. The authors showed that the poor distribution 

of rainfallin the two farming systems was the main reason behind huge teff yield reduction. 

Households in the study area were suffering from each type of rainfall inconsistency in a great 

extent during the production year (2009). Some of the problems were related to the rainfall 

condition including inconsistent availability and frequent shortage in the main cropping 

season. For instance, many households in the two farming systems were suffering from 

harvesting season rainfall in 2009 production year (Appendix Table 6).  

 

Teff yieldwas lower in 1999 and 2009 compared with the respective preceeding production 

years that may be because of severe weather variation (Appendix Table 11). Growing season 

rainfall inconsistence and insufficiency may be the reason behind those drastic yield 

reductions. Response of sample households indicated that teff was the one highly damaged by 

rainfall inconsistency in 1999 and 2009 production years on which there was not balanced 

rainfall for the growing period (Appendix Table 6). Teff resists moderate drought, but mostly 

it required good rains at least during the early growth, flowering and seed-setting stages of the 
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crop (Abuhay et al., 2001). Cropping season rainfall and temperature (dominant elements of 

climate variability) are the most important inputs in the crop production system, in which 

increment of the latter one may reduce yield and quality of food-crops (Joshi et al., 2011).  

 

Rainfall inconsistency in the onset and cessation period showed greater variation when one 

compares what it was in 1999 and 2009 after 10 years as per the data collected by ERHS. 

Rainfall inconsistency and other climate variability elements may be the main reasons for the 

lower crop production. Based on the data collected by ERHS in 1995 rural households 

suffered from problems related to climate and weather variability in which 34.4% of the 

household who produce wheat were affected moderat to sever extent. This resulted in drastic 

yield reduction for some households in central highlands farming system. However, degree of 

reduction in wheat yield was not severe like teff in 1999 for some households of the two 

farming systems. Maize productivity levels on commercial farms in Ethiopia reach 4 tons/ha, 

showing that still there is a room for increasing productivity of smallholder farmers (currently 

they produce 2.5 tons/ha) if improved seed and fertilizer are used (Abu, 2013). This indicates 

that there is significant gap between the potential level and actual amount due to factors that 

may or may not related to climate variability. Heavy rainfall and frost during the growing 

season were main reasons behind theyield reduction for some households in central highlands 

farming system. 

 

In some spring seasons, there was not enough rain and many smallholders did not plant crops 

especially in central highlands as to ERHS data. Sample smallholders replied that spring 

season production was risky because of variability, delay or absence of rainfall. The spring 

season rainfall was highly unreliable that showed greater variability and sometimes there was 

complete absence of it for households in the two farming systems; and in some years, the rain 

was available only for few weeks and result in loss of spring crops (Dercon and Hoddinott, 

2011). The authors found that the harvest in 1994 was not enough to feed smallholders' family 

in D/Birhan kebele of the central highlands farming system. Cropping season temperature of 

Arsi grain plough farming system was consistently higher than the central highlands. Some 

ups and downs happened more frequently in the latter farming system than the former one. 
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Cropping season temperature of sample sites in the two farming systems showed significant 

variation having P-value of 0.004.  

 

Spearman correlation coefficient of teff yield and cropping season rainfall showed that there 

was insignificant but negative correlation having P-value of 0.43 and 0.48, respectively for 

central highlands and Arsi grain plough farming system. On the contrary, there was 

significant correlation between wheat yield and cropping season rainfall having P-value of 

0.094 in central highlands farming system.Asha et al. (2012) showed that rainfall 

reduction,pests and diseases outbreak, and temperature changes were the major reasons for 

yield reduction in Dharwad district of India. In the same fashion, many smallholders in Arsi 

grain plough farming system faced insufficient rainfall for the crop production and this result 

in server crop damage on few production years. Each aspect of rainfall condition happened 

with high frequency wherein overall rainfall shortage and poor distribution were the most 

frequent ones in the area that miffed many of the smallholders. 

 

Maize yield had significant negative correlation with rainfall in the two farming systems 

having P-value of 0.000 and 0.007, respectively in central highlands and Arsi grain plough 

farming system. Smallholders in central highlands farming system reported that sorghum was 

the second most miffed crop because of rainfall inconsistency (Appendix Table 6). In this 

farming system, many smallholders lost part of their potential sorghum produce due to rainfall 

inconsistency in 1999. Discussion with focal persons in the central highlands farming system 

indicated that there was production of short seasoned crops in springseason before 15 and 20 

years, but recently it is not possible to do that due to rainfall inconsistency. Currently, 

households of the area produce crops only in the main crop season, summer, because of spring 

rainfall inconsistency. 

 

Table14showed probability of rainfall inconsistency for each sample cereals in the two 

farming systems, wherein the problem was serious for wheat and maize production.The 

problem had significant probability (85.33% and 77.29%) of occurrence in ten years interval 

for the two crops. There was similar probability of harvesting time rainfall (76.06%) for teff 

and maize production in 2009 after they were in the problem before ten years in 1999. The 
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probability of having normal summer rainfall after the inconsistency before ten yearswas 

relatively higher for barley (72.88%) andteff (69.83%) production. The two crops also had 

significant probability of suffering from harvesting time rainfall in both 1999 and 2009. Teff 

was more susceptible to the rainfall inconsistency than other crops, in which more households 

in central highland suffered in both 1999 and 2009 survey years (Table 14). The number 

ofhouseholds miffed by rainfall inconsistency increased in 2009 production year especially 

those who produce teff and wheat. 

 

Table14. Probability of rainfall inconsistency for each crop 

Crop type 

Affected 

Year  Summer rain inconsistency Harvesting time rainfall  

1999 2009 1999 2009 

Teff  1999 30.17 69.83 76.06 23.94 

2009 22.71 77.29 59.40 40.60 

Total  25.98 74.02 65.20 34.80 

Wheat 1999 85.33 14.67 77.03  22.97 

2009 73.13 26.87 64.49 35.51 

Total  81.08 18.92 67.71 32.29 

Maize  

 

1999 77.29 22.71 76.06  23.94 

2009 69.83 30.17 59.40  40.60 

Total  74.02 25.98 65.20 34.80 

Barley 1999 27.12 72.88 80.60 19.40 

2009 14.93 85.07 68.81 31.19 

Total  19.78 80.22 72.36  27.64 

 1999 26.82 73.18       66.98 33.02       

Sorghum 2009 29.55 70.45 77.14 22.86       

 Total  28.17 71.83       70.99 29.01 

Source: Own computation from ERHS (1999 and 2009), 2017 

 

Crop income of households in the two farming systems was very low before 2004 that may be 

due toreduction either in quantity produced or output pricewherein both of them were lower 

as compared to the recent level in 2014. In 1994a households in Arsi grain plough farming 

system collected better crop income as compared to central highlands. Crop income of 

households in the former farming system had improvedafter 1997 with a different rate of 

increment. Though there was slow crop income increment in the two farming systems after 

1995 but the level was better in Arsi grain plough up to 2009. Crop price increment starting 

from 2008 may be the reason for the sharp income increment in central highlands farming 

system where most of the kebeles are near to the central market.  
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There was statistically significant difference in smallholders‟ crop income in the two farming 

systems (P-value of 0.044) across the sample production years. Bartlett‟s variance equality 

test revealed that there was statistically significant (P-value = 0.000) crop income variability 

for households in the two farming sytems. Overall average crop income of smallholders in 

centeral highlands and Arsi grain plough farming system was 1258.98 Birr and 1521.45 Birr 

with a standard error of 4802.05 and 2861.49, respectively for the whole panel period. 

Smallholders in Arsi grain plough had realtively stable and better crop income. The average 

overall crop income of smallholders in central highlands was lower and had relatively larger 

standard devation for both within and between household level.  

 

Table15. Yearly crop incomeof smallholders in the two farming systems 

Year Central highland Arsigrain plough Combined mean t-value  

1994a 469.96 685.51 541.81 -2.62** 

1994b 413.70 802.41 543.28 -8.47*** 

1995 450.37 502.00 467.58 -4.16*** 

1997 670.85 1070.81 804.17 -5.76*** 

1999 635.15 985.59 751.96 -4.30*** 

2004 784.58 1215.61 928.26 -4.63*** 

2009 2908.29 3300.00 3104.15 -4.65*** 

2014 5800.00 3600.00 4700.00 6.10*** 

Overall mean  1258.98 1521.45 1349.49  

Overall Std. Dev. 4802.05 2861.49 4236.06  

Between Std. Dev 2696.82 1382.86 2339.58  

Within Std. Dev. 4259.85 2566.97 3762.82  

Note: *** and ** indicate 1% and 5% level of significance, respectively 

Source: ERHS (1994a-2009) and own survey, 2014 

 

Figure 6 revealsrelatively strong similarity beteween crop income and yield trend in each 

survey year, which implies that each change in crop income is highly correlated with yield 

variation. This argument could lead to have one inferense, which is “factors that affect yield 

would have induced effect on households‟ crop income”. Climate variabilty elememts that 

affect yield would cause crop income variation for smallholders in the study area. There was 

narrow gap between yield and crop income collected before 2004 on which the two were 

equal. After 2004 the gap between them became wider and having drasting increment in crop 

income that may be due to crop price rise.The recent (especially after 2004) crop income 
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variability may be sourced from crop price variation as to Figure 6. Considering the smilar 

trend of the two lines it is simple to conclude that crop income variability is not only sourced 

from price but it may be also from yield variation.  

 

 

Figure 6. Average crop income and yield trend 

Source: ERHS(1994a-2009) and data collected by the researcher, 2014 

 

Relatively crop yield for households in central highlandswas stable up to 2009 as compared to 

the other farming system in which there was ups and downs years like 1997 and 1999 

(Figure7). Crop income of households inArsigrain plough farming system had similar trend 

with yield up to 2004 production year on which crop income showed drastic increment though 

there was no yield variation. Crop price rise may be the main reason behined the drastic crop 

income incremnt in the two farming systems after 2004 where price rise may in turn sourced 

from other factors. Simple correlation coefficient beteween yield and income showed that 

there was strong correlation having P-value of 0.000 and 0.036 for central highlands and Arsi 

grain plough farming system, respectively.  

 

Findings of Julie and Corene (2014) revealed that in a period where monthly rainfall is 

inconsistent, most households experienced agricultural income reduction. Similar 

circumstances happened in the two farming systems of Ethiopia wherein rainfall availability 

showed frequent variation in each sample production year. Though there was subsequent 

cropping season rainfall reduction starting from 1999 production year, the crop income 

exhibited continuous increment in central highlands. At the medium rainfall level in 1995 and 
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2004 production year, crop income was relatively better, which result in positive interaction 

between crop income and rainfall level for those years.  

 

Figure 7. Trend of crop yield and income in the two farming systems 

Source: ERHS(1994a-2009) and data collected by the researcher, 2014 

 

Average cropping season rainfall of the two farming systems showed similar trend starting 

from 1994a to 2014, and the variationshappen at the same production year. Even though 

cropping season rainfall of the two farming systems was lower in 1997 production year as 

compared to years both before and after this, the crop income collected was better. Crop 

income was better while the rainfall level was low in 1995, 1997 and 2004. The higher 

rainfall level in 1994 and 1999 production years resulted in lower crop income as compared to 

other years like 1997 and 2004. Clear negative relationship between crop income and rainfall 

variability exhibited for production years from 1994 to 2004. 

 

The rainfall level of 1997 and 2004 production year was relatively similar, and the yield and 

crop income were better. In the same fashion, rainfall level of 1995 and 2009 was relatively at 

similar level, crop yield reduced while crop income increasedsharply in the latter production 

year that may be due to crop price rise sourced from different factors. This logic of relating 

crop price and climate variability could be strengthened if one considered 1999 survey year 

on which crop yield reduceddrastically as compared to 2004 but the crop income was better. 
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Figure (6 and 8) revealed inverse relationship between cropping season rainfall and crop 

income for majority of the sample years.  

 

 

Figure 8. Crop season rainfall of sample farming systems 

Source: ENMA, 2014 

 

4.1.4. Adaptation Strategies toClimate Variability 

 

Adaptationstrategies include crop switching, irrigation, or investments on enhancing soil 

fertility may help to mitigate production losses due to climate variations (Christopolos, 2010). 

Understanding factors associated with patterns in farm level changes is important since 

policies aimed at facilitating adaptation typically implemented at scales greater than 

individual household and community level (Stephen et al., 2014). Currently, climate variable 

adaptation receives great attention and sometimes people all over the world develop their 

indigenous strategies to reduce effect of the problem. Their experience can be helpful in 

designing appropriate policies for climate change and variability. Households in the study 

area from their indigenous knowledge adopted strategies such as changing planting dates and 

using different variety of seeds to make yields less susceptible to climate variability. Since 

climate variability may affect communities differently, they tend to possess different adaptive 

capabilities and strategies.  

 

Soil moisture supplementing methods like shallow and hand-dug wells in dry-season, and 

moisture improvement techniques like semi-moons and mulching are efficient methods to use 
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water through drip irrigation (Stephen, 2009). The author identified that choice of drought-

resistant varieties, high-value crops, irrigation efficiency improvement and using better water 

technologies are methods that have tried by smallholders as adaptation strategies to combat 

climate variability in some African countries. Different communities depending on their 

adaptive capacities developed their own coping strategies (Stephen, 2009) to reduce effect of 

climate variability. Depending on risks and vulnerability, miffed smallholder farmers 

logically made certain adjustments ontechnologies and agricultural production system 

choices. Previous studies argued that asset-holding improvement would be associated with 

betteradaptation potential (Stephen et al., 2014). Households in the two farming systems 

practiced agro-forestry, crop rotation and rainwater harvesting based on their traditional 

knowledge to adapt climate variability.  

 

The data collected in 2014 showed that some households adopt two or more strategies in one 

season to acclimatize climate variability. About 29.43% of households replied that there were 

some crops produced in previous times but they could not be able to produce them currently 

due to rainfall variability and temperature increment above optimum of the crops. Majority of 

them (53%) replied that rain shortage for the cereal production happened in grain fillingstage 

and the remaining 29.81% replied that it happened at the beginning of crop production season. 

Even though they were not frequent like the previous two cases, few areas suffered from rain 

shortage at germination time (7.06%) and flowering stage (5.49%) of the crops. Rainfall 

shortage in grain filling stage of cereals was critical problem that result in serious damage as 

to households‟ response. Rainfall instability at the beginning time was also a threat to crop 

production in the two farming systems. Households in central highlands farming system 

practiced check-dam construction (75.14%), changing the crop type (11.43%) and water 

harvesting (11.43%) if they expect heavy summer rain.   

 

Smallholders in the study area respond for late start of rain by changing sowing season (50%) 

and crop type (35.37%). If there wasno rain at the right time,49.01% of the sample households 

shift sowing time, 37.39% change the crop, 6.80% increase the fertilizer application and 

4.82% adopt supplementary irrigation. If there was early cessation of crop season rainfall, 

44.35% of the households did water harvesting, 20.34% re-cultivate the cropland, 18.07% 
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supplement via irrigation and 14.12% change their occupation to have additional income. 

Households took different measures like changing the sowingtime (48.57%), adopting new 

technologies (28.86%), switching to other crops (19.71%) and practicing off- and non-farm 

activities (2.86%) to cope the effect of climate variability in general. Households mainly used 

local seed varieties because of their better adaptation to climatic conditions of the area 

(Akker, 1998). Most households in areas that suffer from frequent moisture stress forced to 

look for means of supplementing the rainwater and participated inwater-harvesting programs. 

For instance, more than 62.5% of the sample households in this study implemented water-

harvesting technologies to cope up with moisture stress problem in 2009. 

 

Frequent erosion and continuous cultivation of the cropland were the two most common 

source of soil fertility reduction in the two farming systems. Some households increased 

usage of modern inputs in 1999 as compared to their previous allocation, though they did no 

continue consistently in recent times. Because of non-affordable price for purchasing inputs, 

many households in the study area did not apply the recommended rate of fertilizer and other 

modern inputs in their crop production. About 70% of smallholders, who adopted fertilizer, 

faced a problem of input price rise. As to the view of respondents, there was continuous 

fertilizer price rise especially in recent times. According to FAO (2004), SSA‟s fertilizer 

consumption is not expected to rise significantly in the next two decades. Households in some 

places replied that, the price is becoming more than their capacity to purchase and theywere 

unable to pay the amount charged. Due to this problem, many households reduced their 

fertilizer consumption and apply lower amount than the recommended rate.  

 

Besides price increment, smallholders in the two farming systems also suffered from soil 

and/or climate incompatibility problem and fear of risk was the other reason for usage of less 

modern inputs. More than 62% of sample households in 2009 applied different types of soil 

conservation mechanisms to keep cropland fertility(Appendix Table7). Because of labor 

shortage and limited skill to implement, some households did not practice soil conservation 

strategies on their cropland in 1999 and 2009 production years. Smallholders of the area had 

limited awareness about productivity enhancement mechanisms. Stephen et al. (2014), 

hypothesized that access to information is associated with increased adaptation probability. 



94 

 

 

About 30% and more than 50% of sample households practiced irrigation and soil 

conservation, respectively on their cropland in 2004 production year (Appendix Table7). 

About 48% and 24% of households respectively adopt stone and soil bunds indigenous 

methods and there was counter plough for soil conservation. Some sampled households (30%) 

participated in water harvesting asan adaptation strategy to the ongoing climate variability. 

Majority (69.67%) were not participant in this activity because of consistent crop season 

rainfall in 2004 production year.   

 

Smallholders in the two farming systems adopted new variety of crops starting from 1993. 

There were production of vegetables, coffee, khat, fruit,sugarcane and other cash crops in 

central highlands farming system. Fewhouseholds participated in producing one or more of 

the aforementioned crops wherein majority of them produced coffee, banana and khat in 

1994a. Smallholders in the two farming systems tried to compensate each cereal production 

variation throughhaving additional income sourced from cash crops. Smallholders in Arsi 

grain plough farming systememphasized on producing root crops like enset and potato in 

1994a (Table16). Households in this farming system had better diversified income sources, 

which may enable them to adapt brunt of climate variability.  

 

Table16. Number of households adopted new crops 

Description Central highlands Arsi grain plough 

1994a 1997 1999 2004 1994a 1997 1999 2004 

Stimulant crops  25 16 40 17 70 39 3 50 

Vegetables and Fruits 193 30 33 39 165 6 4 51 

Root crops  68 55 71 1 181 72 3 60 

Tree crops 79 219 72 288 98 63 158 73 

New variety of cereals 49 0 0 0 0 0 0 0 

Total  414 320 216 345 514 180 168 234 

Source: ERHS in 1994a, 1997, 1999 and 2004 survey year 

 

Large number of households in central highlands farming system adopted tree crops as one 

source of income in 1999 and 2004 production years. More households in Arsi grain plough 

farming system adopted new crops as an additional income sources in 1994 production year, 

but the number reduced in 1997, which may be due to moisture stress. Households of the two 

farming systems adopted new variety of wheat and white teff because of better yield and 

revenue compared to other cereals. Those newly adopted crops generate more revenue thanthe 
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indigenous ones. New variety of wheat had better acceptance by smallholders in central 

highlands because of better yield and quality of the produce, which guaranteed attractive 

price. More than half of the sample smallholders adopted new hybrid crop varieties in 2014for 

productivity (44%), market (24.64%) and drought resistant (19.81%) capacity.  

 

More than half of thesmallholders in the two farming systems adopted strategy_1, _2 and _4 

(See Table 17). Table 17 revealed that smallholders who adopted strategy_1 and _3collected 

lower average crop income than the non-adopters. However, the standard deviation of the 

latter group was relatively high implying that households who were non-adopters ofshort-run 

strategies collect better crop income with greater uncertainty. Adopters of long-lasting 

strategies (2 and 4) generated better crop income as compared to the non-adopters of those 

strategies. There was significant difference in the average crop income collected by adopters 

and non-adopters of each strategy (Table 17). 

 

Table17. Average crop incomeof adopter and non-adopterhouseholds 

Strategies  Description  Househo

ld (%) 

Crop 

income  

Stan. 

error 

t-value 

1 (Changing sowing time) 
Non-adopters 38.46 8822.84 12957.97 

1.77** 
Adopters  61.54 6746.38 8605.31 

2 (Technology adoption) 
Non-adopters 34.00 4066.43 5993.04 

-5.93
***

 
Adopters  66.00 9336.62 11842.31 

3 (Alternative income sources) 
Non-adopters 57.32 8345.80 11174.29 

1.82* 
Adopters  42.68 6469.56 9518.82 

4(Conservation strategies) 
Non-adopters 44.91 5217.27 8197.41 

-4.23
***

 
Adopters  55.09 9442.87 11783.11 

Note:***, ** and * indicates 1%, 5% and 10% level of significance, respectively  

Source: Own calculation, 2016 

 

Smallholders that adopt long lasting (technology adoption and conservation) strategies earned 

better crop income with higher variability as compared to adopters of short-run (changing 

sowing time and alternative income sources) strategies. Shifting from adopting short-run 

strategies to the long lasting ones need a risk takerhouseholds. However, if smallholders of 

the two farming systems are risk averse they may keep themselves in adopting short-run 

strategies since the long lasting ones are with significant uncertainty. Shifting from adopting 

one strategy to the other would be dependent on risk behavior of smallholders. 
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4.1.5. Participation in Off-and Non-farm Activities 

 

Whenever a farmer has free time from agricultural tasks, s/he will engage in off-farm 

activities (Dercon and Hoddinott, 2011) as an alternative source of income.Smallholders in 

the two farming systems engaged in different non- and off-farm activities (Appendix Table 

10) to supplement their main source of income, crop production. Few households from central 

highlands farming system participated in different off- and non-farm activities like fire wood 

collection, charcoal production, preparing traditional drinks, petty trade and other sources, and 

they had collected 119.25Birr that was approximately 25% of the crop income by the time. 

Many of the smallholders in central highlands farming system participated in petty trade and 

firewood collection, and generated 97.5 and 113.80Birr respectively in 1994a. About 45% of 

sample smallholders in Arsi grain plough participated in off- and non-farm activities in the 

initial ERHS and collect income of 394Birr that was better than the net income from the main 

economic activity, crop production. Firewood collection was the principal non-farm source of 

income for relatively poorer smallholders in Arsi grain plough farming system.  

 

Smallholders‟ participation in off-and non-farm activities showed variation in some of the 

survey years, wherein the movements were highly related to crop yield and income. 

Relatively larger number of smallholders from central highlands farming system participated 

in off- and non-farm activities in 2004 that may be due to teff yield reduction. Active 

participation of households may be exact mirror image of cereal yield variation. Cereal yield 

increased in 2014 for smallholders in Arsi grain plough farming system, which may be the 

reason for lower participation of them in non- and off-farm activities. 

 

Table18. Probability of participation in off-farm activities 

First ten years Second ten years Third ten years 

Year 1993 2004 Year 1999 2009 Year 2004 2014 

1993 64.67 35.33 1999 69.70 30.30 2004 75.48       24.52 

2004 58.87 41.13 2009 72.76 27.24 2014 67.05       32.95 

Total  63.38 36.62 Total  71.18 28.82 Total  71.65       28.35 

Source: Own computation from ERHS(1994a-2009) 
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Table18 showed that smallholders in the two farming systems had lower probability of off-

farm participation in the three ten years intervals. The probabilities of being non-participant 

were higher in the above three grouped years having the largest (71.65%) in the third one. 

Most of the non-participants had significant probability of remaining as it is even after 

successive ten years. Smallholders that did not participate in 2004 had 75.48% probability of 

being non-participant in 2014 exactly after ten years.Table18 showsthat smallholders in the 

studyarea had relatively large probability (72.76%) of being non-participant in 2009 while 

they were in 1999 before ten years. The above tablerevealed that probability of participation 

after ten years of being non-participant showed successive reduction from the first ten years 

interval to the third (from 64.67% to 69.70% and from 69.70% to 75.48%).   

 

Table19. Off-and non-farm income of households in the two farming systems 

Description  Central highland  Arsi grain 

plough 

Combined 

average 

t-value 

1994a 170.05 179.26 174.36 -0.25 

1994b 244.14 334.97 277.46 -2.04** 

1995 268.80 421.78 340.54 -1.67* 

1997 264.31 506.94 370.99 -2.27** 

1999 543.39 836.59 673.70 -3.27*** 

2004 330.60 266.70 302.96 1.22 

2009 860.61 903.52 877.97 -0.20 

2014 1773.12 1062.06 1663.23 1.75* 

Overall average  513.69 515.61 514.46     

Overall Std. Dev. 879.57 854.96 869.41  

Between Std. Dev.  707.70 526.74 649.63  

Within Std. Dev.  660.38 688.76 671.82  

Note: ***, ** and * refers 1%, 5% and 10% level of significance, respectively  

Source: ERHS (1994a-2009) and own survey, 2014 

 

The income collected from off-and non-farm activities showed significant difference in 

majority of the survey years (Table 19) for instance in 1997 and 2004. Smallholders in Arsi 

grain plough farming system collected better income from those activities in most of the 

survey years. The lower crop income in 1999 (Figure 6) may be the reason behind collecting 

better income from non- and off-farm activities. The income collected from off- and non-farm 

activities improved in central highlands farming system starting from 1997 that may be 

related with geographic proximity to big towns and the capital, which may create 

opportunities to have diversified sources wherein remote households could not access. Off- 
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and non-farm income exhibited relatively equal variation in the two farming systems, wherein 

the variation level between smallholders was relatively larger in central highlands.  

4.1.6. Labor Displacement, Crop Income and Rainfall Variability 

 

If there is no balancing between costs of departure and revenues obtained in the form of 

remittances, rural–urban migration could result in net loss for communities of origin that 

further constrain agriculture (Thomas, 2012). Mathilde and Zaneta (2014) confirmed that 

climate shocks lead to a higher probability of displacement through reducing agricultural 

yields, which in turn induced households to send their family away to spatially diversify their 

income sources. In 1999 about 47% of the migrant moved to other rural areas that are either 

within their district or outside, for instance 4% of them travelled to Addis Ababa. Given this, 

from the migrants in 1999, 2004 and 2009 about 50%, 28%and 25%, respectively were below 

15 years old when they displaced, which implies that the rural economy is losing the younger 

generation. From the overall migrants between 1994a - 2014 more than 74% were less than 30 

years, and majority (79%) of the displaced individuals were primary and junior school 

graduate, and below that level of education when they displaced. About 10%, 39% and 

30%,respectively were basic literate, elementary and junior school graduate. Only 32% of the 

migrants wereelementary school graduate in 1994a, but this percentage increased to 40% and 

41% in 2004 and 2009, respectively. Similarly, 6% of the migrants in 1994a were junior 

school graduates and the percentage increased to 31% and 39% in 2004 and 2009 sample 

years, respectively.  

 

The number of labor displaced from the two farming systems showed significant (p-value = 

0.000) difference. Labor displacement possibility was very high for kebeles that have 

geographic proximity to the capital of the country as well as other secondary towns 

(Appendix table 15). Averagely 0.48 and 0.59 labors per household displaced from central 

highlands and Arsi grain plough farming system. Smallholders in central highlandsand Arsi 

grain plough farming system collect average crop income of 1351.15Birrand 1629.23 Birr on 

average, respectively.The better crop income inthe latter farming system was not a guarantee 

for reducing the household members‟movement.Thus, better crop income collection was not a 

guarantee to reduce rural labor displacement however, there should be further mathematical 



99 

 

 

test to have clear-cut conclusion whether there is positive or negative relationship between 

crop income and rural labor displacement.  

Table 20. Yearly rural labor displacement from the two farming systems 

Description  Labor displaced Crop season rainfall 

Central 

highland  

Arsi grain 

plough  

t-value   Central 

highland 

Arsi grain 

plough 

1994a 124 68 0.997 901 495 

1994b 139 223 2.57*** 872 712 

1995 79 60 0.93 825 506 

1997 165 101 2.65*** 742 504 

1999 121 38 0.84 893 652 

2004 116 50 5.26*** 822 523 

2009 234 130 0.95 822 557 

2014 108 48 4.25*** 820 576 

Total 947 495  832.14 544.71 

Overall average  1.612 1.878    

Overall Std. Dev. 1.135 1.449    

Within Std. Dev. 0.835 1.069    

Between Std. Dev. 0.857 1.188    

Note: *** refers 10% level of significance 

Source: ERHS (1994a-2009) and own survey, 2014 

 

People in temperate zones have an even stronger focus on migration, and they are engaged in 

livelihood diversification and reforestation (Ole, 2011). This author argued that smallholders 

prioritize improvements and adaptation to agriculture both in case of a more humid and dry 

future climate, but in case of frequent droughts, displacement is the top priority. Rainfall 

variation from the long-run average level was one reason for movement of the rural labor 

from the two farming systems. Table20 showed that crop season rainfall of the two farming 

systems was lower in 1997 that result in relatively higher rural labor displacement (266 

people per annum) from the sample farming systems, and there was higher movement in that 

year than years before and after it. Similar circumstance happened in 2009 regarding cropping 

season rainfall and rural labor displacement from central highlands farming system. 

Continuous rainfall reduction could become a more important driver of rural–urban 

displacement flows (Mbow et al., 2008). These all infer that there was strong interaction 

between number of rural labor displaced and rainfall condition of the two farming systems 

(Table 20). Thus, there is solid evidence to infer about negative relationship between rainfall 
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level and rural labor displacement from the two farming systems based on the above table, but 

it needs additional verification through the mathematical models (See section 4.5).   

 

4.2. Effect of Climate Variability on Cereal Yield
2
 

 

There are alternative models to regress panel data that enableto examine effect of climate 

variability on cereals‟ yield. The dependent variable was in physical quantity, yield,then 

explanatory variables should be also in quantity but not dummy type non-input variables. 

Elodie (2012) used four separate equations to estimatedeterminants of the four most 

commonly grown crops in SSA. In the same fashion, this research employed different 

equations to regressyield of teff, maize, wheat, barley and sorghum that are commoncereals in 

the two farming systems. The coefficient of μ (mu) was significant for the time variant 

frontier model result of teff, wheat and barley(Table 21), which showed presences of time 

variant efficiency variability. The returns to scale of producing those cereals in the two 

farming systems were not in constant returns since the coefficient of μ was significantly 

different from zero.The relatively large value of μ for teff and wheat testified strong 

variability of the returns to scale for the two crops across timeand individuals(Table 21).  

 

The value of η (eta) in the following model result revealed significant production inefficiency 

reduction towards the base year, 2014. The inefficiency level decays towards the base year, 

since value of η (eta) is positive for the four cereals. TEincrement for maize was the highest 

compared to the other cereals, wherein teff had the lowest (Table 21).Stochastic frontier 

function of sorghum showed that the time invariant part of inefficiency variation was 

insignificant. Smallholders‟ production system of this crop had constant returns to scale, 

wherein there was notime variant inefficiency variation rather it had time invariant component 

only. The mean value of sorghum productioninefficiency was not significantly different 

                                                 

2
 Part of this objective published on International Journal of Agricultural Management and 

Development (IJAMAD). “Impact of Climate Variability on Cool Weather Crops in Ethiopia: 

Panel Data Approach”: Article on press: http://ijamad.iaurasht.ac.ir/article_527242.html 

 

http://ijamad.iaurasht.ac.ir/article_527242.html
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across individuals.The inefficiency for the other cereals had significant time variant 

component that was normally distributed with a constant mean and variance level.  

 

 

Table 21. Time variant frontier model result 

Input type  Teff Wheat Barley Maize Sorghum
♣
 

ln Man equivalent 0.109**   

(0.045) 

0.129***   

(0.047) 

0.105** 

(0.043) 

0.020   (0.045) 0.174**  

(0.089) 

ln Fertilizer  0.155***   

(0.013) 

0.098*** 

(0.012) 

0.082*** 

(0.011) 

0.158*** 

(0.013) 

0.183***   

(0.022) 

ln Oxen  0.159***    

(0.025) 

0.050*   

(0.028) 

0.027 

(0.026) 

-0.030   (0.024) 0.126***  

(0.048) 

ln Capital  0.024***   

(0.007) 

0.041***     

(0.007) 

0.028*** 

(0.007) 

0.022***  

(0.008) 

0.017   

(0.016) 

ln Cropping season 

rainfall 

0.760***   

(0.087) 

-0.124*  

(0.067) 

0.332*** 

(0.108) 

-

0.382***(0.066) 

-0.270    

(0.281) 

ln Cropping season 

temper. 

-1.022***  

(0.357) 

0.984***   

(0.214) 

0.564***  

(0.162) 

-1.371***  

(0.224) 

-2.01* 

(1.044) 

Constant  4.091***  

(1.343) 

3.576***   

(0.846) 

2.764***   

(1.043) 

12.872***  

(0.805) 

14.653   

(41.475) 

Mu (μ)  0.695***  

(0.185) 

0.901***   

(0.191) 

0.466*** 

(0.151) 

0.008  (0.010) 0.769   

(41.239) 

Eta (η)  0.018***  

(0.0034) 

0.023***   

(0.004) 

0.056*** 

(0.011) 

0.223***    

(0.051) 
----- 

Ln sigma
2
 -0.103   

(0.083) 

-0.161
***

 

(0.044) 

-0.637*** 

(0.037) 

-0.407***   

(0.037) 

-0.489***   

(0.070) 

Ilgt gamma -0.669**   

(0.260) 

-0.919
***

  

(0.154) 

-2.774*** 

(0.317) 

-9.596***   

(2.038) 

-3.058***   

(1.160) 

sigma
2
 0.903 0.852 0.529 0.666 0.613 

gamma 0.336 0.285 0.059 0.0001 0.045 

sigma_u
2
 0.306 0.243 0.031 0.0001 0.028 

sigma_v
2
 0.597 0.609 0.498 0.666 0.586 

Log likelihood  -2616.5 -2870.6 -2089.6 -2080.2 -486.7 

P-value  0.000 0.000 0.000 0.000 0.000 

Note: ***, ** and * implies 1%, 5% and 10% level of significance, respectively  

ln represents natural logarithm         ♣  Time invariant frontier model output 

Ilgt implies inverse logit  

Source: Model result, 2016 

 

Inorganic fertilizer had significant and positive effect on yield as to the model result, which 

means small unit increment in itsapplication could enhance yield significantly.Sibiko et al. 

(2013)showed that plot-size, seeds and planting fertilizer usage significantly influenced bean 

productivity. Any fertilizer usage increment could enhance wheat, maize, barley and sorghum 
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productivity (Ajay and Pritee, 2013), which was a finding corroborated with the above model 

result for all cereal crops. The model result in Table 21 shows that inorganic fertilizer and 

working capital had significant and positive effect on cereals‟yield for smallholders in both 

central highlands and Arsi grain plough farming systems of Ethiopia. Rahman and Umar 

(2009) and Ehsan et al.(2012) also claimed that there is positive relationship between wheat 

yield and fertilizer application, which was in support of the model result in Table 21. 

Increasing the available capital for purchasing inputs like seed, pesticides and insecticides 

resulted in significant cereal yield increment as to the model result. 

 

Oxen power and human labor had similar effect oncereals yield in the study area. Their 

complement behaviors may be the reason behind having similar interaction between the two 

sources of power and cereals yield in the two farming systems. Cereals are laborious crops 

and smallholders in the two farming systems manage them by human and animal power 

starting from plowing to harvesting, thus each change in the available labor had significant 

effect on yield.Smallholders‟ crop yield variation may not purely climate forcing that is 

determined solely by rainfall, but also by the use of yield-improving external inputs 

(Amikuzuno and Donkoh, 2012). Similarly, Akinseye et al. (2013) confirmed that optimum 

yield performance of any crop do not depend only on climatic parameters. Smallholder 

farmers in less drought-stricken regions may improve land productivity through budgeting 

more labor and other production inputs (James et al., 2008), which was a finding similar to 

Table 21 regarding effect of human labor and draught power. Since smallholders of the study 

area are purely dependent on animal and human power for producing their crop, this positive 

and significant effect of the inputs on cereal yield was expected. 

 

The two dominant climate variability elements (cropping season rainfall and temperature) 

significantly affected cereal yield in central highlands and Arsi grain plough farming system 

of Ethiopia. Cropping season temperature increment had positive and significant effect on 

yield of wheat and barley as to the model result (Table 21). This indicated that temperature 

variation significantly changed yield of the two crops. If cropping season temperature of the 

area increased by 1%, yield of wheat and barley would increase by 0.98% and 0.56%, 

respectively, wherein the former crop was more sensitive for each temperature variation. This 
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finding was similar to Joshi et al. (2011), wherein cropping season maximum temperature 

increment has positive contribution on wheat and barley yield variation. Wheat and barley are 

cool weather crops produced indega and woina-dega agro-ecologies of Ethiopia, then 

temperature increment may create propitious environment to improve yield. This finding had 

partial similarity with Govinda (2013), who argued that wheat yield increased while barley 

decreased with seasonal mean temperature increment. Similarly, Sommer et al. (2012) found 

that wheat yield would increase in the future with the projected climate change in the semiarid 

zone of Tajikistan.  

 

The result in Table 21 was in contradiction with Geethalakshmi et al. (2011), who identified 

that mean temperature increment reduced barley yield. Liangzhi et al. (2009) argued that 

impact of growing season temperature on wheat productivity is region specific, wherein effect 

of the problem is relatively lower in China as compared to the other regions. Successive 

temperature increment would not affect crop yield if there were extensive rainfall or water 

supply to curve down the moisture loss of crops (Kutcher et al., 2010). This indicated that 

positive interaction between cropping season temperature and yield of those cereals might be 

due to the excessive cropping season rainfall of the study area. The rampant rainfall of dega 

and woina-dega agro-ecology of Ethiopia may reduce negative effect of the temperature rise. 

In the other direction, successive temperature increment may eradicate waterlogging problem 

of the heavy summer rainfall and enhance wheat and barley yield. Thus, it may be easy to 

conclude that yield of the two cool weather crops would increase due to continuous cropping 

season temperature increment. 

 

As climatic conditions vary, production patterns of different crops could change differently 

(Aye and Ater, 2012). Different crops have different optimal level of temperature and 

precipitation, and movement away from that may be destructive, especially in areas where the 

current temperature and precipitation levels are already close to tolerance limit of the crop. 

Cropping season temperature rise would significantly decreased yield ofteff, maize and 

sorghum in the study area (Table 21). Maize and Sorghum yield would improve significantly 

for each unit reduction in drought level (Inoussa, 2010), which was a finding that verified the 

current result in Table 21. This finding was in support of Pratap et al. (2014) in which an 
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increase in maximum temperature adversely affected the crop yield in India. The model result 

in Table 21 revealed that sorghum yieldwas most sensitive (2.01%) followed by maize 

(1.37%) for 1% increment in cropping season temperature.  

Rainfall within the suitable range had positive effect on crop yield, but successive increment, 

ceteris paribus; exert downward shocks (Amikuzuno and Donkoh, 2012). The model result in 

Table 21 also shows that cropping season rainfall had positive and significant effect on yield 

of teff, barley and sorghum. Pratap et al. (2014) found that rainfall increment had positive 

effect on yield, but the effect was not strong enough to counterbalance negative effect of 

temperature. Those crops produced in kola and woin-dega agro-ecologies of Ethiopia wherein 

cropping season rainfall increment may significantly increase yield. The current time rainfall 

of the area may be around optimum level, then its increment would directly improve yield of 

sorghum, barley and teff in the two farming systems of Ethiopia.Fantu et al. (2011) identified 

that crop production in Ethiopia is sensitive to rainfall variation, which was a finding in 

support of the current one (Table 21). Based on the model result yield of sorghum and teff 

would increase by 0.27% and 0.76%, respectively, for a 1% increment in cropping season 

rainfall. Further increment of the covariate from the current level may result in 0.12% and 

0.38% yield reduction for wheat and maize, respectively, in the two farming systems as to the 

model result. This finding had similarity with Tajudeen and Michael (2011) who argued that 

subsequent increment in growing season rainfall would decrease maize production. Yield of 

wheat and maize would significantly decrease if the cropping season rainfall continuously 

increases. In general, yield variation effect of change in cropping season temperature was 

stronger as compared to the rainfall (Table 21). 

 

Estimation result of technical efficiency (TE)
3
: 

 

Average TE of cereals in the two farming systems had significant difference (Appendix Table 

12), wherein smallholders in central highlands had lower TE. Households in Arsi grain plough 

were better in producing the potential output from the given combination of inputs at the 

existing technology level. Households in the two farming systems were most inefficient in 

producing wheat followed byteff, wherein they had unutilized potential of 61.50% and 

54.10% for the two crops, respectively. Households in the two farming systems could increase 

                                                 

3
 To avoid complications for readers the dependent variable was technical efficiency but not inefficiency 
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teff and wheat yieldby more than 50% from the given inputs at the existing technology. As 

compared to the other cereals smallholders had better TE in producing maize (83.0%) 

followed by sorghum (57.60%).  

GLS random effect regression was adopted due to its efficiency and robustness in controlling 

hetroscedasticity problem, and the dependent variable in the model was between 0 and 1, 

calculated from the stochastic frontier model. All of the independent variables were different 

from zero and had partial contribution in the TE variation for the five cereals in the study 

area. The p-value enables to reject the null hypothesis with high confidence level assuring 

thatat least one of the covariates had significant effect on the dependent variable. The TE 

scores computed from frontier model result were between 0 and1 but not equal to either of the 

two boundaries for the five cereals. This revealed that none of the sample 

smallholderswaseither at the frontier level or producing 0 from the given input combination. 

The whole sample households were technically inefficient in producing sample cereals, which 

result in having TE scores that lie between 0 and 1. Since there were not censored 

observations, the study rejecting Tobit model instead the best alternative model for linear type 

of observation GLS was employed. 

 

The regression result presented in Table 22 considered three broadly categorized types of 

explanatory variables that affect smallholders‟ TE in producing cereal crops.Wheat and barley 

responded similarly for variation in some of the covariates considered as an explanatory. 

Timely onset of summer rainfall in the two farming systems significantly 

increasedsmallholders‟ TE of producing barley, maize and sorghum, which was in support 

with Inoussa, (2010) who claimed that precipitation intensity affected sorghum yield 

significantly. Consistent availability of rainfall starting from the beginning may create 

auspicious environment for producing those crops efficiently.The long seasoned cereals, 

sorghum and maize, may seriously demand the rainfall at the beginning of summer season to 

have better yield. The circumstance may be true for barley, which has similar sowing time 

with those cereals though it is a short seasoned type.The adequate rainfall at the beginning of 

summer may enable smallholders to sow cereals on time, which would enhance their TEin 

producing long seasoned crops such asmaize and sorghum.  
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TE of smallholders in producing cereals responded similarly to harvesting seasonrainfall. 

Frequent happening of this problemin harvesting season could result in serious yield 

variability that mightdecrease smallholders‟ TE as to the model result (Table 22). The five 

major cereal cropswerestrongly responsive to this problem wherein barley and wheat are more 

sensitive. Smallholders‟ TEin producing barley, wheat and maize, respectively,decreased 

by17.8%, 14.2% and 9.6% if there was harvestingseason rainfall. The coefficients indicated 

that barley and wheat production were more sensitive to one of the dimensions for climate 

variability, harvesting season rainfall. Even if the coefficients were not strong like the 

previous cereals, but occurrence of the problem had significant effect on TE of households in 

producing sorghumand teff.  

 

Table 22. Determinants of TE, GLSregression result 

Variables description  Teff Wheat Barley Maize Sorghum 

C
lim

ate v
ariab

ility
 

Summer rain on time 0.001  

(0.006) 

0.004   

(0.008) 

0.159***  

(0.0119) 

0.086***    

(0.009) 

0.042***   

(0.012) 

Harvesting time rain -

0.046***(

0.007) 

-0.142***    

(0.008) 

-0.178***   

(0.012) 

-0.096***  

(0.006) 

-0.047***  

(0.012) 

Pests 0.007  

(0.008) 

-0.090***  

(0.009) 

-0.123***  

(0.015) 

-

0.021**(0.

011) 

-0.159***  

(0.016) 

Climate sourced 

Shocks  

0.006 

(0.007) 

-0.050***   

(0.007) 

0.0098   

(0.012) 

-0.003   

(0.007) 

-0.0004  

(0.012) 

D
em

o
g
rap

h
ic 

ln Family size  -0.044***   

(0.007) 

0.029***   

(0.008) 

-0.081***   

(0.012) 

-0.097***      

(0.005) 

0.161***   

(0.012) 

ln Age of head 0.124***  

(0.009) 

0.051***  

(0.011) 

0.061***(0.

016) 

0.099***     

(0.008) 

0.036*  

(0.019) 

E
co

n
o
m

ic 

ln Livestock holding 0.057***   

(0.004) 

-0.009***  

(0.003) 

0.033*** 

(0.008) 

0.036***    

(0.004) 

-0.008*  

(0.004) 

Credit access  -0.035***  

(0.006) 

0.036***   

(0.008) 

0.095*** 

(0.012) 

-0.036***   

(0.007) 

-0.072***   

(0.012) 

Off –farm income -0.022***   

(0.005) 

-0.034***   

(0.006) 

-0.040**   

(0.014) 

-0.012*    

(0.006) 

-0.031**  

(0.012) 

Constant -1.257***   

(0.041) 

-0.878***   

(0.053) 

-0.640***  

(0.080) 

-0.116***  

(0.040) 

-0.586***   

(0.009) 

P-value     0.000 0.000 0.000 0.000 0.000 

Note: The dependent variable was TE in percentage  
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         The coefficients showed changes across time and household level 

Source: Model result, 2017 

 

Climate change will reduce crop productivity up to 14% by 2020 (Srivastava et al., 2010), and 

yields are likely to be affected even more in 2050 and 2080, which was a finding highly 

related to Table 22. Outbreak of pests and diseases significantly decreased TE of households 

in the study area for producing the four cereals, wherein sorghum and barleywere more 

sensitive (Table 22). In identifying impacts of current climate variability, Kettlewell et al. 

(1999) showed that heavy rainfall could result in fungal disease outbreak that would finally 

reduce yield. 

 

The demographic related factors includingage of the household head had similar effects on 

smallholders‟TE of producing the five cereals. Experienced household heads would have 

significant effect onTEof smallholders in the two farming systems in producing 

cereals.Having experienced household head would significantly increase TE of households in 

producing the two crops, which was a finding in support ofHardwick (2009), Zenebe et al. 

(2012)and Sibiko et al. (2013). One of the critical crop production input, human labor, may be 

easily available if the household had larger family size, which would improve TE of 

producing cereals. Family size increment may be a source of labor power for the crop 

production that would enhanceTE of wheat and sorghum, which was a finding corroborated 

with Rahman and Umar (2009). Family size increment has both productive and consumption 

effect, wherein TE of households in producing cereals would be depending on magnitude of 

the two effects. The latter effect may be the reason for having negative effect of the covariate 

on TE of producing teff, barley and maize in the study area. Similarly, age of the household 

head had significant effect of increasing theTE of teff and sorghum.  

 

Given those covariates, the study also considered other economic factorsas an explanatory 

variable that have significant effecton smallholders‟TE in producing cereals. Household‟s 

TEof producingteff, barley and maizeresponded similarlyto the livestock holding level. 

Farmers with more livestock units, which are ready to convert into cash, can be able to buy 

modern inputs than those that own fewer (Fantu et al., 2011). Possession of 

largelivestockcould significantly increase TE, which may be due to having additional income 
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and labor for the crop production (Table 22).Participation of households in off/non-farm 

activities had negative and significant effect on TE of producing cereals in central highlands 

and Arsi grain plough farming systems of Ethiopia, which may be due to labor competition 

between the crop production and those activities.  

 

4.3. Climate Variability and Smallholders’ Crop Income 

 

Crop production variability due to weather variation would finally result in high net income 

volatility from the sub-sector (Susanne, 20012). This implies that climate variability has 

strong effect on smallholders‟ income if crop production is the main source. This research 

assumed that climate variability has nofixed effect like demographic and idiosyncratic shocks 

on smallholder‟s crop income. Once the correlation with individual effects was modeled 

through an auxiliary regression, random effects specification provides consistent estimators in 

estimating time invariant variables (Debarsy, 2012). The choice between fixed and random 

effect approach of estimating the panel datadependence on different circumstances like the 

method of data collection, type of population from which samples were drawn and purpose of 

the analysis (Franco, 2001). Franco (2001) also argued that if the interestof a research is to 

examine specific difference among small number of entities, it is better to use fixed effect 

model of regressing the panel data. The main interest of this research was to investigate effect 

of the time variant climate variability elements on households‟ crop income. The time 

invariant household related dummy variables were not main concern of the study. This 

intention demands utilization of fixed effect model regression. Given those, ordinary means of 

identifying method of regressing, this research conducted the required diagnostic teststo 

identifythe appropriate model of analyzing the unbalanced panel data. 

 

Table 23. Breusch and Pagan LM test 

Type of variable  Coefficient  Standard error P-value 

ln Cropincome 7.264 2.695 0.000 

                       e  4.600 2.144 

                       u  1.090 1.044 

Note: ln represents natural logarithm 

Source: Regression result, 2017 
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The test result (P-value =0.000) in Table23showed that there was significant evidence to 

accept random effect model ofregression.After rejecting pooled OLS via the Breusch and 

Pagan test, the research just proceed to the next test to identify between random and fixed 

effect, and to do so this study did Hausman specification test. Based on the p-value in Table 

24 the null hypothesis,“the time invariant individual related dummy covariates are 

uncorrelated with other regressors”, was rejected, which assured selection of fixed effect 

model of regressing the unbalanced panel data.As to the test result presented on Table 24 the 

null hypothesis has been rejected.  

 

Table 24. Hausman test result for fixed and random effect model selection 

Variable Coefficient Difference 

(FE- RE) 

sqrt(diag(V_FE-

V_RE)) stan.err. Fixed  (FE) Random(RE) 

ln Rain 32.914 -4.873         37.787         3.560 

ln Temperature 85.612 -1.787         87.399 8.695 

ln Rain X T
o
 -10.731 1.365 -12.095    1.138 

Harvesttime rain -0.518 -0.533         0.016 0.018 

Growing time rain 0.748 0.891 -0.143 0.018 

Summer rain onset 0.308       0.227       0.081 0.015 

(Fe-RE)‟[(V_FE-V_RE) ^ 

(-1)](FE-RE) =   𝜒(6) 

195.19 P-value 0.000 accept fixed effect 

Note: ln represents natural logarithm 

Source: Regression result, 2017 

 

Themodel selection test in Table 24considered climate variability elements as an explanatory, 

and the test result verified to accept fixed effect model of regression. The test result verified 

that time invariant household related dummycovariates correlated with theothers andthere was 

no difference in households‟incomeas of thosevariables. 

 

The F-value in Table 25 shows none of the independent variables waszero; rather each one 

has its own contribution in explaining the variation in the dependent variable. Given this, 

more than 32.91% (Rho value = fraction of variance due to μi) of the variation in the 

dependent variable was due to panel effect (Table 25). The model result revealed that rainfall 

and temperature increment affectedsmallholders‟ crop income significantly and negatively as 

well. Interaction of crop income between the two dominant climate variability elements 

(rainfall and temperature)was negative for sample householdsin the two farming system of 
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Ethiopia. This negative effect of the two covariates indicated that partial effect of either 

rainfall or temperature was negative, which was a finding similar toFélix and Romuald 

(2014), who argued that changing rainfall pattern is a source of uncertainty and agricultural 

income fluctuation. Those authors argued that rainfall variability had negative effect on 

agricultural income of developing countries that depend on rain-fed crop production. Contrary 

to the result onTable 25, Ajay and Pritee (2013) identifiedpositive and statistically significant 

effect of rainfall on agricultural produce value. Their finding implied that rainfall increment is 

beneficial for increasing production value due to lower quantity produced, and finally 

improve income. This postive effect of climate variability on households‟ income could not 

be acceptable for Ethiopian smallholders who have not markatable amount to collect benefit 

of crop price increment. A 1% increment in cropping season temperature or rainfall, 

respectively,resulted in 10.51% and 8.32% crop income reduction for a given household. The 

covariate generated based on interaction of rainfall and temperature had positive and 

significant effect on smallholders‟ crop income. Thus, climate variability had negative effect 

on smallholders‟ crop income, which may be due to its strong effect onthe marketable 

amount. 

 

Other variables such asclimate-sourced shocks affected smallholders‟ crop income negatively. 

Occurrence of them would have a devastating effect on crop production that may result in 

complete loss of produces. Covariates related to rainfall inconsistency such as timely onset of 

summer rainfall and enough rain at sowing time significantly affected smallholders‟ crop 

income. Availability of sufficient rainfall at the beginning, and consistent supply throughout 

crop growing season may increase the marketable amount of crops through improving 

thequantity produced.Earlier works conducted in Africa were in support of theresult presented 

on Table 25, for instance Ole (2011) found that rain-fed agriculture income reduction largely 

attributed to insufficient (quantity and distribution) of rainfall in many west African countries. 

Kaul and Ram (2009) argued that excessive rain and extreme temperature variation adversely 

affected crop productivity and thereby influence income of farming families. Some extreme 

events are associated with very poor harvests of cash crops, which severely affect income of 

the farming sector (Marc et al., 2013).  

 



111 

 

 

The other variable sourced from temperature and rainfall inconsistency was pest infestation, 

which strongly affected crop income (0.15% reduction). Pest commonly known as faki highly 

affect crop production of households in central highlands and crops planted in areas infested 

with this pest produce nothing (Dercon and Hoddinott, 2011). Drought was main causal factor 

triggering poverty through changing the crop production (Yue et al., 2013). Smallholders 

across the tropics already faced numerous risks including pest and disease outbreaks, extreme 

weather events and market shocks that frequently reduced household agricultural production 

and income (Celia et al., 2014).  

 

Table25.Effect of climate variability on crop income 

Description  Coefficients Robust Standard error 

lnRainfall -8.323*** 1.014 

lnTemperature -10.514*** 1.211 

lnRain X Temperature 2.466***  0.302 

Climate sourced shocks -0.243*** 0.066 

Idiosyncratic shocks -0.173*** 0.065 

lnLivestock holding 0.342** 0.150 

Pests -0.154* 0.082 

Rain at harvest time -0.145** 0.072 

Enough rain at beginning 0.589***     0.080 

Summer rain on time -0.038       0.069 

Off/non-farm activities -0.309***        0.068 

Access to credit 0.583***        0.083 

Crop residue 1.253*** 0.097 

lnHousehold size -0.580*** 0.114 

lnNumber of oxen 0.343*** 0.073 

lnCropland 0.191*** 0.032 

Constant 42.236*** 4.115 

Sigma_u  1.360 Prob > F            0.000 

Sigma_e  1.942 Corr(u_i, Xb)   0.0746 

Rho(ρ) 0.329 (fraction of variance due to u_i) 

R
2
-within  0.235 

R
2 

-between  0.439 

R
2
-overall  0.313 

Note: ***, ** and * referes 1%, 5% and 10% level of significance, respectively  

ln represents natural logarithm 

The variation in panel data is two-dimensional (Across time and household) 

Source: Regression result, 2017 
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Agricultural labor and mechanization negatively affect the value of production in India (Ajay 

and Pritee, 2013) since there would be excess production but the overall crop income effect is 

positive through increasing marketable amount. Similarly, draught power allocated for 

agriculture, which are critical inputs in Ethiopian smallholder crop production, had positive 

and significant effect on crop incomeas to the model result (Table 25). For a given 

smallholder 1% increment in the draught power would increase the crop income by 0.34%. 

Household member‟s participation in off/non-farm income had negative and significant effect 

on crop income, which was a finding similar to Tesfaye et al. (2015) each additional earning 

from off/non-farm activities has negative and statistically significant effect on marketed 

surplus.The negative effect of off/non-farm income may bedue to labor competition between 

crop production and other activities that would result in crop produce reduction.Having easy 

access to saving and credit facilities had significant and positive effect on crop income 

collection of households in the study area. Capacity of smallholders to purchase agricultural 

inputs could be easy if they have access to credit, which could enhance production and 

marketable amount.  

 

The large family size in rural Nigeria consumed all the produced that would result in lower 

household income, little savings, and increased poverty (Omideyi, 1988). Similarly, 

Tessema(2015) argued that the number of dependency ratio significantly reduced rural 

household‟s income. Smallholders‟ family size has two contradictory effects on crop income: 

the consumption effect that reduced crop income due to large home consumption of the 

marketable produces. Additionally, family size hasproduction effect that increases crop 

income through excess supply of marketable amount. Thus, overall effect of family size 

increment always depends on magnitude of the two effects within the household. Based on 

Table25 the variable had negative effect on crop income collection, which means the 

consumption effect outweighs production. Negative interaction of family size and crop 

income implied that large family sizemighthave moreof consumption effect but not 

productionfor smallholders inthe two farming systems of Ethiopia.The marketable amount 

that directly increased crop income could increase if a household had small family size. The 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Omideyi%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=12315558
http://www.eeaecon.org/taxonomy/term/6700
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reduction in household‟s consumption could shiftproduces to be marketabletype, which 

guaranteed better crop income. 

4.4. Determinants of Adaptation Strategies to Climate Variability
4
 

 

Smallholders in the two farming systems of Ethiopia took different measures to curve 

negative effect of climate variability. Theyprovided attention for cropping season rainfall 

variation and inconsistency for selecting adaptation strategies. This research grouped the 

different alternative strategies into four categories based on similarity in making decision 

about adopting each one and type of benefits to be collected (See section 3.4.3). 

Sincesmallholders‟ adaptation strategiesin the study area were mutually inclusive, separate 

uni-variate probit regression could not provide reliable result about determinants of alternative 

strategies. Multivariate probit (MVP) specification allowed systematic correlations among the 

different alternative strategies, and identified specific drivers of each type of adaptation 

strategies. This approach considered the potential interdependence among alternatives and 

possible correlations of the error terms due to unobservable characteristics that influence 

adoption of strategies (Chib and Greenberg, 1998). Strategies may be complementary if the 

equations defining them are significantly and positively associated among themselves 

(Cassiman and Veugelers, 2006).  

 

As to the simulated maximum likelihood MVP model result in Table 26, some of the sample 

smallholders in the study area employed combination of more than one adaptation strategy to 

curve down the negative effect of climate variability. In this case, the probability of choosing 

a particular adaptation strategy is conditional on the probability of choosing any other. ρij 

(Rho), the correlation coefficient between the residuals of strategies, was significantly 

different from zero (Table 26) indicating that the MVP model was more appropriate than 

separate uni-variate probits or multinomial probit. The null hypothesis of Rho12 =Rho13 =... 

Rhoij = 0 could be rejected at 1% significant level having p-value = 0.000, which implies that 

alternativestrategies are mutually inclusive. The test showed presence of interdependence 

                                                 

 4
Presented on a national conference titled “Agriculture, Climate Change & Environmental 

Safety: The challenges on National Transformation in Ethiopia”. Organized by Wollega 

University, Shambu Campus, Shambu, Ethiopia. 

 



114 

 

 

among alternative strategies. Households may consider different adaptation choices 

simultaneously since there may be complementarities among alternatives. 

Table 26showed that the joint probability of success was 12.04%, which revealed probability 

of adopting all the strategies at a time. Joint probability of failure to adopt all the strategies at 

a time was 5.85%, which was the probability that households of the area failed to adopt all the 

strategies at a time. Strategies related to agriculturaltechnology adoption (Strategy 2) had 

relatively larger marginal probability of success(65%) followed by changing the crop sowing 

time (Strategy 1) (62%). The average standard errors of prediction for each equation in the 

MVP were 0.26, 0.33, 0.27 and 0.32. At the same time, average linear predictions of each 

equation 1, 2, 3 and 4, respectively were 45.2%, 73.5%, 21.2% and 25.5%. There was strong 

correlation between error terms of strategy 1 and 2, strategy 2 and 4, and strategy 3 and 4 

(Table 26), which indicates that MVP model was the right methodology to regress the data.  

 

Some of the variables such asdistance from the main road, previous year cropping season 

rainfall shortage and crop price were common factors that affected the four alternative 

strategies significantly. The first variable had negative effect on adopting strategy 1 and 3, 

while it affected long lasting strategies (2 and 4) positively. If a household is in short distant 

from the main road, then probability of adopting strategies 1 and 3 increases significantly. 

Access to alternative source of income and information about those strategies would be easy 

if the household is in short distance from the road. Households may not have easy access to 

infrastructure facilities to make them telepathic about recent issues unless they are in short-

distance from the road. To have successful adaptation planning proper institutional structures 

should be in place to deliver climate-proofed development programs that result in the 

necessary behavioral and structural changes (Arjanet al., 2011). Households at long distance 

from the main road would significantly be initiated to adopt strategy 2 and 4 (Table 26). This 

indicated that dwellingin long distance from accessing infrastructures like road and market as 

well as new sources of information may lead smallholders to employ long-lasting strategies 

that improve their agricultural production. Adoption of new technologies like hybrid crop 

varieties, modern inputs, reforestation, water harvesting and others could get due attention if 

households dwell at distance location from the main road.  
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Table 26. Determinants of household‟s adaptation strategies 

Variables 

 

1
Changing sowing time 

2
Technology adoption 

3
Alternative income  

4
Conservation 

Coefficient Std.Error Coefficient Std.Error Coefficient Std. Error Coefficient Std.Error 

Shocks  -0.069    0.185 0.488** 0.205 0.601*** 0.192 0.042    0.220 

Pests 0.219 0.172 -1.070*** 0.242 0.683***     0.197 -1.070***    0.229 

Expected drought 0.953*** 0.219 0.761*** 0.241 0.279    0.241 0.943***    0.271 

Rain at harvest seas. 0.299    0.161 0.534*** 0.194 0.205     0.161 0.706***    0.188 

Prev. rain shortage 0.635*** 0.191 -0.429** 0.217 0.608***    0.204 -0.754***      0.240 

Distance from road -0.014***    0.004 0.025***    0.010 -0.015***    0.005 0.016***    0.006 

Food requirement -0.677***    0.170 0.611***     0.187 -0.133     0.179 0.509**    0.197 

Crop price 0.337**    0.168 0.493***    0.180 0.285* 0.175 0.703***    0.198 

Crop income -0.001    7.5e-04 0.003**    0.001 -5.3e-05    8.1e-05 0.002*    8.4e-05 

Save account ---- ------ 0.166     0.192 0.651***    0.185 -0.319   0.199 

Loan 0.451***    0.157 ---- ------ 0.701***    0.180 -0.139    0.205 

Electric -0.276    0.256 0.449   0.292 -0.444**    0.208 0.900***    0.325 

Agricultural labor -0.067  0.049 0.091*    0.052 ---- ------ -0.047   0.054 

Pipe water -0.261    0.239 0.435    0.285 ---- ------ 1.725***    0.323 

Constant  -0.270    0.661 -0.824    0.826 -2.974***   0.429 -2.459***    0.860 

Rho( 21) -0.466***    0.111   Joint probability success  12.04% 

Rho( 31) 0.078    0.106   Joint probability failure  5.85% 

Rho( 41) 0.030    0.123   Likelihood ratio Rhoij=0 P> χ2 0.000 

Rho( 32) -0.060   0.121   Log likelihood -678.98 

Rho( 42) 0.350***   0.108   Number of observations  575 

Rho( 43) -0.314***    0.117         

Marginal Prob. of success 62% 65%  43%  55%  

Standard errors prediction 0.26 0.33  0.27  0.32  

Number of adopters  356 374  247  316  

Note: ***, ** and*represent 1%, 5% and 10% level significance, respectively  

        The alternative strategies named Strategy_1, _2, _3 and _4 to simplify the discussion  

        Strategy_1 and _3 were short- run strategies,       Strategy_2 and _ 4 were long-lasting strategies 

         Due to manageability problem, the off-diagonal values of the error covariance matrix (atrhoij) were not included in the table 

Source: Model result, 2016
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Frequent occurrence of cropping season rainfall shortage within the previous five production 

years had significant effect on adopting all the strategies commonly. The covariate had 

positive and negative effect on adopting strategy 1 and 3, and the long lasting strategies (2 and 

4), respectively. Positive and significant effect of the parameter on adopting strategy1 implies 

that smallholders would be active enough in changing the sowing time if there were 

consecutive rainfall shortage in the previous successive five production years. Positive 

interaction of cropping season rainfall shortage and strategy 3 indicated that smallholders of 

the two farming systemsought tochange their economic dependency to other means of 

survival like adopting off- and non-farm activities to supplement their agriculture-sourced 

income. Smallholders‟ capacity to adapt climate change is perhaps the most vital area for 

development (Stephen, 2009) and that may need support from institutions.Smallholders may 

look for alternative sources of income if they faced successive cropping season rainfall 

shortages for their crop production. The problem would not initiate households to adopt long 

lasting strategies (2 and 4) including new technology adoption; planting different varieties, 

irrigation and other activities that require relatively larger working capital. Some adaptation 

options are characterized as: too costly, resource intensive or cost ineffective until climate 

change effects grow to merit investment costs (IPCC, 2014b). This argument of the institution 

holds true for smallholders in the two farming systems of Ethiopia regarding the effect of 

rainfall shortage on adopting the long lasting strategies.   

 

Based on the model result smallholders would prefer strategies that do not need large working 

capital to implement in order to cope upwith problems of climate variability. Many of the 

adaptation strategies had positive expected net benefits but smallholders frequently faced 

financial constraints (Arjanet al., 2011) in managing those strategies that are costly and 

require higher skills. This circumstance could be strengthened for households in the study 

area based on relationship of crop price improvement and the alternative adaptation strategies 

(Table 26). Smallholders‟ adaptation actions are very sensitive to both climate change and 

output prices (Robert, 2009), which was a finding that corroborate with the above table 

regarding relationship of crop price improvement and alternative strategies. Adoption of 

agricultural technologies requires sufficient financial wellbeing (Knowler and Bradshaw, 

2007). Similarly, Table 26 revealed that getting better crop price had positive and significant 
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effect on adopting strategies that need relatively large working capital to manage. This logic 

may be one direction in having positive and significant relationship between crop income and 

adoption of strategy 2 and 4 (Table 26). Implementation of the long lasting strategies required 

relatively large investment and there should be collection of better crop income to do that. 

The poor, who often are budget constrained, are less likely to practice adaptations to climate 

change that require relatively larger investments (Agarwal, 2010; Vermeulen et al., 2011). 

Crop price increment also initiated smallholders to adopt short-run strategies (1 and 3). 

Collecting better crop income may be a guarantee to implement strategies like non- and off-

farm activities that generate additional income. Crop price improvement would result in crop 

income increment that guaranteed smallholders to have enough working capital for adopting 

new technologies that need large working capital. 

 

Given the above covariates, others like drought expectation, household food requirement, and 

outbreak of pests and diseases had significant effect on adopting three of the alternative 

adaptation strategies. If smallholders faced outbreak of pests and disease that may be sourced 

from climate variability, then there would be significant initiation to adopt strategy 3 that are 

alternative source of income. Outbreak of this problem may result in adoption behavior 

shifting from strategy 2 and 4 to 3, which was a strategy that generate additional income. 

Occurrence of shocks that resulted in devastating effect on crop production and income 

significantlyinitiate smallholders to look for additional sources of income. If households 

expected drought in the coming crop season, then they would take an immediate measures 

such as changing sowing time, type and variety of crops to compensate expected production 

lose. This problem initiated households to employ a combination of two or more strategies in 

one production season. Significant and positive interaction of adopting those strategies and 

expecting future drought revealed that smallholders of the two farming systems had the 

awareness about the climate variability though they were not clairvoyant to respond perfectly 

as to the circumstance. Smallholders may be initiated more to apply two or more strategies at 

a time to curve effect of rainfall and temperature variability, which are common problems for 

households in central highlands and Arsi grain plough farming systems of Ethiopia.  
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4.5. Climate Variability as Driver of Rural Labor Displacement
5
 

 

The initial assumption of this research,crop income variation is main source of rural labor 

displacement,had an implication of creatingendogeneity problem in modeling the dependent 

variables (See section 3.4.4). Mathematical formulation of rural labor displacement indicated 

presence of strong endogeneity problem due to incorporating crop income as one explanatory 

covariate while its variation explained by others. The test result after instrumental regression 

indicated that there was strong endogeneity problem in the mathematical formulation. 

BothDurbin χ
2
score and Wu-Hausman F-value test results revealed rejection of the null 

hypothesis that was “variables are exogenous” with strong evidence (p = 0.011). The 

endogenous model should pass over the other three tests that are under identification, over 

identification and weak instrument test. The first problem had null hypothesis“matrix of 

reduced form coefficients has rank=K-1 (under identified)”, which was rejected by both 

Anderson canon and Cragg-Donald tests having significantlevel of P-value =0.000. Cragg-

Donald F-value of 12.73 was greater than the tabulated value of Stock-Yogo weak 

identification test‟s critical value that was 11.39 (Appendix Table 13). These two values 

showed that the null hypothesis (Ho: equation is weakly identified) rejected at 10% significant 

level.  

 

The tests for joint significance of endogenous regressors‟coefficient Bi= 0 in the main 

regression equation that was one indicator of over identification was rejected at 1% significant 

level since Anderson canon correlation likely ratio statistic had value of 403.51 and P-value of 

0.000.This test indicated that the endogenous variable had non-negative coefficient in the 

mathematical formulation. Additionally, Sargan-Hansen statistics that isthe best test to 

examine over identification problem had a value of 48.03 and P-value = 0.004, which was 

significant enough to reject the null hypothesis at 1% level of significance. The endogeneity 

problem was the core issue behind manipulation of instrumented random effect two stage 

least squares (2SLS) regression. Table 27 showed two model results together in which the 
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first stage generated the predicted value of the endogenous variable, crop income, to be 

considered in the second stage regression as an explanatory. The under and over identification 

problem of the model limit the number of instrument variables in the first stage and core 

variables in the second stage of 2SLS regression. The model that considersthe following 

instrument and core variables (Table 27) fulfilled all model diagnostic tests presented above.  

 

Collecting better crop income would significantly reduce the proportion of displaced 

household member. Thereby the main covariate, crop income, in the model had the expected 

direction of relationship with the dependent variable, ratio of displaced labor to family size. 

Mathilde and Zaneta (2014) argued that migration decision determined by agricultural income 

and 1% reduction in it induced by weather shock increases the probability of migration by 

3%. Similar circumstance happened in the two farming systems of Ethiopia as to the 

instrumented random effect 2SLS model result in Table 27, wherein expected crop income 

variation had significant effect in changing the rural labor displacement. A 1% expected crop 

income increment would reduce proportion of household member who displaced by 2.6%. 

This negative and significant effect of the covariate on labor displacement from the two 

farming systems indicated that climate related factors, which affect crop income would have 

induced effect on labor displacement. All the climate variability elements that negatively 

affect smallholders‟ crop income would aggravate displacement of the family member from 

sample households in the two farming systems.  

 

The model result revealed thatproductive resources like TLU, a parameter of measuring rural 

household‟s wealth as well as source of labor, food and cash had significant effect in reducing 

family member displacement from the two farming systems. A 1% increment in TLU of a 

household would reduce the proportion of family member who displaced by4.5%. Livestock 

holding of smallholders in Ethiopia mainly considered as a measure of social status and 

sometimes it can be an insurance premium. Thus, household members may feel insured when 

they do have large TLU in which the circumstance may reduce the labor displacement. 

Similarly, draught power increment could significantly reduce rural labor displacement from 

central highlands and Arsi grain plough farming system of Ethiopia as to the model result 

(Table 27). Since crop production of smallholders in Ethiopia is purely depend on animal 
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draught power for the whole process starting from soil preparation to harvesting timea 1% 

increment in the number of oxen could reduce the labor displacement by 15%, which was 

strongest compared to any of the covariates considered. Given this, rent income from oxen 

power may be thereas an additional income source for the household to create stability of the 

family member.  

 

Table 27. Instrumental random effect 2SLS regression result 

Second stage regression result  

Variables Coefficient St. Error 

ln Crop income (Predicted value) -0.025* 0.014 

ln TLU -0.044* 0.026 

ln Draught power  -0.152*** 0.027 

Off/non-farm participation -0.071**  0.036 

ln Land labor ratio 0.096*** 0.014 

Crop residue collection -0.018 0.050 

Education  -0.162*** 0.035 

ln Age  -0.059 0.060 

ln Inflation  0.008 0.031 

Save account  -0.026 0.041 

Idiosyncratic shocks  0.034  0.034 

Constant  1.220*** 0.248 

Rho (variance due to u_i)  0.301 R
2
_within   0.070 

sigma_u 0.341 R
2 

_Between   0.1284   

sigma_e 0.519 R
2
_Overall   0.1092 

First stage regression result 

ln crop season rainfall -0.736***    0.234 

ln crop season temperature 3.831***    0.417 

Outbreak of pests -0.413*  0.218 

Enough rain at the beginning 0.239 0.202 

On time summer rainfall -0.230 0.204 

Climate related shocks -0.359**  0.162 

Harvest time rainfall 0.151 0.176 

Note: ***, ** and* represent 1%, 5% and 10% level significance, respectively. 

ln represents natural logarithm  

Source: Model result, 2016 

 

Table 27 also disclosed that if any of the household members participated in off-farm 

activities, then displacement of labor would significantly diminished. Relatively diversified 

income to fulfill their consumption demand would guarantee household members to stay in 
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rural areas and look for other alternativelivelihood strategies around their permanent place. If 

the household had diversified income sources, then family membersmay prefer to stay on 

their agriculture rather than moving to other places. Off-farm income, crop residue collection 

and access to saving had negative interaction with rural labor displacement from the two 

farming systems. This implies that the crop income,households currently collect,is not enough 

and guaranteesthem to stay in their dwelling places. Thus, it is easy to say that family 

members displaced in search of additional and alternative source of income. 

 

Findings of Kavi and Brinda (2012) showed that individuals with some resources–but not 

adequate enough might undertake short-term migration to supplement their livelihoods, which 

was a finding similar to the above table regarding availability of cropland per adult 

equivalent. Findings of this research revealed that individuals from a household that had 

larger cropland per adult equivalent could not restrain from displacing. This relationship may 

be because of less productive cropland to produce the crop what the household demanded. 

 

Climate variability affects household‟s migration decision only through agricultural channel 

(Mathilde and Zaneta, 2014), is valid only for households whose income is highly dependent 

on agriculture, but not for diversified ones. Farming as a primary source of income has failed 

to guarantee sufficient livelihood for most farming households in developing countries 

(Babatunde, 2013). Kavi and Brinda (2012) argued that greater weather variability in rural 

areas increases probability of an individual to undertake short-term migration seeking 

alternative livelihoods and additional incomes. Table 27 shows that the instrument variables 

in the randomeffect 2SLS regression had significant effect on the endogenous variable, crop 

income. This implies that the climate variability that are instrument covariates to predict the 

endogenous variable, crop income, from random effect 2SLS regression have indirect effect 

on rural labor displacement.Crop income reduction through climate variability would 

significantly increase the number of family members who displaced. Thus, it is easy to 

generalize that variation in smallholders‟ crop income due to climate variability elements 

have significant effect on aggravating the rural labor displacement from central highlands and 

Arsi grain plough farming systems of Ethiopia. 
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5. SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1. Summary 

The study examined the effect of climate variability oncereals yield, crop income and rural 

labor displacement incentral highlands and Arsi grain plough framing systems of Ethiopia. 

This work considered eight round unbalanced panel data collected from sample households of 

the study area starting from 1994 to 2014. The long-run crop season temperature was 

increasing continuously indicating climate variability problem of the study area. Similarly, 

there were frequent crop season rainfall inconsistencies within short period intervals. 

 

The stochastic frontier regression result for the sample cereal crops (teff, maize, wheat, barley 

and sorghum) showed that inorganic fertilizer and draught power increment had significant 

and positive effect on yield of those crops in the two farming systems.The two dominant 

climate variability elements (cropping season rainfall and temperature) had significant effect 

on yield of those cereals. The two-climate variability elementshad negative and significant 

effect on smallholders‟ crop income in the study area.Other covariates like outbreak of 

diseases and pests, devastating shocks and rainfall inconsistencies affectedsmallholders‟ crop 

yield and income as well. 

 

Additionally, the study examined determinants of smallholders‟ adaptation strategies to cope 

climate variability. Based on the regression result distance from the main road, crop price and 

cropping season rainfall shortage were common factors that affect adoption of the four 

alternative strategies significantly. 

 

The study also examined effect of climate variability on proportion of family members 

displaced from the two faming systems. In doing this, smallholders‟ crop incomewas 

instrumented by climate variability elements in order to identifytheir indirect 

effectonhousehold members‟displacement. Thus, the model result revealed that crop income 

and other alternative sources of income significantly affect the ratio of household 

memberswho displaced from the two farming systems. Owning larger TLU and draught 
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power significantly reduced the labor displacement and could enable rural labor to create a 

stable livelihood. 

5.2. Conclusions 
 

Long run cropping season rainfall trend of the country showed continuous reduction and there 

were frequent fluctuations within very short period intervals. In the same fashion, extreme 

low and high rainfall were also common recently in the two farming systems. In the other 

direction, cropping season temperature of the country showed continuous increment with the 

going of time, and there were frequent extreme high temperatures within short period gaps. 

These all notifies that the global problem, climate change, is also happening in Ethiopia and it 

would have devastating effect on smallholders who have nature dependent livelihood. 

 

Households in the two farming systems had relatively lower crop productivity as compared to 

the national average level in all the survey years. The probability of improving their crop 

productivity and producing more than the national average showed continuous reduction for 

the cereal crops especially maize and wheat.  

 

Few crops were performing better in some places of the study area where it was not possible 

to produce them at all before decades. Wheat and barley production showed continuous 

improvement in cool weather areas of central highlands farming system especially the former 

one exhibited successive increment implying that the weather condition is becoming 

auspicious for its production.In contrary to this, the current temperature negatively affected 

yield of sorghum, maize and teff. Thus,smallholders would not be able to produce few crops 

in the near future if the current temperature increment continuous.  

 

Agricultural inputs like inorganic fertilizer are critical in improving smallholders‟ cereal yield 

in the two farming systems. However, successive input price increment was a strong threat to 

apply the input as to the standard level. Sample smallholders in the study area affirmed that 

the current time sky rocketing input price rise is going out of their capacity to purchase the 

production input.  
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Cropping season rainfall increment positively affected yield of teff and barley. Cropping 

season temperature had negative effect on warm weather cereals production while it affected 

cool weather ones(wheat and barley) positively. Successive cropping season temperature 

increment improved yield of wheat and barley while maize,teff and sorghumyield decreased 

significantly in central highlands and Arsi grain plough farming systems of Ethiopia. This 

may be due to counterbalancing the negative effect of the one with positive brunt of the other, 

wherein their interaction may create auspicious environment for producing the crops. Further 

increment of cropping season rainfall and temperature from the current level resulted in mixed 

effect on cereals yield for households in the two farming systems of Ethiopia.   

 

The rainfall inconsistencies especially inharvesting season, and outbreak of diseases and 

pestssignificantly affected smallholders‟ technical efficiency in producingcereals. Harvesting 

season rainfall had significant and negative effect on households‟ technical efficiency to 

produce all the sample cereals in the two farming systems. Outbreak of diseases and pests 

would significantly affect technical efficiency of smallholders‟ to produce wheat, barley, 

maize and sorghum.   

 

Individual increment in either cropping season rainfall or temperature adversely affected 

smallholders‟ crop income in the two farming systems. Rainfall inconsistencies and shocks 

including, harvesting time rain, late summer onset, early cessation and inconsistent 

availability in the growing season have strong and negative effect on smallholders‟ crop 

income. Consistent availability, but not torrential rainfall within few days, is critical input for 

amplified crop production and collection of better crop income for households in the two 

farming systems. Similarly, pest and disease outbreak that may be another dimension of 

climate variability had negative effect on smallholders‟ crop income.  

 

Based on their time duration for mitigating climate variability the four alternative adaptation 

strategies of smallholders in the study area grouped into two broad categories (short-run and 

long-lasting type). Adopters of the former strategies had lower crop income with better 

certainty and those households that adopt long-lasting strategies had better crop income with 
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higher uncertainty. There was also significant difference in crop income generated by 

households that were adopters and non-adopters of the four alternative strategies.  

 

Distance from the main road and crop price had significant effect on probability of 

adoptingstrategies including changing the sowing time and alternative income sources. 

Households in short distance from all the main roads would have information access to 

participate inalternative income sources like off- and non-farm activities easily. Similarly, 

households that suffered from continuous rainfall shortage would likely to adopt those 

strategies rather than new production technologies and conservation practices that demand 

larger working capital.  

 

Households in the two farming systems are losing the younger generation who have 

significant contribution on the future agricultural productivity of the area due to rural labor 

displacement. Household‟s crop incomeimprovement significantly reduced the proportion of 

family members who displaced from the two farming systems. Hence, all the covariates like 

crop season rainfall and temperature, shocks, outbreak of pests and disease, and others 

included as an instrument of the endogenous variable for crop income had significant indirect 

effectonthe rural labordisplacement from central highlands and Arsi grain plough farming 

systems of Ethiopia.  

 

Having access to agricultural inputs such as cropland was nota guarantee to reduce proportion 

of household members who displaced from the two farming systems unless the inputs were 

productive enough to produce the required amount of income.  

 

In general, the recurrent climate variability is becoming serious bottleneck for Ethiopia to 

have productive agriculture, and to keep the youths and energetic labor in the rural economy. 

Given other bottlenecks, if the current rural labor displacement persists longer, achieving the 

2025 plan of the country could be under question mark.  

 

Finally, the study identified that rainfall inconsistency in different stages of cereal production 

and other climate variability sourced shocks resulted in crop yield and income variation as 
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well as rural labor displacement in central highlands and Arsi grain plough farming systems 

of Ethiopia.  

 

5.3. Recommendations 

 

Smallholders of the study area had lower crop yield as compared to the national level. This 

circumstance may be because of remoteness to access agricultural inputs easily. Thus, 

intensive effort and preferential treatments should be there to enhance productivity of 

smallholders in remote areas with lower access to infrastructures.  

 

There should be government intervention to reduce the successive fertilizer price increment in 

order to make it easily affordable for smallholder farmers of the country. If possible, it is 

better to subsidized smallholder farmersin order to increase application of the input to the 

standard level.  

 

In order to have consistent water supply forteff, maize and sorghum that suffer from moisture 

stressstrategieslike irrigation and water harvesting should be extensively utilized.Unless there 

are serious measures the ongoing temperature increment coupled with rainfall inconsistency 

and climate sourced shocks would have devastating effect on production of those cerealsin the 

two farming systems. 

 

Some of the problems sourced from climate variability are not manageable for smallholders to 

curve their effect. It may be difficult to manage the complex climate related problems without 

a coordinated effort that includes comprehensive trainings, information about early warning, 

drought preparedness plans, and emergency response programs at regional or nation level. 

 

Both material and labor budget should be ready to reduce effect of pest infestation and disease 

outbreak on smallholders‟ crop income. In doing this, biological and natural way of protection 

should be there to reduce external effect of chemicals on the livestock especially beehives of 

smallholder farmers. Additionally, biological methods are preferable for rural households who 

do not afford the on-going agricultural input price.  
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Smallholders of the study area had infrastructure gap in adopting different alternative 

adaptation strategies. Thus, there should be active participation of institutions and agencies to 

provide the required facilities that could enhancesmallholders‟ awareness. Supports in this 

regard could enable smallholders to decide, which agricultural technology and adaptation 

strategiescould be moreeffective in adapting climate variability. 

 

Being price setter may enable to collect the potential benefits from the merchandises traded. 

Thus, bargaining power of smallholders should be enhanced to make themcrop price setter. 

Having easy access to market information and other infrastructural facilities could enable 

them to be active participant in the market. These all would improve smallholders‟ adaptation 

capacity to the ongoing climate variability.  

 

Smallholders‟ income improvement would increase capacity of them to cope up with the 

effect of climate variability. Thus, to sustain economic growth and reduce smallholders‟ 

vulnerability, policy makers should intensify long-lasting adaptation strategies such as soil 

and water conservation, income diversification and irrigation schemes. 

 

Alternative income sources should be made available to have sustainable livelihood in rural 

areas to create conducive environment that could reducedisplacement of rural youthfrom their 

abode. Given this, agricultural policy makers should provide attention on how to create stable 

crop income for smallholders to reduce the problem of losing the agricultural laborthat has the 

potential energy. 

 

Besides, managing the climate related problems that were the critical push factors, promoting 

access to saving and off-and non-farm activities in rural areas could reduce labor 

displacement. There should be awareness creation for smallholders of the two farming 

systems to increase saving capacity and participation in off- and non-farm activities. 

 

Finally, extreme starvations and poverty that happen occasionally will be frequent problems 

of the country in extensive area coverage unless coordinated actions done to curb the climate 
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variability problems. National level policy makers should considereffect of climatevariability 

in formulating both mesoand macroeconomic policies to improve agricultural productivity of 

Ethiopia. 
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7. APPENDICES 

7.1. List of Tables in the Appendix 
 

Appendix Table1.Survey time of each round 

Kebele  Main 

season 

1994a 1994b 1995 1997 1999 2004 2014 

Dinki 
December March-

April 

Nov. January  October,  

Nov 

Aug May-

June 

February- 

April   

D/Berhan   
November 

December 

March-

April 

Oct. March June- 

August   

July   Apri 

May 

February- 

April   

Yetmen 
November 

December 

March-

April 

Oct. March Septem. 

October 

June   May 

June 

February- 

April   

SirbanGodeti 
November 

December 

March-

April 

Nov. March June, 

July 

June Apri 

May 

February- 

April   

Koro- 
October 

November 

May-

Jun 

Nov-

Dec 

May- 

June 

June, 

July 

Aug May February- 

April   

Turfe  

 

December Mar-

April   

Sep.-

Oct. 

Mar- 

April 

Sep- 

Oct 

June   May 

June 

February- 

April   

 

Appendix Table2.Family size of households 
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Year  Central highland  Arsi p-value Combined Mean 

1994a 5.42 6.76 0.000 5.89 

1994b 5.42 6.62 0.000 5.81 

1995 5.33 6.51 0.000 5.72 

1997 5.55 6.50 0.000 5.88 

1999 5.25 6.55 0.000 5.68 

2004 5.29 6.03 0.001 5.53 

2009 5.35 6.11 0.001 5.61 

2014 4.42 5.67 0.000 4.97 

Source: ERHS (1994a-2009) and survey by the researcher in 2014 

 

Appendix Table3. Crop calendar of each sample sites 

Kebeles  Crop  Plough Planting Weeding Harvesting  

D/Birhan  Barley  March and April May and June August and 

September 

October  

Wheat  March and April May and June August and 

September 

October 

Dinki  Teff  March, April, 

May and June 

July August and 

September 

October 

Sorghum  March April June and 

August 

November 

Maize  May July September November 

Korodegaga  Maize  April June October July  

Teff  April June October July  

Wheat  April and 

May 

July 

 

August 

 

October 

 

Barley  July August September May 

Sirbana  Maize  March April May October 

Sorghum March April May October 

Wheat  May June July and 

September 

October 

Barley  May June July and 

September 

October 

Teff  May and June July and 

August 

September 

and October 

November 

Turufe  Wheat  June July September October 
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Teff June and July August and 

September 

October November 

Barley  May June August October 

Maize  March April May and 

June 

September 

Sorghum March April May and 

June 

October 

Yetmen  Teff  April, May and 

June 

July and 

August 

September 

and October 

November 

Wheat July and August September October November 

Maize March April and May July and 

August 

September 

Source: ERHS Ethiopian Village Studies, 2009 

Appendix Table4.Conversion factor for man equivalent 

Group of years Male Female 

<10 0 0 

10-13 0.2 0.2 

14-16 0.5 0.4 

17-50 1 0.8 

>50 0.7 0.5 

Source: Storck et al. (1991) 

 

Appendix Table5. Conversion factor used to compute adult equivalent 

Group of years Male Female 

<10 0.6 0.6 

10-13 0.9 0.8 

14-16 1 0.75 

17-50 1 0.75 

>50 1 0.75 

Source: Storck et al. (1991) 

 

Appendix Table6. Number of households suffered from rainfall inconsistencies 

Type of crop  Number of households  

In 1999 In 2009 

Central highland Arsi Central highland Arsi 
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Teff 56 62 76 20 

Wheat  20 15 22 10 

Maize  8 37 14 9 

Barley 26 1 12 3 

Sorghum  40 2 32 2 

Total  150 117 156 44 

Source: Own computation from ERHS in 1999 and 2009  

 

 

 

 

Appendix Table 7.Households‟ participation in soil conservation 

Soil fertility improvement 

methods 

(%) household in  Type of soil 

conservation 

(%) household in  

1999  2009  1999 2009  

Manure 54.83 54.95 Stone bunds indigenous 42.16 54.9 

Fallowing 17.44 17.47 Soil bunds indigenous 51.22 27.73 

Crop rotation 26.47 26.53 Stone bunds introduced 2.79 6.44 

Burning the soil 0.42 0.21 Soil bunds introduced 1.05 0.56 

Terrace and others 0.84 0.84 Contour plough 2.79 10.36 

Source: ERHS in 1999 and 2009 

 

Appendix Table 8. Overall crop production and yield in the two farming systems 

Description Crop type Central highland  Arsi Combined 

Mean  

P-value 

Area in hectare  Teff  0.95 0.86 0.91 0.000 

Barley 0.91 0.30 0.72 0.000 

Wheat  0.43 0.48 0.44 0.000 

Maize  0.20 0.61 0.46 0.000 

Sorghum  0.48 0.08 0.37 0.000 

Production in 

kg 

Teff  932.69 405.11 698.82 0.000 

Barley 736.50 321.58 617.30 0.000 

Wheat  405.78 673.38 497.57 0.000 

Maize  223.17 542.28 452.40 0.000 
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Sorghum  378.25 243.80 357.30 0.000 

Yield in kg/ha Teff 979.57 621.63 820.90 0.000 

Barley 939.56 978.72 950.81 0.317 

Wheat  1068.56 1262.20 1134.97 0.000 

Maize  1183.06 1174.82 1177.14 0.899 

Sorghum  697.61 1252.04 783.98 0.000 

Source; ERHS from 1994a-2009 and own data 2014 

 

 

 

 

Appendix Table 9. Comparison of national level yield with sample households 

Description  Crop type  Sample year 

1994a 1995 1997 1999 2004 2009 2014 

National 

level  

Teff  7.5 8.35 7.48 8.09 9.48 12.28 15.75 

Wheat  11.67 12.20 14.05 11.83 15.57 18.25 25.43 

Maize 15.5 19.83 17.53 17.95 17.19 21.99 34.39 

Barley 11.5 10.57 11.53 9.34 12.12 15.5 19.65 

Sorghum  12.5 13.75 11.2 11.87 13.69 18.69 23.69 

Sample 

households 

Teff  6.38 7.03 8.58 7.66 8.90 8.02 12.85 

Wheat  8.99 8.69 13.15 10.28 11.62 12.73 18.39 

Maize 11.44 13.96 16.62 9.62 12.10 19.46 19.36 

Barley 12.41 10.56 11.05 9.52 9.28 14.24 18.17 

Sorghum  7.19 3.67 10.81 8.82 8.75 11.95 16.20 

Source: Own computation and CSA, 2015 

 

 

Appendix Table 10. Smallholder‟s participation non- and off-farm activities 

Year 
Farming 

system 

Type of Activity 

Milling Handicraft 

Livestock 

& crop 

trading 

Traditional 

healer  

Collect 

firewood 
Others  Total  
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1994a 

  

Central  3 79 23 9 220 9 343 

Arsi 0 13 20 2 62 16 113 

1999 
Central  1 44 28 0 32 80 209 

Arsi 0 40 12 0 108 62 222 

2004 
Central  17 67 69 18 48 18 237 

Arsi 0 8 16 1 66 1 92 

2009 
Central  19 111 59 17 95 38 339 

Arsi 3 24 17 2 24 7 77 

Source: ERHS from 1993-2009. 

 

 

 

Appendix Table 11.Probability of changing cropland, production and yield 

Crop type Description Overall  Central highland Arsi grain  

1999 2009 1999 2009 1999 2009 

Teff cropland 1999 85.17  14.83 85.17       14.83 81.89       18.11 

2009 29.65  70.35 29.65       70.35 16.90       83.10 

Total  61.76       38.24 61.76       38.24 58.59       41.41 

Maize cropland 1999 40.46       59.54 26.32       73.68 55.81       44.19 

2009 36.82       63.18 33.14       66.86 37.50       62.50 

Total  37.99       62.01 31.90       68.10 45.45       54.55 

Wheat cropland 1999 53.57       46.43 60.00       40.00 51.43       48.57 

2009 24.54       75.46 29.30       70.70 30.67       69.33 

Total  31.60       68.40 37.83       62.17 34.34       65.66 

Teff production 1999 56.61       43.39 64.00       36.00 41.46       58.54 

2009 36.07       63.93 40.00       60.00 29.31       70.69 

Total  45.59       54.41 51.43       48.57 34.34       65.66 

Maize 

production 

1999 37.23       62.77 25.93       74.07 45.26       54.74 

2009 41.70       58.30 31.15       68.85 49.51       50.49 

Total  40.20       59.80 30.48       69.52 47.47       52.53 

Wheat 

production 

1999 80.46       19.54 79.62       20.38 82.42       17.58 

2009 32.12       67.88 29.34       70.66 36.45       63.55 

Total  57.47       42.53 57.41       42.59 57.58       42.42 
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Teff yield  1999 59.24       40.76 48.94       51.06 52.00 48.00 

2009 29.48        70.52 32.76       67.24 21.14 78.86 

Total  40.93       59.07 40.00       60.00 32.83       67.17 

Maize yield  1999 49.25       50.75 33.33       66.67 58.95       41.05 

2009 29.56       70.44 26.78       73.22 33.01       66.99 

Total  36.03       63.97 27.62       72.38 45.45       54.55 

Wheat yield 1999 80.46       19.54 79.62       20.38 82.42       17.58 

2009 32.12       67.88 29.34       70.66 36.45       63.55 

Total  57.47       42.53 57.41       42.59 57.58       42.42 

Source: Own calculation, 2017 

 

Appendix Table 12. Average technical efficiency in the two farming systems 

Crop type  Central highland Arsi grain plough Combined average t-value 

Teff  0.532 0.381 0.459 18.63*** 

Wheat 0.349    0.456 0.385 14.76*** 

Maize  0.893 0.805 0.830 8.01*** 

Barley 0.459 0.493 0.469 4.36*** 

Sorghum 0.559 0.589 0.576 25.66*** 

Source: own conversion, 2016 

 

Appendix Table 13. Stock-Yogo weak ID test critical values based on TSLS bias 

 n=1,b=              n=2,b=          n=3,b= 

K2 0.05     0.10 0.20    0.30 0.05  0.10  0.20  0.30 0.05  0.10 0.20 0.30 

3 13.91  9.08      6.46     5.39         

4 16.85     10.27     6.71     5.34      11.04      7.56    5.57    4.73     

5 18.37  10.83 6.77 5.25 13.97 8.78 5.91 4.79 9.53 6.61 4.99 4.30 

6 19.28  11.12 6.76 5.15 15.72 9.48 6.08 4.78 12.20 7.77 5.35 4.40 

7 19.86  11.29 6.73 5.07 16.88 9.92 6.16 4.76 13.95 8.50 5.56 4.44 

8 20.25  11.39 6.69 4.99 17.70 10.22 6.20 4.73 15.18 9.01 5.69 4.46 

9 20.53  11.46 6.65 4.92 18.30 10.43 6.22  4.69 16.10 9.37 5.78 4.46 

10 20.74  11.49 6.61 4.86 18.76 10.58 6.23 4.66 16.80 9.64 5.83  4.45 

11 20.90  11.51 6.56 4.80 19.12 10.69 6.23 4.62 17.35 9.85 5.87 4.44 

12 21.01  11.52 6.53 4.75 19.40 10.78 6.22 4.59 17.80 10.01 5.90 4.42 

13 21.10  11.52 6.49 4.71 19.64 10.84 6.21 4.56 18.17 10.14 5.92 4.41 

14 21.18   11.52 6.45 4.67 19.83 10.89 6.20 4.53 18.47 10.25 5.93 4.39 

15 21.23  11.51 6.42 4.63 19.98 10.93 6.19 4.50 18.73 10.33 5.94 4.37 

16 21.28  11.50 6.39 4.59 20.12 10.96 6.17 4.48 18.94 10.41 5.94 4.36 
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17 21.31  11.49  6.36 4.56 20.23 10.99 6.16 4.45 19.13 10.47 5.94 4.34 

18 21.34  11.48 6.33 4.53 20.33 11.00 6.14 4.43 19.29 10.52 5.94 4.32 

19 21.36  11.46  6.31 4.51 20.41 11.02 6.13 4.41 19.44 10.56 5.94 4.31 

20 21.38  11.45 6.28 4.48 20.48 11.03 6.11 4.39 19.56 10.60 5.93 4.29 

21 21.39  11.44 6.26 4.46 20.54 11.04 6.10 4.37 19.67 10.63 5.93 4.28 

22 21.40  11.42 6.24 4.43 20.60 11.05 6.08 4.35 19.77 10.65 5.92 4.27 

23 21.41  11.41 6.22 4.41 20.65 11.05 6.07 4.33 19.86 10.68 5.92 4.25 

24 21.41  11.40 6.20 4.39 20.69 11.05 6.06 4.32 19.94 10.70 5.91 4.24 

25 21.42  11.38 6.18 4.37 20.73 11.06 6.05 4.30 20.01 10.71 5.90 4.23 

26 21.42  11.37 6.16 4.35 20.76 11.06 6.03 4.29 20.07 10.73 5.90  4.21 

27 21.42  11.36 6.14 4.34 20.79 11.06 6.02 4.27 20.13 10.74 5.89  4.20 

28 21.42  11.34 6.13 4.32 20.82 11.05 6.01 4.26 20.18  10.75 5.88 4.19 

29 21.42  11.33 6.11 4.31 20.84 11.05 6.00 4.24 20.23 10.76 5.88 4.18 

30 21.42  11.32 6.09 4.29 20.86 11.05 5.99 4.23  20.27 10.77 5.87 4.17 

Source: James H. Stock and Motohiro Yogo, nd. Testing for Weak Instruments 

Appendix Table 14. Technical efficiency trend of the two farming systems 

Year Central highland  Arsi grain plough  

Teff  Wheat Barley  Maize  Sorgh

um  

Teff  Whea

t 

Barle

y  

Maiz

e  

Sorgh

um  

1993 0.510 0.295 0.348   0.635 0.559     0.327    0.447 0.402 0.606   0.588   

1994 0.237 0.409 0.337     0.438   0.559     0.318 0.186 0.274    0.643   0.588 

1995 0.502 0.304 0.386    0.781     0.559 0.339 0.456 0.483   0.731      0.588 

1997 0.504 0.327 0.421   0.776    0.559 0.361 0.417 0.431 0.766     0.590 

1999 0.519 0.337 0.453     0.832     0.559 0.382     0.460   0.413   0.851    0.588     

2004 0.540     0.369 0.525     0.941     0.560    0.408    0.557 0.533     0.943     0.590    

2009 0.556   0.397 0.609    0.981 0.560 0.439     0.518 0.582   0.978     0.590 

2014 0.565     0.459 0.687 0.991 0.561    0.448 0.464 0.632     0.990    0.591    

Average 0.523 0.349    0.459     0.893 0.559 0.381 0.456 0.493    0.805     0.589   

 

Appendix Table 15.Yearly migration level in each sample villages 

Year Dinki Yetmen Sirbana Koro Turufe  D/Birhan   Total Migrant  

1993 26 12 30 35 33 56 192 

1994 19 0 1 61 73 67 221 

1995 9 3 26 25 35 41 139 

1997 23 23 41 51 50 78 266 

1999 25 16 38 16 22 42 159 

2004 15 12 43 22 28 46 166 

2009 51 24 54 67 63 105 364 

2014 13 19 24 15 23 52 146 

Total  181 109 257 292 327 487 1653 
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Source: ERHS from 1993-2009 and survey of the researcher in 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.2. Survey Questionnaire 

Household Sample Survey Interview Schedule 

On 

Effects of Climate Variability on Crop Yield, Income and Rural Labor Displacement in 

Ethiopia 
 

PhD Dissertation Research Project 

School of Graduate Studies 

Haramaya University 

 

1. Research Area and Household Related 

1.1.Name of the district----------------------------- 

1.2.Name of the kebele----------------------------- 

1.3.Name of the household head----------------- 

1.4.Distance from the nearest market------------------km(hour) 

1.5.Distance from the main road-----------------------km(hour) 

1.6.Communication center-------------------------------km(hour) 

2. Institutions 

2.1. Have accessto electricity?      A) yes       B) No 

2.2. If your answer for the above question is B what is your source of electricity?______ 
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2.3. Have you access to piped water?     A) yes       B) No 

2.4. If your answer for the above question is B what is your source of water?____________ 

3. Demographic Characteristics 

No 
Name of 

family 

member 

Educational 

level 

Age  Sex  Relation 

to the 

head 

Occupation                   Marital status 
Single  Divorce  Separated  

1          

2          

3          

4          

5          

6          

7          

8          
 

 

 

4. Labor related information (human and animal labor) 

4.1. Human labor  

4.1.1. How many of your family participate on the agriculture? Male ----- Female ------ 

Name  Age  Sex  Type of work done No of hours 

per day  

No of days in a 

month  

      

4.1.2. Did you hire in labor from outside to work on your own land? A)Yes     B) No 

4.1.3. Number of people involved________ Total number of days worked_____ Total 

payment (cash payments)______Total payment in kind___________  

4.1.4. Was your output affected because of someone in the family was too ill at critical 

periods of the farm operation? A) Yes                   B) No 
 

4.2. Draught power related  

4.2.1. What is your source of draft power?  A)  Oxen               B) Other machineries 

4.2.2. How many pair of oxen do you have? __________________.  

4.2.3. If your answer for question no4.2.1 is A to whom the oxen belongs? 

A) Yours              B) Rent in cash                C) Rent in kind             D) Share work  

4.2.4. If you have surplus oxen power; how you utilize that power?  A)Renting     

B)Working in share  

4.2.5. How much do you receive for the surplus labor that you rent out in the previous 

year?______.  

4.2.6.  How much did you get when you give your oxen for share?___Birr. __quintal. 

4.2.7. Do you face shortage of draft power? A) Yes           B) No    

4.2.8.  If it happens, how do you cope up the problem?______________ 
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4.3.Other Expenditures on Agricultural Inputs 

Type of expenditure during the previous season 

Input type  Where did 

you buy the 

input? (e) 

Total 

payment in 

cash (Birr) 

How much did you 

use in kg in the 

previous crop season? 

Fertilizer DAP    

Urea    

Pesticides (fungicides &herbicides)    

Seeds and young plants    

Labor for crop production    

Transport cost to crop production     

Rent for oxen    

Tractor, harvester, or combine services    

Others (specify _______    

 

4.3.1. Was your output affected because of not getting fertilizer at the right time?  

A)Yes                                          B) No  

4.3.2. What remedial actions you took?________________________________________ 

5. Livestock Related Questions 

5.1.List out your livestock structure  

Type of 

animal 

No at the 

beginning 

New born  Died  Sold  Bought  Total at the end 

Oxen        

Cow       

Bull       

Heifers       

Camel       

Sheep       

Goats       

Horse        

Donkey       

Ewe        

Doe        

Others       
 

5.2.Did any of your livestock suffer from any of the following factors in the previous year?  

Moderately________. Severely__________. Not at all__________ 

6. Land particular 

6.1.Indicate the land and the crop type that you sow last year. 

Type of 

crop 

Amount of land 

for the crop  

Distance 

from your 

                  Ownership type 

Own Rented in  Shared (ha) 
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home (ha) cash(ha) In (ha) Out (ha) 

       

       

       

6.2. How much land do you have for grazing? --------------------------- 

6.3. How much land did you fallow last year? ------------------------- 

6.4. What is the main problem related to land? 

A) Land shortage. The possible solution------------------------------  

B) Water shortage. Possible solution.-------------------------------- 

C) Over flooding of water. The possible solution ----------------- 

D) Low land productivity. The possible solution ---------------- 

E) Decreasing the fertility of land 

F) Land slipping. The possible solution---------------- 

G) Shortage of rainfall. The possible solution--------------- 

H) Late start of the rain. The possible solution-------------- 

I) Early setoff of the rain. The possible solution------------- 

J) Other reasons.------------------------ 

7. Crop production 

7.1.When did you start farming? -------------e.c 

7.2. How many years you spent while you are a farmer? ---------years  

7.3. What is the main problem in the crop production process? 

A) Land size                                    E)  Human labor shortage   

B) Rainfall  shortage                        F)  Natural factors 

C) Temperature average                   G)  Other factors 

D) Draft power shortage               

7.4. How much quintal of yield you gain per-hectare? From the different crops. 

From Maize____, Sorghum____,Wheat____,Barley_____, Potato____, others______, 

7.5. Is there any effort that you make to improve your cropland?  A) Yes    ⁭    B) No   ⁭ 

7.6. If yes how much money do you pay for the activities?________________________   

7.7. Do you have access to extension services?  A) Yes   ⁭            B) No   ⁭ 

7.8. If your answer for the above question is yes, how frequent are you visited by 

development agents? A) Once a year    B) Twice a year   C) Three times a year  D) More 

than three times 

7.9. If your answer for the above question is No; what is the possible reason?  

A) The distant location of your farm             C) Any other possible reasons 

B) Absence of qualified persons                    D) You don‟t want their support 

7.10. Did you face market problem for your output? If yes; what is the reason? 

A) Poor quality of your produce                         D) Absence of demanders  

B) Distance location from the market                 E) other reasons  

C) Absence of transporting facilities  
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7.11. Which type of crop do you like to cultivate mostly? Orderly 1_________, 

2___________3_________, 4_________, 5_________, 6__________ 

7.12. Why do you prefer as such a like? ___________ 

7.13. Requirement of inputs by each crop 

 

Input type  Measurement  

unit 

                                    Crop type  

Sorghum  Maize  Wheat   Barley   Teff  Vegetable  Others  

Land          

Dap          

Urea         

Chemical 

for Weed 

        

Pesticide          

Insecticide          

Compost          

7.14. What is the main problem that you face when you use agricultural inputs?(You can 

choose more than one). 

      A) Repetitive price increment            E) Absence of knowledge on how to use       

B) Shortage of supply                           F) Shortage of money to purchase inputs   

C) Increment of transport cost                      G) other reasons  

D) Absence of loan to purchase inputs  

7.15. Did you have produced crop in both the two season? A) Yes     B) No  

7.16. When did you face the problem of rainfall shortage? ____________________________ 

7.17. Are there crops that you had produced in the previous times but you can‟t produce in the 

present times? A) Yes     B) No      If yes please list them _______ 

7.18. Is there reduction in the land coverage that you had allocated for crops?  

A) Yes                                       B) No 

7.19. Are there permanent crops that you lost with the going of time? A) Yes     B) No         If 

yes what were the reasons?_____________________ 

7.20. Do you have modern hybrid crops that you adopt? A) Yes     B) No 

7.21. What are the reasons of using those crops?   A) Productivity   B) Drought resistivity   C) 

Market reason   D) Short period of cultivation. 

7.22. Do you feel that the environment has undergone significant change in your life?  

A) Yes                                      B) No 

7.23. If your answer for the above question is yes, what possible signs do you observe about 

such change? A) Decreasing the amount of rain                        D)   Increasing temperature 

B) Fluctuation of rain fall like late start and early stoppage   E) Occurrence of flooding 

C) Occurrence of frost and drought                                    F) Any other possible reason 

8. Monthly Expenditure on Consumption Particulars  
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8.1. What is your main staple food? ___________, _____________,____________ 

8.2. What is the source of that staple food? ___________,____________,________ 

8.3. How much amount of each crop that you produce budgeted to consumption? 

Crop type  Total crop 

produced 

(kg) 

Crop 

consumed 

(kg) 

Price per 

(kg) 

Total 

value 

Amount from 

purchased(kg) 

Teff      

Barley       

Wheat      

Maize       

Sorghum       

Millet       

Lentils       

Horse Beans      

Cow Peas       

Chick Peas       

Milk/yoghourt       

Beef       

Mutton       

Chicken       

Eggs       

Butter/cheese      

K’at      

Coffee      

Sugar      

Honey      

Salt      

Cooking oil      

Spices      

Bread       

Macaroni/spaghetti      

Potatoes      

Enset      

Sweet potatoes      

Green leafy vegetables      

8.4. Are you food self-sufficient with the crops that you produce? A) Yes         B)No     

8.5. If you say no; how you do fill the gap for the additional food requirement?  

 A)  Purchase                    B) Aid                  C) other means  

8.6. Did you receive food aid from government or any other donor in the previous 

production year?  A)Yes   ⁯             B)No   ⁯ 

8.7. If you say yes for the above question how much was the amount--------and---------price. 

8.8. How much money do you spend per month for your livelihood? 

A) For food ___________________D) For purchase of implements_____________ 

B) For health care _____________________E) For others________________ 
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C) For purchase of inputs and pesticides________________________ 
 

9. Selling particulars 

9.1. How much income did you get per month from different sources?_________________ 

9.2. What is your main source of income? A) Crop production B) Animal husbandry C) Both  

9.3. When do you sell your crop products? 

A) After harvest                                                      C) On other time  

B) When there is increment in price (especially in the summer season). 

9.4. Selling structure of the previous year 
 

Crop type  Average 

price  

Amount sold 

(qui.) 

Amount purchased 

(qui.) 

Resold  Total sell 

Maize       

Sorghum      

Wheat       

Barely       

Teff       

Beans      

Peas       

Potato       

Coffee       

Oil seeds       

Vegetables       

Others       
 

9.5. Did you harvest any crop residue in the last agricultural year? 

9.6. From which crop? crop code (b) How much did you earn from selling crop residue? 

(Birr) ___ 

9.7. Animal and animal products selling 

Animal and animal 

products 

Average 

price  

Type of 

animal or 

product  sold 

Purchased  Resold  Total 

sell 

      

      

9.8. What method of transportation do you use? A) Animal   B)  Truck   C) others  

9.9. Is the price that you get for the crop /cattle or others are satisfactory? Yes  ⁯    No  ⁯ 

9.10. If you say no, what are the possible reasons for the low price? -------------------------- 

10. Credit related 

10.1. Do you have access to banks or any other credit marketing organization? A) Yes  B)No   

10.2. Are you familiar in getting loan? A) Yes                       B) No    

10.3. Source of loan    A) Moneylender  B) Relative  C) Friend/neighbor  D) From equb or 

iddir  E) from the cooperative    F)bank   G) from a bank    H) others  
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10.4. If you say yes for the above question; what did you do with the credit? ------------------- 
 

10.5. Why no loan was taken? 

A) No need for a loan     

C) No-one available to get a loan   D)  Tried to get a loan but was refused  

E) I have no assets for collateral      F)  Afraid of losing collateral  

G)  Afraid that i cannot pay back     H)  Interest rates too high 

10.6. Do you have habit of saving? A) Yes              B) No     If yes; fill the table.  

10.7. What is the main purpose of saving? --------------------------------------------------------. 

11. Off-farm employment opportunities 

11.1. Do you have any experience to practice activities out of your agriculture last year? 

 A)Yes                              B)No  

11.2. If the answer for the above question is yes, fill the following table. 

Type of off-farm 

activity 

Monthly 

payment 

Duration of 

work (month) 

In which season you 

work 

No hours per-day 

     

     

11.3. In the last year, did you or any other members of the household work off, against 

payment in cash or in kind, including as part of food for work? A) Yes            B) No 

11.4. Total amount earned in the last four months. If in kind, give amount, form of payment 

and unit. Amount (in Birr)________, Amount (in kind)_______,  

11.5. In the last year, how many months have you been involved in this activity for more than 

5 days (number) 

11.6. In the last year, did you or any other members of the household who are>15 years old 

temporarily migrate to a place outside this kebele in order to look or undertake work? 

 A) Yes                                                 B) No 

11.7. Have you or other members of your household been involved in any of the activities 

listed below in last year?  A) Yes    B) No. If your answer is yes, choose at least three.  

1. Weaving/spinning                                                     6. Handicraft, including pottery 

2. Collecting, selling firewood or dung cakes            7. Transport (by pack animal) 

3. Trade in livestock/livestock prod.                          8.  Milling 

4. Trade in grain/general trade (incl. banana, pepper, honey, etc.) 

5. Other activities? Specify 

11.8. Total amount of income in birr (in the last year)_____. Amount in kind___________ 

12. About labor migration  

12.1. Is there an individual who leaved/migrate the household? A)Yes     B) No. If yes please 

fill the following table 

Name of the 

migrant 

Year of 

leaving 

the HH 

Why did 

he leave? 

Code (a) 

Where does 

he currently 

live? Code 

What is his 

current 

occupation? 

Was he younger 

than 15 when he 

left? Code (d) 
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(b) Code (c) 

      
 

12.2. What was the reason for him/her?     A) Reduction in the agricultural productivity         

B) Household related problems    C) To collect additional income   D) Social problem  

12.3. If the reason for the migration is reduction in the agriculture productivity, what was the 

reason? A) Due to heavy rainfall   B) Drought   C) Flood    D)Wind  E) Landslide   

12.4. How much was the remittance income collected the migrated from relative? __birr per 

year. If it was in kind what was the estimated amount in terms of cash ______birr. 

12.5. Do people from this community migrate for work at certain times of the year? 

A. Yes                                              B. No 

12.6. Where do people usually go? (Write the region below and indicate if this is migration 

to an urban area) Urban       

12.7. What type of work do they usually look for? A)Agriculture           B) Non-agriculture  

12.8. Do people from other communities migrate into this community for work at certain 

times of the year? A.Yes                                B. No 

12.9. Since E.C. 1996, have more people moved to this community, or have more people 

moved away? 1  More arrivals than departures,  2  More departures than arrivals, 3  About 

the same, 4  Neither 

13. Adaptation mechanisms 

13.1. Do you perceive that there is increment in temperature? A) Yes       B) No  

13.2. If your answer for the above question is yes, how it affects your crop production? A) 

Reduction   B) Complete damage  C)  

13.3. What was the remedy you took? A) Collecting for cattle feed   B) Just you leave as 

organic fertilizer  C)  

13.4. How do you adapt the problem? A) No adaptation (mono‐cropping)    B) Planting 

different crops and/or varieties     C) Change planting date    D) other adaptations.  

13.5. Did you face rainfall shortage in the previous ten years? A) Yes     B) No 

13.6. If your answer for the above question is yes, what was the direction?   

A) Late start        B) Early stops        C) Oscillation in the season       D)  

13.7. What did you do if there is late start?   A) Changing the crop type   B) Change planting 

date   C) Simple saw the crops what you have    D) Other adaptation mechanisms  

13.8. Have you adopted new crops that you did not cultivate in previous years? A) Yes  B) No 

13.9. If your answer for the above question is yes, please list them _________________ 

13.10. Why do you adopt those new crops_____________________________________ 

13.11. Did you face heavy rainfall in the previous ten years? A) Yes     B) No 

13.12. What was the impact on your crop production? A) Reduction   B) Complete damage  
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14. Water related 

14.1. What is your main source of water for the crop production? 

A) Rain fall                               B) Irrigation                     C) Stream  

D) Ponds                                   E) Marshy areas               F) Self water harvest 

14.2. Do you have a plot of land that is out of production because of rain fall shortage? A) 

Yes B) No. If yes, what was the measure that you took?________________ 

14.3. If your answer for the above question is yes, for what purpose you use that plot?  

A) Grazing land      B) Constructing house     C) Any other activities ______________ 

14.4. Did you use pond water? 

For which crop  Season of usage (month) Reason of preferring this crop  

   

   

   

14.5. Did you face water (moisture) shortage for your crops?    A)Yes                 B) No 

14.6. If your answer for the previous question is yes how much you lose?___________(qu.) 

14.7. Which of the crop you sow when the rain does not come on time? ___________ 

14.8. What are your responses when there is early lapse of rain?__________ 

14.9. For how many years do you face as such rainfall oscillation?  _____ 

14.10. Which direction of oscillation is common?    A) Late start of rain      B) Early lapse of 

rain     C) Insufficient amount of rain      D) High temperature          E) other reason 

14.11. Which of the crops were more sensitive?_________________ 

15. Shocks  

15.1. Which of the following events happened that affects growth and harvest of your crops?  

15.2. Are the summer rains important for your crops? A)Yes               B)No  

15.3. Was there enough rain on your fields at the beginning of the rainy season?    A)Enough            

B) Too little                      C) Too much  

15.4. Was there enough rain on your fields during the growing season?            A)Enough                   

B) Too little                        C) Too much  

15.5. Did the rain stopped on time in the previous production year?              A) On time     

B)Stopped too late         C)Stopped too early     D) 

15.6. Was there rain near the harvest time?    A)Yes               B)No  

 

Code (a) What did these shocks result  Code (b), How widespread was shock? 

Loss of productive assets Only affected my household 

Loss of household income Affected some households in this village 

Reduction in household consumption Affected all households in this village 

Asset & income loss  Affected this village and other villages nearby 

Asset loss & reduced consumption Affected areas beyond this kebele. 

Income loss & reduced consumption  

Asset, income loss & reduced 

consumption 

 

Other effects not listed here.  
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15.7. Has this household been affected by a serious shock an event that led to a serious 

reduction in your asset holdings, caused your household income to fall substantially or 

resulted in a significant reduction in consumption? The worst shocks in the last 5 years. 

Specifics of shock  1 Yes  

2 No 

In what 

years did 

these shocks 

occur?  

Did these 

shocks result 

in: Code (a) 

How 

widespread was 

this shock? 

Code (b) 

Drought      

Low temperatures     

Too much rain or flood      

Erosion      

Frosts or hailstorm      

Pests or diseases that affected 

crops  

    

Pests or diseases that affected 

livestock  

    

Lack of access to inputs or in 

increase prices 

    

Large decrease in output prices      

Lack of demand or inability to 

sell agricultural products 

    

Lack of demand or inability to 

sell nonagricultural products 

    

Wind/storm     

Weed damage     

Confiscation of assets      

Theft of cash     

Theft of crops      

Theft of livestock     

Theft or destruction of housing 

or consumer goods  

    

Crime resulting in death or 

disablement of adult household 

members 

    

Death of husband      

Death of wife      

Death of another person      

Illness of husband      

Illness of wife      

Illness of another person      

Divorce, separation or 

abandonment  

    

Disputes with neighbors      

15.8. Thinking about the last ten years, what were the three most important shocks to affect 

this household?  
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                                         1
st
 _______________________ 

                                         2
nd

 ______________________ 

                                         3
rd

 ______________________ 

 

The end !!! 




