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Abstract 

A Comparative Study of Fanners' Vulnerability and Adaptation to Climate Change in Three 
Agro-ecologies of Northwest Ethiopia 

Menberu Teshome Zeleke 
Addis Ababa University 
March 2014 

Climate change is adversely affecting the livelihood of Ethiopian farmers who depend on rain-fed 
agriculture with differential impacts from place to place, from community to community and 
from individual to individual depending on the adaptive capacity of the systems. Although better 
knowledge of vulnerability levels, perceptions and adaptation is vital for policy making, not much 
is studied as to how these inter-related issues impact on the lives of famers from the perspectives 
of five livelihood assets. To fill these knowledge gaps, this study focused on three central themes: 
description of the biophysical and economic characteristics of the dega, wayna dega and kola 
sites, an assessment of vulnerability levels of farmers in terms of exposure to climate change, 
access to five livelihood assets including the adoption of different adaptation methods and 
examination of fanners ' perceptions and adaptation to climate change. The quantitative and 
qualitative approaches have been used to achieve the objectives of the study. The biophysical and 
economic characteristic of the study sites was analyzed using simple regression, different indices, 
coefficient of variation and one-way-Analysis of Variance (ANOVA). Livelihood vulnerability 
index was used to analyze the vulnerability levels of the surveyed households. The farmers' 
perceptions and adaptation to climate change were assessed using percentage, index of adoption, 
and binary logistic regression. The results revealed that agro-ecological settings are the most 
important conditions that have created differential vulnerability situations of the households. The 
biophysical and economic contexts in the dissected landscapes of Abay-Beshilo River Basins 
(kola sites), where recurrent droughts, land degradation, low production, and poor access to 
infrastructural facilities are serious problems, are found to be worse than in wayna dega and dega. 
Correspondingly, the livelihood vulnerability indices (LVI) indicated that the kola households are 
found to be more vulnerable by all capital assets and low index of adaptation. By climatic 
exposure index, wayna dega households stood first closely followed by those in kola. Analyses of 
perceptions and adaptation also revealed that the majority of the farmers had observed an increase 
in temperature and a decreaselerratic rainfall in the three sites. The fanners have adopted different 
adaptation strategies, but the rates of their adoption vary by agro-ecology. The most common 
adaptation strategies are: the use of manure-compost, terracing, replanting, change of pl anting 
dates, use of fertilizers (wayna dega and dega), planting different crops, being engaged in non­
farm activities and shifting to cheaper food items. Of which, the most statistically significant 
detenninants of adopting each strategy were agro-ecological zone and famler-to-farmer 
extension. Other significant detenninants of adaptation were: farm size, age, family size, and 
livestock ownership, access to water, fonnal extension services, and perception of temperature 
and rainfall changes. For building more climate-resilient community the government and other 
stakeholders should provide appropriate environmental management systems, infrastructure and 
extension services to the community. 
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1.1. Background of the study 

CHAPTER ONE 

INTRODUCTION 

Climate variability is integral part of the earth's history although its change is accelerated in 

recent times. Climate parameters are naturally variable from year to year, from decade to 

decade and from century to century (Smithers &Smit, 1997; Smit et aI., 1999) due to the 

variability in the distribution of solar radiation in the earth (Houghton, 2009). Following the 

Industrial Revolution anthropogenic climate change adds unpredictable threats to societies 

not only due to the occurrence of extreme events, but also due to failures to adequately 

address pervasive poverty (Schipper, 2004) and land degradation, particularly in the less 

developed nations (World Bank, 2008; FAO, 2009). As a result, media headlines have 

highlighted the most extreme dangers such as droughts, heat-waves, flooding, sea-level rises, 

melting of ice, intensified storms and land degradation in recent decades. 

Nowadays, the majority of the scientific evidences confirm that the climate is changing at an 

accelerated rate and will continue so in the coming century (Adger et aI., 2003; IPCC, 2007; 

Houghton, 2009). It is asserted that the warming of the climate system is unequivocal as is 

evident in the increasing atmospheric concentration of CO, from a pre-industrial value of 278 

parts per million (ppm) to 379 ppm in 2005 and raising the average temperature by 0.74° C, 

and the increased in the frequency of the extreme events over the past century (!PCC, 2007, 

2013). Since accurate records began about 100 years ago, a particular increasing rate of 

warming took place over the last 30 years. Indeed, 12 of the 13 warmest years occurred 

between 1995 and 2007. 

The Fifth !PCC (2013) report stated that the atmospheric concentrations of the greenhouse 

gases such as carbon dioxide (C02), methane (CH4), and nitrous oxide (N20) have all 

increased since 1750 due to human activity. In 2011 the concentrations of these greenhouse 

gases were 391 ppml, 1803 ppbt, 324 ppb and exceeded the pre-industrial levels by about 

40%, 150%, and 20%, respectively. Concentrations of these GHGs now substantially exceed 

the highest concentrations recorded in ice cores during the past 800,000 years. The mean 

rates of increase in atmospheric concentrations over the past century are, with very high 

confidence, unprecedented in the last 22,000 years. Consequently, the globally averaged 

I ppm (parts per million) or ppb (parts per bi llion. 1 bi llion = 1,000 million) is the ratio of the number of gas 
molecules to the total number of molecules of dry air. For example, 300 ppm means 300 molecules of a gas 
per million molecules of dry air 
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combined land and ocean surface temperature data as calculated by a linear trend, show a 

wanning of 0.85 [0.65 to 1.06] °C, over the period 1880-2012, when multiple independently 

produced datasets exist. The total increase between the average of the 1850-1900 period and 

the 2003-2012 period is 0.78 [O.72°C to 0.85" 0c] based on the single longest dataset. 

Despite the UNFCCC's mandating of the developed countries to reduce their emissions, 

human activities through fossil-fuel burning and land use-land-cover changes are continuing 

to emit greenhouse-gases into the atmosphere, which, in turn, alter radiative balances, and 

hence tend to raise the amount of heat from the sun withheld in the earth. This increase in 

heat, therefore, has led to the greenbouse effect, resulting in climate change (Watson et aI., 

1997; UNFCCC, 2007; Houghton, 2009). 

The IPCC's (2007) projections for the 21" century show that global wanning wi ll continue to 

accelerate even with an ambitious reduction of greenhouse-gas emissions. The IPCC model 

projections vary from 41h to 51h assessment reports. For example, predictions conducted by the 

41h assessment report in 2007 for 2100 ranges from 1.4°C to 5.8oC increase in average 

temperature whilst the recent [PCC (2013) report projected temperature increase from 1°C to 

4.8oC, both of which are far more than human experience. Temperature rise is accompanied 

by changes in precipitation patterns and other extreme events such as drought, run­

offlflooding, shifting in the timing of rainfall (IPCC, 2007; UNFCCC, 2007; Houghton, 

2009), with tremendous impact on basic life-support systems such as agriculture, water 

resources, the ecosystem, and human health. These have in turn could make development 

unsustainable in many places by shifting growing seasons of crops, increasing melting of 

glaciers, destructing species' habitats and creating favorable conditions for vector borne­

diseases, which in turn put people at risks from malaria, dengue fever, and waterborne-

diseases (UNFCCC, 2007). 

Many more effects of climate change on natural and human systems are emerging, being 

coupled with other non-climatic drivers (Turner II et aI., 2003; IPCC, 2007). The population 

growth has put the pressure on the environment by raising demands for natural resources and 
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Rift Valley Basin River tributaries . Flooding in these areas is happening every year with varied 

magnitude from year to year. Climate change projections show an increasing trend of heavy 

rainfall events, particularly in the late wet months. Therefore, Ethiopia will be under 

increasing threat of flooding in the coming decades (NMA, 2007; McSweeney, 2010). 

The scientific agreement on the reality of climate change and the recognition of the high-level 

of vulnerability of the global economy to its impact has led to increasing concerns from the 

scholarly community. This has been reiterated in the need to understand how societies adapt 

to climate change in order to offer adaptation strategies in the future (Pielke, 1998; Nilsson, 

2007; Mentez et aI., 2008). Domestic and international policy-makers proposed mitigation 

and adaptation as the two fundamental response options for reducing the risks posed by 

climate change (Pielke, 1998). Mitigation focuses on the prevention of future climate impact 

on society through intentional alteration of the climate system by limiting greenhouse-gas 

emissions and by enhancing their sinks while adaptation is on adjustments in individual, 

group, and institutional behavior in order to reduce society'S vulnerability to climate change 

impacts (Pielke, 1998). 

Negotiators from industrialized and developing countries meet each year in the most 

contentious and critical international environmental agreements of the UNFCCC, which 

focuses on mitigation as the most political attention in the world (Pie Ike, 1998; Adger et aI. , 

2003). More than 10 years of climate policy negotiations produced the Kyoto Protocol in 

1997, the first binding agreement on climate protection, which has been challenged by some 

developed countries, however (Smit & Skinner, 2002). Opponents to the Protocol have 

described it as a deeply flawed agreement, for it is both economically inefficient and 

politically impractical (Fussel, 2007; Schipper, 2009). 

Scientists and policy-makers claim that the current efforts under the UNFCCC and the Kyoto 

Protocol to limit and to reverse climate change trends have not been effective. Some have 

characterized abatement endeavors as a 'collective failure' (Schipper, 2004). As a result, 

reducing emissions from deforestation and forest degradation (REDD) became part of the 

ever-expanding climate change agenda. REDD was first discussed in 2005 by the UNFCCC 

at its COP 11 at the request of the Coalition for Rainforest Nations with the twin objectives 

of mitigating climate change through reducing emissions ofOHOs and removing greenhouse 

gases through enhanced forest management in developing countries. COP 11 entered the 

request to consider the document as agenda item 6; however, the United States challenged the 

proposal but failed in its attempts ([http://reddplussafeguards.com). 
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Negotiators later explored adding forest degradation to the mechanism in 2007 by the Bali 

Action Plan (McBean & Rodgers, 2010). REDO also covers land-use changes to forest areas 

with lower carbon stocks. REDO-plus aims to incentivize sustainable forest management 

thereby developed countries would compensate developing countries for undertaking 

initiatives that could cut their deforestation rate. This is considered as an important mitigation 

action because approximately 18% of total GHG emissions come from deforestation and 

forest degradation [Agrawal et ai., 2011; http://reddplussafeguards.com). 

In the New York climate change summit, on the eve of the Copenhagen Conference, the UN 

Secretary General made his point very strongly on the delay of concerted actions by 

reminding world leaders that 'the world's glaciers are melting faster than the climate 

negotiations'. Since the UN Framework Convention for Climate Change (UNFCCC) entered 

into force in 1994, the signatories' conference of parties held 16 annual meetings where no 

legally binding emission-reduction deals were sealed (Yoharules, 2012). Thus, an increasing 

interest has grown to adaptation as reflected much in the development of climate-change 

assessment, increasing consideration by governments and organizations to design different 

adaptation projects (Smit et ai., 2000; Fussel, 2008; World Bank, 2008), and an attempt to 

search for resources to finance adaptation. 

Many global and regional studies have been carried out. Studies in Africa indicated that 

increasing temperature and declining precipitation significantly affect agricultural and 

livelihood resources (Eriksen et ai. , 2004; Madison, 2006; Hassen and Nhemachena, 2008). 

National level studies in Tanzania (Rowhania, 2001), in Sudan (Elasha et ai., 2005), in Kenya 

(Kabubo-Mariara & Karanja, 2006) and in South Africa (Gbetibouo, 2009) also confirmed 

the situation. However, the results were highly aggregated over larger geographical areas, and 

the parameters have limited value to analyze country-specific vulnerability and adaptation 

methods, given the heterogeneity of the countries. Accordingly, decisions for different scales 

with varied contexts require different evidence. This is because, an indicator developed to 

measure household vulnerability in South Africa or Egypt may not be relevant for the 

Ethiopian context. Therefore, this study intends to use integrated vulnerability assessment 

framework to show how climate change, vulnerability, perception, and adaptation are 

interconnected in the local agro-ecological settings of northwest Ethiopia. 

1.2. Statement of the problem 

The Ethiopia 's population relies on the fragile natural resource bases for livelihood security. 

The country's farming systems have been subject to critical climate change leading to 
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tluctuations in production and, in some years, severe food crises in the parts of the country. 

The current evidence suggests that climate change will lead to greater temperature increase, 

rainfall variability and/or decrease, extreme events (drought and tlood) and severe soil 

erosion (!PCC, 2007), which will further impede the country's farming sector and overall 

development efforts. Apart from agriculture, other key sectors such as energy, water supply 

and health are extremely sensitive to climate change (NMA, 200 1, 2007). 

The continued rapid population growth and the expansion of agriculture under the dryer, 

warmer climate regime in the fragile ecosystems have damaged the livelihood resources of 

the poor people. The ecological system gets disturbed, land management structures short­

lived, poor people's livelihood bases disrupted, traditional coping mechanisms failed, 

contlicts over scarce resources increased and dependency on external support continues to be 

the case. The adverse impact of climate change-induced extreme events, have gradually 

changed productive lands into unproductive areas, indicating the intimate inter-linkage 

between climate change and land degradation processes. In relation to this, ACCRA (2011) 

underlined that the combined effects of all these processes now ranking Ethiopia 11 1h out of 

all the countries in the world in tenns of its vulnerability to physical climate impact, and 91h 

in tenns of overall vulnerability, defined as physical impact by considering coping ability. 

While media headlines, scholars, and policy-makers have highlighted the risks associated 

with climate change and potential policy responses, little is studied on the inter-related nature 

of vulnerability, perception and adaptation to climate change using the integrated climate 

change assessment framework at local level from the perspectives of the five livelihood 

assets. The extent to which the fanners are vulnerable and by which livelihood assets is not 

addressed well, except blaming the recurrent drought conditions, the severe land degradation 

processes and the misdeeds of the previous regimes. 

To mention a few, some studies tend to focus on the different shocks in relation to growth 

and/or consumption (Dercon, 2004; Dercon et aI., 2005). Others examined the relationship 

between rainfall and crop production at the zonal, regional and national levels (Segele & 

Lamb, 2005; Woldeamlak, 2009). Still some others yet analyzed yield or monetary impact of 

climate change and adaptation measures using Climate Models (NMA, 2001 ; Yosuf et aI., 

2008, Temesgen, 2007; Temesgen & Hassen 2009; You & Ringler, 20 I 0). Other scholars 

also examined climate induced-hazards, impacts, responses and local innovations to climate 

change adaptation, restricted to the pastoral lowlands (Aklilu & Alebachew, 2009; Yohannes 

& Mebratu, 2009). Other studies were also done on perception and adaptation without 

integrating vulnerability (Conway & Schipper, 2010; Falco et aI. , 2010; Temesgen et aI., 
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2009). In this regard, the climate change research scholars contend that without 
understanding the nature of vulnerability and adaptive capacity, it is difficult to acquire better 
knowledge of adaptation to the impacts of climate change (Smit et al. 1999; You & Ringler, 
2010). Hinkel (2011:200) also explained the need for a combination of vulnerability 
(exposure and sensitivity) and adaptive capacity as: "This combination is essential just as the 
way tires, engine and coachwork are combined in order to attain a car". 

Only Temesgen (2010) analyzed the vulnerability of agriculture dependent farmers and their 
adaptation strategies using the integrated vulnerability assessment framework. However, it 
was highly aggregated at regional level, covering a wider area of land characterized by 
different biophysical and socio-economic attributes. In this regard, Adger and colleagues 
(2004) argue that the national and regional levels are not appropriate scales for vulnerability 
analysis as vulnerability and adaptation are highly context specific. Moreover, his study did 
not explore the role of agro-ecology in the choice of the possible adaptation measures. His 
study can also be questioned on the basis of the conceptual approach he employed, that is, for 
he took poverty as a proxy to vulnerability based on the current level of consumption that is 
heavily determined in Ethiopia by seasonality, annual rainfall and food aid receipts. Neither 
is vulnerability detennined only by income and consumption. 

Upon reviewing the previous studies, there is no research work that treated vulnerability, 
perception and adaptation in an integrated maImer from the perspectives of five livelihood 
assets. This situation therefore inspired me to address the levels of vulnerability of the 
farmers to climate change by integrating these inter-related components in the dega (cool, 
humid highland), woyna dega (temperate, sub-humid, midland), and kola (warm, semiarid 
lowland) agro-ecological settings of northwest Ethiopia. 

1.3. Objectives of the study 

The main objective of this study is to investigate climate change vulnerability, perception and 
adaptation strategies of farmers in the three agro-ecological settings of northwest Ethiopia. 
The specific objectives of the study are to: 

I. Analyze biophysical and economic contexts of dega, woyna dega and kola study sites 
2. Analyze the vulnerability levels of rural households by agro-ecology with respect to 

five capital assets, climatic exposures and adaptation practices 
3. Examine farmers' perception to climate change and its effects on adaptation 
4. Identify the most commonly used adaptation strategies by rural households and analyze 

the determinants of their' choice of adaptation options 
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1.4. Research questions 

Based on the specific objectives, this thesis tried to answer the following research questions. 

I. What the biophysical and socio-economic contexts of the three study sites look like? 

2. What is the level of vulnerability of rural households to climate change in the different 

agro-ecological contexts with respect to the five livelihood assellcapitals? 

3. How do farmers perceive climate change and its impact on livelihood assets? 

4. What are the determinants of adopting the most commonly used adaptation options? 

1.5. Conceptual framework 

The vulnerability literature provides insights regarding how and why individuals, households, 

social groups, and public institutions are likely to be affected by climate change and extreme 

events. Numerous vulnerability frameworks emphasized to the specific contextual factors that 

influence exposure and the capacity to respond to the change (Adger, 1999; Obrien et ai., 

2008). Some authors developed a place-based framework that focuses on the coupled human­

environment system and examines as to how hazards affect the systems (Turner II et ai. , 

2003; Schroter et ai. , 2004; Gallopin, 2009). Other types of vulnerability frameworks include 

capabilities, assets, and livelihoods approach, focusing on the factors that constrain or enable 

people in pursuing outcomes that they value (Chambers & Conway, 1992; Scoones, 1998, 

Benson & Twiggs, 2007). 

In order to guide the whole process of this study the conceptual framework is sketched based 

on a sustainable livelihood frameworklSLF (Scoones, 1998; Lautze & Raven-Roberts, 2003). 

The SLF can capture the major factors influencing household welfare and it can provide the 

most important analytical tools for evaluating the vulnerability levels of households and 

adaptation strategies. Ellis and Allison (2004) pointed out that the term livelihood attempts to 

capture not just what people do in order to make a living, but the resources which provide 

them with the capability to build a satisfactory living, the risk factors they must consider in 

managing their resources and the institutional and policy processes which either helps or 

hinders them in their pursuit of viable living standards. Other scholars added that the SLF can 

link local-level livelihood activities to macro-level policies thereby indicate the gaps from 

various angles and areas of revision for intervention (Benson & Twigg, 2007; Luers, 2005). 

In order to assess the vulnerability of rural households, a vulnerability index was applied. In 

the context of this vulnerability assessment, vulnerability indicators are operationalized for 

the five livelihood resources/assets and climatic indicators in many ways. For this study 

8 

1.4. Research questions 

Based on the specific objectives, this thesis tried to answer the following research questions. 

I. What the biophysical and socio-economic contexts of the three study sites look like? 

2. What is the level of vulnerability of rural households to climate change in the different 

agro-ecological contexts with respect to the five livelihood assellcapitals? 

3. How do farmers perceive climate change and its impact on livelihood assets? 

4. What are the determinants of adopting the most commonly used adaptation options? 

1.5. Conceptual framework 

The vulnerability literature provides insights regarding how and why individuals, households, 

social groups, and public institutions are likely to be affected by climate change and extreme 

events. Numerous vulnerability frameworks emphasized to the specific contextual factors that 

influence exposure and the capacity to respond to the change (Adger, 1999; Obrien et ai., 

2008). Some authors developed a place-based framework that focuses on the coupled human­

environment system and examines as to how hazards affect the systems (Turner II et ai. , 

2003; Schroter et ai. , 2004; Gallopin, 2009). Other types of vulnerability frameworks include 

capabilities, assets, and livelihoods approach, focusing on the factors that constrain or enable 

people in pursuing outcomes that they value (Chambers & Conway, 1992; Scoones, 1998, 

Benson & Twiggs, 2007). 

In order to guide the whole process of this study the conceptual framework is sketched based 

on a sustainable livelihood frameworklSLF (Scoones, 1998; Lautze & Raven-Roberts, 2003). 

The SLF can capture the major factors influencing household welfare and it can provide the 

most important analytical tools for evaluating the vulnerability levels of households and 

adaptation strategies. Ellis and Allison (2004) pointed out that the term livelihood attempts to 

capture not just what people do in order to make a living, but the resources which provide 

them with the capability to build a satisfactory living, the risk factors they must consider in 

managing their resources and the institutional and policy processes which either helps or 

hinders them in their pursuit of viable living standards. Other scholars added that the SLF can 

link local-level livelihood activities to macro-level policies thereby indicate the gaps from 

various angles and areas of revision for intervention (Benson & Twigg, 2007; Luers, 2005). 

In order to assess the vulnerability of rural households, a vulnerability index was applied. In 

the context of this vulnerability assessment, vulnerability indicators are operationalized for 

the five livelihood resources/assets and climatic indicators in many ways. For this study 

8 



vulnerability is defined as the degree of defenselessness or propensity of rural households to 

live in poverty because of the adverse effects of climate change and lack of access to 

livelihood resources. 

Figure I: Conceptual framework of vulnerability and adaptation to climate change 

Vulnerability context Key 
Climate change -Topography - Economic conditions N = Natural capital 

r-
Climate variability - Land degradation (crop productivity 
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in Table 6, Chap 3 & Service delivery 

Source. Adapted from Scoones, 1998, Lautze & Raven-Roberts, 2003 

The conceptual framework is depicted in Fig. I by encompassing the relevant components 

modified from the sustainable livelihood framework presented in Fig. 8. It is clear from Fig. I 

that vulnerability contexts can influence households ' livelihood assets, perception and 

adaptation activities. The vulnerability context in this study includes climatic factors (changes 

in temperature, rainfall , and the frequency of other climatic hazards), topographic 

characteristics, farmland erosion and farmland fertility levels and forest degradation; 

economy conditions (agricultural production, crop productivity and trend of yield 

stability) and institutional processes (policies, organizations, leadership and decisions). 

Adaptive capacity which is measured by access to livelihood resourceslassets (such as 

human, natural, economic, physical and social capital assets) is affected by changing 

biophysical and socio-economic contexts as well as institutional processes, all of which in 

turn have determined the vulnerabi lity situations of rural households to climate change 

impacts. Natural capital was measured by households' access to farmland, water and forest 

resources while human capital is represented by health, skills, training, education, 

demographic indicators and food components. Economic capital was addressed by income, 

credit access, livestock ownership and livelihood activities while physical capital includes 
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The conceptual framework is depicted in Fig. I by encompassing the relevant components 

modified from the sustainable livelihood framework presented in Fig. 8. It is clear from Fig. I 

that vulnerability contexts can influence households ' livelihood assets, perception and 

adaptation activities. The vulnerability context in this study includes climatic factors (changes 

in temperature, rainfall , and the frequency of other climatic hazards), topographic 

characteristics, farmland erosion and farmland fertility levels and forest degradation; 

economy conditions (agricultural production, crop productivity and trend of yield 

stability) and institutional processes (policies, organizations, leadership and decisions). 

Adaptive capacity which is measured by access to livelihood resourceslassets (such as 

human, natural, economic, physical and social capital assets) is affected by changing 

biophysical and socio-economic contexts as well as institutional processes, all of which in 

turn have determined the vulnerabi lity situations of rural households to climate change 

impacts. Natural capital was measured by households' access to farmland, water and forest 

resources while human capital is represented by health, skills, training, education, 

demographic indicators and food components. Economic capital was addressed by income, 

credit access, livestock ownership and livelihood activities while physical capital includes 
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Ethiopia, In the context of this study, dega agro-ecology was delimited to areas having 

elevation from 2500 to 4517m above sea level and with rainfall from 1200 to 2200mm, 

woyna dega from 1500 to 2500m with a rainfall ranging from 900 to 1200mm and kola from 

854 to 1500m with a rainfall ranging from 500 to 900mm (Chapter Three, Table 4), The 

study was carried out in three woredas and II kebeles (lowest administrative tiers of 

Ethiopia), Special attention was given to the exploration of biophysical and economic 

contexts such as location, temperature, rainfall , extreme weather events, topography, forests 

resources and agricultural production trends, Vulnerability levels of the rural households by 

human, natural, financial, pbysical, and social capital assets integrated with climatic factors 

were other focus areas of this research, Issues such as perception of rural households and 

their adaptation strategies to climate change including the determinants of the choice of 

adaptation measures with respect to socio-economic and biophysical factors were also other 

concerns of the present study, 

1.7, Thesis structure 

This thesis is organized into seven chapters, The introductory part is discussed in Chapt,er 

One. Chapter Two presents the literature review on the theoretical and methodological 

frameworks of vulnerability and adaptation as used in previous researches. [n Chapter Three, 

the research method is presented comprised of the research design, sampling techniques and 

methods of data collection and methods of analysis, The main findings and discussions of 

the study are presented from Chapter Four to Chapter Six, Chapter Four presents the 

biophysical and economic characteristics of the study sites which have created differential 

vulnerability situations and the choice of adaptation measures within and across the rural 

cOll1ll1unities of the three agro-ecologies. Analysis of the vulnerability levels of farmers under 

the guidance of the sustainable livelihood framework of the notion of five livelihood assets 

and climate exposures and adoption indices is discussed in Chapter Five. Chapter Six 

addresses farmers' perceptions and adaptation measures, including determinants of the choice 

of adaptation options, Summary, conclusions and implications of the study are presented as 

the last section, 
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CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

In order to develop appropriate proactive adaptation plans that are tailored to the needs of the 

exposed communities to climate change risks and in turn to allocate scarce resources for 

adaptation, the study of vulnerability, perception and adaptation is a necessary first step. To 

this end, critical review of the theoretical/conceptual, methodological and empirical literature 

on these major themes is imperative. Accordingly, this literature review is organized into 

seven main sections. Global climate change and variability, climate system and climate 

change in Ethiopia; the theoretical frameworks and the methods to measure vulnerability to 

climate change, sustainable livelihood approach, and perception of fanners to climate change 

and detenninant factors of perceptions. The issues of adaptation were also critically reviewed 

and presented in this chapter. The literature review contributed much to design the conceptual 

framework depicted in Section 1.5 and the research methods presented in Chapter Three. 

2.1. Global climate change and variability 

2.1.1. Climate science and the concept of climate change 

The climate of the earth is part of the wider environmental landscape. Climate depends on the 

interaction of the atmosphere, oceans, land surface and its features, including albedo, 

vegetation, soil moisture, ice and snow, and other biophysical processes (Schipper, 2004). 

The earth's atmosphere is made up of a combination of different gases. Apart from nitrogen, 

oxygen, and argon, it contains several trace gases, including carbon dioxide (CO,), methane 

(CH.), nitrous oxide (N,O), ozone (0,) and water vapor which is known as greenhouse-gases 

(!pce, 2007, 2013; UNFCCe, 2007; Houghton, 2009). These gases absorb and emit infrared 

radiation and thereby pennit the sun's energy to reach the surface of the earth through the 

atmosphere, but hinder the heat radiated back to space, and thus wann the atmosphere, what 

is called the greenhouse effect (UNFCe, 2007; Houghton, 2009). Total radiative forcing is 

positive, and has led to an uptake of energy by the climate system. The largest contribution to 

total radiative forcing is caused by the increase in the atmospheric concentration of e02since 

1750 through human activity (!pce, 2013). 

Natural and anthropogenic substances and processes that alter the Earth's energy budget are 

drivers of climate change. Radiative forcing (RF)' quantifies the change in energy fluxes 

caused by changes in these drivers for 20 II relative to 1750. Positive RF leads to surface 

2 The strenglh of drivers is quantified as Radiative Forcing (RF) in units watts per square meier 
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warming whilst negative RF leads to surface cooling (IPCC, 2013). Some emitted compounds 
affect the atmospheric concentration of other substances and the RF can be reported based on 
the concentration changes of each substance. Alternatively, the emission-based RF of a 
compound provides a more direct link to human activities including contributions from all 
substances affected by that emission. The total anthropogenic RF of the two approaches is 
identical when considering all drivers of change (lPCC, 2013). 

The warming effect of greenhouse-gases in the atmosphere was first renowned by the French 
scientist Jean-Baptiste Fourier in 1827. He pointed out the similarity between what happens 
in the atmosphere and in the glass of a greenhouse, which led to the name 'greenhouse 
effect'. A British scientist, John Tyndall, measured the absorption of infrared radiation by 
carbon dioxide and water vapor around 1860 and suggested that the cause of ice ages might 
be a decrease in the greenhouse effect of carbon dioxide. A Swedish chemist, Svante 
Arrhenius also calculated the effect of an elevated concentration of greenhouse-gases in 
1896. He estimated that the doubling concentration of carbon dioxide would increase the 
global average temperature by 5 to 6°C, an estimate not too far from the present projection. 
Nearly 50 years later, around 1940, O. S. Callen dar was the first to calculate the warming 
effect of the increasing CO' from fossil fuels burning (Houghton, 2009). 

The first concern of climate change due to increasing greenhouse-gases was expressed in 
1957, when Roger Revelle and Hans Suess of the Scripps Institute of Oceanography in 
California, indicated the increasing trend of carbon dioxide in the atmosphere. In the same 
year, measurements of carbon dioxide were started from the observatory on Mauna Kea in 
Hawaii. The rapidly increasing use of fossil fuels, together with growing interest in the 
environment, has led to global warming, moving up the political agenda through the 1980s, 
and eventually to the Climate Convention signed in 1992 (Houghton, 2009). Climate 
scientists have devoted great efforts to distinguish anthropogenic climate change from the 
natural variability for several decades. Nowadays, evidences confinn that greenhouse-gas 
emissions are attributed to human activities, primarily fossil-fuel burning and deforestation 
(!Pec, 200 I ; Houghton, 2009). IPCC attributed the enhanced greenhouse effect to climate 
change, and declared that there is a discernible human influence on global climate (IPCC, 
2001). Human influence on the climate system is clear evidenced by increasing OHO 
concentrations in the atmosphere, positive radiative forcing, observed warming, and 
understanding of the climate system (IPCC, 2013). Climate change results in both positive 
and negative effects on the human and the natural systems. The negative outcomes rouse 
signifi cant concern among scientists (Smithers & Smit, 1997; Watson et aI., 1997). 
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Fluctuation in the elements of climate from the nonnal or baseline values referred to as 

climate variabi li ty (Smither & Smit, 1997). Climate is inherently variable in time and space 

even with in countries. Scholars expressed climate variability as variations in the mean state 

and other statistics of the climate on all temporal and spatial scales, which may be due to 

internal processes within the climate system, or anthropogenic external forcing (!PCC, 2001 ; 

Fussel & Klein, 2005). Seasonal and inter-annual climate variability, including extreme 

weather events forms an important component of a system's exposure to environmental 

stimuli (Fussel & Klein, 2005; Ericksen et aI., 2007). Climate change will largely affect 

existing climate variability, including the frequency, intensity, and location of hannful 

weather events. Onset, duration, and distribution of rains as well as decreasing predictability 

of extreme weather events result in increased seasonal variability (Fussel & Klein, 2005; 

Ericksen et aI. , 2007). Some inter-seasonal variability is well understood, but much of the 

variation over long years is poorly understood and largely unpredictable. Thus, decisions on 

climate-sensi tive sectors or activities are usually carried out under uncertainty or risk 

(Smithers & Smit, 1997). 

Climate change is a change in the long-tenn average value of a particular climate parameter -

including both more variability and more extreme weather events. Most people define it as 

the alteration of the earth 's climate that is attributed directly or indirectly to human activity 

(UNFCCC, 2007). However, scientists in the network ofIPCC (2007) often use the term for 

any change in the climate, whether arising naturally or from anthropogenic causes. They 

define it as a change in the state of the climate that can be identi fied by changes in the mean 

and/or the variability of its properties and that persists for an extended period, typically 

decades or longer (Fussel & Klein, 2005; IPCC, 2007). 

Anthropogenic climate change resulting from emissions of GHG into the atmosphere has 

adverse effects for the global societies and ecosystems. Carbon dioxide is produced when 

fossil-fuels are used to generate energy and when forests are cut down and burned and other 

human practices. Methane and nitrous oxide are emitted from agricultural activities, changes 

in land use and other sources. Artificial chemicals called halocarbons (CFCs, HFCs, and 

PFCs) and other long-lived gases such as sulfur hexafluoride (SF6) are released by industrial 

processes. Ozone is generated indirectly by automobi le exhaust fumes and other sources 

(!PCC, 200 1; 2007; Houghton, 2009). Carbon dioxide is the most important ofGHGs and its 

concentration in the atmosphere has increased exponentially since the industrial revolution as 

a result of fossil-fuel combustion and deforestation. The atmospheric concentration of carbon 

dioxide was about 280 parts per million (ppm) in 1800; today it rose to 39 1 ppm in 2011 and 
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I 
ADDIS ARAnA u will continue so. Increases have also been detecte fOA~!ane('; nitrous ~rd~\iIrmlfe gases 

, 1\.i\~'pT'S LI'l/j (Klein et a!. , 2005; Houghton, 2009, [PCC, 2013). _ . . AHY 

----------------~ 
Observational and model studies of temperature change, climate feedbacks and changes in 
the Earth 's energy budget together provide confidence in the magnitude of global warming in 
response to past and future forcing. Estimates of these quantities for recent decades are 
consistent with the assessed likely range of the equilibrium climate sensitivity to within 
assessed uncertainties, providing strong evidence for our understanding of anthropogenic 
climate change (IPCC, 2013). The rising level of GHG is already changing the climate 
system by absorbing long-wave infrared radiation in the upper atmosphere. Observations 
show that global atmospheric temperatures have risen by about 0.6°C and other changes in 
the climate system over the 20'h century (IPCC, 2001 , 2007, 2013; Klein et a!., 2005; 
Houghton, 2009). The IPCC (2013) Report indicated that the global average combined land 
and ocean surface temperature trend determined by linear regression from one data set 
indicated a warming of 0.85°C [0.65 to 1.06°C] over the period 1880- 2012. 

The disasters are increasing exponentially, from about 200 per year in1980s to 300 in 1990s 
to over 400 per year for the period 2000-2008. In the last period (2000-2008) climate-related 
disasters resulted in about 220 million of the victims (deaths plus people affected) and US$ 
82 billion in damages per annum (McBean & Rodgers, 2010) . Now the rate of occurrence has 
increased to more than one such event per day. The enormity of the problem is evidenced by 
the fact that in the last two decades (1988- 2007), 76% of all disaster events were 
hydrological, meteorological, or climatological, which accounted for 45% of the deaths and 
79% of the economic losses caused by natural hazards . Although the increase in these events 
cannot be attributed only to climate change, the large raise maintains the long-term patterns 
of droughts, severe storms, heavy rainfall, and floods (McBean &Rodgers, 2010). 

The weight of the warming trend is manifested in its impact on human life and national 
economies. Munich Re has shown that the number of devastating catastrophes with more than 
500 deaths and/or overall losses of more than US$ 500 million, has increased from 5-15 
events per year in the 1980s to 15-25 events in the period 1990-2005. These catastrophic 
events rose to 28-41 in the 2006-2008 periods, 41 were recorded in 2008, which was the 
largest number ever (McBean & Rodgers, 2010). In the context of this research, both the 
variability and changes are forms of climate stress that affect the livelihood constructions of 
the poor and to which people have to cope in the short-term and adapt in the long-ternl. 
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2.1.2. Projected changes in global climate 

Future projections of climate change are based on global scenarios of GHG. These emission 

scenarios are subjected to great uncertainty, as they reflect patterns of economic 

development, population growth, consumption, and other factors that are not easy to predict 

over a I OO-year period (Klein et aI. , 2005). A large number of emission scenarios arc used to 

account for this high degree of uncertainty. The most-recent emission scenarios were 

published in the [PCC Special Report on Em ission Scenarios by 2100. Carbon cycle models 

project atmospheric carbon dioxide concentrations of 540--970 ppm, with a range of 

uncertainty of 490-1260 ppm (Houghton, 2009). Based on these projections and those of 

other GHGs and sulfate aerosols, IPCC predicts an increase in global average surface 

temperature of 1.4--5.SoC over the period 1990-2 100. The [PCC further states that it is very 

likely that nearly all land areas wili warm more rapidly than the global average, particularly 

in n0l1hern high latitudes in the cold season (Klein et aI. , 2005; !-loughton, 2009). 

The !PCC (2007, 2013) concluded that the 'warming of the climate system is unequivocal'. 

Given the impact of climate-related hazards in the past, and the apparent relationships with 

the past changing climate, the projected warming over the next few decades wili be about 

0.2°C per decade. By 2040, the temperatures will start to diverge with a lower emission 

scenario leading to warm between 1°C and 6°C by 2100 ( IPCC, 2007) . This change wou ld be 

much larger than any climate change experienced over at least the last 10,000 years. The 

projection is based on a wide-rangc of assumptions about the main forces driving future 

emissions (such as populat ion grow1h and technological change), but does not reflect any 

effort to control GHG emissions (lPCC, 2007; Houghton, 2009). 

The [PCC stated that these warming trends likely lead to greater incidence of hazards, 

especially the increase in heat-wave was given a 90% probability rating. Frequency of heavy 

precipitation events, drought affected area, intense tropical cyclones, and the incidences of 

high sea-levels are projected to increase with greater than 66% probability (lPCC, 2007). 

Sea-Ievcl rise is a crit ical problem for the billions of people who li ve on or near the coasts. 

[PCC (2007) projected closer to a meter rise by 2100. Consequently, some coastal citi es will 

be at risk of rising sea-levels leading to flooding, which will be intense during the strongest 

typhoons. As a result , the need for-ri sk reduction strategies, and capacity to implement them, 

will be larger in the future (McBean & Rodgers, 2010). 
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(Temesgen, 20 I 0). The most widely applied methods are the traditional and thc agro­

eco logical zones (AEZs) . Based on the traditional classification system, which mainl y 

relies on a ltitude and temperature, Ethiopia is divided into five agro-eco logies namely 

lVure" (upper h ighland), dega (highland), lVoyna dega (M idland), kola (Lowlands), and 

bere"a (desert) (Temesgen et aI. , 2008; Temcsgen, 2010). The agro-ccological zonc 

classi fication method is alternatively based on combining growing periods with temperature 

and moisture regimes. Accord ing to this method, Ethiopia has 18 major AEZs, which are 

furth er sub-divided into 49 AEZs (Temesgen, 20 I 0). These zones are al so grouped under six 

major categories as arid, semiarid, sub-moist, moist, sub-humid and humid , and per humid . 

The Arid zOlle is less productive and pastoral , occupying 53.5 million hectares (31 .5% of the 

country) while semiarid zone consists of less harsh areas and occupies 4 milli on hectares 

(3.5% of the country). The sub-moist zone occupies 22.2 million hectares (1 9.7% of the 

country) and highly threatencd by severe crosion , whereas the IIIO;st zone covers 28 million 

hectares (25% of the country) of the most important agricultural land of the country where 

cereals are the dominant cultivated crops. The sub-humid and humid zones cover 17.5 million 

hectares (15.5% of the country) and 4.4 million hectares (4% of the country) respectively. 

They provide the most stable and idea l conditions for perennial crops and are homes to the 

remaining forest and wildlife, having considerable biological di versi ty while the per-humid 

zone covers about 1 million hectares (close to 10/0 of th~ t:ollntry and is suited for perennia l 

crops and forests. Over these diverse agro-ecological settings, there is wider variation in 

rainfa ll and temperature. Mean annual ra infall ranges from about 2,000mm over some pocket 

areas in the southwest to less than 250mm over the Afar lowlands in the Northeast and 

Ogaden in the Southeast. The mean annual temperature varies from about 10°C over the 

highlands of the northwest, central, and southeast to about 35°C on the northeastern edges 

(UNESCO, 2004; Tesfaye, 2003 ; Temesgen, 2010). The arid and semi-arid regions experience 

a coefficient of variation of 50% while rainfall fluctuation in the Southwestern regions is 

usually less tilan 20%. Higher rainfall deviation coupled wi th the expected rise in evapo­

transpiration due to increasing temperature aggravates the vulnerabili ty si tuations of these areas 

to drought (Tesfaye, 2003; UNESCO, 2004). 

2.2.2. Climate change in Ethiopia 

Many studies prove that temperature and rainfall have changed from time to time. According 

to NMA (200 I), the mean annual minimum temperature over the country has increased by 

0.250C every decade, whi le the average ann ual maximum temperature has increased by 0.1 °c 
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every ten years. These changes have now flllther increased from time to time. In line with 
this, McSweeney (2010) underlined that the mean annual temperature has increased by 1.3°C 
between 1960 and 2006, an average rate of 0.2SoC per decade. The increase in temperature 
has been most rapid in July, August and September ('JAS') at a rate of 0.32°C per decade 
(McSweeney, 20 I 0). Over the same period, there has been an increase in the number of hot 
days and nights in a year by 20% and 3S% respecti vely. The rate of increase is strong in June, 
July and August (' JJA') when the average hot days and nights has increased by 32% and 59% 
in order. The frequency of cold days per year has decreased on average by 6%, and a 
decrease is found in all seasons, except December.January·February (DlF). The frequency of 
cold nights per year has decreased rapidl y (by 11 %) across all seasons (M cSweeney, 20 10). 

Figure 2: Year·to·year variability of annual minimum temperature over Ethiopia 
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Although the change in precipitation is not as pronounced as the change in temperature, there 
is a decreasing trend (NMA 2001). However, there is no significant trend in observed mean 
rainfall between 1960 and 2006 (NMA, 2007). Global climate prediction models al so provide 
controversial resu lts in that some provide increasing precipitation wh ile some show 
decreasing trend (Temesgen et aI., 200S). 
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As Figure 3 shows the most common characteristic of the Ethiopian rainfall over the past 60 

years was a very high inter-annual variability. Some of the years were characterized with dry 

conditions resulting in droughts while some other years with wet condit ions. In addition, its 

climate is characterized by extreme events, namely droughts and fl oods, which have made the 

country to be known by its long history of famine and food cris is in the world (UNESCO, 

2004; NMA, 2007; UNDP, 20 10). The problem of famine and food sh0l1age traced back to 

250 BC in the country consistent with the histOlY of drought, whi ch has been occurring in 

various parts of the country in different time. Starting from the 9'" century, about 30 major 

drought episodes have been recorded over the last nine ccnlmies, 19 of which covered the whole 

country and were reported to be severe and the rest affected mainly Wollo and Tigray 

(UNESCO, 2004). The frequency and spatial coverage of droughts has increased over the past 

few decades. The last Iwo decades have been marked by widespread droughts and food 

insecurity occurring every 2-3 years as compared to every 7-10 years over the previous decades 

(UNESCO, 2004; NMA, 2007). 

The World Bank study on natural d isaster hotspots reveals that 69% of Ethiopians arc at risk 

of mOltality fi-om two or more hazards, which is the hi ghest in the world (McSweeney, 20 I 0). 

The country is most at risk from drought that affects the majority of the population as 

compared with any other hazards and results in loss of li fe, damage to crops, and mi grat ion 

(Table I). In 2009, for exampl e, a delay in the main rainy season, particularl y in northeastern 

pal1s, was resulting in on ly 50-70% of agricultural land bei ng covered by crops. As Ethiopia 

produces 90-95% of its total cereal output during thi s season, any rainfall variability has 

substantial imp lications for crop yield. Droughts in Ethiopia can shrink the households' falln 

production by up to 90% of a nOllnal year output (Temsegen, 20 I 0; McSweeney, 20 I 0). 

Table 1: Natural hazard events, deaths and affected population in Ethiopia (1 99 1-2010) 

Hazard 
Droughts 

.... ~ ... . ~ y.~r~~g~, PS:~. ~Y,~~lt .. . 
Flood (unspecified) 

.... . ... .. .. A. ~.~~~g~. P.~~ .~.~~~1..t ...... _ ... _. 
Flood (flash) 

......... .. .. ~ \,.~~~g.~. p.~~ .~.,:~n_t .. 
Flood (general) 

.... .. ... .. ,.~ \,~~~g~. p.~~ .~.,:~~_t. 
Landslide 

._ ... . ,. _ ,.~\'_e.r~g~. p'~~ .~_':~ ~l_t .. _ 
Forest fire 
. _ .. __ .~\,~~~g~. p'~~ ~_,:~~_t. 
Locust infestation 

Average per event 

No. of events 
12 

23 

6 

28 

3 

4 

Deaths TOlal population affecled 
402 54,936,200 

33,53 1... .. ... .. .. ... ....... 4,578,°17 
136 195 ,240 

.. .... .... ... .11.... ........ .......... .. .. . .J.~,0 19 .. . 
735 436,278 

...... ..... ... ... I2}........ ... .. ......... ... .. 72,713 
1,086 1,637,578 

............ }9..... ....... . .. .. .. .. . .s8 ,~85 
39 194 
13 65 

5 
5 

Source: CRED (20 I 0) cited in McSweeney, 20 10 
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Eth iopia has also experienced major floods in 1988 , 1993 , 1994, 1995, 1996 and 2006 with 
lamentable effects on the life and properties of the community. For example, flooding of the 
Tekezie River in 2006 killed several hundred and displaced over 10,000 people (UNESCO, 
2004; NMA, 2007; McSweeney, 20 I 0). However, unlike drought and famine, the trend of tl,e 
flood and its consequences have not been properly documented (UNESCO, 2004) . 

Knowledge of the climatic conditions of the country and the adaptation options avai lable to 
the farmers will assist in decreas ing vulnerab ility to future cl imate change. All models agree 
that temperature in Ethiopia will increase in the coming years. For instance, forecasts by 
NMA (2007) show that the temperature wi ll increase in the range of 0.9 _I. IDC by 2030, 1.7-
2.1 DC by 2050 and 2.7-3.4DC by 2080 as compared to the 1961-1990 normal record. Other 
estimates indicate that mean annual temperature will increase between 1.8 and 2.rC by 
2060s and of 2.3 to 4.2DC by 2090s. Max imum increases in mean temperature are projected 
to be 3.1 DC and 5. 1 DC for the 2060s and 2090s respectively. All proj ections have indicated 
the increasing frequency of days and nights with hot temperatures (McSweeney, 20 10). 

Figure 4: Change in temperature relative to 196 1-1 990 nonnal 
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Annual projections indicate that hot days wi ll occur up to 40% of days by 2060s, and 69% of 
days by 2090s. The most rapid increases arc projected for July, August, and September 
(JAS). Hot nights arc proj ected to increase more quickly occurring on up to 66% of nights by 
2060s and 87% of nights by 2090s. Hot nights are also projected to increase most rapidl y in 
July, August, and September (JAS). All projections indicate decreases in the freque ncy of 
days and nights wi th cold temperatures. Co ld nights decrease in frequ ency more rapid ly than 
cold days, not occurring in most model projections by 2090s under the highest emi ssion 
scenario (McSweeney, 20 I 0). 
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There are many uncertainties about the magnitude, scale, and impacts of global projected 
cl imate change, particular ly at regional, national , and local levels (lPCC, 200 1, 2007; Hahn et 
a!., 2009). Because of the delaying effect of the oceans, surface temperatures do not respond 
immediately to greenhouse-gas emissions, so climate change wi ll continue for hundreds of 
years after atmospheric concentrations have stabilized (lPCC, 2001). As a result, global 
cl imate proj ection models are ullccltain about providing accurate predictions for community 
development planning (Hahn et a!. , 2009). In addition, an imp0l1ant uncertainty of all climate 
scenarios relates to the effect of a changing cli mate on the frequency, magnitude and spatial 
occurrence of extreme events such as floods , cyclones and droughts. To date, climate models 
have been presented ambiguous results for severe climatic events (Klei n, 2003). Similarly, 
climate models predictions give controversial resu lts of both increasing and decreasing 
precipitation for Ethiopia unlike the temperature trend (Temesegen et a!. , 2008, Temesgen, 
20 10). However, projections from different climate models are consistently indicating 
increases in annual rainfall. These increases are largely a result of intense rainfall in the short 
rainy season (October-November-December (ON D) in southern Ethiopia. For instance, 
estimates by McSweeney (20 10) shows increased annual changes of 3% to 9% by the 2090s, 
but this increase cou ld be as much as 42%. Estimates for rainfall in the OND season show 
increases of 17% to 36% by 2090s, but up to 70% at the upper end of the projections. 
Percentage increases in OND rainfall in the driest, easternmost parts of Ethiopia are large 
(McSweeney, 20 I 0). The reason for the increasing trend of rainfall in the southern part of 
Ethiopi a might be attribute to the high pressure system created in the Indi an oceans while low 
pressure system in southern Ethiopia so that moisture carrying winds blow towards southern 
Ethiopia. In line with this speculation, Molg et a!. (2009) found out that precipitation in East 
Africa, including southern Ethiopia, obtained moisture from the Indian Ocean during March­
April-May (MAM) and October-November-December (OND) as compared to the northern 
part of Ethiopia . 

Projections of change in the rainy seasons of April , May, and June (AMJ) and July, August, 
and September (JAS) are more mixed, but tend towards slight increases in the southwest and 
decease in the 1101theast. Predictions show an increase in the amount of rain falling in heavy 
events, with annual increases of 18% by the 2090s. The largest seasonal changes are observed 
in JAS and OND, with increases up to 16% and 25 % respectively (McSweeney, 2010). 
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Figure 5: Rainfall change in relati ve to 1961· 1990 normal 
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The trends of increasing temperamre, erratic/decreasing precipitation, and frequency of 
droughts and fl oods are predicted to increase in the future palticu larly in nOltheast Ethiopia 
(NMA, 2007) as major social , economic, and environmental disruptive forces closely 
interlinked with land degradation. Flooding has a lso very serious implications for Ethiopia, 
causing loss of li fe and property. Many areas suffe r from regul ar seasonal fl ooding of major 
rivers such as: The Afar Region along the Awash Ri ver; the Somali Region along the lower 
reaches of Wabi Shebele River; The Gambella Region along the vast pl ains of Baro-Akobo 
River Basin; the Sou the III Region along the Omo-Gi be River; other Rift Vall ey Bas in River 
tributaries; the Bahir Dar Zuria and Fogera areas along the Abay Ri ver in the Amhara 
Region . Flooding in these areas is happening every year with varied magnitude from year to year. 
Climate change projections show an increasing trend of heavy rainfa ll events, particularly in 
the late wet months. Therefore, Ethiopia will be under increasing threat of flooding in the 
coming decades (NMA, 2007; McSweeney, 2010). 

2.3. Vulnerability to climate change 

2.3.1. The concepts of vulnerability 

The most differen tly defined term by various scholarly communities is 'vulnerability ', which 
refers to the degree to which a system is likely to experience harm due to exposure to a 
hazard usua lly associated with fl oods, droughts, and poverty (Turner 1I et aI., 2003; Fuse l & 
Klein, 2005) . The term vulnerabili ty is now a central concept in the livel ihood, food security, 
sustainabi li ty science, land-use change, natural hazards; disaster risks management, public 
health and global environment and climate change research communities (Schroter et aI. , 
2004; Fussel, 2006) . Numerous scholars have concepmalized it (Cutter, 1996; Adger, 1999; 
Kelly & Adger, 1999, 2000; Moss et aI., 2001; UNE P, 2002; Cardona, 2003; Cannon et aI. , 
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2003; Brooks, 2003 ; Cutter et aI. , 2003 ; Prowse, 2003, Turner II et aI., 2003; Wisner et aI. , 
2004; Fussel & Klein, 2005) to mention a few. 

Livennan (1990 ci ted in Fussel, 2007a) related vulnerability to the concepts of resil ience, 
marginality, susceptibi lity, adaptability, fragility, and risk and proposes a di stinction between 
vulnerabi lity and political economy. Fussel and Klein (2005) added exposure, sensitivity, 
coping capacity, criticality, and robustness to this list. Wisner et al. (2004) defined 
vulnerabi lity as the characteristics of a person or group in terms of their capacity to 
anticipate, cope wi th, res ist and recover from the impact of natural hazards. They argue that 
vulnerability is a measure of a person or group's exposure to the effects of a hazard including 
the degree to which they can recover from the impact of that event. Cutter (1996) defines 
vulnerabi lity as the likelihood that an indi vidual or a group will be exposed to and adversely 
affected by a hazard. It is the interaction of the hazards of the place with the social profile of 
the communities. The same author identifies three distinct clusters of definiti ons for 
vulnerabil ity: as risk of exposure to hazards, as a capability for collective response, and as an 
attribute of places and proposes a hazard-of-place model that bridges various definitions and 
states. Finally, she argues that it is a place that fOllllS the fundam ental unit of analysis for 
vulnerabili ty. 

Watson and colleagues (1997) define vulnerability as the extent to which a natural or social 
system is susceptible to damage from climate change. Vulnerability is a function of the 
system's sensiti vity and ability to adapt to a gi ven change in climate. Under thi s framework , a 
highly vulnerabl e system would be the one that is more sensitive to changes in climate, where 
the sensitivity includes the potential for substantial harmful effects, and one for which the 
ability to adapt is severely constrained (Watson et aI. , 1997). Similarly, Adger (1999) defines 
it as the extent to which a natural or social system is susceptibl e to sustai ning damage from 
climate change. It is commonly perceived to be a function of two components: the effect that 
an event may have on humans (social vulnerability) and the risk that such an event may occur 
(exposure). Brooks (2003) grouped the definitions of vulnerability into two categories, 
viewing vulnerability either in terms of the amount of damage caused to a system by a 
particular climate-related event, or as a state that exists within a system before it encounters a 
hazard event. Although vulnerability is a multidimensional concept, which is difficult to 
define, quantify, and apply in practice (Cutter, 1996) , it is the manifestation of environmental 
settings and soc ial , economic and political structures. Most definitions agree on the broad 
explanation of vulnerability at the capacity to be harmed resulting from exposure to hazards 
and coping-adaptive capaci ty of the system to reduce the risk from exposures. However, most 
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explanations have failed to include susceptibility of the system to the risks posed by climatc 

change and variabi lity. This means, the defi nition of vulnerabili ty should be expressed as the 

function of exposure, sensit iv ity, and adaptive capacity. Scholars contend that the inclusion 

of exposure only in the definition appears to be problematic since exposure by itself does not 

necessarily contribute to negative outcomes (Moss ct a!. , 200 I ; Turner II ct a!., 2003). 

Some scholars also defin e vulnerab ility by considering natural hazards and human systems as 

separate enti ties (Wisner et a!. , 2004) while others define it from the human sensi tivity and/or 

adaptive capacity (Adger, 1999; Kelly & Adger, 2000) without ex plaining the re lationship 

between vulnerabili ty and climate change. Still some others use the combination of nature­

triggered hazards and human-induced exposures (Cutter, 1996; Turner II et a!. , 2003; 

Schroter et a!., 2004; Wisner et a!. , 2004). 

Vari ations in terms of definitions have emanated from the perceptions and professional 

backgrounds of the researchers. Fussel (2009:2-3) contends it as: "Definitions of vulnerab ili ty 

differ so widely that the term becomes almost useless in an interdisc iplinary contex t without 

further specification". Key conceptual ambi guities include: whether it is a starting point, 

intermediate, or outcome of an assessment; whether it shou ld be defined in relation to an 

external stressor such as cl imate change, or in relation to an undes irable outcome such as 

fami ne; whether it is an inherent property of a system or reliant lipan a spec ific scenario of 

external stresses and internal response; and whether it is a static or a dynamic concept (Fussel 

& Klein, 2005). These diverse definit ions demand for a range of methodologies in 

vulnerabi lity and adaptat ion research (Devereux , 2007; Flissel, 2009). For instance, natural 

scientists and engineers tend to apply the term in a descriptive manner, whereas social 

scientists tend to use it in the context of specific explanatory models (Fussel, 2009). The 

defin it ions and methodologies used, however, revolve around . , 0 

adaptive capacity both in tenn s of socia-economic and biOPhY\ir.AI»Ylfu[/~>BABA UNTYERSI'l'yY 
<c ll fpnR AKAKI CA.Mp, I" 

2,3,2, Vulnerability to climate change ._. ____ __ .. ---~ - _. 
One of the heavily relied up on definitions of vulnerability in the context of climate science is 

from IPCC (200 I, 2007), which defined it as the degree to which a system is suscept ib le to, 

or unabl e to cope with , adverse effects of climate change, including c lim ate vari ability and 

extremes. The IPCC provides two more definiti ons that arc not spccified as natural or social 

vulnerability, but fit into the sepa rate cli mate research streams . From the natllrai standpoint, 

the lPCC defines vulnerability as <Oa fu nction of the character, magni tude and rate of climate 

variati on to wh ich a system is ex posed, its sensitivity and its adaptive capac ity" (IPCC, 2001: 
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995). From a social standpoint it dcscribes vulnerability as the "degree to which a system is 

susceptible to injury, damage or harm". Along the same line, Houghton and Khandker (2009) 

exp lain vulnerability as a risk of fall ing into pove.ty in the future, even if the person is not 

necessarily poor now; it is often associated with the effects of shocks such as drought and 

floods with a drop in farm production. Thus, social vulnerability is typicall y broken into three 

overlapping components: exposure, sensitivity and adaptive capacity - also called resilience 

and coping capac ity (Turner II et aI., 2003). 

Exposure is the magnitude, frequency, and duration of cl imate hazards such as a drought , 

floods, and storms, increasing temperature, and decreasing precipitations which expose 

fanners' livelihood assets ([PCC, 2007). Sensitivity is the degree to which the fanner is 

adversely affected by the exposure which can be measured by the proportion of people who 

faced with food shortage, water scarcity, number of months in a food shortage, and access to 

different services. Adaptive capacity on the other hand refers to people' s ability to adapt and 

recover from climate exposure by facilitating access to livelihood resources for adaptation. 

Sensitivity and adaptive capacity largely depend on the main livelihood activities practiced 

by a farmer and the specific livelihood resources needed to carry out these activities, as well 

as the impact of cl imate hazards on these key livelihood resources (IPCC, 2007; Luers et aI. , 

2003; Turner II et aI. , 2003). 

In this line of argument, Schroter et al. (2004) noted that agricultural vulnerability to climate 

change in terms of not only exposure to hi gher temperatures, but also crops yield sensiti vity 

to high temperatures and farmers' abi lity to adapt to the effects of that sens itivity such as, by 

planting more heat-resistant cultivars or by planting different crops. Thus, one can conclude 

that exposure, sensitivity, and adaptive capacity are inherently linked (Gallopin, 2006). For 

example, greater amounts of exposure will give to greater sensitivity, while adaptive capacity 

can reduce the system's sensitivity. In practice, these steps do not happen chronologically, but 

instead playa conti nuous role in enhancing or diminishing each other. Consequently, many 

studies combi ne sensitivity with exposure or combine sensiti vity with the adapti ve capacity 

depending upon the indicator under consideration. 

2.4. Vulnerability assessment 

2.4.1 . Evolution of vulnerability assessment 

There is a long history of vulnerability studies which have been concerned with identi fying 

population groups that are most likely to face the negative effects of the natural hazards and 

the socia-economic catastrophes (Wisner et a I. , 1994; Cannon, 1994; Cutter, 1996; Cutter et 
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aI., 2003 ; Klein, 2003). However, it is an emergi ng concept for climate science and policy 
(Fussel & Klein, 2005). Efforts over the past decade triggered a process of theory 
development and assessment prac tice thereby the reports of the IPCC and other several works 
show it. For vulnerability assessments, there are three distinct research streams, each of 
which dates from at least the 1960s and the root problems, policylresearch quest ions, 
concepts and definitions of vulnerability vary so . These research streams are impact­
assessment, risk-hazard, and food security studies (Schroter et aI. , 2004; Fussel, 2006). 
However, they overlap in motivation, concepts, and methods. The first two traditions, namely 
impact assessments and risk-hazards researches widely inves tigate the multiple effects of a 
single stress (Schroter et aI. , 2004). 

Climate change impact assessments check the potential effects of one or several climate 
change scenarios on one or more impact domains, and compare them to a constant climate. In 
so doing, they aim to give levels of greenhouse-gas concentrations that would prevent 
dangerous anthropogenic interference with the climate system, referred by Article two of the 
UNFCCC (Fussel & Klein, 2005). For instance, studies in the impact assessment traditions 
might look at the environmental or social effects of constructing a highway in a given place 
while in the case of risk-hazard research it can analyze the effects of droughts or fl oods. 
These two tradit ions differ in that impact assessments tend to de-emphasize the processes by 
which society can unintentionally amp lify the impact of a stress, or enact anticipatory 
adaptations to cut future impact as compared to risk-hazard researches (Schroter et aI., 2004). 

The third, research stream is food security studies which mainly focus on the multiple causes 
of a single effect, namel y hunger or famine. Such research demonstrates that hunger is not 
only the inevitable outcome of a single cause, but also the contingent result of multiple 
causes, such as the CO-OCCUlTence of political marginalization with the environmental stress 
(Schroter et aI., 2004). The emerging fi eld of climate change vulnerabili ty assessment draws 
heavily from the combination of these three research streams (Schroter et aI. , 2004). Same 
authors added that global climate change vulnerability assessment as a special concern for 
future trends in human sources of change (impact assessments), for multiple and unintended 
effects associated with the social amplification or reduction ofrisk (risk/hazard assessments), 
and for adaptati on constraints associated with multiple and interacting stresses (food security 
assessments). Fussel (2006) argues that vulnerability assessment approaches, emanated from 
the theoretical evolution of risk-hazards researches, has passed through four stages: the first 
stage assumes that nature causes hazards (pure determini sm); the second one emphasizes that , 
technology can reduce vulnerability and losses (mechanistic eng ineering approach); the third 

27 

aI., 2003 ; Klein, 2003). However, it is an emergi ng concept for climate science and policy 
(Fussel & Klein, 2005). Efforts over the past decade triggered a process of theory 
development and assessment prac tice thereby the reports of the IPCC and other several works 
show it. For vulnerability assessments, there are three distinct research streams, each of 
which dates from at least the 1960s and the root problems, policylresearch quest ions, 
concepts and definitions of vulnerability vary so . These research streams are impact­
assessment, risk-hazard, and food security studies (Schroter et aI. , 2004; Fussel, 2006). 
However, they overlap in motivation, concepts, and methods. The first two traditions, namely 
impact assessments and risk-hazards researches widely inves tigate the multiple effects of a 
single stress (Schroter et aI. , 2004). 

Climate change impact assessments check the potential effects of one or several climate 
change scenarios on one or more impact domains, and compare them to a constant climate. In 
so doing, they aim to give levels of greenhouse-gas concentrations that would prevent 
dangerous anthropogenic interference with the climate system, referred by Article two of the 
UNFCCC (Fussel & Klein, 2005). For instance, studies in the impact assessment traditions 
might look at the environmental or social effects of constructing a highway in a given place 
while in the case of risk-hazard research it can analyze the effects of droughts or fl oods. 
These two tradit ions differ in that impact assessments tend to de-emphasize the processes by 
which society can unintentionally amp lify the impact of a stress, or enact anticipatory 
adaptations to cut future impact as compared to risk-hazard researches (Schroter et aI., 2004). 

The third, research stream is food security studies which mainly focus on the multiple causes 
of a single effect, namel y hunger or famine. Such research demonstrates that hunger is not 
only the inevitable outcome of a single cause, but also the contingent result of multiple 
causes, such as the CO-OCCUlTence of political marginalization with the environmental stress 
(Schroter et aI., 2004). The emerging fi eld of climate change vulnerabili ty assessment draws 
heavily from the combination of these three research streams (Schroter et aI. , 2004). Same 
authors added that global climate change vulnerability assessment as a special concern for 
future trends in human sources of change (impact assessments), for multiple and unintended 
effects associated with the social amplification or reduction ofrisk (risk/hazard assessments), 
and for adaptati on constraints associated with multiple and interacting stresses (food security 
assessments). Fussel (2006) argues that vulnerability assessment approaches, emanated from 
the theoretical evolution of risk-hazards researches, has passed through four stages: the first 
stage assumes that nature causes hazards (pure determini sm); the second one emphasizes that , 
technology can reduce vulnerability and losses (mechanistic eng ineering approach); the third 

27 



stage argues that human behavi or and perceptions were important (the human ecology 

approach); and the fOUl1h stage argues that structure not nature, technology, or agency creates 

vulnerability (the poli tical economy approach) (Fussel, 2006). 

2.4.2. Theoretical vulnerability assessment frameworks 

Derived from the three research traditions and four theoretical evo lutions of risk-hazards 

researches, there are three main frameworks for explaining vulnerability to climate change 

(Schroter et aI. , 2004). All of them revolve on identification of peop le, places, and systems 

that are susceptible to hann and searching for ac tions that may reduce vulnerability. These 

major theoretica l fram eworks used to explain vulnerability inc lude: the biophysical, the 

socio-economic, and the integrated frameworks. This section places the foundation for the 

thes is by presenting these theoretical frameworks used to conceptualize vulnerability to 

climate change impact. Identifying the focus, strengths and weaknesses is cmcial to critica ll y 

evaluate the frameworks from the perspecti ve of the present study in the sections to come. 

2.4.2.1. Biophysical frameworks 

Thi s vulnerabili ty assessment framework focuses on di saster-risk management through 

assessing the risks and levels of damage to certain exposed units that arise from exposure to 

the hazards of a particular type and magnitude (Schroter et aI. , 2004; Fusse\, 2006). Past 

quantitati ve use of this model focused on exposure and sensitivity of biophys ical and socio­

economic systems to the given environmental perturbations and stressors (Turner II et aI., 

2003). This approach is widely applied by engineers and economists posited on disasters, and 

epidemiology also used a similar concept (Fussel , 2006). A key aspect of the biophysical 

approach is the clear distinction between two factors: the hazard characterized by its site, 

intensity, frequency and probabil ity (Benson & Twigg, 2007), and the vulnerability, the 

degree of damage caused by a hazard (Fussel, 2006) . 

Some authors labeled this approach as a risk-hazard framework (Fussel & Klein, 2005; 
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responding to research questions such as: ' What is the magnitude of the climate change 

problem '? and ' Do the cost of climate change exceeded the cost of greenhouse-gas 

mitigation '? The end point vulnerab ili ty results from climate change which consists of losses 

from climatic hazards. 

The biophysical fram ework assesses the levels of damage based on forecasts or estimates of 

climate prediction models or by creating indicators of sensitivity for real or potential hazards, 

including their frequency. Therefore, biophysical vulnerability is the fun ction of hazard 

exposure and sensitivity (Turner II et aI. , 2003; Fussel, 2006). For example, the yield impact 

of climate change can be analyzed by modeling the relationship between crop yields and 

climate variables (Kabubo-Mariara & Karanja, 2006; Yesuf et a I. , 2008). Simi larly, monetary 

impact of climate change on agriculture can be analyzed by modeling the relationshi p 

between cl imate variables and farm income. Other impact assessment studies include the 

impact of climate change on human mortalit y and health (Fussel, 2007b) ; and on food 

security (Parry et at., 2004; Devereux , 2007). 

Figure 6: Risk hazard-outcome vulnerability assessment framework 
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Source: Adapted from Turner II et al. 2003 and Luk, 20 II 

In the fi gure, the chain sequence begins with hazard such as c limate change and extreme 

events; concept of vulnerab ili ty commonl y implicit as noted by dotted lines. Climate change 

and weather extremes create exposure of the given system and then exposure affects the 

sensitive systems (exposure units). Both exposure and sensitivity can pose tremendous 

damage on the sys tem subject to analysis. Sensitivity of a system denotes the dose- response 

relationship between its exposure to climatic stimuli and the resulting impacts. 

The framework is derived from the Act of Nature paradigm and categorized under first 

generationa l studies (Fussel & Klein, 2005) in which nat ure and society are two distinct 

entities and the assessment focuses on vulnerabi lity caused by exposure to a hazard (Brooks, 

2003; Luk, 201 1). In thi s type of vulnerabili ty, the indicators mainly consider the outcome of 
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the event and not the state of the system before the occurrence of a hazard (Brooks, 2003; 

Turner II et aI., 2003), which co uld not show variations in yield or revenue for different 

households - between the poor and the rich. This means, a 30% crop yield reduction because 

of climate change may not the same for the rich and the poor people. Local people in rural 

areas could be heavi ly affected by climate change even in circumstances when the total 

agri cultural sector in the country does fine. Minor changes in crop yields and income 

seriously affect poor peop le; whereas, rich people can buffer their loss by withdrawing 

money from savings and selli ng of livestock or some other assets. Besides, this approach 

targets physical condition and rarely connects to the experience of the affected group. 

The biophysical framework does not consider the role of political economy, especially social 

and economic structures and institutions that shape differential exposure and consequences 

(Turner II et aI., 2003). Along the same line, Fussel (2006) noted the difficulty of applying 

this approach to people whose exposure to hazards largely dependent on their behavior. This 

argument pointed out the failure of the biophysical approach to consider the adaptive capacity 

of the people or social groups because households who have access to live lihood resources 

and better social networks are less vulnerable to climate change. Communities supported with 

a strong institutional set up for effective preparedness response, extension services and timely 

information could be less vulnerable to the negative impact of climate change as compared to 

conm1t1l1ities who are weak in such cases. For example, a series uf droughts may have similar 

impact on crop yields in two regions, but differing economic and institutional arrangements 

in the two regions may rcsult in quite different impact on fa nners and hcnce in qui te diffe rent 

adaptive responses, both in the short and long-tenns. We can imagine the case of Somalia in 

this case. Drought occurred in Eastern African countries, but Somalia has been severely 

affected because of the political tunnoil happening in the country for the past 20 years or so. 

[n this regard, Cutter et al. (2003) argued that to help policy development that effecti vely 

address options for adaptation and hence reduce potential impact, there is a need to assess 

levels of vulnerabi lity genera ted by social, economi c, and political processes. 

There are also common limitations of the use of model scenario projection of climate. 

Information on sources of measurement error in secondary data set is often lacking making 

sensiti vity anal ysis difficult. Studies relying on climate scenario proj ect ions from General 

Circulation Models (GCMs), for example, suffer from the uncertainty associated with these 

models and how to map resu lts (O'Brien et aI. , 2004; Hahn el aI. , 2009). In addition, methods 

relying on advanced climate projections and multi ple international and nat ional databases 

may be impractical for development planners working at the community level. 
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2.4.2.2. Socio-economic frameworks 

The socia-economic framework has expanded from social constructionist framework , mostly 

prevailed in the poverty and development researches. Poli t ical econom ists and human 

geographers apply it to analyze the vulnerability level of a system to multiple stresses 

(Schroter et aI. , 2004; Fussel, 2007a). The framework regards social vu lnerability as a priori 

condition of a household or a community conditioned by socio-economic and political 

contexts (Wisner et aI. , 2004; Adger & Kelly, 1999; Fussel & Klein, 2005) . Some authors 

termed this approach as soc io-economic vulnerability (Brooks, 2003 ; Adger et aI. , 2004) 

while others chose to use social vulnerability (Adger, 1999; Kell y & Adger, 1999; Vincent, 

2004), and st ill some others explained it as contextual vulnerabili ty (O'Brien et aI. , 2007). 

The second generationl vulnerability studies apply this approach focusing on the local sca le 

to enhance local capacity in the face of c limate change. The theoretical approach focuses 

exclusively on people, asking who is most vulnerable, how they susceptible are, and why 

(Fussel , 2006). This approach assesses vulnerability based on variat ions in socio-economic 

dynamics, institutional characteristics, political status of people and social groups in the 

community- to measure adaptive capacity. Variation in the levels of vulnerabi lity among the 

people, social groups, and places is accountable to the ability to carry out adaptation 

measures, not avail abil ity of adaptation measures alone (Fussel & Klein, 2005). The 

proponents of this framework consider vu lnerability as the 'stm1ing point', which is linked to 

the context and human security. The assumption is that socio-economic and political factors 

can worsen the impact of shocks by increasing sensitivity of the system. 

There are many works, which are good examples in explaining vul nerabili ty in their political 

economy approach (Wisner et aI. , 2004; Adger, 1999; Adger & Kelly, 1999; Wisner et aI. , 

2004; Vincent, 2004) . Wisner et al. (2004) point-out various social factors that can lead to 

vulnerabili ty. Among these factors are economic imbalances, disparity in power among social 

groups, knowledge dissemination, and discrimination in welfare and social protection. 

However, it is contend that violent con fli ct and illness can lead to more loss of life than the 

natural and human-induced hazards like earthquake, drought, flo od, and famine . 

The focus of this approach on variation within society only in terms of socio-economic and 

political factors is the main limitation. In line with this, studies argue that in real ity, 

environmental factors are creating variation in society (Cutter et aI. , 2003 ; Temesgen, 20 I 0) . 

This approach takes environment-based intensiti es, frequencies of occurrence, and 

probabilities of hazards such as droughts and floods as cxogenous. Howcver, two or more 
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social groups found in si milar SOCIO-econom lc conditions, but characterized by di fferent 

environmental attributes can have di fferent levels of vulnerability. For instance, Fogera , 

Dmebia and Dera waredas of Amhara region are more vulnerable to floods than of Chi lga 

and other waredas because of geographic exposure keeping other socio-economic factors 

equal. The framework also does not account for natural resource endowments to counteract 

the negative impact of environmental shocks. Although resource-rich households experience 

greater losses than the resource-poor, they can recover more quickly fro m a stress. For 

instance, areas endowed with permanent river water or groundwater that can be easily 

diverted or accessed for irrigation better cope wi th droughts by utilizing these resources. 

Table 2: Two interpretations of vulnerability in climate change research 

__ 0ain aQproaches _________ ._~ 
Definitions of vulnerability 

Root problem 
Poli cy concept 

Poli cy quest ion 

Research questions 

Vulnerabili ty & adaptive 
capacity 
Reference for adaptive 
capacity 
Starting point analys is 

End-Q.Q.Lr:!!_yu ln e l:~2ility __ ~ _ 
Expected net damage fo r a given 
level of global climate change 

Climate change impact 
climate change mit igation 

• Compensation 
• Technical adaptation 

What are the benefits of 
climate change Mitigation? 

What are the expected net 
impacts of climate change in 
different regions? 
Adaptive capacity determines 
vulnerability 
Adaptation to future climate 
change 
Scenarios of future climate 
Change 

Analytical fu nction Descripti ve, posit ivist 
Main di scipline Natural science 
VulnerabliltyapPlOach Integrated-risk-hazard 
Source: Extracted from Fussel, 2006; Luk, 20 II 

§~~E~_!_ng-point vulnerability 
Susceptibi lity of climate change and 
va riability as determined by socio­
economic factors 
Social vulnerability 

Social adaptation 
• sustainable development 

How can the vulnerabi lity of 
societ ies to climate hazards 
be reduced? 
Why arc some groups more affected 
by cl imat ic hazards than others? 

Vulnerability determines adaptive 
capacity 
Adaptation to current climate 
variability 
Current vulnerability to climate 
sti muli 
Exp lanatory, nonnative 
Social science 
Political economy 

The interpretations of the two theoretical fram eworks presented above (Section 2.4.2.1 & 

2.4.2.2) are summarized in table 2 above. The end-point vulnerability is linked with the 

biophysical vulnerability framework while the starting-point vulnerabili ty characterizes the 

socia-economic vulnerab ility framework. These di fferent interpretat ions of vulnerabili ty do 

not only produce different rankings of vulnerable regions or systems; they also suggest 

different strategies for reducing vulnerabili ty. End-point (outcome) studies tend to focus on 

technological adaptation for reducing particu lar impact of c limate change while starting-point 

(contextual) studies tend to focus on sustainable development strategies that increase the 
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response capacity of human populations for dcaling with a large variety of hazards (Eriksen 

& Kelly, 2004; O'Brien et aI. , 2007). There is still a broad common fram ework by which both 

the starting-point and the end-point vulnerab ility perspectives can abide. The integrated 

framework provides the minimum requirements to define, summarize, and compare 

vulnerability research within the respective streams. 

2.4.2.3. Integrated framework 

Various lines of investigation show the inadequacies of biophysica l and socio-economic 

frameworks. This recognition has led to the emergence of integrated vulnerability assessment 

framework , which draws a range of physical, bio logica l and socia l science disciplines using a 

range of methods (Houghton, 2009). This fram ework is the most recent IPCC framework that 

is most promi nent in global change and climate change studies (Fussel & Klein, 2005). 

Figure 7: Integrated climate change vulnerability assessment 
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Vulnerability, according to this framework consists of external and internal dimensions. The 

external dimension represents an exposure of a system to climate change and associated 

hazards and the internal dimension comprises sensitivity to climate change impacts and 

adaptive capacity of the system to reduce or offset negative impacts or exploit the potential 

opportunities (Fussel & Klein, 2005). This approach can combine socio-economic and 

biophysical factors by app lying the methods and tools from diverse disciplines (Brooks, 

2003 ; and Adger et aI. , 2004) because the two processes do not present themselves in well­

defin ed boxes. Instead, they interconnect in all kinds of ways. Natural elements are not 

isolated from the socia l and economic environment that cannol be interpreted in terms of their 

impact on people without taking into account social and economic conditions (Luk, 2011). 
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In this regard, many scholars argue that vulnerability is the human and enviromnental context 
that shapes the ability to cope, or secure well-being in the face of climate variabi li ty and 
change (Turner II et aI., 2003; Eri ksen et aI. , 2004; Schroter et aI., 2004; Gallopin, 2006). The 
hazard-of-place model (Cutter, 1996; Cutter et aI., 2003), the coupled vulnerab ility 
framework (Turner II et aI., 2003; Schroter et aI. , 2004) and vulnerability mapping approach 
(Morrow, 1999; O'Brien et aI., 2004; O'Brien, 2007; Gbetibouo & Ringler, 2009; HeJtberg & 
Bonch-Osmolovskiy, 201 1) are good examples in comb ining soc io-economic and biophysical 
indicators to decide on the systems' levels of vulnerabi li ty. According to the hazard-of-place 
model, geographic exposure and the social profile of communities in places influence the 
hazard potential. For example, Cutter et al. (2003) used this model to make a comparative 
analysis of social vulnerabil ity to natural hazards among U.S. counties. The result identi fied 
distinct spatial patterns of vulnerabili ty. Cutter ( 1996) argues that it is place that forms the 
fundamental unit of analysis for vulnerabili ty. 

The view of environment-society coupled systems that specify the role of human adaptive 
responses is further developed in the vulnerability framework of Turner II et al. (2003). The 
architects of coupled vulnerabi lity framework believe that vulnerability to climate change is 
the likelihood that a specific coupled human-environment system wi ll experience harm from 
exposure to stresses, leading to adaptation to the impact in an integrated whole (Tuner II et 
aI. , 2003, Ericksen et aI. , 2004; Gallopin, 2006). Climate change vulnerabi lity assessments 
include not only the analysis of vulnerability, but also the identification of specific adaptat ion 
options for reducing vulnerabil ity. Climate change vulnerability assessment is directly linked 
with the aim of sustainable development and sustainabi lity science, where scientific merit of 
the findings and policy advice are measures of successfu l research (Turner II et a I. , 2003; 
Schroter et aI. , 2004; Gallopin, 2009). Vulnerability mapping is a mul tidisciplinary 
framewo rk for identifying, particularly vulnerable or critical regions. For example, O'Brien et 
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and Ringler (2009) in South Africa identified most vu lnerable areas and suggest that 
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development. Accordingly, this thesis used integrated vulnerabi lity assessment approach 
guided wi th the sustainable livel ihood fi"amework discussed in detail in the next sub-sections. 
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outcomes. Theoretically, livelihoods connote the means, ac tivities, entitlements and assets by 
which people make a living (Scoones, 1998; Elasha et aI. , 2005). The Brandt land 
Commission in 1987 introduced Sustainable Li ve lihood in terms of resource ownershi p and 
access to basic needs and livelihood security, especially in rural areas (Elasha et aI., 2005). 
The sustainable livelihoods fram ework is concerned with people's capacities, assets, and 
activities to generate and supp0l1 their means of li ving, enhance their well-being, and that of 
future generations (Lautze & Raven-RobCIts, 2003). 

Livelihood assessment is a way of looking at how an individual, a household, or a community 
behaves under specifi c conditions. One of the ways to understand livelihood systems is to 
analyze the adaptive strategies pursued by peop le and communities as a response to external 
shocks and stresses such as drought, fl ood, soil erosion, intcnsified storms and civil strife and 
policy failures. The approaches are useful for comprehensively analyzi ng the households' 
ability to withstand livelihood risks by capturing the issues of exposure, sensitivity and 
adaptive capacity (Chambers & Conway, 1992; Scoones, 1998). 

Figure 8: Susta inable rural live lihood framework 
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Figure 8 presents the components of sustainable livelihood ti·amework, slIch as vulnerabili ty 
context, livel ihood assets; institutional processes and organizations; livelihood strategies, and 
livelihood outcomes (vu lnerability/sustainability). The detail of each component is discussed 
in the sections to come. 

2.4.3.1. Vulnerabili ty context, conditions and t rends 

Understanding the vulnerabili ty context is fundamental to design appropriate interventions 
that have a positi ve effect on househo ld li velihood security. The vu lnerabil ity context is 
usuall y cons idered the external dimension of a system in which poor people lead thei r li ves 
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people to ach ievc thc ir li velihood objecti ves and adapt to climate change (Scoones, 1998; 
Degefa , 2005) . While the physical capital consists o f basic infrastructure and producer goods 
needed to secure the livelihoods. These phys ical assets inc lude: access to transpOlt, 
telecommunication, dwelling houses, energy, and access to markets to pursue households' 
livelihoods (Scoones, 1998; Ellis, 2000; Benson & Twigg, 2007). Infrastructure cnables 
people to use know ledge and ski ll s in their effort to attain secure li vel ihood and adapt to 
climate change (Temesgen, 20 I 0). Social capital refers to networks of socia l groups within 
the soc iety (Scoones, 1998). In pursuing different livelihood strategies, people, groups, 
communities and families draw from the resources availab le to them, through their 
association with others , social networks and relationships (kinship) and organizational 
affi liations (Barungi &Maonga, 2011 ). Adaptation is a soc ia l process that requires collective 
action, and social capital provide, such an opportunity. It enables the society to interact well 
with other capital assets and appropriate institutions (Adgcr, 2003). 

2.4.3.3. Institutional processes and organization 

Assets alone do not determine or delimit the nature of disaster vulnerability or the range of 
livelihood strategies that households pursue. Scholars have paid increasing attention to the 
compounding factors that generate vulnerability and complicate cffolts to a ll eviate the 
consequences of public health threats, natural events, environmental stresses, and socio­
political processes (Chambers and Conway, 1992; Scoones, 1998) . Forma l and informal 
processes, institutions and pol icies enable or hinder livel ihood strategies, thereby generating 
or reducing vulnerabilities. All indi viduals and households live within, shape and are shaped 
by a set of informal and formal practices, norms and rules that constitute the institutional 
environment . As Lautze & Raven-Roberts (2003: 7) explained: 

These influencing factors playa key role in mediating access to resources, shaping the context of vulnerability. and setling opportunities or constra ints to pursuing various livelihood strategies. CustonulIY practi ces related to marriage, gender roles, inheritance, ownership, management of and access to resources (land, water) and 'real ' markets all fall within the sphere of informal institutions. These arc dynamic rather than fixed institutions, and are subject to continual re-negotiation and change according to context and power. Formal institutions relate to the role of the state, [or instance in setting and enforcing laws, regulating markets or extracting taxes. There is a constant interplay between the informal and formal inst itutions. 

Institutions are the humanl y devised constraints that shape human interaction (NOIth , 1990), 
which includes the laws, rules, regulations, poli cies, and services upheld by the state, pri vate 
sector, civil-society organizat ions, and agencies. Organizations, on the other hand, refer to 
government agencies, NGOs, fanners ' cooperatives and credit institutions serving the 
community. Both institutions and organizations can establish a stable structure to human 
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interaction (North, 1990) and detcrmine people 's access to resources so that their adaptive 

capacity depends on the impact created by institutions on the milieu in which they live. 

Organization s provide extension, credit, and trai ning services as well as diffuse po licies 

thereby influence the rate of adoption of adaptation strategies (Madison, 2006). In addition, 

institutions can be vulnerable in times of disasters. Government ministries for the provision 

of socia l welfare (e.g., the Ministries of Health, Agriculture, or Education) are often drained 

of resources when governments redirect domest ic budgets towards war effort s or when 

implementing structural adjustment programs. The Ethio-Eritrean war that coi ncided with the 

199912000 crisis in Ethiopia reduced economic growth just by I %, serves as an examp le 

(Lautze & Raven-Rober1s, 2003). 

2.4.3.4. Livelihood strategies 

Sustainable livelihoods framework identified three main clusters of livelihood strategies: 

agricultural intensificationiextensification, livelihood diversification and migration. These 

broadly cover the range of options open to rural peop le. Either people gain more li velihood 

from agri cu lture (crop production, li vestock rearing, aquacul ture, forestry, etc.) through the 

processes of intensification (more output per unit area through capital investment or increases 

in labor inputs) or extensification (more land under cultivation), or they may divcrsify to a 

range of off-farm in come earning acti vities, or they move away and seek a livelihood, either 

temporarily or pCl111anentiy, elsewhere. Otherwise, 1110Stly, peuple pursue a combination of 

strategies together or in sequence (Scoones, 1998). 

2.4 .3.5. Livelihood outcomes: Sustainability vs. vulnerability 

In the Sustainable Livelihoods approach, Livelihood outcomes include more II1come, 

increased well-being, reduced vulnerability, improved food security, and more sustainable 

use of natural resource base. For populations li ving in hazard-prone zones, these may be 

remote aspirations (Lautze & Raven-Roberts, 2003 ; Benson & Twigg, 2007). The actual 

outcomes of livelihood systems in complex cmergencies include starvat ion, poor health, 

mortality, destitution , shame and/or displacement. These outcomes, in turn, arc mediated 

back to households through soc iety's policies, institutions and processes, a dynamic that 

translates these outcomes into assets, but more frequentl y as liabilities for households, for 

example, the financia l burden of caring for the sick in the absence of functioning hea lth 

systems, the cost (social , productive, financial) of mourn ing the dead, or the encumbering 

impacts of social di sgrace (Lautze & Raven-Roberts, 2003) . 
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reducing welfare. Aggregate shocks are more important than idiosyncratic sources of risk, but 

households headed by an employed, educated male are less vulnerable to total shocks than 

are other househo lds. YEP and VEU approaches measure vulnerability at the individual level; 

summll1g overa ll people or households gives a measure of total vu lnerability. But this 

approach uses consumpti on, which may not show the overall vulnerability status of 

househo lds as it is the resuit of a multitude of socio-economie and biophysical factors. 

Vulnerability as uninsured exposure to risk (VER) is similar to YEP and VEU approaches in 

that its eoneem is assessing welfare losses in a world. The diffe rence is that VER is an ex­

post assessment of the extent to which a negative shock caused a we lfare loss, not an ex-ante 

assessment of future poverty (Hoddinott & Quisumbing, 2008). This method assesses the 

impact of shocks by using panel data, to quantify the change as induced consumption. 

Skoufias & Quisumbing (2005) employed this approach to analyze the impact of shocks on 

Bangladesh, Ethiopia, Mali, Mexico, and Russia. All the case studies show that food 

consumption is better insured than non-food consumption from idiosyncratic shocks. Dercon 

(2004) using panel data from rural Ethiopia analyzed household consumption expenditures to 

various shocks, such as drought or idiosyncratic fluctuations in income. The results show that 

rainfall shocks have a greater impact on consumption, which persists for many years. 

There arc several weaknesses of the econometric methods. For example, estimates of impact , 

especially using cross-sectional data are often biased and thus inconclusive without panel 

data set. To make estimates using a single cross-sect ional data, one must make a strong 

assumption that the cross-sectional variabi li ty captures the temporal variabili ty (Hoddinott & 

Quisumbing, 2008) which may not always real. VER docs not measure vulnerability because 

they do not construct probabi lities; instead, they assess whether observed shocks generate 

welfare losses. It is the ex-post assessment of the extent to which a negative shock causes a 

household to deviate from expected welfare (Hoddinott & Qui sumbing, 2008). Another 

important problem in using econometric methods is that they on ly rely on si ngle or limited 

indicators like income or consumption. The concept of vulnerability is complex , which is 

difficult to measure using these limited indicators. In this regard, Moss et al. (200 I) and 

Fussel (2009) argue that vu lnerabi lity assessment should merge several indi cators rather than 

foc using on isolated traits. 

2.4.4.2. Indicator method 

Vulnerabi lity is mu ltidimensional and conceptually comp lex in measuring the potential 

effects of climate change. Scholars argue that to understand the environmental and the socio-
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For example, the significance of rank correlation coefficients can check the degree of 

correlation between two components of vulnerability. Components-wise rankillgs can test the 

unanimity among the components in ranking the regions and components when we consider 

more than two components. Kendall's coeffic ients of concordance carry out this test 

(Internat ional Crops Research Institute for the Semi-Arid Tropics/lCRISAT, 2006). 

The indicator method does not also account for the dynamism in vu lnerability and adapta tion 

as coping and adaptation are in a continual change of strategies to take advantage of 

opportunities (Cutter et aI. , 2003; Adger et aI. , 2004). As time passes, the relative importance 

of variolls indicators can change, external factors can come into force and poli tical priorities 

may change (Su llivan et aI., 2002). Despite the weaknesses, the use of indices as po licy tools 

has become widespread for identifying vulnerabl e peop le, communiti es, regions, sectors and 

areas of adjustment needed for intervention (Sullivan et aI. , 2002; Temesgen, 20 I 0) . 

Therefore, thi s study adopted the indicator method framed with sustainable rural livelihood 

and the !PCC frameworks , the hazard-of-place model, and the livelihood vu lnerability index. 

2.4.4.3. All illdex approach to vulllerability s tudy: Reflexive vs. formative models 

There is a shift from more qualitative work to quantitati ve measures of vulnerability. Thi s 

shift is due to advancement in vulnerability sc ience and the need for empirically derived 

information tu support the adaptation planning processes and the scientillc support Irom 

!PCC for climate change policies (ICRISAT, 2006). Quantitative assessment of vulnerability 

is often done by constructing a vulnerability index based on severa l sets of indi cators for 

identifying the vulnerabl e places and social groups. It produces a si ngle number to compare 

diffe rent places (Adger et aI., 2004; Eriksen & Kelly, 2004; Vincent, 2004; ECRISAT, 2006) . 

Some literature on index constructi on argues that a good measure of the validity of the index 

is the internal cOITclation between the individual ind icators used in the index . The relevance 

of thi s criterion, however, depends on the relat ionship between the indicators and the 

construct they measure. T his depends on whether the index is based on a reflexive or a 

format ive measurement model. In a reflexive model, the construct (index) is a measure of 

underlying construct whi ch in flu ences the indicators (Vincent, 2004; ICRI SAT, 2006). For 

instance, a poverty index is a good examp le of reflex ive measurement because poverty 

influences the indicators slIch as literacy, expenditure and so on and all these indicators 

correlate each other (ECR ISAT, 2006). 

In a formative measurement model, all the indicators have an impact on the construct. In the 

case of a vulnerabil ity index, all the indicators have an impact on the vulnerabili ty of the 
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Some literature on index constructi on argues that a good measure of the validity of the index 

is the internal cOITclation between the individual ind icators used in the index . The relevance 

of thi s criterion, however, depends on the relat ionship between the indicators and the 

construct they measure. T his depends on whether the index is based on a reflexive or a 

format ive measurement model. In a reflexive model, the construct (index) is a measure of 

underlying construct whi ch in flu ences the indicators (Vincent, 2004; ICRI SAT, 2006). For 
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case of a vulnerabil ity index, all the indicators have an impact on the vulnerabili ty of the 
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region to climate change. For example, the freq uency of extreme weather events and distance 

to sources of a hazard, all contribute to the vulnerability of th e region to climate change. 

Hence, vul nerability index is a formative measurement and the indicators chosen need not to 

have internal correlation (Vincent, 2004; ICRISAT, 2006). DitTerent factors can influence a 

place or an ind ividual positively or inversely, for instance, slope angle, soil degradati on, 

literacy rates, and irri gation, but this need not necessaril y correlated each other. 

Although an index has many meanings in di fferent di sciplines (mathematics, econom ICS, 

business and finance), for this study, it is a numerica l scale calculated from a set of variab les 

selected for all the agro-eco logics and used to compare them with one another or with some 

reference point (ICRISA T, 2006). That is, this numeric va lue is used to rank various 

component indi cators and agro-ecological zones. Indices always li e from zero to one and 

sometimes expressed in percentage, which makes it easy to compare geographical entities 

and a range of indicators (Vincent, 2004; ICRISA T, 2006; Hahn et aI. , 2009). 

During the past 30 years, a number of ind ices re lated to vulnerability, sustai nability, and 

quality of li fe gained prominence in the literature. Among the well-known indi ces, which are 

regularly used for government policy include the consumer price index and the index of 

industrial output, both of which, measure some economic change over time. Environmental 

Vulnerability Index (Kaly et aI. , 1999); Environmental Sustainability Index, I-Iuman 

Development Index, Human Well-being Index, Human Povelty Index, and Water Poverty 

Index are composite indices which evaluate the performance of countries relative to each 

other, and over time (Sulli van et aI. , 2002) . 

Environmental Vulnerability Index (EVI) developed by the South Pacific Applied 

Geoscience Commission (SO PAC) is one of the earliest efforts to examine vulnerability to 

environmental changes (Kaly et aI. , 1999). It provides a measure of vulnerab ility for the 

environment which could be calculated on the scale of entire states of Fiji, Samoa, Tu valu 

and Vanuatu . The EV] was ini tiall y developed for the purpose of ranking countries and 

providing a single-figure express ion of their relati ve environmental vulnerabilities. Since 

1990, the Human Development Index (HOI) has been prepared annually as part of the Human 

Development Report of the United Nations Developmcnt Program (UN DP, 20 I 0). It consists 

of three equal weighted sub-indi ces, which are aggregated by an arithmetic mean: Life 

Expectancy Index , Education Index, and a Gross National Product (GN P) Index. The HO I 

has a strong foc us on the social dimension of sustainab le development (Vincent, 2004; 

[CRISAT, 2006). Easter (2000) construc ted a vulnerab ility index fo r the commonwealth 
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countries based on two principles. First, the impact of external shocks that are affecting the 
countries and second the resilience of the countries to withstand and recover from such 
shocks ( ICR ISA T, 2006). Moss and colleagues (200 I) identified ten proxies fo r five sectors 
of climate sensitivit ies, which are settlement sensi tivity, food security, human hea lth, 
ecosystem and water availab ilit y and seven proxies for three sectors of coping and adapt ive 
capacity, economic capacity, human resources and environmental resource capacity. Prox ies 
were aggregated into sectoral indicators, sensitivity ind icators and coping-adaptive capacity 
indicators and finally constructed vulnerability resi lience indicators. 

Vincent (2004) created an index to assess relative levels of social vulnerabi lity to climate 
change induced variations in water avail ability and allow cross country comparison in Africa. 
An aggregated index of social vulnerability was formed through the weighted average of five 
composite sub-indices, w hich are economic well-being and stabili ty, demographic structure, 
institutional stabi lity and strength of public infrastructure, global inter-connectivity and 
dependence on natural resources. The Environmenta l Sustainabili ty Index (ES I) quantifies 
the likelihood that a country will be able to preserve valuable natural resources effectively 
over the period of several decades (Esty et aI. , 200S). The ES I assesses the sustainability of 
146 nations based on fi ve core components: environmental system and stresses, human 
vulnerability to environmental stresses, social and institutional capacity, and global 
stewardship. The index uses 76 variables reduced to 21 sub-indices to create an overall 
vulnerabi lity score by summing each sub-index and then taking the average of five 
components. For normalization, the standard deviation is calculated for each variab le. The 
three aggregat ion steps consist of ar ithmetic means with equal weights. 

The li velihood vulnerabi lity index using hybrid indicators of sustai nable li veli hood and !PCC 
frameworks were calculated in two districts of Mozambique (Hahn et aI. , 2009) and Nepal 
(Lamichhane, 20 10). In many literatures quantitative study of vulnerabili ty is usually done by 
creating the vulnerability index based on several sets of indicators to produce a single number 
that can be used to com pare different regions (Vincent, 2004; Hahn et aI. , 2009). Both 
primary and secondary data can be used to construct the livelihood vulnerability index so that 
it helps avoid the problems of re lying on a single data source and dependence on cl imate 
models, whic h need advanced skill and are uncertain to give correct projections for local 
conditions (Hahn et aI., 2009). Very few regional to sub-regional climate change scenarios or 
empirical downscaling have been constructed in Africa due to lack of climate data, human 
resources, and computat ional facilities (lPCC, 2007). In countri es like Ethiopia, wi th di vcrse 
topography, regional climate projection likely mask differences in vulnerabil ity among 
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communities. Hahn et al. (2009) proclaimed that rather than structming vulnerability 

assessment around climate projections, the LVI approach quantifies the current livelihood 

systems and cOlllmunity capacities to reduce the adverse effects of c li mate-related ex posures. 

The LVI is designed to understand biophysical and socio-economic factors contributing to 

cl imate vulnerability at the di ffe rent levels. It is designed fl exibl y so that future researchers 

can readjust their analyses to suit the needs of a speci fic geographic area. In addition to the 

overa ll composite index, sectoral vulnerab ility scores can be segregated to fi nd most 

susceptible sectors and potential intervention areas (Hahn et aI., 2009). 

Construction of a vu lnerab ili ty index consists of several steps: the choice of the study area, 

which consists of many regions, selecting a set of indicators, collecting da ta, standardization 

and calcu lating the compos ite indices for different regions (Vincent , 2004; ECRISAT, 2006; 

Hahn et aI., 2009). Two approaches are fo und : the first expresses the LVI as a composite 

index consisted o f major components (Hahn et aI. , 2009), which this study applied whi le the 

second aggregates the six components into the !PCC's three contributing facto rs to 

vulnerability-exposure, sensitivi ty, and adaptive capacity (Gbetibouo & Ringler, 2009; 

Heltberg & Bonch-Osmolovskiy, 20 II ). Aga in, there are two choices of ana lyzing 

vulnerabi li ty at any sca le using the indicator-method. The first is the equal weighting method, 

assum ing that all indicators have equal importance (Hahn et aI. , 2009). The second is the 

unequa l weighting method assigning different weights to the ind icators used. To make up 

weight differences of indicators many approaches have been suggested. Some of these 

methods include: use of expert judgment (Kaly et aI. , 1999; Vincent, 2004), pri ncipal 

component analysis (Cutter et aI. , 2003; Temesgen, 20 I 0), correlat ion with the past events 

(Brooks et aI. , 2005) and employing fuzzy logic (Eakin & Bojorquez-Tapia, 2008). 

2.5. Perception to climate change 

Climate change has become a challenge whi ch touches upon all spheres of Ii fe throughout the 

world in recent times and it will cont inue to be even morc so in the decades to come. It is a 

new and a huge challenge to humanity. Ethiopia is one those countries that are or going to be 

severely affected by climate change, the so lution of which partly depends on how its key 

rural households and loca l practitioners perceive the problem. Scientific evidences now 

abound about the inevitabi lity of climate change and what measures should be taken to 

combat it . In sp ite of this, peop le of the world, from policy-makers down to the individual , 

are bogged down in an awkward of conflicting mindsets of urgency, disbelief: reservat ions or 

indecision about the extent of the threat and the responses to it. To fight against the problem, 

understanding the perceptions of all that have stake in it provides with stronger ground for 
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decision-making process. For thi s reason perception research on climate change becomes 

extremely crucial (Yohannes, 2012). Referring to several scho lars (e.g., Bordl et aI. , 1998; 

Leiserowitz, 2005), the same author argued that the lik ely response of the public to climate 

impacts and initiatives needs to be known because such responses can attenuate or amplify 

impacts. Hc also stresses that public risk perceptions can fundamentally compel or constrain 

po lit ical , economic and social act ion to address particul ar risks. 

2.5.1. Concepts of perception to climate change 

Perception is the process of attaining understanding the elements of thc surrounding 

environment based on what is observed or thought-through ph ysica l sensation (Ramanov, 

2009). In the case of climate change, it refers to whether fanners understand the changing 

temperature and rain fa ll patterns over time and respond to the negative impact through 

adaptation (Madi son, 2006). Based on a study conducted in Switzerland Yah annes (2012) 

explained that most perceptions of climate change are simpl y based on human expectations 

(snow in wi nter, suns hine in summer) which are I ittle re lated to observational ev idence from 

instrumental records. Similar observation was reported in northern Eth iopia where divergence 

between perceptions and rai nfall measurements can be associated with changes in peoples' 

need for rainfall. Reasoning out why perceptions are reduced to the level of everyday 

experience is pointed to the fact that direct perception of global change is impossible because 

the changes are too abstract to relate to everyday personal expcriences as thcy have vast 

spatial and extended temporal sca les. For this reason, people are more inclined to make 

judgments about climate change based on weather rather than on c limate where the effects of 

the later are perceived to be sudden and severe (Yohannes, 20 12). Short-term changes which 

come in the forms of weather extremes are mistakenly taken to be manifestations of climate 

change. For instance, extreme weather events in the UK, like the historical drought conditi ons 

of the 1930s and the 1990s have served as worst-case scenarios providing a ' better ' bas is for 

planning (Yohannes, 2012). 

The reli ance on short-term sIgns to interpret climate change is quite expected because 

weather evcnts have greater associat ion with the time horizon of people ' s everyday life rather 

than climate change which occurs on a longer time sca le. Farmers may unable to 

accommodate the thought of a global climate change causi ng the gradual extinction of thei r 

agricul tural commodities attached the incidence to spiritual dimension (Madi son, 2006, 

Mentez et ai, 2008). The traditional perception of risk would contrast the everyday inaccurate 

and irrational percept ions o f people against the real sc ient ific probab ility of risk (Prowse, 

46 

decision-making process. For thi s reason perception research on climate change becomes 

extremely crucial (Yohannes, 2012). Referring to several scho lars (e.g., Bordl et aI. , 1998; 

Leiserowitz, 2005), the same author argued that the lik ely response of the public to climate 

impacts and initiatives needs to be known because such responses can attenuate or amplify 

impacts. Hc also stresses that public risk perceptions can fundamentally compel or constrain 

po lit ical , economic and social act ion to address particul ar risks. 

2.5.1. Concepts of perception to climate change 

Perception is the process of attaining understanding the elements of thc surrounding 

environment based on what is observed or thought-through ph ysica l sensation (Ramanov, 

2009). In the case of climate change, it refers to whether fanners understand the changing 

temperature and rain fa ll patterns over time and respond to the negative impact through 

adaptation (Madi son, 2006). Based on a study conducted in Switzerland Yah annes (2012) 

explained that most perceptions of climate change are simpl y based on human expectations 

(snow in wi nter, suns hine in summer) which are I ittle re lated to observational ev idence from 

instrumental records. Similar observation was reported in northern Eth iopia where divergence 

between perceptions and rai nfall measurements can be associated with changes in peoples' 

need for rainfall. Reasoning out why perceptions are reduced to the level of everyday 

experience is pointed to the fact that direct perception of global change is impossible because 

the changes are too abstract to relate to everyday personal expcriences as thcy have vast 

spatial and extended temporal sca les. For this reason, people are more inclined to make 

judgments about climate change based on weather rather than on c limate where the effects of 

the later are perceived to be sudden and severe (Yohannes, 20 12). Short-term changes which 

come in the forms of weather extremes are mistakenly taken to be manifestations of climate 

change. For instance, extreme weather events in the UK, like the historical drought conditi ons 

of the 1930s and the 1990s have served as worst-case scenarios providing a ' better ' bas is for 

planning (Yohannes, 2012). 

The reli ance on short-term sIgns to interpret climate change is quite expected because 

weather evcnts have greater associat ion with the time horizon of people ' s everyday life rather 

than climate change which occurs on a longer time sca le. Farmers may unable to 

accommodate the thought of a global climate change causi ng the gradual extinction of thei r 

agricul tural commodities attached the incidence to spiritual dimension (Madi son, 2006, 

Mentez et ai, 2008). The traditional perception of risk would contrast the everyday inaccurate 

and irrational percept ions o f people against the real sc ient ific probab ility of risk (Prowse, 

46 



2003). Same author outlines three broad modes of perccption of ri sk of hazards referring 

Smith ( 1996): detenninate, dissonant , and probabil isti c perceptions. Dete1111inate perception 

refers to an understanding that seeks to impose order upon the random nature of risks and 

hazards, often by reference to an order or cycle of events. Dissonant perception basically 

threats denial of occurrence of hazard risks and questions past ri sks and hazards or 

rationalizes them as ' freak' events while probabilistic perception is close ly connected to 

rational evaluation and random nature of risks and their potential consequences. This places 

responsibility of the threat to a higher authority such as God or government (Prowse, 2003). 

Peop le have d i fferent modes of' understanding the risks, and such perceptions wi ll change 

based on the experience of the individual, the social and cultural settings in which these 

perceptions are f01111ed. In this sense, it should be recognized that ri sk perception, and 

assessment are grounded in the physical, social, and cultural environment. Moreover, there is 

a need to move away from just viewing perception of risks as being constrained solely by 

imperfect information, but to recognize the relationship between structure and agency, which 

can determine awareness and response to risk (Prowse, 2003). Climate change studies have 

recognized the importance of fa nners' perceptions and risk management choices more 

recently (S mit & Skinner, 2002). 

Perception is a prerequi site for adaptation (Madison, 2006; Temesgen et aI., 2009; Temesgen, 

20 I 0). Perception researchers concluded that perception decides over resource allocation. 

Without perceiving the risk adequatel y, all other determents seem meaningless. They 

therefore saw perception as a precondition for adaptation (Falaki et al. (201 3). Publi c 

responses have two predictors: accurate understanding of the process of climate change and 

the perception that the r isks associated with the consequences of climate change are of a 

higher magnitude. Alth ough both are vital predi ctors, it is the ri sk perccption that to a greater 

extent influences the public support to or opposition to proposed climate po licies than the 

level of awareness does. Howcver, risk perception as a predictor of the public cndorsement of 

proposed climate change actions should be put in a proper context. The spatial dimension or 

proximity; i.e. the role of place is critica l in shapi ng such pe rceptions. That means, how close 

geographically the manifestat ions of c limate change would be determines how the 

perceptions of ri sk are shaped (Yohmmes, 2012). Many farmers in most of African countries, 

includ ing Ethiopia havc a lrcady perceived increasing temperature, decreasing rainfall , and 

changes in the timing and duration o f rainfall consistent wi th the reports of Meteorological 

Services Agencies (Madison, 2006; Mentez et a I. , 2008; Gbetibouo, 2009; Temesgen et aI. , 

2009; Tcmesgen, 20 I 0). 
47 

2003). Same author outlines three broad modes of perccption of ri sk of hazards referring 

Smith ( 1996): detenninate, dissonant , and probabil isti c perceptions. Dete1111inate perception 

refers to an understanding that seeks to impose order upon the random nature of risks and 

hazards, often by reference to an order or cycle of events. Dissonant perception basically 

threats denial of occurrence of hazard risks and questions past ri sks and hazards or 

rationalizes them as ' freak' events while probabilistic perception is close ly connected to 

rational evaluation and random nature of risks and their potential consequences. This places 

responsibility of the threat to a higher authority such as God or government (Prowse, 2003). 

Peop le have d i fferent modes of' understanding the risks, and such perceptions wi ll change 

based on the experience of the individual, the social and cultural settings in which these 

perceptions are f01111ed. In this sense, it should be recognized that ri sk perception, and 

assessment are grounded in the physical, social, and cultural environment. Moreover, there is 

a need to move away from just viewing perception of risks as being constrained solely by 

imperfect information, but to recognize the relationship between structure and agency, which 

can determine awareness and response to risk (Prowse, 2003). Climate change studies have 

recognized the importance of fa nners' perceptions and risk management choices more 

recently (S mit & Skinner, 2002). 

Perception is a prerequi site for adaptation (Madison, 2006; Temesgen et aI., 2009; Temesgen, 

20 I 0). Perception researchers concluded that perception decides over resource allocation. 

Without perceiving the risk adequatel y, all other determents seem meaningless. They 

therefore saw perception as a precondition for adaptation (Falaki et al. (201 3). Publi c 

responses have two predictors: accurate understanding of the process of climate change and 

the perception that the r isks associated with the consequences of climate change are of a 

higher magnitude. Alth ough both are vital predi ctors, it is the ri sk perccption that to a greater 

extent influences the public support to or opposition to proposed climate po licies than the 

level of awareness does. Howcver, risk perception as a predictor of the public cndorsement of 

proposed climate change actions should be put in a proper context. The spatial dimension or 

proximity; i.e. the role of place is critica l in shapi ng such pe rceptions. That means, how close 

geographically the manifestat ions of c limate change would be determines how the 

perceptions of ri sk are shaped (Yohmmes, 2012). Many farmers in most of African countries, 

includ ing Ethiopia havc a lrcady perceived increasing temperature, decreasing rainfall , and 

changes in the timing and duration o f rainfall consistent wi th the reports of Meteorological 

Services Agencies (Madison, 2006; Mentez et a I. , 2008; Gbetibouo, 2009; Temesgen et aI. , 

2009; Tcmesgen, 20 I 0). 
47 



2.5.2. Determinants of perception to climate change 

Perception determines the social mental picture of climate change. A number of variables like 

socia-demographic and socio-economic facto rs or ideo logica l orientations influence 

perception and the mental picture of cli mate change. It is highly criticized that previous 

research works are too much focused on finan cial , techni cal, or institutional constraints of 

perception and adaptive capacity. Although they agreed that systems wi th limited economic 

resources, low levels of technology, poor informati on, unstable or weak institutions, and 

inequitable empowerment and access to resources are limited when it comes to perception 

and adaptation to climate change (Falaki et al.. 20 13). 

Yohannes (2012) referring to Kankaanpaa et aJ. (2005) recognized two categories of 

stakeholders in the climate change perception research: those that arc affected by climate 

change and those that are best positioned to advance adaptation to cl imate change impacts. 

He further mentioned some examples of research on climate change perception conducted on 

the first category of stakeholders: fa nners in northern Ethiopia by Meze-Hausken (2004); in 

the Sahel by Mertz et al. (2009) ; arable food crop fanners in southwestell1 N igeri a by Apata 

et al. (2009) and wine growers in France, Germany and Italy by Battaglin et a J. (2009); 

international tourists in Zanzibar by Gossl ing et aJ. (2006) and nature-based tourism 
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determinants of fanners' perception. Madison (2006) noted that farmers who have more 

experience, connection with experienced neighboring fa rmers, and access to climate 

information were in a better position to distinguish c1imale change. 
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The changes in climate alone will not determine the adverse effects of climate variability and 

change on human welfare and natural systems. The sensitivity and adaptability of the human 
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fundamental response options to reduce the risks posed by anthropogenic climate change 

(lPCC, 200 1; Klein, 2003; Fussel & Klein, 2005; Fussel, 2007). 

2.6. 1. The roots of the adaptation concept 

Adaptation has ex isted since the beginnin g of human presence to mlll lmize the adverse 

effects of environmental change and take the advantage of the li kely opportunities. However, 

the antlu'opogenic climate change represents a new need (Smithers & Smit, 1997). The notion 

of adaptation has roots in physical sciences, namely population biology and evolutionary 

ecology (Smithers & Smit, 1997) focus ing on the development of genet ic or behavioral traits, 

which allow ind ividual systems to cope with environmental changes, to ensure spccies 

survival (Smithers & Smit, 1997; Smit & Wandel, 2006). Ecological conccpts li ke to lerance, 

stability, and resi li ence have been used to descr ibe the propensity of biological systems to 

adapt to ecosystem changcs (Holling, 1973). 

The application of the term adaptation to human systems is traced to anthropology and 

cultural ecology described as the adjustment of culture cores to the natural environment (Smit 

el aI., 2000; Smit & Wandel, 2006) concerned with the success, or the survival of a culture. 

Anthropologists and archaeologists suggesl that adaptation is a consequence of selection 

acting on variat ion in practices, which have allowed a culture to survive. Cultural practices 

are, thus equated w ith genetic characterist ics in the natural scit:nces. In this Darwinian view, 

a group whi ch does not have adequate methods of copi ng with environmental stress, will not 

be able to compete fo r scarce resources and will fai l to continue (Holling, 1973; Smit & 

Wandel, 2006). 

Cultural adaptat ion referred to as a process of change in responsc to a change in the 

environment or in the internal st imul i, such as demography, econom ics, and organizat ion , 

thereby human systems adapt beyond biophysical pressure (S mit & Wandel, 2006). 

Moreover, adaptive strategies are an integral element of development in that they provide 

societies with the abili ty to manage not only environmental variability, but also perturbations 

in social, economic, and poli tical variab les. This implies that adaptat ion paradigm has a wide 

application in the social sciences in the context of hu man-environment interaction (S mithers 

& Smit, 1997; Schipper, 2004). An important distinction between the biophysical and human 

systems is that humans possess the abi li ty to plan and manage adaptation. While the 

responses of biologieal sys tems to perturbations are enti rely reactive, the responses of human 

systems are both reac tive and proactive by incorporating environmental perception and risk 

evaluation. Furthe11110re, human systems may adjust in pursuit of goals other than mere 
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species survival, for example, to enha nce quali ty of liD or to exploit perceived opportuniti 

(Sm ithers & Smit, 1997). 

The adaptation parad igms are visible in many scholarly fi elds, including hum an and cultural 

eco logy, natural hazards research, eco logical anthropology, political ecology, cultural 

geography, ecological economics, the entitlements and food security researches, and more 

recently, climate impact research. Applications in these various fi elds of inquiry have led to 

some distinct interpretati ons of the concept of adaptat ion. For example, some models of 

cultural adaptation foc us on the comm unal behavior of systems, while others give emphasis 

to the role of individuals as dec ision-makers (Smithers & Smit, 1997). Still some other 

scholars have emp loyed the concepts of ecological change with a focus on fl ows of matter, 

energy and information and related concepts of res ilience, equilibrium and adaptive 

management. Others, in the natural hazards perspective, have focused on perception, 

adjustment and management of environmental hazards (S mit & Wandel, 2006). Recentl y its 

concept has been linked to cl imate change adaptati on (Fussel, 2007b; IPCC, 2007). 

In the contex t of the human dimension of global cha nge. adaptation usually refers to a 

process, action or outcome in a system (household, com munity, sector, region, country, and 

world) in order for the system to cope with , manage, or adjust to some changing condit ion, 

st ress, hazard, risk or opportunity (S mit & Wandel, 2006). Watson and co lleagues ( 1997) 

define adaptability as the degree to which adjustments are possible in practi ce, process, or 

structure of systems to projected or actual change of climate. It can be spontaneous or 

planned, and carried out in response to, or in anticipat ion of changes in climate. This 

definit ion is almost similar to the defi nitions given by Smit et al. (2000 :225), which states 

adaptation as "adj ustment s in ecological-socia-economic systems against actua l or expected 

cl imatic stimuli , their effects, or impact". These definitions have touched all fonus of 

adaptation such as spontaneous, planned, reactive, and proactive. 

Piclkc ( 1998: 159) dcfines adapta tions as the "adjustments in indi vidual , groups and 

institutional behavior in order to reduce society's vulnerability to climate chan ge." Brooks 

(2003:8) describes adaptation as "adjustments in a system 's behavior and characteristics that 

enhance its abil ity to cope with external stresses." Fussel and Kl ein (2005) define adaptation 

as ac tions targeted at the vulnerable system in response to ac tual or cxpected climatic stimuli 

with the objecti vc of moderating harm and/or exploi ti ng opportuni tics fro m climate change. 

The Canadi an National Assess ment defi nes adaptat ion slightl y in different ways that 

adaptat ion is mak ing adjustments in decisions, ac tivities and thinking because of observed or 
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anticipated changes in climate, in order to moderate harm or take advantage of new 

opportunities. These defini ti ons are very similar to that for disaster risk reducti on, although 

limited to climate-related hazards (Mc Bean & Rodgers, 20 10). 

All the stated theoretical explanations have much in common. They all refe r to adjustments in 

a system in response to climatic stimuli and indicate differences in scope, application, and 

interpretation of the term adaptation. For instance, the question 'adapt to what?' is answered 

in different ways. It can refer to climate change and variation, or just to climate and 

environment. It can be in response to adverse effects of hazards or vulnerabi lities, but it can 

also be exploiting positive opportunities. It can be in response to the past, actual , or 

anticipated conditions, changes or opPOltunities (Smit et aI., 2000). There arc also differences 

in how the definitions relate to the quest ion "who or what adapts?" It can be people, social 

groups, economic sectors and activities, natural or ecologica l systems, practices, processes, or 

stmctures of the systems. The nature of adaptation and its effects will vary not only according 

to whether the object is physical or socio-economic, small or large scale, single sectOl"ispccies 

or complex system, but also according to the propert ies that relate to the adaptation 

propens ity such as adaptabi lity, vulnerability, viabi lity, sens iti vity, susceptibility, rcsi lience 

and flexibility (Smit et aI. , 2000). 

2.6.2. Typology of climate change adaptation 

Potential adaptation options to reduce the negati ve impact of climate change, or exploit the 

positive opportun ities to places or sectors were highlighted. About 228 di ffere nt adaptation 

measures, whether they are pass ive, reactive, ant icipatory, planned or autonomolls, were 

identified by !PCC (2001). There are various ways to classify adaptat ion options. 

Depending on their timing, goa l, and motive of implementation, Smit (1999) and Klein 

(2003) classified adaptation strategies as reactive and proactive. Reactive (ex -post) adaptation 

takes place after impacts of climate change have been observed. Provision of emergency 

assistance (relief) to fl ood victims and drought affected people (share losses) and measures to 

rehabilitate and reconstruct the damaged property and communities arc part of thi s adaptation 

process (UNEP, 1998). Reactive adaptation is in fo rmed by direct experience; hence, 

resources can be allocated to known risks. In this sense, adaptat ion historically has becn 

largely, but not entirely reactive (Burton et aI., 2006). On the contrary, proactive 

(anticipatory) adaptation takes place before the impact of c limate change is observed. 

Proactive adaptation, unlike reacti ve adaptat ion, is fO lward- looking and takes into account 

the inherent uncertainties assoc iated with anticipating change. This means, it aims to reduce 
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2003; Burton et aI. , 2006). Others are pub lic adaptations, which are initiated and 

implemented by the governments on the behalf of society at all levels usuall y directed at 

co llective needs, sometimes in anticipation of climate chan ge and often in response to human 

and non-human populat ions (Adger, 2003; Burton et aI., 2006). Thus, autonomous and 

planned adaptations largely correspond to private and public adaptation respectively. 

Autonomous adaptation is the base for evaluating the need for planned anticipatory 

adaptation (Klein, 2003). Although there is a considerable faith to enhance the capacity of 

private systems for autonomous adaptation, limited information, lack of knowledge, and low 

access to resources has shifted the emphasis towards anticipatory planned adaptation (Klein, 

2003). Article 3.3 of the UNFCCC suggests that anticipatory planned adaptation (as well as 

mitigation) deserves particular attention from the international climate change community: 

The Parties should take precautionary measures to ant icipate, prevent or 
minimize the causes of cl imate change and mitigate it s adverse effects. 
Where there are threats of serious or irreversible damage, lack of fu ll 
scienti fic certainty should not be used as a reason for postponing such 
measures, taking into account that policies and measures to deal with 
climate change should be cost-effective so as to ensure global benefits at 
the lowest possible cost (Klein, 2003:4) . 

Five generic objectives of anticipatory adaptation are identified (Klein, 2003): ( I) increasing 

robustness of infrastructural designs and long-term investments; (2) increasing flexib ility of 

vulnerable systems through allowing mid-term adjustments, change of activities or location, 

and/or reducing economi c lifetimes, including increasi ng depreciation; (3) enhancing 

adaptability of vu lnerab le natural systems by reducing non-climatic stresses and/or removing 

barriers to migration; (4) reversing trends that increase vulnerability (maladaptation) by 

introducing setbacks for development in susceptible areas such as flood plains and coastal 

zones; (5) improving societal awareness and preparedness by informing the public of the 

risks and possible consequences of c limate change and/or setting up early-warning systems. 

UNEP (1998) and McBean & Rodgers (20 I 0) classified adaptation measures discussed above 

into the following generic options or common categories. 

I. Bear losses {/Ildior sllare tl,e losses. Bear loss refers to the response of doing nothing, 

except accepting the losses when the affected groups have no capacity to respond or where 

the costs of adaptation measures are very high in re lation to the risk or the expected damages 

(UNEP, 1998). In many less-developed societies, there may be no option other than to bear 

the loss and try to continue (McBeans & Rodgers, 20 I 0). This category may not be 

applicable in the real situations as societies can take at least one action at times of climatic 
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di saster. Sharing the losses involves among a wider community both in traditional and 
advanced societies. In conventional societies, losses have been shared through extended 
familics in villages and small -sca le community assistance at the local level (autonomous 
adaptation). On the other hand, in more developed societies with additional resources sharing 
the losses could be through relief, rehabilitation, and reconstruction paid from public fund s. 
Insurance, either through government or pri vate insurance compani es, is another way o f 
sharing loses (UNEP, 1998; McBeans & Rodgers, 20 I 0). This adaptation option can be 
categorized as planned adaptation and mostly fa lls in the reactive adj ustment. 

2. ModifY the threat (II/d/or prevellt the effects: these are actions that provide adaptation 
benefits by exercising a control over some environmental threats such as drought and floods 
through possible measures like flood control works (dams, dikes, levees), so il conservation 
structures and planting trees to modify the threat or prevent the effects over the low-lying 
coastal areas (UNEP, 1998; McBeans & Rodgers, 20 I 0). Reducing evaporation from ponds 
through improved shading, and mulching on nursery sites and so forth can also modify the 
threat or prevent the effects (McBeans & Rodgers, 20 I 0). This can be e ither reactive or 
proactive adaptation based on the time of intervention; or planned or autonomous, private or 
public. If the intervention is after the occurrence of a flood, it can be reactive and if the work 
is done in anticipating future occurrence, it can be proacti ve. In agriculture, changing crop 
management practices such as increased irrigation water, fertilizer use, and pest and disease 
control can prevent the effects of climate variability or change. For climate change, the major 
modification possibi lity is to slow the rate of climate change by miti gat ion (McBeans & 
Rodgers, 20 I 0). This category is related to agricultural technology adoption and insti tutional 
capacity. The establishment of early-warning systems for flooding or heat waves, or 
introduction of heat-or drought-resistant crop varieties can a lso be typical examples (UNEP, 
1998; McBeans & Rodgers, 20 I 0). 

3. Change lise afl(l/or locatioll : these actions are undertaken when the threat of climate 
change makes the continuation of a given activity impossible or put in the extremely risky 
si tuation. For example, crop land could be used to shift to a variety of crops or the crops 
being threatened could be grown in different locations. A fa rmer may be ab le to shift crops to 
livestock or vice-versa that is better suited to changing climat ic condi tion s. Similarly, crop 
land may be returned to pasture or fore st or other uses may be found such as recreation, 
wildli fe refuges, or nati onal parks (UNEP, 1998; McBean & Rodgers, 2010). Changing 
location is the most extreme response, for examp le, relocating maj or crops and farming 
regions away from areas of increased aridity and heat to areas that are cu rrently cooler and 
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Table 3: Characteristics of mit igation and adaptation 

Criteria 
Benefited system 
Scale of effect 
Li fe time 
Lead time 
Effectiveness 
Ancillary benefits 
Polluter pays 
Payer benefits 
Monitoring 

Source: Fussel and Klein, 2005 

Mitigation of climatc change 
All system 
Global 
Centuries 
Decades 
Certain 
Sometimes 
Typi ca lly yes 
Only litt le 
Relat ively easy 

Adaptation to climate change 
Selected system 
Local to regional 
Years to centuries 
Immediate to decades 
Generall y less certain 
Mostly 
Not necessarily 
Almost full y 
More difficu lt 

Three schools of thought exist in regard to the adopti on of mitigation and adaptation 

responses to climate change. These thoughts include: preventioni st or limitationi st, 

adaptat ionist, and realist views. Klein (2003) noted the reason for the limited attention to 

adaptation lies in the existence of two distinct schools of thought (preventionist and 

adaptat ionist) about climate change. Preventionist school acknowledges the catastrophic 

effects of on-going concentrat ions of atmospheric GHGs and the need for actions to reduce 

emissions as a vital response (Schipper, 2004; Klein et aI. , 2005). This paradi gm strongly 

supports the mitigation poli cy of climate change. The justifications have been: First, 

mitigating climate change helps reduce the impacts on all climate-sensitive systems, whereas 

the potential of adaptation measures is limited for many systems. Second, reducing GHG 

emissions app lies the po lluter-pays principle, whereas the need for adaptation will be greatest 

in deve loping countries, which have quite little contribution to climate change. Third, Gi-IG 

emISSIon reduct ions are re latively easy to monitor quantitatively, both III amount and 

deviation from an established baseline. However, it is more difficult to measure the 

effectiveness of adaptation in terms of impact avoided, or to ensure that international 

ass istance to faci litate adaptat ion would be full y addit ional to ex isting development aid 

budgets (Fussel & Klein, 2005). 

The adaptationist school supported neither adaptation nor mitigation. Proponents argue that 

natural and human systems have a long history o f adapting naturally to changi ng 

circumstances and that active adaptation would constinlte interference with these systems, 

bring high social costs (Klein, 2003). This view signified the ' invisible hand ' of either natural 

selection, or market forc es th at will ensure adapta tion without the need fo r poli cy 

intervention. Scholars argue that both the li mitationist and adaptati on ist vIews discourage 

research on adaptation (Kle in , 2003; Schipper, 2004). 
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The third paradigm has been labeled as realist school emerged followin g the publication of 

the !PCC Second Assessment RepOlt. The realist school positions itself in between the two 

extreme views of the preventionists and adaptationists. Realists considered climate change as 

a fact, acknowledged uncertainty of impact, and considered adaptation as a realistic response 

option together with mitigation (Pielke, 1998; Fussel, Klein, 2005). Moreover, realists realize 

that the planning and imp lementation of effective adaptat ion options take time and know that 

a process mllst be set to consider adaptation as a crllcial response option a long with 

mitigation (Pielke, 1998). Klein (2003) argues that the emerging policy responses, such as the 

funds created by the Marakash Accords to finance adaptation, reflect the realist view. 

Scholars view these Accords as the most balanced and precautious approach that recognizes 

the vulnerability and lack of capacity of developing countries to adapt to climate change that 

is ignored by other two extreme views (Schipper, 2004). Today, the two response options to 

climate change in the poli cy hi ghli ghts are mitigat ion and adaptation. 

2.6.3. Adaptation in the context of UNFCCC 

Since the [PCC confirmed that humans are, at least in pal1, responsible for climate change 

and that some impacts can no longer be avoided, academic and policy attention has increased 

sharp ly for adaptation (Klein et aI., 2005; Burton, 2009). The role of adaptation is intricately 

linked wi th non-climatic developments and takes place in a dynamic societal context, in 

which several actors pursue different interests (Klein, 2003; Klein et a!. , 2005). There are 

convincing arguments for a morc comprehensive cons ideration of adaptation as a response 

measure to climate change. First, anthropogenic GHG emissions are already affecting 

average climate conditions and climate extremes, which can no longer be prevented even by 

the most ambitious emission reductions (Fussel & Klein, 2005; Fussel, 2007b). Second, 

climate wi ll continue to change for the forcseeable futu re as a result of accumulation of 

GHGs emitted in the past and the rate of global warming in the next decades is projected to 

be faster than in the last decades (JPCC, 2007). Third, the effect of emission reductions takes 

several decades to manifest fu lly, whereas most adaptation measures have more immediate 

benefits. FOUl1h, adaptations can be effecti vely implemented on a local or regional scale, 

whereas mitigation requires internationa l cooperation , so that the e ffi cacy is dependent on the 

actions of others. Fifth, most adaptations to cl imate change also reduce the risks associated 

with present climate variabili ty, wh ich is a ruth less hazard in many regions (Smit et aI. , 1999; 

Fussel & Klein, 2005). Finally, many measures undertaken to adapt to climate change have 

important ancillary benefi ts fo r reducing current climate-sensitive risks (Fussel, 2007b). 
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From an international policy point of view, the importance of adaptation was first confirmed 

at the third conference of the Parties (CO P-3, 1997) to the United Nations Framework 

Convention on Climate Change (UNFCCC) in Kyoto (Klein. 2003). The UNFCCC plays an 

important catalytic role in promoting the development of adaptation strategies and plans. For 

it, cooperation is a strong theme linked to the preparation for adaptation, research and 

observation, tra ining, education and public awareness (UNFCCC, 2007; McBean & Rodgers, 

20 I 0). Parties to the UNFCCC have all agreed to undertake national adaptation measures and 

cooperate in preparing for the impact of climate change (UNFCCC, 2007). Article 4.1 b of the 

UNFCCC states that: "Parties are committed to formulate and implement nat ional and, where 

appropriate, regional programs containing measures to mitigate climate change and to 

faci litate adequate adaptation to cl imate change." In add ition, the financing of adaptation 

measures is addressed in Article 4.3 , which states that: "The developed country Parties and 

other developed patties included in Annex II shall provide new and add itional financ ial 

resources needed by the developing country parties to meet the agreed full incremental costs 

of implementing measures" (UNFCCC, 2007: II ). For developing countries that are 

particularly vu lnerable, Article 4.4 of the UNFCCC contains another, more explicit, 

commitment to financin g adaptation measures (UNFCCC, 2007: II ): "The developed country 

Parties and other developed parties included in An nex II shall also assist the develop ing 

country Parties that are particularl y vulnerable to the adverse effects of climate change in 

meeting costs of adaptation to those adverse effects." 

The Kyoto Protocol (Alticle 10 & 12) fUl1her entrusts patties to promote and faci litate 

adaptat ion, and deploy adaptation technologies to address cl imate change (UNFCCC, 2007). 

The Kyoto Protocol defines a Clean Development Mechanism (CDM) that expl icitly 

mentions adaptation as an expenditure goal. At the fourth conference of parties (COP-4) in 

Buenos Aires ( 1998) governments decided that fund ing could be made available to 

developi ng countries for preparatory (Stage II) adaptation activities. At CO P-5 (Bonn 1999) 

and COP-6 (The Hague, 2000) governments discussed how the CDM and the decision passed 

at COP-4 cou ld be made operat ional. The initi al failure at CO P-6 to reach agreement among 

palties on the implementation of the Kyoto Protocol and the fu nctioning of the CDM seemed 

likely to delay its implementation and thereby the availability of adaptation funding from this 

source. However, the COP-7 in Marrakech (200 I) further developed the adaptation agenda 

expressed to the increasing need fo r it. 

Agreement was reached on the estab lishment of three fund s in the COP-7 Marakash {i'OJ11 

wh ich adaptation activities in developing countries can be !'inanced (Kle in , 2003; Fussel & 
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Klein, 2005). These are: Special Climate Change Fund, Least Developed Countries Fund, and 

Adaptation Fund. The first two of these funds would require additional fundin g from Annex 

11 Parties via the Globa l Environmental Facility (G EF) whilst in accordance with Article 12.8 

of the Kyoto Protocol the Adaptation Fund would be financed from the share of proceeds on 

thc COM (Klein, 2003; UNFCCC, 2007). The Least Developed Countries Fund (LDCF) was 

established to address: the low adapti ve capacity of the LDCs; preparation of National 

Adaptation Programs of Action (NAPA); and SUppOlt institutional capacity building, in which 

LDCs can communicate priority activities address ing their urgent needs and concerns relating 

to adaptation to climate change. As stated in Deci sion 28/CP.7: 

The rat ionale for developing NA PAs rests on the low adaptive capac ity of 
LDCs, which renders them in need of immediate and urgent support to start 
adapting to current and projected adverse effects of cl imate change. 
Activities proposed th rough NAPAs would be those whose further delay 
could increase vulnerability or lead to increased costs at a latcr stage (Klein, 
2003:5). 

In 2002, the World Summit on Sustainable Development adopted a Summit Plan of 

Implementation as part of the strategy to meet the Millennium Deve lopment Goals. The pl an 

connected international development with climate change and natural hazards: 'An 

integrated, multi-hazard, inclusive approach to address vulnerability, risk assessment and 

disaster management, including prevention, mitigation, preparedness, response and recovery, 

is an essential e lement o f a safer world in the twenty-tirst century.' The Summit ca lled for 

actions to improve the methodologies for assessing the effects of climate change and 

strengthening o f disaster management systems (McBean & Rod gers, 20 I 0). In order to 

address these problems, the Intern ational Strategy for Di saster Reduction (lSDR) was created 

to foll ow and build upon the United Nations International Decade for Disaster Reduction 

(UNISDR). Additionally, the 2005 World Conference on Di saster Reduction led to the 

Hyogo Framework for Action which called for actions to strengthen the technica l and 

scientifi c capacity as well as disaster preparedness for the effecti ve response at all levels. In 

2007, the UNISDR Global Platform on Disaster Risk Reduction noted that a core challenge 

in disaster risk reduction is to sca le up proven practices making clear the importance of 

capacity building of all types (McBen & Rodgers, 2010). 

Finally, the 2007 Bali Action Pl an gave emphasis on enhanced action on adaptation by 

linking disaster risk reduction and climate change adaptation. The need for integrated 

approaches to coping with hazards in the context of climate change and international 

development was made c lear. To realize this linkage, the IPCC is preparing a Special Repol1 

on Managing the Ri sks of Extreme Events and Disasters to Advance Climate Change 
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Adaptation, which is expected to bring a scientific focus to bear on the linkages between the 

two issues (Klein, 2003; McBean & Rodgers, 2010) . 

In response to what many perceived to be a failure to address a major source of global GHG 

emissions, the Coalition for Rainforest Nations (CfRN) was established and in 2005 they 

proposed to the Conference of the Parties to the UNFCCC a mechanism for considering the 

emi ssion reduction stemming from tropical deforestation as a climate change mitigation 

measure [McBen & Rodgers, 20 I 0; Agrawal et aI. , 20 I I; http://reddplussafeguards.com/). 

Therefore, reducing emiss ions from deforestation and forest degradation (REDD) became 

part of the ever-expand ing climate change agenda hoping it is an effective mechanism for 

reducing emi ss ions that has been a key goal of current UNFCC's climate negotiation for 

limiting future climate change (Agrawal et aI., 20 II ). COP II entered the request to consider 

the REDD as agenda item 6: Reducing emissions from deforestation in developing countri es: 

approaches to stimulate action. The United States cha llenged the proposal but fail ed in its 

attempts. REDD received substantial attention from the UNFCCC and the attending 

community at 2007 COP 13, where the first substantial decision on REDD+ was adopted. 

More interestingly, REDD+ was also included in dccision of the Bali Action Plan with 

reference to all eligible activities of REDD+ (Agrawal et aI. , 20 II ). 

On the eve of the Copenhagen Confere nce, in the New York climate changc summit, the UN 

Secretary General made po inted very strongly on the delay of planned actions by reminding 

world Icaders that 'the world 's glacicrs are melting fastcr than the climate negotiations'. 

Since the UNFCCC entered into force in 1994, the signatories' conference of parties held 16 

annual meetings where no legally binding emission-reduction deal s were sealed (Yohannes, 

20 12). Thus, an increas ing interest has grown to adaptation as rcfl ccted much in the 

development or climate-change assessment, increasing consideration by governments and 

organizations to design different adaptation projects, and an attempt to search for resources to 

finance adaptation (Smit et aI. , 2000; Fussel, 2008; World Bank, 2008). 

The fai lure of international negotiations to finalize a new climate treaty in Copenhagen in 

2009, combined with blocked legislative processes in the United States, Canada, and 

Australia that would have created a large demand for REDD+ offsets, great ly dimini shed the 

prospects of a near-term, unified global mechanism fo r REDD+ financing. In spite of positive 

developments at the sixteenth Conference of Parti es (COP) in December 20 10 in Cancun, 

progress on REDD+is likely to occur through complex, fragmented pathways of international 

assistance, bilateral and multilateral agreements, and civil society and market-based 
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processes. The only near-term regulatory framework for REDD+ financi ng is the onc under 

development between tropi ca l states and provinces and the government of Ca li fornia 

(Agrawa l et aI. , 20 I I). 

2.7 . Reviews on methodological and empirical results of adaptation 

2.7.1. Approaches of adaptation assessment 

Two adaptation assessment approaches namely, top-down and bottom-up assessment 

approaches have been identified from the literaturc. Research on the intcraction of cl imate 

change and agrarian communities has evolved from a top-down to a bottom-up approach. The 

top-down mode starts wi th climate change scenarios, and estimates impact through scenario 

analysis, based on which possible adaptation practices are identified (Gbetibouo, 2009). [n 

this, scenario-based approach, adaptations are assumed and are invariabl y treated as primaril y 

technical adjustments to the impact. Most o f these adaptations represent possible or potential 

measures, rather than those that have actuall y been adopted (Gbetibouo, 2009). This approach 

can be found in spatial analysis, climate impact modeling, and Ricardian studies. Most 

studies carried out in Ethiopi a and Africa using top-down approach pred icted the impact of 

climate change on the agricu ltural sector with adverse effects on crop yields, which would 

become unsuitable for the production of main staple crops (NMA, 200 I; 2007; Segel & 

Lamb, 2005; Temesegn. 20 I 0; You & Ringler, 20 I 0). 

The bottom-up approach takes a vulnerabi lity perspective where adaptation strategies are 

considered more as a process involving the socia-economic and policy environments , 

farmers' perceptions, and elements of decision-making (Gbetibouo, 2009). Vulnerabi lity 

studies have shifted their focus from impact estimation to the understanding of grass-root­

level assessments o f vulnerabi lity, adaptati on, and decision-making processes (Gbetibouo, 

2009). In line with thi s notion, Schroter et al. (2004) argue that choosing adaptation options 

to climate change and developing po licies to implement these options the affected commun ity 

should act ively participate. 

Other studies argue that this type of assessment explores the actual adaptation behavior by 

analyzing fanners' decisions in different contexts through survey data, in-depth interviews, 

and focus group discussions with farmers, and experts (Smit et a I. , 2000; Madison, 2006; 

Gbeti bouo, 2009). These studies have raised new research questions as to how farmers 

perceive climate change; identify climatic properties for making decisions, and suggest the 

types of anticipated adaptive responses (Gbetibouo, 2009). One important issue in agronomic 

adaptat ion is the way fa nners update their expectations of the climate in response to unusual 
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most common adaptation methods used by almost all countries were planting so il 

conservation, lIsing manure, irrigation, rainwater harvesting, change planting dates 

(proactive) and replanting (reactive) to modify the threat/prevent the effect; planting different 

crop varieties, changing crop variety, engaging in non-farm activities (prevent the effect -

proactive or reactive), migration (Change location), change farming type (from crop to 

li vestock and vice-versa) - change use, and adoption of new technologies (modify the 

threat/prevent the effect). Different planting dates are important adaptation practices in 

Egypt, Kenya and Senegal. Adopting a shorter growing crop variety is practiced in Senegal. 

In Egypt, the majority of respondents have practiced non-farm activities while in Egypt, 

Kenya and South Africa, large numbers of farmers have used irrigation. There is increasing 

use of water conservation in Burkina Faso, Kenya and Niger. In Burkina Faso, Kenya, 

Senegal and Niger, soil conservations are largely practiced. Shading and sheltering was 

largely used in Burkina Faso, Niger and Senegal by a third of respondents. Increased use of 

weather insurance is almost exclusive to Egypt (Madison, 2006). Prayer and ritual offerings 

are also made in Senegal and Niger. Every Egyptian and every Ethiopian respondent claimed 

to have made at least one adaptation strategy, which contradicts to other studies (Yesuf et aI. , 

2008; Temesgen, 20 I 0) . 

Temesgen and colleagues (2008) indicated that use of irrigation was reported only by 5% of 

the respondents in the Blue Nilc Basin of Ethiopia. Same authors and Yesuf et 01. (2008) 

indicate that about 42 and 49.4% of surveyed households did not employ any adaptation 

methods in the Blue Nile Basin respectively. Most of these adaptation strategies are planned 

proactive and some are reactive while others can be autonomous. Public and private 

adaptation strategies are also pract iced by fanning households. The review on the empirical 

resu lts of adaptation is also crucial for incorporating adaptation strategies in the conceptual 

framework presented in Figure I and in table 6. Appropriate survey questions for binary 

logistic regression were also prepared based on the identified adaptation strategies. 

2.7.3. Determinants of adaptation to climate change 

Studies identified different determinants of adaptation usage. The major ones are: gender, 

age, fanning experience, educational attainment, wealth status, farm income, access to 

technology, POVClty, environmental awareness, farm size, tenure status, access to extension 

services, market access, credit availability, climatic conditions, topographic features, 

infolll1ation on climate change and adaptation options, fami ly size, labor force, and access to 

water (BlIIion et aI., 2006; NMA, 2007; Ghebetibouo, 2009). 
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technology. Third , social networks can facili ta te cooperati on to overcome co llective action 
dil emmas, where the adoption of technologies invo lves externalities. Some studi es show that 
pal1i cipatory soc ial affili at ions act as fo rms of social capital in the dec ision to adopt fertil izer 
([sham, 2002; cited in Temesgen et aI. , 2008) . Yesuf and colleagues (2008) argue that 
households with good access to farmer-to-farmer extens ion tend to apply adaptation measures 
on their farms in compari son with those households that do not have this access. Hence, this 
study hypothes izes that soc ial capital positively influences adopting adaptation measures to 
offset climate change impact. 

Distance to output and input markets have negative relati onshi ps with adaptation to climate 
change. Proximit y to market is an important determinant of adaptat ion, most probably 
because the market serves as a means of acquiring inputs for adaptation and exchanging 
infornlation with other fanners (Madison, 2006) . There is also significant difference in the 
li kelihood of households' employin g cl imate change adapt ation strategies across di fferent 
agro-ecologies. They found that households in clega and WOYlla clega were less likel y to take 
climate change adaptation measures than being households in kola (Yesuf et aI. , 2008). It is 
also hypothes ized that di fferent households living in different agro-eco logical sett ings usc 
varied adaptat ion methods. This is because climat ic conditions, soil, and other factors vary 
across agro-ecologies, influencing farmers' percept ions of climate change and thei r decisions 
to adapt. Access to water increases the likelihood of adopting adaptalion measures. Howcver, 
fi nancial resources constrain fa nners for access ing the necessary technologies. Thus, poor 
fanners cannot afford to invest in irrigati on technologies for adaptation, or sustain their 
livelihoods during drought seasons. 

Perception of cl imate change increase or decrease the likelihood o f adopting di fferent 
adaptation measures depending on the adapta tion type. Househo lds li ving in areas with 
higher annual mean temperature were more likely to adapt to c limate change. Hi gher annual 
mcan tcmperature increases the likelihood of using diffcrent crop varieties, changing planting 
dates, and irrigation. Similarl y, decreased precipitation increase the likeli hood of using soil 
conservation methods, changing crop variety, changing planting dates, irrigating (Temesgen 
et aI. , 20 I 0), water harvesting, and tapping underground water. 

A ll the aforementioned adaptation stra tegies and determinants of adaptat ion werc the bases 
for selecti ng the logistic regress ion (one of the econometric methods), computat ional method 
of composite index of adoption for both methods of ana lysis su itabl e dependent and 
independent vari ables presented in Table 6 were identified and operationalized. 
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CHAPTER THREE 

. RESEARCH METHODOLOGY 

As already discussed in chapter one, this study was designed to assess the vulnerability 
levels, perceptions and adaptation strategies of rural households to the likely impact of 
climate change in the three agro-ecologies of n0l1hwest Ethiopia. The study did so using 
integrated vulnerability framework of sustainable rural livelihood approach (SLA). The 
overall framework and the research methods that are appropriate to conduct comparative 
analysis using these clements across the three agro-ecological zones were selected. Therefore, 
this chapter di scusses the research methods and procedures employed in this thesis by 
organi zing it under five sect ions: research design and app roaches, s ite selection and 
description, samp le size determination, data sources and data collection tools, and methods 
of quanti tative and qualitative data analysis. 

3.1. Research approach and design 

Chapter Two indicated that numerous di sciplines address the study of vulnerabi li ty and 
human adjustment to climate var iabi li ty and change. This thesis is based on an 
interdisciplinary approach to explore global climate change and as such the research does not 
emerge from any single discipline. While a mono-disciplinary approach allows statistical 
tests within a known and confined spectrum of theories, cl imate change cannot be pigeonhold 
as either a natural or social science issue. Its study therefore requires an inherently 
in terdisciplinary approach (Schipper, 2004). The reason is mainl y attributed to the fact that 
climate change is a complex problem interacting with a range of natural and socio-economic 
processes (Schipper, 2004; Adger et ai., 2009). As prescnted in the preceding chapters, the 
thesis approached the vulnerabi lity of households to climate change in the less developed 
areas w ith awareness that such a study requ ires both an exam inat ion of b iophys ica l and socio­
economic indicators and climatic hazards. From this we can understand that the study of 
vulnerabi lity and adaptation to climate change requires different approaches derived from 
numerous disciplines so as to attain a hol istic understanding of the different dimensions of the 
problem (Schipper, 2004; Hahn et ai., 2009; Temesgen, 20 I 0; Luk, 20 I I). 

Conducting research is more than engaging in the major steps in the process of research 
including designing and writing the research in one of the three major tracks: quantitati ve 
research or qua litative research or mixed research. The way that thi s unfolds is illustrated in 
the flow of the research process as shown in Figure 9 based on Creswell (201 2). Based on the 
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data or computat ional techniques. The objecti ve of quantitativc research is to devc lop and 

employ mathematica l models, theories and/or hypotheses peltaining to the phenomena under 

consideration. The process of measurement is central to quantitative research because it 

provides the flll1damental connection between empirical observation and mathematical 

expression of quantitative re lationships (Adger et aI. , 2003; Raune, 2005 ; Molg et aI. , 2009). 

Qua litative research is a method of investigation employed in many different di sciplines, 

traditionally in the social sciences, in market research and other contexts. Qua litati ve research 

aims to an in-depth understanding of the phenomena/process and the reasons that govern such 

phenomena/process. The qualitative method investigates the 'why' and 'how' questions, not 

just 'what', ' where ', 'when ' (Johnson & Onwuegbuzie, 2004; Raune, 2005 ; Creswell , 2012). 

Hence, smaller but focused samples are more often used than large samples. That is, 

qualitative methods produce information onl y on the particular cases studicd, and any more 

general conclusions are only propositions (Creswell , 20 12). 

Mixed research approach is the third wave that moves thc past paradigm wars by offeri ng a 

logical and practical alternatives (Johnson & Onwuegbuzie, 2004). The pragmatic approach 

enables to select various methods and ways of explanation; to improve communication 

among researchers from a range of paradigms; and to mix different approaches for answering 

impOliant research questions. However, its goal is not to replace either quanti tative or 

qualitative approaches, but rather to draw lessons n·om the strengths and minimize the 

weaknesses of each method. Qualitative research anchored at one pole and quantita tive 

research anchored at the other, mixed methods research is in the middl e area which sits in a 

new third chair. The use of quantitative research method has the potential of covering many 

subjects to enable generalization and to address various indicators (Johnson & Onwuegbuzie, 

2004; Raune, 2005). In th is case, quantitative method was used to analyze biophysical 

contexts slIch as meteoro logical record s, hazard frequencies, vulnerability indicators) and 

predi ctor variables on adaptation. 

The qualitat ive methods corroborate the quantitative method and enabl e to get in-depth 

information about the opinions and perspectives of respondcnts articulatcd in the ir own words 

(Adger et a I. , 2003; Raune, 2005). Qualitative research method was employed to cxamine 

farmers' perceptions and interpretations of their experiences in the context of their lives. It 

can answer the ' how' and 'why' questions regarding vulnerability of fanners, their perception 

and adaptation strategi es as was used by (Adger et aI. , 2003; Vincent , 2004; Mcrtcz et aI. , 
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2008). Although surveys have several strengths, Henry (2009) ci tcd in Yohannes (2012) 

argued that they cannot be substitutes for qualitati ve methods wh ich can uncover the 

unexpected in ways that surveys cannot. Th is implies that integrating both approaches can 

have best effect. The application of mixed method with the pragmatic approach provides the 

opportunity to avoid deficiencies and weaknesses that come from using a single method. 

Accordingly, thi s thesis app lied mixed-method based upon the sustainable livelihood 

conceptual framework (SLF) anchored with the IPee framework to analyze vulnerability of 

fa rmers in different agro-eco logical settings. 

Thi s thesis employed a comparative mixed research design with a cross-sectional survey 

using sequential data collection procedures (quan-qual) by which the quantitative data was 

co llected through household survey first and then the qualitative data was gathered usin g 

focus group discussions (FGDs), in-depth interview and field observation. The research was 

framed in such a way th at it was poss ible to compare the vulnerability levels and adaptive 

capacities of the rural households by agro-ecology. The units of analys is were mainl y 

households since the data on the livelihood assets and adaptation strategies were mainly taken 

at the household level although meteorological, population, crop production and e levation 

data were analyzcd at agro-ecology level. The research questions presented in the fi rst 

chapter were the bases to use sustainable rural livelihood approach. This approach in turn 

guided the research to analyze the vulnerability levels of the households and the relationship 

between the different predictor variables and dec isions on a numbcr of adaptation options. 

3.2. Study site selection, description and sample size 

Three woredas were purposive ly selected fro m northwest Ethiopia namely; Dabat, Dembia 

and Simada (see fig. I 0). The motivation was to examine the differences in the variables of 

interest as these woredas represent different locations with varyi ng agro-ecological seHing, 

population pressure, climatic conditions, land degradation, access to different infrastructure 

such as roads, water supply, educat ion, health , markets and many other re lated factors 

excluding the western cash crop fa nning areas. The purpose was to ex amine whether or not 

there is sign ificant variation in biophysical contexts, vulnerability levels and adaptation 

strategies of subsistence households to climate change across the three agro-ecological zones. 

Both Dabat and Dembia are located in the North GondaI' Zo ne of the Amhara Regional State. 

Figure 10 clea rly dep icts that Dabat is bounded by Debark worec/a in the north, Wogera in 

the south, Tsegede and Tach Armachiho in the west, and Debark and Wogera worec/as 
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\\ ith Estie l1'oreda. and on the north and nortileast by Lay Gaynt and Tach Gaynt woredas 

respectively. 1l1is indicates that the woreda is totally inclusive in the Aba)' Rivcr basin. 

l1le three study sites arc situated in northwcst Ethiopia stretching from the Abay-Beshilo 

Basin to the northem (Semien) high lands. bearing simi larities in some socio-economie 

aspects, but highly differing in agra-ecological setting. For further understanding the 

sampling area is presented by clevation. temperature and rainfall limits in Table 4 below. 

Table 4: Sampling franle by elevation, temperature and rainfall limits 

Agro-ecology 

Dega 

!rovna dega 

Kola 

Elevation limit 

2500 - ~517m 

1500 - 2500m 

85~ -1500m 

Source: Based on FAO, 2003 

Range of temperature (OC) 

10-17/ 18 

17118- 20/2-1 

20/2-1-28 

Figure II: Elevation classification of the study sites 
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Figure I J illustrates the study area by elevation. FAO (2003) recognized that elevation with different 

terra in characteri stics is a factor that detellllines the distribution of climati c factors and land 

suitability, which, in turn influ ence the crops to be grown, the rate of crop growth , natural 

vegetat ion types and their species divers ity. In add it ion, the distributi on of so il, land surface 

and cl imatic hazard frcquency and severity, and production potentia l vary by terrain 

characteristics. In line with this, human sensitivity to climate change is strongly influenced by 

terrain characteri stics settled by human population and pursuing their li velihood activities. 

Dega kebeles of Dabat are located in the north hi ghl and wheat-barley-sheep liveli hood zone 

of the fl at highland topography following the Gondar-Debark hi ghway ncar to the highest 

peak of Ethiopia. The altitude of the study sites ranges from 2500 to 45 17m above sea-level 

(See Fi gure I I ). Although this site is located in the nOlthern highlands of Ethiopia, 

fortunately the area is relati vely fl at highland with less soil erosion as compared with the kola 

si te. The selected site also has relatively abundant water resources for agricultural and 

domestic purposes (ACCRA, 20 II ) as compared to the kola site. 

The woyna dega si te is situated in Dembia woreda with an elevati on ranging from 1500 to 

2500m above sea-level characterized by nat terrain , nood-pl ain, and swamps. The woreda is 

entirely located in the Tana zuri a livelihood zone, which is considered to have good potential 

for agricultural production (Woreda Office of Agriculture, 2011 ), but found to become 

vulnerable to climate change and associated extreme events. As such, the site is heavily 

affected by flooding, malaria and other water-borne di seases, crop pests and di sease as well 

as livestock diseases. 

The kola site is located in dissected landscapes of Abay-Beshi lo Basin of Simada woreda 

where land degradations, drought, food insecurity and famine are serious problems mainl y 

since 1980s. It is totally included in the Abay Ri ver Basin. Based on Figure I I above, the 

elevations of the chosen study site range from 854m to 1500m above sea-level though the 

elevation o f Simada woreda ranges from 854 to 3000 m above sea level. 

Once the selection of the woredas was done, kebele administrations in the three woredas were 

grouped into three such as dega, woyna dega and kola. Then, a total of eleven kebeles were 

randomly selected from all the woredas (3 from dega, 4 from woyna dega and 4 from kola). 

Further stTati fication of households in terms of annual income, household size, gender, etc 

was not done as the comparati ve nature o rthe study funh er compli cates the application. Most 

impor1ant ly, it was assumed that systematic random sampli ng can accommodate households 
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havi ng these different criteria so as to obtain representat ive sample popul ation. In thc third 

sampling stage, sample size detennination was can-ied out to obtain reliab le data for the 

thesis. The Israel ( 1992) statistical formula was checked within the determination of the 

sample household size for a better representation of the study population. Accordingly, 576 

households were randomly (simple) selected from the chosen kebelcs (Refer to Table 5). 

N 
n=---

1+N (e)2 

where, n = des ignates the sample size the research uses; 

N = designates total number of households in all kebe!es; 

e = designates maximum variability or margin of error 5% (.05); 

1= designates the probab ility of the event occurring. 

( 3.2A) 

The fon11ld a provided 387 sample populations which represent 3.29% of 11,732 households 

of the eleven chosen kebeles . This ca lculated sample size was considered as the minimum 

requi rement based on the arguments of Feige & MatT (20 12). They contend that assuming the 

calcu lated sample size as sufficient to comp ly wi th the requirements is a typical mistake. The 

non-response and incomplete responses are mentioned as some of the reasons so that they 

suggest a compensation for such effects by increas ing the calculated sample size by some 

proportion. Accordingly, the sample size for this study was increased to 576 (5%). Then, the 

576 households were di stributed to each kebe!e using probabili ty propOltional to size (PPS) 

method to ensure equal representation of households as there are different household sizes in 

each agro-ecological zone and respective kebcles. That is: 

. n xNi 
m= -­

INi 
(3.28) 

where, IIi = proportional sample size of the i'" kebe!e; Ni = popu lation size of the i'" kebele . 

The sample size determination fonnu la provided larger number of household heads for kola 

(363) distantl y fo llowed by WOyl/a dega ( 18 1) and then dega (1 32). The reasons are: I) the 

kola kebeles in Simada cover larger area consisting of 4 to 6 church administrations while 

one kebele considered from one to two church administrations in other study sites. 2) The 

kola site is located around the upper Blue Nile Basin which was once very felti le but now 

highly degraded and still dense ly popul ated. In line with this, the CSA (2007) popul ation and 

Housing Census of Ethiopia and other office documents indicate that most of the kola kebeles 

have hosted high population while dega kebeles hosted low population number. From this, 

we can understand that global, continental and nationa l generalizations are inconclusive in 

the dissected landscapes of northwest Ethiop ia. 
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Table 5: Sample size by agro-ecology and kebele administrat ion 

Sall1~le Kebeles No. of households SamEie size 
Keta 863 44 

Kola (lowland) Goshmcda 1011 54 
Ycqusa 1857 96 
Shasho 1302 69 
Total 5033 263 
Girargc 586 28 

Way"a dega (midland) Achera 676 33 
lenda-Kobla 1264 60 
Semra-Kekeza 1240 60 
Tota l 3976 181 

Dequa 882 42 
Dega (highland) Dara 1326 64 

Abtera 514 26 
Total 2722 132 

Grand Tot al 11732 576 
*N J-I - North Highland Source: Woreda Administrati on Offices 

The lists of rural househo lds were taken fro m the kebele offices as a sampling fra me from 

which, the households were drawn from the respective agro-ecologies and kebeles usi ng 

systematic random sampling technique. In order to complete this procedure, sampling 

interval (K) was determined by dividing the to tal number of households in the population by 

the desired sample size of each kebele. Next, a number was selected between one and the 

sampling interval (K) usi ng lottery method, which is ca lled the random start and was used as 

the firs t llumber included in the sample. Then, every K'" household head after that li rst 

random start was taken unti l reaching the desired sample size for each kebcle. Systematic 

sampling is to be appli ed only if the given population is logically homogeneous within the 

respective st rata (agro-ecologies in this case), because systematic sample units are unifoll11 1y 

distr ibuted over the population (Fcige & Marr, 20 12). [n the case of this study, the sampling 

units are rura l fa rmers who are uniformly distributed in the respective agro-ecology-based 

study s ites. 

3.3. Data sources, types and data collection meth ods 

Three overrid ing themes in the thesis are vulnerability contexts, actua l vulnerability levels, 

perception and adapta tion to cl imate change. As such, the study ai ms to contribute to thinking 

about adaptation, and address whether an adaptat ion approach have been recogni zed as a new 

development strategy for minimizing climate change risks and support ing adapt ive capac ity 

of vulnerable communitics. Identification of the basic research questions were presented in 

Chapter I . This section discusses about what and how to approach for address ing each 

research question/component. 
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Assessing the biophysical and socio-economic contcxts of vulnerab ility to cl imate change, 

actua l vulnerabi lity levels o f surveyed households and then adaptation strategies require 

good-quality data and/or informat ion. Four main data sources were identifi ed as relevant for 

investigation in that they indicate the situations of vulnerability, perception and adaptation to 

climate change in the three study sites. The fi rst is the scholarl y researchcs on theories, 

methodological approaches, and empirical findin gs whi ch helped to gain initial insights 

regarding to climate change, vulnerability, perception and adaptation. The second is the 

international policy discussions on adaptation. The third source is meteorological records 

such as temperature, rainfall and extreme events, farm land covered with different crops, 

number of population by kebele and fl ood affected people in Dembia (woyna dega) whi ch 

helped to gain initial insight into the research probl em and acquire baseline information about 

the study sites. The fourth data sources include mostly non-climatic data such as human, 

natural, economic/financial, physical and social capital assets; climate change hazards, and 

perceptions based on Hahn et al. (2009) and (Lamichhane, (20 ) 0) for analyzi ng vulnerability 

through household survey. The actual experience of adaptation to climate change in the 

vulnerable communities is considered important, because slIch infollllation indicates whether 

and how adaptation is taking place and how vulnerability and adaptation strategies are 

related. While the discuss ion in th is thesis is dominated by the quantitati ve examinations of 

vulnerability context, vulnerab ility level of households and perception and adapta tion based 

on the sustainable livelihoods framework, focus group discussions, in-depth interviews and 

fi eld observat ions were also used to elaborate fU l1her on these aspects, but remains a primary 

source of data collection. 

The survey qucst ionnaire was designed in such a way that is to addresscs the vulnerabi li ty 

indicators listed in Annex 2 and types of adaptat ion str ategies and determ inants of adaptation 

presented in Tab le 6. All of these four elements therefore serve as sources fo r data coll ection . 

The data co llection methods used in this study is di scussed in deta il in the secti ons to come. 

3.3.1. Secondary data sources and collection procedures 

Sources of quantitative secondary data include internet, policy and stra tegy documents and 

office reports. Meteorology data from Ethiopian Meteorologica l Service Agency and global 

weather data center [http://g)oba)IVeatheLtamu .edu/], and land-used for different crops, , and 

crop product ion/productivity, kebele population data and flood prone peopl e were gathered 

from lVoreda, Zonal, Regiona l, and Federallevcl officcs. 
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The metcorological records hclpcd to analyze vulnerabili ty contex ts such as rainfall and 

temperature trends and yearly and monthly dev iations, drought durati on, magnitude and 

intensity/severity, precipitation concentration index, and aridity index; exposure levels of 

households; population to determine sample size, cultivated land covered w ith different crops 

to compute crop diversification index, and fl ood prone population in Dembia (woyna dega). 

However, one of the biggest chall enges in each si te was the scarci ty of the temperature and 

rainfall reco rds. Literatures provide different interpolation techni ques to allev iate th is 

problem. These include Ari thmetic Mean (Local Mean) method, Normal Rati o method, 

Inverse Distance method and Aerial Prec ipitation Ratio method (S ilva et aI. , 2007) . Same 

authors suggest that the Inverse Distance method for semi-arid lowland stat ions, Aerial 

Precipitation Ratio method for midland and Arithmetic Mean methods for highland stati ons 

as the most sui table methods. Accordin gly, In verse Di stance met hod was employed for 

kola sites to interpol ate the rainfall data. In all cases, the center of grav ity of the study 

s ites was dete rmined us ing ARCG IS 9.3, and the distances li'om the center of grav ity 

were measured. After measuring the dista nces between the center and the gauged stations, 

weighting factors were ca lcul ated by the inverse di stance method. If W, re fers to 

weighting fa ctor-I w l = l i d', where d is the distance between the unga uged area and the 

gauged rainfall station . T he same procedure was appli ed for all the stations used for 

rainfa ll compu ta tion to ungauged si tes. Thus, the rain fa ll for ungauged area: 

Pu = (PI W1 + PZWZ+ P3 W3+ P"W,,-- - +PnWn ) 
Wt+WZ +W3_W4 + Wn 

(3 .3.1A) 

Pu = rai nfall computed for ungauged area (station); P
" 

P" P3, P4 , represents rainfall 

record s at the ga uged stations; W" W2 , W3 , W4 refers to weighting facto rs, i.e. ratio of I 

and di stance square between the gauged station and ungauged stations (S ilva et a I. , 2007). 

To keep spatial representativeness, 6 stations for kola and 5 for woyna dega which totally 

surrounded the study s ites were identi fied. In line wi th this, Mongi et a l. (20 I 0) justify 

the use of climate data co llected from multiple stations has hi gher rel iabi li ty. However, 

lack of continuous data , part icul arl y for meteorology records, was found to be a press ing 

challenge. Thus, numerous mi ssed values for monthly meteoro logical reco rds were fill ed 

by the linear in terpo lati on method. In additi on to the NMA record , daily rai nfa ll and 

temperature data were generated from G lobal Weat her Data for SWAT 

[http: //globalweather. tamu.edu/J fro m 1979 to 20 I 0 for all agro-ecologies to validate the 

gauged data and to represent the areas that do not have neighboring meteorologica l 
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stations . TI,ese dail y data was summarized into monthl y and yearl y data using pcpSTAT 

soft ware and then interpolated using inverse distance method. 

In the woyna clega site. the area ratio method was employed to interpolate rainfall data 

(Garg, 2005: Silva et aI. , 2007). The selected stations were tested by the TIliessen 

polygon method to know to what e:\1ent, they arc influencing the study sites. By doing so, 

the stations which have no more influence on the sites were excluded from computation. 

TI,e pcrcentage of thc areas influenced by each station and area ratio was calculated using 

ARC GIS 9.3 . By multiplying the ratio with rainfall data from gauged stations, areal 

rainfall for the study sites was intcrpolated using the weighted average of eaeh gauged 

station using the following relationship as was used by Garg (2005). 

p = LA,P, 
A 

(3.3 .1B) 

where ; 'A' denotes the total area of the polygon; I f' reprcsents the precipitation of the 

it "gauge, I N is thc area of the specific polygon using the TIlCissen method corresponding 

to the precipitation: i refer to the it" prccipitation gauge. 

Figure 12: SUn'ounding meteorological stations of the study sites 
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For dega site, arithmetic mean of the rainfall was generated (Silva et aI. , 2007) using the 

meteoro logy data from Debark (NMA) and Dabat stations (G lobal Weather Data for SWAT) 

because only these two representat ive stati ons are located in the dega agro-ecology. Other 

neighboring stations are mostly situated in kola and woynCl dega agro-ecological zones 

surrounding the dega si te of Dabat. The temperaturc data which was gencrated through 

arithmetic mean or from the nearby stations based on the recommendations of FAO 

document (FAO, 1998) was used for the three sites. Accord ingly, the mean temperature of 

Mekdela and Robi t for kola, the mcan of Gorgora and Azezo for woyna dega , and the mean 

of Dahat and Debark stations for clega were used. The reason is that within small area 

coverage temperature is less variabl e than the rainfall so that one or few station temperature 

records can represent those particular areas (FAO, 1998). 

3.3.2. Quantitative and qualitative primary data 

As it is discussed in the preceding sect ion 3.3. 1, data from secondary sources incl ude onl y 

meteorology data, land-used for different crops, and crop production/productivity, kebele 

populat ion data and fl ood prone people. Thus, the secondary data was found insufficicnt to 

answer all the specific research questions for the study populations. Therefore, it was 

determined that primary data collection methods to be the major data sources for this thesis. 

Accordingly, primary data was coll ected using household survcy, focus group discussion, 

fi cld observation, amI in-depth intcrvicw which have brought the study to fruiti on. 

(A) Quantitative primary data: The household survey was employed to collect a range of 

quantitative data on capital assets (human, natural , fin ancial , physical, and social), climate­

re lated hazards, pcrceptions of climate change, and adaptation strategies uscd by the 

households. The questions were prepared on the bases of the indicator method of 

vulnerability assessment discussed in the literature review Chapter and the conceptual 

framework depicted in Fig.l. The data sets arc very important for ca\culating livelihood 

vulnerability indices in terms of fi ve li velihood assets; analyzing of variance and composite 

adoption indices; binary logistic regressions to ident ify the most vital determinants of 

households' adaptation choices; statistical descriptions such as mean, frequ ency/pcrcentage, 

maxi mum and minimum va lues . 

The household survey was conducted in the period between March and September 201 2. 

Household heads were approached, but if he/she were not availab le, the spouses were 

contacted. When difficul ties were faced to meet the selected househo lds due to absenteeism 

(after repeated visi ts) or when they became involuntmy to takc part , he/shc was rcplaced by 
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the household listed next to him/her. Most of the fanners were contacted on the homesteads 

and a few of them were consulted on Saturdays, Sundays, and other holidays around churches 

and commu nity gathering places. 

The actual household surveys were administered by data collectors with close supervision of 

me and assistants. My former uni versity students had pl ayed paramount role in the process of 

data collection. They also played an important role in choosing the data collectors who have 

been working in the community in the areas of agriculture, healthy and teaching, with the 

academic status of diploma and bachelor degree. As a matter of fact they are living in the 

community for many years wi th the objective that they better know the area and easily 

approach and handle respondents. 

In order to maintain the validity and reliability of the data, the questions were extensively 

reviewed by experts fi'om different disciplines, working in the Offices of Agriculture, Health, 

and Food Security and Disaster Prevention. Additional pre-tests of questions were made by 

distributing questionnaires to 10 fa rmers in each si te who were not involved in the actual 

survey to assess whether the instruments were appropriate and suited to the study at hand, and 

to delete or modi fy confusing and sensitive question and ideas. Necessary amendments were 

made based on the comments obtained from expcI1s and responses from farmers to ensure 

reliability and validity; whether the questions made respondents feel uncomfortabl e and 

ensure the clarity of the questions as to wheth er they could be easily understood. Pre-testing 

of the questions was also used to determine the mean interview length and mean time 

required for covering the samples in order to plan the ti me and days requ ired for the field 

survey and the number of data collectors. Data co llectors were also trained with respect to the 

survey techniques and confidential ity protocol. Internal quality control procedures were 

establ ished during the training. For example, in case survey questions contained ambiguous 

language that might lead to different answers depending on respondent's interpretation, data 

collectors were told to have common understanding. After the training, the data co llectors 

acquired practical experience whi le I was making face-to-face interview in the actual data 

collection in the field. 

(B) Qualitative primary data 

The quali tative primary data was collected using focus group discussions (FGDs), in-depth 

interviews, and field observation particularly for the purpose of checking the quanti tat ive data 

(both primary and secondary). The 'why' and 'what ' kinds of probing questions were also 
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raised by the household survey quest ionnaire based on the households' responses. In addition, 

the quantitative results which needed fu rther reasoning from offi cial s of both governmental 

and non-governmental agencies and fa rm ing households were also treated through these 

qualitative data collection methods. 

Focus gro up discussions (FGDs): The survey data was checked through group discussions 

with fa nning households. Focus group discussants included thc e ld crly, the pricsts and the 

fortner school dropouts, who now became farmers, and kebele leaders. They were carefull y 

selected based on age and experience in fartnin g and adaptation practi ces in consultation with 

key infortnants (research ass istants, development agents, model farmers , and woreda and 

kebele offi cials). The number of participants in each focus group ranges from six to nine. One 

FGD with nine participants and one with eight participants were contacted in kola site. Whil e 

two FGDs, one with six members and one with nine members were contacted both in dega 

and woyna dega sites. From this it is vivid that because of infortnation saturat ion, thc FGDs 

undertaken had onl y six sessions (2 for each agro-ecology). The discuss ions wcre 

administered in and around church compounds and kebele offi ces. 

In-depth Interviews: In-depth interviews were conducted with fa rmers progress ively, 

before and atier the questionnai re survey period. Attempts were made to develop a rapport 

with the community through short informal interviews. These disc uss ions took place in the 

public meeting places , vill ages, and church compounds. Discussions with woreda and 

kebele office heads, kebele leaders, project managers, ex pelts, and extension agents at 

various levels were held using guiding questions in the topic areas in their offices. A total of 

15 officials and 6 Office heads from Woreda Administration, Office of Agriculture, 

Di saster Prevention and Food Security, Hea lth, and Organization for Rehabilitation of 

Amhara (ORDA ) we re approached for in -depth interviews. Info rm al di scuss ions were 

also held with police men to acquire basic information about the so urces of confli ct 

among the househo lds in the res pective communiti es. People who were assum ed to have 

rich informati on were chosen. Creswell (20 12) confi rmed the impoltance of contacting these 

people by express ing his stand as "The stand ard for choos ing the participants is whether 

they are information rich". Similar to FGDs partic ipant selection process, key inf0l1l1ants 

such as research assistants, extension agents, kebele managers, and respected fi gures of each 

kebele played impOltant roles tor identifying parti cipants in in-depth interviews. 

Field observation: Fie ld observati ons were conducted in a ll th e study areas in order to 

ga in better insights into th e selected study s ites. The first contact was made with the heads 
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and experts of the Departments of Agricu lture at Zone Admini strations to acquire basic 

information about the woredas, fo llowed by visits to woredas and then kebele offi ces. During 

these visits, discussions were held with office heads and expel1s to learn more about the 

agrarian systems, climatic hazards and types of interventions, whi ch provided the general 

picture of the biophysical , economic, social and institutiona l features of the woredos. By doing 

so, I was acquai nted with the spec ific agro-eco logical zones included in th e study. 

Although visits were undertaken before, during and a ft er the household survey, the act ual 

fiel d observation was conducted after the survey data coll ection was completed. Visits at an 

early stage of the fi eldwork to different villages were found to be a good opportunity to 

meet the community members. In the process, I introduced myself to the co mmunity and 

the grassroots workers. The observati on focused on ph ysical fe atures, flood and eros ion­

prone areas, flood displaced people, crop patterns, settlement patt erns, land management 

structures, wa ter schemes, vegetati on, grazing land s, protected areas, and market places. 

Moreover, pictures were taken in the fie ld to portray more vivid features of the stud y sites 

and to support the quantitati ve and qualitative wo rks o f the study. 

The uses of these qualitat ive data gathering methods are recognized by Creswell (2012) by 

stating that qualitative inquirers triangulate among different data sources to enhance the 

accuracy of a study. Triangulat ion is the process of corroborating evidence from different 

indi viduals (e.g., a principal and a student) , types of data (e.g., observational fi e ld notes and 

interviews), or met hods of data collection (e.g., documents and interviews) in descriptions 

and themes in qual itative research. The researcher examines each information source and 

finds evidence to support a theme. This ensures that the study will be accurate because the 

infonnation draws on multiple sources of infonnation, individuals, or processes. In th is way, 

it encourages me to develop a report tha t is both accurate and credible. 

3.4. Quantitative methods of data analysis 

After the acquisition of data through different data collecti on methods, analys is was made 

using both quanti tat ive and quali tati ve methods to address the research questions. After 

being completed by the enumerators, I verified the data to ensure whether or not the 

interview schedule had been fill ed up properly and accuratel y. Then the data was coded, 

entered, and analyzed using statistical package for socia l sciences (SPSS) 16.0 version. In the 

analysis process, Microso ll Exce l worksheet, pcpSTA T, instat, and G IS software were used, 

in addition to SPSS. 
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3.4.1. Measures of trend and variability 

Exploration of a range of biophysica l and socio-econom ic contex ts and processes demand 

variou s quantitati ve dat a analysis methods anchored wi th qualitati ve analys is. T he data 

collected through mainly the third and partiall y the fourth data sources presented in sub­

section 3.3 abovc werc used for addrcss ing these issues. Each o f th e quantitative methods 

is dep icted in the di scuss ions to come. 

3.4.1.1. Temperature and rainfall trend analysis 

Trend is a change over time exhibited by random variables, detectabl e by statis tical 

parametric and non-parametri c proced ures (Longobardi & Vill ani, 2009). Temperature 

and precipitation trend analysis, on different spatial and temporal scales, has been of great 

concern during the past century becausc of the attention given to global climate change by 

the scientifi c community. According to some recent studies, Ethiop ia has been suffering 

from precipitation decrease espec iall y the northern areas seem to be more affected. Based 

on Longobardi & Vi ll ani (2009) argument with the a im of trend detection, parametric 

stati stical procedure was appli ed to the tempera ture and precipitati on time seri es 

aggregated in the annual time series. 

(1) Simple regression : When we are examining the relationship between a quantitati ve 

outcome and n s ingl e quantitati ve explanatory variable, s impl e linear regressio n is the 

most commonly considered analysis method. Thi s method was used so as to detect and 

characterize the long-term trend and variabi lity of temperature and rainfall values 

co ll ected from NMA and Global weather data for SWAT at an nual time sca le. The 

parametric test considers the simple linear regression of the random variable Y on time X. 

The regression coefficient a (or the Pearson correlation coeffic ient) is the interpolated 

rcgression line slope cocfficient computed from the data. It is known that the stati st ic 

(3.4.1A) 

where, Y = Physical factor (changes in rai nfall and temperature) during the period ; 

P = slope of the regress ion equation; x = number of years from 1979 to 20 I 0; c = 

regression constant (Mongi et aI. , 20 I 0). 

(2) Standardized precipitation index (SPI): SPI was used to assess drought duration, 

magnitud e and intensity across the years using yea rly rainfall data. It can be calculated as: 

SPI = x-x 
o 

(3.4.18) 
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SPI re fers to ra infall anomaly (variance, irregul arity and preci pitation deficit ) on multipl e 

time scales; X represents annual rainfall in the year t; X is the long-term mean annllal 

rainfall ; and (J represents the standard dev iation of rainfa ll over the period of observation 

(McKee et a I. , 1993; Agnew and Chappel, 1999; cited in Woldeamlak, 2009). Accordingly, 

the drought severity classes are: 

extreme drought (SPI < - 1.65) ; 

severe drought (-1.2 8 > S > -1.65) ; 

mod erate drought (-0.84 > S > - I .28 ), 

no dro ught (S > -0.84). 

After quantifying the SPI values, drought duration, magnitude, and intensity were analyzed. 

Drought duration is the period between drought staliS and ends expressed in months or years. 

Drought magnitude (DM) is the sum of the negative SPI values for all the months or years 

within the period of drought (McKee et aI. , 1993). Mathematicall y it can be expressed as: 

DM = I }=1 -(SPI ij) 3.4.1C 

where, j starts with the fi rst month/year of a drought and continues to increase until the 

end of the drought (x) for any of the i time scales. Drought intensity (OJ) is the ratio of 

the drought magnitude of the duration event, which can be expressed as Mil Li where Mi is 

drought magni tude and Li is the drought duration ca lculated from the SPI. Although most 

drought analysis used the monthl y time scal e. the ycarl y scale was selected for the purpose of 

this study because of the comparative nature of the study. If the monthl y scale was used, the 

presentati on would be compl icated and would make the result much bulky. 

3.4.1.2. Spatial and temporal measures of rainfall variability 

The spati al and temporal climatc va riability was assessed using aridity index, 

precipi tation concentrati on index, and coe ffi cient of vari ati on. 

Aridity Index (AI): aridity index was calculated to understand monthly dry and wet 

variations in te rm s o f moisture demand for agri culture in each agro-ecology using 

temperature and rainfall data. Th e aim was to identify the month s that need irrigati on. So, 

according to Zhang et al. (2009), irri gation is necessary when AI<20. The aridit y index 

can be computed as: 

Al = (3 .4.1D) 

86 

SPI re fers to ra infall anomaly (variance, irregul arity and preci pitation deficit ) on multipl e 

time scales; X represents annual rainfall in the year t; X is the long-term mean annllal 

rainfall ; and (J represents the standard dev iation of rainfa ll over the period of observation 

(McKee et a I. , 1993; Agnew and Chappel, 1999; cited in Woldeamlak, 2009). Accordingly, 

the drought severity classes are: 

extreme drought (SPI < - 1.65) ; 

severe drought (-1.2 8 > S > -1.65) ; 

mod erate drought (-0.84 > S > - I .28 ), 

no dro ught (S > -0.84). 

After quantifying the SPI values, drought duration, magnitude, and intensity were analyzed. 

Drought duration is the period between drought staliS and ends expressed in months or years. 

Drought magnitude (DM) is the sum of the negative SPI values for all the months or years 

within the period of drought (McKee et aI. , 1993). Mathematicall y it can be expressed as: 

DM = I }=1 -(SPI ij) 3.4.1C 

where, j starts with the fi rst month/year of a drought and continues to increase until the 

end of the drought (x) for any of the i time scales. Drought intensity (OJ) is the ratio of 

the drought magnitude of the duration event, which can be expressed as Mil Li where Mi is 

drought magni tude and Li is the drought duration ca lculated from the SPI. Although most 

drought analysis used the monthl y time scal e. the ycarl y scale was selected for the purpose of 

this study because of the comparative nature of the study. If the monthl y scale was used, the 

presentati on would be compl icated and would make the result much bulky. 

3.4.1.2. Spatial and temporal measures of rainfall variability 

The spati al and temporal climatc va riability was assessed using aridity index, 

precipi tation concentrati on index, and coe ffi cient of vari ati on. 

Aridity Index (AI): aridity index was calculated to understand monthly dry and wet 

variations in te rm s o f moisture demand for agri culture in each agro-ecology using 

temperature and rainfall data. Th e aim was to identify the month s that need irrigati on. So, 

according to Zhang et al. (2009), irri gation is necessary when AI<20. The aridit y index 

can be computed as: 

Al = (3 .4.1D) 

86 



where, Pi and Tj represent the monthl y precipitation amount and monthly mean 

temperature respective ly. 

Precipitatioll COllcelltratioll Illdex (PCI) : It is very essenti al to indicate the monthl y 

distribution of ra infa ll whi ch can be ca lcu lated using rai nfa ll dat a as: 

PCI = },j' x100 
L(Pi}2 

(3.4. 1E) 

where Pi is the rai nfa ll amo un t of the jth 1110nth ; and E = slimm at ion over the 12 months. 

PCI values of less than 10 indicate uniform monthly distribution of rainfall , values 

between I I and 20 indicate high concentration, and values of 2 1 and above indi cate very 

high concentrati on (Ol iver 1980, cited in Woldeamlak, 2009). 

3.4.1.3. Measures of other trends and variations 

One-way Analysis of Vari ance (ANOV A) was employed to test the mean differences in 

crop yields that the fa rm ers produce per hectare of fa rml and and the number of li ves tock 

units died due to climate related haza rds in the three study s ites. These data sets were 

collected through household survey and analyzed using SPSS. 

The stability of crop yie ld and wood supply trend was analyzcd by constructing indi ces of 

trend of yi e ld ( ITY) based on farm ers' responses to a qucsti on re lated to supply and 

productivity trend since the past 20 years or so usin g househo ld survey data as (Ahmad et 

aI. , 2003): Microsoft excel was the most important tool for analyzing crop yield stability 

trend by employing the household survey data. 

ITY = (fi * 1 + fd * -1 + fn O/ N) 

where, ITY = index of the trend of yield 

Ii = frequency of responses indicating increas ing yie ld 

fd = frequency of responses ind icating decreas ing yie ld 

fc = frequency of responses indi cating constant 

N = total number of responses 

3.4.2. Livelihood vulnerability index using fun ctional relationships 

(3.4.1 F) 

An assessment of the vu lnerabilit y leve ls of the farm ers was done using the livelihood 

vulnerab ility index (LV I) based on the household survey dat a. Th e indi ces were 

constructed using weighted average app roac h to measure househo lds ' access to a set of 

livelih ood assets and climate change exposures (Hahn et aI. , 2009). On the basis of the 
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concepmal framework, indicators were selected for five capitals and cl imati c factors 

using expert judgment, observation, and previous studi es. The indicators were changed 

into standardized index using the following equation (Sudarshan, 198 1; Sulli van et aI. , 

2002; ICRISAT, 2006; UNDP, 20 I 0) 

St d d' d' d I ObservedCaverage)values-Minimumvalues 
an ar lze In ex va ue = Maximum values _ Minimum values (3.4.2A) 

This method of normalizat ion takes the functional re lat ionship between the predictor 

variable and vu ln erability (Refe r to Annex 2). ICRISAT (2006) identifi ed two types of 

relationsh ip : vulnerability increases with the increase (decrease) in the value of the indicator. 

In this type of relationship the higher the value of the indicators, the more is the vulnerability. 

For example, the larger the change in temperature, rainfall , and distance indicators, the more 

will be the vulnerability of the place or the community to climate change impacts. In this 

case, the variables have a positive functional re lationship with vulnerability and hence the 

normalization was done using equation 3.4.2A. For these types of variables, the average 

values are taken as observed valucs. For variab les that measure frequenc ies of events , the 

minimulll value is set at 0 and the maximulll at 100. 

For indicators which assumed to have an inverse relationsh ip (adaptive capacity indicators) 

with vulnerability, the inversc scoring technique was appl ied in the standardization of 

values for each indicator by equation 3.4.2B based on ICRISAT (2006) and NMA (2007). 

Maxirnun values - Observed (average) values 
Index values =. . . 

MaXimum values - Minimum values 
(3 .4.28) 

In this case, let us consider farm income of hou seholds, a high value of this variable impli es 

better off households in the agro-ecology. So the rural households will have more capacities 

to cope with climate change impacts. Put differently, the vulnerability levels will be lower 

and farm income has an inverse fun ctional relationship with vulnerability. 

Other indicators having inverse functional relationships and can be direct ly calcu lated by 

their own fo rmula such as crop diversification and liveli hood diversification indices (refer 

to Annex 6b) were in versed by the foll owing formul a: 

Ind ex value = - .-'-
1+lI1dex 

(3.4.2C) 

According to equation 3.4.2B and 3.4.2C, an indi cator w ith the least value will have the 

highest standardized value. By taking the inverse of the value of the indicator, one can 
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create a number that assigns higher values to households wi th a lower number of 

livelihood activities and vice-versa. Norma li zing vulnerabil ity indices for each indicator on 

a scale of 0 to 1 allows calculating mean scores for each major component llsing formula 

3.4.2D (Hahn et aI. , 2009): 

(3 .4.200 

where, MCVI = one of the seven main compo nents for soc ial capital (S), financial capital 

(F), human capita l (H) , phys ical capital (P) natural capital (N), cl im atic factors (CF); 

Index refers to the sub-components, represented by i, whi ch make up each principal 

component, and n is the number of sub-components in each major co mponent. For 

examp le, the average index of the health (H) component can be calculated as: 

Hl + Hz+ H3 .. .. ·+ Hn 

N 
(3 .4.2D ii) 

By applying the same procedure, composite indiccs wcrc computed for other sub-and major 

components and then for the overall vulnerability levels of households across the three agro­

ecologies. Once the index values for each major component were calcu lated , the 

composite index was computed using the weighted average with the followin g equation to 

obtain the livelihood vu lnerability index (LVI) (Hahn ct aI., 2009): 

(3.4.2E) 

where, LVI = Vulnerabi lity Index eq uals the weighted average of the seven important 

components ; the weights of each main component, Ni is the number of indi cators in sub­

components that make up each major component (NCi). 

3.4.3. Index of adoption and logistic regression 

Adaptation assessment was made using descriptive stati st ics (percentage, minimulll, and 

maximum), index of adoption and logistic regress ion. T he composite index of adoption 

(CIA) reflects the range of adaptation strategies used and it helps to understand the 

variation in techno logy adoption (Barun gi & Maonga, 20 II ). The CIA is computed as: 

CIA = L~~~ T~A (3.4.3A) 
n 

where; TtA = the total number of adaptat ion strategies adopted by the household , 

T = the total numbers of adaptation strategies available for adoption, 

n = the sample size, and TtAIT = the index of adopt ion for the househo ld. 
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Model alld variable description for logistic regression : Econometr ic analysis was also done 

to ex amine the factors innucncing adaptati on strategies. The logistic regression model, the 

natural logarithm of an odds ratio, has been used to analyze the data . Since the probab il ity o f 

an event must li e between 0 and I, it is imprac tical to model probabilities with linear 

regression techniques, because the linear regression model allows the dependent variable to 

take values greater than I or less than O. The logistic regression model is a type of general ized 

linear model that extends the linear regress ion model by linking the range of rea l numbers to 

the 0-1 range (SPSS 16). This model is well suited for describing the relationships between 

categorica l response variables (adoption) and one or more categori cal or continuous predictor 

variables (Tarling, 2009; SPSS 16). This conditi on call s for the use of logisti c regression 

model by identi fying both dependent and independent var iables from the literature. 

Table 6: Description of dependent and independent variabl es for model estimation 

Dependent variables (binary) Independent variables (for all Description of independent 
(I~Yes/adopt,O~No/not adopt) independent variables) variables used for each dependent 

variable 
Manure-compost [No (0), yes (t)l 
Modern fertilizers 
Use of improved seeds 
Diversifying li velihoods 
Diversifying crops 
Change of planting dates 
Replanting crops 
Application of irrigation 
Water harvesting 
Digging wells 
Diversifying livestock species 
Use of improved livestock 
Adoption of terraces 
Planting trees 
Change to cheaper food items 
Seasonal migration 

Age of the household head 
Gender of the household head 
Family size in the household 
Education of the hh head 
fam11and fertili ty level 
Faml size households own 
Access to water for irrigation 
Livestock and oxen ownership 
Fann income in Ethiopian Birr 
Non-farm income in Birr 
Amount of Birr hhs borrowed 
Access to input & outpUl markets 

Number of relat ives in a village 
Fanner-to-farmer extension 
Extension services 
Access to training & climate info. 

Perceived temperature change 
Percei ved rainfall change 
Agro-ecology 

Continuous (i n years) 
Took I ifmale and 0 iffemale 
Continuous (No. people in a hh) 
No. of activi ti es hhs engaged in 
Took I if good& 0 otherwise 
Farm size owned by hhs in hect 
Dum: took I if yes;& 0 otherwise 
No. of livestock owned by a hh 
Amount of Birr hhs ga in 
Amount of Birr hhs gain 
Amount of Birr hhs borrowed 
Time to reach market centers 
Nwnber o f relatives in a village 
Dum: take I if yes;& 0 otherwise 
Dum : take I if yes;& 0 otherw ise 
Dum: took I ifyes& 0 otherwise 
Dum: took I if yes;& 0 otherwise 
Dum: took I if yes;& 0 otherwise 
took I ~ dega, 2~ wldega, 3~kola 

Source: The researcher's compilation Note: For nil dummy vnrinbJcs 0 stnnds for ' No ' <ln tl I stnnds for 'Yes' 

Explanati ons on how the independent variables influence alternative adaptation strategies to 

climate change are presented in the literature review, section 2.7.3 of Chapter Two. 

(a) Dependent variables: The dependent variables for various adaptati on options of each 

agro-ecology were created for this study. The dependent variabl es are dummy variables equal 

to I if the fanner adopted that particular adaptation option and 0 otherw ise. 

(b) Independent variables: I have analyzed whether a househo ld adopted any adaptation 

strategy or not using dummy va riables. Di fferent social , economic, and physical factors were 
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included as independent variables in the est imation procedure. The choice was based on 

experience and previous studies (Maddison, 2006; Yesuf et aI. , 2008; Temesgen et aI. , 20 I 0). 

Analys is of these dependent variables requ ires a binary response model as: 

Logit (y) = In (odds) = In (_P_) = B + 8, x;1 + 8,x;, .... +Bpx;p 
l-P 0 

where, y is the binary response variable (adaptation), 

8, is the constant or the intercept of y, 

8 0 + BtXil + 8 2Xi2 are regression coefficients, 

P is the predicted probab ility to adopt whi ch is coded with I, 

(3.4.38) 

I - P is predicted probability of the deci sion to adopt a particular adaptation option, 

Xi l+ Xil+Xip are the predictor variables included in the model. 

Note that, in the binary logistic regression if the Exp(B) also known as odds ratio is less than 

one, the independent and dependent vari ables have negative relationships and if it is greater 

than one their relationship is positive (SPSS 16). 

3.5. Qualitative data analysis methods 

The quantitat ive analysis was anchored with qua litative data analysis methods. The co ll ected 

qualitative text or word information through in-depth interview, FGDs and by writing field 

notes during observations was analyzed. Before directly getting into analys is, these co llected 

information need to be converted into word processing documents and field notes were read 

to begin the process of analysis. Because qualitati ve data collection takes long time and 

funds, I have taken only some interviews and observational notes transcribed. Creswell 

(20 12) defined the term transcription as the process of converting interview, discussion and 

field notes into text data . Then they were translated fro m local language (Amharic) to English 

and analyzed through narrating and interpreting the issues at hand. The qual itative data 

collection and anal ysis used triangulation, member checking and auditing as is suggested by 

Creswell (20 12). 

Intensive process of va lidation acti vities were undertaken with fanners and government and 

non-government officia ls at woreda, regional and national levels whenever significant 

differences across the three study sites were obta ined in the quantitative works. In this regard 

scholars advise that throughout the process of data collection and analysis, researchers need 

to make sure that their findings and interpretations are accurate (Creswell , 2012; Johnson & 

Onwuegbuzie, 2004). Validating findings means that the researcher determined the accuracy 

or credibi li ty of the findings through strategies such as member checking, tr iangulat ion and 

aUditing. Creswell (20 12) explains on the need fo r checkin g the research findings with 
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different participants in the study as: Researchers may check their fi ndings with participants 

in the study to determine if their findings are accurate. Member checking is a process in 

which the researcher asks one or more p3lticipants in the study to check the accuracy of the 

account. This check involves taking the find ings back to participants and ask ing them about 

the accuracy of the result. I did many things in thi s regard by asking experts and managers 

about the findin gs that need further j ustifications. In add ition, I asked people about many 

aspects of the study, such as whether the descri ption is co mplete and realist ic, if the themes 

are accurate to include, and if the interpretat ions are fair and representat ive (Creswell , 20 12: 

259). 

I also provided my thesis for persons to conduct a thorough review of the study and report 

back in writing the strengths and wea knesses of the proj ect during and after conclusion based 

on the advice of Creswell (20 12). In this regard Creswell argues that researchers may also ask 

a person to conduct a thorough review of the study and report back, in writing, the strengths 

and weaknesses of the research work. This is the process of conducting an external audit , in 

which a researcher hires or obtains the services of an individual outside the study to review 

different aspects of the research. The auditor reviews the report and writes or cOllll1luni cates 

an evaluation of the study. This aud it may occur both during and at the concl usion of a study. 

Accordingly, I provided my draft thesis for people work ing in Amhara agricultura l Research 

Institute, Organization for Rehabilitation and Development of Am hara, Staff members of 

University of Gondar, PhD students of Social work and Linguistic and communication 

through which [ received impOltant feedback mostly in the written form. Amendments were 

made based on the comments obtained from people who have di fferent academic 

background. 
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co ncentration index, and aridity index based on the equat ions dep icted from 3.4. IA -

3.4 .1 E. The period of stud y was chosen as long as poss ible in fu nction of the data 

availabil ity. The thes is has rea lized a data qualit y check and interpolation of mo nthl y 

mi ssing data for the selected stat ions. The monthly mi ssed values for NMA data were 

fill ed with linear interpolation method using SPSS 16 whil st no mi ssed values were 

detected fo r the Global weather data fo r SWAT. The two data sets fo r temperature were 

integrated lIsin g arithmetic mean method bas ed on FAO ( 1998) and Sil va et a J. (2007) and 

equati ons 3.3.IA and 3.3. IB for rai nfall as advised by Garg (2 005) and Silva et aJ. 

(2 007). Tests were undertaken for linear trend in annual means of temperature and ra infa ll 

for the three study sites as was used by Gbetibouo (2009), Mongi et aJ. (201 0) and IPCC 

(201 3). Quantitat ive results were also triangulated and checked with informat ion ob tained 

through FDGs, in-depth interviews, fi eld observat ion and fi eld photos. 

4. 1.1. Long-term temperature distribution and deviation (1979- 2010) 

The results of the meteorologica l data showed that annual tempera ture in the study area 

had been in increasing trends for the last three decades in clega, woyna clega and kola 

study sites. 

Figure 13: Long-term temperature trends by agro-eco logy ( 1979-20 I 0) 
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temperature increased by 2.17oC and the minimum rose by 1.02oC in the same period (0.6SoC 

and O.32oC per decade respectively). In kola site, the rate of temperature change was found 

faster than in dega, woyna dega, and nati onal level rate of increase (NMA, 200 I, 2007). 

Whi le maximum temperature in woyna dega site was somewhat lower than those of in 

dega and kola si tes. Only 4 .2Yo of the households in kola noticed the contrary, a decrease 

in temperature while only 6. 1 % of them ha ve not not iced any change in temperat ure . 

The direction of the temperature trend in the three study sites was found to be consistent with 

the findings of Mongi et al. (2010) for Tanzani a which found out those both minimum and 

maximum temperatures showed increasing trends. However, in Tabora Urban and Uyui 

Districts of Tanzania minimum temperature increased faster while maximum temperature 

increased gradua ll y. Thi s increasi ng temperature trends in the three sites has paramount 

impact on water, land and vegetation resources through exacerbating evapo-transpirat ion 

with negative consequ ences on the producti ve capacities of these valuable resources. 

In addition to the increasing trend of long-tenn temperature, greater temporal variability was 

also observed in the three sites over the same period (1979-20 I 0). The deviation was 

calcul ated using the SPI formula based on Mongi et al. (20 I 0). Figure 14 demonstrates the 

maximum and mini mum temperature anoma lies (deviation) from the long term average 

temperature in dega from the period 1979 to 2010 average temperature. It is clear from the 

figure that around 198 1 there was no much deviation both in maxi mum and minimum 

temperatures hom the long-term average temperature. 

Figure 14: Long-term Tmax & Tm in deviations in dega (2 years moving average) 
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Since then both maXllnum and minimum temperature deviations went down until 1986 

whil e in creased unti l 1992. In 1994 equa l deviati on was detected in maximum and 

minimum temperature wi th certai n decline as compared with the previolls years. Si nce 

1995 both the max imum and the minimum temperatures increased with greater 

fluctua ti ons over time. Whi le the minimum temperature continued its increment, the 

maximum temperature decreased after 2003 though after 2001 both the maximum and 

minimum temperature dev iations were above the long-term average te mperatu re. 

Figure 15: Long-term Tmax & Tmin dev iations in woyna dega (2 years mov ing average) 
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Figure 15 demonstrates the max imum and minimum temperature deviations from the long­

term average temperatures for woyna dega study site. It is clear from the figure that unti l 

1984 the deviation between maximum and minimum temperatures was almost similar. After 

1984, increasing trend of deviations were detected both in the min im um and maximum 

temperatures with greater fluctu ations over time. Analysis of temperature trend showed 

simil ar trends as the one reported by IPCC (2007) and Mongi el a t. (20 I 0). The IPCC reports 

pointed out that climate change have added difficul t situations to the tropical and sub-tropical 

regions of the world where the temperalure is a lready very high (lPCC, 2007). 
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Figure 17: Average mon th ly maximum and minimum temperature by agro-eeology 
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From Figure 17 it is very clear that the lowest maximulll temperature was recorded in July 

and August in the three study sites whilst the highest maximum temperature was observed 

in Ap ril and May. The effe ct of c loud cover is the reason for havi ng lowest maximum 

temperature in Jul y and August in the three sites. In terms of minimum temperature, the 

highest was observed in April and May, whe reas the lowest was from Nove mber to 

January in the three sites. 

4.1.2. Rainfall va riability and changes 

4.1.2.1. Seasonal rainfall variability 

The meteorology data for the period 1979 to 20 I 0 indi cated that the overall rainfall amount 

and distribution was varying in time across the three study s ites. The clega si te receives 

rainfall amount ranging from 732 to 1787mm. The range of total annual rainfall in woyna 

clega study site has become lower (870 - 1394mm) than the rainfa ll recorded in clega site. 

The si te has experienced unimodal (Meher) rainfall pattern usua ll y from Mid-June to Mid­

September. Much lower total annual rainfall (554 to 847 mm) was detected in kola site of 

Abay-Beshilo Basin than in clega and WOYIIO dega study sites. In add ition , rainfall is erratic in 

the lowlands below 1500 m and averages below 600 mm. 

The most im po rt ant feature obse rved in the rainfa ll data is the greater inter-seasonal 

variation in th e three study s it es. It is c lear from figure I X that the highest rainfall in a ll 

the study s ites was observed in the month of July followed by August. June ranks third in 
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getting the highes t ra in fa ll in woyna dega (18 1.54 mm) and in dega (152.91 mm) 

fo llowed by September with an average record of 132.44 mm and 109.5 mm respect ive ly. 

December, January and February are very dry months in wOyl/a dega and kola while dega site 

has received at least 22 mm average rainfall amoun!. 

Figure 18: Long-term monthl y average ra infa ll di stribution by agro-eeo logy 
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The monthly mean ra in fa ll pattern in the period 1979 to 20 10 ra nges from 2.08 mm in 

February to 340.32 mm in Jul y in the dega s ite, from 1. 73 mm in January to 289.51 mm 

in July in the IVoyna dega site, and 0.49 mm in September to 154.09 mm in Ju ly in the 

kola s ite. The average ann ual rainfa ll for the same period was 11 06.18 mm in clega, 

1096.7 mm in woyna dega, and 686.95 mm in kola sites. The ra infa ll occurs mostly 

during th e summer season (usuall y fro m M id-June to Mid-September), o ften fa lling as 

intense storms. About 80. I I % of the annual tota l rain in dega, 78. 15% of woyna dega , 

and 70% of kola was received from June to September. 

Precipitation concentration index (PCI): In order to characterize the monthl y distribution 

of ra infa ll , PCI was calculated by applyi ng formu la 3.~.1 E presented in Chapter Three. The 

PC I va lues showed that rain fa ll in the three stud y sites is ma inl y characteri zed by high 

concentrat ion in a few months. These PC I values indicate greate r variabil ity of mo nthl y 

ra in fa ll d is tri bution in the stu dy sites. As ca n be seen from Tab le 8 be low, the ra infa ll 

co ncentrat ion in dega and woyna dega areas range from 19 - 33 and 17.22 - 30.36 (high 

to very hi g h concentratio n) respecti vely and 8 - 15 (un iform to hi gh concentrati on) in the 

kola sites. This means, the rai ny days w ith very high rainfa ll amount range from 8 - 15 in 

kola and v ice-versa in dega and \Voyna dega stud y sites. 
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The standardized precipitation index (rainfall anomaly) for the \Yoyl/a dega si te is shown 

in figure 2 1. Simil ar to the dega site, the rainfall is described by a lteratio n of wet and dry 

years in a periodic pattern. Out of 32 years, 14 years (43.75 %) recorded below the long­

term average annual rainfall amount while 17 (53. 13%) years recorded above-average. 

On ly the year 1999 recei ved equal rainfall amount with the long-term average rainfall. 

Most of th e positive SPI values occurred before 1990 (9 out of 12 years). Consecuti ve 

negative SPI values occurred from 1990 to 1995 and 2002 to 2004. The 2002 rainfall 

amount was the lowest record in the observation period with SrI valu e 2.67. According to 

the drought assessment method by Agnew and Chappel ( 1999) referred by Woldeamlak 

(2009), there were seven drought years in the period spa nning from 1979 to 20 lOin the 

site, with varying severity. There were one extreme (2002), and four moderate (1990, 

1991, 1992 and 2008) drought years, and one severe drought, which together account for 

21.88% of the total number of observations. In contrast, 1998 was the wettest year in the 

period followed by the year 1996 (almost consistent with the ano mal ies of Amhara region 

by Woldeamlak). This wettest year may be associated with the probability of flood 

incidcnces with SPI values of 1. 87 and 1.45 in 1998 and 1996 respectively. 

Figure 22: SPI for kola zone with 2 years moving average 

Kola (Semi-arid land) 
3.00 .,-----------------'------'----------

1.95 2.26 
2.00 +--------,...---,----II--~lo5.._----------
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Source: Computed from NMA & Global Weather Data [http://g1obalweather.tamu.edui] 

Figure 22 demonstrates the standardized precipitation index for kola study site ( 1979 -

20 10). It is clear from the figure that rainfall is characterized by periodic flu ctuation of 

wet and dry years. Out of32 years of observation, 15 years (46.88%) recorded below the 

long-term average annual rainfall and the rest 15 years recorded above the long-term 

average . On ly one year recei ved nearly normal rai nfall in th e period. Before 1983, the 

rainfall was above the long-te rm average whilst from 1983 to 1995, it was below th e 

long-term annua l rai nfall. Again , in 1986 posit ive SPI value was detected in spi te of its 
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TI,e previous quantitative results and discussion were based mainly on secondary data 

generated from NMA and Global Weather Data for SWAT This sub-chapter also needs to 

triangulate and check the quantitative results with some qualitative infonnation extracted 

from surveys, FGDs, in-depth interviews and field observation. TI,e results indicated til at one 

of tile major hazards is found frequent drought in the three sites with varied duration. 

magnitude, and severity. It is found the most frequent shock particularly in kola and dega 

sites while it ranked fourth in l1'oyna dega study site (See Alillex 6a). 

TIle three snapshots in photo I demonstrate the field crops in kola , woyna dega and dega 

study sites. Te{fcrop in the left showed very poor growth in kola site in the year 2012113 due 

to early cessation of summer rainfall. Better tei! crop growth was observed in woyna dega 

site, and wheat in dega site, with a relatively good gro\\1h status. TIle experts and the 

communities from the study sites asserted that drought frequency. particularly in kola site 

used to occur in every 5-8 years, but now it occurs every 2-3 years and perhaps every year in 

tile deeper parts of the Abay-Beshilo Basin. 

Photo I: Field crop status in kola. l1'oyna dega and dega study sites 

1, Kola r, r---"--..... -,,..,., 

Source: Own field photo and by assistants in 2012 cropping season 

TIle infOlmants strongly complained tile delayed onset a.nd/or early cessation of summer 

rains. TIlese situations were confinned by interview and discussion results in woyna dega 

and kola study sites as: 

In the previolls time, the rain started in March interspersed with certain dry 
periods to continue up to October with no severe erosion on the land 
resources and less damage to crops and grazing lands. However. nowadays 
the situation significantly changes. The rain usually starts at the end of 
Junc/bcginning of July and stops at the end of August/carly September in the 
flowering and fmit-bearing stages of most cullivated crops. Later, it comes 
again in November and December causing tremendous shocks on matured 
and harvested crops in the field. This Unlimely rainfall event sometimes has 
come being accompanied wilh heavy storms and snow ralls to make the 
matters even worse. 

TI,e previous quantitative results and discussion were based mainly on secondary data 

generated from NMA and Global Weather Data for SWAT This sub-chapter also needs to 

triangulate and check the quantitative results with some qualitative infonnation extracted 

from surveys, FGDs, in-depth interviews and field observation. TI,e results indicated til at one 

of tile major hazards is found frequent drought in the three sites with varied duration. 

magnitude, and severity. It is found the most frequent shock particularly in kola and dega 

sites while it ranked fourth in l1'oyna dega study site (See Alillex 6a). 

TIle three snapshots in photo I demonstrate the field crops in kola , woyna dega and dega 

study sites. Te{fcrop in the left showed very poor growth in kola site in the year 2012113 due 

to early cessation of summer rainfall. Better tei! crop growth was observed in woyna dega 

site, and wheat in dega site, with a relatively good gro\\1h status. TIle experts and the 

communities from the study sites asserted that drought frequency. particularly in kola site 

used to occur in every 5-8 years, but now it occurs every 2-3 years and perhaps every year in 

tile deeper parts of the Abay-Beshilo Basin. 

Photo I: Field crop status in kola. l1'oyna dega and dega study sites 

1, Kola r, r---"--..... -,,..,., 

Source: Own field photo and by assistants in 2012 cropping season 

TIle infOlmants strongly complained tile delayed onset a.nd/or early cessation of summer 

rains. TIlese situations were confinned by interview and discussion results in woyna dega 

and kola study sites as: 

In the previolls time, the rain started in March interspersed with certain dry 
periods to continue up to October with no severe erosion on the land 
resources and less damage to crops and grazing lands. However. nowadays 
the situation significantly changes. The rain usually starts at the end of 
Junc/bcginning of July and stops at the end of August/carly September in the 
flowering and fmit-bearing stages of most cullivated crops. Later, it comes 
again in November and December causing tremendous shocks on matured 
and harvested crops in the field. This Unlimely rainfall event sometimes has 
come being accompanied wilh heavy storms and snow ralls to make the 
matters even worse. 



Other studies also confirm that severe drought ravaged Ethiopia for many of the last 40 years 
due to the failure of main rainy seasons in the slimmer that accollnted for 65- 95% of the total 
annlla l rainfall (Devereux, 2000; Dercon, 2004; Dercon et aI. , 2005; Segele & Lamb, 2005) . 

Aridity Index: For a given region, the annual mean evapo-transpiration rate is governed 
primaril y by the amount of available energy and precipitation . The primary control of 
energy (net-radiation) and precipitation in determining annua l evapo-transpiration rate 
has been long recogn ized. It has been observed that annllal eva po-transpiration 
approaches annllal precipitation in regi ons whe re the ava ilabl e energy greatly exceeds the 
amollnt required for evaporating annual precipitation . Conversely, in regions where 
available energy is a fraction of the amount required to evaporate the entire annu al 
precipitation, the ann ual evapo-transpiration approaches potential evaporation (Arora, 
2002). 

To understand furth er dry and wet conditions of the year in term s of moi sture demand for 
agriculture, the aridity index was computed using equation 3.4.1 D presented in C hapter 
Three. The main purpose of calculating the aridity index is to identify the months w hich 
need irrigation for crop production . According to Z hang et al. (2009) , irri gati on is needed 
when the aridity index (AI) is less than 20. 

Table 9: Long-tcnn average monthly aridity index (A I) by agro-ecology 

Month Aridity Index 
Dega Woyna dega Ko/a 

January 1.32 0.70 7.99 
February 1.03 0.84 8.58 
March 8.05 4.83 15.05 
Apri l 18.11 11.86 16.57 
May 35. 16 32.69 18.40 
June 75.13 73. 17 32.38 
July 177.12 123.47 86.22 
August 147. 18 109.26 72.70 
September 56.30 55.00 35.92 
October 31.40 34.74 22.23 
November 9.55 5.95 12.87 
December 2.22 1.39 9.20 
Source: Computed from NMA, 2012 & Global Weather Data [http://globalweather.tamu.edu/ j 

Tab le 9 shows the long-term average monthly aridity index (AI ) ( 1979-2010) . Aridit y 
index in the kola site is found to be much lower in July (86 .22) and A ugus t (72.7) th an in 
dega and wayna dega study s ites. According to the standard set by Z hang et al. (2009), it 
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Untimely rainfall: Untimely rainfall in crop harvesting and threshing seasons (October to 
December/January) was also reported by interviewees and discussants in kola and woy"a 
dega study sites. Thi s event damages matured crops and spoil s gathered c rops in the farmers' 
farmlands. When the field work was conducted in October and November 201 2 there was 
untimely rainfall in kola . To save crops from damages, the ramlers were collecting crops 
through traditional helping mechani sms (' debo '), which is part of the soc ial capital. During 
the same time, woyna dega and dega crops were in the growing, flo wering and fru it bearing 
stages. Therefore, the October and November rainfalls is advantageous to some crops 
particularly in dega site but it becomes devastating when it fail s after Mid-November to 
January/February. In the woyna dega study site untimel y rainfall has both positi ve (for flood 
recession agriculture) and negative (for flood free areas) effects. During the fi eld work for 
observat ion and in-depth interviews in January 201 2 and February 20 13 there were crops in 
the fi eld . Accordingly, the fanners seriously complained the adverse effects of untimely rains 
in woyna dega sites particularly in flood free areas. 

Flood allli soil erosion: Flood is the major climate-re lated extreme event reported by the 
farmers of the three study sites . In kola, flash fl oods associated with severe soi l erosion are 
the devastating extreme events as it receives higher rainfall for only July and August with 
less or no rainfall during the other months of the year. When the rain comes, it fall s hard 
followed by intense flooding w ithout recharging underground waler, removing away soi ls, 
devastating agricultural production, and beating down the cultivated crops. Soil erosion is 
found to be relativel y less in the dega site because it is s ituated in the relatively flat highland 
topography as compared with the undulating kola site. 

The advancin g of water from Lake Tana and overflows of river waters from Megech, Dirma, 
and others exceptionally affect the people of woyna dega sites in nine kebeles (See photo 2). 
Intense rainfalls in July and August accompanied with forceful run-off and silting up of 
ri verbeds has led to fUither fl ooding of the surrounding areas including residenti al 
compounds. Soil erosion has created rills, frac tures, and deep gulley in the thi cker, fertil e 
lands of the dega site and farmland and rangeland feltility have been gradually going down . 
However, unlike Dembia (woyna dega) households, dega households arc less likely to be 
affected by intense flooding because the sites are located in a relati vely nat topograph y. In 
this regard, FAO (2 003) and UNESCO (2004) underlined that slopes are one of the 
parameters of the terrain to worsen soil erosion. 

110 

Untimely rainfall: Untimely rainfall in crop harvesting and threshing seasons (October to 
December/January) was also reported by interviewees and discussants in kola and woy"a 
dega study sites. Thi s event damages matured crops and spoil s gathered c rops in the farmers' 
farmlands. When the field work was conducted in October and November 201 2 there was 
untimely rainfall in kola . To save crops from damages, the ramlers were collecting crops 
through traditional helping mechani sms (' debo '), which is part of the soc ial capital. During 
the same time, woyna dega and dega crops were in the growing, flo wering and fru it bearing 
stages. Therefore, the October and November rainfalls is advantageous to some crops 
particularly in dega site but it becomes devastating when it fail s after Mid-November to 
January/February. In the woyna dega study site untimel y rainfall has both positi ve (for flood 
recession agriculture) and negative (for flood free areas) effects. During the fi eld work for 
observat ion and in-depth interviews in January 201 2 and February 20 13 there were crops in 
the fi eld . Accordingly, the fanners seriously complained the adverse effects of untimely rains 
in woyna dega sites particularly in flood free areas. 

Flood allli soil erosion: Flood is the major climate-re lated extreme event reported by the 
farmers of the three study sites . In kola, flash fl oods associated with severe soi l erosion are 
the devastating extreme events as it receives higher rainfall for only July and August with 
less or no rainfall during the other months of the year. When the rain comes, it fall s hard 
followed by intense flooding w ithout recharging underground waler, removing away soi ls, 
devastating agricultural production, and beating down the cultivated crops. Soil erosion is 
found to be relativel y less in the dega site because it is s ituated in the relatively flat highland 
topography as compared with the undulating kola site. 

The advancin g of water from Lake Tana and overflows of river waters from Megech, Dirma, 
and others exceptionally affect the people of woyna dega sites in nine kebeles (See photo 2). 
Intense rainfalls in July and August accompanied with forceful run-off and silting up of 
ri verbeds has led to fUither fl ooding of the surrounding areas including residenti al 
compounds. Soil erosion has created rills, frac tures, and deep gulley in the thi cker, fertil e 
lands of the dega site and farmland and rangeland feltility have been gradually going down . 
However, unlike Dembia (woyna dega) households, dega households arc less likely to be 
affected by intense flooding because the sites are located in a relati vely nat topograph y. In 
this regard, FAO (2 003) and UNESCO (2004) underlined that slopes are one of the 
parameters of the terrain to worsen soil erosion. 

110 



Photo 2: Flood and displaced people in temporary shelter in Dcmbia, July-August 2012 
if 

Photo 2 demonstrates the flood incidencc in the l1'oyna dega site from July to August 2012 

and thc peoplc in temporary shelter. The data obtained from the Woreda Office of 

Agriculture indicated that 189, 981 people in the nine kebeles have been exposed to flood 

incidences and many of whom have been displaced and resettled in the temporary shelters 

with the support of governmental and non-governmental organizations in most summer 

seasons of the years. By the incidence. the agricultural lands, the schools, the health 

institutions, the residential houses. the roads and the bridges have been flooded and damaged. 

Crop pests: Farmers' livelihood activities are also affected by different weeds, pests and 

insects. Intervicwed farmers reported that they have lost a lot of crops in the past as a rcsult 

of pest infestation in all the three sites. However. the impact varies across the three study 

sites. For example, crop pests ranked as the first problem in the woyna dega site. 4"' in kola 

and 3'" in the dega site, marking it as the frequently occurring extreme evcnt in the IVoyna 

dega sitc. The flat. \\ann , and humid nature of the area enhances the infestation of different 

crop pests. According to the infomlation obtained from interviews with agricultural experts 

and managers, tl,e common crop pests arc African ball-worm and aphids in all the three study 

sites while stalk borer, shoot fly, Wollo bush cricket, anny wornl. and cutworm arc more in 

kola and IVoyna dega sites. It was also reported tl,at the African ball-wornl and aphids can 

damage mostly peas. beans, and chickpeas. Although bird infestations on cereals were 

reported in all the three study sites. it was extreme in dega. affecting highland fruits and 

vegetables. When extreme pest infestations occur. treatment has been available from the 

Bureau of Agriculture on sale and for free. However, controllable infestations have been 
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encouraged by local protection mechanisms in order to prevent the adverse environmental 

effects of sprayed chemicals. 

Crop diseases: By crop diseases, the 1V0yna dega and kola sites are reported to be the most 

affected areas ranking I" and 4'" respectively. Interview reports from agri cultural supervisors 

and proj ect managers indicated that the common crop di seases are found to be yellow rust, 

smut, and root-rot in kola and woyna dega si tes. Powdery-mildew and root-rot were also 

reported in the dega site to damage highland fruits and vegetables. According to the 

agricultural supervisor, these crop diseases have usually occurred around the end of August 

when the re lative humidity increases. Fam1ers, local leaders, expel1s and extension officers 

recognized the link between climate variability and increased incidences of crop pests and 

diseases. O ther reports in Ethiopia and Tanzan ia also indicated that the changing temperature 

regimes will affect not only growing seasons, but also the preva lence of pests and di sease that 

attack the cultivated crops. These impacts are anti cipated to have very signi ficant 

implications for the livelihood bases of the poorest farmers (Mongi et a I. , 20 I 0; Leulseged et 

al. , 20 13). 

HUlllan lliseases: According to the survey results, increased trend of human disease were 

reported in the kola and woyna dega study sites, particularly during warmer periods and 

drought years. The woyna dega site was found to be most affected site by preva lence of 

human diseases, mainl y malaria ;) l1d water borne diseases ranking as the 3rJ problem by the 

interviewed households. For example, the water logging and fl ood affected fla tland of the 

woyna dega site (Dembia woreda) is suited for malaria breadi ng. Like other shocks, its 

incidence is rare in dega as it ranked to be the 6'" extreme weather-related event. In line with 

th is fi nd ing, McSweeney (20 I 0) also noted that the most common climate change-induced 

human diseases in Ethiopia are malaria, dengue fever and d iarrhea. 

LiI'estock diseases: climate-induced lives tock di seases have also created hea lt h shocks in the 

study si tes. The survey resul ts indicated that it ranked 3'd both in kola and woyna dega sites 

whilst it was reported as the 7'" extreme event in the dega si tes. In other words, lives tock 

disease is a less frequently occurring weather-related extreme event in the clega study site. 

However, when li vestock diseases occur, the threat to the fa rmers' li vestock production is 

found to be much severe in all the three study sites. 

Although efforts have been made in the form of medical treatments, the incidence of 

livestock disease in the study sites is prevalent. In kola, the veterinary techn ician (May 2012 

and November 2012) noted that the li vestock species are weak in resisting disease, pal11 y due 

to decreas ing pasture availability and quality as well as increasing water stress. He 
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found to be much severe in all the three study sites. 

Although efforts have been made in the form of medical treatments, the incidence of 

livestock disease in the study sites is prevalent. In kola, the veterinary techn ician (May 2012 

and November 2012) noted that the li vestock species are weak in resisting disease, pal11 y due 

to decreas ing pasture availability and quality as well as increasing water stress. He 
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recognized anthrax and black leg as the major catastrophic lives tock disease in the dry 

periods of the kola sites. The technician also added that a lmost all other animal diseases arc 

preva lent nowadays, usuall y at the beginning and end of the short and main rainy reasons. 

This result is supported by Liu (2007) who asserts that unusual periods of rain-free weeks 

result in high livestock mortality rates by increasing the likelihood of food and water 

shortages in the Asian and Pacific Regions. During the fi e ld work from April-June and in 

November 201 2, in the kola site, fa rmers were reporting the incidence o f li vestock disease 

and they were also asking the veterinary technician for vaccination campaign. [ also 

personally observed in the fi eld that the nearby farmers were bringing their cattle to the 

veterinary clinics fo r medical purpose (Photo 3). 

Photo 3: Diseased cow in veterinary clinic in kola and llUngr>;.~~~!;~~ 

Kola 

Photo 3 shows the thinner catt le as they have been affected by feed shortage and the resultant 

li vestock diseases. Thi s implies that livestock keeping has become a seri ous problem from 

time to time. [n the light of this situation, Leulseged et a1. (201 3) recognized that in recent 

years a complex set of factors such as increased rainfall variability, ri sing temperatures, 

invasive species, conflict and overgrazing are fo rcing huge changes within fanning 

communit ies in Ethiopia. The farmers usually feed their livestock by collecting and 

preserving and/or purchasing straw and hay throughout the year. The problem was expressed 

by participants in in-depth interview in kola study site as: 

In the previous times, there was plenty of grass and vegetation in our surroundings. 
We simply released our animals in to the fi eld to feed them with more abundant 
grass and vegetat ion species. Now we do not release our animals the way we lI sed 
to because there is no grass and vegetation cover. Furthermore, the officials 
introduced a new strategy of feeding animals by keeping in sheds, and thus 
numbers of animals we have owned are becoming far fewer. Some people buy 
straw/hay to overcome the feed problem; some send to relat ives in the very deep 
gorges of Abay and Beshilo. However, this latter solution is also becoming in 
trouble as these gorge areas are severely degrading and arc unable to grow 
suffi cient grasses and bushes. Nevertheless we are gell ing poorer because of severe 
environmental degradati on, recurrent drought, low producti vity o f' agricultural 
lands and fewer numbers of animals we have owned. 
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Wayna dega and dega households also reported similar livestock health and feed problems. 

The survey results indi cated that 54. 1% of the woy"a dega and 41.4% of the kola households 

have used free grazing on common lands whil e only 12.4% of them have used it in dega site. 

This result is quite consistent with the reported strict control over common forest resources in 

dega. Almost a ll households have used crop remnants (straw) and hay to feed their animals 

which may have negative implications on land fel1i1ity management act ivit ies, however. The 

field observation in 201 2 summer and 201 3 winter confirmed the seriousness of li vestock 

reed shortage in three study sites. Accordingly, Ihe death of many Iivcslock was reported by 

the surveyed households in Ihree sludy sites. However, the maximum death of anim als was 

reporled in kola (20.3 Tropical /Tota l Li vestock Unit/TLU) than the max imum average of 

12.43 TLU and it is 12.2 TLU in lVoyna clega which is almost s im ilar to the maximum 

average. The lowest TLU died was reported in clega (4.8 TLU) . 

Table 10: Comparisons of the mean TLU di ed by c limate hazards in the past 5 years 

(I) Agro- (1) Agro- Mean dlnce (1- SE Sig. 95% Confidence Interval 
ecology eology 1) 

Lower Bound U er Bound 
Dega W/dega -.66278 .30711 .080 -1.3846 .059 1 

Kola -2.28 105' .26631 .000 -2.9070 -1.655 1 
WOYUll Dega .66278 .307 11 .080 -.0591 1.3846 dega 

Kola -1.61 827' .26562 .000 -2.2426 -.993 9 
Kola Dega 2.28 I 05' .2663 1 .000 1.6551 2.9070 

W/dega 1.61827' .26562 .000 .9939 2.2426 

*Thc mean difference is s ignificant at 0.05. Source: Household survey, March - September 20 12 

Table 10 illustrates the comparisons of the mean TLU d ied by climate-related hazards in 

the past 5 years by agro-eco logy. It is c lear from the table that the average number of 

tropi cal li vestock unit (TLU) died was higher in kola (3. 1 TLU) than wayna clega (1.5 

TLU) and clega (0. 8 TLU). Thi s means that the num ber of tropical/total lives tock unit 

(TLU) died is by 52% hi gher in kola than in lVoy"a clega. Simi larl y, woyna clega area is 

by 46% higher than dega site (Refe r to Table 10 abo ve). This indicated thai the 

vulnerability context of the households to climate change impaci by number of livestock 

death is much hi gher in kola than in clega and wayna clega s tudy sites. Studies also 

confirm that changes in temperature, preci pitation and wind pat1cI1ls affect pathogen and 

vector habitat suitab ility, affecting human hea lth and livestock reso urces. Heat stress and 

drought are li kely to have further negative impact on people 's and li vestock health and 

di sease-res istance (!PCC, 2007). 
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4.2. Land and forest resources degradation 

Another important biophysical vu lnerability context depicted in the conceptual fram ework is 

land and forest degradation. The topographic characteristics. the households' farmland 

locations, erosion intensity and fertility levels and forest suppl y situations are the 

fundamental characteristi cs (contexts) to predict the sensitivity of the households to the 

impacts of climate change and extreme events. 

The basic data types used in this sub-chapter are household survey data and qualitative 

information . The data were used for ana lyzing farml and topographic characterist ics, 

erosion intensity and fa rml and fertility stat us; and for measuring households' access to 

forest resources suppl y trend . Similar to other sub-chapters, the quantitati ve results were 

also triangulated and checked through FGDs with selected participants, in-depth interview 

with experts, office head s, and farmi ng hou sehold s. Field observati ons were al so 

conducted including taking images whi ch can support the quantitative and qualitati ve 

results and comparing the biophys ica l and soc io-economic contexts across the three agro­

eco logica l zo nes. The results and discussions are presented in the next sub-sections. 

4 .2.1. Farmland erosion and fertility levels 

Farmland erosion severity and fertility levels are powerful vu lnerability contexts in 

influencing the total production and prod uctive capac ities o f farming hou seholds who 

have already settled and done their economic activities in the fragil e environments. The 

surveyed data was analyzed using descriptive statistics, namely percentages. The results 

found out that farm lands s ituated in the di ssected landscapes such as rugged terrain , deep 

vall eys and mountain ridges as well as flood-prone areas, are highly sensiti ve to soil 

erosion, mass movement, landslide, flooding , and consequently to poor soil fertility and 

to fa st productivity decline - as a result leading the farming households to higher 

vulnerability level s to climate change and vari ability. 

Table II , depicting the survey results, show the percentage of hou seholds by farmland 

location , intensi ty of reported so il erosion , and farml and fertility level in th e three study 

sites. The results indi cated that hi gher proportion of kola (65.4%) households have owned 

farm lands located in a very rough topography which has made the farmlands most 

susceptible to severe soil erosion , accelerated soil fe rtili ty dec line, and in turn agricultural 

production to go down than the dega (36 .4%) and woyna dega (22.6) households. The 

reasons are as presented in sub-section 4.1.4 under the discussion of fl ooding and soi l 

eros ion. Field photos depicted below show this worst biophysical vulnerability context. 
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located . Only 7% of the households in clega (re lati vely fl at hi ghland area) and nea rly 4% 

in woyna clega reported the sa me. The majority of the respondents (82%) in 1V0y"a clega 

and nearly 74% in clega rated their farmland fert ility level as medium while 34.2% in kola 

reported the same fertility level. Thi s farm land fertility level has in turn great 

impli cations on agri cultural productivity and food security situations of the studi ed 

househo lds. 

The results are mostly associated with the hazard-of-place model as these topographic 

contexts help to measure the farmers' degree of exposure and sensit ivity to climatic 

hazards (Cutter, 1996; Cutter et aI., 2003). This model noted that the hazard potential is 

influenced by a geographic exposure such as si te, si tuation, and prox imity to the so urces 

of hazards, and the socia-economic condition s o f places such as th e abi li ty to respond , to 

cope up with, to recover from, and to adapt to such hazards. Other studies also argue that 

the parameter of sensitivity is stron gly linked to location and is eva luated by the inherent 

characteristics of places, considering human-environmental relationship, where both social 

and biophysica l characteristics influence this relationship (Turner Tl et aI., 2003; Ga llopin, 

2006). Places having inferti le land continue to suffer from low rates of economic growth and 

pervasive poverty. This situation is evident in the kola site of Abay-Beshilo Basin. The 

fragile envi ronment dominated by undulating topography in the kola site exposed the area 

to severe soil em, ion resulting in poor farmland fe rtility and lamentable agricu ltural 

production. In the light of this resu lt, FAO (2003) and UNESCO (2004) aga in underlined 

that slopes are one of the parameters of the terrain to worsen land degradation and so il 

erosion. 

Land degradation can be both an impact and an ampl ifier of changing weather patterns. When 

the fi eld survey was carried out from March to the end of June 20 12, large areas in kola areas 

arc completely devoid of green cover even during the rainy seasons, except cropped areas. 

Most areas have no so il cover lell, bore soils and bedrocks can be seen over extensive areas; 

grazing lands are already over-stocked, and crop residues are used to feed animals. These and 

ot her contexts have worsened the vulnerabi lity lcvel of the studi ed households and the 

eco logical systems as a whole (See Photo 5). 
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Photo 5: Observable bedrocks and degrading lands in the three agro-ecologies 
- i----,"'_ .... 

Source: Own field photo, 2012 and 2013 

Photo 5 shows the already observable bedrocks in kolo, flood plains area in woyna dega and 

deep soils but severely degrading in dega study sites. With increasing population pressure , 

the intensively cultivated areas are heavi ly used and grazing lands are now under increasing 

stress. The result is cracked land leading to deep gulley and rills (Photo 6). Gullies and rills 

are indicators of considerable topsoil loss in the slope depressions. The very low vegetation 

cover has fostered the erosion process affecting fannlands and grazing lands. which in tum 

have worsened the situations of the study sites. 

Source: ACCRA, 201 1(the first) and own field photo (the right) , 2012 

As it can be seen in snapshot 6, overgrazing is a severe trouble in the over-populated places 

of the studied areas. Rangelands are under pressure due to overgrazing and encroachment of 

crop fal11ling. In addition to tile widespread degradation of land resources, the increase in 

invasive alien species has been a recent-onset phenomenon from the early 1990s onwards in 

Etiliopia (Leulseged et aI. , 2013). Invasive weed species are usually characterized by rapid 

gro\\1h. and tilCY typically replace othcr, morc desirable indigcnous plants. These species 

usually damage cultivated plants by competing with them for sunlight, water. and mincral 
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nutrients . The spreading of the invasive alien plant species has also invaded vast areas in the 

Lake Tana shore of Dembia (woyna clega) sites (Photo 7). 

Photo 7: Invasive species arowld Lake Ta11a and the practice of weeding by the people 

Source: Own field photo November, 2012 

These invasive alien species are called' hyacinth' or locally known as 'emboch '. Experts 

working in the area stated that these plant species are evading vast swampy areas with 

devastating impact on indigenous plants. The areal coverage of these species has rapidly 

increased. In addition to harming the plants, this weed can poison livestock when eaten 

and spoil the flavor of the milk produced by cows that consume this weed. Fishing, one of 

the sources of income for the local community, are also now in danger. In the light of this, 

Leulseged et al. (2013) also recognized the impacts of invasive species in Ethiopia as one 

of the complex sets offactors in forcing huge change within the lives of the community in 

recent years. To alleviate the problems of these invasive species the local government 

bodies have undertaken massive clearing campaign through community mobilization in 

the last winter (2012113), but the plants have been spreading quickly to the vast water 

bodies and swamp areas (Photo 7) which have called for furthei-~~~!!'1!"!c~lo5'!nus;:l~n~o~r~e~r :::1 
~ AMllA UNTVERSITY 

to curb the problems and to save the Lake Tana water from d n~~Alq C," "'\I" I PH ~ flY 

4.2.2. Forest resources and fuel-wood trend stability 

As the forest resources are other measures of the vulnerability contexts in the rural 

households, forest availability and situations related to common forest resources 

protection using the survey data were exanlined. The analysis ,,"as done by calculating an 

index based on households' response' for the question "What was the forest supply trend 

for fuel-wood over the past 20 years or so? TIlC households ,,"ere expected to answer one 

of the three altematives: increased, decreased. and no change (Sec Table 12 below). 

~ Equation 3.4.1 r, Chapler Three 
IIQ 
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Table 12: Firewood supply trend stabi li ty over time by th e three study sites 

Agro- Increased Decreased Constant 

eco logy Frequen. %age Frequen. %age Frequen. %age Index 

Dega III 86 9 7 9 7 0.79 

W/dega 25 18.8 104 78.2 3 2.3 -0.60 

Kola 4 1. 5 258 98.1 0.4 -0 .97 

Total 140 26 .7 37 1 70. 7 13 2.5 -0.44 

Source: Household survey, March - September 20 12 

II is very clear from Tab le 12 that, the index of fue l-wood stabil ity index discloses 

negati ve trend for ko la (- 0 . 97) and lVoyna dega (- 0 . 60 index va lue) stud y sites 

indicating a considerably hi gher declining trend in fo rest resources. Ex ceptionall y, 

positive trend was detected in clega (0.79 index value) which is most consistcnt with the 

temperate ho useho lds of Othaya di strict of Kenya from which the households most oft en 

have practiced tree p lant in g and nursery as compared with arid and semi-arid distri cts 

(Bryan et ai. , 20 11). Field observation confirmed that in kola and 1V0yna deg" study sites, 

except in a few remote areas and around churches, there was no vis ibl e vegetation 

(Ne ith er man grown nor natural). The expansion of sett lements and cropl ands up onto 

steeper s lopes further put imm ense pressure on the limited wood land resources in the kola 

study sites. 

The pos itivc index va lue (0.79) in the dega site imp lies improvement experienced in the 

supply of fo rest products to rural household s as compared with th e past decades. 

Interview reports identi fied three reasons. The first was that fa rmers have changed the ir 

farmlands to eucalyptus trees as th e benefits fro m th em in the long-run outwe igh that of 

crop production. Nea rly 87% of the surveyed households reported they had planted at 

least a few trees in the past wet season as compared wi th the kola (62%) and the woyno 

dego (44 .4%) study sites. Relat ivel y hi gher survival rat es of the trees also encourage the 

farmers to do so. Therefore, the positive trend of forest resource suppli es and the 

interview reports is found to be consis tent with the households' response of tree planting 

practices. Eu calyptus trees are needed fo r fuel-wood , construction purpose, and recentl y 

to generate income. Trees help households to earn income and to cope up with food 

shortage. The samp le househo lds accounted selling of eucalyptus trees as a key coping 

stra tegy of food shortage that may serve as anot her impetus for planting more trees in the 

deg" sites (Photo 8). 
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Table 12: Firewood supply trend stabi li ty over time by th e three study sites 

Agro- Increased Decreased Constant 

eco logy Frequen. %age Frequen. %age Frequen. %age Index 
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Source: Household survey, March - September 20 12 
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Photo 8: Seedlings and well protected man-grown forest areas in dega site 

TIlC interviewees also mentioned the practice of strictly coordinated control over 

producing and selling of charcoal and cutting of trees as the second reason for the positive 

trend of forest resources supply in the dega study site. Over 47% of the households in the 

dega site repOlted that there is strict control over common forest resources by government 

bodies followed by 27.8% of them in the woyna dega site. But only 6.8% of the kola 

households reported the same. The rest reported that there is weak forest control practice 

which has allowed open access to cveryone and has led to serious damage to the remnant 

forest species. The third rcason was attributed to the expansion of area closure practice 

through integrated programs of the Dabat woreda Agriculture Office. Organization for 

Rehabilitation and Development of Amhara (ORDA). and North Gondar Zone Sustainable 

Natural Resources Program Office. Now vast areas have been protected from 

encroachments of people and animals and hence the areas are being rehabilitated within 

short time. even in a year. Trees have started to grow, and tall grasses and wild animals 

have reappeared in the protected areas. 

Although the percentage of households who reported planting trees cannot be undemlined 

in the kola and woyna dega study sites, very low survival rates of the planted trees were 

observed during the field works. The focus group discussants and field observations also 

asserted low survival rates of planted trees, particularly in the kola site mostly because of 

recurrent drought and expansion of desertification. In this kola area, most landless poor 

households have also engaged in selling of firewood and charcoal with tremendous 

impact on remnant bushes and shrub-lands. In line with this. the strict control over forests 

was reported only by 6.8% of the households in kola. On the contrary. the awareness 

creation education on forest management in the households' locality was found to be 

more in the kola (69.2%) followed by in the woyna dega (nearly 59%) study sites. OnlY 

48.1 % of households in dega have got an awareness creation education on forest 
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management. This implies that environmental cond iti ons can dictate more partic ipation of 

households in planting trees rather th an ed ucating them. Education may nothing to do 

without suitable environmental conditions that can determine survival rates of the tree 

species. 

4.3. Economic situations of the three agro-ecologies 

The conceptual framework depicted in Chapter I incorporated the economic situations of 

households under vulnerab ility context. In deeded, the type of economic sectors the people 

engaged in are essential in determining their vulnerability level. There fore, the economic 

situations of the surveyed households in the three sites were described in this sub-chapter. 

The office documents from woreda Offices of Agriculture, household survey, in·depth 

interviews and field observations are the main data sources for this sub-chapter. The detai led 

results and discussions for each sub-section including the respective types of data and sources 

are presented in the sections to come. 

4.3.1 . Crop production and livestock rearing 

This sub-section presents the qualitative information obtained hom oftice documents and 

interview reports. The information obta ined from the World Vision Ethiopia, Dembia Area 

Development Program (ADP) document and Offices of Agriculture in Simada and Dabat 

woredas indicated that all the people living in the three study sites are dependent on ra in-fed 

mixed farmi ng (cultivation and animal rearing) like elsewhere in sedentary farming areas of 

Ethiopia. The major crops grown in kola environment are sorghum, haricot bean, maize, and 

t~ff; whereas the dominant crops in dega are barley, wheat and beans whil e the main livestock 

in kola are cattle, goats, equine, and in dega they are sheep, cattle and equi nes (AD P, 20 12). 

Local agricultural wage labor along with sesame weeding and harvest ing opportunities in 

Metema, Humera, and Quara are important income sources for the poor and very poor and for 

many people who are dependent on PSN P and firewood sales to meet their food needs 

(ACCRA, 20 II ). Trade across the river valleys is minimal in the dry season and impossible 

in summer. The Amhara Regional Government classified kola and dega study s ites among 

the low-potential, food-insecure areas. 

The woyna dega site of Dembia wareda is entirely s itllated in the Tana zuria live lihood zone 

where almost all the population groups are ass umed to enjoy relatively good agricul tural 

production. However, it is found to be more vulnerable to the impact of climate change and 

extreme events. The major crops grown are lei!; maize, and red-high land sorghum. Pulses 
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such as, chickpeas and cow peas are produced and some cash crops like papcr, Niger seed. 

and fenugreek are also grown with limited farmlands. Livestock holdings such as shcep and 

cattlc are relatively in modest condition. Livestock and butter sales make a substantial 

compliment to the dominant crop sales. Sheep are sold more often to eam income for regular 

cxpenses through the year. During religious festivals in April (Easter), September (New 

Year) and January (Christmas and Epiphany), when commun ity members individually or 

collectively purchase animals for slaughter, tllere is higher demand in town markets . Cattle 

arc high value assets mostly owned by middle and better-off households and they arc sold 

sparingly. especially fertile femalcs. Livestock condition is promotcd by thc relatively good 

avai lability of pasture and water. Pasture is supplemcntcd by the purchase of crop residues 

after the harvest season. TIle infonnation obtained from the woreda Officc of Agriculture 

(OoA) indicated tllat the main hazards to livestock are anthrax. trypanosomiasis, 

pasteurellosis and black leg. 

Paid work gives a supplement to crop sales in the income of poorer households, especially for 

weeding and harvesting. Neverthcless, local men also travel to Metemma and Humcra to 

work, for being attracted by the high wages during the sesame ~U1d cotton harvesting seasons. 

Fishing in Lake Tana using nets and hooks is an additional income source for those living in 

thc nearby areas of Lake Tana, peaking in February and March. Fish are also coming to tlle 

surrounding lands of Lake Tana together with flooding in July and August and hence 

collected by the fisher-mcn (Photo 9). 

Photo 9: Fish catch by the surrounding famlcrs of Lake Tana during flooding 

Source: Field photo by thc field assistant, August 2012 

Thc interview contacts with an cxpcrt working in the Area Development Program of World 

Vision. indicated that thcre 108 people organized undcr one cooperative to prepare fish 

products for intcmal and external markets to Sudan. However, thcrc is no sufficient markct 

link created so far. 
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Climate-related hazards discussed in sub-section 4. 1.4 are maj or threats to food production in 

the study sites like elsewhere in Ethiopia. The majority of the households reported decreasing 

food crop and li vestock production, which is not sufficient to cover household ex penses. 

Although households from all si tes reported food shortage, the problem is much severe in 

kola areas. Most of the poverty stricken kolo areas have suffered from chronic food 

insecurity resulting from erratic distribution of rainfall , snowfalls, degraded farm lands , 

pests and diseases infestations, livestock di sease, malaria and other human diseases, and 

small landholdings among other factors. This has left the population dependent on food­

aid , particularly in the kola si te. 

Table 13 : Average number of month s and households faced with food shortage 

Indicators Unit Dega W/dega Kola 

Average months with food shortage in a year Months 3 2.6 4 
Households faced with food shortage in a year 91 Percent 83 79 

Household members who take less than 3 food items/day 90.7 54.3 66.7 

Household members who take less than 3 mea ls/day 66.2 20.2 14.3 

Households unabl e to save food crops for future li se 96.2 89. 1 88 .6 

Households unable to save seeds for the next sowing season 3 1.2 3 1.8 14.3 

Source: Household survey, March - September 2012 

It is clear from Table 13 that 91 % of the households in kola, nearly 83% in dega, and 79% in 

woyno dega rep0l1ed to have faced with food shortage at least a month in the drought and 

snowfall years. The average maximum number of months in which they faced food shortage 

was reported to be 3 in dego, 2.6 in woyno dega and 4 in kola sites. Consequently, there have 

been people who receive food aid ranging from 3 to 9 months in kola and dega sites . There is 

no food aid program in the woyna dega site. The surveyed househo lds were asked about th e 

coping mechanisms they use in times of food shortage. Their report indicated that the 

major coping strategy in all the study sites was sel ling livestock (89.1 of the dega, 78.2 of 

the woyna dega, and 77.7 of the kola households) to purchase food in rural markets (see 

Photo 10). Other studies al so identified that selling of lives tock has been the most 

common cop ing mechani sm to climati c shocks, informing that in addition to serving as 

so urce of power for farming and manure for maintaining farm land fertility, li vestock 

serves as a store of wealth providing insurance against climatic shocks (Temesgen, 20 I 0, 

Barungi & Maonga, 2011). 
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Photo 10: Drought affected people in kola purchasing food crop in a nlral market 
\ 

Donkeys waiting for transporting purchased crops 

Source: Own field photo November, 20 12 

4.3.2. Crop productivity and trend of yield stability 

People in purchasing 
food crops in a market 

Crop productivity per hectare and trend of crop yield stability arc the most importlUlI contexts 

for measuring IlUld quality and livelihood security of the surveyed households. To measurc 

the quality of IlUld, crop yield was analyzed based on the data collected from a household 

survey. In the survey questionnaire the households were asked to give the amount of 

major crops produced in quintal in drought and non-drought conditions. For analyzing 

crop productivity, the avcrage yields of thc drought and non-drought years were 

calculated to obtain annual crop yield per hectare for diffcrent crops. 11,cn the average of 

the major crops of the three study sites \Vere taken for analysis using Onc-way analysis of 

variance (ANOYA). The mean yie ld of major crops for individual households was also 

prcscnted in a scatter plot for making comparison across the three agro-ecologies. The 

households were also asked about the trends of their major crops productivity per hectare 

(yield) over the last 20 years or so with the alternative responses of: 'increascd', 

'decreascd' and ·constant'. The responses were analyzed using descriptive statistics and 

lUl equation depicted in 3.4 .1 F. 11,e results are demonstrated. interpreted and discussed in 

the ncxt sub-scctions. under 'a' and ·b'. 

(a) Crop productivity: 11le survey results indicated that crop production deviates over 

space and time due to variation in the quality of farmland lUld climatic conditions besides to 

othcr factors. 11,ere is considerable variation in the average productivity of cereals, pulses 

and other major crops by agro-ecology. Although it seems underestimated. average 

productivity was found to be five quintals per hectare in dega (maximum = 19.3, minimum = 

1.4. lUld standard deviation = 2.77), 4.32 in W'oyna dega (maximum = 13.6. minimum = I. 
and stlUldard deviation = 1.82), lUld 2.77 in kola (maximum = 10. minimum = 0.5 , and 

standard deviation = 1.41) which is found to be much lower thml the national average of one 

tone per hcctare for cereals. 11,is simply implies how agriculture in general and crop 
1 ?, 
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production in particular is performing differently in the three study sitcs against the national 

level average crop productivity/yield. 

Table 14: Mean difference in crop producti vity between agro-eco logies 

(I)Agro-ecology (I) Agro-ccology Mean Diffe rence SId. Error 95% Confidence Interval 
(1-1) Sig. Lower Bound Upper Bound 

Dega WOYlladega 0.68440' .23848 .0 12 0.1239 1.2449 
Ko/a 2.24136' .207 18 .000 1.7544 2.7283 

WOYlla dega Dega -0.68440' .23848 .0 12 -1.2449 -0.1239 
Ko/a 1.55697' .20560 .000 1.0737 2.0402 

Kola Dega -2.24 136' .207 18 .000 -2.7283 -1.7544 
WOYl1a dega -1. 55697' .20560 .000 -2.0402 -1.0737 

'The mean difference is significant at O.OS . Source: Household survey, March - September 20 12 

Table 14 shows the mean variation in crop yield between the three study sites. The Analysis 

of one-way Variance (ANOVA) significant at O.OS level indicated that crop productivity in 

the dega site is found to be higher by 0.68 quintal than in woyna dega and by 2.24 in the kola 

site. In wayI/o clega, crop yield is higher by 1.56 quintals than in kola. The degraded kola site 

provided very low crop production consistent with the hazard of pl ace model. 

Figure 23: Yield of major crops against mean yield of the three agro-ecologies 
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As the scatter diagram demonstrates (Figu re 23), the majority of the households in the dega 

site are concentrated above or around the mean yield of the tilree study sites. The great 

majority of kola and woyna dega households are concentrated under the mean yield . The 

reasons are attributed to the factors mentioned in sub-chapters 4. 1(4. 1.3, 4 .1.4) and 4.2 . The 

result is suppol1ed by the findings of the !PCC (2007) that crop production was projected to 

increase slightly in the cooler regions for local mean temperature which rose up to I-3 °C. 

Thi s may be due to the benefi cial opportunities that climate change has brought by 

increasing growing seasons for crops despite climate change aggravates land degradation. 
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result is suppol1ed by the findings of the !PCC (2007) that crop production was projected to 

increase slightly in the cooler regions for local mean temperature which rose up to I-3 °C. 
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reported figures . I triangulated this report taking it to older household heads. They absolutely 

rejected the experts' reports even before 40 and 50 years ago when there was surplus 

production there. Infollnat ion provided by the households does just ify that crop yields are 

gradually going down in their locali ty though it seems somewhat deflated for outside 

observers and genera l national observers. In addition, as I was born, grew up, and worked in 

the farming households, crop yie ld is going down in the fra gile landscape of northern 

Ethiopia. Triangulation was also done through visiting the households when they harvested 

and threshcd their crops in the field which further justified the households' responses. 

The above results does not mean that there is no growth in total production of the country as 

this is observed in its to tal agricultural production and in some households li vi ng in modest 

environmental conditions for new technology packages, good land management practices and 

irrigati on justified reported increasing crop productivity over timc . However, some scholars 

also related the effectiveness of new technology packages (at least partially) in boost ing crop 

production with good weather conditions (Taffesse et a\., 20 II). They also argued that rather 

than technology adoption , the major factor behin d the growth of total production in Eth iop ia 

has been expansion of cu ltivated land area. For example, grain production has regi stered a 

growth of 74%, with yield growing by only 18% and area culti vated by 51 % between 

1989/90 and 2003/04. From 1994 to 2002, 70% of cereal production increases resulted from 

expansion of cultivated land area (TatTesse et a\. , 20 II ) and it is in an increasing trend in 

recent years. However, cultivable lands are already exhausted in the study sites so that there 

is no possibility of expanding agricul tural land by households. Hence, the results seem logical 

for the fragile landscapes of northern Ethiopia where rain-fed crops are more sens itive to 

climatic anomalies. Rainfall variabili ty is important detcrminant contex ts of li velihoods of the 

community in Ethiopia . Good climate is needed to keep sustainabl e agr icu ltural production 

for hav ing better livelihoods of households. 
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CHAPTER FIVE 

VULNERABILITY LEVELS OF FARMERS TO CLIMATE CHANGE 

The results of objective two (second research question), assessment of vulnerability levels of 

households by agro-eco logy, is presented in this chapter. As it was clearly discussed in 

chapter two, vulnerability is the comb ined effect of natural and socio-economic dimensions 

of the affected system. This chapter analyzed the vulnerab ility levels of the nlral households 

to climate change impacts in terms of five capitals, climatic factors and adaptive capacities in 

dega, woyna degC/, and kola study sites guided by integrated vulnerability assessment 

framework of sustainable livelihood approach. Analysis of the vulnerability levels of 

households was done by integrating multiple indicators using the livelihood vu lnerability 

index. To address the second objective of the thesis, this chapter is organized into three main 

sections: vu lnerability levels of households by climatic exposure, five capitals (human, 

natural, economic, physical and social and institutional capitals) and adaptation practices. 

5.1. Doing livelihood vulnerability index (LVI) and statistical tests on LVI 

Both secondary and primary data were used in this chapter based on Hahn et al. (2000). 

These authors strongly argue that both primary and secondary data can be used to construct 

the livelihood vulnerability index so that it helps avoid the problems of re lying on a single 

data source and dependence on climate models, which need advanced ski ll and arc uncertain 

to give correct projections for local conditions (Hahn et aI. , 2009). Accordi ngly, the data used 

in this chapter were generated mainly through household survey on the five livelihood 

assets/capitals, hazards frequ encies and adaptation strategies appli ed by the surveyed 

households. In addition, for calculating exposure indices mont hly standard deviations of 

temperature and rainfall were computed from interpolated meteorological data (See Annex 

3). For calcu lat ing crop divers ification index (inverse) using equation dep icted in Annex 6b, 

the secondary data obtained from Offices of Agricu lture was used 

Before proceeding to the analyses of vulnerabi li ty and its determinants, it looks necessary to 

detect the non-response rate of survey questionna ire from the sample households. To begin 

with, from the total of 576 sample households, 525 (9 1.1 5%) surveys werc fully completed 

and inserted into SPSS for analysis. By doing so input data for LVI ana lysis, namely 

percentage, average, maximum , and minimum va lues for each indi cator were processed 

through SPSS 16. The SPSS results were presented in excel sheet (See Annex 3) to calculate 

livel ihood vulnerability indices (LVIs) for each ind icator and then to compute average LVI 
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for sub-components and compos ite LVI for major components across the three agro­

eco logical zones. 

After identifying and tabu lating the input data mentioned above, L VIs were calculated by 

emp loying the selected formulae depicted from 3.4.2B - 3.4.2Di/ii) . The computation was 

cons idering functiona l re lationships of indicators with vu lnerab ili ty (See functiona l 

relationships of indicators with vulnerab ility presented in Annex 2). When the indicators have 

direct re lationship with vulnerabili ty, the LVI was computed using equation 3.4.2A. Let us 

see the distance household heads travel to reach to the nearest hospital by agro-ecological 

setting. It is too long in kola with a va lue of 252km, and it has the shortest distance of 8km in 

dega. The observed (average) value in kola was found to be I 64.29km (Refer to Annex 3). 

Hence, the nOlll1alization for kola agro-ecology was achieved by: 

. 164.29 - 8 
NormalIzed value = 252 _ 8 = 0.65. 

In this way, the standardized vulnerabil ity scores for simi lar indicators were computed fo r 

each site by considering the functional relationships of indicators with vu lnerability. 

When the variables have inverse re lationship with vulnerability, the normalized scores were 

computed using equation 3.4.2B. For example, farm income has inverse functional 

relationship with vulnerabil ity; that is, as farm income increases vulnerab ility decreases and 

vice-versa. So, fann income was found to bt: higher in dega with a val ue of 60,500 Birr per 

year, while it has a lower value of 0 in all the three sites. The observed value (represented by 

average income) was found to be 5917.36 in dega, 9814.29 in woyna dega, and 3379.90 in 

kola. Thus, the standardized score for kola agro-ecology is: 

NormalIzed value = 60.:~~~:~7:.90 = 0.94 . 

In this way, the normali zed scores for each indicator were computed for eac h study site. 

Other indicators whi ch can be directly ca lcu lated by their own mathematical formula such 

as crop di versification and li velihood di versifi cation indices were inversed using equation 

3.4.2C. In this case, for example, the constructed crop diversification index is found to be 

0.043 for kola, 0.071 for dega, and 0. 12 for woyna dega. Then the normalized vulnerabil ity 

index for kola is calcu lated as: 

1 

1+0.043 
= 0.96 . 

In a similar way, the vulnerability scores fo r these types of indi cators were computed for the 

tlu'ee srudy sites. After standardization of all indicators, average LVI was ca lculated using 
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(0.37). In sharp contrast, very low vulnerability index for climatic extreme cvents (0.08) was 

observed in dega study site . TI,is result is consistent with the [pee report in that vulnerability 

to climate change and variability is more severe in the tropical (arid and semi-arid) areas as 

compared with the cool tempcrate and cold regions of the world. 

Figure 24: Vulncrability radar of climate elements and cxtreme events 

Climatic hazards 

Temperature 

Variability 
0.7 

0.6 

-+- Oega 

~Woyna dega 

.....-Kola 

Rainfa ll Vriability 

Source: Household survey March - September and Meteorology data, 20 [2 

Note: index value of 0 means no or very low vulnerability and vulnerability increases as LVI 

values increase in the radar diagram outwards from the center. 

TI,e vulnerabi lity levels of the households by climatic exposure indicators arc summarized in 

the following radar diagram (Figure 24). It is clear from the diagranl that there are three main 

indicators: temperature, rainfall and climate related extreme events. In tenns of aggregate 

climate exposure indices, woyna dega (0.54) and kola (0.5l) arc found to be more exposed to 

climate change and variability whi le only a relatively low exposure level was detected in the 

dega sitc with 0.3l normalized index value. TI,e reason is attributed to the fact that elimate 

extreme events are relatively lowcr in dcga than the dega and woyna clega and kola sites. In 

addition. the temperature increasc in dega has created optimum conditions b,· reducing frost 

actions and hence changing unproductive lands to productive ones. In line with this 

assessment IPee (2007) report underlined that the exposure of a system is detemlined by the 

amount of stress that impacts the unit of analysis . Exposure can be represented by a change in 

magnitude, frequency and duration of an extreme climatic event (such as droughts, floods, 
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By and large, the households who account for nearly 84% in dega, only 24. 1 % in woyna dega 

and 42 .2% in kola traveled less than an hour to get public telephone services. It is clear that 

the households in dega sites were less sensitive than those fro m other sites in terms of access 

to public telephone services resulting in less vulnerable population to the impacts of cl imate 

variability, climate change and associated extreme events. The overall vulnerabi li ty scores 

were calculated and hence kola households (0.70) were fo und to be more sensi tive to the 

impacts of climate change than woyna dega (0.29) and dega (0.25) households. It is also clear 

that kola ranks first in the overall vulnerabi lity levels of households by transport and 

communication indicators. 

Access to markets: Another factor worth considering, as a variab le affecting productive, is 

proximity to factor markets. The hypothesis in thi s study is that households located near 

markets are expected to have lower sensitivity than those located in remote areas. The 

assumption is that proximity to markets increases fa rmers' access to agricultural inputs, credit 

facilities and income-generating acti viti es. Accordingly, thi s section identifi ed effective 

indicators for measuring the vulnerability levels of households to climate change impacts, 

namely average distance to agricultural inputs, quantity of modern fertilizers used by fanners, 

percentage of households who do not apply modern fertilizers , investment on agricultural 

inputs, and time needed to reach to input and output market centers. 

The survey resul ts indicated that the households in kola (0.56) are found to be more 

vulnerable than dega (0.36) and woyna dega (0.37) households who have almost similar 

livelihood vulnerability scores. In relation to this, studies argue that the long distance 

settlement of the households from input and output markets increases thei r degree of 

vulnerability to cl imate change related impacts through reduci ng coping and adaptive 

capacities (Hahn et aI. , 2009; Temesgen et aI., 2009). Proxi mity to markets is an important 

detenninant of adaptation because markets facilitate provision of agricultural inputs for 

adaptat ion and sa le of products at a reasonab le price. In addition, markets serve as the means 

of exchanging information with other farmers (Temesgen et a I. , 2009; Temsegen, 20 10). 

Lower levels of investment on agricultural inputs (0.9 1 in kola, 0.85 in dega, and 0.82 111 

woy"o dego) followed by limited application of modern fertili zers (0.9 1, 0.79, and 0.77 111 

kola, dega and woyno dega respectively) contribute much to higher vulnerab ilit y levels of 

households to climate change. Higher vulnerabil ity scores were calculated in kola si te by all 

indicators of market access. 
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After discussing the vulnerability situations of households measured by sub-component of 

physical capital (such as shcltcr, energy, communication and market related indicators) , the 

composite indices were summarized (Fig.32) and discussed for it. 

Figure 32: Vulnerability index of physical capital components by agro-ecology 
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Source: Computed from household survey data, March - September 20 I 2 

From Figure 32, it is clear that kola households are more sensitive to climate change impacts 

in terms of shelter (0.74), market (0.56), and communication (0.70), distantly followed by 

woyna dega households (0.47, 0.37 and 0.29 respectively). But similar level of vulnerability 

level was detennined in tenns of energy supply (0.62). 11,e dissected and difficult nature of 

the landscape has made the kola households more vulnerable to environmental and climate 

change risks than those in dega and wayna dega sites. 11,e reasons for the most vulnerability 

situations of these areas are poor capacity to apply inputs in time as they are far from 

transport services, markets and institutions coupled with limited attention on investment of 

these basic infrastmcture facilities . 

5.3.5. Social and institutional capital 

Vulnerability is associated with social and institutional capital which can facilitate 

coordination and cooperation in times of crisis for material gain. or resolve disputes 

(Nyangena & Stemer, 2008: Banll1gi & Maonga. 20 II) . In this thesis, the households' social 

and institutional capital was assessed by networks and relationships, organizational 

affiliations. policies and strategies. as well as decision-making and service delivery 
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components. See Annex 3 for detail results for each indicator and Figure 33 for summary of 

the sub-components of social and institutional capital. 

Networks and relationships: The forms of social networks and relationships that were 

examined are the number of relatives IJ1 a vi llage (kinship), degree of attachment with 

re latives and neighbors (friendship), fanner-to-farmer extension , helps received from 

relatives or neighbors, and borrow from and lend to relatives. The survey results indicate that 

many of the respondents were involved in many social activities and networking with 

rel atives and non-relatives that involved resource, work, and information sharing. However, 

they are not free trom being vulnerable by these indicators. By the number of relati ves in a 

village, the households had almost similar vulnerabili ty in the three study sites, that is, 0.95 in 

dega, 0.94 in kola, and 0.91 in woynG dega. The reason is that the number of relatives in a 

'gol' (village) was 7.51 persons on average in dega, 8.79 in kola and 15.19 in woyna dega. 

Number of relatives is not sufficient condition to measure the vulnerability levels of the 

households without supporting it with degree of attachment, because a person with a large 

number of relatives may be in conflict with them as opposed to a person who has strong 

attachments to his/her few numbers of relatives and non-relatives. Thus, the latter may have 

better adapt ive capacity than the former who is with higher vulnerability level. The results on 

the degree of attachments of households with relatives Hnuneighbors indicate that kola (0.62) 

and lVoyna dego (0.55) households had higher LV I than those o f dego (0.23). Thi s means 

weak ties of households with their relatives and neighbors were detected in kola fo llowed by 

woyna dega, indicating greater vulnerabili ty to climate change impacts. From this we can 

infer that poor attachment of households with their relatives and neighbors has strong 

association with natural resource dep letion and povel1y. 

Concerning the cooperative tradition of the society, woyna dega and kola households have 

more limited capacity than those households in clega. Over 75% of woyna clega and 74% of 

kola households reported that the cooperative trad ition of the society has been in a decreasing 

and worsening conditions through time. But only 32% of the clega households reported the 

same. Although better access to livelihood assets and people's good attachment with re lat ives 

and neighbors have positive influences, inverse relation is obtained in the more vulnerable 

kola sites. The results also show that by borrowing money from relat ives and non-relatives, 

the kola households (0.8 1) were more vulnerab le than both clega and woyno dega households 

(0,74). In fa ct, the households of all the agro-ecologies have higher vulnerability index. 

Again, kola households (0.85) were more vulnerable than wayl/a clega (0. 70) and clega (0.68) 
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households with regard to lending money to relatives and non-relatives. Dega and wayna 

dega households borrowed and lent money more frequently than those kola hou seholds in 

relati ve terms. 

Different forms of supports the households have gained from relatives and non-relatives 

provided relatively little contribution for the households' li velihood vu lnerability index value 

in all the three study sites . 1n deeded, kola (0.35) and wayna dega (0.3) households had 

higher L Y1 value than those dega (0.19) households. Although the cooperati ve and support 

culture of the society was repol1ed to be on a decreasing situation, the respondents involved 

on some social and economic activities such as in fanning, harvesting, threshing, keeping 

livestock, marketing, taking sick family members to health institutions, house construction, 

and sharing useful information to mention a few (e.g. Photo 14). 

Photo 14: Farmers cooperation in agri cultural activities, July & November, 20 12 
.,....-...,.----, 

Source: Own field Photo (the right) and assistants' (the left), 2012 

Photo 14 illustrates rural people's cooperation in sowing crops by formin g a line (on the left 

and middle) in July and harvest ing teff (locally known as Debo) (on the right) during 

untimely rain in November 2012. The results from the interview, group discussion, and 

observation confirm that those give-and-take types of eo-operations are still working to some 

extent, but sharing crops, some amoLlnt of money, and animals for different agricultural and 

marketing purposes have been greatly decreasing with negative implications on the adaptive 

capacity of the studied households. 

In the aggregated vulnerability indices, kola (0.68) and wayna dega (0.61) households were 

more vulnerable than dega (0.46) households by the networks and rel at ionships component of 

social capital. By almost all the indicators, kola households have limited capac ity in terms of 

networks and relationships to undertake adaptation/coping activities against the impact of 

climate change. This may be resulted from the very high level of vulnerability of households 

in terms of other livelihood resources in the kola site. From this one can infer that there is 
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strong network and relationship among people in the places where there is relati vely better 

access to different li velihood resources while the reverse is true in the areas where there is 

limited/ no access to such resources. As Temesgen (20 I 0) argued, in the vulnerability and 

adaptation studies networks and relationships can play a significant role in information 

exchange and in facili tating help and support within the people during the climat ic hazards -

by reducing vulnerability to climate change impact. Other studies noted that networks and 

relationships are assets which ex ist in the networked relationships to cope up with the impacts 

of climate change and related issues (Adger, 2003 ; Luk, 201 1). Wisner et al. (2004) also 

argue that households that have access to social networks are less vulnerable to natural 

hazards. These represent social safety nets and a form of informa l grass-roots insurance 

available to the household during climate-related cri sis (Vincent, 2007). 

Organizational affiliations: Farming household 's organ izational affi liation in this study was 

examined based on membership status of households in farmers' cooperatives, saving and 

cred it groups, religious groups, traditional he lp associat ions (Eclir& Eqllib) , and relatives 

ho lding kebele positions. The survey results indicated that the households of all agro­

ecologies were highly vulnerable by traditional help associations because about 99% of the 

households in kola, 96% in c1ega, and 9 1% in wayI/o c1ega had no membership status in 

traditional help associat ions. In terms of membership status in saving and credi t groups, the 

households were found to be vulnerable at 93% in woyna c1ega, 91 % in kola , and 70% in 

dega. By fanners ' cooperatives, they were found vulnerable to 81% in woyna dega, 75% in 

kola, and 72% in c1ega. Over 62% of the respondents in wayI/o c1ega, nearl y 68% in kola, and 

over 50% in c1ega had not any relative holding position in the kebele admi nistrat ion. Woyna 

c1ega households (46.6%) fo llowed by those of kola (63%) households were more vulnerable 

than c1ega (8 1 %) households by membership status in religious groups. The resuits impl y 

higher degree of vulnerability of the households by membership in re li gious groups. Woyna 

clega (0.76) and kola (0.74) households were more vulnerable than clega (0.59) households by 

organizational affiliations, indicating limited capacity and in turn greater vulnerability level 

of househol ds to climate change impact (Refer to Table 27). Other studies argue that as 

vulnerabi lity and adaptation are dynamic social processes, the abili ty of societies to adapt is 

detennined, in part by the abil ity to act co llectively. Being members of any association or 

group is crncial for reducing vulnerabil ity through enhancing adaptive capacity of fa rming 

households through information exchange, experience sharing, material and financial suppOIi 

in times of climatic disasters (Adger, 2003; Luk, 20 11 ). In the li ght of this argument , other 
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scholars also argue that associations can build trust, confidence, and moral values and 

provide in form ation (Nyangena & Sterner, 2008). 

Policy issues : Policy processes are important determinants of vulnerabi li ty and adaptation to 

climate change. Accord ingly, land tenure security, land certification, flow of policy 

information, and the benefits the households acqu ire from the current polic ies were examined 

under thi s issue. The results indicated that kola households (0.28) were more vulnerable than 

dega and woyna dega households by policy issues with similar LVI of 0. 12. Kola households 

(0. 36) were more vulnerab le in terms of access to current pol icy information wh ile dega 

(0.02) and woyna dega (0.08) households had lower vulnerability levels. By levels of 

improvement in living standards by the current policies, kola households (0.34) were also 

more vulnerable than dega (0.06) and lVoyna dega (0. 11) households. In terms of the role of 

NGOs in suppOlting local development efforts, kola (0.34) and dega (0.33) households were 

more vulnerable than those of woyna dega (0.12) households. Duc to its accessibi lity and 

being located in the Lake Tana watershed area, many NGOs have been involved recentl y in 

the development effOlts of several sectors in Dembia. World Vision, Plan Ethiopia, 

Organization for Rehabilitation and Development of Amhara (ORDA), Ethiopian Orthodox 

Church, Tana Beles Integrated Watershed Development project and others are doing different 

activities. But limited NGOs in kola and dega environments have focused on re lief provision 

and Safety Net Programs. The isolated and inaccessible nature of the kola site due to difficult 

terrain arrangement has made it one of the least preferred areas for intervention by most 

NGOS which has in turn made it to gain limited/no benefits from these kinds of intervention. 

Although kola households were more vu lnerab le than those in dega and lVoy na dega in terms 

of policy indicators, the households of all the three study sites had low levels of vulnerabili ty 

to c limate change impacts when compared with other vulnerability indicators. Tn add ition to 

be the least preferred area fo r development interventions, the inaccess ible nature of the kola 

setting has made the households more vulnerab le in terms of information flow on potential 

hazards, new technology options and actual implementation s of policies and strategies. 

Leaders hip and service delivery: Different levels of government institu tions play crucia l 

role in helping communities by enhancing thei r adaptive capacity. All levels of government, 

such as federal, regional, zonal, lVareda, and kebele are involved in adminis tering the 

community and in initiating other development act ivi ties. In this context, households ' level of 

sat isfaction with the decisions and se rvices provided by their loca l leaders, households ' 

participation in their leaders' elect ion processes, number of househo ld s who have been 
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visited by development agents in the past croppi ng season and frequencies of visits per 

cropping season were taken as indi cators to assess vu lnerability levels of rural households to 

cl imate change impact. The results indicated that kola (0.58) followed by woyna dega (0.48) 

households were more vulnerable than dega (0.39) households in terms of leadership and 

service delivery. Consequently, in terms of levels of satisfaction from the services and 

decisions provided by local leaders, kola (0.75) fo llowed distantly by woyna dega (0.5 1) 

households were more vulnerable than those in dega (O.23).This may be attributed to the fact 

that again the inaccessible nature of the kola site has posed d ifficulty for the zonal and 

woreda officials to undertake continuous follow-ups on the grass-root- Ievel decision-makers 

and service providers so that some bias and di scrim inat ions were repOlted by in-depth 

interviewed households. 

Another important indicator considered in vulnerability analysis was access to extension 

services (whether the households accessed extension services or not and how oft en). The 

inverse scoring technique depicted in equat ion 3.4.2A indicated that by the frequency of 

visits to households by Development Agents (DAs) in the past cropping season, the three 

sites were highly vulnerable (0.9 1 in kola, 0.89 in woyna dega , and 0.85 in dega), indicating 

limited extension services provided to the households. Even 46% of the surveyed households 

in kola , 40% in dega and 37% in woyna dega reported that they had never got any visit from 

DAs in the season considered. From this we can in fer that neither extension vis its nor visits 

and trainings have not brought significant capacity increment in terms of skill , knowledge 

and attitudinal changes in adopting new adaptation technologies. In fact, development agents 

remain at the edge, never reaching the farmer and that the service packages may not fit the 

agro-ecological settings. 

Figure 33: Vulnerabili ty of households by social capital components 

o Oega Cl Woynadega • Kola 

0.76 

0,48 

0.46 0.59 
0.39 

Networks and relationships organnizati;1al Affi liation I Policy and strateg ies Leadership and service delivery 
~OCIa capita components 

Source: Household survey, March - September 2012 
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Figure 33 presented the average vulnerability score for the sub-components of social capital. 
It clear from the figure that in terms of organizational affiliations, woyno dega (0.76) and 
kola (0.74) households were found to be more vulnerable than dega (0.69) households 
implying very limited at1iliations to different formal and informal organizations. Again, in 
tenns of networks and relationships, kola households (0.62) were more vulnerable than those 
in dega (0.44) and lVoyno dega (0.43), and by leadership and service de livery, kola (0.48) and 
woyno dega (0.37) households were more vulnerable than dega (0.28) households. Despite 
the challenges to identify the indicators that reflect the local social assets, including them in 
climate vulnerability assessment is essential as many adaptation behaviors rely on coll ective 
insurance mechanisms such as religious groups, agricultural cooperatives, credit groups, and 
traditional help associations. Although the households were less vulnerable in terms of 
govenlment policy issues, kola (0.28) households were found to be morc vulnerable than 
those of woyna dega and dega (0.12 for each) households. However, the data gathered from 
the household surveys across the three study sites doesn't show what farmers have 
experienced. Such a lack of congmence between the survey data and what people actually 
experienced is understandable. In the interview sessions, people complain more for littlelno 
benefits obtained from the policy interventi ons, particularly in the kola study site. 

5.3. Vulnerability by inverse of adoption indices 

Kelly and Adger (2000) argue that according to the IPee approach, vulnerability is 
contingent not only on esti mates of the potential climate change but also adaptive responses 
of the communities. In other words, the level of vulnerability is detcll11ined by the adverse 
consequences that remain after the process of adaptation has taken place. These expressions 
of vulnerability and adaptation have implications for assessments of vulnerability to climate 
change. In one case, vulnerability depends on adaptation that has taken place by households ; 
in the other, vulnerability is defin ed in terms of capacity to adapt, and capacity to respond to 
stress is a starting point for impact analysis. 

Based on this background, the composite index of adoption of different adaptation measures 
employed by the rural households reside in the three agro-ecological settings was calcu latedS 

Then by considering the nmctional relationships between adaptive capacity and vulnerability 
to measure thcir capacity to adapt to the impact of climate change (See Annex 7a-c), the 
indices were inversed6 to measure the households' degree of vulnerabili ty by the number of 
adaptation options they have used against the impact of climate change and associated 

5 Using equation 3.4.3A, Chapter Three 
(i Using equati on 3.4.2C, Chapter Three 

167 

Figure 33 presented the average vulnerability score for the sub-components of social capital. 
It clear from the figure that in terms of organizational affiliations, woyno dega (0.76) and 
kola (0.74) households were found to be more vulnerable than dega (0.69) households 
implying very limited at1iliations to different formal and informal organizations. Again, in 
tenns of networks and relationships, kola households (0.62) were more vulnerable than those 
in dega (0.44) and lVoyno dega (0.43), and by leadership and service de livery, kola (0.48) and 
woyno dega (0.37) households were more vulnerable than dega (0.28) households. Despite 
the challenges to identify the indicators that reflect the local social assets, including them in 
climate vulnerability assessment is essential as many adaptation behaviors rely on coll ective 
insurance mechanisms such as religious groups, agricultural cooperatives, credit groups, and 
traditional help associations. Although the households were less vulnerable in terms of 
govenlment policy issues, kola (0.28) households were found to be morc vulnerable than 
those of woyna dega and dega (0.12 for each) households. However, the data gathered from 
the household surveys across the three study sites doesn't show what farmers have 
experienced. Such a lack of congmence between the survey data and what people actually 
experienced is understandable. In the interview sessions, people complain more for littlelno 
benefits obtained from the policy interventi ons, particularly in the kola study site. 

5.3. Vulnerability by inverse of adoption indices 

Kelly and Adger (2000) argue that according to the IPee approach, vulnerability is 
contingent not only on esti mates of the potential climate change but also adaptive responses 
of the communities. In other words, the level of vulnerability is detcll11ined by the adverse 
consequences that remain after the process of adaptation has taken place. These expressions 
of vulnerability and adaptation have implications for assessments of vulnerability to climate 
change. In one case, vulnerability depends on adaptation that has taken place by households ; 
in the other, vulnerability is defin ed in terms of capacity to adapt, and capacity to respond to 
stress is a starting point for impact analysis. 

Based on this background, the composite index of adoption of different adaptation measures 
employed by the rural households reside in the three agro-ecological settings was calcu latedS 

Then by considering the nmctional relationships between adaptive capacity and vulnerability 
to measure thcir capacity to adapt to the impact of climate change (See Annex 7a-c), the 
indices were inversed6 to measure the households' degree of vulnerabili ty by the number of 
adaptation options they have used against the impact of climate change and associated 

5 Using equation 3.4.3A, Chapter Three 
(i Using equati on 3.4.2C, Chapter Three 
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extreme events. The inverse scoring technique was used considering the functional 

relationships between number of adaptation and vulnerability because an increase in the 

crude indicator, in this case, the number of adaptation strategies undertaken by a household, 

decreases vulnerability (e.g., a household who adopts more adaptation strategies is less 

vulnerable than a household who only adopts lower number of strategies), so by taking the 

inverse of the crude indi cator, I created a number that reflects this line of reasoning and 

assigns higher values to households wi th a lower number of adaptation strategies following 

Hahn et al. (2009) and Lamichhane (2010). 

Table 20: Households' vulnerability level by inverse of adoption of adaptation measures 

Agro-ecology Vulnerabi li ty index by inverse of adoption 
Average Minimum Maximum 

Dega 0.67 0.56 0.91 
Woyna dega 0.69 0.57 1.0 
Kola 0.72 0.56 1.0 
Average 0.70 0.56 0.97 
Source: Household survey, March - Scptember 2012, computed using equation 3.4.2C 

Table 20 indicates the inversed vulnerability scores of households by adoption rate of 

different adaptation options in the three study sites. It is clear from the table that on average, 

almost simi lar vulnerability indices were detected in the three sites though it is somewhat 

higher in kola households (0.72) than those of dega (0.67) and woyno dega (0.69) 

households. The minimum vulnerability levels in terms of adoption index ranges from 0.56 to 

0.57 whilst the maximum vulnerability index ranges from 0.97 to 1.0. This means that there 

are individual households with 97% to 100% probability of not adopting the available climate 

change adaptation strategies. This indicates the need for increasing the adaptive capacity of 

the rural households and communities better against the impacts of climatic variability and 

extTemes in the future. To this end, strengthening innovati ve capacity take center stage in any 

development initiative, including the process of experimentation and exploration of practices, 

techniques, or new organizational forms. 

5.4. Composite vulnerability level of households 

After accomplishing the computation and discussions of the vulnerability indices of 

households for the seven major components, the composite vulnerabi lity indices were 

calcul ated using equation 3.4.2A and compared across the three agro-eco logies. When we see 

component-wise, the vulnerability levels of the households vary significantly by agro­

ecology. Kola households, for example, were the most vulnerab le groups to climate change 

impact by all the five capital assets and inverse of adoption indices with normalized scores 
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ranging from 0.51 to 0.72. Inverse of adopt ion indices (0.72 in kola , 0.69 in wOYlla dega and 

0.67 in dega) ranks first. Econom ic capita l ranks second in all the agro-eco logies whi le the 

ranks vary by other components (Refer to Table 2 1). 

Table 2 1: Vulnerability levels and ranks of househo lds by major components 

Major components Dega Rank WIDega Rank 
Human capital 0.43 3 0.51 3 
Natural capital 0.43 3 0.5 1 3 
Economic capital 
Physical capital 
Social capi tal 
Climatic exposure 
Inverse of adoption index 
Composite index 

Source: Extracted from Annex 3 

0.58 
0.36 
0.40 
0.3 1 

0.67 
0.45 

2 0.59 2 

5 0.44 6 
4 0.50 5 
6 0.54 4 
I 0.69 

3 0.54 2 

Ko/a Rank 

0.60 4 

0.67 2 

0.67 2 
0.66 3 
0.58 5 
0.51 6 
0.72 
0.63 

In kola, natural and economic capitals have equal ranks 2"d (0.67) closely fo llowed by 

physical capital (0.66) ranki ng 3,d fo llowed by human capital (4'h) whereas natural and 

human capital assets stand 3'" both in dega and waYlla dega agro-ecologies with LVI of 0.51. 

Again, kola (0.58) and waYlla dega (0.5) households were more vulnerable than dega (0.4) 

househo lds by the socia l cap ital component. By physical capital wOYlia dega (0.44) 

households were more vulnerable than dega (lU6) households. By climatic exposure index 

wOYlla dega (0.54) households had higher vulnerability level thau kola aud dega (0.31) 

households. 

The fina l composite vulnerability indices calculated for each agro-eco logy are consistent with 

other sub-component indices in indicating the very high vulnerability levels of' kola 

households. When LVI values are compared w ith previous emp irical findings, the 

vulnerability level of the three agro-ecologies is much higher than the vulnerabil ity indices 

calculated in the two districts of Mozambique (Hahn et aI. , 2009) and Nepal (Lamichhane, 

2010). The very high vulnerability levels of kola households is also consistent with Watson 's 

et a1. ( 1997) arguments who stated that vulnerability is highest where there is the g reatest 

sensitivity to climate change and the least adaptabi lity. They further stressed that 

vulnerabil ity depends on the level of economic development and institutiona l capacities 

which inform the need for local context-specific adaptation interventions and community 

assistance programs. 

Failure in securing one component of a capital asset such as knowledge and skill may lead to 

failure in securing another capital including income, material needs and capacity to bounce 
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back and recover quickly fro m the impact of climatic hazards. This interrelationship is 

demonstrated by rural poveliy in kola site where there is a lack of education combined with 

inadequate incomes or assets amongst households, poor-qua lity housing, and a lack of basic 

in frastm cture fo r providing water, sanitation and toilet faci lities to reduce negative effects on 

human health. The worst biophysical and economic contexts discussed in the kola site have 

made households more vulnerable to climate change impact than those in dega and wOJlna 

dega. 
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CHAPTER SIX 

FARMERS' PERCEPTION AND ADAPTATION TO CLIMATE CHANGE 

This chapter has tried to address the 3" and 4th objectiveslresearch questions presented in the 

first chapter of this thesis regarding households' perception and adaptation to climate change. 

The household survey was the main data sources checked with in-depth interviews with 

expells and farmers. In order to propose appropriate adaptation options to the specific 

localities, it is essential to understand the levels of perception of fanners to climate change 

impact and the kinds of adaptation options, including the difficulties faced to cope up with 

risk management at the micro-level. Perception has to be analyzed based on the observations 

of the local communi ty as it is a prerequ isite for adaptation. Therefore, this chapter is 

structured into three major sections: farmers' perception to climate change and variabi li ty, 

assessment of adaptation strategies used by the rural households, and analysis of the 

determinants of their adaptation choices. 

6.1. Households' perception to climate change 

6.1.1. Households' sources of climate information 

Timely, reliable information is essential to inform people about the adverse impact of climate 

change, to get them ready, and to suggest possible adaptation measures. This study tries to 

explore whether or not fanners have infonnation about climate change, its impact and 

response measures, including the strategies to be taken to protect their livelihood resources 

from being damaged. The results indicate that higher percentage of the households in wayna 

dega (78.9%) reported that they have received climate change information than dega (40.3%) 

and kola (57%) households (See Fig. 34). This is because, during each flood incidence in the 

wayna dega sites , development agents have provided advice for the people about climate 

change and its consequences. This implies that climate information from concerned bodies is 

very limited in dega and kola sites. Thus, this study suggcsts strengthening of the early 

wmning information dissemination system as it may help the community to design 

preparedness plans for climatic variability and extreme events. 
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Figure 34: Percentage of households who heard about climate change before this survey 

.No D Yes 

40.3 
57.4 

78.9 

Agroecologica l zones 
Dega Woynadega Kola 

Source: Household survey, March - September 2012 

Households who have received information about climate change so far mentioned different 

sources of information. These were training and education, radio, family members, 

development agents, fri ends and kebele administrators (See Table 22). 

Table 22: Sources of c limate information for farming hou sehold s by agro-ccology 

Sources Dega Woyna dega Kola 
Fregucil. Percent Frequency Percent Frequcn. Percent 

Education and training 24 45.3% 46 24.1 % 34 19.7% 
Radio broadcast 10 18.9% 48 25.1 % 27 15.6% 
Family members 14 26.4% 18 9.4% 24 13.9% 
Development agents 5 9.4% 54 28.3% 78 45. 1% 
Friends 19 9.9% 6 3.5% 
Other sources 6 3.1 % 4 2.3% 
Total households 53 100% 191 100.0% 173 100.0% 

Source: Household survey, March - September 2012 
• Other sources ~ kebele leaders, other public leaders 

Table 22 indicated the respondents' sources of information about climate change and 

associated impacts. It is clear that education and training was the first source of information 

for the higher proportion of clega households (45.3%) than those in woyna dega (24.1 %) and 

kola (19.7%) whi le the second source for clega households was family members (26 .4%) 

followed by radio broadcasts (nearl y 19%). Although the overall information and 

vulnerabi lity levels in the clega site were lower than kola and woyna clega study sites , a 

higher percentage of househo lds who heard about climate change had obtained information 

through education and training. The interview resu lts also supported the finding, attributing it 

to the fact that the African Climate Change Resilience Alliance (ACCRA) has provided 

training and awareness creation sessions for managers, experts, and COll1lTItll1ity workers in 

the dega sites. Before that, climate change was not a concern there. Following that session, 

the trainees have started to provide information about climate change, its impact and 
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adaptation options for the rural community. The first source of information about climate 

change for kola (45 . 1 %) and woyna clega (28.3%) households was advice from Development 

Agents (DAs) because the kola sites are more drought-prone coupled with severe soil erosion 

and the resultant food insecurity while the woyna dega sites are more sensitive to recurrent 

flooding. As a result of these problems, the DAs and other concerned bodies have provided 

advice for the people about climate change and the consequences of droughts and flooding. 

The second source for woyna dega households (25.1 %) was radio broadcasts against 15.6% 

for kola households. 

6.1.2. Perception to temperature and rainfall changes 

Adopting any adaptation measure requires an understanding of how much the climate has 

already changed and how variable it is. This section presented evidence of climate change 

and variability from the perception of the surveyed households, including the observations of 

officials. 

Figure 35: Perccption of households to temperature and rainfall changes 

• Increased D Decreased 0 No change 
• Decreased & erratic 0 Increased 0 No change 

3.8 0.8 

Dega Woynadega Kola 
Oega Woynadega Kola 

Source: Household survey, March - September 2012 

Figure 35 presents the details of the survey results about temperature variation and 

change in dega, woyna dega and kola agro-ecologi es. The results showed that climate 

change is a reality and has become so variable over space and time. Increasing temperatures, 

decreased/erratic and unpredictable rains, but more intense episodes were reported to be the 

serious problems in the rural households' livelihoods. It is clear from figure 35 that the 

majority of the surveyed households reported that temperature has increased through time 

with some differences in perception by agro-ecology (95% in woyna dega, nearly 90% in 

kola, and 86.8% in dega). However, very few household s have percei ved in the contrary, 

a decreas ing trend of temperature (i.e., 9.3% in dega , 4.2% in kola, and 0.8% ill woyna 
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clega) . In the kola sites, only 6. I % of the fa rmers have not noticed any change in the 

temperature. The majorit y of the fa rmers' percepti ons were consistent across the surveyed 

sites. Moreover, these perceptions appear to be in accordance with the res ults of si milar 

study conducted in Kenya (Bryan et aI., 20 I I) and with the records of the meteorological 

stations. 

Figure 35 also demonstrates the percentage of the households in terms of levels of perception 

on rainfall changes in the threc study sites. The results show an opposite trend of temperature 

change in the period similar to the meteorology data. Almost similar pattern of perception of 

change in rainfall was observed across the three research sites. In total, 9 I .5% of the 

respondents in clega, 88.7% in woyna clega, and 95.4% in kola observed changes in rainfall 

patterns over the past 20 or so years. When decreases and changes in timing disaggregated 

into two , the proporti on of the househo lds who perceived rainfall changes varied with agro­

ecology which is also similar to the study fi ndings in Kenya (Bryan et aI. , 20 1 I) . For 

example, nearly 80% in kola perceived rainfall to be decreasing through time with shorter 

rainy seasons while only 41.1 % in dega ancl 27 .1 % in woyna dega perceived the same. 

Almost 79% of the households in the woyna clega site noticed the errati c nature of the 

rainfall-a change in the timing of the rains, coming either earlier or (most ly) later than 

expected time. About 56% of the surveyed households in clega and 3 I % of them in kola 

reported the same. Bryan and colleagues (20 II ) suggested that the farmer's perceptions of 

long-term decreases in rainfall from the household survey are actually based on thei r 

experiences wi th rain fa ll variabi lity, and particularly changes in timing and distribut ion of 

rainfall. 

The same pattem of perception of climate change was detected within the different social 

groups of the community such as age, education, gender, farmers , and governm ent and 

non-government officials. However, this is quite different from the study cond ucted in 

semi-arid Tanzania by Mongi e t al. (20 I 0) as it pointed out differe nt perceptions among 

soc ial groups in term s of level of ed ucation, location , age and gender. Interview and 

discussion results confirmed that there is no varied understanding on the trends of 

temperature and rainfall by level of education, agro-ecology, age and gender in th e study 

sites. In terms of perception, the local co mmunit ies unanimously agreed that the climate 

is continuall y changing and gett ing worse and worse fro m time to time. In all the sites, it 

is commo nl y agreed that the temperature is getting much hotter across times. Such a 

situation therefore results in poor performance in agriculture and food security efforts. 
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storms, etc), climate variability or long-term climate patterns such as increasing temperature 

and decreasing, or errat ic precipitation to which farmers' li velihood assets are more exposed 

(lPCC, 2007). 

5.3. Farmers' vulnerability to climate change by livelihood assets 

The conceptual framework (Fig. I ) depicts that the households' live li vel ihood assets are 

influenced by the exposure created through vulnerability contexts. Therefore, the major 

components for measuring rural households' levels of vulnr:~~..:.:;:...::.::::.:::.::...:::.:::::.::::...:.::..:.::.._ 

five livelihood assets. These are impOItant to inform th ~1!>IfJ> rAIBWl~50VMlVil:Il'Sfity 

adaptation interventions and community assistance progra s wlli <lIVcaffenhm!ce uheS.erai'fiClf 
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while no malaria infection was reported by the dega households. This result is consistent with 

the report regarding to incidences of different tropical diseases in kola and woyna dega sites 

while no or less diseases prevalence in the dega site. It is also supported by the IPCC (2007) 

report which states that human diseases are prevalent in the hot regions against the cold 

environments, 

Better access to different selvices reduces sensitivity to climate change and increase adaptive 

capacities of a household . By the distance to health faciliti es, particularly to hospitals, kola 

(0.65) households were highl y sensitive than woy"a dega (O.IS) and dega (O.OS) households. 

By the remaining health sensit ivity indicators, kola households werc morc scnsiti ve followed 

by woyna dega households while dega households had lower sensitivity score than wOYlla 

dega and kola househo lds. Households of the three agro-ecologies had a lmost similar 

sensitivity levels for the sources of hea lth care. This is because, almost 9S% of dega, 92.5% 

of woyna dega, and 87.1 % of kola households indicated that their primary sources of health 

care were public health insti tutions, such as health posts , health centers and hospitals. A very 

small percentage of dega (2.3%), woyna dega (3.S%), and kola (4.2%) households went to 

trad itional health healers. Only 3.8% of the households in woyna dega and S.7% of them in 

kola claimed they never sought out health care. The reasons are depicted in Figure 25 . 

Figure 25 : Households treatment in case of illness and reasons for not using institutions 
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Source : Computed from household survey data, March - September 2012 

All the households who didn't get treatment from hea lth institutions in the clega site explained 

distance factor as the only reason. About 63.6% of woy"a clega and 57. 1 % of the kola 

households reported high treatment cost requested by health institutions as the first reason. 

This capacity issue for access ing services is associated with deep-rooted poverty in the kola 

and woyna dega sites. The rest 9. 1% in wOYlla dega and 17.1% in kola sites mentioned lack 

of money while 9.1 % of the respondents ill woyna dega and nearly 3% in the kola site 
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reporled lack of awareness about modern medication. Exceptionally, 17.1 % of the kola 

househo lds claimed lack of ski lled medical staff in the health institutions as the major reason 

for not going to public hea lth institutions. Ski ll ed employees are not working voluntarily due 

to the fragi lity and isolated nature of places and poor access to infrastructure facilities, and 

hence human resource turnover is very high and has continued as a serious problem in many 

sector offices. 

The different health indicators have contributed to lower human capital, particularly in the 

kola and 1V0y"a dega study si tes. The reason would be explained to the fact that the areas 

have limited access to health institutions, health package services and prevai ling of different 

d iseases like maralia and other waterbore d iseases. These in turn affect productive labor force 

and diverl productive resources to health treatments. In line with this, Barungi and Maonga 

(2011) argue that households with hea lth problems have lower human capital as thcy may 

allocate their scarce resources to treat ing illnesses and household dai ly consumptions, thereby 

reducing their capacity to withstand the impact of climate change. 

Households ' adaptive capacity in terms of knowledge and skill: This study analyzed the 

vulnerabi li ty levels of rural households in terms of knowledge and ski lls us ing indicators 

presented in A nnex 2 (vari ab les with their functional relationships with vu lnerability) and 3 

(raw data and calculated vulnerabil ity indices). T he most significant contributing factor to the 

households' vulnerabili ty level by knowledge and skill in all the three sites is very limited 

years spent on education with vulnerabili ty scores of 0.94 in kola, 0.92 in woy"a dega, and 

0.91 in dega). 

Figure 26: Educational levels of the surveyed households by agro-ecology 
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Another s ignificant reason for the higher vulnerabi lit y index value for knowledge and ski lls 

component was greater proportion of respondents who had never received formal education 
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(0.77 in dega, 0.78 in woyna dega, and 0.86 in kola). Most rcspondcnts do not rcad and write 

as only sli ghtly over one-fifth (23.3%) in dega , 21.8% in woyna dega , and less than ol1e­

seventh (14.1%) of them in kola had formal education, ranging from I to 10 years spent in 

schools (See Figure 26). 

Long distance to education institutions is one of the contributors to the vulnerability levels of 

the households to climate change impact which is higher in kola (0.52) than in woyna dega 

(0.21) and dega (0.14) sites. This reduces school enrollment rate and increases dropouts of 

children in the sample households. Figure 27 presents the average distance children travel to 

get primary, secondary, preparatory and technical vocational training services across the three 

study sites. It is clear that the dega children followed by those of the woyna dega travel 

relatively short distances as compared to those children in the kola sites. In the dega site, over 

98% of children travel for 18 minutes to 2 hours, but only 45.9% in the woyna dega and no 

one in the kola sites have access to education facilities within this range. In kola sites, nearly 

47% of children travel over 5 hours and 31.2% of them travel from 4 to 5 hours walki ng on 

foot. Only nearly 10% of them travel from 3 to 4 hours and the rest 2.3% from 2 to 3 hours. 

Figure 27: Time taken by children to rcach to education institutions 
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over 301 

Lack of information about climate change and adaptation options in the dega site scores 0.6 

whi le it was 0.43 in kola and 0.21 in woyna dega sites contributing to the vulnerability levels 

of households in telms of knowledge and skill which is similar to the findings of other stud ies 

in Africa (Eriksen et ai. , 2004). In addition, the survey results indicated that the households in 

all the three study sites have limited/no access to vocational trainings (0.90 in lVoyna dega, 

0.89 in kola, and 0.87 in dega). Thus, the farmers cannot have alternative job opportunities 

for coping up with the adverse impacts of climate change and associated extreme events. 
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dependency in kola and dega had contributed to have limited adaptive capacity as compared 

with woyna dega households. This is because households with large dependent family size 

are forced to divert their meager resources to household consumption than investing on other 

productive and income generating activities (Temesgen, 2010; Banmgi & Maonga, 2011). 

Thus, this has paramount contribution to the vulnerability levels of the households to climate 

change and associated extreme events. 

Food sUP1l1y: This study examined the vu lnerability levels of the households in terms of 

food, based on the number of food insufficient months, propol1ion of people who have faced 

food shortage per year, food varieties, number of meals per day, ability to store food crops for 

contingency, and distance taken by the households to travel to food markets. The results 

indicated that the households in kola are more vulnerab le to a score of 0.66 while those in 

dega and woyna dega have a lmost the same vulnerabili ty level (0.47 and 0.46 respectively). 

Around 9 1% of the households in kola , 83% in dega, and 79% in lVoyna clega reported that 

they have faced food shortages at least a month in a year. The househo lds confirmed this 

reali ty, as for example, 96% of them in kola, 89% in dega and woyna clega together reported 

that they are unable to store crops for future times of food gaps. In terms of meals per day, 

the surveyed household in the kola (0.9/), woyna clega (0.67) and clega (0.54) sites were 

found to be highl y sensitive to climate-induced adverse effects. By food di versification per 

day, the respondents in kola (0.50), woy"a clega (0.42) and dega (0.4 1) study sites were also 

found to be vulnerable to the negative effects of climate change. 

The average LVI results for food and its indicators indicated that kola followed by woy"a 

clega households are found to be more sensitive to climate change impact. The households 

may be easily exposed to climate re lated health problems which have in tum affect 

productive labor and divert resources toward health treatments. In relation to th is explanation, 

Robit and colleagues (1996) argue that increased food insecurity and malnutrition is likely to 

decrease labor productiv ity through increasi ng illness, reducing resistance to disease, and 

weakening the ability to undertake li velihood activities. Access to, availability, and use of 

food and nutritious diets are the most pertinent measures of human capital. 
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Figure 28: Vulnerability radar diagram of human capital components 
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5.3.2. Natural capital 

Obviously natural capitals arc providers of goods and services for the humans and other life 

form though these assets have experienced persistent pressure and stresses from a range of 

direct and indirect socio-economic driving forces. TI,ese conditions in tum have increased the 

vulnerability situations of natural resource dependent communities to climate change and 

other stresses. Having this in mind. in this study three components have been used to analyze 

the vulnerability levels of the rural households to climate change impact by natural capital: 

famlland, forest and water resources. TI,e detail findings of each indicator and the sub­

components are presented in Annex 3 and hence refer to it for all discussions to come. 

Farmland: An assessment of farmers' levels of vulnerability in tenns of fannland was 

carried out based on land size, terrain characteristics of fannlands , soi l erosion severity, land 

fertility level, and crop yield based on households response. TI,e total LVI result contributed 

by differcnt indicators indicated that the vulnerability levels of households measured by 

fannland was found 0.76 in kola, 0.57 in dega and 0.51 in woyna dega sites. Instability of 

crop yield trend contributes greatly to the vulnerability levels of households in temlS of 

famlland in dega (0.94) and in kola (0 .92) while it is the third contributor in woyna dega 

(0.80). Inverse scores of yield per hectare were 0.83 for woyna dega, 0.89 for kola and 0.81 

for dega sites implying very low yield per hectare. 
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The vulnerability scores for total farm size was higher in the threc study sites (0.82 in woyna 

clega and equa ll y 0.88 in kola and clega) which might be exp lained by the fact that the per 

capita farmland was fou nd to be 0.46 hectare in clega and kola, and 0.77 in lVo)'na clega. The 

maximum per capita land holding size was almost the same ranging from 3- 3.S hectares 

while the minimum ranged from 0 in kola and >voyna clega to O.OS hectares in clega. 

Farmland location, poor soil fertili ty level, and intense soil erosion also contribute more to 

the vulnerability levels of households in terms of farmland in kola (0.45) than clega (0.06) 

and >voyna clega (0.16). By farm land topography, kola (0.6S) households are more sensitive 

to climate change impact than clega (0 .36) and wo)'na clega (0.23) households. 

The land resource indicators are valuable to measure farm land quali ty and hence levels of 

vulnerability of households. The vulnerabi lity assessment result indicated that the composite 

vulnerability score for land vulnerability was found much higher in kola site followed by 

clega and woyna clega sites. Crop yield per hectare including its 10ng-ten11 declining trend is 

an imp0l1ant measure of farmland quality and vu lnerabi lity to climat ic risks. The results on 

these indicators indicated that the surveyed households are highly vulnerable to climate 

change impacts by crop yield, particularly in the kola site. The reasons are severe soil erosion 

resulting from undulating topography, intense rainfa ll wi th short duration and poor quality 

land management practices. Some authors argued that so il erosion is a major problem with 

the estimated eros ion rates of 16-50 tones/hectare per year in Amhara Region account ing for 

more than SO% of estimated annual soil loss in Ethiopia (Desta et aI. , 2000). Interview reports 

also supported this explanation. One government officia l in the Office of Agriculture in kola 

agro-ecology noted the problem as: 'The production potential of the land is going down due 

to shorter rai ny seasons, recurrent droughts, and intense rainfall events in shorter time which 
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Location of farmlands in a very rugged terrain with the resultant accelerated intense soi l 

erosion and poor soil fel1ility level has created significant differences in vu lnerability levels 

of households across the three study sites. This has led to more vulnerability levels of the 

kola households than dega and woyna dega households. The reasons might be attributed to 

the fact that kola area with the very undulating topography has led households to become 

more sensi tive to climate change impact. This result is line with the hazard-of-place model 

that argues that places located nearer to sources of a natural hazard are more vulnerable to 

hazard impacts (Cutter et aI., 2003). 

Vulnerability in terms of forest: Assessment of the vulnerability levels of the households in 

terms of forest resource supply was made in the study sites. Firewood supply trend and 

ownership of private trees around homesteads or elsewhere, distance to reach the sources of 

firewood and protection of forest resources were indicators to construct the livelihood 

vulnerability indices. The data was obtained through household survey triangulatcd with 

other qualitative data collection methods. The results revealed that limited ownership of the 

trees and severe damage in common forests provided households ' vulnerability score of 0.20 

and 0.53 respectively in dega while less vulnerable score was calculated for firewood trend 

stability (0.07) and distance to source of firewood (0.02). [n woyno dega, the vulnerability 

scores for firewood supply trend and for severe damage to common vegetation were 0.78 and 

0.69 respectively while the score was found to be 0. 33 for tree ownersh ip of households. 

Exceptionally, kola households were found to be more vulnerable by firewood supply trend 

(0.98), severe damage to common vegetated areas (0.93) and the status of trees ownership 

(0.79). [n terms of distance to sources of firewood , kola (0.22) households were more 

vulnerable than dega (0.02) and woyno dego (0.05) households (Refer to ArUlex 3). 

The densely populated, severely degraded kolo environment was found to have greater 

vulnerability indices for almost all of the forest resource indicators as compared with dega 

and woyno dega study s ites . As such, the effol1s exerted for planting trees and other land 

conservation practices in the kola site are not promising as it is evidenced by the experiences 

observed over the last 25 years or so. Little effort in planting trees and land management 

practices has been exerted in the wOYIIG dega study area. Still, low survival rate of seedlings 

was repol1ed in both kola and lVoyno dego sites. In the dega site, eucalyptus is increasingl y 

planted on the farmlands to overcome shortage of wood for construction and fuel uses. It is 

also used for both consumption and generating income. 
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Water resources: water is the basic natural resource for all fonllS of life on earth, without 

adequate suppl y of which there is no sustainable development and environmenta l fun ct ions. 

Rural household's degree of vulnerabi lity in terms of access to water resources was examined 

based on farmers' observation. Responses from the survey indicated that 92°/" of households 

in kola have no access to piped water for domestic use against only 7% in dega and 7.5% in 

woynD dega. Hence, they are forced to utilize water from unprotected sources (well s, streams, 

rivers, ponds), indicating water-born health problems. Photo II demonstrated peop le waiting 

for fetch ing water for domestic purpose in dega study site. From thi s photo we can infer that 

let alone in dega site where there is a relatively abundant water resource, it indicated how 

much water shOitage is more severe in the kola site where there is harsh climatic and 

environmental condition. 

Photo II : People wait ing for water in dega agro-ecology 

The survey results in dega indicated that 57.4% of the households spent 4 to 15 minutes to 

obtain their water supp lies, 32% spent 16 minutes up to half an hour and 10.2% of them 

required 35 up to 53 minutes. Only one household took two hours to reach to water sources. 

In the woyna clega site, nearly half of the households (49%) travel from 3 to IS minutes; 

42.2% from 16 to half an hour and 7% from 3 1 up to 53 minutes. The rest, 2.3% of the 

households traveled between 70 and 75 minutes to obtai n sufficient water in clega. In sharp 

contrast, less than 20% of the households in kola reported traveling Ii·om 3 to IS minutes to 

fetch water for domestic purposes while 40.1 % were required to travel fro m about 16 minutes 

to half an hour. Around 26% of them were trave ling between 35 minutes and an hour while 

12.3% of them between one and two hours, and the remaining 2% were traveling longer than 

2 hours to obtai n water. 
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The surveyed households have very limited access to irrigation with a vu lnerabi lity score of 

0.94 in kola , 0.76 in dega, and 0.74 in woyna dega. The applicat ion of irrigation both from 

the users and area coverage perspectives in kola was only 4.6 hectares of land was irrigated 

by 6.5% of surveyed households. It was 8.5 hectares of land irrigated by 26.3% of surveyed 

households in woyna dega fo llowed by 6.24 hectares irrigatcd by 24% of households in dega. 

Average liters of water the households consume per day (0.80), lack of access to regular 

water supply (0.75), and conflict over water resources (0.5 1) contribute much to the 

vulnerab ility levels of the kola households in term of water resources. The amount of water 

consumed by a household per day (0. 84), conflict over water (0.78), and absence of regular 

watcr supply (0.58) are making the households more vulnerable to climate change impacts in 

the woyna dega site. Low level of the households' water consumption per day (0.82) is the 

dominant contributor of water vulnerability levels orthe households while confli ct over water 

resources has lower contr ibution (0.17) to climate change vulnerability for dega households. 

Corresponding to adverse climatic and environmental cond itions experienced in the kola sitc, 

exceptionally 92% of the surveyed households have no access to piped water for domestic 

purposes as compared with dega and woyna dega households « ~7.5%). Distance to water 

points is also an important measurement of vulnerability levels of households to climate 

change risks. The results indicated that kola households are traveling longer distances to fetch 

water and hence they are more sensitive to climate change impact calling for intervention 

through alternative mechanisms. While 89.4% of dega and 92.2% of way no dega households 

travel from 4 minutes to half an hour, only 60.1 % of kola households travel the same time to 

reach to water points. The remaining proportions of households in kola are expected to travel 

from 35 minutes to 2 hours wi th negative implications on time allocation for other productive 

and income generating activities, 

Although irrigation is often identificd as an effective adaptive strategy to cope with drought 

in rain-fed agriculture dependent households in the dry seasons, the surveyed households 

have very limited access to irrigation with very high vulnerability scores of 0.94 in kola, 0.76 

in dega, and 0.74 in woyna dega. This is because the application of irri gation both from the 

users and area coverage pcrspectives was very low indicating that farming households are 

more vulnerable to drought and associated extreme events. In the light of thi s, the FGD 

di scussants and in-depth interviewees in kola site strongly complained the problem of water 

shortage fo r different purposes . The increasing run-off whi ch has affected underground water 
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potential through reducing infiltration of rainwater and intensc evaporation from surface 

water bodies are major cause of water scarcity in thc study sitcs. 

TIle cumulativc effects of very low access to pure water and long distance to water points 

forced the houscholds to utilize water from unprotected sources with implications for 

commOllI1ess of water-bom human health problems, conflict among houscholds over scarce 

watcr resources. and low watcr consumption for domestic and irrigation purposes thcreby 

aggravating vulnerability situations of thc community. The finding is consistcnt with other 

studies which report that water is variable in space, limited in availability, highly sensitive to 

climate change and one of the most critically stressed resources (Sullivan, 2002; !PCC. 2007: 

Sullivan & Huntingford, 2009). Nearly every country faces water shortage during certain 

times of the year. Poverty itself is now rceognized as a lack of access to different Iivclihood 

capitals like water (Sullivan & Meigh , 2006). Having access to a reliablc source of water for 

domestic and production use is indicative of levels of natural capital for households (Barungi 

& Maonga, 2011) and can clearly be linked to most of the human capabilities against climate 

change related risks (Sullivan et aI., 2002). 

Figure 29: Vulnerability radar diagram of natural capital by agro-ecology 
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"'-- Kola 

-' Water 

Source: Computed fonn the household Slm'CY data, March - September 2012 

Figure 29 and AllI1ex 3 illustrate that by natural capital, the households are found to be 

vulncrable at 0.67 in kola , 0.51 in woyna dega and 0.43 in dega sites. TIle biophysical 

contcxts have already made kola households more vulnerable in terms of this livelihood 

rcsourcc. Famlers and officials of bodl govemmental and non-govemmental offices are 

observing massive impact of drought and extreme weather-related events on nanlral resources 

such as famllands. pastureland. water sources, and vegetation. They rcported the depletion of 
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these resources and in turn the subsequent declin ing levels of agricultural productivity and 

the resulting food insecurity. In relation to this, Wisner et al. (2004) argue that although they 

may experience greater losses (in absolute terms) than the poor, resource-rich households are 

more resilient in that they can recover more quickly from a climatic stress/s timulus. 

Although natural capitals arc known providers of goods and services which are hi ghl y valued 

by the society, these valuable natural assets have experienced persistent pressure and stresses 

from a range of direct and indirect socia-economic driving forces. Indeed, they are severely 

affected by climatic and environmental changes, leading the studied households dependent on 

these resources more vulnerable to poverty and food insecuri ty. The impacts of future 

changes will be felt particularly by these communities given that our environment has faced 

with risks from climate change. 

5,3,3. Economic/Financial capital 

One of the major components of vulnerability assessment depicted in the conceptual 

framework of this thesis (Fig. I ) is economic/financial capital. The main economic resources 

lIpon which the study communities depend include, farm and non-farm income, livestock, 

credit, and liveli hood activities based on entitlements for which this study examined the 

vulnerability levels of the households. The contri butions of each component indicators to the 

composite vulnerabili ty indices of economic capital arc presented in detail in the coming 

sections. The indicators with their functional relationships and tabulated quantita tive data for 

major components with thei r respecti ve indicators are presented in Appendices 2 and 3 

respecti vely. The data used in this sub-chapter is mainly obtained from the household survey 

triangulated and checked with information gathered through FGDs, in-depth interviews, field 

observations and prev iolls study results. 

Income: refers to cash generated from different sources to household consumptions and 

agricultural expenses. Households' financial assets were exam ined based on the average farm 

income, non-faml income, nOll-farm income diversification, remittance received by the 

household and non-fann employment oppOltunities. 

The survey results indicated that households in the three sites showed greater vulnerability 

levels by income component with average vulnerability scores of 0.92 in kola, 0.87 in Ivaylta 

dega and 0.86 in dega sites. Average farm income vulnerabili ty was the worst situation in all 

the three sites (0.94 in kola, 0.94 in dega, and 0.84 in wayl/a clega). Almost 100% of the 

households in kola, 97% in clega, and 94% in the wayI/o clega si tes do not have access to any 
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remittances from relatives and friends from abroad or inside. Very low farm income 

diversifica tion, in the woy"a dega (0.9 1), in dega (0.86) and in kola (0.82) sites contributed to 

vulnerab ility levels of households in terms of income source diversifi cation indicating very 

low adaptive capacity of households against climate change risks. In terms of non-farm 

income level, the households were more vu lnerable to 0.98 in kola and 0.97 in wOYlla dega 

and dega equally. Even those households who reported to have non-farm job opportuni ties 

earned on average 1204.40 Ethiopian Birr per year in dega, 1407.20 Birr in woyna dega and 

867.21 Birr in the kola sites. Moreover, non-farm job opportunities were lim ited in 

diversification, in kola (0.56), in dega (0.55) and in lVoylla dega (0.53) study sites. 

The LVI results from the household survey indicated that households in the three study sites 

were found to be highly vulnerabilit y by income component indicators. The reason is 

attributed to the fact that the households are very poor in terms of income as the majority of 

them are subsistence farmers. Although the three sites are highly vulnerable to climate 

change risks, the vulnerability scores have decreased when we move from kola (0.92) to 

woyna dega (0.87) and dega (0.86) sites. The income of kola households from their fanns 

was even very low with an average of 1080.50 Ethiopian Birr, equivalent to $60, per year as 

compared with the farm income of farmers living along the Blue Ni le of Ethiopia (4356.30 

ET Birr) (Temesgen, 20 I 0). The average farm income of the households in lVoynG dega was 

9814.30 ($545.23 ), and 5917.40 ($328.74) per year in dega, which is larger by 55.61% than 

fann income of the households reported by the same author. As Chapter Four prov ided detai l 

accounts, the harsh cl imatic anomalies coupled with fragile environmental conditions in the 

kola site have contributed much to the lowest farm income levels of the surveyed households, 

through affecting their crop and lives tock production processes. 

Add itional income generated by other household members, who engage in non-fa rm 

employment, can more than compensate for the constraints caused by reduced fann labor 

availability. However, diversification of both farm and non-farm inco mes and access to 

remittances were found very low in three study sites. The results point out very limited source 

of income for households indicating lower adaptive capacity against cl imate change impact. 

Temesgen (2010) and Barungi and Maonga (2011) argue that in the rural agricul ture­

dependent communities, di vers ified sources of income and remittances from fa mily and 

friends playa crucial role in helping farmers cope up with the li velihood impact resulting 
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Credit facility: Availability of credit institutions and the times taken to rcach to them is 

different among the three study sites. Less than 4% of all the surveyed househo lds in clega, 

16% in wOYlla clega and 43 % in kola reported absence of credit institutions around their 

localities. However, s lightly more than two-third of the surveyed households in kola, but less 

than two-third in clega and woy"a clega did not get money through credit in the past half 

decade. Those households who had borrowed money from forma lli nformal credit providers 

had taken on average 747.21 Birr in clega, 1104.48 in wayna clega, and 56 1.1 5 in kola, giving 

vulnerability index values of 0.94 in kola , 0.92 in clega, and 0.88 in wayna clega which 

implies very high vulnerabi lity levels of households in all the study sites. In addition, in terms 

of time the households taken to reach to credit facilities have LVI values 01'0.35 in kola , 0.12 

in wayna clega, and 0.05 in clega sites. 

The composite vulnerability index of the households by credit access is fou nd to be higher in 

kola (0.62) than those in clega (0.44) and in wayna clega (0.43). Access to credit institutions 

may inOuence adaptation to climate change through faci li tating access to agricultural inputs 

in production such as improved cultivars of crops, oxen and modern fertilizers. However, 

there is quite a great deal of fungibility in the sense that most people use the loan for 

unintended purposes such as consumption smoothing. Hence, it is assumed that the 

households who have no access to credit and unable to use money gained from credit for 

production purposes will be more vulnerable to cl imate change impact than those who have 

acccss to it (Temesgen, 20 I 0) which demands for affordable forma l and informal cred it 

schemes for the vulnerable rural community. 

Livestock ownership: The survey results indica ted that nearl y 89% of the surveyed 

households in clega, 92.2% in Ivay"a clega, and 87 .4% in kola own li ves tock, at least a 

hen . However, in terms of livestock units , the households were more vuln erabl e to 0.85 in 

clega, 0 .84 in kola, and 0.81 in wayna clega. The survey results a lso indicated that th e 

livestock ownership measured in terms of tropica l livestock units (TLU) ranges from 0 to 

8.15 in clega, 0 to 17.54 in wayna clega and 0 to 17 in kola. Nearly 18% of the households 

in clega, 17% in woyna clega, and 19% in kola have no draught power. 

The LV I results computed from the survey data indi cated that overwhelming majority of 

the surveyed households ow n li vestock, at least a hen in all stud y sit es. The reaso n is 

related to th e fact that I ivestock rearing does not depend on land ownership as compared 

to crop fa rming. Thus, it gives some option for landless house holds who have the 

opportunity to use community grazing fields. 
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Wi th regard to households ' li ves tock ownership , the resulls in thi s study are in line with 

the findin gs of several other emp irical works. Barungi and Maonga (20 II ) and Temesgen 

(20 I 0) a rgued that households who have not draught power are more vulne rab le to 

climate change risks as they are unab le to cultivate their farm lands in the appropriate 

tim e, or for being forced to give their lands for share-cropping. In the farming season, 

oxen mark a big d ifference among fann ers who own and who do not own li vestock . 

Mo reover, households who have no livestock can not sale and buy fertilizers, unable 

smoothing their incomes and poorly nourish thei r famili es with animal products such as 

milk and meat. They a lso do not use dun g cakes to ferti lize homesteads. Besidcs, they 

cannot use pack animals for timely transportation of the crops to a th reshing point. Si nce 

threshing is conducted using animal power, the avail ability of li vestock especially during 

peak periods is vital. It helps reduce post harvest loses. 

Livelihood activities: As livelihood diversification is one of the ri sk minimization measures; 

this sub-chapter assessed the extent of households ' li velihoods activity di versification . The 

analysis based mainly on the data collected through household survey and secondary sources 

(areas coverage for different crops) to identify livelihood activities that the rural households 

engaged by counting their numbers undertaken, calculating their shares to the overall income, 

proportions of households solely depend on agriculture, and crop diversifi cat ion level. Fi gure 

30 and Ann ex 3 present raw data for indi cators of li velihood di versification and the levels 

of adaptive capacity of the farmers to climate variability and change. 

The LVI resulls indi cated th at the majority of the households in the three agro-ecologies 

were found onl y dependent on agri culture with LVI va lues of 0.93 in kola, 0.92 in \Vayna 

c1ega, and 0.86 in c1ega sites. The inverse of the calculated crop di versificatio n index was 

0.96 in kola, 0.93 in c1ega and 0.89 in \Vayna c1ega. By inverse of livelihood 

diversifi cation, the households' vu lnerability indi ces were 0.78 in c1ega, 0.69 in >vayna 

c1ega, and 0.5 in kola. Working non-farm act iviti es generates add itiona l income onl y for 

3 1 %, 20.3% and 16.3% of the c1ega, \Voyna c1ega, and kola household s respecti ve ly. 

Moreover, the contribution of non-farm income was ca lculated to be 20.42% of the total 

income co ll ected by households in c1ega, 14.4 1% in \Vaylla c1ega, and 28.23% in kola 

unl ike that of repol1ed in Barret et al. (200 I), cited in Barungi & Maonga (2011) w hi ch 

was over 40% in rural parts of Africa. 

In contrary to other indi cators, the proportion of non-farm income was fo und somewhat 

high in kola followed by c1ega sites. Thi s findin g is sim ilar to Elli s's (2000 , 2004) 
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argument which noted that becau se of the mixcd nature of the rural poor people, multi­

activity is common on a household leve l. The live lihoods of the poor are thus based on 

diversification of so urces of food, income and security (Ellis, 2000, 2004) . Multi-locality 

is also increasing for the poor - people living in several places and families splitting up to 

search for better jobs. These types of people are found to be common in th e study areas 

though the proporti on is estimated to be higher in kola , as people move to Mizan Tepi , 

Wollega, Meta ma and Quara a reas as daily laborers. 

Figure 30: Vulnerabi lity of the households by livelihood activities in the three sites 
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Several studi es unanimously confirmed that livelihoods diversification is the main strategy 

for reducing the vulnerability of households and for increasing options for the community in 

the face of climate change (Chambers & Conway, 1992 ; Ellis, 2000; Tumer et aI. , 2003; 

Allison, 2004). The LV I results presented above indicated that the majority of the 

households in the three agro-ecologies were found only dependent on agriculture, 

cu ltivation of limited crops, and low access to non-farm activities which contributed 

much to the highest vulnerab ility level s of the surveyed household s to climate change 

related risks. 

With regards to li vel ihood di versi ficati on, the results in this thesis are in line with the 

findings of a number of other empirical findings which have already confirmed that 

people engaged less in the cultivation of different crops and li vel ihoods activities have 

greater vulnerability level s and the opposite is ho ld true for the people engaged more in 

di versi fi cation of crops and livelihood activi ti es (Ellis , 2000, 2004; Barungi and Maonga 

20 I I) . Land shortage togethcr with other factors could be explained as the main reason to 

have planted different crops in the fi eld. Those other reasons could mainly be attributed to 
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limited/no other job opportunities, lack of money, limited sk ill and knowledge, and lack 

of access to markets among other factors. Other more reasons can be speculated that the 

extension package has encouraged livelihood intensification through specialization with 

less/no emphasis on diversification. FAO (2003) and Leulseged et al. (2012) asserted that the 

current agricultural extension approach is focused on what is known as tile Agricultural 

Development-Led Industrialization/ADLI ' intensified package ' approach putting heavy 

attention on accelerating production tilrough application of fertilizer and improved seeds 

without careful analysis of agro-ecological zones, markets, infrastruc!ure, farmers' choice 

and other more sustainable development options. TIlC current climate resilient green economy 

(CRGE) initiative also prioritize intensification of cultivation through improved inputs and 

better residue management to limit the soil-based emissions from agriculture and the pressure 

on forests from expansion of cultivated land area (Leulseged et aI., 2012). However, there are 

sOl11e activities related to livelihood diversification and asset building haphazardly practiced 

in different parts of the country including tile study areas. 

After presenting the results and discuss ions for each sub-component of economic capital 

asset, the composite vulnerability levels of households were summarized in the radar 

diagram (Figure 3 1) namely income, access to credit, livestock ownership and livelihood 

diversification, across the three study sites. 

Figure 31: Vulnerability radar for economic capital by agro-ecology 
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From Annex 3 and Fi g. 3 1 it is very clear that kola households (0.67) were hi ghly 

vulnerable to climate change impacts than those in way"a clega (0.59) and clega (0.58) 

households . When dis aggregated by major components of economi c capita l, households have 

limited adaptive capacity by income level (0.92) in kola, (0.87) in woy"a dega , and (0.86) in 

clega, and livel ihood diversification (0.86) in clega, (0.83) in waYlla clega, and (0.80) in kola 

than by credit access (0.62) in kola , (0.44) in clega, and (0.43) in woy"a dega), and by 

livestock ownership (0.3 2) in dega, (0.35) in kola , and (0.3) in wayna dega. 

S.3.4. Physical capital 

[t is obvious that people's access to basic infrastmcture services is fundamental to bring 

economic growth w hereby play significant roles in enhancing public welfare and 

improving quality of life of the communi ty. As such, level of access to infras tructure 

facilities is an important measure of the households' sensitivity to climate change risks. 

Hence, this sub-chapter analyzed the households' levels of sensitivity/vulnerability indices to 

measure the households' access to physical capital. The indicators considered in this capita l 

asset included shel ter quality including res identia l location, sources of household energy, 

access to road transport and telephone services, as well as access to input and output markets. 

The results for each indicator are presented in detail in the subsequent sections supported 

wi th Annex 3. 

Housing quality and location: Housing quality and location can create variation m the 

households ' levels of sensitivity and/or adaptive capacity to avert the risks posed by climate 

change and variability. Households' differenti ation on house quality and safety can be 

observed through variation of wall building, roofing materials and location. The data was 

collected for these indicators using household survey and checked with field observat ion. 

The findings revealed that 95% of the households in clega, 99.2% in woyna clega, and 75.3% 

in kola reported their dwelling houses ' walls are made of wood and mud while insignificant 

propol1ions were constructed from stone and mud . The overwhelming majorities, 93% in 

clega, 92.5% in wayna dega, and only 14.1% of kola households reported that they used 

corrugated iron sheet roofing. With regard to settlement location, nearly 97% of clega, 67% of 

wayna clega and 60.1 % of kola houses are located in the plain areas, which are almost free 

li·OJll nooding and severe erosion wh ile the rest were reported to be located in the hazardous 

locations (See Table 17). 
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Table 17: Types of building materials for the res idences of households 

Indicators ~~----"S'tpeci fic indicmors 
Houses' walls made of Wood and mud 

Deg!! 
95.3 

Mud and stone 4.7 

Woyna dega Kola 
99.2 75.3 
0.8 24.7 -----. -----_ .. --------_. -_. --- --. - - - - - - - -- _. - --- ---- - -- -- - - -_. --- -- -- - - -- - - - - - - - - _. _. - ... _ ...... - .- --- _. --- - -- -_. _. -_ . . 

Houses' roofs made of Corrugated iron sheet 93 92.5 14. 1 
Grass roofed 7 7.5 85.9 -----_. ------. -------- _. - -_. --- - --_. - --- ---- - -- -- - - -- ---- -- _. _. --- - -- - - - - - - _. - _. - _. _ .... - . - --- _. -- - -_. ---_. _ .. . 
Plain - free fro m noods 96.9 66.9 39.9 

Houses' location Plain - exposed to flood s 2.3 
Mountainous and rugged terrain 0. 8 
Near rivers - exposed to floods 

Source : Household survey, March - September 20 12 

13.5 
17.3 
2.3 

10.3 
45.2 
4.6 

The ind icators used and the resuits in this thcsis are in line with the findings of other several 

empirical works. The quality of houses is an indicator of wealth status in most Afr ican 

countries (Temesgen, 20 I 0). For example, a stone house is a key indicator of wealth in rural 

Tanzania (Barungi & Maonga, 20 II ). Similarly, the wall of houses made of stone and a roof 

of corrugated iron sheets are measures of wealth status in the study areas. Accordingly, the 

information obtained through the household survey indicated the types of building materials 

used by the surveyed households. The ti ndings revealed that although the ovelwhelming 

majority of the households' houses' wa lls are made of wood and mud , their proportion 

increased when we move from kola to dega. As the kola environmental conditi on is not 

suitable fo r plant ing eucalyptus trees, wood shortage is a serious prob lem fo r different 

purposes. As a result, househo lds have gradually shifted their constructi on of houses towards 

stone and mud. Therefore, it is vivid tha t the materials used to construct walls in all the three 

sites are highly sensiti ve to climate change impacts. Surprisingly, the wider variation was 

repOlted in the use of corrugated iron sheet roo fin g between dega and IVoyna dega together 

and kola households because only 85.9% of kola households reported that their houses are 

grass roofed wi th only 14. 1% of them used corrugated iron sheet roofing. This has made thc 

community exceptionally most sensitive to c limate change-induced risks. 

On the one hand, it was repOlted that most of the woyna dega houses are located in the plain 

areas, which are almost free ti'om flooding and severe erosion whi le the rest were reported to 

be located in the hazardous locations. On the other hand, about 60.1 % of the houses in kola 

are located in the hazard prone topographies. Therefore, the dwe lling houses of the kola 

households will be under increas ing risk of damage and destruction li ke dwe lling houses in 

other parts of Ethiopia, with the projected increase in heavy rainfall events, hai lstorms, wind, 

and landslides. Conespondingly, the LVI scores signified variations in vulnerabi lity levels of 

the households in terms of shelter by the agro-ecological setting. In fact, the overa ll scores 

indicated that the households in kola are found to be more sensitive to LVI score of 0.74 and 
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decreased to 0.47 in woyna dega and 0.35 in dega. This means the households in kola have a 

74% probability to be affected by climate changc-induccd extrcme events while it is 47% in 

woyno dega and 35% in dega sites. 

Location is an important detemlinant in the vulnerability situations of people and places to 

climate change-induced hazards. For example, the location of woyna dega site arowld the 

shore of Lake Tana and at the foot of the Semein highlands exposes it to recurrent flooding. 

Over-flowing of the channels of the minor and major rivers and an abnomlal rise in the level 

of the Lake Tana has flooded agricultural fields and human settlements almost every year 

(Hassan, 2006) though the magnitude and intensity vary from year to year. Similarly, the 

location of the kola site in the fragile undulating landscape of Abay and Beshilo Valleys 

exposes it to severe land degradation , soil erosion and recurrent drought conditions. 

Photo 12: Sensitive houses to weather-related events in Woyna dega & kola areas 

Photo 12 demonstrates the location and quality of the rural houses in woyna dega (the left) 

and kola (the right). Although they havc relatively better quality, the left houses in the figure 

are more prone to flooding while the right houses are poorer in quality so that they are more 

sensitive even to simple weather-related events such as wind and flash floods. Although 

coordinated early-warning system and community-based preparedness plans should be given 

prior attention, paIticularly in kola and woyna dega agro-ecological settings, they are lacking. 

Sources of energy: Access to energy source is one of the fundaIl1cntal mcasures of 

households ' climate change vulnerability as it CaIl contribute to social and economic 

development, to encrgy access, to a sustainable energy supply, and to a reduction of negative 

impacts of energy provision on the envirolUllent and human health (!PCC, 2012). 

Accordingly, the vulnerability levels of rural houscholds wcrc cxamincd using houscholds 

cntircly relying on firewood and battery/electricity for lighting and fuel saving stoves for 
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cooking. In tenns of the dependency on firewood for lighting, dega (054) and kola (048) 

households were vulnerable as compared with lVoyna dega households who had least LVI 

score (0.0 I). Exceptionally, few numbers of woyna dega households have used fuel saving 

stoves (0.96), which makes them more se nsitive to climate change impacts while nearly half 

of the respondents in dega and kola sites have never used it for cooking. Different batteries 

become important sources of lighting for 64% of dega households in comparison to 12% of 

both kola and lVoyna dega households with no support fi'Om GOs and NGOs (Photo 13). 

Photo 13: Sources of lighting in clega agro-ecology 

Distance to sources of services, firewood in this case, is another indicator of sensitivity of the 

community to climate change risks. Therefore, the households were asked how much time 

spent on travell ing to reach to sources of firewood in hour/minute . TIle result for the three 

study sites is presented in Table 18 indicating differences on time the households travel to 

reach to sources of firewood. It is clear from the table that while 93% in clega and 78.2% of 

all the surveyed households from woyna dega took not more than 30 minutes, only 10.3% of 

them in kola travel the same length of time to collect firewood. On Ille other hand, while 

42.2% of kola households have moved about 30 minutes to 1:00, against 11.3% in woyna 

clega as compared with only 6.2% in clega sites. 

About 7.2% kola of households took about 1:00 to 1: 30, and 19% from 1: 30 to 2:00 to reach 

to sources of firewood. Over 21 % of them travel longer than two hours to collcct the same 

energy source. When we sec the cumulative percentages, over 99% of the households in 

dega, 89.5% in woyna clega and 52.5% in kola have spent less than an hour to collect 

fircwood implying higher degree of sensitivity of the later households to climate change and 

associated extreme weather events. 
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Table 18: Distance hou seholds travel to collect fircwood by agro-ccology 

Agro-ecology Distance in minute Frequency Percent Cumulative percent 
Dega 0-30 120 93 93 

31-60 8 6.2 99.2 
61-90 I 0.8 100 
91 -1 20 
Over 120 

WoynG dega 0-30 104 78.2 78.2 
31-60 15 11.3 89.5 
61-90 
9 1-120 4 3 92.5 
Over 120 3 2.3 94.8 
Missing system 7 5.2 100 

Kola 0-30 27 10.5 10.3 
3 1-60 II I 42.2 52.5 
6 1-90 19 7.2 59.7 
91-120 50 19.0 78.7 
Over 120 56 21.3 100 

Source: Household survey, March - September 2012 

The eumulative effects of the above indicators namely: households entirely relying on 

firewood, non-users of battery/elect ri cit y for li ghting and fuel saving stoves for cooking, and 

distance to source of firewood have resulted in overall energy vulnerability scores of 0.62 for 

kola and woyna dega and 0.47 for dega households. The heavy reliance of households on 

forests for energy consumption through increasing pressure on the already exhausted forest 

resources is the main reason. As such, this situation has put the environm ental sustainability 

issues in question . The time rural househo lds spent to collect !(ll'est products for household 

energy consumption can impact on the time avai lable for other produclive and income 

generating activities, Signifi cant differences among the si tes in terms of time a household 

traveled to collect firewood has created sensitivity variation among households settled in the 

three agro-ecological zones, By this indicator, kola households were found exceptionally 

more sensitive to firewood shOJ1age than clega and woyna clega households. The results 

discllssed in section 4.2.2 among other factors are the main reasons. In relation to this, several 

studies noted that longer distance to reach to different services centers increase the sensitivity 

of the community to climate change-relatcd exo'eme events (Hahn et ai., 2009; Lamichhane, 

20 I 0; Temesgen, 20 I 0), 

Larger propOJ1ion of clega and few woyna clega and kola households have used different 

batteries systems usually charged with sunlight and connected with thin wires as the most 

important adaptation technologies fo r lighting with no recognition and support from GOs and 

NGOs, The use of this renewable energy source has important implications for forest and 

land resources management and mitigation thereby enhance sustainabl e environmental and 

socio-economic development. This direction is in line with the IPee (20 12) ideas which 
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viewcd thc relationship between renewable energy (RE) and sustainable development (SD) as 

a hierarchy of goals and constraints that involve both global and regional or local 

considerations. Though the exact contribution of RE to SD has to be evaluated in a country­

speci fi c context, RE offers the opportunity to contribute to a number of important SO goals: 

( I) socia l and economic development; (2) energy access; (3) energy securi ty; and (4) climate 

change miti gation and the reduction of environmental and health impacts. 

Communication: access to transport and telephone services are essential indicators of 

sensitivity to and/or adaptive capacity of households against climate change risks. Most 

specifically, time required for reaching to the nearest vehicle station/road network and public 

te lephone centers, numbers of households who travel on foot to their woreda town were vita l 

indicators of communi cation component of physical capital. Thi s section cons idered these 

indicators as these can create variation in the vulnerability levels of households across the 

thrcc sites. 

The survey result revcaled that the average time to reach to the nearest vehicle station or road 

network is nearl y 8 hours (477 minutes) against less than I hour (59 minutes) and slightly 

over half an hour (35.5 minutes) respectively for woyna dega and dega households. About 

68% and 37.6% of the households in dega and woyna dega si tes respcctively do not use a 

vehicle to travel to thcir woreda towns. In terms of availability of year-round transport, ncarly 

21 % of the households in dega and 53.4% in woyna dega rep0l1ed the absence. 

Places located in isolated difficult topographies are found more sensiti ve to different cli mate­

related hazard risks as it is difficult to construct roads. In the light of this, the survey rcsult 

revealed that by transport indi cators the kola site is found to be the most inaccessible area as 

it is located in Abay and Beshilo va lleys. Inaccessibility is evident by absence of vehicle 

transport to all people and hence forms of transport to travel to their woreda town is limited 

to walking, head loading and traditional means of transport using pack animals, perhaps 

much more difficult than the situation at the national and regional level. As regards access to 

transport , the results in this study are in line with the findings of several other empirical 

works (Robit, 1996; Temesgen, 20 I 0). These authors noted that transport can pl ay an 

important rol e in adaptation to climate change by facilitating access to different resources. 

For instance, all-weather roads facilitate the distribution of necessary agricultural inputs for 

adapting to clim ate change, and the economic activities by increas ing access to output 

markets. So, lack of this essential infi'astrllcture influences human decision on adapt ion and 

the overall well-being of the socicty. 

viewcd thc relationship between renewable energy (RE) and sustainable development (SD) as 

a hierarchy of goals and constraints that involve both global and regional or local 

considerations. Though the exact contribution of RE to SD has to be evaluated in a country­

speci fi c context, RE offers the opportunity to contribute to a number of important SO goals: 

( I) socia l and economic development; (2) energy access; (3) energy securi ty; and (4) climate 

change miti gation and the reduction of environmental and health impacts. 

Communication: access to transport and telephone services are essential indicators of 

sensitivity to and/or adaptive capacity of households against climate change risks. Most 

specifically, time required for reaching to the nearest vehicle station/road network and public 

te lephone centers, numbers of households who travel on foot to their woreda town were vita l 

indicators of communi cation component of physical capital. Thi s section cons idered these 

indicators as these can create variation in the vulnerability levels of households across the 

thrcc sites. 

The survey result revcaled that the average time to reach to the nearest vehicle station or road 

network is nearl y 8 hours (477 minutes) against less than I hour (59 minutes) and slightly 

over half an hour (35.5 minutes) respectively for woyna dega and dega households. About 

68% and 37.6% of the households in dega and woyna dega si tes respcctively do not use a 

vehicle to travel to thcir woreda towns. In terms of availability of year-round transport, ncarly 

21 % of the households in dega and 53.4% in woyna dega rep0l1ed the absence. 

Places located in isolated difficult topographies are found more sensiti ve to different cli mate­

related hazard risks as it is difficult to construct roads. In the light of this, the survey rcsult 

revealed that by transport indi cators the kola site is found to be the most inaccessible area as 

it is located in Abay and Beshilo va lleys. Inaccessibility is evident by absence of vehicle 

transport to all people and hence forms of transport to travel to their woreda town is limited 

to walking, head loading and traditional means of transport using pack animals, perhaps 

much more difficult than the situation at the national and regional level. As regards access to 

transport , the results in this study are in line with the findings of several other empirical 

works (Robit, 1996; Temesgen, 20 I 0). These authors noted that transport can pl ay an 

important rol e in adaptation to climate change by facilitating access to different resources. 

For instance, all-weather roads facilitate the distribution of necessary agricultural inputs for 

adapting to clim ate change, and the economic activities by increas ing access to output 

markets. So, lack of this essential infi'astrllcture influences human decision on adapt ion and 

the overall well-being of the socicty. 



Conullunication through radio, televis ion, fixed public telephone and mobi le phone is 

effective tool for di sseminating information on changing weather patterns and adaptation 

options to the rural community. However, all these communication tools were not included in 

the vulnerability computation because the initial field observations suggested that these 

physical assets did not s ignificantl y differ among the communiti es. But later on, it was 

asselted that mobile phones have been utilized by few woyna dega and dega households 

while it was rare in kola. Only access to fix ed public telephone services was considered for 

analyzing households' sensitivi ty to climate change risks. 

Table 19: Distance households travel to the public telephone center by agro-ecology 

Agro-ecology Time in minute Frequency Percent Cumulative percent 
Dega 0 - 30 38 29.5 29.5 

31 - 60 70 54.3 83.7 
61 - 90 12 9.3 93.0 
9 1 - 120 9 7.0 100.0 

Over 120 
Woyna dega 0 - 30 23 17.3 17.3 

31 -60 9 6.8 24.1 
6 1 - 90 23 17.3 41.4 
91-120 14 10.5 51.9 
Over 120 64 48 .1 100.0 

Kola 0 - 30 41 15.6 15.6 
31 - 60 70 26.6 42.2 
61- 90 24 9.1 51.3 
91-120 52 19.8 7 1. 1 
Over 120 76 28.9 100.0 

Source: Household survey, March - September 2012 

Table 19 presents the time taken by the households to reach to public te lephone centers. The 

results indicated that the households travel on averagc nearly 53 minutcs in dega, 2 hours in 

woyna dega and over 2 hours in kola site to reach to public telephone centers. Thus, kola and 

woyna dega households reported longer average time to reach to the nearest telephone 

centers, indicating limited in fo rmation exchange in the areas . Nearly 30% of the dega, 17.3% 

of woyno dega and 16% of kola households have traveled up to 30 minutes to get pubic 

telephone services. From 3 1-60 minutes distance is traveled by 54.3, 24.1, and 26.6% of the 

households in dega, woyno dega and kola respectively. While 17.3% of the households in 

woyna dega have traveled from I :00 to 1: 30,9.3% of them in dega and 9.1 % in kola traveled 

the same. Similarly, nearly 20% of households in kola, 10.5% in woyna dega, and 7% in the 

clega site traveled from I :30 to 2:00. Exccptionally, 48. 1 % in Ivoyno clega and ncarly 30% of 

the househo lds in kola site traveled longer than 2 hours whil e no one travels this distance in 

clega site. 
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6.1.3. Farming households ' perception to climate change impacts 

The survey da ta and the meteoro logical records indicated increasing temperatures and 

decreas ing and/or errat ic ra in falls in the study s ites over the pas t decades. The decreas ing 

trend in precipitation is aga inst the projections of climate models for Eas t Africa as they 

predi cted that except in very few places , rainfall is likely to increase (lPCC, 2007). The 

study in Kenya also indicated a n increasing trend o f rainfall (Bryan et a I. , 20 II ). 

An assessment of cli mate change impact perception in the three agro-ecological sett ings 
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Tabl e 23 presents the consequences of cl imati c shocks perceived by sampl ed households. 

The majority of the respondent s (82% in woyna dega, 68.8% in kola, and 50.4% in dega) 

noticed that ra in fa ll change res uits in changes in croppi ng patterns and changes in land 

use pattern (60.2%, in lVoyno dega, 48% in kola, and 17.1 % in dega), decrease in crop 

and li vestock products (76% in woyna dega, 64% in kola, and 55% in dega), increased 

c rop pests, di sease, weeds and anim a l diseases, pastureland deteriorat ion, increased 

rainfall intens ity which leads to severe soil eros ion, increased climati c hazards, damage to 

water resources, increased food cris is, and harmful effects on total agricu ltu ral 

production . 
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While the FGD results do support the results of the household survey, farmers place greater 

emphasis on rainfall variabil it y when making the plans for their farming activities. Their 

perception to climate change centered over long-term greater rainfall variability which 

hindered their ability to predict ra infall patterns and plan their farming activities accordingly. 

In addition, many fanners reported that the shortening of the rainy seasons have led to longer 

dry periods which result in greater pressure on food suppli es. The farmers' concems about 

rainfall variabi lity are warranted given that ra in- fed agriculture is th e dominant source of 

staple food crop production and livelihood for the majority of the rural poor. Climate 

variability, in particular the occurrence of drought, is the strong determinant of agricu ltural 

performance as well as genera l economic development in the country (Devereux, 2000; 

NMA, 200 I). Both of the survey and FGD partic ipants also reported an increase in rain fa ll 

intensity has exacerbated the problem of fl ooding and soil crosion, particularl y in kola, 

As it was discussed in sections 4.2.1 and 4,3.2. the majority of the households reported a 

decreasing trend of food crop production from time to time in contrast to the 8.4% 

national level average production growth rate in the period 2005 /2006 to 2009/20 I 0 

(MoFED, 20 I 0). Although it seems contrad icto ry For outs iders and genera li sts it is hold 

true for the context of my study si tes, particularl y for kola site, For example , during the 

survey period, Mid-March to the end of June 2012 , there was no rainfall in all the three 

study sites, Pal1icularl y, kola households c la imed late onset delayed plantin g of slow 

maturing crops like maize, sorghum and millet, and even other cereals fo llowed by early 

cessation of rainfall has led to greater yield decline and in some cases total damage to 

crops. This was checked by the field obscrvation during harvesting month s in kola 

(October - December, 20 12), wo)'na clega and clega (November - January). The case 

presented next also elaborates more the severity of the problem in kola, 

The rainy seasons are becoming shorter than the past 20 or so years. In the past , the main 
rainy season was four months long; now there is all average two months wi th decreasing 
rainy days over these two months. Last year (2012), the rains started to fa ll around Slh July 
and ended 1 SI September. Long matur ing crops such as sorghum, maize and millet, the 
dominant food crops in Ollr area, were not totally planted. Even the rain was not sufficient 
enough fo r the growth of cereals and pulses as well as for regenerating pasturelands for 
livestock at least in the rainy seasoll. The streams, ponds, and reservoirs continue to be emply 
immediately after the ra in has slopped falling. To make matters even worse, in these short 
rainy times, the rain has increased in intensity, caus ing lands lide, severe so il erosion and 
pasture degradation. The overall effects of these problematic si tuations were crop failures; no 
harvest ing was undertaken on tel!; barley, wheat, beans, peas, and other crops. I don't know 
what wou ld happen until the next harvest; people may migrate and die; theft and conflict over 
li velihood resources may increase unless the government could mitigate the problem through 
a wide range of interventions (Free Food Aid and Safety Net Programs). But there is a doubt 
that the government couldn't do so, as we are told that we are already graduated frolll a 
Sa fety Net Program after part icipat ion over lhe\past six years. If the government fails to do 
so, I am eager to see the last fale of the people until the next harvest. 
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The majority of the households interviewed associated the decline of crop yield with the 

impact of drought, poor so il fertilit y, increased in cidence of crop and animal pests and 

di sease . Furthermore, other non-climati c facto rs lik e inadequate ex ten sion services and 

poor access to modern inputs or ineffecti veness of modern fertiliz ers; particu larly in kola 

site were mentioned . In this regard , ACCRA (20 II ) noted that the impact of cl imate 

change is more pronounced when there is interaction with other non-climati c stresses. 

Fanners , experts , extension officers, and veterinarians iterated that drought, flood , pests, 

and di seases have increased in recent 10 -20 years as compared to the previous decades. 

They also revealed the emergence of new pests, di seases, and invas ive weed species. 

The magnitude and rate of current climate variability, climate change, and other extreme 

events combined with env ironmenta l, socia l, and political factors arc making many 

traditional coping strategies ineffective and/or unsustainable, amplifying land degradation 

and food insecurity which in turn forced households to find new strategies. 

6.2. Farming households ' adaptation strategies to climate change 

There arc many alternative adaptation strategies to counterbalance climate change impacts 

and to enhance people ' s livelihoods. In this study, potential strategies for adaptations to 

climate change and different detemlinants to adaptation choices were identified . Some 

scholars contend that the adaptation measures report ed by farmers might b~ pruuut:lion 

maximizat ion driven rather than climate change (Madi son, 2006; Nh emachena & Hassan, 

2007; Temesgen , 2010). Despite this missing lin k, it can be assumed that farmers' actions 

are dri ven by climatic factors as was reported by Humers themselves. This section tries to 

analyze and discuss the adoption of different adaptation measures by smallholder households. 

6.2.1. Rate of adopting adaptation strategies 

Analysis was done to identify the most and least adopted adaptation strategies based on the 

propol1ion of households who adopt the possible adaptation options in each agro-ecological 

zone. The questions were designed for the fanning households to enable them put a tick mark 

in front of the listed adaptation options they have used and leave otherwise with the help of 

data collectors. 

Figure 36 and Table 24 demonstrate the application of adaptation strategies as measured in 

terms of percentage of the adopters. It is clear from the figure that the average adoption rate 

of climate change adaptat ion strategies in the three sites is 45 .27%. The rate of adoption 
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in the dega sites is above the average of the three agro-ecologies (51.22%) while it is 

below average in woy"a dega (44.56%) and kola (40 .02%). This impli es that hi gh rate o f 

adoption of adaptati on measures was reported in dega as co mpared to woyna dega and 

kola sites. 

Figure 36: Average rate of adoption of adaptation strategies by agro-ecology 
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Source : Household survey, 2012 

A key finding is that the households in kola site are less likely to adapt to climate change than 

households in dega and woyno dega which is consistent with the fi nding of Temesgcn et al. 

(2009) and Bryan et al. (20 II ) for most adaptation strategies, but in contrary to thc findings 

of Yesuf et a l. (2008) conducted in the Blue Nile Basin of Ethiopia. Bryan's et al. (2011) 

tindings in Kenya indicated that the households in arid district of Garissa are least likely to 

adapt to climate change, whereas households in the temperate coffee areas of Mukurweini 

and Othaya were most likely to adapt. The authors speculated that the low probability of 

adaptation in arid Garissa may be p3ltly due to the fact that they are already coping with 

difticult climate conditions. For example, farmers in Garissa have to irrigate in order to grow 

most crops; therefore they would be less likely to report irrigation as an adaptation strategy 

because they are al ready doing this. The low level of adaptation is also an indication of 

limited adapti ve capacity in th is district as well . 

The kola site is poverty stricken and environmentally fra gile area. The harsh environmental 

and cl imatic conditions dctcr smallholdcr households from usi ng modem technologies such 

as fel1iii zers, improved seeds and animal fodder species and irrigation. The poor also lack 

resources to timel y prepare their farml ands, apply inputs ill time, and manage thei r land 

intensively. Other reasons slich as poor access to markets, infrastructure and inst itutional 

services like cducation, agricultural extension, credit, and other government provisions wcre 
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mentioned. The low-level of adoption is also an indi cation of limited adaptive capacit y in thi s 

agro-eco logy - households are unab le to adopt due to lack of resources needed fo r adaptat ion. 

Therefore, it is clear that vulnerabi li ty to cl imate change is closely related to poveny, as the 

poor are least able to respond to cli matic st imuli (Burton et aI. , 2006). 

Tab le 24 p resents the percentage of household s who have adopted different adapta tion 

strategies by agro-ecology. Most of the adopted strategies by the farmers in the study areas 

are similar to other findings in the climate change adaptation literature (Mentez et aI. , 2008; 

Yesuf et aI. , 2008; Temesgen et aI. , 2009; Temesgen, 20 I 0; Bryan et aI. , 20 II ). The highest 

rates of adopti on in clega were reported with ani mal manure-compost (96.9%), te rraci ng 

and changing p lanting dates (94 .6% each), repl anting crops (91.5%), chemica l fertil izers 

(82 .2%), improved seeds and changi ng consumpti on to cheaper food items (77.5% each), 

culti vating different c rops (69.8%) and being invo lved in d iffe rcnt li ve lihood act ivities 

(57.4%). The least adopted adaptation strategies in the same agro-eco logy were usc of 

herb icides ( 1.6%), pestic ides (2.3%) and ra inwater harvest ing (3.9%). 

Table 24: Percentage of household s who use adaptation strategies by agro-ecology 

Adaptat ion options Total Dega Woyna dega Kola 
Manure and compost 91.93 96.9 84.2 94.7 
Modern fertil izer 75.87 82.2 88.0 57.4 
Pesticides 35.57 2.3 81.2 23.2 
Herb icides 17.63 1.6 34.6 16.7 
Selected seeds 53.67 77.5 75.9 7.6 
Livelihood diversification 30.33 57.4 17.3 16.3 
Crop di versification 68.13 69.8 68.4 66.2 
Change of plan ling dates 74.13 94.6 67.7 60.1 
Replanting crops 73.27 91.5 60.2 68.1 
Irrigation 19.97 24.8 24 .8 10.3 
Water harvesting 7.6 3.9 3.0 16.0 
Tapping ground water 13. 17 14.0 2.3 23.2 
Diversirying livestock 28.67 30.2 12.8 43.0 
improving animals species 13.33 23.3 4. 5 12.2 
Improved animal fodder 12.63 21.7 9.0 7.2 
Terrace construction 84.23 94.6 72.9 85.2 
Pl anting trees 64.4 86.8 44.4 62.0 
Change to cheap fo od items 69.93 77.5 66.9 65.4 
Seasonal migration 25.53 22 .5 28.6 25 .5 
Average 45.27 51.22 44.56 40.02 
Source: Household survey, March - Sept 2012, SPSS 16 output us ing multiple response 
command 

The most adopted strategies in WOY"O clega research site were the use of modern 

fert il izers (88%), manure-compost (84.2%), pesti cides (8 1.2%), im proved seeds (75.9%), 

te rrace constructi on (72.9%), pl ant ing d ifferent crops (68.4%), changing planti ng dates 
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(67.7%), change food consumption to cheap items (66 .9%), and replanting crops (60.2%) 

whi le th e least adopted strategies were extracting underground water (2.3%), ra inwater 

harvesting (3%), im proved li vestock species (4 .5%), and improved anim al fod der (9%) , 

lives tock diversificati on ( 12.8%), and diversi tication o f li velihood act ivi ties (17.3%) . The 

moderate ly applied strategies includc planting trees (44.4%), use of herbicides (34.6%), 

and seasonal m igratio n (28.6%) . Pesticides applicati on was exceptiona ll y hi gher in woyna 
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In the kola si te, appli cati on of manure-compost (94 .7%), terrace constructi on (85.2%) , 

replanting (68. 1 %), crop di versifi cation (6 6.2%), shi ft in g food consumption to cheap 
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ferti lizers (5 7.4%) were the most adopted adaptat ion stratcgies. Use of improved animal 
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pesticides and digging water well (23 .2%), and seasonal migrati on (25 .5%), and li ves tock 

d iversification (43%) were the least adopted strategies. 

The ra tes of adoptions o f di ffe rent adaptation measures by the househo lds wcrc fo und to 

be somewhat lower than Kenyan fa mers (Brya n et a I. , 20 I I ). The high rates of adopti on 

of the avai lable adaptation strategies could be associated w ith being less expensive and 

easier access to househo lds (Temesgen, 2009), which indicated that fa rming househo lds 

do appreciate the seriousness of c limate change-i nduced prob lems in th e study sites and 

the implications for land productivity. Excepti onally, mo re use o f pest icides (81.2%) and 

herbicides (34.6) was reported by woyna clega households than those in kola (2 3.2% and 

16.7%) and in dega (2 .3% and 1.6% respectively) because in woy"a clega pcsts 

infesta ti ons were reported as the major hazards affec ting the communit y. The least 

adoption rate of adapt ation strategies could be attributed to the need fo r more capital, 

li mi ted access, and lack o f need for adopting them. For instance, access to improved 

li ves tock spec ies, imp roved fo rage production, and herbic ides are fou nd to be limi ted to 

fa rmers. The limited applicat ion of irrigatio n for adaptati on could be attr ibuted to lim ited 

and/or no water resources potential fo r irri gat ion, or it requires more cap ita l investment. 
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6.2.2. Range of farming households' adaptation strategies 

As it is al ready discussed, the surveyed farmers adopted a range of adaptation strategies in 
response to climate change. The ranges of adoption by households vary across agro­
ecologies. 

Figure 37: Range of adaptation strategies households adopted by agro-eco logy 
80 

70 - --~'--
o Dega O Woynadega • Kola 

~ 

" 60 "0 
.<: 
Q 
~ 50 ~ 
0 .= ..... 40 0 
Q 
eo 
1! 30 = Q 

~ 20 Q 

"-
10 

0 
0 0.8 0 0.4 

not adopted 1 to 5 6 to 10 11 to 15 16 to 20 
Range of available adaptation strategies 
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Figure 37 indicated that nearl y 7% of the respondents did not take any adaptation measure in 
the woyna dega research site while it was found to be only 0.8% in kola sitc. All the fanners 
in dega have appli ed at least one strategy and hence the ranges o f adaptation strategies were 
found to be many as compared with those used in woyna dega and kola sites. Only 3. 1 % of 
the surveyed households in clega had adopted at least 1- 5 strategies out of the 19 strategies 
against 10.5% in woyno clega and 19% in kola. Nearly 53% of clega, 68.4% of kola and 
nearly 40% o fwoYlla clega households employed 6- 10 adaptation strategies. The rest more or 
less 43% of dega and woyna dega households used 11- 15 adaptation strategies while this 
range was used by only 11.4% of kola households. On ly one household used 16 adaptation 
measures in dega site wh ile no one adopted over 15 strategies in other sites. The reason may 
be attributed to the better adapti ve capacity in dega in terms of water resource potential, 
relatively good land fertili ty and less harsh climatic and environmental cond itions to pursue 
different strategies - planting trees, irrigation, application of fertili zers, improved seeds, 
herbicides, and the like. 

These resu lts revealed that the households in the kola site are not onl y struggling agains t the 
harsh climate conditions but also have a more limited range of adaptation options availab le to 
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them as was suggested by Bryan et al. (20 II ) for the arid Gari ssa households in Kenya. It 

may not a lso be necessary for fa rmers to adopt all the 19 strategies unless they are supposed 

to adopt as a package by the government. Bes ides, some strategies such as the use of 

pesticides and herbicides may not be needed in dega areas where pests and weeds are less 

prevalent. Rainwater harvesting may not also be applied in dega and woyna dega research 

sites. Lack of access to improved animal and fodd er species also may constrain their adoption 

in the three research sites. 

6.2.3. Composite index of adoption 

A composite index of adoption of different adaptation strategies was ca lculated for the three 

study sites by counting the number of adaptation strategies applied by fanning households 

using formula 3.4 .3A (Barungi & Maonga, 20 II). The results indicated that the households 

paI1icipated in this study have responded to the impacts of climate change using various 

adaptat ion strategies with varied index of adoption across the three study sites and individuals 

The computed adoption indi ces for individual households and composite adoption indices by 

agro-ecology are referred in Annex 7a-c and sUlllmarized in Table 25 below. 

Table 25: Composite index of adoption of adaptation strategies by agro-eco logies 

Agro-ecology Composite index of adoption Standard deviation Minimum Maximum 
Dega 0.49 0. 11 0. 1 0.8 
Woyna clega 0.44 0.19 0 0.75 
Kola 0.39 0.14 0 0.8 

Source: Household survey, March - September 201 2 

Table 25 presents the composite index of adoption of climate change adaptation measures 

fanners applied by agro-ecology. The composite index of adoption in dega was found to be 

0.49 (standard deviat ion = 0.11; minimum = 0.1; maximum = 0.8). In woyna dega it was 

found to be 0.44 (standard deviation = 0.19, minimum = 0, and maximum = 0.75). The index 

was lower (0.39) in kola as compared with other s ites (s tandard deviation = 0.14, minimum = 

0, and maximum = 0. 8). Thi s index is low and it highlights the fact tha t the majority of the 

fanning households have adopted few adaptation strategies out of the 19 stra tegies availabl e 

to them. 

6.3. Determinants of farmers ' adaptation choices: Logistic regression analysis 

The communities have many ideas on how to prepare for future climate change with a strong 

motivation to move out of poverty. However, their abi lity to adapt is constrained by many 

factors. Farmers who didn 't take adaptat ion measures have pointed out many reasons for their 
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failures to adapt including: limited access to information on climatic events and adaptation 

strategies, lack of money, limited knowledge and ski ll , shortage of labor, shortage of land , 

lack of market, poor access to water, lack of equipment, and lack of access to agricultural 

extension and other institutional services. 

6.3.1. Evaluation of the model and test of significance 

The model evaluation and tests of significance were conducted to see whether the selected 

model better fits to the data collected on the chosen variables. The fineness/robustness of the 

model to the data was measured by app lying the SPSS classification table, the Hosmer­

Lemshow test and co linearity and multi-co linearity statistics. The data collected through 

households survey on the questions asked whether households adopt or not the given 

alternative adaptation strategies (Iistcd in Table 6) were entered into SPSS 16 against 

independent variables. In the process of running the model, the binary logistic regression was 

run for each dependent variable with the same independent variables (Listed in Table 6). In 

the SPSS command, the dependent variables were inserted to dependent variable list box and 

the independent variab les were inserted to eovariates box and then the categori cal variables 

were changed into the categorical variables list box. After entering the variables in the 

appropriate li st boxes, the necessary statistics such as classification plots, Hosmer-Lemeshow 

goodness-of-fit, correlation of estimates and confidence interval (CI) for Exp(B) were 

checked and then run at 95% confidence. 

The classification tabl es of the SPSS output shows that 525 selected cases (households) were 

included in the analysis having no missed cases for each dependent variable. In the eonstant­

only model, without any other infonnation, the model helped to provide the percentage 

correct from 58%-92.6% for different dependent variabl es (adaptation strategies). This 

values have been compared with the changes in percentage correct that gained by including 

independent variables in the model (67.9% - 93.7%). It was this difference that made the 

logistic regression model provides a better fit to the data over the null model (the model only 

with the constant) (SPSS 16). 

The fit of the model resulted from the incorporation of the predictor variables is also 

observed from the Hosmer and Lemeshow Test which is the inferenti al goodness-of-test 

statistic that gives a Chi-squared values with a small value of degree of freedom. The test 

statistics for each dependent and independent variable are insignificant when the p-values arc 

greater than 0.05 levels. This conditi on suggests that the model adequately fits the data since 
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the null hypothesis of a good model fit to the data was tenable. The Hosmer-Lemeshow 

statistic indicates a poor fit if the significance value is less than 0.05 (SPSS 16). By doing 

this, independent variables with significant p-values «0.05) were excluded from entering in 

the model. For, example in the first run of the model the independent variables, namely 

gcnder, land fert ili ty levels, draught animal ownership, and access to training and number of 

relatives in a vi llage were excluded for the land management practices as they had p-values 

less than 0.05. Similar works were done for other components of adaptation and those 

significant variables (having P-values less than 0.05) were excluded from the final model 

based on Hosmer-Lemshow test. This was the reason that the dependenl and independent 

variables listed in Tables 26~29 and in the corresponding Annex 4 exh ibi t large variations 

because during the Hosmer-Lemeshow goodness-of-fit procedure all the independent 

variables were run with dependent variables as it is depicted in Annex 4. 

The third way of checking the robustness of the model was assessing the multi-co-linearity 

(correlation between predictor variab les). The study assessed co-linearity and mu lti­

colinearity using two ways: using correlation matrices and variance of inflation facto rs (VIF). 

The correlation matrix is simply a table produced as one of the logistic regression results that 

indicates the correlation between two predictor variables . If the value of the correlation close 

to I or -I indicates that there is eo-linearity. The results of the analysis indicated that there 

was no correlation between two variables whose correlation value more than 0.8. The other 

method used to detcct multi-co linearity was variance inflation factor (VIF). The variance 

inflation facto rs were checked the same way as can be done for the linear regression. Since 

logistic regression model has no way to examine 111ulti-colinearity, the study ran a linear 

regression with the same predictors and dependent variables of the logistic regression model. 

The value of variance inflation factors of each variables were assessed to detect whether there 

is multi-colinearity or not. If the va lue of VIF is more than 10 there is multi-colinearity 

among predictors but the results of this thesis indicated that there was no multi-colinearity 

because the value ofVIF for all variables were less than to (1.062 - 2.278) (Refer Annex 4). 

6.3.2. Model results and discussion 

Based on the household survey, from a number of predictor variables, some factors influence 

the decision to adopt a given adaptation option. The logistic regression analysis results are 

presented in Tables 26-29 and detailed discussion for each adaptation option is presented in 

the sections to come. 
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6,3 ,3, Land management practices 

Manure-compost: It is a practi ce of spreading animal manure and related compost in the 

fi eld for soi l fertility maintenance fo r enhancing sustainable agriculture. In the study areas, 

the applicat ion of animal manures like 'jig' (dry animal feces) combined with straws is 

important fo r soil fertility management. Most of the time, fanners apply manure near the 

homestead, rather than to land at a distant place. Compost is also prepared from animal 

manures, weeds, plant leaves as well as crop residues. However, the largest proportion of the 

inputs comes from animal manure. Several factors influence households' decision to use 

manure-compost in response to perceived changes in environment and climate. The logistic 

regression result (Refer Table 26) revealed that agro-ccology, fa mil y size, access to c limate 

info rmation and livestock ownership were statistically significant determinants of adoption of 

manure-compost (significant at 0.05 level). 

Significant di fferences in the likelihood of households' application of manure-compost across 

agro-ecologies were observed. Although severe land degradation was reported in kola (0.55) 

and woyna dega (0.032) households were less likely to adopt manure-compost respectively 

than those in dega. The reason may be attr ibuted to the fact that kola and woyna dega 

households mostly use animal dung as a major source of fuel than dega households. This 

finding challenges the purpose of c limate-smart' agricultural development initiated by the 

government invo lved establishing agricu ltura l activities that included existing techniques and 

knowledge that could increase the organic content of soi ls in add it ion to reducing erosions 

(Leulseged et aI. , 201 3). This adds a fuel on the lives of kola households in addition to the 

severely degraded environment and tough climatic condit ions, whi ch have discouraged them 

to use modern fe rtilizers and other modern agr icultural inputs. 

In dega, modern batteries installed in the houses are the most important sources of lighting 

for 64% of the surveyed households as compared to 12% both for kola and woyna clega 

houscholds. In addition, an increasing trend of fore st supply was reported by the dega 

households, which in turn may hel p them to refrain fro m using animal dung and crop 

remnants for fue l. Most woyna dega households own relatively fertil e farmlands which may 

not need manure-compost. Moreover, the area is sui tab le for modern fcrtilizers and that the 

households have relativcly better capacity than those of kola households. This finding 

contradicts wi th the find ings of Yesuf et a l. (2008) as it pointed out that dega households 

were less likely to take cli mate change adaptation measures than kola households though not 

specifically to manure-compost use. 
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An increase in one person in the family increases the probability of thc adoption of manure­

compost by 4 .343 times for the reason that it is labor-intensive activity. Access to climate 

info rmat ion increased the like lihood of adopting manure-compost. For example, those 

households who had access to climate informat ion were 2.887 times more like ly to adopt it 

on their fa rmland as a land management practice. They may understand that application of 

manure-compost can facili tate the growth of crops so as to save them from being damaged 

by the expected drought conditi ons. As expected, a unit increases in the households ' 

livestock ownership increases their probabili ty of adopting manure-compost by 1.78 since 

livestock is the main sourcc of soil fertili ty management input. 

Table 26: Detenninants of farmers ' adoption ofl and management practice 

Independent Manure~ Modern Irrigation Terrace Tree plan ti ng Underground 
vari ables comeos l ferti lizer building water 

Sill. EXp!B) Sif! Exp(B) Sig. Exp(B) Sill. ExptB) SiS· Exp{O) Silj, Exp(B) 

Agroe - Dega .000* .000* .01 · .000* .000* .000* 

Agroc·/vldeg .000* .032 .950 1.028 .386 .65 1 .000* .09 .000* .06 .00* .08 

Agroc-Ku/a .442 .550 .000* .239 .04* 2.24 .098 .44 .003* .35 .05 2.04 

Age _ HH .903 1.002 .193 1.014 .603 1.0 1 .004* .97 .922 1.00 .16 .98 

Famil y s ize .000* 4.343 .004* 1.718 .785 .98 .046* 1.48 .035* 1.31 .1 1 ,69 

Education .949 1.008 .544 1.037 .498 1.05 .250 .92 . 116 1.I1 .22 1.08 
Clim_info( J) .023* 2.887 .296 .769 .428 1.28 .006* 2.24 .777 1.07 .00* 3.98 

Farm s ize .4 19 1.362 .002- 2.362 .808 1.05 .744 1.07 .033* 1.360 .22 .69 
Ace_waler( J) .767 1.246 .001 * .3 12 .00* 48.6 .375 1.48 .049* 2.533 .650 1.22 

TLU .000* 1.7S0 .001 * 1.25 2 .641 1.03 .388 1.06 .242 1.063 .00* 1.26 
Farm income .864 1.000 .583 1.000 .552 1.00 .036* 1.00 .006* 1.000 .38 1.00 

Nonfa rm inco .SR9 1.000 .234 1.000 .62 1 1.00 .808 1.00 .978 1.000 .04* 1.00 
Farm-to-farm 

.080 2.27 1 .039* 1.741 .929 .971 . I IS 1.59 .019* 1.75 7 .52 1.25 
exten( l ) 

Exten_ serve I) .926 1.047 .357 .787 .00* 2.37 .792 .93 .000* 2.300 .13 1.66 
Pere _ temp( l) .534 1.595 . 128 .524 .804 .886 .563 1.30 .337 .696 .93 1.05 
Percep _ RF{ I) .988 1.0 11 .397 1.490 .009' 2.296 .485 .68 .065 2. J 25 .96 1.03 

Constant .2 14 .1 53 .2 12 .35 6 .056 .173 .008 13.40 .452 .573 .02* .09 

Source; HOllseholds surve y, March - Seplember 20 12 Note: The reference category is not adopt 

RF = ra in fa ll 

Although statisti cally ins ignificant , most independent variables showed posi tive association 

with the adoption of manure-compost. Thus, from thi s it can be inferred thai these variables 

increase the chance of adapting manure-compost adaptation strategy aga ins t the impact of 

climate change. 

Modern fertilizers: The very important focus of the extension system in Ethi opia is 10 

increase production by us ing more artificial fe rtilizers. However, its appli cation has been 

determined by several factors. The logistic regression estimates indi cated that agro-ecology 

(dega and kola) , famil y size, farml and size, access to water for irr igation, li vestock 

ownership, and famler- to-farmer extension were statisticall y signifi cant having p-values less 

than the threshold (0.05) leve l (Refer to Table 26). All of these variab les signi fy positive 
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relationship with fert ilizers application as they have parameter values greater than zero, 

except access to water for irrigation having a parameter va lue of less than zero. 

Agro-ecological zones have also created significant variation among the rural households in 

the adoption of modern fert ilizers . WOYlla dega households were 1.028 times more likely to 

apply modern fertilizers than those in dega whil st kola households were 0.239 times less 

likely to adopt feltilizers. This result is expected because in the kola sites environmenta l 

conditions are so unfriendly to apply modern technologies like modern rertili zers and selected 

seeds. Instead, many farmers choose to use conservation till age, mixed cropping, and crop 

rotation to maintain farmland fertility. These adaptation strategies are consistent wi th the 

principle of climate-smalt ' agricultural development initiated by the govemment for 

enhancing agricultural activities that included ex isting techniques and knowledge to increase 

the organic content of soils through conservation tillage, increasing water holding capacity 

and establishing Illore res ilient crops and reducing erosion. In addition, integrated soi l fertility 

management could lower fertilizer costs, increase soil carbon and improve yields. These 

' multipl e wins' are the centre of the concept of smart agr iculture (Leulseged ct aI., 20 13). 

However, same authors stated that a triple win approach requires adjusting insti tut ions, 

policies, financing and markets to strengthen capacities for transformational change of 

agriculture systems at various scales. 

Family size positively enhances the application of modern feltili zer. For example, an addition 

of a person in the family increases the probability of adopting ferti lizer by l. 718 times, 

indicating that the larger the size of the household, the better the chance of adapti ng to 

climate change. Alt hough there are controversial results on the role of family size, this result 

is suppOlted by Temesgen's et al. (2009) findings which indicated a positive relat ionship 

between family size and adoption of different climate change adaptation measures. 

Farmland and li ves tock ownership are measures of wealth status in the rural households. The 

resul ts indicated that every additional unit of faml1and and tropical livestock unit increase the 

probability of adopting modem fertili zers by 2.362 and 1.252 times respectively. Land has 

greater power in determining farmers' fertili zer application . In line with thi s, studies 

demonstrated that decl ining farm size has affected agricultural production in many parts of 

northern Ethiopia. The units of land divided up by each generation are declining to the level 

of insufficiency in size to apply new technologies and to SUppOlt food security. On these 

small plots, many smallholder fa rmers are trapped in low productivity. As a resul t, they are 

forced to convert already low levels of assets (e.g. livestock) into cash to purchase food and 
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hence many highland fanners have little capacity to adopt climate change adaptation 

measures even if they are wi lling to engage in agricultural intensification (Leulseged et aI. , 

2013). Coupled with land shOitage, rainfall variability and unpredictability persists , which is 

a key reason for Ethiopia now ranking as one ofthc countries at most 'extreme risk ' from the 

effects of climate change . 

The households who have access to farmer-ta-fanner extension7 were also 1.741 times more 

likely to adopt fertilizer, indicating the role of peer influence and social capital in climate 

change adaptation. On the contrary, households who have access to water for irrigation were 

0.312 times less likely to adopt modern fertilizers as ilTigation enables them to produce 

enough more than ones per year. Age of the household head, education, farm income, nOI1-

farm income, number of relat ives in a village, and perception of rainfall change and 

variabil ity signified positive correlation with households ' fert ili zer adoption decision. 

However, they are statistically not significant as they sSA!DJ)lB-wh!HI~nmvlvElRslIr<¥ 

threshold level (0.05). , AKAlO CAMPUS LIBRARY 

Irrigation-water harvesting: Irrigation is an important adaptation strategy in drought prone 

communities though its application is determined by several biophysical and socio-economic 

factors. The regression analysis presented in (Refer to Table 26) indicated that agro-ecology, 

access to water, extension services, and perception of rainfall change significantly influence 

the application of irrigation against climate change. [n aggregation, kola households were 

2.238 times more likely to use irrigation-water harvesting together than dega households 

while those in woynQ dega were 0.651 times less likely to adopt irrigation-water harvesting 

than dega households. More importantly, access to water increases the probability of 

adopting ilTigation by 48.649 times within the households. However, when irrigation and 

water harvesting are dis aggregated, dega and woyna dega households were more likely to 

adopt ilTi gation than kola households who showed higher propensity to use watcr harvesting 

than dega and woyna dega households. Househo lds who have access to extcnsion services 

were also 2.372 times more likely to adopt-irri gation-water harvesting schemes than those 

households who have no access to such valuable services. Households who perceived climate 

change and variability were 2.296 times more likely to apply irrigation-water harvesting 

strategy. This means, perceiving rainfall change has positive relationship with the usc of 

irrigation which is consistent with the findings ofTemesgen et al. (2009) . 

7 ill the farmer-lo-fanner extension approach, innovative fa rmers can inspi re and leach other fa rmers 10 
incorporate the method they developed against climate change impact and found successful. 
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Family size, fanner-to-farmer extension and perception of temperature change showed 

negative relati onship with irrigat ion use having stat istically insigni fi cant parameter values of 

greater than 0.05 level. Other statist icall y insignifi cant variables signify positive relationship, 

indicating increasing the chance of adopting irrigation-water harvesting strategies against 

climate change impact. Leulseged et al. (2013) expressed their concern in that the expansion 

of future ilTigation is constrained by low levels of technology and the cost of energy and the 

authors acknowledged the focus of some key government initiatives now on improving small­

scale irrigation expansion at a household level. 

Constructing terraces: There are long-term benefits to households from adopting many 

sustainable land management (SLM) practices in tell]]S of reducing soil erosion , increasing 

yields, reducing vari ability of yields, and making the households more resilient to climate 

change. However, the adoptions of these methods have been constrained by a number of 

biophysical and soc ia-econom ic factors. The logistic regression model resu lts indicated that 

agro-ecology, fami ly size, fann income, and access to climate information were statistically 

significant determinants in the decisions of households to construct terraces . Woyna dega and 

kola households were 0.085 and 0.439 times less likely to use terracing as a soil and water 

conservation strategy than deg" households. 

Age of the household head also affects terrace construction in the househo ld. For example, 

for each year increase in age of the household head decreases the probability of adopting 

terraces by 0.967 times. This means that as terrace construction requi res more energy, young 

people were more active in constructing terraces than those of old age households. This 

finding is supported by Madison (2006) who argued that older famlers are often less likely to 

adopt soil conservation practices because of their shorter planning hori zons and a less than 

perfect capitali zation of such benefits due to underdeveloped land markets. Fam ily size also 

signified positive relationship with terrace construction. That is, a one person increase in the 

family can increase the probability of constructing terraces by 1.476 times for the reason that 

terrace construction is a labor-intensive activity. Households who had access to climate 

information were 2.239 times more likely to adopt terraces on their farmland. Even though 

not stati stically signifi cant, farm size, access to water, livestock ownership, fa rmer-to-farmer 

extension and farmers' perception of temperature changes showed positi ve contribution for 

the adoption of terraces by famlers. 

Planting trees: Tree planting is another important component of sustainabl e land 

management in the rural communities. Planting trees counteract different types of 
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environmental damage, generate income to serve as insurance against climatic shocks and 

provides shade for peop le and li vestock. However, the planting and survival rates of planted 

seedlings have been determined by different factors. Agro-ecological zones, family size, farm 

size, access to water, farm income, farmer-lo-farmer extension, and extension service were 

statistica lly significant in determining households' adoption of planting trees for adapting to 

climate change. The result implies the signifi cant difference across agro-ecologies in the 

adoption of planting trees. For example, woy"a dega and kola households were 0.06 and 

0.347 times less likely to plant trees than those households in dega. The interview results and 

field observations confirmed that dega households have changed their productive lands to 

trees. Low survival rates of trees have discouraged households to plant more trees, 

pat1icularly in kola and lVoy"a dega agro-ecologies. Like any other land management 

strategies, fami ly size, farm size, and access to water positively influences the adoption of 

planting trees. For instance, a one person increase in the family, a unit increase in the farm 

size, and access to water resources show 1.314, 1.36, and 3.533 times probability of planting 

trees respectively. Although farm income is statist ically significant, its impact is very Iowan 

the adoption of planting trees. Access to extension services such as fanner-to-farmer and 

formal extension services increase the probability of adopting planting trees by 1.757 and 

2.30 times respectively. Though statisticall y not significant, age, farm size, tropical livestock 

unit, and perception of temperature change indicated positive relationships with planting 

trees. From this we can infer that these factors increase the chance of adopting planting trees. 

Extracting underground water: Rural communities who have faced surface water shortage 

have extracted water from the deep ground for the household consumption, li vestock usc, and 

agricultural practices. However, households ' abil ity to extract it from underground is 

determined by different biophysical and socia-economic factors. The logistic regression 

estimation indicated that agro-ecological setting, access to climate information, lives tock 

ownership, and non-farm income have positive and significant relationship with extracting 

underground water (See Table 26). Kola households were 2.036 times more likely to use 

underground water than dega households whil st woyna dega households were 0.083 times 

less likely to use it than dega househo lds. Severe water shortage in kola sites has forced 

households to drill water holes while such is not true in dega and wOYlla dega. for there is 

relatively abundant surface water. Access to climate information increases the probability of 

extracting underground water nearly by 4 times. This means, lack of access to cli mate change 

information reduces the probability of extract ing underground water. 
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Every additional tropical li vestock unit (TLU) increases the probabi lity of tappi ng 

undergrou nd water by 1.26 times. The sh0l1ages of water for the hou seholds' livestock 

prompt the fa nners to use this adaptation strategy. Non-farm income is stati stically 

significant; however it has not created variation in the adoption of underground water within 

the households. Although not statistically signifi cant , other variables except age, family size 

and fallll s ize, have positi ve relationships with using underground water by households. 

6.3.4. Crop management practices 

The second category of adaptation practice to c limate change impact as grouped by climate 

change research community is changing crop management practices. For this study using 

improved seeds, changing planting dates, replanting, and planting a variety of crops were 

selected in the context of the study sites. Similar to other adaptation measures , the 

applications of these strategies have been determined by a number of socio-eeonomic and 

biophysical factors. The logistic regression estimation identified di fferent determinants of this 

group of adaptat ion measure (See Tab le 27). 

Table 27: Determinants of farmers' adopt ion of crop management practices 

Independent Improved seeds Use of variety Change planting Replanting crops 
crops dates 

variables 
Sig . Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(B) 

Agro-ecol - degll . 000 .001 * .000* .000' 
Agro-ccol - wldega .130 .543 .024* .453 .000* .07 1 .000' . 109 

Agro-ccology - kola .000 .023 .1 25 1.598 .000* .085 ,046* .454 
Age of the 1-111 .004 .964 .029* .980 .133 .9R5 .041 * .980 
GcndcrofH H(I) .735 1.140 .245 1.385 .004* 2.264 .034* 1.850 
Family size .076 1.520 .966 1.007 .217 1.240 .761 .950 
Educational altainmcm .769 .979 0405 1.047 .005* ."53 .765 .982 
Cl imate info( l) .046 1.826 .040* 1.570 .001 * 0438 0463 1.191 
Farm size .005 1.895 .002* 1.905 .015* 1.655 .320 1.183 
Land fcrti lity( l) .824 1.095 .289 1.324 .732 1.097 .038* 1.791 

TLU .684 .966 .277 .936 .009 ' .842 .022 ' .868 

Draught animal .955 1.012 .724 1.059 .017' 1.557 .188 1.249 
Farm income .022 1.000 .000* 1.000 .066 1.000 .000* 1.000 
Non-farm income .349 1.000 .481 1.000 .183 1.000 .833 1.000 
Farmer-farm cxten( I) .008 2.464 .034* 1.675 .905 1.031 .00 1 * 2.309 
Extens ion_scrvice( l ) .842 1.062 .0 15* .562 .313 .774 .557 .865 
Percept_ RF change •• .. .36.2 .1.4"0 .467 1.339 
Constant .920 1.084 .539 .695 .000* 13.393 .156 2.561 

Source: Households survey *significant at 0.05 ** not fitted to th e model (I) stands for 'Yes ' 

Improved seeds: In the case of this study, improved seeds include high yielding varieties, 

drought tolerant, short maturing and pests and diseases resistant species either induced or 

indigenous. The regression model results indi cate thai agro-ecology, age of the household 

head, access to climate informat ion, fann size, farm income and farmer-to-fanner extension 
191 

Every additional tropical li vestock unit (TLU) increases the probabi lity of tappi ng 

undergrou nd water by 1.26 times. The sh0l1ages of water for the hou seholds' livestock 

prompt the fa nners to use this adaptation strategy. Non-farm income is stati stically 

significant; however it has not created variation in the adoption of underground water within 

the households. Although not statistically signifi cant , other variables except age, family size 

and fallll s ize, have positi ve relationships with using underground water by households. 

6.3.4. Crop management practices 

The second category of adaptation practice to c limate change impact as grouped by climate 

change research community is changing crop management practices. For this study using 

improved seeds, changing planting dates, replanting, and planting a variety of crops were 

selected in the context of the study sites. Similar to other adaptation measures , the 

applications of these strategies have been determined by a number of socio-eeonomic and 

biophysical factors. The logistic regression estimation identified di fferent determinants of this 

group of adaptat ion measure (See Tab le 27). 

Table 27: Determinants of farmers' adopt ion of crop management practices 

Independent Improved seeds Use of variety Change planting Replanting crops 
crops dates 

variables 
Sig . Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(B) 

Agro-ecol - degll . 000 .001 * .000* .000' 
Agro-ccol - wldega .130 .543 .024* .453 .000* .07 1 .000' . 109 

Agro-ccology - kola .000 .023 .1 25 1.598 .000* .085 ,046* .454 
Age of the 1-111 .004 .964 .029* .980 .133 .9R5 .041 * .980 
GcndcrofH H(I) .735 1.140 .245 1.385 .004* 2.264 .034* 1.850 
Family size .076 1.520 .966 1.007 .217 1.240 .761 .950 
Educational altainmcm .769 .979 0405 1.047 .005* ."53 .765 .982 
Cl imate info( l) .046 1.826 .040* 1.570 .001 * 0438 0463 1.191 
Farm size .005 1.895 .002* 1.905 .015* 1.655 .320 1.183 
Land fcrti lity( l) .824 1.095 .289 1.324 .732 1.097 .038* 1.791 

TLU .684 .966 .277 .936 .009 ' .842 .022 ' .868 

Draught animal .955 1.012 .724 1.059 .017' 1.557 .188 1.249 
Farm income .022 1.000 .000* 1.000 .066 1.000 .000* 1.000 
Non-farm income .349 1.000 .481 1.000 .183 1.000 .833 1.000 
Farmer-farm cxten( I) .008 2.464 .034* 1.675 .905 1.031 .00 1 * 2.309 
Extens ion_scrvice( l ) .842 1.062 .0 15* .562 .313 .774 .557 .865 
Percept_ RF change •• .. .36.2 .1.4"0 .467 1.339 
Constant .920 1.084 .539 .695 .000* 13.393 .156 2.561 

Source: Households survey *significant at 0.05 ** not fitted to th e model (I) stands for 'Yes ' 

Improved seeds: In the case of this study, improved seeds include high yielding varieties, 

drought tolerant, short maturing and pests and diseases resistant species either induced or 

indigenous. The regression model results indi cate thai agro-ecology, age of the household 

head, access to climate informat ion, fann size, farm income and farmer-to-fanner extension 
191 



are statist ically significant to explain vari at ion 111 the adoption o f improved seeds by 

households with a parameter va lue o f less than 0.05 (See Tab le 27). All of these variab les, 

except age have positive relationships with the adoption of improved seeds with parameter 

values greater than zero. Like the other adaptation strategies, agro-ecology exhibi ts 

significant difference in the households' adoption of improved seeds. 

The likelihood of the households' adoption of improved seeds in woyna clega (0.543 times) 

and kola (0.023 times) were less likely to adopt improved seeds than clega households. 

Accesses to climate information, farm size, and extension services have positive associat ion 

with the adoption of improved seeds having the probabi lity of adopting it respectively by 

1.826, 1.895, and 2.464 times. For those statisticall y not significant variables (except age, 

education, and TLU), including percept ion of temperature and rainfall change, have positive 

relationships with the use of improved seeds, indicating the chance of increasing adoption of 

improved seeds against climate change. 

Planting variety of crops: Cultivat ing different crops is also considered as an important 

adaptation strategy to climate change impact. Still its adoption can also be affected by 

different biophysical and socio-economi c factors. The logistic regress ion model results 

indicated that agro-ecology (kola), age of the household head, access to climate information, 

fa rm size, fa rm income, and extension services (both farmer-ta-fanner and formal) were 

stati stically significant as they assume p-va lues less than the threshold (0.05). All of which, 

except age, signifi ed positive correlation with planting di fferent crops (See Table 27). 

Kola households were 1.598 times more likely to di versify crops than those settled in clega 

and woyna clega. It is c lear that way"a clega households were 0.453 times less likely to 

diversifY crops than clega households. This result deviates from crop diversification index 

values calculated on the basis of the proportion of crop land area coverage gathered from 

secondary data sources . In computing crop diversification index (inverse) (Chapter Five), the 

proportions of only maj or crops were taken for analysis, resulting in s lightly hi gher crop 

diversification index in lVayna clega than in kola and clega study sites. However, in this 

analysis, whatever the area coverage of crops is, the numbers of crops reported by farmers 

were taken which provides somewhat different result from crop di versification index 

presented in Chapter Fi ve. 

Households who have access to climate information and fa rmer-to-farmer extension services 

were 1.57 and 1.675 times more likely to plant di fferent crops respectively than households 
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who have no such access whilst extension service signified negative relationship . Every 

additional hectare of land to the households' farml and increases the probabi li ty of 

diversifying crops by 1.905 times. Although it is statist ica lly s igniti cant, farm income has not 

created variation in planting ditTerent crops among the households. Except age and TLU, all 

those statisti cally insignificant variabl es showed positive association with p lanting different 

crops on the households' farmlands, indicati ng the chance of increasing the culti vation of 

variety of crops to reduce the adverse impact of climate change and extreme events. 

Changing planting dates: changing crop planting dates as an adaptation strategy to the 

impact of climate change can be determined by several facto rs in the rural households. Agro­

ecology, gender, education, climate information, farm size, livestock ownership and draught 

animal ownership significantly determine changing planting dates (Sec Table 27). Kola and 

woyna dega households were 0.071 and 0.085 times less likely to change planting dates than 

Dega households. Male-headed households were 2.264 times more likely to change planting 

dates than female-headed households. Every additional unit of famlland in the household and 

draught animal ownership increases the probability of changing planting dates by 1.655 and 

1.557 times respectively. Fa mily size, land fertili ty, farm and non-farm incomes, fanner-to­

farmer extension, and perception of rainfall change which is consistent with the findings of 

Temesgen and co lleagues (2009) showed positive relat ionship wi th changing planting dates. 

However, these variables are 110t significant in statistical terms hav ing parameter values of 

greater than the threshold (0.05). On the contrary, age of the household head, education, 

access to climate information, and livestock ownership sign ified negat ive relationship with 

the use of changing pl anting dates as an adaptation measure. 

Replanting crops: Rep lanting of crops is s ignificantly influenced by agro-ecology, age, 

gender, land fel1ility, livestock ownership, and faml income and fanner-to-farmer extension . 

Wayn" deg" and kola households were 0. 109 and 0.454 times less li kely to replant crops as 

an adaptation measure than dega households. This is because immedi atc ly at the end of the 

rainy seasons, there is more soil moisture deficit, particularly in kola than in dega , which is 

discouraging replanting crops. A one year increase in age, decreases replanting by 0.98 times 

and male-headed households were 1. 85 times more likely to lise replanting crops than that of 

female-headed households. Land fertility leve l and farme r-to-famler extension increase the 

probability of adopting replanting of crops by 1.79 1 and 2.309 times respectively. From those 

statisticall y sign ifi cant va ri ables, age and li vestock owne rship showed inverse relationsh ip 

with replanting crops (Refer to Table 27). 
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Although stati stica lly not significant, access to climate information, farm size, draught animal 

ownership, nOll-farm income and perception of rainfall change proved positive relationships 

with replanting of crops having parameter values of greater than zero, implying they can 

increase the chance of using replanting crops (See Table 27). From those non-significant 

independent variables, family size, education, and [0111131 extension service indi cate an 

inverse relationship with replanting of crops having parameter values of less than zero. 

6.3.5. Livelihood strategies management 

The third category of climate change adaptation recognized by climate change research 

community is managing li velihood strategies . In this study acti vi ty di versification , changing 

to cheap food cropslitems, and seasonal migration were used under thi s category of 

adaptation to climate change. The logistic regression results are presented in Table 28. 

Diversifying livelihood activities: livelihood activity diversi fi cation is determined by many 

biophysical and socio-economic factors. The logistic regression model results indicated that 

agro-ecological zone, and access to vocational training and extension services signifi cantly 

influence the households' capacity to diversify li veli hood activities (Refer to Table 28). 

Woyna dega and kola households were 0.1 33 and 0.145 times less likely to diversify 

livelihood activities than dega households. Access to vocational training would have a 

prohability of increasing the adoption of li velihoods diversifi cation by 2.467 times whilst the 

household who have access to extension service were 0.542 times less likely to diversify 

livelihood activities than the households who have no access to extension services. It is 

speculated that the extension program has mostly encouraged intensification rather than 

diversi fication. In line with this, FAO (2003:Viii) asserted that "The current agricultural 

extension approach in Ethiopia is focused on what is known as the "intensified package 

approach", which puts heavy emphasis on accelerating production, using fcrtilizcr and 

improved seed, without careful analysis of agro-ecological zones, markets, infrastructure, 

fanners' choice and other sustai nable development options. " The recent CRG E initiative also 

prioritizes intensification of cultivation through improved inputs and better residue 

management to limit the soil-bascd emissions from agriculture and the pressure on forests 

from the expansion of land under cultivation. Intensification policy direction is also pal1 of an 

earlier Agricultural Development-Led Industrialization/ ADLI (Leulseged et aI. , 201 3). 
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Table 28: Determinants of fanners' adoption of different live lihood stra tegics 

Independent varia bles Act ivit:t diversification Change 10 c hea~ food croEs Seasonal migrat ion 

SiS· Ex~(B ) Sig. Exp(B) SiS· Exp(B) 
Agro-ecology - dega .000 .522 .000' 
Agro-ecology - lV/dega .000 .133 .348 .706 .001 ' .219 
Agro-ecology - kola .000 .145 .286 .732 .000' 6.965 
Age of the HH .680 1.004 .000' .965 .035' .978 
Gender of the HH(l) .885 .955 .007' 2.130 .192 1.527 
Family size .384 .850 .257 1.204 .333 1.058 
Educat ional attainment .472 .959 .304 1.062 .800 1.014 
Access to training(l) .006 2.467 .060 1.963 .. •• 
Access to climate info( 1) " •• .. .. .000' 3.923 
Farm size .244 1.233 .182 1.345 .013* .569 
Access to water • • .615 .921 .865 .946 
Tropical livestock unit .636 . 973 .783 1.090 " •• 
Draught animal .. •• .038' .7 19 .001 1.582 
Farm income .699 1.000 .033 .708 .006* 1.000 
Non-farm income .099 1.000 .136 1.000 .408 1.000 
NO.ofrelatives in a village .083 1.01 6 .195 1.000 .056 1.019 
F arl11cr-to- fa rmer 

.056 1. 721 .02 1* 1.727 .030 1.792 extension( 1) 
Extension service( I) . 012 4.25 .097 1.477 .. •• 
Perception of temperature .. .. .013 2.360 .004* 3.825 
Perception of rainfall .. •• .187 1.666 .343 1.607 
Constant .973 .980 .443 1.724 .000' .008 

Source: Households survey 's ign ificant at 0.05 .. not titted to the model ( I) - Yes 

Age, farm size, fa rm income, non-farm income, number of relatives in a village, and fanner-

to-fanner extension increase the probability of diversifyi ng li veli hoods though it IS not 

significant in statistical terms. On the contrary, fami ly size, gender (being male), educational 

attainment of the households head, and livestock ownership indicate a negative relationship 

with pursuing different livelihood activities. However, these vari ables are not stati stically 

significant. 

Shifting household consumption to cheap food items: At the times of climatic shocks, the 

households shift their daily consumption to less expensive food items. However, this strategy 

may be influenced by different factors. The regress ion model results show that age, gender, 

draught animal ownership, fa rm income, farmer-to-farmer extension and perception of 

temperature change significant ly influence the adoption of cheaper food items with parameter 

values of less than the thresho ld (0.05). It is clear from Table 28 that a one year increase in 

the household head 's age decreases the likelihood of shifting food consumption to cheaper 

food crops by 0.965. The reason may be that old age populations are not Il cx ible to adjust the 

changes than young age population. 

Female-headed households were 1. 85 times more li kely to shift their food to cheaper crops 

than male-headed households because women may be more affected by cl imate change. 
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Referring to Asfaw and Admassie (2004) Temesgen et al. (2009) discussed that male-headed 

households are more likely to get information about new technologies and undet1aking risky 

businesses than female-headed households. A study by Nhemachena and Hassan (2007) cited 

in Temesgen et al. (2009) provide opposite results in that female-headed households are more 

likely to adopt climate change adaptation methods. The authors' conclusion was that women 

are more likely to adapt because they are responsible for much of the agricultural work in 

Southern Africa region and hence they have greater experience and access to informati on on 

various management and fa rming pract ices. Thus, Temesgen et al. (2009) concluded that the 

adoptions of new teclmologies or adapta tion methods appear to be rather context specific. In 

the context of this study s ites, femal e-headed households were more likely to adopt cheaper 

food items in their da ily household consumption. As expected, a unit increases in farm 

income and draught animal ownership decreases the probab ility of houscholds to shift their 

food consumption to cheap food items by 0.708 and 0.7 19 times respectively. This means, 

households who are w ith limited ownership of these resources have a chance of adopting 

cheap food items in the ir fam ily. Fanner-to-farmer extension increases the probabili ty of 

shift ing to cheaper food items by 1.727 times . All stati stically insignificant variables, except 

access to water indicated pos itive association with changing food items to cheap crops. 

Seasonal migration: Currently, major human responses to inter-annual rainfall variability in 

Eth iopia include seasoml and inter-annual migration (Leulseged et aI. , 201 3). Peopl e have 

made seasonal/temporary mi gration in search of job to buffer their financial shortages . 

However, this movement may be influenced by di fferent factors (sec Table 28) . As the 

logistic regress ion model results indi cate that agro-eco logy, age of the household head, access 

to climate in formation, farm size, farm income, draught animal ownership, farmer-ta-fanner 

extension and perception of temperature change are statisticall y s ignifi cant variables in 

influencing households ' seasonal migration decision . Kola and wOYl10 dega households were 

6.965 and 1.149 times more likely to seasonally migrate than those in dega respecti vely. The 

households' access to c limate information increases the probability of migrating seasonall y to 

adapt to climate change by 3.923 times. Contrary to the logic, a uni t increases in draught 

animal ownership increases the probability of seasonal migration by 1.582 times. lntervicw 

resul ts proved that pat1icipati on in food aid and Sa fety Net Program is determined by 

livestock ownership. Accordingly, households who have n% ne draught ani mal depending on 

the local context are included in the food aid or Safety Net Program. Excluded households 

who own draught animal s have limited source of income to supplement their ex penses. Thus, 

the availabl e option for excluded households is to seasonall y migrate fo r generating income. 

196 

Referring to Asfaw and Admassie (2004) Temesgen et al. (2009) discussed that male-headed 

households are more likely to get information about new technologies and undet1aking risky 

businesses than female-headed households. A study by Nhemachena and Hassan (2007) cited 

in Temesgen et al. (2009) provide opposite results in that female-headed households are more 

likely to adopt climate change adaptation methods. The authors' conclusion was that women 

are more likely to adapt because they are responsible for much of the agricultural work in 

Southern Africa region and hence they have greater experience and access to informati on on 

various management and fa rming pract ices. Thus, Temesgen et al. (2009) concluded that the 

adoptions of new teclmologies or adapta tion methods appear to be rather context specific. In 

the context of this study s ites, femal e-headed households were more likely to adopt cheaper 

food items in their da ily household consumption. As expected, a unit increases in farm 

income and draught animal ownership decreases the probab ility of houscholds to shift their 

food consumption to cheap food items by 0.708 and 0.7 19 times respectively. This means, 

households who are w ith limited ownership of these resources have a chance of adopting 

cheap food items in the ir fam ily. Fanner-to-farmer extension increases the probabili ty of 

shift ing to cheaper food items by 1.727 times . All stati stically insignificant variables, except 

access to water indicated pos itive association with changing food items to cheap crops. 

Seasonal migration: Currently, major human responses to inter-annual rainfall variability in 

Eth iopia include seasoml and inter-annual migration (Leulseged et aI. , 201 3). Peopl e have 

made seasonal/temporary mi gration in search of job to buffer their financial shortages . 

However, this movement may be influenced by di fferent factors (sec Table 28) . As the 

logistic regress ion model results indi cate that agro-eco logy, age of the household head, access 

to climate in formation, farm size, farm income, draught animal ownership, farmer-ta-fanner 

extension and perception of temperature change are statisticall y s ignifi cant variables in 

influencing households ' seasonal migration decision . Kola and wOYl10 dega households were 

6.965 and 1.149 times more likely to seasonally migrate than those in dega respecti vely. The 

households' access to c limate information increases the probability of migrating seasonall y to 

adapt to climate change by 3.923 times. Contrary to the logic, a uni t increases in draught 

animal ownership increases the probability of seasonal migration by 1.582 times. lntervicw 

resul ts proved that pat1icipati on in food aid and Sa fety Net Program is determined by 

livestock ownership. Accordingly, households who have n% ne draught ani mal depending on 

the local context are included in the food aid or Safety Net Program. Excluded households 

who own draught animal s have limited source of income to supplement their ex penses. Thus, 

the availabl e option for excluded households is to seasonall y migrate fo r generating income. 

196 



The househo lds who have larger farm sizes showed a lower propensity to migrate than those 

who have smaller size of this li velihood asset. For example, a unit increase in the households' 

farm size decreases the probabili ty of deciding to seasonal migration by 0.569 times. 

Households who have access to farmer-to-farmer extension and perceived temperature 

change were 1.792 and 3.825 times morc likely to mi grate seasonally respectively. [n tcrms 

of age, a year increase in age decreases the likel ihood of people to migrate by 0.978 times in 

search of jobs as young people have limited access to different live lihood assets and fo r being 

physically strong than those old age household heads (Refer to Table 28). Leuleseged et al. 

(2013) also stated that intra-and inter-annual migration strategies are constrained by 

population density in the destination areas and the ethnic federa l system established over the 

last two decades . They further argued that constraints on social mobility could be crucial in 

determining future adaptive capacity in Ethiopia. 

6.3.6. Livestock management practices 

The fourth category of climate change adaptation practices according to the climate change 

research community is related to livestock management. 

Table 29: Detenninants offa rmers' adoption oflivestock management activities 

Independent variables Diversify ing livestock species Use of improved li vestock 
Sig. Exp(B) Sig. Exp(B) 

Agro-eco logy - Dega .000* .000* 
Agro-ecology - WoynCl dega .001 * .195 .000* .050 
Agro-ecology - Kola .000* 6.385 .156 2.200 
Age of the household head .378 1.009 .339 1.014 
Gender ofHH (female) .224 1.488 .813 .901 
Family size .3 13 1.06 1 .649 1.039 
Education attainment .755 1.01 7 .844 1.01 4 
Access to training (1) ** ** .356 .644 
Climate infoll11ation (1 ) .183 .727 .658 1.153 
Farm size .002* 1.592 .001 * 2.027 
Access to water (1) .945 .978 .477 .733 
Draught animal ownership .001 1.580 .056 1.450 
Farm income .501 1.000 .26 1 1.000 
Non-farm income .376 1.000 .061 1.000 
Number ofrclatives .077 1.018 .84 1 1.003 
Farmer-ta-farm extension (l ) .037* 1.766 .20 1 1.728 
Distance to veterinary clinic ** ** .490 1.003 
Distance to improved livestock .000* .996 .000* .994 
Distance to product market .897 1.000 .855 .999 
Perception of temperature (1) .003* 3.978 .353 1.792 
Percept ion of rainfall change ( I) .345 1.601 .219 2.768 
Constant .000* .007 .000* .009 
Source; Households survey *significant at 0.05 **l1ot fitted to the model , 1= Yes, included in the model 

Livestock diversification: The result of the logistic regression model in Table 29 shows the 

variation among the households in adopting li vestock diversification as a climate change 
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adaptation method . Agro-ecological setting, farm size, animal ownership for tract ion, number 

of re lat ives in a vi llage, farmer-to-farmer extension, and perception to temperature change 

have positive and stati stically sign ificant relationship with the adoption of livestock 

diversification, whereas di stance to improved livestock market has negative and statisticall y 

significant relationship with the adoption of it. 

Signifi cant variation in the adoption of livestock diversification was observcd across agro­

ecological zones. For example, hi gher diversification of livestock species was ident ified in 

kola (6.385) than dega and wayI/o dego agro-ecological zones. Perceptions of temperature 

change increase the adoption of livestock diversification strategy by 3.978 times. This means 

that households who perceived more drought epi sodes were more likely to di vcrsify their 

livestock hol ding through selling some livestock and purchase other kinds (cattle with goat) 

to reduce the risk of losing such valued assets. Ownership of farm land and draught power are 

measures of wealth status and adapti ve capacity in the faml ing community. Accordingly, a 

unit increase in farm size and draught animal ownership increase the chance of adopting 

livestock diversitication as an adaptation measure by 1.592 and 1.59 times respecti vely. 

Households who have access to fanner-to-farmer extension were 1.766 times more likely to 

diversify livestock whilst distance to improved lives tock markets decreases its adoption by 

0.994 times. Other statistically insign iticant predictor variables, except access to climate 

information, proved positive relat ionship with the adoption of livestock diversifi cation (Refer 

to Table 29). 

Improved livestock species: Like other adaptation strategies, the adoption of improved 

livestock has been influenced by a number of factors. The results of the logistic regression 

model shows that agro-eco logica l zones, farm size and distance to improved li vestock market 

have strong influence on the adoption of improved livestock species as an adaptation measure 

to climate change. Farmers in kola were 2.20 times more likely to use improved livestock 

spec ies whi lst wayI/o dega households were 0.05 times less likely to adopt improved 

li vestock species than dega households. The results of the interview indicate that crop 

production packages were not effective in the kola sites until the end of 1990s. As a result the 

government has shifted its emphasis on livestock package as a specialized economic sector in 

the low potential kola areas, including offering credit for li vestock. That is why higher 

probability of using improved lives tock is identified in the kola sites than those in dega and 

WayI/o dega. Farm size has a pos iti ve influence on the application of improved livestock 

species. For example, a unit increases in the household 's fann size increascs thc probability 

of adopt ing improved li vestock species by 2.027 times (Refer to Table 29) . Although 110t 
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statistica lly sign ificant, longer distance to product markets negatively influences th e use of 

improved livestock species against the impact of climate change. For examp le, a unit 

increment of lime to reach slich markets decreases the adoption of improved livestock species 

by 0.999 times. 

This result is consistent with the findings of Madi son (2006), which poi nted out that as 

distance to output and input markets increases, adaptat ion to climate change decreases. 

Proximity to input and output markets is an impOltant determinant of adaptat ion to the impact 

of climate change, presumab ly because the market serves as a means of exchanging 

information with other farmers. 

In al most all adaptation measures agro-ecological set ting is found to be the most statistically 

significant determinant in ex plaining variations among the surveyed households, except the 

adaptation option of cheaper food items. The different farming households who are living in 

different agro-ecological settings showed a propensi ty to employ different cl imate change 

adaptation measures. This is due to the fact that cl imatic conditions, soil , water resources, and 

other factors vary across agro-ecological zones, influencing the levels of fa rmers ' perceptions 

to climate change and their decisions to take adaptation measures. In order to accommodate 

theses variations, context-specific adaptation measures arc vital. 

With al most all avai lable adaptat ion options family size proved positive re lat ionships except 

tapping underground water and seasonal mi grati on. Th is means that households with large 

families are more likely to adapt to climate change. Referring to Virga (2007) and 

Croppenstedt et al. (2003), Temesgen et al. (2009) saw the influence of household size on the 

use of different adaptat ion methods from two angles. The first assumption is that households 

wi th large fam ilies may be forced to divelt part of the labor fo rce to off-farm activit ies in an 

attempt to earn income in order to ease the consumption pressure imposed by a large famil y. 

The other assumption is that large fami ly size is associated wirh a hi gher labor endowment , 

which would enable a household to accompli sh various agricu ltural tasks. It is argued that 

households with a larger labor force are more likely to adopt agricultural technology and use 

it more intensively because they have fewer labor shortages at peak times. 

Extension services are expected to enhance climate change adaptation through diffusing the 

new adaptation technologies and scaling-up of indigenous practices. However, the logi stic 

regression resu lts indicated that access to extension service has both negative and posit ive 

relationships with the adoption of the different adaptation measures, showing that the effect 
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of extension on climate change adaptati on is inconclusive. It ind icated negative associat ions 

with the lise of improved seeds, crop di versification, livelihood activity di versification, 

terrace construction, changing planting dates and replanting of crops. Creswell (20 12) makes 

the case that a research report can provide additional results to confirm or disconfirm results 

of prior studies. In-depth interviews were held with extension experts why this became so. 

The experts mentioned three core vio lations of the requirements in the current extension 

approach . These are lack of understanding extension as a profession, so that mixing up of 

extension with politics, lack of maintaining extension as a process (pursuing it overni ght in 

campaign), and fai lure to undertake extension through active client participation (top-down 

approach). 

(1) Lack of IIl1llerst{llulillg extellsioll as professioll alld the mix-lip betweell politics lIIul 

extension: Extension is a profess ion, which requi res skillful and knowledgeable facili tators. 

Extension agents and extension group leaders need to be assigned based on farmers' needs 

and the type of livelihood activity the group leaders are doing best (for e.g. in crop, livestock, 

horticulture, and land management). As much as possible innovators or early adopters need 

to take the leadership position in the extension process. In the case of the study sites, 

however, the interviewees said, "Extension leadership in one-in-fives grouping has been 

given to politically trusted people, who cannot be a model for others in terms of adaptation 

performance and even in personal characteri stics. They have served as controllers rather than 

faci li tators of the extension system and hence he/she is not trusted andlor accepted by the 

group members, which has in turu resulted in rejection of the proposed adaptation strategies 

by farmers. Even those people who are deciding the execution of the technologies and 

teaching the fa111lers have no clear understanding of the issue in their hand. Extension is 

about helping farmers hclp thcmselves, whereas polities is about having control over 

resources. 

(2) Lack of maintaining extellsion liS a process -Extension system is a process that needs 

time for understanding the benefits that are to be obtained from using the adopted 

tech nologies by farmers and extension agents. The experts in the field strongly asselied that 

technologies for adaptations have to diffuse from innovators -> early adopters -> majority -> 

late adopters -> laggards. However, extension is simply ca!Tied out in the form of campaign 

and massive expansion over night, without maintaining the process and testing the 

effectiveness and efficiency of the adopted technology. 

~ Grouping of farmers for cnhancing pecr-I earning, expericnce sharing, and mobili zation in all devc lopmcnt 
sphcres 
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(3) Top-dolVlI ex/ellsioll approach: Another major weakness of the extension effort over the 

past twenty years has been its top-down approach and that it has not shown demonstrabl e 

change in the day-to-day li ves of farmers in terms of improvi ng food security or income. It 

has been mostly fa iling to maintai n the bottom-up approach. The results of the interview 

indicated that although communicat ion in the extension process is a two way interaction 

between the clients and extension agents, the latter have no time to carefully li sten to their 

clients and to consider the ideas of their cli ents as an agenda for di scuss ion in the research 

centers and concerned offices. Ind igenous practices have usually been diluted by experts and 

less attention has also been given to fanners' competence in the design of different extension 

packages. That is, extens ion agents have not been in a position to include indigenous 

knowledge into the packages of pract ices they are extending. The fanners have not also been 

allowed to be actively involved in the process of extension. The target beneficiaries are 

largely expected to be passive recipients of externall y formulated development proposals, 

resulting in a lack of enthusiasm for adapta tion implementation by the intended beneficiaries. 

Interviewees also mentioned that awareness creation among the fanners by the extension 

system is considered a complementary activity. 

All these misdeeds have resulted in many fai lures as experienced by farmers over the past 

years. For example, failures in water harvesti ng technology after a massive campaign, ShOl1 

duration of the potable water supply schemes, plantation of exogenous plant spec ies at the 

expense of indigenous tree species, locall y unsuitable soi l and water conservation structures, 

improved seeds (lentil , chickpea, barley, etc) and li vestock species, water pumps, fann 

implements, and similar other interventions had left bad images on the minds of fa rmers. 

Thus, even though farmers participate in the training and awareness rising sessions for 

seeking other services, they do not appear to apply what they learnt in practi ce. Most ly, but 

not always, people who have developed interest by their own perception, or through farme r­

to-farmer extension in modifying the technological applications have also been effective in 

adopt ing different adaptation strategies. That is why with almost all adaptation strategies 

farmer-to-fa nner extension signified positive cOlTelation, indicating the importance of 

indigenous peer infl uence (farmer-to-farmer extension) in the adoption of different 

adaptation measures - actions taken against climate change. 

Farm size, farm and non-farm income and livestock ownership are measures of wealth status 

in the mral households. Fanners with larger farmlands and livestock ownership are more 

likely to adopt most alternati ve adaptation measures than those wi th lower leve ls of land and 
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livestock ownership. Although financial resource is expected to have paramount role in the 

adoption of different adaptation measures, it did not detennine the adoption of different 

adaptation strategies. Interview results indicate that some strategies, for example, manurc­

compost application and terrace construction, does not require financial resources or some 

others such as fertili zers and improvcd seeds may bc obtained through credit as a govclllment 

package. This implies that the adoption of many adaptation strategies is mostly determined by 

the farmers' behaviors (being innovators, early adopters, late adopters and laggards), and 

previous experiences of technological fa il ures. As the results in some adaptation measures arc 

different from the findings of the previolls studies, there is a need to explore the factors. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

7.1. Summary 

Ethiopia is one of those countries in the world considered to be most vulnerable to the 

impacts of cli mate change. The changi ng patterns of rainfall, increasing temperatures, 

recurring droughts and massive land degradation have terrible effects for the poor people 

whose surviva l depends on rain-fed agriculture. Climate change impacts need to be 

considered in the context of widespread poverty, rapid population growth and management of 

natural resources. In light of this, it is vital that policy-makers, development planners, and the 

communities understand how to reduce vulnerability to the impacts of climate change and to 

ensure the communities' capacity to adapt to changes over time. 

Studies have been conducted in Eth iopia to analyze the impacts of climate change on the 

agrarian population. Such studies analyzed crop yield or monetary impact of climate change 

and suggested adaptation measures without investigating the factors determining the choice 

of the adaptation options. Other stud ies also analyzed both the impact of cl imate change and 

the factors determining the choice of adaptation measures in agriculture in the wider 

geograph ical landscapes. Sti ll some others assessed only the perception and adaptation 

strategies of farmers to climate change. Some of these studies were highly aggregated at 

nat ional and sub-nati onal levels and/or they were restricted to the pasturalluwlands. 

Importantly, climate change related studies conducted in Ethiopia have not comprehensively 

addressed the inter- related nature of vulnerability, perception, and adaptat ion of the rural 

households to climate change impacts in the different agro-ecologies in term s of the fi ve 

li velihood assets, the climatic t' lctors and the adoption of different adapt ation measures. 

These fra gmented studies, having little local-specificity, have presented important limitations 

in addressing the actual dynamics of vulnerabili ty, perccptions and adaptation in the different 

agro-ecological contexts of the countTy. The reason is attributed to the fact that the indicators 

may have lim ited va lues for identifying local-specific impacts and adaptat ion measures given 

the diversity of the wider agro-eco logical and socio-economic landscapes of the country. As a 

resu lt, these limitations inspired me to address vulnerab ility in terms of the five livelihood 

assets and ranners' adaptation strategies in the three agro-ecologica l setti ngs of northwest 

Ethiopia. In doing so, this study focused on tlnee central themes to address the knowledge 

gaps mentioned above. The first theme is related to the description of the biophysica l and 

socio-economi c characteristi cs o f the selected study sites that have vita l implications for 

li vel ihood creation of the rural households. The second is concerned with an examination of 
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the vulnerability levels of the households to climate change impacts by integrating the fi ve 

types of livelihood assets, the climatic factors and the adoption of different adaptation 

measures at the household and agro-ecological levels. Besides, the third theme deals with 

farmers ' perceptions and adaptation to climate change including climate infonnation, types of 

adaptat ion measures and factors influence the households' choices from the possible 

adaptation options. 

Three approaches were employed to address the above themes. The first is interdi sci plinary 

approach to describe the biophysical and economic characteristics of the three study sites. The 

second is the index approach guided by integrated vulnerability assessment framework 

(sustainable li velihood approach). This approach was adopted to calcu late the liveli hood 

vulnerability and the adoption indices to compare the vulnerability leve ls of households 

across the three study sites. The third approach is the discrete choice model whose purpose 

was to identify the most statisticall y signi fieant determinants on the choice of the households' 

adaptation strategies. 

The combinations of multi-stage, purposeful and random sampling techn iques were used to 

select the study woredas, the specific sites and the sample households. The first stage was the 

selection of the three study woredas (districts) from northwest Ethiopia namely Dabat, 

Dcmbia and Simada based on the agro-ecological setting they are sitllated. To the 

requirement of the study, kola sites from Simada (Abay-Beshilo Basin), wOYlla dega from 

Dembia and clega from Dabat were selected. The purpose was to examine the vulnerability 

levels and adaptation strategies employed by the rural households against climate change 

impacts in the contexts of the three study sites. In the second stage, a total of 11 sites 

(kebeleo), eight from kola and woyna dega (4 n·om each) and three sites from dega areas 

were selected using simple random sampling method. By the third stage, 576 sample 

household heads were taken using systematic random sampling technique. 

[n order to address the specific research questions, both secondary and primary data were 

used. The secondary data was gathered from the National Meteorological Agency, Global 

Weather Data fo r SWAT and Offices of Agriculture. Then, the data was assessed whether or 

not it is adequate to answer the research questions formulated . Finally, the secondary data 

was not found to be adequate enough to answer all the research questions. Therefore, it was 

imperative to employ primary data collection tools such as household survey, focus group 

discuss ions, in-depth interview and fi eld observation. Accordi ngly, primary data on the fi ve 
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types of livel ihood assets, cl imatic extreme events and adapta tion measures was collected 

from se lected households. 

The data collected on vulnerab ility contexts was analyzed using di fferent quant itative 

methods in conjunction with qualitative techniques based on the integrated vulnerabi lity and 

adaptation assessment of SLA. The biophysical and socio-economic characteri stics of each 

study site was described uSlllg simple regression, standardized precipitation index, 

prec ipitation concentration index, coeffi cient of variation, aridity index , trend of yield 

stability index, and One-way Ana lys is of Variance (ANOVA). 

The study found out that agro-ecological zones are one of the most important fac tors in 

determining vulnerabili ty levels and adaptive capacity at the household and community 

levels. Unfriendly c1illlatic conditions, dep leted ecosystems, and fragile socio-economic 

contexts have dominated the kola study site, fo r its location is in the undulating landscapes of 

the Abay-Beshilo River Bas in. For instance, over 65% of the farmlands and 60% of the 

dwelling houses of kola households are located in the most sensitive landscapes. The results 

of the forest resource assessment also depi cted lower index of firewood supply in kola 

(-0.97) and woyna dega (-0.60) sites, indicati ng a higher rate of decline in forest resources . 

Conversely, a positive index value was detected in dega (0.79), indicating an opposite trend, 

somewhat increasing. Flooding, severe land degradation, soil erosion, recurrent droughts and 

eITatic distribution of rai nfa ll have become responsible for the increasing unproduct ive land 

areas in kola. As a result, hi gher percentage of the households (6 1 %) owned poorer 

farmlands than those in woyna dega (15 .8%) and dega (6.2%) study sites. This has in turn 

decreased agricultural production and increased poverty. For example, larger proportion of 

kola households (92.4%) repoI1ed a decreas ing trend of crop yield than those in woyna dega 

(79.7%) and dega (79.84%) over the pas t two decades. This indicates that there has been high 

rate of crop yield decline contrary to over 8% national level agricultural product ion growth 

per year. Indeed, taking an average of major crops, very low crop yield per hectare was 

repoI1ed in kola (2 .77 quintal) than in dega (5 quintal) and Woyna dega (4.32 quintal). 

However, offi cial agricultural statistics on crop yields are inflated as experts' work 

performance is evaluated based on these records. 

Accesses to different infrastructural facilities such as transport, pure water supp ly 

telecommunication , hea lth, credit facilities, quality of shelter, and agricultural inputs are also 

more limited in the kola site as compared to dega and wayna dega sites . To demonstrate this 

difference, 86% of the roofs of thc rcsidcntial houses in the kola site wcre madc of grasses as 
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compared to only 7.5% in wOYlla dega and 7% in the dega sileo Publi c transport is not 

accessible to 100% of the kola househo lds followed by those in dega (68%) so that forms of 

transport to travel to the woreda towns is li mited to walking, head-load ing, and use of pack 

animals. Conversely, 37.6% oflVoyna dega households do not have access to public transport 

to travel to their woreda town. In terms of distance, the average time kola households travel 

to reach the nearest vehic le station, or road junction is nearly 8 hours whilst nearl y I hour fo r 

woyna dega and only 35.5 minutes for dega households. To arri ve at the te lephone service 

centers, on average, kola and woy"a dega households travel over 2 hours whilst less than 1 

hour is traveled by the dega households. Again, exceptionally higher percentage of kola 

households (92%) utilizes water from unprotected sources than dega (7%) and woyna dega 

(8%) households. 

In order to address the second theme, livelihood vulnerability indices were used to measure 

the vulnerability levels of the surveyed households by categorizing the indicators into seven 

components, which consist of natural, human, economic, physical, and social assets as well as 

climatic attributes and the inverse of index of adoption of the di ffere nt adaptation measures. 

The results indicated that kola households ranked fi rs t in six out of the seven major 

components of vulnerabili ty such as the five livelihood assets [human (0.60), natural (0.67), 

economic (0.67), physical (0 .66), social (0.58)] and inverse of index of adoption of the 

different adaptat ion measures (0.72) when compared with those in dega and woyna dega. By 

climatic exposure indicators, woyna dega (grouped under the most res ilient areas) households 

ranked first in vulnerability level (0.54 in wOYlla dega, 0.5 1 in kola, and OJ I in dega). By all 

the components of vulnerab ility, dega which is grouped under the less res ili ent areas, comes 

to the last position, indicating least vulnerabi lity level to climate change impacts. Therefore, 

the government's categorization of the country into resilient and less res il ient areas may not 

work in all the areas of the county. 

The third theme of this study analyzed the farmers' levels of perceptions and adaptation to 

climate change using descriptive statistics, index of adoption and binary logistic regression. 

The overwhelming majority of the fanners observed an increase in temperature (95% in 

1V0yna dega, 89.7% in kola, and 86.8% in dega) and a decrease/erratic distr ibuti on of rainfall 

(94.5% in kola, 91.5% in clega, and 88.7% in woyna clega). The farm ers are aware that their 

locality is getting warmer and drier with an increased frequency of droughts and changes in 

the timing of the ra ins. Indeed, this perception is in line with the analysis of long-term 

temperature data in the study sites. The statistica l analysis of the temperature data shows an 
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increasing trend of maximum temperature ( 1.74oC in clega, 1.58oC in woyna dega and 2. I70C 

in kola) over the past three decades. The minimum temperature had also increased by 0.76oC 

in dega, 0.96oC in IVoyna dega, and 1.024oC in kola. Over the 32 years of observation, 

rainfall is characterized by large inter-annual and intra-annual vari abi lity with a substantial 

decrease in amount. The simplc regression analysis indicatcs that 46.7801m, 516.99mm and 

277.82mm rain fa ll amounts were went down over the past 32 years in kola, IVoyna dega and 

dega si tes respectively (14.62mm in kola, 49.06mm in woyna dega and 7 1.9mm in dega). 

Farmers also perceived the impacts of climate variability and changes on their li velihood 

resources; particularly higher perception level of adverse impacts was reported in woynG dega 

and kola sites. Those households who have had access to climate information have obta ined 

the informat ion from awareness creation training and education , advice from development 

agents, from radio, and from family members and friends. Consequently, farmers have 

adopted different adaptation measures to reduce the negative effects of climate change and 

extreme evcnts. However, the rates of adoption somewhat vary by agro-ecology. The 

composite indices of adoption were found to be 0.49 in dega, 0.44 in woyna dega and 0.39 in 

kola sites. 

The major adaptation strategies in dega arcas include manure-compost (96.9%), te n-ace 

construction and changin g planting dates (94.6% each), replantin g of crops (9 1.5%), use 

of modern fertilizers (82.2%), selected seeds and shifting househo lds' co nsumption to 

cheaper food items (77.5% each) and culti vat ing different crops (69.8%) and engaging in 

different non-farm act ivities (57.4%). 

The most adopted strategies by Woyna dega households were usc of modern fertilizers 

(88%), manure-compost (84.2%), pesticides (81.2%), selected seeds (75 .9%), terracc 

construction (72.9%), culti vat ing different crops (68.4%), changing planting dates 

(67.7%), changing household consumption to cheaper food items (66.9%), and replant ing 

of crops (60.2%). The moderatel y applied strategies include planting trees (44.4%), use of 

herbi cides (34.6%), and seasonal mi grati on (28 .6%). 

In the kola si tes, app li cation of manure-com post (94.7%), terrace construct ion (85.2%) , 

replanting (68.1 %), planting di ffe rent crops (66 .2%), shifting household co nsumpti on to 

cheaper foods crops/items (65.4%), planting trees (62%), changing planting dates 

(60. 1 %), and usc of modern fe rtili zers (57.4%) were the most adopted adaptation 

measures. The moderately adopted adaptat ion measures include use of pesticides and 
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tapping underground water (23.2% for each) , seasonal mi gration (25.5%) , and 

di versifi cation of livestock species (43%). 

The high rates of adoption of the avail ab le strategies as adaptat ion measures could be 

associated with the less ex pensi ve, the more profitability and the more suitabil ity to the 

loca l contexts, and eas ier accessibility to the user farmers (Temesgen, 2009). 

Exceptionall y, more usc of pes ti cides (8 1.2%) and herbicides (34.6) were reported by 

woynCl dega households than 2.3% and 1.6 in dega and 23.2 and 16.7% in kola 

respectively because in woyna dega pests and disease infestation were reported as the 

major hazards affecting crop production. The limited use of some adaptation strategies 

could be attributed to the need for more capital, limited access to the users, and not 

sui table to the local contex ts. For example, accesses to improved li vestock and fodd er 

species, herbi cides and water for irr igation are fo und to be limit ed andlor need more 

cap ital investment. 

Results from the discrete choice model indicated that the di fferent socio-economic, 

environmental and institutiona l factors have determined the farmers' choice of the alternative 

adaptation strategies. The most statisti cally significant determinant of adopting each strategy 

was agro-ecological setting, except shifting to cheaper food items. The level of educati on, 

gender, age, fami ly size, farm size, livestock ownership, and access to wa ler resources and to 

extension services, social capita l, and perception of temperature and rainfall changes are 

other inlluencing factors to farmers' choices of the adaptation measures. 

Income would be expected to have a positive inlluence on local level climate ri sk adaptation. 

However, income level did not create variation in the households' adaptation decision. This 

may be due to the fact that some adaptation options do not need fi nancial expenses or some 

others may be provided through credit as government packages. What makes the difference 

here is farmers' expectation of the gains of using the adaptat ion strategies, behavioral 

changes to use the adaptation technologies and to take credit risks. In this regard, Banmgi and 

Maonga (20 II ) based on the rational choice theory; argue that the behavior of human beings 

is motivated by the possibility of gaining benefit. The farmers are ra tional consumers of new 

technologies and they wi ll only adopt a technology if they anticipate it wi ll resu lt in increased 

productivity. 

Extension services indicated negati ve re lationships with some adaptation strategies such as 

applications of modern felti lizers, planting different crops, li velihood activity diversification , 
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change of planling dates, replanting crops and ten-ace constmction with the parameter va lues 

of less than zero while it signified positive relat ionships with the use of manure-compost, 

selected seeds, irrigation-rainwater harvesting, tapping underground water and planting trees 

with the parameter values greater than zero. An important tinding of this study is that 1'armer­

to-fanner extension indicates positive relationship with almost a ll available adaptation 

measures, indicating the importance of peer influence and indigenous practices on the 

diffusion of adaptation technologies rather than dictating them from external bod ies. Indeed, 

interv iew results pinpointed three core inter-related problems which have resulted in 

technological and technical failures in the current extension approach. These are: lack of 

understanding extension as a profession. lack of maintaining the process of extension 

diffusion, and top-down approach without/limited participation of the beneficiaries. 

7.2. Conclusions 

Despite the wider attention it has received from several researchers, climate change 

vulnerability, perception and adaptation have not been studied much in an integrated manner 

in Ethiopia. Particularly, the variations of fanning households' vulnerability across agro­

ecological zones have been neglected. It should be noted that studies considering agro­

ecologica l zones will have impoltant policy implications to identify appropri ate development 

strategies in order to enhance the adapti ve capacities of fal111ing households. The present 

study is therefore, an attempt to fi ll the existing gap by examining the level of vulnerability 

and adaptation and their determinants across agro-ecological contexts of northwest Ethiopia. 

This study provides ample evidence about the issues considered. The context ana lysis found 

out that there are differential contexts, conditions, and trends across the three study si tes. 

More unfavorable biophysical and socio-economic contexts were identified in kola si te 

having increasi ng exposure and sensitivity of the community to cli mate change and other 

stresses which have threatened the development effolts in the three sites. The changing 

patterns of ra infa ll , increasing temperatures, recurring droughts and massive land degradation 

have terrible effects for the poor people whose survival depends on rain-fed agriculture. 

Likewise, the livelihood vulnerability indices (LVI) have put the kola households to the most 

vulnerable position in all the fi ve livelihood assets and adoption of different adaptation 

strategies. Most of the resuits of this thesi s are in line with the findin gs of several empirical 

works. However, although the Amhara Regional Government has grouped the woy"a dega 

site (Dembia woreda) under the most resilient and surplus producing areas, the LVI has put it 

in the second vulnerability position with respect to the six out of the seven major indicators 
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and fi rst in terms of climatic exposure indicators. On the contrary, the dega smdy site, which 

is grouped under the low-agricultura l production potential, food insecure areas, took the least 

vulnerability position by a ll the major ind icators. In li ne with this, more use of the adaptation 

measures is reported by the dega households, indicating strong association between the uses 

of more numbers of adaptation stra tegies and farming households' adaptive capacity. This 

again indicated that dividing any geographical area into hi gh-l ow-potenti al dichotomies 

require integrated assessment of biophys ical characteri stics and soc io-econom ic capacities o f 

that particular area. 

This vulnerabili ty di fferential is fo und to be consi stent with the hazard-o l~p l ace model which 

underlined that geographic exposure (s ite, sitllation and proximity to sources of hazard) and 

the socia-economic profile of the communities and places influence the hazard potenti al and 

the consequent impacts. However, it is vital to keep in mind that the LVI is a re lat ive scale, 

and it should not imply that the dega households are entirely resil ient to climate change. 

Vulnerability assessment provides a framework for identifyi ng the social, economic and 

environmental factors w hich may create di fferent ial vulnerabili ty s ituations of the studied 

community. Livelihood assets are the main measurements of vulnerability situations of the 

community, social groups, and places considered in this study. In a formative measurement 

model all the indicators chosen for measuring vulnerability have impact on the vu lnerability 

of the communities in the studied sites. Failures in securing one component of the 1 ivelihood 

asset such as land, water or knowledge and skill may lead to fa ilures in securing another such 

as income, material needs, or capacity lo adapt to the impacts of climate change and 

associated extreme event s. The composite vulnerability indices cal culated using all the seven 

major components of vu lnerability are going to measure households' vulnerability levels 

which are influenced by each indicator. 

Farming communities in the highlands and dissected landscapes of northwest Ethiopia have 

been changing and adapting their livelihoods to changing environmental conditions fo r long. 

ReC UITent droughts have been a maj or issue throughout hi story in the Ethiopi an highlands 

like elsewhere in Ethiopia, and strategies to cope with, and adapt to these droughts are 

embedded in communiti es' traditional social structures and resource management systems. 

The oVClwhelming maj ority of the famlers have already understood that the climate is 

changing and their loca liti es are getting wanner and dri er coupled with frequent extreme 

events in the three stlldy s ites. In turn, they understood their being vu lnerable to the adverse 

effects of cli mate change. Both local and scientific obscrvations show that the cl imate is 
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changing in thc studied sites. Recent evidence includes increasing temperatures and drought 

frequency, as well as unpredictab le rains that fa ll in shorter but more intense episodes. The 

magnitude and rate of current climate change, combined wi th additional envi ron mental, 

social and political issues, are making many traditional coping strategies ineffective andlor 

unsustainable, amplifying environmcntal degradation and food insecurity, and forcing 

communities to rapidly find new live lihood strategies. Farmers ' perception is an important 

precondition for prepari ng the commun ities better for dealing with the adverse impacts of 

climate change and associated extreme events. However, access to institutional information 

on climate change, its impacts and the possible adaptation options wcre found to be very 

weak sti ll. 

Adaptation is an impol1ant part of societal response to global cl imate change, which can 

significantly reduce adverse impacts of climate change. Planned, anticipatOlY adaptation has 

the potential to reduce vu lnerability and realize opportunities associated with climate change 

effects and hazards. There are numerous adaptation strategies that would be applied to 

climate change risks and opportuni ties. Substantial reductions in cl imate change damages can 

be achi eved, especially in the 1I10St vulnerable areas, through timely dcployment of adapta tion 

strategies. Enhancement of adaptive capacity is a necessary conditi on for reducing 

vulnerab ility, p3l1icularly for the most vulnerable socia-economic groups in the kola and 

Wayna dega sites. Activi ties required for the enhancement of adaptive capacity are 

essentially equivalent to those promoting integrated sustainable development in all 

biophysical assets and socia-economic sectors. 

The farmers participatin g in this study have many ideas on how to prepare for future climate 

change, demonstrating a powerflll motivation to move out of povel1y and take their future 

into their own control. Despite this powerful sense of determination, farmers' ability to adapt 

to climate change and associated extreme events is constrained by many factors including 

increasing drought, land degradation; soil eros ion, conflicts over scarce resources, wh ich 

affect social capital and destroy assets that are key for adaptation (especially in the kola si te); 

limited access to information (including that on weather, climate change as well as pest and 

disease outbreaks); limited education, skill s and access to financial services and markets 

requi red to diversity households' li velihoods; inadequate government SUpp0l1s, capacities and 

coord ination; demograph ic pressures, and top-down approaches for extension interventions 

which reduce the vo ice and adaptive capaci ty ofthc most vulnerable peoplc and placcs. 
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Agro-ecological sett ing and farmer-to-farmer extension are found to be the most statistically 

significant determinants in the adoption of almost all the adaptation measures implying the 

need for des igning loca l-context-specitic adaptation strategies to increase the adaptive 

capac ities of the most vulnerable households and that farmers have developed heavy trus t on 

indigenous practices and their pcers than on those are imposed from external bodi es. Put in 

another way, farmers can leam better from other better-off fanners who have long-life 

experiences. 

Contrary to farmer-to -farmer extension, formal extension services signified both positive and 

negative relationships with different adaptation strategies. In-depth interviews with ex tension 

profess ionals on the current extension approaches disclosed three core problcms: limited 

understanding of extension as a profess ion, lack of maintaining the extension system as a 

process, and top-down approach with no/limited client consulta tion and participation. All thc 

govemment interventions, including humanitarian food aid are largely politicized and are 

under the control of the party leaders either directly or indirect ly. Any genuine opini on to any 

intervention is unli kely to exert influence ei ther at a regional or local level and is more likely 

to be suppressed. In short , there is no gcnuine debate on the contents and directions of the 

current development interventions including the agricul tural extension system. 

7.3. Implications and recommendations 

Climate change in northwest Ethiopia has occurred and will continue to occur in the next 

years and perhaps for decades. Key underlying derivers of vulnerability in the three stuely 

sites include environmental degradation derived from population pressure, poor access to 

resources and assoc iated conflicts, socio-cultural factors, inadequate off-farm employment 

opportunities, poor access to infrastructure services such as tranSpOIiation, hea lth , education, 

input and output markets, lack of skill and knowledge, weak role of traditional social 

institutions and inadequate government policies coordination and capacities. In order to 

reverse its adverse impacts there should be an urgent need for addressing the fanners' 

problems to enhance community resilience through supporting them for the choice of better 

adaptation strategies. On the whole, thi s study identified three implicati ons, namely: policy 

recommendations, educati on and further research as detailed in the discussions to comc. 

(1) Policy implications and recommendations 

Adaptation to climate change invo lves a very broad rangc of measures directed at 

reducing vulnerability to a range of climatic stimuli (changes, variability and extremes). 
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Building Program (HABP), Complementary Communi ty lnfras tntcture Program (CCl), 

and the Resettlement Program. The PSN P that operates as a safety net targeting transfers 

to poor households through public works and direct support should be strengthened and 

improved particularly in the kola si te. Publi c works are used to mitigate the impacts of 

climatic and food insecurity risks on chronically food insecure farmers by providing 

employment to able-bodied laborers. In other words, public works is a prov ision of 

counter-cyclical employment on rural infrastructure proj ects such as so il and water 

conservation, road canstmetion and maintenance, small scale irrigation and reforestation. 

Undertake voluntary reseUlement for most vulnerable kola households: The 

voluntalY resettlement program is one of the most impoliant food security strategies of 

the Federal Government of Ethiopia. With this aim, Am.hara Region has to strengthen 

voluntary resettlement scheme for the most chronically food insecure people of the kola 

site with better provision of heal th, education, road, water and other facilities supported 

with strong environmental impact assessment and mitigation measures. 

Strengthening institutional services: it is important for the agricultural deve lopment 

strategy of the study areas to have an inst itutional environment that facilitates farmer's 

access ibility to education, better extension provisions as per the peculiariti es of the agro­

ecological zones, and improved access to formal credit. For example, interventions 

should aim to build res ili ent livelihoods by supporting investment in key infras tructure 

and services. Constntction of more water supply schemes, schools, health insti tutions and 

roads, their appropriate staffing and an increase in the number of human health care 

centers and services, including immunization and medical treatment, as well as tra ining 

of community health workers, could help reduce impacts of diseases and mortality 

among vulnerable groups and ensuring a strong productive populati on that is less 

vulnerable to climatic shocks. Construction of veterinalY centers as well as regular 

supply of key veterinalY medicines could help reduce lives tock mortality li·om 

preventable and treatable diseases, and reduce livestock vulnerability during droughts 

and extreme heat events. 

Increasing farmers' access to input and output markets: Introduct ion and 

dissemination of new agricultural (both crop and livestock) technologies and management 

knowledge to the fanning community can increase the production and product ivity of 

fa llllers through reduci ng pests, diseases, and weeds. These have in turn enhanced the 

adapti ve capac ities of communities against the increasing hazards of cl imate change. 

Practitioners should advocate for the improvement of market conditions, for example, 

provisions of improved crop cultivars and livestock species, development of policies that 
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support communities' interaction though trade, and increased revenue for the benefit of 

fanners, middle-traders and public services. SUPPOliS should be in the form of 

establishing and/or strengthening farmers' cooperatives to facilitate fa nners' access to 

agricultural inputs and training the community in preservation and transportation of 

agricultural and handicraft products to maximize the benefits from such exchange of 

products and services. 

(C) Designing and implementing local agro-ecological context adaptatio n measures 

Vulnerability and adaptat ion to climate change are highly spatially different iated and context­

specific. Since nOlihwest Ethiopia is endowed with a variety of agro-ecological zones, which 

differ in terms of climatic conditions, soil types, physical landscapes and socio-cultural 

conditions, a one-fits-all approach does not help much for reducing vulnerabil ity and 

enhancing adaptive capacity. The reason is that there is tremendous variation in farming 

systems, population density, and soc ia-economic cond itions in the different agro-ecological 

zones. For instance, in kola areas there is very erratic rainfall , high poverty and severe 

resource degradation. It should be noted that adaptation practices and any other development 

interventions considering agm-eco logical zones wi ll have important implications for 

enhancing the current performance of the agricultural sector. Therefore, rapid and sustainable 

adaptations can be brought about only if we take into account these variations, identify 

appropriate adaptation strategies which will take advantage of the development opportunities 

in each agm-ecological zone, and implement them accordi ngly. Therefore, extension agents 

and researchers as well as farmers' and community organizations need to design 

activities/programs that are suited to the peculiarities of each agro-ecological zone. To this 

effect, the government and non-governmental agencies should give emphasis to identifying 

and adopt ing appropriate adaptation technologies, yield increasing packages and new crop 

cu it ivars and livestock species that are suited to local agro-ecological conditions. 

(D) Using traditional knowledge starting from what people are doing on the ground 

Local communities are already observing and experiencing the effects of climate change, as 

well as implementing coping and adaptation strategies. Efforts to support climate change 

adaptation should be based on understanding of what people are already doing on the ground, 

assessing the effectiveness and efficiency of current coping strategies and how they might 

fare over the longer-term with climate change. For instance, the dega households have used 

batteries which have been charged with sunlight and connected with thin wires in the rural 

houses for lighting. As this strategy has important implications for forest and land resources 
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management as well GHG emission reduction, the responsibl e bod ies should support this 

strategy with some policy interventions and further replicate it to other areas. Moreover, 

farmers have ample experiences and knowledge in traditional irrigation, water harvesting, 

soil and water conservation, human and livestock medication, fanning systems , hazard 

predictions, and in so many related issues. Hence, the introduced adaptation practices should 

be based on these farmers' novel experi ences and knowledge domains. In addition, as 

di scussions with different community groups (women, men, youth and children) can give 

insight into which community groups arc vulnerab le to what, and which adaptation strategies 

are implemented by different groups of fanners, partic ipatory community consultations 

should aim to develop sustainable alternatives to replace ineffecti ve or unsustainable 

practices. 

(E) Improving current extension system: Extension efforts have attempted to transfer 

technology and best practices, mobilize farmers, and build their capacity, though this has 

proven di ffic ult for many governments due to the large number of rural inhabitants, high 

poverty levels, diverse farming systems, and low capacity among extension agents as well as 

farmers. The results of the ana lysis in Table 26-29 rcveal that the extension services have not 

brought significant variation in adoption of some adapta tion strategies as expected. This 

could be due to the fact that deve lopment agents remai n at the edge, never reaching the 

farmer and that the packages may not fit the agre-ecological settings. Thc three core 

problems such as: lack of understanding extension as a profession (mixing it with poli tics), 

lack of maintaining extension as a profess ion (pursuing it ovemight in campaign) and failing 

to undertake extension through active client participation (top-down) were also identified. 

The problems related to extension services should be alleviated through: 

Understanding extension as a profession: Extension is a profession which needs skilful 

facili tators and knowledgeab le facilitators and group leaders based on the farm ers' needs 

and the type of livelihood activity the group leaders are doing best. As much as possible 

group leadership positions should be given to innovators (if any) or ea rly adopters who 

have been trusted by neighboring farmers. 

Maintaining extension as a profession: As extension system is a process that needs time 

for capturing the benefits to be gained from using the technologies by farmers, diffusion 

should start from innovators to early adopters to majority to late adopters, which enables 

to test the effecti veness and effi ciency of the adopted technologies. 

Mai ntain ing bottom-up approach: a more consensus-based extension interventions should 

be strengthened so as to enhance the capac ity of farmers thereby making them agents of 

their own transformation rather than considering them simply passive recipients of the 

219 

management as well GHG emission reduction, the responsibl e bod ies should support this 

strategy with some policy interventions and further replicate it to other areas. Moreover, 

farmers have ample experiences and knowledge in traditional irrigation, water harvesting, 

soil and water conservation, human and livestock medication, fanning systems , hazard 

predictions, and in so many related issues. Hence, the introduced adaptation practices should 

be based on these farmers' novel experi ences and knowledge domains. In addition, as 

di scussions with different community groups (women, men, youth and children) can give 

insight into which community groups arc vulnerab le to what, and which adaptation strategies 

are implemented by different groups of fanners, partic ipatory community consultations 

should aim to develop sustainable alternatives to replace ineffecti ve or unsustainable 

practices. 

(E) Improving current extension system: Extension efforts have attempted to transfer 

technology and best practices, mobilize farmers, and build their capacity, though this has 

proven di ffic ult for many governments due to the large number of rural inhabitants, high 

poverty levels, diverse farming systems, and low capacity among extension agents as well as 

farmers. The results of the ana lysis in Table 26-29 rcveal that the extension services have not 

brought significant variation in adoption of some adapta tion strategies as expected. This 

could be due to the fact that deve lopment agents remai n at the edge, never reaching the 

farmer and that the packages may not fit the agre-ecological settings. Thc three core 

problems such as: lack of understanding extension as a profession (mixing it with poli tics), 

lack of maintaining extension as a profess ion (pursuing it ovemight in campaign) and failing 

to undertake extension through active client participation (top-down) were also identified. 

The problems related to extension services should be alleviated through: 

Understanding extension as a profession: Extension is a profession which needs skilful 

facili tators and knowledgeab le facilitators and group leaders based on the farm ers' needs 

and the type of livelihood activity the group leaders are doing best. As much as possible 

group leadership positions should be given to innovators (if any) or ea rly adopters who 

have been trusted by neighboring farmers. 

Maintaining extension as a profession: As extension system is a process that needs time 

for capturing the benefits to be gained from using the technologies by farmers, diffusion 

should start from innovators to early adopters to majority to late adopters, which enables 

to test the effecti veness and effi ciency of the adopted technologies. 

Mai ntain ing bottom-up approach: a more consensus-based extension interventions should 

be strengthened so as to enhance the capac ity of farmers thereby making them agents of 

their own transformation rather than considering them simply passive recipients of the 

219 



adaptation activities dictated fro m above. In the process of adaptation diffusion, 

adaptation planning requires close co llaboration and acti ve participation of climate and 

impact researchers, sectoral practitioners, decision-makers, policy analysts, the 

community and other stakeholders. 

Building on community suggestions and recommendations : as enhancing the adaptive ___ ---, 

capacity of fa nners wi ll requ ire communit y-based and community-l ed interventions with 

tailored SUppOtt from NGOs, donors, and government institutions, practit ioners should 

promote adaptation strategies built on suggestions and recommendations from the local 

communiti es. Fanners have ample experiences in modifying fa l111ing practices and 

rangeland management practices , promoting alternati ve income generating acti vities, 

modifying lives tock diversity, composition, and numbers, diversifying livelihood 

activi ties, producing, collecting, and preserving hay/straw, main taining, rehabilitating and 

eonstfll cting water infrastructure , establishing commun ity groups to promote local 

engagement in a range of social and economic activities ; reducing confli cts over scarce 

resources, tree planting. In particular, policy-makers should be sure to draw on 

knowledge and experience from local communities as local fanning communities offer 

va luable information regarding adaptation to changin g climati c conditions that wou ld not 

likely be acquired through other channel s. 

(F) Facilitate access to information and knowledge sharing : expanding awarcness of 

increasing temperature and its potential impacts by provid ing reliable and up-to-date 

information to the publi c is essent ial. Informat ion about the appropriate adapti ve strategies 

should also be made available to the entire community of the study sites. As part of this 

effort, communication between policy-makers, non-governmental organizations, research 

institutions, the academia and the med ia, among other actors, should be strengthened in order 

to ensure the dissemination of accurate information to the vulnerable co mmun ities . To thi s 

effect, community-based early-warning systems, strong government institutions and 

informat ion centers should be estab li shed and/or strengthened. 

There is also a need for greater investment in data collection on SOCIOeconomIc and 

biophysical conditions for the study sites. Environmental and drought monitoring systems 

should be introduced at national, regional and local lcvels to monitor c limatc change and 

associated extreme weather events. Such systems wou ld provi de earl y warnings on pred icted 

weather extremes, enabling stakeholders to take corrective measures in adva nce to min imize 

potential damages. 
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(G) Facilitate the provision of infrastructure: As part of the development process social 

and physical infrastructures should be improved and institut ions dea li ng with c limate-related 

issues includ ing the meteorology agency shou ld be strengthened to increase the country's 

adaptive capacity. It is most viable to suggest that strengthening institutions which can 

facilitate the implementat ion of improved water resource development, energy supply, 

transpOJ1'ation, telecommunication, education and hea lth institutions, and access to shelter. 

(H) Strengthen social capital: social network is playing an imp0I1ant ro le in reducing 

climatic risks during and after disaster. Tn the early phase of disaster, most of the searching 

and rescuing endeavors come from social network members. Tn the aftermath of disaster, 

social networks can facilitate the flow of informat ion, provide various types of support, and 

help to maintain the mental health of the victims. Some policy implications can be drawn 

from the study. Since social network is so important, it is necessa ry to take it into 

consideration when making climatic risks management and mi tigation policies. The 

government should try to maintain intact of social networks in hazard prone areas, and try to 

make good use of existi ng social network in reconstruction processes. 

(2) Provide training and awareness raising education 

(i) Improvi ng farmers ' social networks and relationships: Socia l networks and 

relationships have been disrupted by confl icts among the households from increasing 

competit ion for scarce water, farmland, rangeland, and forest resources. Social networks and 

relati onships should be promoted in all interventions. To this effect, traditional conflict 

resolution mechanisms shou ld be strengthened through religious leaders and respected figures 

to increase communi ty attachment and coll ective actions to adapt to the impacts of climate 

change and associated extreme events. Moreover, clear property rights, fair allocation of the 

scarce resources and trainings which would enable to reinforce the farmers' managerial 

capacity as well as efficient use of resources shou ld be given special attention from the 

concerned govern mental and non-govcllll1lcntal organizations. 

(ii) Farmers' membership statuses to different self-help associations were found to be almost 

none in a ll the three study sites, particularly in terms of traditional help associations. Thus, 

education about the importance or social networks and relati onships and traditional self-he lp 

associat ions in the climate change adaptation processes and in disaster risk managements as a 

whole should be given for the community. 
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(ii) Some farmers have not shown attitudinal changes towards area-closure, cut-and-carry 

feeding system of li vestock, soil and water conservation campaigns and other new strategies. 

Thus, continuous awareness raising educat ion should be given for the households using 

extension agents and model farmers who become successful in the application of different 

adaptation strategies, or early adopters of some adaptation technologies. 

(iv) For creating more climate change-resilient community, policy interventions should 

maintain all the three requirements of the extension system. In order to do so, awareness 

raising education should be given to enable the decision-makers and practitioners of all levels 

by extension professionals. In addition to extension efforts, there are other ways to build the 

capacity of small-scale farmers by providing them with basic and technical information that 

can help them improve their productivity and livelihoods. There are numerous non-formal 

educational methods including adult education programs and battery-operated radio , 

television, print media and plays and even mobile phones. Providing literacy and numeracy 

skills to adults who missed formal education during their childhood might be much 

successful for many fanners. 

(3) Further research needed 

This current research may not respond to all research needs and priorities related to c limate­

related farmers' vulnerability and adaptation in 1l0l1hwcst Ethiopia. More research will be 

needed to complement and deepen the findings of this research. Key research priorities, 

suggested include: 

(i) Given the data was collected only in three sites the results may not represent the respective 

agre-ecological zones of nOl1hwest Ethiopia. The findings of this research cannot necessarily 

be extrapolated to other areas within nOl1hwest Ethiopia, which might be exposed to di fferent 

climate hazards and trends, or characterized by different biophysical and socioeconomic 

contexts, and might have different adaptation strategies and priorities. For example, this 

research mostly focuses on rain-fed subsistence fanning areas, while commercial farming 

communities in the western lowlands have not been studied. This means that, the unfriendly 

biophysical contexts (very dissected and undulating landscape) giving higher vulnerabil ity 

levels in the kola site of Abay-Beshi lo River Basin may not represent other kola sites having 

different contexts such as the weste111 lowlands of Metema and Quara. The relatively more 

resilie11l dega households may not also represent other dega areas that have different 

landscapes. For example, there may be less vulnerab le kola households who reside in stable 

landscapes and proximity to different service centers, or there may be more vulnerable clega 
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households in Janamora and Beyeda highlands than the clega part of Dabat. Thus, broadening 

the scope of this current research to other subs istent fa nning areas within northwest Ethiopi a 

is needed to explo re the actual vu lnerab ility levels and adaptat ion strategies of the households 

and places located in different biophysical and soc io-economic contexts. 

(ii) The data obtained fi·om the three study sites was aggregated together in the logistic 

regression estimation to examine the detel111ining power of agro-eco logy among other factors, 

in the adoption of various available adaptation options. Hence, disaggregated analysis of the 

determinants of adaptation is essential for identifying the other determinant factors to the 

specific si tes located in different agro-ecological zones. In addition, through research plant 

and crop species which are more suitable to the degraded kola environments and for other 

agro-eco logy-based sites need to be identified with prior attention from the government 

and other diffe rcnt stakeholder organizations. 

(ii i) Income is expected to have a positive in fluence on local level climate risk adaptation. 

However, it did not create variation in the households' adaptation decision. Similarly, 

extension services indicated negative relationships with some adaptation strategies such as 

applications of modell1 fert ilizers, planting different crops, livelihood activity diversification , 

change of planting dates, replanti ng crops and terrace construction with the parameter values 

of less than zero. Thus, further research is needed to exp lore the underlying reasons. 

(iv) Linkages and synergies between the policy measures suggested in this research and 

existing development policies, programs and reforms should be explored and built on (for 

example linkages with the Productive Safety Net Project and the extension programs). 

(v) Continuous monitoring and research is needed to better understand cl imate change 

impacts and adaptation and how they are evolving over time. This would require the 

establishment of key indicators that could be monitored. Further analys is of the livelihood 

resources farmers owned is required for adapting to climate change, and how to efficiently 

manage them for the realization of optimal adaptation benefits of the vulnerable 

communities. This should include investigation of large uncertainties re lated to different 

development pathways, c limatc changc mitigation, and effective adaptation strategies chosen. 

(vi) Assessment oflocal climate change dri vers (local deforestation and desertification 

affecti ng the loca l climate should be done. 
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(vii) A quantitative analysis of climate change impacts, vulnerability and adaptation using 

other quantitative methods instead of an index approach and binary logi stic regressions in 

complement with qualitative research works is needed. 

[t is concluded that research is effective tool to generate evidence and knowledge to support 

policy and strategy making. Therefore, prior attention should be given to develop a culture 

and practice of participatory research in order to increase the understanding of local contexts, 

policy spaces and processes so as to influence climate change adaptation practices . 
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Annex I (a) : Household survey 

Title: Compa rative study of Rura l Households Vuluerability and Adaptation to C limate 

C ha nge in the three Agro-ecologies of Northwest E thiopia 

This questionnaire was prepared by the author based on (Moss et aI. , 200 I ; Hahn et aI. , 2009 ; 

Lamichhane, 20 I 0; Temesgen et al. 2009, T emesgen, 20 I 0 and others) 

Objective of the study: the main objective of the study is to assess fa nners ' vu lnerability 

levels, adaptation strategies they have used and determinants of the ir choice in degC/ , wayl/a 
dega and kola agro-ecologies of northwest Ethiopia. The data will be used on ly for academic 

purposes. First I kindly request you to participate in the study. Your answers are valuable for 

the success of the study, and hence I want you to give genuine answers. 

Questionnaire code ___ Date of interview _____ Hour _____ _ 

I. Location 

'01 . Woreda ' 02 . Agro-ecolog,y ____ I 03 . Kehele ___ I 04 Vill age 

2. Human Capital 

2.1 . Demography 

20 I. Age 202. Gender of the household head _______ _ 
203 . Fami ly size including the head: (I) below l 5 years of age _______ _ 

(2) 15-49 years 50- 64 years (3) over 64 ___ _ 

2.2. Skills and knowledge (Education, training and access to information) 

204. Educat ional attainment _ -,_-,-, ________ -, ____ _ 

205 . Do your aged children attend school? Male _ ___ Female Total ___ _ 
206. Ifnot, how many of them do not attcnd school? M ____ F ____ Total ___ _ 

207. Distance to the following educational institutions in time? 
A. Primary schools B. Secondaty schools _ _ ______ _ 

C. Preparatory schools D.TVET centers _________ _ 
208. Is there anyone in the fami ly who has got vocational training (I) Yes (2) No 
209. Have you ever heard about climate change and its impact before th is survey? ( I) Yes (2) No 

210. If yes, from whom? ( I) Training and education (2) radio and televi sion (3) from friends 
(4) from family members (5) development agents (6) kebele administrators ___ _ _ _ 

2.3. Health 

21t. Is there a fami ly member with chronic illness? (I) Yes (2) No 
2 12. Is there any family member who faced climate related death, injury, or handicap in the past 20 

years? ( I) Yes (2) No 
213. Is there anyone in the family who was absenl from school or work due to cl imate induced illness 

the past three months? (I ) Yes (2) No 
214. How often does malaria occur in your locality? (write 0 ifnot) 

215 . If you lise malaria net , how many of you do you have in your family? _ ___ (i fn ot write 0) 

216. Are you benefitted from health package? (I) Yes (2) No 
217. From where does your fami ly get treatment in times of illness? (l) Modern health institutions 

(2) Tradit ional healers (3) Not at all 
218. If your answer is 2 or 3, why? (I) Due to distance to the location of modern institutions (2) 
due to lack of awareness abollt modern medication (3) as I haven ' t any money (4) as modem 

institutions request high cost (5) other (specify) ______________ ____ _ 
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2 19. What arc the distances to the following health insti tutions in hours/minutes? 

A. Health post/cl inics B. Health centers C. Hospitals _ _ _ KM 

220. Have your children received vaccinat ion? (1) Yes (2) No 
221. If not, why not? __________ __________ _ 

222. Do you have toilet facility to your fam ily? ( I) Yes (2) No 
223 . Ifnot , why not? _ _ ________________________ _ 

2.4. Fooel anel Nutrition 

224. I-lave you faced food shortage per year? If yes, mention the number ofmonth5 on average? __ 

225. What arc the coping stratcgics you use in times of food shortages? (I) scll ing ani mals (2) 

selli ng ornamcnts and house utcnsi ls (3) food aid/safety nct (4) doing daily labor works (5) 

rcla tives/ friends/creditlhelp (6) seasonal migration (7) other (specify) ___ _ 

226. How Illllch time it takes to reach the food market? ______ minutcs/hours. 

227. How often do your family members take food on average per day? - -----c---
228 . Ifless than 3 meals per day, what is/are the reason(s)? (I) Food shortage (2) Due to cultural 
proh ibit ion (3) other (specify) ______________________ _ 

229. How many food items docs your family take on average per day? _ _ _________ _ 

230. Have you given special attention for children, pregnant women, and sick people for thei r 

food? ( I) Yes, I have special atten tion (2) No, it is similar to othcrs 

23 1. Based on local wealth category, what is your status? ( I) Wealthy (2) Medium (3) Poor 

3. Natural Canital 
3.1. Farmland r elated questions 

301. How many hectares of land do you own? (Ifyoll do not own. write 0) 

Private Rented sharccropped _ __ other (spec iry) Total __ _ 

302. If you own privatc land. how did you get it? (I) through government redistribu tion (2)by way of sharing 

from parents (3) through inheritance frol11 parents (4) for being gifted from relatives/fri ends (5) other __ 
303. Number of plot you own? ____________ ________ _ 

304. Majority of your farmland topography: (I) plain (2) rugged/mountainous 

305. Your farm land erosion intensity? (1) High (2) Medium (3) Low 
306. YOllr fa rmland fertility status: ( I) Fertile (2) Medium (3) Poor 

307. To protect your farmland from erosion, what methods do you lIse?: (I) terracing (2) on-farm tree planting 

(3) clIl-off drain (4) hill side te rrace (5) contour ploughing (7) other (specify) _ _______ _ 
308. Your farmland productivity as compared to the past 20 years or so: ( I) increased (2) decreased 

(3) No change 
309. What are the reasons for the increase or decrease? ________ __________ _ 

310. Can you save rood crops for drought years? ( I) Yes (2) No 
3 11. Can you reserve seeds for the next sowing season? ( I) Yes (2) No 

312. What arc you r sources of livestock reed? (1) Common grazing lands (2) private grazing lands (3) 
fodder (4) straw/crop remnants (5) other (specify) ______ _ _ _ ________ _ 

313. For how many months do you face livestock feed shortage? months ( if no, write 0) 

314. How do you cope up wi th lives tock feed shortage? (I) by purchasing straw and hay 

(2) by producing modern fodder (3) by purchasing industrial by-products (4) by sending to relatives (5) by 
collecting wild grass and leaves (6) other (spec ify) ______________ _ 

3.2. Forest resources 

315. What arc the sources or firewood? (I) common forests and bushes/shrubs (2) private Irees and shrubs 
(3) purchasing (4) own planted trees (5) other (speciry) -,-_ _______ --,-____ -:-_ _ _ 

316. Firewood supp ly as compared to the past 20 or more ye;:lI's? (I) better (2) worse (3) same as bcCore 

317. What is the distance to reach the sources of firewood? hours 

318. Did you plant trees in the last rainy season? (I) Yes (2) No 

319. Jfyes, what was the source of seedlings? (I) privately planted (2) purchased (3) rree offer from 
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government offices (4) other (spec ify) _____________ _ 

320. I-lave you ever got education/ training on forest protect ion and tree plan tat ion? (I) Yes (2) No 
32 1. What is the status of co mill on forests in your loca lit y? ( I) well protec ted (2) loosel y protected 

with high deforestation (3) not protected at all/open access to all 

3.3. Watcr- supplv for humans a nd animals 

322. What are tbe sources of drinking water? ( 1) pipes (2) natural sources/rivers, streams, ponds) 
(3) other (specify) __ ,-----,---_______ -,--__________ _ 

323. Are developed watcr sites functional in your loca lit y? (\) not built (2) built and functional 

(3) bui lt but not fu nct ional 

324. Is the water lIsed for domestic purpose pure? ( I) Yes (2) No 

325. For how many months does your fam ily face water shortage? I) in drought yea rs _ 2) in normal years 

326. How much liters of water do your fam ilies fetch per da y? ______ ---: __________ _ 

327. How much time it takes to reach the water s ite? I) in wimer 2) in summer ______ _ 

328. Area of irrigated farmland hectare (if no, write 0) 
329. If you use irrigation, how do you get water (I ) as I wa nt (2) via allocation (3) other (spccify) ___ _ 

330. Have you ever faced or heard conflict over water resources in your locali ty? (I) Yes (2) No 
331. For how many months do you face water shortage for li vestock? ( if no shorlage, write 0) 

332. What arc the strategies you employ to cope up with shortage of water for livestock? _______ _ 

4. Sourccs of livelihoods, income and expenditure 
4.1. Livelihoods 

40 1. What are the livelihoods of the family? More than one answer is poss iblc . (1) crop production 

(2) li vestock keeping (3) forestry (4) construction/carpentry (5) petty trade (6) handcraft 
(7 ) dai ly labor works (8) other (specify) _____________________ _ 

402 W ' d nte tlC pro uctlvlty of cr~ps yo u cultIvate 
Tcmporary In good In b,HJ A,·cragc Current Tcmporary tn good In bad yc~rsf A\"cr~gc Current nUlrkct 

crops YC:lTS yea rs! nUlrkct crops YC:lrs 0' prkclqt 

0' pricefqt 

Teff PCllS 

Barely Chickpea.'> 

Wheat l entil 

Maize Haricot bcan 

Sorghum Nug 

'Zcngadll' l insco.::d 

Millet Potato 

Oat Olhers 

Beans 

Put X in front of perennia l crops YOll own 
Crop type Own (X) Crop type Own (X) Crop type Own (X) 

Eucalyptus ' Timgo' Papaya 

Khat Sugar cane ' Beriberi ' 

Banana Mango Onion 

Orange Zeyltfl1 Leaves 
'Gesl/O • Coffee Othe rs 

403 PI ease menlion tle mllll b cr 0 fl' k Ivestoe : you own 
Ox Heifer Sheep/goat Hen 

Cow Bull Mule/horse 

Calf Donkey Beehive 

404. Please tell the number of draught animals you owll __________ (ifnot, write 0) 

405. If you do not have draught animal , how are you ploughing your farmland? ( I) by renting (2) by giving 
my land to sharecroppers (3) by digging (4) other (spec ify) ________________ _ 
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404. Please tell the number of draught animals you owll __________ (ifnot, write 0) 

405. If you do not have draught animal , how are you ploughing your farmland? ( I) by renting (2) by giving 
my land to sharecroppers (3) by digging (4) other (spec ify) ________________ _ 
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4.2. Sources of income 

406. From t l C ? o lowing sources of income, how much money do you earn per year on average. 
Farm income BilT/year Non-fanl1 income Birr! in year 

Sales from crop Trade 
Livestock sales Dai ly labor works 
Livestock product sa les Construction/carpeting 
Forestry product sales Handcraft 
Sa les from honey and honey produc ts Mining products(stone, sand ) 
Fruits and vegetables Safety net and related works 
Renting lands Remittance from relatives/ friends 
Others Others (speeify) 

407.How many or the fa mily members are engaged in non-farm job? __ -,-__ _ 

408. Ifno fami ly member is engaged in non-farm job, what are the reasons? 

(I) lack of mol1cy (2) no alternat ive j ob (3) lack of skil ls and knowledge 

(4) lack of implements (5) lack of market (5) other (spec ify) ________ _ 

4.3. Household expenditure 

409. What is the average households ' cxpenditure, excluding agri cultural input expenses? (A) food: crop 
___ _ salt & ' berberi' other sub-to tal ______ _ 

(8) cloth ____ eel education ____ (D) mcdicat ioll _____ (E) transport ____ _ 

(F) other (specify) Total ________ _ 

s. Phvsical Capital 
5.1. Shelter 

501. House walls are made of ( I) wood/mud/thatch (2) stone and mud (3) cement Ilnci stone 
(4) other (speeify) ____________ _ _______________ _ 

502. House roof made o f (I) iron sheet (2) thatch (3) other (spec ify) ______________ _ 

503. Topography of your house: (\) pla in- free from fl ood (2) p\ain-exposed La fl ood (3) rugged/mountainous 

(4) near ri vers -exposed to fl ood 

5.2. Energy supply and usage 

504. Main source of energy for cooking: (1) firewood (2) charcoal (3) biogas (4) crop remnant (5) 

benzene (6) dung (7) leaves (8) other (speeify) ________________ _ 

505. Main source of lighting (I) firewood (2) crop remnant (3) kerosene (4) biogas (5) candle 
(6) othe r (speeify) __ -..,. __________ .,--_,.--____ --,. _______ _ 

506. When did you sta l1 to li se fllel savi ng stove? ____ (if yOll do not usc , write 0) 
507. If you don't use, what is/are the reason(s)? _ ______________________ _ 

5.3. Transport and communication 

508. What means of transport do you lise to travel to you r woreda town? 

509. Does your locali ty get all year round transport service? (1) Yes 

(I) vehicle (2 ) pack animals (3) on foot 

(2) No 

5 10. How muc h time it takes to reach public transport stationlroad? _________ _ 

511. How muc h timc does it take 10 reach public telephone center? _ ________ _ 

6. Social capital 
6.1 . Networks and relationships 

601 . How Illany relatives do YOll have in your village? (sister, brotherl father motherl ch ildren! aunt and uncle __ 

602. The degree of yo ur ties to relatives and neighbors ( I) good (2) loose/ in conn ict (3) no change 

603. Peop le 's cooperation and support cu lntre as compared to the past (\) incrcased (2) decreased (4) no change 

604. Did you get fanner-to-farmcr cxtension in the past months? (I) Yes (2) No 

605. Had you go t help from rela ti ves and neighbors in the past 6 months? ( I) Yes (2) No 

606. Did you borrow money from relatives/neighbors in the past 6 months? (\) Yes (2) No 

607. Did you lend money to relatives and neighbors in the past 6 months? (I) Yes (2) No 
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6.2. Organizational affiliations 

608 f f . Put x III ront 0: grOU)5 to wille 1 you belong to 
Type ofea niza tioll rut (X) Type of organization 
Kebele Counci l Cred it and Saving 
Fanners ' Cooperatives Work Team 
Water Users Association Re ligious 
Water Committee Other 
Watershed Committee 
Land Administration Committee 

609. Is there a fa mily member holding kebele posit ion? 
610. Do community-based groups and NGOs contribute to development? 

Part 7. Institutional suuport 
7. t . Policy issues 

( \) No 
(\) Yes 

701. Do yOll feel that your land will be given for others? (\)Yes (2) No 
702. Is your land cert ified? (I) Y cs (2) No 
703. If yes, afC you encouraged by it 10 develop your land sli siainably? 
704. Do YOli ge t cun'en! information on government pol icies and strategies? 
705. Do government policies bring significant changes in your life? (I) Yes 

(\)Yes 

( \ ) yes 

(2) No 
706. What is the status ofNGOs intervention to improve the li ves of the people? 

(I) encouraging (2) discouraging (4) neutral 

7.2. participation. Leadership. and service delivery 

r ut (X) 

(2) No 

(2) No 

(2) No 
(2) No 

707. How do YOll evaluate the decisions and services given by your kebeJe leaders? (I) encouraging 
(2) di scourag ing (3) neutral 

708. Do you participate in your kebele leaders' election? ( 1) Yes (2) No 
709. lf not, why not? _ _ __________ _________________ _ 

710. Do your good practices and views raised accepted by the kebelc leaders and expcrts? ( I) Yes (2) No 
7 11. I(nul , why nOl? _ ____________________________ _ 

712. How often have you been visited by extension agents in a cropping season? (if not, write 0) 
713. Time taken to arri ve at the kebeJe office of agriculture? 
7 14. Ti me ta ken to arrive at the nearest veterinary cl inic? _______ _ 

7.3. Credit Access 

715. Are there cred it fac ilities in you r kebele? (\) Yes (2) No 
716. Amount of money borrowed from credit providers in the past five years? ______ (if not , write 0). 

717. How do you evalua te credit procedures? (I) Fast (2) tiresome (3) neutral 
718. Time taken to arrive at credi t insti tUl ions? _____ _ 

7.4. Input Provision 

719. Distance to the following sourccs of input measured in timc? Fert ilizers _ -:-________ _ 
pesticides/herbicides improved seeds improved livestock species ______ _ 
720. How many k.g. of modern fert ilizer do you use per year? UREA DAP ____ Total _ _ _ 
72 1. What is the average agricultura l expendi ture? for in pu t ____ for livestock purchase ____ for 
faml implements other (spec ify) tOlal ____ _ 

7.5. Output markets 

722. Are there beller market facilities to sell your products? (I) Yes (2) No 
723. Time taken 10 reach the prodllet markets? ____________________ _ 

Part 8. Fanners ' perception to climate va riabilitv and climat e cha nge 

80 1. Temperature conditions in your locality: ( I) increased (2) decreased (3) no change (4) I have no idea 
802. What are the impacts of tempera ture increment in your locality? 

(I) crop pests: diseases and weeds inc reased 
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(2) human and livestock diseases increased 

(3) changes ill land use and cropp ing patterns 

(4) increase in extreme weather events (drought, nood) 

(5) water resources reduced and totally dri ed up 

(6) pasturelands deteriorated 

(7) bringing changes in livelihoods 

(8) food shortagelinsecurity increased 

(9) negative impacts on overall agriculture increased 

803. The rainfall of your locality frol11 year-to-year has (\) increased (2) decreased (3) become erratic 

(4) no change (5) I have no idea 

804. What are the impacts you perceived from the rainfall changes? More than one answer is poss ible. 

(I) change in crop patterns 

(2) change in land use patterns 

(3) reduced in crop and livestock productivity 

(4) crop pests and livestock diseases increased 

(5) greater impact on pasture lands 

(6) increased rainfall intensity and hence soil erosion 

(7) increase in extreme weather events (drought, flood) 

(8) water bodies dried up and reduced in volume 

805. What were the fi·equencies of the extreme events in your locality ovcr the past 10 years (if nOl, write 0). 

drought _______ _ floods _____________ _ li vestock disease ____ _ 

hailstorm ____ ___ _ crop pests ______ _ 

crop diseases human diseases _---= __ __ 
806. What are the numbers of livestock died in the past five years? Ox cow -, ____ _ 

calf sheep/goat ____ heifer Inule/horse ____ hen ____ donkey ___ _ 

Pa rt 9: Adaptation strategies to climate change impacts 

The purpose of this section is to identify the adaptation strategies used by famers to reduce the impact of climate 

change and the determinants of their choices. 

901 Put an "X" in from of each adaptation strategy and then put the most adopted strategies in rank order 
Types ot"adaptation What arc the problems to use these strategies? 

Manure and (I ) no livestock (2) used for fue! (3) my land docs 1101 need it (4) no private land 
compost (5) shortage of male rial (6) lack of know ledge (7) other 

Modem fel1ilizers (I) lack of money (2) lack ofinfonnation (3) lack of know-how (4) my land docs nOI need it (5) high priees 
(6) less output (7) other 

Pesticides (1) lack ofmoucy (2) lack of infOn11ation (3) lack ofknowledge (4) high price (5) shonage of supply 
(6) not eRective (7) usc traditional solutions (8) Othcrs 

Herbicides I) J<lck ufmoucy (2) lack of information (3) lack ofkllOW-how (4)h ighcrprice (5)llOt effect ive 
(6) 1 u~e weedin.c. (7) othcr 

Di versifying nOI1- (1) lack ofknowlcdge (2) lack ofmoncy (3) lack ofnwrkct (4) lack ofinf01lllation (5) shortage ofland 
fann activities (Ci) shortagc of labor force (7) lack of alternative job (8) other 

Diversifying crops (I) lack of knowledge (2) lack ofmoncy (3) lack of market (4) lack of information (5) shortage of land 
(6) shortage of labor 

(7) lack of oxen (R) other 

Using improved (I) lack of knowledge (2) lack of money (3) lack of supply (4) lack ofinlomlUtion (5) shortage of 
seeds land (6) shortage of labor (7) high price (8)not effective (9) my kllld does not need improved seeds 

change planting (1) lack of seed (l) no oxen (3) sh0l1age oflabor (4) lack of money (5) other 
dates 
Replanting (1) lack of seeds (2) no oxen (3) shortage of labor (4) other 
Irrigation ( I) no suitable Innd (2) shortage of labor lorce (3) lack of money (3) lack of ski ll and knowledge 

Water harvesting (1) shOl1age of labor IOfCC (2) the land is not suitable (3) lack of skill and knowledge (4) lack ofllloncy 
Othcr (spec ify) . 

Construction of (1) Shortage of labor (2) lack of knowledgc (3) no watcr potent ial underground (4) others _____ 
wa ter wells 
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Diversifying (I) shortogc orlobor lorce (2) lack of feed (3) lack of knowledge 
livestock 
Usc of improvcd (I) lack of money (3) higher price (5) no supply (7) lack ofknowkdgc 
livestock spec ies (2) lack of information (4) not effective (6) lack of feed food (li) others 

Use of improved ( I) shorta ge of labor force (2) lack of fodde r seeds (3) not cffective (4) lack ofknowlcdge 
fodders (5) land shorta 'e (6)" other '(;nec ifv) 
Construct ion of (I) labor shortage (2) insecure land ownership (3) I don', own private land 
terraces 
Planlin' trees (I) rain shonage (2) my land is not suitable (3) lack of seedlings (4) olher 
Changing to ( I) lack of information (2) sh0!1age ofelleap crops (3) my {;1rlll land is lIot suitable for cheap crops 
cheap food items (4) other (specify) 

Seasonal (I) no one to take care of family (2) I don't have information ahOllt places wi tl lJob oppor1tm ity (3) other (spccify) 
migration 
OthcrTsl)eciTv) other (specify) 

902. Plcasc mcntion somc ofthc bcst adaptation practices for your locality? _____________ _ 

903. What should the farmcrs do to overcome the negative impacts of c1imatc change on their livclihoods? _ _ 

904. What should bc the role of governmenta l and non-governmental organizations to reducc elimatc changc impacts? 

Thank you for your cooperation!! 

Annex (lb) : Interview Questions to Agricultural experts and DAs 

1. What are the 1110st frequently occurri ng climatic events that affecl agricultura l production negativel y? 

2, What do you think about the inlluence of c limate variabilit y on the agricultural sector? 

3. Do you have the necessary tec hnologies that wou ld enable farmers to boost their agricultural production? 

4. Do YOli think the famers in your district (woreda) are submissive to your education? 

5. Do you support the fanners by providing selected seeds and better animal spec ies? 

6. To what extent arc you aware of the current climatic situat ion of your dist ri ct (wnreda) in particular and 

the nation in gcne ral? 

7. What are the major adaptation strategies that you educate the fanners to employ? 

8. Do you think incentives provided from the govern ment encoura gc farmcrs to cope lip with cli mate related 

problems? 

9. How do you eva luate government policies and strategies in relation to its effectiveness to address climate 

related problems on the agricultural sector? 

10. How would you describe the state of soil fertility of your district (lI'oreda)? 

Annex l(e): Interview Questions to Farmers 

1. Do you have awareness on the current climatic s ituations? 

2. Have yo u ever faced any type of climate related problem? 

3. Are you accessed to gain appropr iate information about climate and its impact on agriculture? 

4. How do you evaluate the tcchnologica l and educational scrvice pro vided by the government expel1S and 

DAs? 

5. How do you evaluate the efficiency or the DAs in prov iding the essent ial knowledge and skills rclated to 

agricu lnlral production? 

6. How do you eva luate government policies and strategies in relation to it s erfectiveness 10 address climate 

related problems as well as in maximizing agricultural production? 

7. To what extent do you employ modern technologies fo r agricultural production? 

8. Do you believe that the coping strategy/st rategies you apply by yourse lf is effecti ve? 

9. Are you accessed to selected crops and li vestock spec ies? How do you evaluate their rele vance? 
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7. What are the major adaptation strategies that you educate the fanners to employ? 

8. Do you think incentives provided from the govern ment encoura gc farmcrs to cope lip with cli mate related 

problems? 

9. How do you eva luate government policies and strategies in relation to its effectiveness to address climate 

related problems on the agricultural sector? 

10. How would you describe the state of soil fertility of your district (lI'oreda)? 

Annex l(e): Interview Questions to Farmers 

1. Do you have awareness on the current climatic s ituations? 

2. Have yo u ever faced any type of climate related problem? 

3. Are you accessed to gain appropr iate information about climate and its impact on agriculture? 

4. How do you evaluate the tcchnologica l and educational scrvice pro vided by the government expel1S and 

DAs? 

5. How do you evaluate the efficiency or the DAs in prov iding the essent ial knowledge and skills rclated to 

agricu lnlral production? 

6. How do you eva luate government policies and strategies in relation to it s erfectiveness 10 address climate 

related problems as well as in maximizing agricultural production? 

7. To what extent do you employ modern technologies fo r agricultural production? 

8. Do you believe that the coping strategy/st rategies you apply by yourse lf is effecti ve? 

9. Are you accessed to selected crops and li vestock spec ies? How do you evaluate their rele vance? 
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Households who haven't access (0 regular water supply 
A verage number of mon ths with water shortage 
Average liters of water used by households per day 
Time the household takes to reach drinking waler sources in minutes 
Households who reported water conflicts in their communities 
Households who have no access to irrigation water (IW) 

Sensitivity i as pop. without regular water supply i vul nerability i 
Sensitivityfas No. of months with food shortagefvulnerabilitYT 
SensitivitYT as water consumption J- vulnerability vulnerabilityT 
Sensitivity i as distance to water sources T vulnerabilitYi 
Exposure T as people reported contlict f vulnerabilitYT 
Coping-adaptive capacity i as accessed TW i vulnerability 1 

Proxies for economic capital and hypothesized relationships to vu lnerability 
Major components Explanation of specific indicators HYPl?thesi zed relationships to vulnerability 

Average farm income Coping-adapt ive capacity f as average farm income T vulnerab ili ty! 
Farm& non-farm income Agricultural income diversification index Coping-adaptive capacity f as diversificationT vulnerabil ity! 

Non-farm income diversification index 

.. _ ... _ , .. _ .. . _ ... _ .. . _ ... _ ... _ ... _ ,_ .~5>.~~~.~.~!<!.~ . ~~!~~ .~.~ . ~~.t .. g~~ _~~.I~~! .t!~.I,l_C.~ f~?!~~ , E~.~~!.i."-~.~~f~.i~.,:,.~~,. _ .. _. A~~.p.~~.t:. .~.'P.~s:.i,~'i . .t _~.~ _~~.~~! ~!~.~~.~. i!~~!.~,'!.~~~ .1_~ !'?:~!~~i.I,i ~Y:L .. 

Credit access 

Livestock ownership 

Live lihoods act ivities 

HHs who do not have access to credit in their community Adaptive capacity J.. as people without access! vulnerability 
Average money households borrowed in rhe last 5 years Adaptive capacityf as average money borrowed T vulnerabil ity 1 
Households who do not get money from credit providers Adaptive capac ity J..as people without access i vulnerab il ity 
Ti me households take to reach to credit institutions Sensitivity t as distance to extension services t vulnerability t 

_ .~ H~ _ ~y.I]5~ . ~~J?9. ~t ~.~. ! i !.~~!?~, ~ J~ ~9.~.~~.1:'!~ .s_ ~ (. ~ ~~.9.i! . ! .': ~ ~.i!~ ~~~.~.:; .. _ . ? ~.~ ?.i, ~i ,y.iy. r. . ~_s. ru~~ ~ .~.CJ?~ !!~~ .. t. Lr.~.s5?~~!e. Q~?~~ ~ I:'.~~ . t y~ .l.n~.~~_~ ,i.li ~y' !. 
Households who do not own livestock unit Adaptive capacity.! as people have no TLU i vulnerability i 
Households who do not own any draught power to plough their 
land 

_ .~ L v.e ~ ~.C?~ ,k . .9~y~l ~~ .. ~ y . ~_C?~~~ ~_C? .I .~~, .i_~ . ~ 9.t.a 1 , !.i .y.e.~~,~~ ~ . ~ ~ i ! . CI ~.l}) 
Livelihood diversification index 
Households who depend only on agriculture 
Crop diversification index 

Adaptive capacity.! as people have no draught power vulnerabil ity 

_. ~.~~.p.0~.~ .~ ,'P.a~,i,~r .. ~?s _~y~.~~_g~ )~~~. _ *. y~~ ~~~?,~j .l.i,t.Y., . _ .. , _, ... ... .. , .. _. 
Adaptive capacity i as livelihood diversity t vulnerability 1 
Adaptive capacity .J..as people depend only on agriculture! vulnerability! 
Adaptive capacity! as temporary crop diversity! vulnerability! 

Proxies for physical capital and hypothesized re lationships to vulnerability 
Major componen ts Explanat ion of specific indicators Hypothes ized re lat ionship to vu lnerabi lity 

Quality of shelter 

Energy supp ly 

Transport and telephone 

Households whose their house wall made of wood and mud Sensitivity i as qua lity of walls and roofs'! vulnerability i 
Households whose house roof made of thatch 
Households whose house located in hazard prone locations 

. ~.?u~.e~?l~s . :v~? ,~.? ~_ot. _u~~ f~.e.l .~a,,-i.n~ . ~~.<?~'~ ... 
Households who do not use modern battery/electricity 
Households entirely depend on firewood for light 

.. A ~e~a ie' t i;~ ~ . t; '~ea~ h' t·t; e' .~ ea~e st . ~c h'fc'j e-s ia ti en) fc;a {j' . 
A verage time to reach public telephone center 
Households who do not use vehicle to go to district (woreda) 
town 
Households who reported absence of transport access all the 

Sensitivi ty i as HHs reside in hazard prone locations! vulnerabilityi 

_ S~ns.!tiY.ity. i .. ?s .!-ls~ of. f~~l _saving st~v~ ..!-.y~Jn~r~~i ,Ii.~Y .r _. _ .... 
Sensitivi ty t as use of modern batlcry/cleclricity..!- vulnerabilily t 

_ .~. ~ ~~~.~ ~.i Y.i. ~ Y.. T. ~~. J~ t!~ .. ~ ~p_~~ ~. ,9.!1 .. fi ~~:\~ ~9.~. l.C?':. ~ .i.~~ ~ r . .Y~ !.'!~F~ ~! !i. ~ Y.. .'1'. _ . 
Sensitivity! as distance to reach the nearest station! vu lnerab il ity! 

Sensitivity i as people travel without vehicle! vulnerability t 

.. . ... _ ... _ .. . _ ... . ... _ ... _ ....... . ... . ... _ .. y~.a.r_ .. _ ... _ ... _ ....... . _ ... _ ... _ ... _ ... _ ... _ ... _ .. . _ ... _ ... _ .. . _ .. _ ..... , .. _ ... _ ... _ ... _ .~.~~s.i.!! .':!.t)'.J..~~ . p.~o:ple .. \'yi.t,~.n.~.~.c5.~,~S .. ':l!lX2~~1.?.Y.~.~:J . y~!~~~~~i~i~y'} 
Average distance to modern agricultural inputs Sensitivity! as distance i vulnerability t vulnerability t 
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Households who haven't access (0 regular water supply 
A verage number of mon ths with water shortage 
Average liters of water used by households per day 
Time the household takes to reach drinking waler sources in minutes 
Households who reported water conflicts in their communities 
Households who have no access to irrigation water (IW) 

Sensitivity i as pop. without regular water supply i vul nerability i 
Sensitivityfas No. of months with food shortagefvulnerabilitYT 
SensitivitYT as water consumption J- vulnerability vulnerabili tyT 
Sensitivity i as distance to water sources T vulnerabilitYi 
Exposure T as people reported contlict f vu lnerabilitYT 
Coping-adaptive capacity i as accessed TW i vulnerability 1 

Proxies for economic capi tal and hypothesized relationships to vulnerability 
Major components Explanation of specific indicators Hypothesi zed relationships to vulnerabili ty 

Farm& non-farm income 
Averagc fa rm income 
Agricultura l income diversification index 
Non-farm income diversification index 

Coping-adaptive capacity f as average farm income T vulnerab ili ty! 
Coping-adaptive capacity f as diversificationT vul ne ra bi li ty! 

.... _ ... _ , .. _ ... _ ... _ ... _ ... _ ... _ ... _ ,_ .~5>.~~~.~.~!<!.~ . ~~!~~ .~.~ . ~~.t .. g~~ _~~.I~~! .t!~.I,l_C.~ f~?!~~ , E~.~~!.i."-~.~~f~.i~.,:,.~ ~,. _ .. _. A~~.p.~~.t:. .~.'P.~s:.i.~'i . .t _~.~ _~~.~~! ~!~.~~.~. i!~~!.~,'!.~~~ . 1_~ !'?:~!~~i.I,i ~Y:L .. 
HHs who do not have access to credit in their community Adaptive capacity J.. as people without access! vulnerabi lity 
Average money households borrowed in rhe last 5 years Adaptive capacityf as average money borrowed T vulnerabil ity 1 

Credit access Households who do not get money from credit providers Adaptive capac ity J..as people without access i vulnerab ility 
Ti me households take to reach to credit institutions Sensitivity t as distance to extension services t vul nerability t 

... .... . ... .... .... .... .... .... .... .. _ .~H~ _ ~y.I]5~ . ~~J?9.~t~.~. !i!.~~!?~.~J~~9.~.~~.I:'!~ .s_ C?(. ~~~.9.i!.! .,:~~.i!~~~~.~.:; .. _. ?~.~?.i,~i ,y.iy.r.. ~_sJ!~~~~ .~.CJ?~!!~~ .. t.Lr.~.s5?~~!e.I~~?~~~I:'.~~ . t Y~.l.n~.~~_~ ,i.1i ~y.! 

Livestock ownership 
Households who do not own livestock unit Adaptive capacity.! as people have no TLU i vu lnerab ility i 
Households who do not own any draught power to plough their 
land Adaptive capacity.! as people have no draught power vulnerabil ity 

.. _. _ ... _". _ ... _ .. , •... _ ........ _.~Lv.e~~.~.~ .k . .9~y~1~~ .. ~y .~_<?~~~~_C? I.~~ . .i_~ . ~9.t.al . ! .i .y.e.~~.~~~ .~~i!.cI~.l}) . _. ~.~~.p.0~.~ .~ .'P.a~,i .~r .. ~?s _~y~.~~_g~ )~~~. _ *. y~~ ~~~?,~j .l.i,t.Y. .. _ .. , _, .......... . _ . 

Live lihoods acti vit ies 
Livelihood diversification index 
Househo lds who depend only on agriculture 
Crop diversification index 

Adaptive capacity i as livelihood diversity t vul nerability! 
Adaptive capac ity .J..as people depend only on agriculturei vulnerabilityt 
Adaptive capaci ty! as temporary crop divers ity! vulnerability! 

Proxies for phys ical capital and hyPothesized re lationships to vulnerability 
Major componen ts Explanat ion of specific indicators HyPothes ized re lat ionship to vu lnerabi lity 

Quality of shelter 

Energy supp ly 

Transport and telephone 

Households whose their house wall made of wood and mud 
Households whose house roof made of thatch 
Households whose house located in hazard prone locations 

. ~.?u~.e~? l~s . :v~? .~.? ~_ot._u ~~ f~.e.I .~a,,-i.n~ . ~~.<?~'~ ... 

Sensitivity i as qua lity of walls and roofs'! vulnerabi lity i 

Sensit ivi ty i as HHs res ide in hazard prone locationst vulnerabilityi 

Sensitiyity i .. ?s .!-ls~ of. f~~l _saving st~v~ ..!-.y~Jn~r~~i ,Ii.~Y .r _. _ .... 
- S~ns';ti ;i ty' t as use of modern batlery/cleclricity..!- vulnerabili ty t Households who do not use modern battery/electricit y 

Households entire ly depend 011 firewood for ligh t 
" A~e~aie'ti;~~'t;'~ea~h ' t'he"~ea~est'~ch'fc'ie-statio""iro'ad 

... _ .~. ~ ~~~.~ ~.i Y.i. ~ Y.. T. ~~. J~ t!~ .. ~ ~p_~~ ~ .. 9.!1 .. fi ~~:\~ ~9.~. l.f?':. ~ .i.~~ ~ r . .Y~ !.'!~F~ ~! !i. ~ Y.. .'1'. _ . 
Sensitivity i as distance to reach the nearest station! vu lnerab il ity i 

A verage t ime to reach public telephone center 
Households who do not use veh icle to go to district (woreda) 
town Sensitivity i as people travel without vehicle! vulnerability t 
Households who reported absence of transport access all the 

.. y~.a.r_ .. . _ ... _ ... _ ...... .. _.,. _ ... _. "_." _ ... _ ... _ .. . _ ... _ ... _ ... _ .. _ ...... .. _ ... _ ... _ ... _ .~.~~s.i.!! .':!.t)'. 1. .~~ . p.~o:ple .. \'yi.t,~ .n.~ .~.c5.~,~s .. ':ill X2~~1.? .Y.~.~:_ t y~!~~~~~i ~i~y'} 
.. . ... _ ...•... _ ... . ....... . ... . ... . ... . ... - Average distance to modern agricultural inputs Sensitivity ! as distance i vulnerability t vulnerability t 
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Average a mount of modern fertilizers used by fa rme rs Adaptive capacity ias ferti lizer usage ivulne rabi lity 1 
Access to input& output mark ets Households who did not use modern ferti li zer Adap tive capac ity i as 1·1I-ls do not use i vuln e rability i 

Average a m ount of expenditure for agricu ltural inputs Adaptive capacity i as agricu ltura l expenditure! vulne rability i 

Households who have no access to product markets Sens itivityi as HHs reported market p roblem i vu lne rab il ityi 
Time taken by househo lds to reac h the nearest product markets Sensitiv ityt as dis tance to product markets t vul nerabi lityt 

Prox ies for socia l capital a nd h ypothesized relationships to vulnerabili ty 

Major c~mponenls E;(p-'-~!l ~JJto_I!_()fJijJ_ecific indicators H ypothesized relationships to vulnerabi lity 

Numbe r of relati ves in a v ill age Adaptive capacity t as number of relatives t vulnerability 1 
Households who have loose ti es with th e ir relati ves & neighbors Adaptive capacity J, as I-II-Is with loose t ics t vulnerability t 

Network & re lationship HHs who reported worse cooperation and support culture in their 
community Adapti ve capac ity J, as weak cooperation! vulnerability! 

Adaptive capaci ty -1. as HHs with no farmers ' extension t vulnerabili ty i 
Adaptive capacity J, as HHs did not get any helpt vul nerability t 
Adaptive capac ity J, as I-n-Is did not get any loan t vul nerab ilit y t 

Organ iza tional arfi li ations 

Policy 

Leadership and service 
delivery 

I-II-Is who did not get farmer·to-farmer extension in the last month before this survey 
HHs who did not get any type of help from others in 6 month before the survey 
HHs who did not get any loan from others in the pas t 6 monlhs before the survey 

_J:l_~ ~ .. :': ~.?_ ~! ~ __ 1!-'~! . ! ~_'.l~ _ !!l~_I! ~.Y_ ~ ~ _t.~~ .p.~~.~ _~ __ f!1_?~! ~~ ~~r ()!.~ _ ~h~_ ~~_ryc:Y. ___ . 
House holds who were not members of farmers' cooperatives 
House hold who were not members in credi t & saving group 
House holds who were not members of religiolls group 
Households who wcre not members of other organizations (Edir) 

. __ A~~p!i_,,":~ ':.~p!.ci!~~ _ l!.s . !"I_H.~ _~~d _n~t.. !~n_~ _ a!lY .!!I_One),_! vu~nc;r!lb~IJty.t 
Adaptive capacity J, as membe rship ..L. vulnerabi lity t 

_1j ~~_s.~h'?.1_<!~ _~~~_ ~.':l ~'.~. !}? [~n~i_ly' }:r:l_e_rn~_c: ~~_~}~~ .. ~<:P~(~ p'?~i_t}.q!} .. _ .. __ _ . __ .. __ .. _ .. 
Percen tage of households who feel inseeured of their farmland 
HHs not encouraged by the land certification to develop their land sustainably 
Households who have no timely information on government pol ici es 

_ .J:! ~~_s_~h,? I.<!~. ~~_~ _ ~ i.e:! . ~_~~ .! ~p.~,?~£ . ~~_c:! ~ JiX ~ .~X _g_~,:,~ r~ _I)!~~ ~'. ~ . Q~ v5.1.~p_1!l5.ry t yp! i.~.i S.~ __ . __ 
Househo lds who are not happy with their local leaders' decisions and services 
Households who did not participate in their leaders' election 

Average number of visits to farmers by DAs in a cropping season 
House holds who have never been visited by DAs in a cropping season 
Time households take to reach to the office of extension serv ices 
Time households take to rcach to thc nearest veterinary c li nic 

__ ~~_~p.0y~ _ ~.~P~~i~Xr.1. . ~~.~ ~~_ :y.i.t!J .. z:t.? .(>.?~! !i_,?~+, .~u. !'.!~_~~~.i-'i~x 1 .. 
Adaptive capacity as insecure HHS tvulnerability t 
Adaptive capacity..!.. as HH S not encouraged t vulnerability i 

Adaptive eapacily..!..as HHS with no ti mely infot vulnerabilityt 

_~~_~p.0y~_~al?a~i~y.+, ~~ ~~~ }iX<: . ~1_<!~}t!!P~C!v~~ .1 v~l~~r~~il}~¥t _ 
Adaptive capacity J. as unhappy HHs t vulnerabil ity t 

Adaptive capac ity..!.. as participation..L. vulnerability t 

Adaptive capacity -1. as frequency of visits -1. vulnerability i 
Adaptive capacity J. as Nil.. ofI-f I-ls not visi ted"!" vulnerability t 
Sensitivi ty t as (tistance to ex tension servicest vulnerab ili tyt 
Scnsitivityt as distance to veterinary clinic t vulnerability t 

Cl imate variability/ change and extreme event indicators 

Major components 
Te mperature---

Ra in fall 
Hazards Frcqueney 

E...Epianations of specific indicators J:!yp_othesized relationsh ip to vulnerability 
Mean standard dev iation of tile daily avcrage max imu m temperature by month Exposure t as maximum TQ variabili ty t vulncrab ility 'i 
Mean standard deviation of the daily average minimum temperature by month Eltposuret as minimum TQ variabili tyt vulnerability t 
A ve rage monthly standard deviation of rainfall (1980-20 II) Exposure l' as rainfall deviation t vulnerability t 
A verage number of hazards occurred in the past 10 years Exposure t as freq uency of drough ts t vu lnerabil ilY ! 
Reported death of lives tock in the past 5 years Sens it ivity! as death of livestock! vulnera bility t 
Households who repoT\ed their family members face"; injury/death by climate hazards Health Sensitivity ias injury and dcathivulncrability T 

Source: Author' s compilation based on Moss et aI. , 200 I; Hahn et aI., 2009; Lamiehhane, 20 I 0; Temesgen et a l. 2009, Temesgen, 20 I 0 and others) 
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A verage amount of modern fert il izers used by farme rs Adaptive capacity ias fertilize r usage ivulnerability 1 
Access to input& ou tput markets Households who did not use modern fert ilize r 

Average amount of expenditure for agricultura l inputs 
Households who have no access to product markets 

Adaptive capacity t as HHs do not use i vulnerability i 
Adaptive capaci ty i as agricultural expenditure 1 vu lnerability i 
Sensitivityi as HHs reported market problem i vul nerabili tyi 
Sensi tivityi as distance to product markets i vulnerabi lityi T ime taken by househo lds to reach the nearest product ma rkets 

Proxies fo r socia l capital and hypothesized relationshi ps to vulnerability 
Major components Explana tion of specific indica tors HyPothes ized relat ionships to vulnerabi lity 

Number of relati ves in a village 
Households who have loose ties with their relatives & neighbors 

Adaptive capac ity i as nu mber of relati ves i vulnerability 1 
Adaptive capacity J. as HHs with loose tics t vulnerabili ty i 

Network & re lat ionship HHs who reported worse cooperation and support culture 
communi ty 

in the ir 
Adaptive capacity J. as weak cooperal iont vulnerabilityi 
Adaptive capacity! as Hl-Is with no farmers ' cxtension t vulnerability t 
Adaptive capacity J. as HHs did not get any helpt vulnerability t 
Adaptive capacity J. as HHs did not get any loani vulnerabil ity t 

Orga ni zationa l affiliations 

HHs who did not get farmer·to·farmer extension in the last mont h before this survey 
HHs who did not get any type ofhe\p from others in 6 month before the survey 
HHs who did not get any loan from others in the past 6 months before the survey 

..... Ij .~ § .. ~':~.?_ ~ ! ~ .. ~ _~! .! ~.~~ .!!l ~.T! ~.'L ~ ~ _ t.~~ .p.~~.~ _~ .. '!l.?~ ~~~ . ?~( ~!~. ! ~~_ ~.~ !:,ry .. _ 
Hou!ic holds who wcrc not members of farmers' cooperatives 
Hou!ichold who were no t membe rs in credit & sa vin g group 
Houscho lds who werc not members of religious group 
House ho lds who were not members of other organ izations (Edi r) 

... _Ad!,-pttv.l? £~P~~!~l* . ~~ .~.l:I.~ .~~d _ ~~~ !~.n.~ . ~!:lY . lPp.n_~y.t vu~n~r~~i IiIY.t 
Adaptive capacity J. as membership J. vulnerability t 

.. _ ... • .. .• ... • ... • ... • ... • ..... 1j~!-,_s.c:.I~5? I.c!~. ~~?}I:~ Y.~ . ~~ . [~~_i.I'y _J!l.<:"'T!~_~~~_ ~Y.i!~ .~~~~(!,:p'~~i.t.i.~r:t .. _ .. _ .. . _ ... _ ... _. . .. _~~_~p'~i Y~_~.<.tp~~i!y.~ .. ~~ .~ !"!~. :y.i.t.~ .I.l~ .p~.~!~i.?~+ .. ~~.!~?~~~. i.1l!y. T ... _ 
I>olicy 

Leadership and service 
delivery 

Percentage of households who feel inseeured of their farmland Adaptive capacityJ. as insecure HHS t vulnerability t 
HHs not encouraged by the land certification to develop their land suslainably Adaptive capacityJ. as HHS not encouraged t vul nerability i 
Households who have no timc ly information on govcrnmcnt policies Adaptive capae ityJ.as HH S with no ti mely infoi vulnerabilityi 

.. .':! ~~_s.~.ll? I.c!~ . ~~? _ ~. i. ~ . I.l:~ ~ . ! ~1"!P'~5? .":'~ . ~!~e:\ ~ ..I.i.( <: .~X .g.<?v~!:r:t.I!!.~!"! ~'.~ . £I~ y_e.l.?p.l!I~ .~.t Y .?! i.~.i S~ . _ .... _ ~ ~.a. p' 0 ~e _ ~.a pa~ i ~ y.~ .. ~~ !"! ~ .S -' iX ': I.l~ ~ . i. tnp.~,!v~~ .! ':I;:I! .~ ~r~ ~i 1.1 ry t 
Households who are not happy with thei r local leaders' dec isions and services Adapt ive capacity J. as un happy HHs t vu lnerability i 
Households who did not partici pate in their leaders' elect ion Adaptive capac ity.!. as partic ipation J. vulnerability i 

Avcragc numbcr ofvi5il5 to farmers by DAs in a cropping scason 
Households who have neve r been visited by DAs in a cropping season 
Time households take to reach to the office of extension services 
Time households take to rcach to the nearest vcterinary clinic 

Adaptivc capacity! as frequency of visils ! vulnerability i 
Adaptive capacity J. as N!.1.. of HHs not visited J. vulnerability t 
Sensi tiv ity t as distance to ex tension servicesi vulnerab ilityi 
Sensitivi ty! as distance to vetcrinary clinic i vulnerability t 

Cl ima te variab ili ty/change and extreme event indicators 
Major cotl}P:onents 
Temperature 

Ruin fall 
Hazards Frequency 

Exp lanations of specific indicators Hypothesized relationship lO vulnerability 
Mean standard deviation of the daily avcrage maximum tcmperature by month Exposure t as maximum TQ variability i vul ncrability t 
MC:ln standard dc"i:llion oflhe daily 3vcr3gc minimum tcmpcmtme by month Exp05urci" as minimum T.Q vari3bilityi vulnerability i 
A verage mon th ly standard deviation of rainfa ll (1980·20 I I) Expos ure t as rainfall deviation i vulncrabil ity i 
A verage number of haza rds occurred in the pas t 10 years Exposure t as frequency of droughts t vulnerabi lity t 
Reported death of livestock in the past 5 years Sensitivity t as dea th of livestock t vu lnerability t 
l'louscholds who reportcd their family mcmbi:rs faced injury/death by climate hazards He3lth Sensitivity ias injury and dcathivulnerability i 

Source: Author's compilation based on Moss et aI. , 2001 ; Hahn et aI. , 2009; Lamiehhane, 2010; Temesgen et ai. 2009, Temesgen, 201 0 and others) 
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Annex 3 : Normalized vulnerability indices for major components and indicators 
Indicators of , 'ulnerability De}!u Wl deJ!u Kv lu 

I. Human cap ita l Unit Observed Max Min VI Observed Max Min LVI Observed Max Min LVI 
1.1. Health indicators 

Distance to the nearest health post/center Minute 43.70 550 2.00 0.07 100.9 550 2.00 0.18 131.84 550 2.00 0.23 
Average distance to hospital K.M. 27. 11 250 8 0.08 5 1.57 250 S 0.18 164.29 250 8 0.65 
HHs in wh ich at least one chronically ill member % 8.5 100 0 0.09 20.3 100 0 0.20 36.1 0 100 0 0.36 
HHs faced with in ·urv/death of family member(s) % 1.6 100 0 0.02 45. 1 100 0 0.45 32.30 100 0 0.32 
HHs whose member missing work/school due to 
climate change induced illness % 7.8 100 0 0.08 3 1.6 100 0 0.32 37.3 100 0 0.37 
HHs who reported malaria in their local ity % 0 100 0 0 91 100 0 0.91 73.80 100 0 0.74 
HHs who arc not benefitted from hea lth packa~e % 9.3 100 0 0.09 36. 1 100 0 0.36 35.40 100 0 0.35 
HHs who do not use toi let fac ility % 88.4 100 0 0.88 91.1 100 0 0.92 67.70 100 0 0.68 

A l'craOe Health Vulnerabilin' 0.16 0.44 0.46 
1.2. Skills and knowledge indicators 

Years spent 0 11 education (inverse index) Year 0.99 1 0 0.91 0.88 I 0 0.92 0.69 1 0 0.94 
HH s whose head never attended formal school % 76.7 100 0 0.77 78.2 100 0 0.78 85.90 100 0 0.86 
Inverse of farming experience index Year 45.5 4 85 26 0.75 48.6? 85 26 0.723 48.27 85 26 0.73 
HHs whose family never got vocational !raini ng % 86.8 100 0 0.87 89.5 100 0 0.90 88.6 100 0 0.89 
HHs do not have info about climate chan"e % 59.7 \00 0 0.60 21.1 100 0 0.21 42.6 100 0 0.43 
A vera"e distance to educational institutions Minute 74.67 570 15.5 0.14 136.49 570 16 0.21 303.44 570 15.5 0.52 

A, 'era"e skills and know ledoe Vulnerability 0.70 0.68 0.74 

1.3. Demol!raohic indicators 
Dependency ra tio Ratio 0.80 0.80 0 .60 0.61 0.85 0.85 
Fema le headed households % 14 100 0 0.14 20.3 100 0 0.20 22.8 100 0 0.23 

Famil y size in a household NO. 5.64 17 1 0.29 6.70 17 1 0.36 5.88 17 1 0.31 
Avera~e demooraphic , 'ulncrability 0.41 0.39 0.46 

1.4 . Food and nut rit ion indicators 
Nu mber o f food insu ffic ient months in a year Month 4 12 0 0.33 3.143 12 0 0.26 5 12 0 0.42 
HHs who t:lced food shortage per year % 96.9 100 0 0.97 9 1.7 100 0 0.92 98. 1 100 0 0.98 
Food diversi fication indcx (i nverse) No. 2.47 1 0 0.41 2.36 0.42 2 0.50 
HHs whose members eat < 3 food items/day % 54.3 100 0 0.54 66.7 100 0 0.67 90.7 100 0 0.91 
HHs whose family members eat less 3 meals/day % 20.2 100 0 0.20 14.3 100 0 0. 14 66.2 100 0 0.66 

HH s who arc unable to save crops for conti ngency % 89.1 100 0 0.89 88.6 100 0 0.89 96.2 100 0 0.96 
Distance to food market Min 50.96 780 3 0.06 138.59 780 3 0.17 163.59 780 3 0.21 

Households who eate"orized themselves poor % 24.8 100 0 0.25 29.3 100 0 0.29 63.9 100 0 0.64 
Averaoe food and nutrition vulnerability 0.46 0.47 0.66 

2. N atural Capital 

2 . 1.land resou rce indicators 
Inverse o f private landholdin ' index Hectare 0.784 5 0 0.86 1.818 5 0 0.73 0.799 5 0 0.86 

Inverse of total landholding index Hectare 1.1 12 8 0 0.88 2.043 8 0 0.82 \.046 8 0 0.88 

I·II-Is· land in rUI!!!edlMt terrai n location % 36.4 100 0 0.36 22.6 100 0 0.23 65.4 100 0 0.65 
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Annex 3: Normalized vulnerability indices for major components and indicators 
Indicatol"S of "ulnerabilit)' De!!u Wlde!!a Kola 

I. Human capital Un it Observed Max M in VI Observed Max Min LVI Observed Max Min LVI 
1.1. Health ind icators 

Distance to the nearest health post/center Minute 43.70 550 2.00 0.Q7 100.9 550 2.00 0.18 131.84 550 2.00 0.23 
Average distance to hospital K.M. 27. 11 250 8 0.08 5 1.57 250 8 0.18 164.29 250 8 0.65 
HHs in wh ich at least one chronically ill member % 8.5 100 0 0.09 20.3 100 0 0.20 36. 10 100 0 0.36 
HHs faced with in ·urv/death offamilv member(s) % 1.6 100 0 0.02 45.1 100 0 0.45 32.30 100 0 0.32 
HH s whose member missing work/school due to 
climate change induced illness % 7.8 100 0 0.08 31.6 100 0 0.32 37.3 100 0 0.37 
HHs who reported malaria in their localitv % 0 100 0 0 91 100 0 0.9 1 73.80 100 0 0.74 
HH s who aTe nol benefitted from health package % 9.3 100 0 0.09 36. 1 100 0 0.36 35.40 100 0 0.35 
HHs who do not use toilet facility % 88.4 100 0 0.88 91.7 100 0 0.92 67.70 100 0 0.68 

Ave raoc Health Vulnerabilitv 0.16 0.44 0.46 
1.2. Skills and knowlede.e indicators 

Years spent on education (inverse index) Year 0.99 1 0 0.91 0.88 1 0 0.92 0.69 1 0 0.94 
HHs whose head never attended formal school % 76.7 100 0 0.77 78.2 100 0 0.78 85.90 100 0 0.86 
Inverse of fanning experience index Year 45.54 85 26 0.75 48.62 85 26 0.723 48.27 85 26 0.73 
HHs whose family never got vocationallraining % 86.8 100 0 0.87 89.5 100 0 0.90 88.6 100 0 0.89 
HHs do not have info about climate change % 59.7 100 0 0.60 21.1 100 0 0.21 42.6 100 0 0.43 
A verage distance to educational institutions Mi nute 74.67 570 15.5 0.14 1J6.49 570 16 0.2 1 303.44 570 15.5 0.52 

A,'e("3oe skills and knowledge Vulnerabilit), 0.70 0.68 0.74 
1.3. DClllot!rauhic indicators 

Dependency ratio Ratio 0.80 0.80 0.60 0.61 0.85 0.85 
Female headed households % 14 100 0 0.14 20.3 100 0 0.20 22.8 100 0 0.23 

Fam il y size in a household NO. 5.64 17 1 0.29 6.70 17 1 0.36 5.88 17 1 0.3 1 
A vcraoc demooraphic vulnerability 0.4 1 0.39 0.46 

104 . Food and nutrition indicators 
Number o r food insufficient months in a year Month 4 12 0 O.J3 3.143 12 0 0.26 5 12 0 0.42 
HHs who faced food shortage per year % 96.9 100 0 0.97 91.7 100 0 0.92 98.1 100 0 0.98 
Food diversification index (inverse) No. 2.47 1 0 0.41 2.36 0042 2 0.50 
HHs whose members cat < 3 food items/day % 54.3 100 0 0.54 66.7 100 0 0.67 90.7 100 0 0.91 
HHs whose family members eat less 3 meals/day % 20.2 100 0 0.20 14.3 100 0 0. 14 66.2 100 0 0.66 

HHs who are unable 10 save crops for cont ingency % 89. 1 100 0 0.89 88.6 100 0 0.89 96.2 100 0 0.96 
Distance to food market Min 50.96 780 3 0.06 138.59 780 3 0.17 163.59 780 3 0.21 

Households who cate"'orized themselves poor % 24.8 100 0 0.25 29.3 100 0 0.29 63.9 100 0 0.64 
Averaoc food and lIutriti on vulnerab ility 0046 0.47 0.66 

2. Natura l Capital 

2. t.land rcsource indicators 
In verse of private landholdin .. index Hectare 0.784 5 0 0.86 1.8 18 5 0 0.73 0.799 5 0 0.86 

Inverse of total landhold in .. index Hectare 1.112 8 0 0.88 2.043 8 0 0.82 1.046 8 0 0.88 

1·IHs· land in rU"'''ed/MI terrain location % 36.4 100 0 0.36 22.6 100 0 0.23 65.4 100 0 0.65 
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1·!I·ls with high farmland eros ion % 6.2 100 
Farmers with infertile fa rmland % 7.07 100 
crop yield pcr hectare inverse) Quintal 5.007 19.3 
Crop yield trend stability % 93.8 100 

Avcr age land resources , 'ulnc rabilitv 
2.2. Forest resou rce indicators 

HHs who did nOI own trees for firewood % 20.4 100 

Households who have no private trees (plantcd+N) % 68.85 100 
HHs who reDorted severe damage 011 common forests % 52.8 100 
Firewood supply trend stability % 7 100 
Dis tance to reach sources of firewood Min 11.05 480 

Avera"e fo rcst reso lll'ce vu lnerabi lity 
2.3. Water resource ind icators 

HHs who utilize water from unprotected sources % 7 100 

HI·ls do not have access to regu lar water supply % 3.9 100 
average No. of months with water shortage Month 0.05 8.5 
Inverse of average liters of water per household Liter 58.29 200 
A vcrage time to reach drink ing water sources Min 17.39 270 
Households reporting con fl icts over water % 17.10 100 
HHs who do not have access to ilTigation water % 76 100 

Avera"e water resou rce vulnel'a bilit), 
3. Ecoll omiclfilla ncia l capi ta l 
3.1. Livelihood diversifi catio n 

Inverse of livelihood di versificat ion index No. 0.29 I 
HHs who dcpcnd onl y on a ' ricultural income O/'. 85.65 100 
Crop diversi fi cat ion index (inversc) 4.05 15 

A\'('r;~"c Iivcli hood , 'ulner ability 
3.2. Income indica tors 

A vcrage farm income (invcrse) Birr 5985 60500 

Agricultural income diversification (inv) Birr 0. 17 
Non-agricultural income Birr 1187 42600 

HHs who do not have off-faml employment %a"e 62 100 
1·!I·ls who do not .oct remittance from relatives/friends %a"c 96.9 100 

A,'era"e income vulne r ability 
3.3. Credit access indicators 

HI·ls who don't have acccss to crcdit % age 3.9 100 
A vcrage money borrowed in the last 5 yrs BiIT 0.091" I 
1·!I·ls who didn't get money from lenders % .. a"e 63.6 100 

T ime to reach the nearest credi t institut ion Min 56.S 720 
1·1I·ls who reported tiresome credit procedures %a>!;c 53.S 100 

AvcJ'a tJc cred it access vu lnerabi litv 
3.4. Livestock OWllcr's hip indicators 
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16 100 0 0.1 6 45.3 
1.8 100 0 0.04 62.1 

4.322 19.3 0.5 0.83 2.766 
79.7 100 0 0.80 92.4 

0.5 1 

33.4 100 0 0.33 78.8 

57.15 100 0 0.57 89 
69.2 100 0 0.69 93.2 
78.2 100 0 0.78 98. 1 

23. 12 480 0 0.05 104.6 
0.49 

7.5 100 0 0.08 91.6 

57.9 100 0 0.58 74.5 
1.527 8.5 0 0. 18 2.405 
55.50 200 20 0.8' 65.06 
19.22 270 3 0.06 39.54 
78.20 100 0 0.78 5 1.0 
73.70 100 0 0.74 93.5 

0.46 

0.44 I 0 0.69 I 
9 1.53 100 0 0.92 93 .08 

I 0 0.89 3.49 

0.83 

9962.4 60500 0 0.84 3754.7 

0.1 0.91 0.22 
1323 42600 0 0.97 925.76 

69.9 100 0 0.70 86.3 
94 100 0 0.94 99.6 

0.87 

15.8 100 0 0.16 43.3 
0.134 I 0 0.88 0.068 

60 .2 100 0 0.60 77.2 

128.22 720 0 0. 12 378.96 
36.S 100 0 0.37 61.6 

0.43 

I ,Ufvm ;:'"' S:ldJ'I'IJ IX\-.?V 

j A.LISlI:3.AlN:l va\':.. v s;:a~ 

100 0 0.45 
100 0 0.62 

19.3 0.5 0.89 
100 0 0.92 

0.76 

100 0 0.79 

100 0 0.89 
100 0 0.93 

100 0 0.98 
480 0 0.22 

0.76 

100 0 0.92 

100 0 0.75 
8.5 0 0.28 

200 20 0.80 
270 3 0.14 

100 0 0.51 
100 0 0.94 

0.62 

I 0 0.50 
100 0 0.93 

15 0 0.96 
0.80 

60500 0 0.94 

0.82 
42600 0 0.98 

100 0 0.86 
100 0 1.00 

0.92 

100 0 0.43 
I 0 0.94 

100 0 0.77 

720 0 0.35 
100 0 0.62 

0.62 

1·1I·ls with high farmland eros ion % 6.2 100 0 
Farmers with infertile farmland % 7.07 100 0 
crQP"'yield per hectare (inverse) Quintal 5.007 19.3 0.5 
Crop yi eld trend stability % 93.8 100 0 

Average land resources , 'ulnerabilit y 
2.2. Forest resource indicators 

HHs who did not own trees for firewood % 2004 100 0 

Households who have no private trees (plantcd+N) % 68.85 100 
1·IHs who reported severe damage on common forests % 52.8 100 0 
Firewood supply trend stability % 7 100 0 
Distance to reach sources o f firewood M in 11.05 480 0 

Avera .. e fOl'cst resoUl'Cc vul ncl"ab ilit ' 
2.3. Wa ter resource indicators 

HI·ls who utilizc water from unprotected sources % 7 100 0 

HH s do not have access to reeular water supply % 3.9 100 0 
average No. of months with water shortage Month 0.05 8.5 0 
Inverse of averaee liters of waler per household Liter 58.29 200 '0 
Averaoe time to reach drink ino watcr sources Min 17.39 270 3 
Households reporting con fl icts over water % 17.10 100 0 
HHs who do not have access to irrigation waler % 76 100 0 

Averaoe water resource vuh.c.·ability 
3. Economielfinancia l capi tal 
3.1. Livelihood diversificatio n 

Inverse of livelihood diversi ficat ion index No. 0.29 1 0 
HHs who depend only on a 'ricultural income %, 85.65 100 0 
Crop diversificat ion index (inverse) 4.05 15 0 

Avera"c livelihood vu lne rabi lity 
3.2. l ncome indicators 

A verage farm inc ome (inverse) B irr 5985 60500 0 

Anricu ltural income divers ifica tion (inv) Birr 0. 17 
Non·aoricultura! income Birr 1187 42600 0 

HHs who do not have off-fanll emp loyment %aoe 62 100 0 
1·1I·ls who do not .oct remittance from relatives/friends o/ua"e 96.9 100 0 

Avc raoc income vulnerability 
3.3. Crt'dil acct'ss illdicators 

HHs who don't have access to credit %age 3.9 100 0 
A verage money borrowed in the last 5 yrs Birr 0.091- 1 0 
l·l1·ls who didn't get money from lenders o/Ila"e 63.6 100 0 

T ime to reach the nearest credi t institution Min 56.S 720 0 
1·1I·ls who reported tiresome credit procedures %a"e 53.S 100 0 

A\'('ra<Je credit acccss vu lll erab ilitv 
3.4. Livestock oWlIl'rs hip indicators 
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1.8 100 0 0.04 62.1 
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78.2 100 0 0.78 98. 1 

23.12 480 0 0.05 104.6 
0.49 

7.5 100 0 0.08 91.6 

57.9 100 0 0.58 74.5 
1.527 8.5 0 0. 18 2.405 
55.50 200 20 0.84 65.06 
19.22 270 3 0.06 39.54 
78.20 100 0 0.78 51.0 
73.70 100 0 0.74 93.5 

0.46 

0.44 1 0 0.69 I 
91.53 100 0 0.92 93 .08 

1 0 0.89 3.49 
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9962.4 60500 0 0.84 3754.7 

0.1 0.91 0.22 
1323 42600 0 0.97 925.76 

69.9 100 0 0.70 86.3 
94 100 0 0.94 99.6 

0.87 

15.8 100 0 0. 16 43.3 
0.134 1 0 0.88 0.068 

60.2 100 0 0.60 77.2 

128.22 720 0 0. 12 378.96 
36 .S 100 0 0.37 61.6 
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I·II-I s w ho don't own/less < I livestock uni t %age 9 100 0 0.09 7.7 100 0 0.08 15.6 100 0 0.16 HHs who don't own draft animal %a'e 17.8 100 0 0.18 16.7 100 0 0. 17 19 100 0 0. 19 I·II-Is who own only one draft an ima l %age 38 100 0 0.38 24.1 100 0 0.24 23.2 100 0 0.23 Livestock ownership in TLU ( inverse) TLU 3.157 17.6 0 0.85 4.180 17.6 0 0.81 3.322 17.6 0 0.84 Time to reach veterinary clinic Minute 48 .67 480 3 0.10 122.63 480 3 0.25 152 480 3 0.31 A vc raoc livestock owners hip vulnerability 
0.32 0.31 0.35 4. Physical capita l 

4.1. Shelter qualit}' ind icators 
HHs whose house wall is made of wood, mud/grass %aoc 95 .3 100 0 0.95 99.2 100 0 0.99 75 .3 100 0 0.75 HHs whose house roof made of orass %age 7 100 0 0.07 7.5 100 0 0.08 85.9 100 0 0.86 H Hs whose house located in hazard prone areas %aoe 3. 1 100 0 0.03 33.1 100 0 0.33 60.1 100 0 0.60 Averaoe shelter vulnerability 

0.35 0.47 0.74 4.2. Energy indicators 
HHs who do not usc fuel saving stove %aoe 49.6 100 0 0.50 96.2 100 0 0.96 49.4 100 0 0.49 HHs who don't use modem battery/electricirv %a~e 36.4 100 0 0.36 88 100 0 0.88 SS.2 100 0 0.88 HHs who arc entire ly dependent on firewood for liohl %aoc 53.5 100 0 0.54 0.8 100 0 0.01 47.9 100 0 0.48 AVera!!e ener!!v vu lnerab ilitv 0.47 0.62 0.62 4.3. Communication indicators 
Aver. time to reach ve hicle station/road Min 35.5 780 2 0.04 59.06 780 2 0.Q7 476.84 780 2 0.61 Time taken to reach publ ic telephone center Min 52.59 660 3 0.08 120.05 660 3 0. 18 122.76 660 3 0.18 HH s who don'l use vehicle to 00 to lVoreda town % 68.2 100 0 0.68 37.6 100 0 0.38 99.6 100 0 1.00 HH s who do not have transport access all the year % 20.9 100 0 0.21 53.4 100 0 0.53 100 100 0 1.00 Averaoe comm unication vulnerability 0.25 0.29 0.70 4.4. Access to input and outl)Ut markets 
A verage distance to reach to a<>ricultural inl?~ts Minute 71.49 690.0 3.50 0.09 11 6.69 690.00 3.50 0.16 282.60 690.00 3.50 0.39 Amount of fertilizer used (inverse) k.g 87.54 325 0 0.79 96.339 325 0 0.77 33.7 325 0 0.91 HHs who don't use modem fertilizer % 20.9 100 0 0.21 3.1 100 0 0.03 49 100 0 0.49 Anricultural input expenditure (inverse) Birr 3497 16000 0 0.82 2833.91 16000 0 O.SS 1632. 1 16000 0 0.9 1 I-IH s with no market for their products % 12.4 100 0 0.12 13.5 100 0 0.14 37.3 100 0 0.37 Time taken to reach product market Min 57.08 510 5 0.10 136.37 510 5 0.26 157.49 510 5 0.30 Average input and output market vulnerabilitv 0.36 0.37 0.56 5. Social Capita l 

5.1. Networks and re lationshi ps indicators 
Average number of relatives in a village No. 7.51 150 0 0.95 15. 19 150 0 0.9 1 8.79 150 0 0.94 I-I I-Is who have loose ties to relatives/neighbors % 22.5 100 0 0.23 54.9 100 0 0.55 62.4 100 0 0.62 Societies' cooperation/support culture % 3 l.S 100 0 0.32 74.5 100 0 0.75 73.7 100 0 0.74 I-IHs who don't get f:lrmer-to-farmer extension/month % 10.9 100 0 0. 11 31.1 100 0 0.3 1 42.4 100 0 0.42 HHs who don't oet help from relativcs/neighb/6 month % 18.6 100 0 0.19 30.1 100 0 0.30 35 100 0 0.35 HH s who didn't Jet loan from relati ves/neighl6 months % 74.4 100 0 0.74 73 .7 100 0 0.74 81.4 100 0 0.81 HH s who don't lend money in the past 6 months % 6S.2 100 0 0.68 69 .9 100 0 0.70 85.2 100 0 0.85 Avcrage nctworks and re lat ionships vu lnerabi lity 0.46 0.61 0.68 5.2. Oroanizational affil iation indicators 
HH s who arc not members of fanners' cooperatives % 

- - 72. 1 100 L~~ 0 0.72 81.2 100 0 0.81 74 .9 100 0 0.75 
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I·Ii·ls who don't own/less < I livestock unit %a·e 9 100 0 0.09 7.7 100 0 0.08 15.6 100 0 0.16 HHs who don't own draft animal %a'e 17.8 100 0 0.18 16.7 100 0 0. 17 19 100 0 0.19 
,·IHs who own only one draft animal %a~e 38 100 0 0.38 24.1 100 0 0.24 23 .2 100 0 0.23 Livestock ownership in TLU ( inverse) TLU 3. 157 17.6 0 0.85 4.1S0 17.6 0 0.81 3.322 17.6 0 0.84 Time to reach veterinary clinic Minute 48.67 480 3 0. 10 122 .63 480 3 0.25 152 480 3 0.31 Avcraoc livcstock owncrship vulncrability 

0.32 0.3 \ 0.35 4. Physical capital 
4.1. She lter Quality indicators 

HH s whose house wa ll is made of wood, mud/grass %age 95.3 100 0 0.95 99.2 100 0 0.99 75.3 100 0 0.75 HHs whose house roof made of orass %age 7 100 0 0.07 7.5 100 0 0.08 85.9 100 0 0.86 HHs whose house located in hazard pronc areas %aoe 3. 1 100 0 0.03 33.1 100 0 0.33 60.1 100 0 0.60 Avcraoc shcltcr vulncrability 
0.35 0.47 0.74 4.2. Encrf?:)' indicators 

HHs who do not use fuel saving stove %a'e 49.6 100 0 0.50 96.2 100 0 0.96 49.4 100 0 0.49 HHs who don't usc modem battery/electricity %age 36.4 100 0 0.36 88 100 0 0.88 88.2 100 0 0.88 HHs who arc ent irely dependent on firewood for light %age 53.5 100 0 0.54 0.8 100 0 0.01 47.9 100 0 0.48 Avcrane energy vulnerability 0.47 0.62 0.62 4.3. Communica tion indicators 
Aver. time to reach vehicle station/road Min 35.5 780 2 0.04 59.06 780 2 0.07 476.84 7S0 2 0.6\ Time taken to reach public telephone center Min 52.59 660 3 0.08 120.05 66Q 3 0. 18 122.76 660 3 0.18 H '·Is who don't use vehicle to go to woreda town % 6S.2 100 0 0.68 37.6 100 0 0.38 99.6 100 0 1.00 HHs who do not have transport access all the year % 20.9 100 0 0.2\ 53.4 100 0 0.53 100 100 0 1.00 Avcraoc communication vulnerability 0.25 0.29 0.70 4.4. Acccss to input and output markets 
Average distance to reach to a~icultural inputs Minute 71.49 690.0 3.50 0.09 11 6.69 690.00 3.50 0.16 282.60 690.00 3.50 0.39 Amount of fertilizer used ( inverse) k." 87.5 4 325 0 0.79 96.339 325 0 0.77 33 .7 325 0 0.9 \ HHs who don't use modem fertilizer % 20.9 100 0 0.2\ 3.1 100 0 0.03 49 100 0 0.49 Agricul tural input expenditure (inverse) Birr 3497 16000 0 0.82 2833.9 1 16000 0 0.85 1632.1 16000 0 0.9\ '·!I·ls with no market for their products % 12.4 100 0 0.\2 13.5 100 0 0.14 37.3 100 0 0.37 Time taken to reach product market Min 57.0S 5 10 5 0.\ 0 136.37 510 5 0.26 15 7.49 5 10 5 0.30 AvcralJe inpu t and output m:lrket vulncr:lbi litv 0.36 0.37 0.56 s. Social Capita l 

5.1. Networks and relationships indicators 
Average number of relatives in a vi llage No. 7.5\ 150 0 0.95 15.19 150 0 0.91 8.79 150 0 0.94 HHs who have loose ties to reiatives/nei"hbors % 22.5 100 0 0.23 54.9 100 0 0.55 62.4 100 0 0.62 Soc iet ies' cooperation/support culture % 31.8 100 0 0.32 74.5 100 0 0.75 73.7 100 0 0.74 HH s who don't get farmer· to-farmer extension/month % 10.9 100 0 0. 11 31.1 100 0 0.3 1 42.4 100 0 0.42 HHs who don't get help from relat'ives/neighb/6 month % 18.6 100 0 0.\9 30.1 100 0 0.30 35 100 0 0.35 HHs who didn't get loan from relatives/neigh/6 months % 74.4 100 0 0.74 73.7 100 0 0.74 81.4 100 0 0.8\ HHs who don't lend money in the past 6 months % 68 .2 100 0 0.68 69.9 100 0 0.70 85.2 100 0 0.85 Average nctworks and relatio nships vu lnerab ilitv 0.46 0.6 \ 0.68 5.2. Oroan iza lionai affiliation indicators 
HH s who arc not members of famlcrs' cooperatives % 72.1 100 0 0.72 8 1.2 100 0 0.8\ 74.9 100 0 0.75 
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I·II·ls who are not members of credit & saving group % 69.8 100 0 0.70 93.2 100 0 0.93 90.9 
HH s who arc not members of religious !!rOups % 8.5 100 0 0.09 53.4 100 0 0.53 )7.3 
HHs who are not member of other organizations (EdiF) % 96. 1 100 0 0.96 91 100 0 0.9 1 98.5 
HH s who have no relative with kebele pos ition % 50.4 100 0 0.50 62.4 100 0 0.62 67.7 

Average organizational affiliation \'ulnerability 0.59 0.76 
5.3. Policy related issues indicators 

HHs who feel unsecured for their fann land % 6.2 100 0 0.06 18 100 0 0.18 21.3 
1·I1-1 s who don't oct encouraged by land certificate % 12.4 100 0 0. 12 9.8 100 0 0.10 13.3 
I·II-Is who have no infonnation on gOV'! policies % 2.3 100 0 0.02 7.5 100 0 0.08 36.1 
HHs who arc dissatisfied with gov't policy % 6.2 100 0 0.06 11.3 100 0 0.11 33.8 
HHs who arc Dissatisfied with NGOs role in dev't % 33.2 100 0 0.33 12 100 0 0.12 33.8 

Avcraoe policy related issues index 0.12 0.12 
5.4. Leadership and service deliverv 

1·[1·15 who are unhappv by their local leaders' decisions % 22.5 100 0 0.23 51.2 100 0 0.51 75.3 
Hli s who don·t panicipate in local election % 7 100 0 0.07 15.8 100 0 0. 16 21.7 
1·1I·ls who were not visi ted by DAs in a cropping 
season Frcq 1.69 10 0 0.85 1.18 10 0 0.89 1 
HHs not visited by DAs in a croppin" season % 40.3 100 0 0.40 37.4 100 0 0.37 45.6 
Averaue Lcadership& sen'ice deliverv index 0.39 0.48 

6. Climate chanoe!variability and Hazards 
6. 1. Temperature variabilitv indicators 

Mean SDEV of. month ly max temperature OC 1.4 3.78 0.64 0. 24 0.64 0.97 0.3 0.5 1 0.81 
Mean SDEV of averaoe month ly min temperature OC 0.48 1.64 0.55 ·0.1 3.25 4.56 1.8 0.53 1.7 
HH s perceived increasing temperature % 86.8 100 0 0.87 96.2 100 0 0.96 89.7 
HH s perceived temperature related impacts % 43.97 100 0.00 0.44 63.91 100.00 0.00 0.64 57.24 

Averaoe temperature index 0.37 0.66 
6.2. Rainfall variability indicators 

HH s rS>2rtcd decreased rainfall % 4 1.1 100 0 0.41 27. 1 100 0 0.27 79.5 
AvcraJ,!;e monthly STDEV ofRF (1 987-20 11 ) Mm 39.42 98. 1 2.92 0.38 37.43 90.68 2 0.4 1 45.2 

HH s rcponed Erratic rainfall % 55.8 100 0 0.56 78.9 100 0 0.79 30.3 
HHs reported rainfall delicit- indllced problems °AI 36.1 5 100 0 0.36 69.64 100 0 0.70 57.83 

A veraae rainfall in dex 0.43 0.54 
6.3 . Hazard ind icators 

DrouJ,!;ht Freq 1.30 10 0 0.13 2.49 10 0 0.25 5.35 

Flood FrcQ 0.30 10 0 0.03 3.1 I 10 0 0.3 1 4.34 
Hailstorm Freq 0.90 10 0 0.09 3.72 10 0 0.37 5.01 
Crop pests Frcq 1.16 10 0 0.12 2.02 10 0 0.20 4.92 
Crop diseases FreQ 0.61 10 0 0.06 5.35 10 0 0.54 4.34 
Human diseases Freq 0.10 10 0 0.01 6.95 10 0 0.70 4.57 
Animal diseases Freq 1.23 10 0 0.12 5.26 10 0 0.53 3.78 

HHs reponed dealh ofTLU in the past 5 yrs TLU 0.82 20.25 0 0.04 1.48 20.25 0 0.07 341 
Average hazard index 0.08 0.37 

Source : Computed from the household survey da ta (March - Sept, 2012), meteorology data (1979-201 0) and some other secondary sources 
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1·"·ls who are not members of credit & saving group % 69.8 100 0 0.70 93.2 100 0 0.93 90.9 100 0 0.91 
HH s who arc not members of religious O"fOUpS % 8.5 100 0 0.09 53.4 100 0 0.53 37.3 100 0 0.37 
HH s who are not member of other organizations (Ed;!") % 96.1 100 0 0.96 91 100 0 0.9 1 98.5 100 0 0.99 
1·!I·ls who have no relative with kebefe pos ition % 50.4 100 0 0.50 62.4 100 0 0.62 67.7 100 0 0.68 

Avera2e or23 1lizalio nal affi liation vulnerabilitv 0.59 0.76 0.74 
5.3. Policy related issues indicators 

HH s who feel unsecured for their farm land % 6.2 100 0 0.06 18 100 0 0.18 21.3 100 0 0.21 
HHs who don't oet encouraged by land certificate % 12.4 100 0 0. 12 9.8 100 0 0.10 13.3 100 0 0.13 
)'II-1s who have no infonnation on gov't policies % 2.3 100 0 0.02 7.5 100 0 0.08 36.1 100 0 0.36 
HHs who arc dissatisfied with gov't policy % 6.2 100 0 0.06 11.3 100 0 0.11 33.8 100 0 0.34 
HHs who arc Dissa tisfied with NGOs role in dev'( % 33.2 100 0 0.33 12 100 0 0.12 33.8 100 0 0.34 

Avcraac )olicy "elated issues index 0.12 0.12 0.28 
5.4. Lcadership and service delivery 

HHs who arc unhappy by their local leaders' decisions % 22.5 100 0 0.23 5 1.2 100 0 0.51 75.3 100 0 0.75 
HHs who don't participate in local election % 7 100 0 0.07 15.8 100 0 0. 16 2 1.7 100 0 0.22 
I·THs who were not vis ited by DAs in a cropping 
season Freq 1.69 10 0 0.85 1.1 8 10 0 0.89 1 10 0 0.91 
HI·Is not visited by DAs in a croppino season % 40.3 100 0 0.40 37.4 100 0 0.37 45 .6 100 0 0.46 
Avera<>e Leadership& sen 'ice deliverv index 0.39 0.48 0.58 

6. Climate chanae/variabilil1' and Hazards 
6.1. Temperature variabilitv indi cators 

Mean SDEV of. monthl y max temperature OC 1.4 3.78 0.64 0.24 0.64 0.97 0 .3 0.5 1 0.81 1. 28 0.47 0.42 
Mean SDEV o f average mOl1thJy .min temperature OC 0.48 1.64 0.55 ·0. 1 3.25 4.56 1.8 0.53 1.7 2.27 1.5 0 .26 
HHs perceived incrcasin~ temperature % 86.8 100 0 0.87 96.2 100 0 0.96 89.7 100 0 0.90 

HH s perceived temperature related impacts % 43.97 100 0.00 0.44 63.91 100.00 0.00 0.64 57.24 100.00 0.00 0 .57 
Ave raae temper.lIure index 0.37 0.66 0.54 

6.2. Rainfall variability indica tors 
HHs reported decreased rainfall % 4 1.1 100 0 0.41 27. 1 100 0 0.27 79.5 100 0 0.80 
Avera"e monthl y STDEV ofRF (1987-2011) Mm 39.42 98. 1 2.92 0.38 37.43 90.68 2 0.4 1 45.2 81.2 5.3 0.56 

HHs reported Erratic rainfall % 55.8 100 0 0.56 78.9 100 0 0.79 30.3 100 0 0.30 
J'U-Is reported rainfa ll deficit- induced problems % 36. 15 100 0 0.36 69.64 100 0 0.70 57.83 100 0 0.58 

A veraae rainfall index 0.43 0.54 0.56 

6.3. Hazard ind icators 
Drought FreQ 1.30 10 0 0.13 2.49 10 0 0.25 5. 35 10 0 0.54 

Flood FrcQ 0.30 10 0 0.03 3.11 10 0 0.31 4.34 10 0 0.43 
Hailstorm Freq 0.90 10 0 0.09 3.72 10 0 0.37 5.01 10 0 0.50 
Crop pests Freq 1.16 10 0 0.12 2.02 10 0 0.20 4.92 10 0 0.49 

Crop diseases Freq 0.61 10 0 0.06 5.35 10 0 0.54 4.34 10 0 0.43 

Human diseases FreQ 0.10 10 0 0.01 6.95 10 0 0.70 4.57 10 0 0.46 
Animal diseases Freq 1.23 10 0 0.12 5.26 10 0 0.53 3.78 10 0 0.38 

HH s reported death ofTLU in thc past 5 yrs TLU 0.82 20.25 0 0.04 1.48 20.25 0 0.07 3.41 20.25 0 0. 17 
Averaoe hnard indcx 0.08 0.37 0.42 

Sou rce : Computed from the ho usehold survey data (March - Se pt, 2012), meteoro logy data (1979-201 0) and some othe r secondary sources 
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Annex 4: Multi-co linearity statistics 

Unstandardized Standardi zed 
Coefficients Coerticicnls t Sig. Col inearitv Statistics 

8 Std. Error Bcta Tolerance VIF 
(Constant) .350 .1 65 
Agro~ecology -.107 .029 -. 196 -3.719 .000 .551 1.816 
Age of the household head .002 .002 .059 1.390 . 165 .849 1. 178 
Gender oCthe household head .056 .051 .050 1.11 2 .267 .763 1.3 10 
Total famil y size .078 .029 . 124 2.677 .008 .7 13 1.403 
Education of the household head .003 .009 .01 2 .306 .760 .925 1.081 
Family member who gel training .039 .057 .028 .689 .491 .939 1.065 
Households heard about climate change -.038 .040 -.041 -.954 .340 .827 1.209 
Farmland size households own .100 .028 . 184 3.597 .000 .5 83 I. 716 
Fannland ferti lity level .097 .047 .101 2.045 .041 .630 1.586 
Access to waler for irrigati on -.171 .054 -.134 -3.160 .002 .847 1. 180 
Number of livestock in TLU .020 .011 .1 05 1.77 1 .077 .439 2.278 
Number of draught an imals .026 .029 .052 .916 .360 .473 2.114 
Farm income of households 0.00 .000 -.010 -.2 15 .830 .707 1.4 14 
Non·farm income ofhollseholds 0.00 .000 -.056 -1.348 .178 .900 1. 11 1 
Number of relati ves in a village .000 .002 .009 .208 .836 .880 1.1 37 
Farmcr·to· fanner extension .067 .043 .069 1.551 .1 21 .774 1.293 
Extension service -.021 .041 -.023 -.512 .609 .764 1.309 
Distance \0 chemical fertili zer center 0.00 .000 -.006 -.141 .888 .730 1.370 
Perception of temperature change -.108 .065 -.069 -1.666 .096 .889 1.125 
Perception to ra infall change .053 .070 .030 .748 .455 .941 1.063 

Source: Model resul! from the household survey data, March - September 20 I 2 

Annex 5a-f: Raw data for meteorology records : Temperature and rainfall data 
(a) Stat ions for illlcrpolating ra infall data for the three agro-ecologies 

Agro-ecology Gauging station Location Area of influence Weighted Men 
X (degree) Y (degree) 

Dega Dabal 37.92 12 12.9575 
Debark 37.9659 12.9575 
Maksegnit 37.55 18 12.388 65 .69 6 

Woyna dega Ayke l 37.0631 12.5584 233.65 22 
Azezo 37.4241 12.5529 287.6 27 
Gorgora 37.2969 12.2355 490.26 46 
Takusa 36.8750 12330 
Tota l 1077.2 100 
Stations Location Distance (km) We i ght i n~ 

fac lor lid 
Mekdela 38.75 11 .3964 40.75 0.000602 
Robit 38.4375 11.3964 24.53 0.00 1662 

Kola E-Sannidir 38.4375 11.0841 15.00 0.004444 
Estie 38. 125 11 .3963 63.00 0.000252 
GumdewoYIl 38.125 11.084 1 37 .59 0.000708 
Amhara Sai nt 38.75 11.0841 40.00 0.000625 

So urce: Compi led from NMA record, 20 I 2 and Gl oba l Weather Data Center ( 1979 - 20 10) 
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(b) Maximum temperature for dega by month 

Year Jan. Feb. Mar. Apr. May. Jun. luI. Aug. Sep. Oct. Nov. Dec. mean 

1979 24.31 29.12 30.12 29.98 26.81 25.84 20.74 20.85 24.51 28.11 27.97 26.63 26.25 

1980 27.84 27. 12 30.65 30.31 29.57 25.37 20.42 20.81 26.81 28.14 27.8 26.75 26.80 

1981 27.59 28.69 28.6 29.3 2 28.51 26.12 20.42 20.92 22.84 27.22 27.88 26.57 26.22 

1982 25.65 26.09 29 30.35 29 25.91 21.07 19.47 24.62 27.42 27.38 26.23 26.02 

1983 25.83 27.21 28.39 30.41 27.4 26.09 22.42 18.71 23.11 24.68 25.77 25.94 25.50 

1984 26.39 28.42 29.82 30.99 28.22 23.93 20.95 20.77 23.83 27 .65 27.03 25.79 26.15 

1985 27.88 27.47 29.52 28.72 26.11 24.44 19.51 19.36 22.84 26.01 26.42 26.02 25.36 

1986 26.51 29.12 30.18 29.35 28.85 21.69 19.22 19.61 21.92 26.53 26.93 25.68 25.47 

1987 26.65 27.68 27.22 29.28 26.11 22.37 21.59 20.49 24.04 27.67 26.66 26.6 25.53 

1988 27.17 27.2 30.22 30.82 29.57 24.6 17.5 18.95 21.89 25.16 26.85 26.05 25.50 

1989 26.8 27.68 27 28.01 28.5 24.3 20.22 20.1 23.99 26.61 28.1 26.08 25.62 

1990 26.51 26.37 29.86 29.98 30.34 26.06 20.17 20.92 23.78 27.52 27.63 27.23 26.36 

1991 27.22 29.43 29.11 29.41 29.68 26.31 19.18 20.5 24.31 26.79 27.12 26.14 26.27 

1992 26.79 27.81 30.23 30.13 29.59 24.9 20.63 17.18 22.35 24.81 25.83 25.44 25.47 

1993 26.35 26.98 29.81 28.75 27.13 23.31 19.46 19.99 23.36 25.56 27.12 26.19 25.33 

1994 27.14 28.42 30.68 31.01 29.02 23.04 17.04 18.41 22.81 27.65 27.19 26.48 25.74 

1995 27.09 27.94 29.13 30.21 28.75 26.5 18.9 20.89 23.93 27.58 27.64 26.51 26.26 

1996 27.45 29.01 28.55 30.08 26.9 21.41 19.66 19.82 23.63 26.87 26.4 25.4 25.43 

1997 27.23 28.29 29.3 29.01 29.54 24.87 20.61 21.34 26.2 25.95 26.37 27.34 26.34 

1998 27.64 28.62 30.16 32.32 28.55 25.01 18.71 18.39 Z3.14 25.51 28.24 27.26 26.13 

1999 26.35 30.54 31.33 31.25 28.43 24.73 18.56 20.47 23 23.61 26.59 26.89 25.98 

2000 27.65 28.84 31.1 29.68 29.26 26.51 21.82 20.42 25.61 27.65 28.34 27.6 27.04 

2001 27.83 29.64 30.6 31.96 30.88 24.45 21.27 20.4 26.77 28.24 28.21 27.37 27.30 

2002 27.5 30.21 31.54 31.36 31.52 27.59 24.18 22.81 26.67 29.52 28.1 28.08 28.26 

2003 29.34 30.09 31.32 32.68 31.58 25.87 21.58 20.92 26.58 29.48 28.8 27.45 27.97 

2004 28.86 29.47 32.03 31.48 31.22 26.02 22.53 22.43 26.98 29 28.68 27.89 28.05 

2005 27.54 30.86 32.32 31.63 29.71 26.28 21.82 22.24 24.96 28.49 28.08 27.44 27.61 

2006 28.76 30.71 31.12 30.31 29.44 26.95 21.36 20.32 23.79 28.03 27.63 27.25 27.14 

2007 27.46 29.37 31.38 30.81 29.74 25.44 20.36 21.5 24.3 29.08 27.7 26.97 27.01 

2008 27.87 29.41 31.15 30.29 29.9 25.95 21.62 22.21 25.03 28.23 28 27.01 27.22 

2009 28.02 29.92 31.4 31 31.44 26.5 20.4 21.55 25.55 27.2 27.62 27.4 27.33 

2010 28.19 29.5 29.87 30.2 28.22 24.67 19.79 19.12 23.22 27.68 28.49 25.08 26. 17 

Source: Interpolated from NMA and Global weather data for SWAT ( \979-20 I 0) 
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(c) Minimum lemperature for dega by monlh 

Year Jan. Feb. Mar. Apr. May. JUIl . Ju l. Aug. Sep. Del. Nov. Dcc. mean 

1979 9.58 10.34 11.97 13.53 13.53 13.64 13.33 12.65 10.9 11.19 8.77 7.89 11.44 

1980 8.27 11.29 13.38 14.77 14.66 14.11 13.28 12.59 11.5 10.76 10.2 7.63 11.87 

198 1 8.8 1 9.44 13.27 13.22 14. 19 12.7 13.58 13.76 11.22 10.16 9.65 8.3 1 I 1.53 

1982 10.27 10.45 12.83 13.47 13.76 13.27 12.75 12.69 10.65 9.91 9.56 7.69 11.44 

1983 7.03 9. 12 11.52 13.27 14. 15 13.52 12.99 13. 1 11.71 10.95 9.99 7.3 11.22 

1984 6.77 8.66 12.53 14.03 13 .87 13.3 12.64 12.51 10.96 9.73 9.84 7.94 11.07 

1985 8.17 7.57 12.68 13.65 12.89 12.63 12.37 12.25 10.74 10.33 10.35 7.3 1 10.9 1 

1986 6.32 9.89 12.37 12.68 13.53 13.64 12.42 12 10.87 9.73 9.92 7.76 10.93 

1987 7.2 1 10.05 13 .02 14.41 13.41 12.97 13.63 13.09 11.3 10.84 9.73 8.17 11.49 

1988 9.49 11.2 1 12.79 14 .23 13.81 13.05 12.88 13 .1 2 11.8 10.36 8.62 8 11.61 

1989 6.65 9.64 11.37 12. 17 12.92 12.71 13. 15 11.97 10.83 10.73 9.65 10.14 10.99 

1990 9.08 11.07 12.95 13.85 14 .73 13.3 12.71 12.36 11.57 10.57 10.33 8.36 11.74 

199 1 8.83 9.63 12.37 13.93 14 .43 13.74 12.81 12.64 11.44 10.73 9. 17 8.32 11.50 

1992 7.8 8.74 12.84 13.61 14 .23 13.22 12.66 12.4 1 10.76 10.75 10.54 8.52 11.34 

1993 8.07 9.22 11.49 14.11 13.39 12.93 12.82 12.1 11.07 11.1 3 10.44 8.16 11.24 

1994 7.59 10.44 10.7 14.84 13.68 13.43 12.69 12.27 10.7 10.36 9.25 7. 15 11.09 

1995 7.81 10.4 10.95 15.05 14.64 13.7 13.27 13.16 11.65 I 1. 15 10.27 9.99 11.84 

1996 8.59 9.87 13 .02 14.97 13.6 13.04 12.97 12.4 11.05 10.29 11.03 9.51 11. 70 

1997 9.29 9.18 13.36 13.5 13.73 13.45 13.05 12.84 11.88 12. 18 11.27 9.11 11.90 

1998 10.1 I 10.24 12.46 14.85 15.27 13.9 13.37 13.09 I I. 73 11.1 7 9.75 7.85 11.98 

1999 9.13 10.58 10.12 13.92 13.43 13. 13 12.67 12.81 11.58 10.66 8.85 8.84 1 1.31 

2000 7.62 9.42 11.61 13.82 14 .11 13.6 1 12.73 12.4 I 11.54 I 1.75 10.47 8.82 11.49 

200 1 7.54 10.07 11.88 14.42 14.44 13.95 13.56 12.82 I 1.25 12.26 9.53 9.34 11.76 

2002 9. 13 10.46 12.97 13. 12 14.29 14.46 13.49 12.65 11.62 11.47 I 1.03 9.52 12.02 

2003 8.47 11 .54 13. 12 13.85 15.5 1 14.05 13.7 12.75 11.89 11.57 10.19 8.81 12. 12 

2004 9.2 1 10. 13 11.84 14.35 13 .86 13.78 12.88 12.78 11.42 10.9 1 10.86 9.26 11.77 

2005 8.38 10.46 12.83 14.9 14.07 13.8 13.72 13.23 11.73 11.56 10.05 8.1 11.90 

2006 8.56 10.37 11.83 13.72 14.96 13.98 13.73 13.4 1 12.08 11.7 1 10.35 8.44 11.93 

2007 9.1 1 10.48 12.04 14.8 15.63 14.57 13.55 13.3 12.12 11.12 10.11 7.6 12.04 

2008 9.75 9.48 10.55 13.53 14.77 13.86 13.23 12.63 12.24 11.87 9.77 8.59 11.69 

2009 8.29 11.46 12.99 14.01 14.28 14.1 6 13.32 13.21 12.3 1 11.1 9 10.29 9.06 12.05 

2010 9.22 10.64 12.62 15.7 1 14.96 13.99 13.69 13.2 1 11.8 11.23 10.67 8.54 12.19 

Source: Interpolaled trom NMA and Global weal her dala tor SWAT (1979-20 I 0) 
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(c) Minimum lemperature for dega by monlh 

Year Jan. Feb. Mar. Apr. May. JUIl . Ju l. Aug. Sep. Del. Nov. Dcc. mean 

1979 9.58 10.34 11.97 13.53 13.53 13.64 13.33 12.65 10.9 11.19 8.77 7.89 11.44 

1980 8.27 11.29 13.38 14.77 14.66 14.11 13.28 12.59 11.5 10.76 10.2 7.63 11.87 

198 1 8.8 1 9.44 13.27 13.22 14. 19 12.7 13.58 13.76 11.22 10.16 9.65 8.3 1 I 1.53 

1982 10.27 10.45 12.83 13.47 13.76 13.27 12.75 12.69 10.65 9.91 9.56 7.69 11.44 

1983 7.03 9. 12 11.52 13.27 14. 15 13.52 12.99 13. 1 11.71 10.95 9.99 7.3 11.22 

1984 6.77 8.66 12.53 14.03 13 .87 13.3 12.64 12.51 10.96 9.73 9.84 7.94 11.07 

1985 8.17 7.57 12.68 13.65 12.89 12.63 12.37 12.25 10.74 10.33 10.35 7.3 1 10.9 1 

1986 6.32 9.89 12.37 12.68 13.53 13.64 12.42 12 10.87 9.73 9.92 7.76 10.93 

1987 7.2 1 10.05 13 .02 14.41 13.41 12.97 13.63 13.09 11.3 10.84 9.73 8.17 11.49 

1988 9.49 11.2 1 12.79 14 .23 13.81 13.05 12.88 13 .1 2 11.8 10.36 8.62 8 11.61 

1989 6.65 9.64 11.37 12. 17 12.92 12.71 13. 15 11.97 10.83 10.73 9.65 10.14 10.99 

1990 9.08 11.07 12.95 13.85 14 .73 13.3 12.71 12.36 11.57 10.57 10.33 8.36 11.74 

199 1 8.83 9.63 12.37 13.93 14 .43 13.74 12.81 12.64 11.44 10.73 9. 17 8.32 11.50 

1992 7.8 8.74 12.84 13.61 14 .23 13.22 12.66 12.4 1 10.76 10.75 10.54 8.52 11.34 

1993 8.07 9.22 11.49 14.11 13.39 12.93 12.82 12.1 11.07 11.1 3 10.44 8.16 11.24 

1994 7.59 10.44 10.7 14.84 13.68 13.43 12.69 12.27 10.7 10.36 9.25 7. 15 11.09 

1995 7.81 10.4 10.95 15.05 14.64 13.7 13.27 13.16 11.65 I 1. 15 10.27 9.99 11.84 

1996 8.59 9.87 13 .02 14.97 13.6 13.04 12.97 12.4 11.05 10.29 11.03 9.51 11. 70 

1997 9.29 9.18 13.36 13.5 13.73 13.45 13.05 12.84 11.88 12. 18 11.27 9.11 11.90 

1998 10.1 I 10.24 12.46 14.85 15.27 13.9 13.37 13.09 I I. 73 11.1 7 9.75 7.85 11.98 

1999 9.13 10.58 10.12 13.92 13.43 13. 13 12.67 12.81 11.58 10.66 8.85 8.84 1 1.31 

2000 7.62 9.42 11.61 13.82 14 .11 13.6 1 12.73 12.4 I 11.54 I 1.75 10.47 8.82 11.49 

200 1 7.54 10.07 11.88 14.42 14.44 13.95 13.56 12.82 I 1.25 12.26 9.53 9.34 11.76 

2002 9. 13 10.46 12.97 13. 12 14.29 14.46 13.49 12.65 11.62 11.47 I 1.03 9.52 12.02 

2003 8.47 11 .54 13. 12 13.85 15.5 1 14.05 13.7 12.75 11.89 11.57 10.19 8.81 12. 12 

2004 9.2 1 10. 13 11.84 14.35 13 .86 13.78 12.88 12.78 11.42 10.9 1 10.86 9.26 11.77 

2005 8.38 10.46 12.83 14.9 14.07 13.8 13.72 13.23 11.73 11.56 10.05 8.1 11.90 

2006 8.56 10.37 11.83 13.72 14.96 13.98 13.73 13.4 1 12.08 11.7 1 10.35 8.44 11.93 

2007 9.1 1 10.48 12.04 14.8 15.63 14.57 13.55 13.3 12.12 11.12 10.11 7.6 12.04 

2008 9.75 9.48 10.55 13.53 14.77 13.86 13.23 12.63 12.24 11.87 9.77 8.59 11.69 

2009 8.29 11.46 12.99 14.01 14.28 14.1 6 13.32 13.21 12.3 1 11.1 9 10.29 9.06 12.05 

2010 9.22 10.64 12.62 15.7 1 14.96 13.99 13.69 13.2 1 11.8 11.23 10.67 8.54 12.19 

Source: Interpolaled trom NMA and Global weal her dala tor SWAT (1979-20 I 0) 
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(d) Temperature da ta fo r Woyna dega interpolated fj'om Gorgora and Azezo stations 

Year GTmin GTmax GarTmin GorTmcan GTmcan GorTmean mean Tmax Tmin Tmean 

1979 13.40 26.55 12.1 7 19.94 19.98 19.937 19.96 27.1 3 12.78 19.96 

1980 13.08 26.47 12.51 20.48 19.78 20.482 20.13 27.46 12.80 20.13 

1981 13.15 26.25 12.02 19.65 19.70 19.645 19.67 26.76 12.59 19.67 

1982 13.28 26.73 12.00 19.62 20.00 19.620 19.8 1 26.98 12.64 19.81 

1983 13 .54 26.78 12.09 19.53 20.16 19.529 19.84 26.87 12.82 19.84 

1984 12.96 25.85 11.73 19.74 19.40 19.745 19.57 26.80 12.35 19.57 

1985 13.56 26.25 11.59 19.37 19.90 19.375 19.64 26.71 12.57 19.64 

1986 12.25 26.38 11.67 19.38 19.32 19.379 19.35 26.73 11.96 19.35 

1987 12.84 26.23 12 .34 19.77 19.54 19.770 19.65 26.72 12.59 19.65 

1988 11. 17 25.83 12.13 19.49 18.50 19.492 19.00 26.34 11.65 19.00 

1989 12.33 26.76 11.46 19.07 19.54 19.068 19.31 26.72 11.89 19.31 

1990 13.58 26.77 12.1 5 19.99 20.17 19.993 20 .08 27.30 12.86 20.08 

1991 13.8 1 26 .3 3 12.20 19.87 20.07 19.874 19.97 26.94 13.00 19.97 

1992 13.76 26. 13 12.07 19.54 19.95 19.536 19 .74 26.57 12 .91 19.74 

1993 14.23 27.03 11.66 19. 11 20.63 19.1 13 19.87 26.80 12.94 19.87 

1994 14.38 27.26 11.87 19.55 20.82 19.545 20.18 27.24 13 . 12 20. 18 

1995 14.02 26.61 12.35 19.89 20.31 19.893 20. 10 27.02 13.19 20. 10 

1996 13 .79 26.99 12.19 19.46 20.39 19.460 19.92 26.86 12.99 19.92 

1997 13.45 27.42 12.37 19.98 20.44 19.979 20.21 27.50 12.91 20.2 1 

1998 12.68 27.30 12.55 19.89 19.99 19.887 19.94 27.26 12.6 1 19.94 

1999 13.05 27 .09 11.91 19.58 20.07 19.583 19.83 27.17 12.48 19.83 

2000 13.64 26.81 12.08 20.17 20.23 20. 167 20.20 27.54 12.86 20.20 

200 1 13.83 27.36 12.58 20.73 20.59 20.732 20.66 28.1 2 13 .20 20.66 

2002 14.08 28.08 12.65 21.39 2 1.08 21.385 2 1.23 29. 10 13 .36 2 1.23 

2003 13.88 27.54 13.12 21.57 20.71 2 1.570 2 1.1 4 28.78 13 .50 21. 14 

2004 14. 16 24.32 12.5 7 21.38 19.24 21.376 20.3 1 27.25 13.37 20.3 1 

2005 13.65 27 .1 2 12.89 21. 12 20.38 2 1. 124 20.75 28.24 13.27 20.75 

2006 13.59 27.27 12.77 20.65 20.43 20.653 20.54 27 .90 13. 18 20.54 

2007 13.75 27.36 12.66 20.54 20.55 20.539 20.55 27.89 13.2 1 20.55 

2008 13 .7 1 26.67 12.62 20.93 20.19 20.933 20.56 27.96 13.16 20.56 

2009 1l .53 27.53 12.96 20.98 20.53 20.975 20.75 28.26 13.25 20.75 

2010 14.42 27.33 12.7 1 20.59 20.87 21.116 20.99 28.16 13.57 20.99 
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(d) Temperature da ta fo r Woyna dega interpolated fj'om Gorgora and Azezo stations 

Year GTmin GTmax GarTmin GorTmcan GTmcan GorTmean mean Tmax Tmin Tmean 

1979 13.40 26.55 12.1 7 19.94 19.98 19.937 19.96 27.1 3 12.78 19.96 

1980 13.08 26.47 12.51 20.48 19.78 20.482 20.13 27.46 12.80 20.13 

1981 13.15 26.25 12.02 19.65 19.70 19.645 19.67 26.76 12.59 19.67 

1982 13.28 26.73 12.00 19.62 20.00 19.620 19.8 1 26.98 12.64 19.81 

1983 13 .54 26.78 12.09 19.53 20.16 19.529 19.84 26.87 12.82 19.84 

1984 12.96 25.85 11.73 19.74 19.40 19.745 19.57 26.80 12.35 19.57 

1985 13.56 26.25 11.59 19.37 19.90 19.375 19.64 26.71 12.57 19.64 

1986 12.25 26.38 11.67 19.38 19.32 19.379 19.35 26.73 11.96 19.35 

1987 12.84 26.23 12 .34 19.77 19.54 19.770 19.65 26.72 12.59 19.65 

1988 11. 17 25.83 12.13 19.49 18.50 19.492 19.00 26.34 11.65 19.00 

1989 12.33 26.76 11.46 19.07 19.54 19.068 19.31 26.72 11.89 19.31 

1990 13.58 26.77 12.1 5 19.99 20.17 19.993 20 .08 27.30 12.86 20.08 

1991 13.8 1 26 .3 3 12.20 19.87 20.07 19.874 19.97 26.94 13.00 19.97 

1992 13.76 26. 13 12.07 19.54 19.95 19.536 19 .74 26.57 12 .91 19.74 

1993 14.23 27.03 11.66 19. 11 20.63 19.1 13 19.87 26.80 12.94 19.87 

1994 14.38 27.26 11.87 19.55 20.82 19.545 20.18 27.24 13 . 12 20. 18 

1995 14.02 26.61 12.35 19.89 20.31 19.893 20. 10 27.02 13.19 20. 10 

1996 13 .79 26.99 12.19 19.46 20.39 19.460 19.92 26.86 12.99 19.92 

1997 13.45 27.42 12.37 19.98 20.44 19.979 20.21 27.50 12.91 20.2 1 

1998 12.68 27.30 12.55 19.89 19.99 19.887 19.94 27.26 12.6 1 19.94 

1999 13.05 27 .09 11.91 19.58 20.07 19.583 19.83 27.17 12.48 19.83 

2000 13.64 26.81 12.08 20.17 20.23 20. 167 20.20 27.54 12.86 20.20 

200 1 13.83 27.36 12.58 20.73 20.59 20.732 20.66 28.1 2 13 .20 20.66 

2002 14.08 28.08 12.65 21.39 2 1.08 21.385 2 1.23 29. 10 13 .36 2 1.23 

2003 13.88 27.54 13.12 21.57 20.71 2 1.570 2 1.1 4 28.78 13 .50 21. 14 

2004 14. 16 24.32 12.5 7 21.38 19.24 21.376 20.3 1 27.25 13.37 20.3 1 

2005 13.65 27 .1 2 12.89 21. 12 20.38 2 1. 124 20.75 28.24 13.27 20.75 

2006 13.59 27.27 12.77 20.65 20.43 20.653 20.54 27 .90 13. 18 20.54 

2007 13.75 27.36 12.66 20.54 20.55 20.539 20.55 27.89 13.2 1 20.55 

2008 13 .7 1 26.67 12.62 20.93 20.19 20.933 20.56 27.96 13.16 20.56 

2009 1l .53 27.53 12.96 20.98 20.53 20.975 20.75 28.26 13.25 20.75 

2010 14.42 27.33 12.7 1 20.59 20.87 21.116 20.99 28.16 13.57 20.99 
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(e) Temperature data for kola interpolated from Robit (R) and Mekdela (M) stati ons 

Year RTmax RTmin RTmean MTmax MTmin Millean M+Rtmax M+RTmill R+MTmcan 

t979 28.00 10.38 19.1 9 27A9 10.27 18.88 27.75 10.33 19.04 

1980 28.63 IOA8 19.56 28.05 IOA2 19.24 28.34 I OA5 19AO 

1981 28.05 10.t8 19.1 1 27.57 10.19 18.88 27.81 10.t8 19.00 

1982 27.66 IOA4 19.05 27.24 10.11 18.68 27A5 10.27 18.86 

1983 27.99 IOA7 19.23 27.25 10.09 18.67 27.62 10.28 18.95 

1984 28.49 9.78 19.14 28.15 9.80 18.97 28.32 9.79 19.06 

t 985 27.94 9.64 18.79 27.33 9.55 18 A4 27.63 9.60 18.62 

1986 27.57 9.86 18.72 26.56 9.85 18.20 27.07 9.86 18A6 

1987 28AI 10.51 19A6 27.81 10.10 18.96 28. 11 10.30 19.21 

1988 27.73 IOA6 19.09 27.13 10.31 18 .72 27A3 10.39 18.9 1 

1989 27.37 9.94 18.66 26.97 9.64 18.30 27.17 9.79 18A 8 

1990 28.19 10.54 19.36 27.37 10.13 18.75 27.78 10.33 19.05 

1991 27.95 10.36 19. 16 27.06 10.35 18.70 27.5 1 10.35 18.93 

1992 27.95 10.44 19.19 26.95 9.94 18A5 27A5 10.19 18.82 

1993 27.95 10. 17 19.06 27. 13 9.72 18A2 27.54 9.95 18.74 

1994 28.03 9.89 18.96 26.94 9.95 18A4 27.48 9.92 18.70 

1995 28.24 10.57 19.40 27.12 10. 13 18.63 27.68 10.35 19.02 

1996 27.34 10.67 19.00 26.54 10. 15 18.34 26 .94 10AI 18.67 

1997 28.61 10.88 19.74 27.94 10.60 19.27 28.27 10.74 19.5 1 

1998 28.06 11.14 19.60 27.06 10.72 18.89 27.56 10.93 19.25 

1999 28A9 10.26 19.37 27.52 9.84 18.68 28.00 10.05 19.03 

2000 29.33 10.31 19.82 28.19 10.00 19.09 28.76 10. 16 19A 6 

2001 30.06 10.73 20.40 28.8 1 10.47 19.64 29.44 10.60 20.02 

2002 30.7 1 11.06 20.88 29.62 10.75 20.18 30.17 10.90 20.53 

2003 30. 18 11.30 20.74 29.50 11.05 20.28 29.84 11.18 20.51 

2004 30.79 11.02 20.91 29.82 10.66 20.24 30.30 10.84 20.57 

2005 30AI 10.95 20.68 29.64 11.00 20.32 30.03 10.97 20.50 

2006 29.56 11. 10 20.33 28.61 11.00 19.80 29.09 11.05 20.07 

2007 29.63 10.81 20 .22 28.85 10.66 19.76 29.24 10.73 19.99 

2008 30.00 10.74 20.37 29.06 10.75 19.91 29.53 10.75 20.14 

2009 29.93 11.06 20.50 29.46 11.03 20.24 29.69 11.04 20.37 

2010 28A2 11.50 t9 .96 27.64 10.93 19.29 28.03 11.22 19.62 
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(e) Temperature data for kola interpolated from Robit (R) and Mekdela (M) stati ons 

Year RTmax RTmin RTmean MTmax MTmin Millean M+Rtmax M+RTmill R+MTmcan 

t979 28.00 10.38 19.1 9 27A9 10.27 18.88 27.75 10.33 19.04 

1980 28.63 IOA8 19.56 28.05 IOA2 19.24 28.34 I OA5 19AO 

1981 28.05 10.t8 19.1 1 27.57 10.19 18.88 27.81 10.t8 19.00 

1982 27.66 IOA4 19.05 27.24 10.11 18.68 27A5 10.27 18.86 

1983 27.99 IOA7 19.23 27.25 10.09 18.67 27.62 10.28 18.95 

1984 28.49 9.78 19.14 28.15 9.80 18.97 28.32 9.79 19.06 

t 985 27.94 9.64 18.79 27.33 9.55 18 A4 27.63 9.60 18.62 

1986 27.57 9.86 18.72 26.56 9.85 18.20 27.07 9.86 18A6 

1987 28AI 10.51 19A6 27.81 10.10 18.96 28. 11 10.30 19.21 

1988 27.73 IOA6 19.09 27.13 10.31 18 .72 27A3 10.39 18.9 1 

1989 27.37 9.94 18.66 26.97 9.64 18.30 27.17 9.79 18A 8 

1990 28.19 10.54 19.36 27.37 10.13 18.75 27.78 10.33 19.05 

1991 27.95 10.36 19. 16 27.06 10.35 18.70 27.5 1 10.35 18.93 

1992 27.95 10.44 19.19 26.95 9.94 18A5 27A5 10.19 18.82 

1993 27.95 10. 17 19.06 27. 13 9.72 18A2 27.54 9.95 18.74 

1994 28.03 9.89 18.96 26.94 9.95 18A4 27.48 9.92 18.70 

1995 28.24 10.57 19.40 27.12 10. 13 18.63 27.68 10.35 19.02 

1996 27.34 10.67 19.00 26.54 10. 15 18.34 26 .94 10AI 18.67 

1997 28.61 10.88 19.74 27.94 10.60 19.27 28.27 10.74 19.5 1 

1998 28.06 11.14 19.60 27.06 10.72 18.89 27.56 10.93 19.25 

1999 28A9 10.26 19.37 27.52 9.84 18.68 28.00 10.05 19.03 

2000 29.33 10.31 19.82 28.19 10.00 19.09 28.76 10. 16 19A 6 

2001 30.06 10.73 20.40 28.8 1 10.47 19.64 29.44 10.60 20.02 

2002 30.7 1 11.06 20.88 29.62 10.75 20.18 30.17 10.90 20.53 

2003 30. 18 11.30 20.74 29.50 11.05 20.28 29.84 11.18 20.51 

2004 30.79 11.02 20.91 29.82 10.66 20.24 30.30 10.84 20.57 

2005 30AI 10.95 20.68 29.64 11.00 20.32 30.03 10.97 20.50 

2006 29.56 11. 10 20.33 28.61 11.00 19.80 29.09 11.05 20.07 

2007 29.63 10.81 20 .22 28.85 10.66 19.76 29.24 10.73 19.99 

2008 30.00 10.74 20.37 29.06 10.75 19.91 29.53 10.75 20.14 

2009 29.93 11.06 20.50 29.46 11.03 20.24 29.69 11.04 20.37 

2010 28A2 11.50 t9 .96 27.64 10.93 19.29 28.03 11.22 19.62 
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(I) Rainfall data for the three agroecology-based s ites 

Dega Mean 5TDEV 5PI W/dega mean 5TDEV 5PI Kol a mean 5TDEV 5PI 

1979 1380.31 1373.04 220.29 0.03 1707.52 1466 147.84 1.63 730.9 686.95 70.64 0.62 

1980 1354.37 1373.04 220.29 -0 .08 1583.78 1466 147.84 0.80 761 686.95 70.64 1.05 

1981 1515.3 1373.04 220.29 0.65 1469.62 1466 147.84 0.02 712.1 686.95 70.64 0.36 

1982 1248.04 1373.04 220.29 -0.57 1305.79 1466 147.84 -1.08 725 686.95 70.64 0.54 

1983 1477.01 1373.04 220.29 0.47 1505.59 1466 147.84 0.27 635.5 686.95 70.64 -0.73 

1984 1191.85 1373.04 220.29 -0.82 1519.97 1466 147.84 0.37 554.4 686.95 70.64 -1.88 

1985 1346.51 1373.04 220.29 -0.12 1521.79 1466 147.84 0.38 639.2 686.95 70.64 -0.68 

1986 1627.88 1373.04 220.29 1.16 1510.14 1466 147.84 0.30 824.9 686.95 70.64 1.95 

1987 1412.98 1373.04 220.29 0.18 1508.1 1466 147.84 0.28 618.9 686.95 70.64 -0 .96 

1988 1481.9 1373.04 220.29 0.49 1451.62 1466 147.84 -0.10 707.6 686.95 70.64 0.29 

1989 1094.39 1373.04 220.29 -1 .26 1508.75 1466 147.84 0.29 782.2 686.95 70.64 1.35 

1990 1043.88 1373.04 220.29 -1.49 1246.7 1466 147.84 -1.48 733.5 686.95 70.64 0.66 

1991 1387.55 1373.04 220.29 0.07 1235.69 146 147.84 -1.56 636.6 686.95 70.64 -0.71 

1992 1491.36 1373.04 220.29 0.54 1312.29 1466 147.84 -1.04 710.3 686.95 70.64 0.33 

1993 1250.42 1373.04 220.29 -0.56 1552.05 1466 147.84 0.58 689.3 686.95 70.64 0.03 

1994 1787.7 1373.04 220.29 1.88 1371.03 1466 147.84 -0.64 846.9 686.95 70.64 2.26 

1995 1251.02 1373.04 220.29 -0.55 1269.26 1466 147.84 -1.33 648.7 686.95 70.64 -0 .54 

1996 1584.43 1373.04 220.29 0.96 1689.45 1466 147.84 1.51 718.2 686.95 70.64 0.44 

1997 1694.35 1373.04 220.29 1.46 1481.92 1466 147.84 0.11 617 686.95 70.64 -0.99 

1998 1758.48 1373.04 220.29 1.75 1687.05 1466 147.84 LSD 797.3 686.95 70.64 1.56 

1999 1307.23 1373 .04 220.29 -0.30 1502.62 1466 147.84 0.25 616.1 686.95 70.64 -1.00 

2000 1269.39 1373.04 220.29 -0.47 1632.79 1466 147.84 1.13 630.8 686.95 70.64 -0.80 

2001 1681.25 1373.04 220.29 1.40 1654.31 1466 147.84 1.27 707 686.95 70.64 0.28 

2002 732.33 1373.04 220.29 -2.91 1117.65 1466 147.84 -2.36 612.3 686.95 70.64 -1.06 

2003 1336.74 1373.04 220.29 -0 .16 1380.77 1466 147.84 -0.58 642.9 686.95 70.64 -0.62 

2004 1206.19 1373 .04 220.29 -0.76 1423 .81 1466 147.84 -0 .29 623.6 686.95 70.64 -0.90 

2005 1293.36 1373.04 220.29 -0.36 1506.08 1466 147.84 0.27 628.4 686.95 70.64 -0.83 

2006 1520.5 1373.04 220.29 0.67 1596.26 1466 147.84 0.88 735.3 686.95 70.64 0.68 

2007 1473.29 1373.04 220.29 0.46 1527.71 1466 147.84 0.42 707.8 686.95 70.64 0.29 

2008 1208.04 1373.04 220.29 -0.75 1413.2 1466 147.84 -0.36 598.6 686.95 70.64 -1.25 

2009 1328.75 1373.04 220.29 -0.20 1210.26 1466 147.84 -1.73 645.6 686.95 70.64 -0.59 

2010 1200.49 1373.04 220.29 -0.78 1508.4 1466 147.84 0.29 744.8 686.95 70.64 0.82 

Source: Interpolated from NMA and Global weather data for SWAT (1979-2010) 
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(I) Rainfall data for the three agroecology-based s ites 

Dega Mean 5TDEV 5PI W/dega mean 5TDEV 5PI Kol a mean 5TDEV 5PI 

1979 1380.31 1373.04 220.29 0.03 1707.52 1466 147.84 1.63 730.9 686.95 70.64 0.62 

1980 1354.37 1373.04 220.29 -0 .08 1583.78 1466 147.84 0.80 761 686.95 70.64 1.05 

1981 1515.3 1373.04 220.29 0.65 1469.62 1466 147.84 0.02 712.1 686.95 70.64 0.36 

1982 1248.04 1373.04 220.29 -0.57 1305.79 1466 147.84 -1.08 725 686.95 70.64 0.54 

1983 1477.01 1373.04 220.29 0.47 1505.59 1466 147.84 0.27 635.5 686.95 70.64 -0.73 

1984 1191.85 1373.04 220.29 -0.82 1519.97 1466 147.84 0.37 554.4 686.95 70.64 -1.88 

1985 1346.51 1373.04 220.29 -0.12 1521.79 1466 147.84 0.38 639.2 686.95 70.64 -0.68 

1986 1627.88 1373.04 220.29 1.16 1510.14 1466 147.84 0.30 824.9 686.95 70.64 1.95 

1987 1412.98 1373.04 220.29 0.18 1508.1 1466 147.84 0.28 618.9 686.95 70.64 -0 .96 

1988 1481.9 1373.04 220.29 0.49 1451.62 1466 147.84 -0.10 707.6 686.95 70.64 0.29 

1989 1094.39 1373.04 220.29 -1 .26 1508.75 1466 147.84 0.29 782.2 686.95 70.64 1.35 

1990 1043.88 1373.04 220.29 -1.49 1246.7 1466 147.84 -1.48 733.5 686.95 70.64 0.66 

1991 1387.55 1373.04 220.29 0.07 1235.69 146 147.84 -1.56 636.6 686.95 70.64 -0.71 

1992 1491.36 1373.04 220.29 0.54 1312.29 1466 147.84 -1.04 710.3 686.95 70.64 0.33 

1993 1250.42 1373.04 220.29 -0.56 1552.05 1466 147.84 0.58 689.3 686.95 70.64 0.03 

1994 1787.7 1373.04 220.29 1.88 1371.03 1466 147.84 -0.64 846.9 686.95 70.64 2.26 

1995 1251.02 1373.04 220.29 -0.55 1269.26 1466 147.84 -1.33 648.7 686.95 70.64 -0 .54 

1996 1584.43 1373.04 220.29 0.96 1689.45 1466 147.84 1.51 718.2 686.95 70.64 0.44 

1997 1694.35 1373.04 220.29 1.46 1481.92 1466 147.84 0.11 617 686.95 70.64 -0.99 

1998 1758.48 1373.04 220.29 1.75 1687.05 1466 147.84 LSD 797.3 686.95 70.64 1.56 

1999 1307.23 1373 .04 220.29 -0.30 1502.62 1466 147.84 0.25 616.1 686.95 70.64 -1.00 

2000 1269.39 1373.04 220.29 -0.47 1632.79 1466 147.84 1.13 630.8 686.95 70.64 -0.80 

2001 1681.25 1373.04 220.29 1.40 1654.31 1466 147.84 1.27 707 686.95 70.64 0.28 

2002 732.33 1373.04 220.29 -2.91 1117.65 1466 147.84 -2.36 612.3 686.95 70.64 -1.06 

2003 1336.74 1373.04 220.29 -0 .16 1380.77 1466 147.84 -0.58 642.9 686.95 70.64 -0.62 

2004 1206.19 1373 .04 220.29 -0.76 1423 .81 1466 147.84 -0 .29 623.6 686.95 70.64 -0.90 

2005 1293.36 1373.04 220.29 -0.36 1506.08 1466 147.84 0.27 628.4 686.95 70.64 -0.83 

2006 1520.5 1373.04 220.29 0.67 1596.26 1466 147.84 0.88 735.3 686.95 70.64 0.68 

2007 1473.29 1373.04 220.29 0.46 1527.71 1466 147.84 0.42 707.8 686.95 70.64 0.29 

2008 1208.04 1373.04 220.29 -0.75 1413.2 1466 147.84 -0.36 598.6 686.95 70.64 -1.25 

2009 1328.75 1373.04 220.29 -0.20 1210.26 1466 147.84 -1.73 645.6 686.95 70.64 -0.59 

2010 1200.49 1373.04 220.29 -0.78 1508.4 1466 147.84 0.29 744.8 686.95 70.64 0.82 

Source: Interpolated from NMA and Global weather data for SWAT (1979-2010) 
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Annex 6a&b: Climatic events, reported shocks, and ranks by FGDs over the past decade and 
diversification formula 

(a) Reported climatic events ranked by FODs over the past decade 

Type of Hazard frequency noted by respondents I-II-Is reported major shocks (%) Ranks by participatory methods 

Hazards Dega WIDega Kola Dega WIDega Kola De.ga WIDega Kola 

DR 2 3 6 39.5 83.5 98.5 4 

FSE 4 5 22.7 75 .2 92.0 3 5 2 

HS 4 6 45.0 94 .5 97.7 2 7 3 

CP 2 7 5 50.4 94.7 97. 7 3 4 

CD 6 5 40 .3 84.2 97 .3 5 4 

HD 7 5 7.0 91.7 95.4 6 3 5 

AD 2 6 4 69.8 90.2 96 .6 7 3 3 

Con. • • • 17.1 78.2 51.0 4 6 7 

UTR • • • • • • 2 J 

DR ~ drought, FSE ~ flood/soil erosion, HS ~ hailstorm, CP ~ crop pests, CD ~ crop diseases, DH ~ 
human diseases, AD = animal diseases, con = conflict, UTR = untimely rain, * = not addressed by the 
questionnaire survey 

Soltrce: Field SlImy fivlJI March to Oelob,,. 2012 alld FGDs and interviews December - March 2012 

(b) Crop and livelihood diversification index formula app li ed in this research 

leo = l/«Pa + PB + Pc ... + Pnl/N,l. 

where, ICD ~ index of crop diversification; 

Pa = proportion of sown area under crop a; 

Pb = proportion of sown area under crop b; 

Pc = proportion of sown area under crop c; 

Pn = proportion of sown area under crop 11 ; 

Nc = number of crops. 
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Hazards Dega WIDega Kola Dega WIDega Kola De.ga WIDega Kola 

DR 2 3 6 39.5 83.5 98.5 4 

FSE 4 5 22.7 75 .2 92.0 3 5 2 

HS 4 6 45.0 94 .5 97.7 2 7 3 

CP 2 7 5 50.4 94.7 97. 7 3 4 

CD 6 5 40 .3 84.2 97 .3 5 4 

HD 7 5 7.0 91.7 95.4 6 3 5 

AD 2 6 4 69.8 90.2 96 .6 7 3 3 

Con. • • • 17.1 78.2 51.0 4 6 7 

UTR • • • • • • 2 J 

DR ~ drought, FSE ~ flood/soil erosion, HS ~ hailstorm, CP ~ crop pests, CD ~ crop diseases, DH ~ 
human diseases, AD = animal diseases, con = conflict, UTR = untimely rain, * = not addressed by the 
questionnaire survey 

Soltrce: Field SlImy fivlJI March to Oelob,,. 2012 alld FGDs and interviews December - March 2012 

(b) Crop and livelihood diversification index formula app li ed in this research 

leo = l/«Pa + PB + Pc ... + Pnl/N,l. 

where, ICD ~ index of crop diversification; 

Pa = proportion of sown area under crop a; 

Pb = proportion of sown area under crop b; 

Pc = proportion of sown area under crop c; 

Pn = proportion of sown area under crop 11 ; 

Nc = number of crops. 
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Annex 7a-c: Data on adaptation options, adaptations used and indices 
(al Adaptati ons used, opti ons avai lable and adoption indices computed for dega agre-ecology 

Adapt 
used OPtion Index Adapt lIsed OPtions Index Adapt used OPtions Index Adapi llscd Options Index 

8 20 0.4 9 19 0.45 II 19 0.55 II 20 0.55 
15 20 0.75 12 19 0.6 4 19 0.2 II 20 0.55 
12 20 0.6 II 19 0.55 9 19 0.45 12 20 0.6 
10 20 0.5 10 19 0.5 13 19 0.65 II 20 0.55 
II 20 0.55 II 19 0.55 II 19 0.55 10 20 0.5 
II 20 0.55 7 19 0.35 12 19 0.6 9 20 0.45 
7 20 0.35 10 19 0.5 10 19 0.5 12 20 0.6 
9 20 0.45 8 19 0.4 12 19 0.6 13 20 0.65 
7 20 0.35 7 19 0.35 II 19 0.55 13 20 0.65 
4 20 0.2 8 19 0.4 9 19 0.45 9 20 0.45 

9 20 0.45 7 19 0.35 II 19 0.55 aver index 0.49 
II 20 0.55 8 19 0.4 II 19 0.55 
8 20 0.4 10 19 0.5 9 19 0.45 
8 20 0.4 II 19 0.55 10 19 0.5 

13 20 0.65 10 19 0. 5 9 19 0.45 
9 20 0.45 10 19 0.5 8 19 0.4 

II 20 0.55 12 19 0.6 8 19 0.4 
13 20 0.65 9 19 0.45 6 19 0.3 
II 20 0.55 10 19 0.5 6 19 0.3 
7 20 0.35 II 19 0.55 9 19 0.45 

9 20 0.45 16 19 0.8 II 19 0.55 

II 20 0.55 12 19 0.6 4 19 0.2 

II 20 0.55 8 19 0.4 10 19 0.5 

12 20 0.6 II 19 0.55 7 19 0.35 

12 20 0.6 II 19 0.55 II 19 0.55 

II 20 0.55 13 19 0.65 II 19 0.55 

II 20 0.55 9 19 0.45 II 19 0.55 

II 20 0.55 8 19 0.4 9 19 0.45 

10 20 0.5 6 19 0.3 II 19 0.55 

9 20 0.45 9 19 0.45 8 19 0.4 

10 20 0.5 9 19 0.45 9 19 0.45 

10 20 0.5 10 19 0.5 7 19 0.35 

6 20 0.3 II 19 0.55 9 19 0.45 

9 20 0.45 7 19 0.35 8 19 0.4 

8 20 0.4 7 19 0.35 II 19 0.55 

10 20 0.5 13 19 0.65 6 19 0.3 

II 20 0.55 II 19 0.55 II 19 0.55 

10 20 0.5 12 19 0.6 II 19 0.55 

II 20 0.55 II 19 0.55 2 19 0. 1 

9 19 0.45 9 19 0.45 
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Annex 7a-c: Data on adaptation options, adaptations used and indices 
(al Adaptati ons used, opti ons avai lable and adoption indices computed for dega agre-ecology 

Adapt 
used OPtion Index Adapt lIsed OPtions Index Adapt used OPtions Index Adapi llscd Options Index 

8 20 0.4 9 19 0.45 II 19 0.55 II 20 0.55 
15 20 0.75 12 19 0.6 4 19 0.2 II 20 0.55 
12 20 0.6 II 19 0.55 9 19 0.45 12 20 0.6 
10 20 0.5 10 19 0.5 13 19 0.65 II 20 0.55 
II 20 0.55 II 19 0.55 II 19 0.55 10 20 0.5 
II 20 0.55 7 19 0.35 12 19 0.6 9 20 0.45 
7 20 0.35 10 19 0.5 10 19 0.5 12 20 0.6 
9 20 0.45 8 19 0.4 12 19 0.6 13 20 0.65 
7 20 0.35 7 19 0.35 II 19 0.55 13 20 0.65 
4 20 0.2 8 19 0.4 9 19 0.45 9 20 0.45 

9 20 0.45 7 19 0.35 II 19 0.55 aver index 0.49 
II 20 0.55 8 19 0.4 II 19 0.55 
8 20 0.4 10 19 0.5 9 19 0.45 
8 20 0.4 II 19 0.55 10 19 0.5 

13 20 0.65 10 19 0. 5 9 19 0.45 
9 20 0.45 10 19 0.5 8 19 0.4 

II 20 0.55 12 19 0.6 8 19 0.4 
13 20 0.65 9 19 0.45 6 19 0.3 
II 20 0.55 10 19 0.5 6 19 0.3 
7 20 0.35 II 19 0.55 9 19 0.45 

9 20 0.45 16 19 0.8 II 19 0.55 

II 20 0.55 12 19 0.6 4 19 0.2 

II 20 0.55 8 19 0.4 10 19 0.5 

12 20 0.6 II 19 0.55 7 19 0.35 

12 20 0.6 II 19 0.55 II 19 0.55 

II 20 0.55 13 19 0.65 II 19 0.55 

II 20 0.55 9 19 0.45 II 19 0.55 

II 20 0.55 8 19 0.4 9 19 0.45 

10 20 0.5 6 19 0.3 II 19 0.55 

9 20 0.45 9 19 0.45 8 19 0.4 

10 20 0.5 9 19 0.45 9 19 0.45 

10 20 0.5 10 19 0.5 7 19 0.35 

6 20 0.3 II 19 0.55 9 19 0.45 

9 20 0.45 7 19 0.35 8 19 0.4 

8 20 0.4 7 19 0.35 II 19 0.55 

10 20 0.5 13 19 0.65 6 19 0.3 

II 20 0.55 II 19 0.55 II 19 0.55 

10 20 0.5 12 19 0.6 II 19 0.55 

II 20 0.55 II 19 0.55 2 19 0. 1 

9 19 0.45 9 19 0.45 
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b) Adaptations used , option s available& adopt ion indices co mputed for "ldega agro-ecology 

used Options Index used opti ons Index Used options index used options Index 9 20 045 I I 19 0.55 6 19 0.3 12 19 0.6 9 20 045 9 19 045 8 19 0.4 14 19 0.7 
II 20 0.55 8 19 0.4 0 19 0 II 19 0.55 
2 20 0.1 6 19 0.3 5 19 0.25 6 19 0.3 
9 20 0.45 12 19 0.6 4 19 0.2 5 19 0.25 7 20 0.35 II 19 0.55 II 19 0.55 12 19 0.6 9 20 0.45 10 19 0.5 10 19 0.5 10 19 0.5 0 20 0 13 19 0.65 12 19 0.6 6 19 0.3 6 20 0.3 3 19 0.15 II 19 0.55 9 19 0.45 7 20 0.35 12 19 0.6 2 19 0.1 0 19 0 9 20 0.45 II 19 0.55 15 19 0.75 10 19 0.5 II 20 0.55 12 19 0.6 II 19 0.55 7 19 0.35 

IS 20 0.75 II 19 0.55 II 19 0.55 9 19 0.45 
II 20 0.55 II 19 0. 55 10 19 0.5 Aver 0.44 
II 20 0.55 9 19 0.45 8 19 04 
7 20 0. 35 6 19 0.3 0 19 0 

II 20 0.55 6 19 0.3 4 19 0.2 
II 20 0.55 7 19 0.35 I 19 0.05 
8 20 04 8 19 0.4 2 19 0.1 

II 20 0.55 9 19 045 13 19 0.65 
II 20 0.55 9 19 0.45 0 19 0 
10 20 0.5 2 19 0.1 10 19 0.5 
5 20 0.25 12 19 0.6 8 19 0.4 

II 20 0.55 II 19 0.55 II 19 0.55 
12 20 0.6 II 19 0.55 10 19 0.5 
10 20 0.5 II 19 0. 55 8 19 0.4 
13 20 0.65 12 19 0.6 10 19 0.5 
0 20 0 12 19 0.6 II 19 0.55 

14 20 0. 7 12 19 0.6 3 19 0.15 
8 20 04 10 19 0.5 10 19 0.5 
9 20 0.45 9 19 045 7 19 0.35 

II 20 0.55 8 19 04 II 19 0.55 
II 20 0.55 12 19 0.6 6 19 0.3 
12 20 0.6 4 19 0.2 0 19 0 
0 20 0 7 19 0.35 0 19 0 

II 20 0.55 13 19 0.65 II 19 0.55 
II 20 0.55 2 19 0.1 12 19 0.6 
14 20 0.7 12 19 0.6 II 19 0.55 
9 20 045 13 19 0.65 7 19 0.3 5 
9 20 045 10 19 0.5 8 19 04 

II 20 0.55 
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b) Adaptations used , option s available& adopt ion indices co mputed for "ldega agro-ecology 

used Options Index used opti ons Index Used options index used options Index 9 20 045 I I 19 0.55 6 19 0.3 12 19 0.6 9 20 045 9 19 045 8 19 0.4 14 19 0.7 
II 20 0.55 8 19 0.4 0 19 0 II 19 0.55 
2 20 0.1 6 19 0.3 5 19 0.25 6 19 0.3 
9 20 0.45 12 19 0.6 4 19 0.2 5 19 0.25 7 20 0.35 II 19 0.55 II 19 0.55 12 19 0.6 9 20 0.45 10 19 0.5 10 19 0.5 10 19 0.5 0 20 0 13 19 0.65 12 19 0.6 6 19 0.3 6 20 0.3 3 19 0.15 II 19 0.55 9 19 0.45 7 20 0.35 12 19 0.6 2 19 0.1 0 19 0 9 20 0.45 II 19 0.55 15 19 0.75 10 19 0.5 II 20 0.55 12 19 0.6 II 19 0.55 7 19 0.35 

IS 20 0.75 II 19 0.55 II 19 0.55 9 19 0.45 
II 20 0.55 II 19 0. 55 10 19 0.5 Aver 0.44 
II 20 0.55 9 19 0.45 8 19 04 
7 20 0. 35 6 19 0.3 0 19 0 

II 20 0.55 6 19 0.3 4 19 0.2 
II 20 0.55 7 19 0.35 I 19 0.05 
8 20 04 8 19 0.4 2 19 0.1 

II 20 0.55 9 19 045 13 19 0.65 
II 20 0.55 9 19 0.45 0 19 0 
10 20 0.5 2 19 0.1 10 19 0.5 
5 20 0.25 12 19 0.6 8 19 0.4 

II 20 0.55 II 19 0.55 II 19 0.55 
12 20 0.6 II 19 0.55 10 19 0.5 
10 20 0.5 II 19 0. 55 8 19 0.4 
13 20 0.65 12 19 0.6 10 19 0.5 
0 20 0 12 19 0.6 II 19 0.55 

14 20 0. 7 12 19 0.6 3 19 0.15 
8 20 04 10 19 0.5 10 19 0.5 
9 20 0.45 9 19 045 7 19 0.35 

II 20 0.55 8 19 04 II 19 0.55 
II 20 0.55 12 19 0.6 6 19 0.3 
12 20 0.6 4 19 0.2 0 19 0 
0 20 0 7 19 0.35 0 19 0 

II 20 0.55 13 19 0.65 II 19 0.55 
II 20 0.55 2 19 0.1 12 19 0.6 
14 20 0.7 12 19 0.6 II 19 0.55 
9 20 045 13 19 0.65 7 19 0.3 5 
9 20 045 10 19 0.5 8 19 04 

II 20 0.55 
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(C) Adaptat ions used. options avnil ab k and adoption indices computed for kola agro-ecology 

OpllOIi lillie .. llsed 0 1)1I0n Ilule.' u~cd O pllOIi Inde .~ used Oplio ll Indn uSe li O '!IOIl Inde, Us<'d OlHOIi lillie, 

20 OA 5 19 0.25 III 19 0.5 8 19 0 4 9 19 0.45 5 20 0.25 

20 0.35 9 19 0.45 Ifl 19 n.5 10 19 0.5 9 19 0.45 III 20 0.5 

20 OJ5 12 19 0.6 7 19 0.35 8 19 OA 3 19 0. 15 )) 20 0.55 

20 0 2 6 19 0.3 10 19 0.5 10 19 0.5 12 19 0.6 6 20 0.3 

20 0.3 , 19 OA 5 19 0.25 8 19 0.4 16 19 0.' 6 20 0 3 

' 0 0.35 IJ 19 0.65 III 19 0.5 9 19 0 ·15 9 19 0...15 9 '0 0.-15 

20 0.4 7 19 0.35 8 19 0.4 9 19 0-15 10 I') 0.5 7 20 0.3." 

20 025 10 19 0.5 , I') 0.4 9 19 0...1 5 9 19 0...15 0 20 0 

20 035 5 19 0 . ..:5 8 19 OA 10 19 0.5 9 19 0.45 4 '0 0' 
20 0.35 7 19 0.35 " 19 0.6 14 19 0.7 7 19 0.3 5 5 20 0.25 

'0 04 7 19 0.35 13 19 0.65 10 19 0.5 10 19 0.5 2 20 (J .t 

20 IUS 6 19 0.3 9 19 OA5 S 19 11.-' 8 19 0.4 3 20 0.1 5 
20 0.5 1 19 0. 15 7 19 0.35 )) 19 0.55 • 19 0..1 5 20 0.25 

20 o 15 5 19 0.25 7 19 0.35 10 19 0.5 S 19 0.4 7 20 0.35 
20 04 " 19 0.3 12 I') n.o 4 19 02 " 19 0.3 7 20 0. 35 
20 0.25 4 19 0.2 9 19 OA5 S 19 04 3 19 0. 15 10 20 OJ 
'0 0·15 6 19 OJ 6 19 0.3 8 19 0 -1 7 19 0.35 14 20 0.7 
20 0...15 I 19 0.05 7 19 (1.35 8 19 0..1 4 19 0.2 7 '0 0.35 
20 045 3 19 0.15 3 19 0.1 5 8 19 0...1 7 19 0.35 10 20 0.5 

20 045 7 19 0.35 7 19 0.35 6 19 0.3 5 19 0.25 10 20 0.5 

20 0.4 I, 19 0.3 7 19 0.35 0 19 0 8 19 0. 4 10 20 0.5 

20 05 7 19 0.35 8 19 0.·1 6 19 0.3 9 19 0.45 9 20 0-15 

20 02 8 19 0.4 J 19 0.15 5 19 0.25 10 19 0.5 7 20 0.35 
20 o 25 I I) I') 0.5 I 19 0.05 7 I') 0 . .15 " 19 03 9 20 0.-15 
20 0 ·15 " 19 0.6 " 19 0.5 5 5 19 0.25 7 19 0.35 13 2U 0.65 
20 0.65 -I 19 0.2 " 19 1).6 6 19 0.3 I 19 0.05 8 20 UA 
20 05 9 19 OA5 " 19 0 . .> 4 19 02 " 19 0.4 10 :W 05 
20 U.3 II) 19 0.5 III '" 0.5 7 19 0.35 10 19 0 .) 4 20 0 2 
2O u.6 9 19 U..I ) 9 19 OA 5 , 19 0.1 )) 19 0.55 3 20 0.15 

20 025 10 19 0.5 10 19 0.5 7 19 0.35 " 19 0.55 5 20 0.25 
20 035 " 19 0.55 " 19 0.3 IJ 19 0.h5 " 19 IU , 20 04 
20 025 10 I" 0.5 " 19 0.55 9 19 UA5 7 19 0.35 8 20 04 
2O 0.5 5 19 0.25 10 19 0.5 10 I') 0.5 6 19 0.3 5 20 0.25 

20 0...15 10 19 0.5 III 19 0.5 IJ 19 0.65 " 19 0.55 5 20 U.25 
20 (}.-15 4 19 0.2 " 19 0.1i , 19 0.4 , 19 0.2 10 20 0.5 

20 0 4 " Ii) 0.3 , 19 04 7 19 0 .15 12 19 0.6 9 20 0 -1 5 

20 0.05 ~ 19 O.-i II) 19 U.S 8 19 0.-1 9 19 ()A5 " 20 OA 5 

20 0.3 2 19 01 9 19 0.-15 S 19 0.·1 5 19 0.25 5 20 0.25 

20 0-15 7 I ') O.J5 9 19 0. -1 5 7 19 0 . .15 " I ') 0.-1 5 S 20 0 4 
20 I) 65 10 I ') 0.5 9 19 0.--1 5 , 19 0.4 " 19 0.55 7 20 0.-'5 
20 II -1 5 9 19 II.·-b " 19 0.55 7 19 f1 .';S 9 19 0.--1 5 9 20 OA 5 

, , 
SO UI CC. Co mputed from the hOllse hold survey daw , March - September 2012 based on equatIon .>. ~ . .>A 
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(C) Adaptat ions used. options avnil ab k and adoption indices computed for kola agro-ecology 

OpllOIi lillie .. llsed 0 1)1I0n Ilule.' u~cd O pllOIi Inde .~ used Oplio ll Indn uSe li O '!IOIl Inde, Us<'d OlHOIi lillie, 

20 OA 5 19 0.25 III 19 0.5 8 19 0 4 9 19 0.45 5 20 0.25 

20 0.35 9 19 0.45 Ifl 19 n.5 10 19 0.5 9 19 0.45 III 20 0.5 

20 OJ5 12 19 0.6 7 19 0.35 8 19 OA 3 19 0. 15 )) 20 0.55 

20 0 2 6 19 0.3 10 19 0.5 10 19 0.5 12 19 0.6 6 20 0.3 

20 0.3 , 19 OA 5 19 0.25 8 19 0.4 16 19 0.' 6 20 0 3 

' 0 0.35 IJ 19 0.65 III 19 0.5 9 19 0 ·15 9 19 0...15 9 '0 0.-15 

20 0.4 7 19 0.35 8 19 0.4 9 19 0-15 10 I') 0.5 7 20 0.3." 

20 025 10 19 0.5 , I') 0.4 9 19 0...1 5 9 19 0...15 0 20 0 

20 035 5 19 0 . ..:5 8 19 OA 10 19 0.5 9 19 0.45 4 '0 0' 
20 0.35 7 19 0.35 " 19 0.6 14 19 0.7 7 19 0.3 5 5 20 0.25 

'0 04 7 19 0.35 13 19 0.65 10 19 0.5 10 19 0.5 2 20 (J .t 

20 IUS 6 19 0.3 9 19 OA5 S 19 11.-' 8 19 0.4 3 20 0.1 5 
20 0.5 1 19 0. 15 7 19 0.35 )) 19 0.55 • 19 0..1 5 20 0.25 

20 o 15 5 19 0.25 7 19 0.35 10 19 0.5 S 19 0.4 7 20 0.35 
20 04 " 19 0.3 12 I') n.o 4 19 02 " 19 0.3 7 20 0. 35 
20 0.25 4 19 0.2 9 19 OA5 S 19 04 3 19 0. 15 10 20 OJ 
'0 0·15 6 19 OJ 6 19 0.3 8 19 0 -1 7 19 0.35 14 20 0.7 
20 0...15 I 19 0.05 7 19 (1.35 8 19 0..1 4 19 0.2 7 '0 0.35 
20 045 3 19 0.15 3 19 0.1 5 8 19 0...1 7 19 0.35 10 20 0.5 

20 045 7 19 0.35 7 19 0.35 6 19 0.3 5 19 0.25 10 20 0.5 

20 0.4 I, 19 0.3 7 19 0.35 0 19 0 8 19 0. 4 10 20 0.5 

20 05 7 19 0.35 8 19 0.·1 6 19 0.3 9 19 0.45 9 20 0-15 

20 02 8 19 0.4 J 19 0.15 5 19 0.25 10 19 0.5 7 20 0.35 
20 o 25 I I) I') 0.5 I 19 0.05 7 I') 0 . .15 " 19 03 9 20 0.-15 
20 0 ·15 " 19 0.6 " 19 0.5 5 5 19 0.25 7 19 0.35 13 2U 0.65 
20 0.65 -I 19 0.2 " 19 1).6 6 19 0.3 I 19 0.05 8 20 UA 
20 05 9 19 OA5 " 19 0 . .> 4 19 02 " 19 0.4 10 :W 05 
20 U.3 II) 19 0.5 III '" 0.5 7 19 0.35 10 19 0 .) 4 20 0 2 
2O u.6 9 19 U..I ) 9 19 OA 5 , 19 0.1 )) 19 0.55 3 20 0.15 

20 025 10 19 0.5 10 19 0.5 7 19 0.35 " 19 0.55 5 20 0.25 
20 035 " 19 0.55 " 19 0.3 IJ 19 0.h5 " 19 IU , 20 04 
20 025 10 I" 0.5 " 19 0.55 9 19 UA5 7 19 0.35 8 20 04 
2O 0.5 5 19 0.25 10 19 0.5 10 I') 0.5 6 19 0.3 5 20 0.25 

20 0...15 10 19 0.5 III 19 0.5 IJ 19 0.65 " 19 0.55 5 20 U.25 
20 (}.-15 4 19 0.2 " 19 0.1i , 19 0.4 , 19 0.2 10 20 0.5 

20 0 4 " Ii) 0.3 , 19 04 7 19 0 .15 12 19 0.6 9 20 0 -1 5 

20 0.05 ~ 19 O.-i II) 19 U.S 8 19 0.-1 9 19 ()A5 " 20 OA 5 

20 0.3 2 19 01 9 19 0.-15 S 19 0.·1 5 19 0.25 5 20 0.25 

20 0-15 7 I ') O.J5 9 19 0. -1 5 7 19 0 . .15 " I ') 0.-1 5 S 20 0 4 
20 I) 65 10 I ') 0.5 9 19 0.--1 5 , 19 0.4 " 19 0.55 7 20 0.-'5 
20 II -1 5 9 19 II.·-b " 19 0.55 7 19 f1 .';S 9 19 0.--1 5 9 20 OA 5 

, , 
SO UI CC. Co mputed from the hOllse hold survey daw , March - September 2012 based on equatIon .>. ~ . .>A 
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, -ADDIS 

Al(A ,-, -..... 

lJ5l'll OHlon Inde' 
9 :m f)A5 

" 20 IU 

7 21l 0.35 
III 20 0.5 

10 2() U.S 

') 20 U.-IS 

7 20 0 .. l5 

9 20 0 -1 5 

" 20 0.6 
5 20 0.25 , III 0...1 
7 20 0.35 
6 20 0.3 

5 ::0 0.25 
5 20 0.25 
8 20 0..-1 
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