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Abstract 

Vulnerability and Adaptation Strategies of Rural Communities to Climate Change: The Case of 

Kola Tembien Woreda, Tigray Region 

Esie Gebrewahd 

Addis Ababa, University, 2014 

Ethiopia, like many other countries in Africa, is highly vulnerable to the harmful effects of 
climate change and the rural population, for whom agriculture is the primary source of food, 
direct and/or indirect employment and income, will be most affected due to agriculture's 
vulnerability to climate change. This study was conducted to assess locallagro ecology level 
vulnerabilities and adaptation strategies of rural communities to climate change in Kola 
Tembien Woreda, Tigray region. The specific objectives of the research are analyzing the level 
of vulnerability across different communities in different agro ecologies, identifYing the major 
adaptation strategies employed against the changing climate and the major factors influencing 
their strategies to adapt to climate change impacts. A stratified sampling was employed to 
determine the sample villages. Accordingly, four kebeles, namely Begashka, Tabotegiorgis, 
Limat and Menji were selected from two agro ecological zones. Sample household respondents 
were then selected randomly from each development group found in their respective kebeles. 
Household survey, focus group discussions and key informant interviews were employed. An 
indicator based vulnerability index was used to assess and compare the level of vulnerability 
across the selected kebeles and agro ecological zones. Besides, descriptive statistics was used to 
identifY the major adaptation strategies as well as major factors influencing the adaptation of 
rural communities. Results obtained from the vulnerability index revealed that there was a 
difference in the vulnerability levels of the selected kebeles. Accordingly, Menji (low land agro­
ecology) and Begashka (Mid land agro-ecology) were found to be relatively more vulnerable 
than Limat (low land agro-ecology) and Tabotegiorgis (Mid land agro-ecology). The difference 
in · vulnerability was highly associated with the variations in the combined effects of livestock 
ownership, saving, access to microflnance, farm land sizes, irrigation potential, and education 
levels across the surveyed households. Adaptation strategies were found to be similar across the 
surveyed kebeles (agro ecologies) and various crops, livestock and land related strategies has 
been used across varied periods. However, households' choice of adaptation strategies were 
found to be influenced by financial constraints, shortage of information, poor potential for 
irrigation, land shortages .and even lack of labor: Therefore, efforts should be made by the local 
government and NGOs "to promote the: off-farm income-earning opportunities and localljarm­
level adaptation strategies by giving due attention to the early warning systems and disaster risk 
management to reduce vulnerability and improve income levels. 

Key words: vulnerability, principalpomponent analysis, adaptation strategies 
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CHAPTER! 

1. Introduction 

1.1. Back ground of the study 
People all over the world are being confronted with the reality of climate change. For some, 

climate change is simply a matter of changes in weather patterns. For others, it is already a 

matter of survival. However, the real injustice of climate change is that those who have 

contributed least to its causes are suffering most from its effects (PECCN, 2011). The 

development and wellbeing of humans is threatening by climate change through bringing 

changes to hydrological cycles and rain regimes, temperature increase, and worsening severity of 

extreme climate events. Therefore, humans in general will be increasingly subject to ever greater 

risk and vulnerability as climate change damages humans' means of subsistence, health and 

security (UNDP, 2009). As per the reports of WFP and OXFAM America (2012), 1.3 billion 

people in the world are vulnerable to the impacts of climate change. Weather and other climate­

related shocks become a constant threat to their food security and wellbeing due to the fact that 

they earn less than dollar a day and depend on agriculture as a means of their livelihoods. 

Certain regions of the world are more severely affected by the effects of climate change than 

others. It is generally agreed, however, that economically developing countries and the poorest 

people in those countries are likely to be hit hardest by climate change, and their capacity to 

respond to climate change is low (Olmos, 200 I; Charles et aI, 20 II). Hence, vulnerability to 

climate change seems closely related to poverty, as the poor are least able to respond to climatic 

stimuli. 

Of all developing regions, Africa (and in particular sub-Saharan Africa) is likely to be the worst 
, , 

affected by present-day climate variability and future climate change because of their low 

resilience and limited adaptive capacity resulted from widespread poverty, an extensive disease 

burden and pockets of political instability across the continent (Charles et aI, 2011). In its Fourth 

assessment report, IPCC also indicated that" Africa is one of the most vulnerable continents to 

climate change and climate variability," (2007a, p. 435) and that by the 2050s, 350-600 million 
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Africans will be at risk for increased water stress, predominately in the northern and southern 

parts of the continent. 

Ethiopia is highly vulnerable to the harmful effects of climate extremes primarily drought and 

flood. Drought occurs anywhere in the world but its damage is not as severe as in Africa in 

general and in Ethiopia in particular (NMA, 2007). The country has been highly vulnerable to 

climate variability and changes because large segments of its population are poor, have low 

adaptive capacity, dependent on income opportunities that are highly sensitive to the weather, 

and have low access to education, information, technology, and health services (Senait et aI. , 

2010). 

The agricultural sector in Ethiopia is especially vulnerable to the adversities of weather and 

climate due to the sectors dependence on rain fed and done using relatively basic technologies on 

tiny plots of land (Senait et aI. , 2010). Therefore, Ethiopian farmers are highly vulnerable to 

climate change impacts because of their dependence on rain-fed agriculture and high poverty 

(Temesgen, 2010). The economy of the nation depends on agriculture and the agricultural sector 

in turn depends on climatic condition, especially rainfall so that the macro economic 

performance of the country follows rain fall patterns. Hence, rainfall condition and economic 

performance of the nation are directly related . 

In many developing countries, vulnerabilities and adaptations to the impacts of climate change 

are gaining due attention due to the fact that mankind cannot avoid some negative impacts of 

climate change, regardless of the . next steps being taken to reduce global green house gas 

emissions (!PCC, 2001; Olmos, 2001; Makoka and Kaplan, 2005). In the last decade, adaptation 

to climate change has attracted wide attention and has been highlighted as an urgent priority 

among many developing countries (UNFCC, 2007). Effective and equitable adaptation requires 

an understanding of the dynamics of vulnerability (PECCN, 2011). Adaptation strategies for 

climate change on the other hand will be more effective if made with a participatory decision­

making process which involves levels of. vulnerability, resilience and autonomy of men and 

women when confronted with different threats (UNDP, 2009). Besides, different literatures 

further indicated that adaptation is place-based and requires place-specific strategies. Therefore, 

due to the contextual variations of climatic elements, effects of climate change along with its 
.' " 



degree of vulnerability and adaptation strategies varies across different nations, regions, 

localities as well as communities and even households. Rural communities in Kola Tembien 

Woreda are being confronted with the reality of climate change impacts. Though, the effects are 

not equally pronounced, the study area is among the vulnerable areas of Tigray region due to a 

combination of biophysical and socio-economic factors. Hence, in the diversified situation ofthe 

real world it will be better to enhance adaptive capacity and adaptation if further vulnerability 

and adaptation strategy related assessments are carried out at a more particular scale. 

1.2. Statement of the prohlem 
Ethiopia, like many other countries in Africa, is highly vulnerable to the harmful effects of 

climate change as a result of a combination of widespread poverty, population pressure, fragile 

environment, dominance of climate-sensitive sectors in economic activity, and low adaptive 

capacity (Alemneh D, 1990; Calzadill ,et 01. , 2009; Senait et ai, 20 I 0; NMA, 2007). The rural 

population, for whom agriculture is the primary source of food, direct and/or indirect 

employment and income, will be most affected due to agriculture's vulnerability to climate 

change. 

According to Temesgen et 01., (2008), the exposure, sensitivity and adaptive capacity of people 

vary from region to region in Ethiopia. The relatively least developed, semiarid, and arid regions 

of Afar and Somali are highly vulnerable to climate change. The Oromia region-a wide region 

characterized both by areas of good agricultural production in the highlands and midlands and by 

recurient droughts, especially in the lowlands is also vulnerable. The Tigray region, which is 

characteriz~d by recurrent drought, is also vulnerable to the impacts of climate change in 

comparison with the other regions. The same report further indicated Tigray as among the most 

vulnerable ' regions because of higher frequendes of drought and floods, lower access to 

technologies, fewer institutions dealing 'with climate related hazards, and lack of infrastructure. 

However, vulnerability to climate change differs within regions, within communities and even 

within households (PECCN, 2011). Hence, this study is limited in the sense that it is more of 

general and did not reveal variations in a particular basis such as Woreda, communities or even 

household level so that further study is needed at a more particular scale. 
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Another study made by Dejene (20 II) in Adiha, Kola Tembien Woreda also identified and 

ranked vulnerable groups using simple descriptive statistics such that chi ldren, elderly, disabled 

and poor farmers as highly vulnerable groups of the society where as female headed households 

and non irrigators as medium vulnerable groups. He further classified wealthy farmers as less 

vulnerable to the changing climate. But, this study assesses individual's vulnerability in different 

socio-demographic groups within in a single kebele that have a relatively higher irrigation 

potential than others in the Woreda . Besides, this study is limited in the sense that it hardly 

represents the diverse agro ecological zones and socio economic systems of the Woreda. There 

are different households in the Woreda living across different agro ecological zones with a varied 

economic status and livelihood strategies (KTWFB, 2012) and such areas and households may 

exhibit different levels of vulnerability and adaptation mechanisms. Hence, further local/agro­

ecology based assessments of vu lnerability and adaptation strategies of rural communities in 

different parts of the Woreda will be significant. 

Therefore, based on the aforementioned reasons and the fact that climate has been changing in 

the past and continues to change in the future, there is a need to assess how much rural 

community in specific localities and different agro ecological zones are vulnerable to the harmful 

effecUi"of climate change: This collid be importa~t to find out an appropriate clue for adaptation. 

In ' addit'ion~ identifying their ' ongoing adaptation strategies and the factors that influence 

adaptation' strategies used by the communities will be another crucial issue of the study. 

1.3. Objective 

1.3.1 General objective 

The general objective of this study is to assess the vulnerability and adaptation strategies of rural 

communities to climate change in Kola Tembien Woreda, Tigray region. 
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1.3.2 Specific objective 

The specific objectives include: 

./ To analyze the level of vulnerability of rural communities to climate change in Kola 

Tembien Woreda . 

./ To identify the adaptation strategies of rural communities to climate change in the study 

area . 

./ To assess the factors that influences the adaptation strategies of the rural communities to 

climate change in the study area. 

1.4. Research questions 
I. What is the extent or level of vulnerabilities of rural communities to climate change? 

2. What are the existing adaptation strategies of rural communities to the changing climate? 

3. What are the factors that influence the adaptation strategies of rural communities to 

climate change? 

4. How do rural communities respond to climate change-related threats? 

1.5. Significance of the study 
In the context of climate change, assessing vulnerability is an important component of any 

attempt to define the magnitude of the threat. Analysis of vulnerability provides a starting point 

for the determination of effective means of promoting remedial action to limit impacts by 

supporting coping strategies and facilitating adaptation. Understanding the vulnerability level of 

a given geographic area, communities or households will become an important move for 

adaptation plans to identify needs and priorities in order to take in to account some relevant 

procedures. Therefore, this step will contribute a lot for designing appropriate adaptation 

strategie~/practices at regional, Woreda or even at kebele level. The results obtained from this 

study can be also used as a spice in the preparation of an adaptation related policies and 

ultimately address the problems resulted as a result of climate change. Besides, this study can 

serve as a base line for further studies pertaining to the problem understudy in the Woreda. 
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1.6. Scope of the study 
This study focuses mainly on the assessment of the vulnerability and adaptation strategies of 

rural communities to climate change in Kola Tembien Woreda. It was mainly focused on the 

comparative assessment of vulnerability across the selected kebeles from mid and low land agro­

ecological zones in Kola Tembien Woreda. An assessment on adaptation strategies and on the 

factors influencing them was also made across the surveyed kebeles in the study area. Since 

vulnerability is a broad concept which involves a detailed analysis of different systems to climate 

change, it may not be possible to address all the issues so that this study was tend to give 

emphasis only to the rural households vulnerability to climate change in the above mentioned 

area. Besides, in understanding the drivers to vulnerability of an area in different agro ecological 

setting there is a need to define specific local area of social and bio-physical condition. 

Therefore, the result in certain kebele/agro-ecology cannot be replicated to the other places with 

the same agro-ecology, unless they have the same socio-economic and bio-physical condition. 

1.7. Limitation of the study 
The study area is characterized by Kola, Dega and Woina dega agro climatic zones which 

constitutes 58%, 1% and 41 % respectively. Therefore, having considered the available time and 

financial means the study covered only the Kola and Woina dega agro climatic zones. Besides, 

due to the absence of available climatic data at kebele/agro-ecology level, the vulnerability 

analysis of the surveyed kebeles/agro ecologies was made based on their adaptive capacity and 

sensitivity assuming a relatively constant exposure. 
'1. ' 

1.8. Organization of the paper ' 
The thesis is divided into five major chapters. It begins with the introductory part that deals with 

introduction, Statement of the problem, objectives of the study, research questions, significance 

of the study, scope of the study, and limitation of study. Second chapter addresses concepts and 

theories related to vulnerability and climate change, major empirical reviews on the assessments 

of vulnerability and adaptation strategies, and conceptual framework of the study. The third 

chapter talks about research methodology that had been followed. The fourth chapter deals with 

the analysis and presentation of the findings. The fifth chapter deals with the conclusions and 

recommendations made. 
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1.9.0perational definition ofterms 
Different scholars can define things differently but what matters is contextualization. Besides, 

literatures have indicated the existence of lots of definitions towards similar terms in the climate 

change context. However, to this study the following definition of terms was applied. 

,/ Climate change; a definition given by UNDP (2009) and IPCC (2001) such that 

climate change refers to any change in the climate, whether due to its natural variability 

or as a result of human activity. 

,/ Vulnerability; All the concepts and definitions given to vulnerability are relatively 

similar and more or less centered on the exposure, sensitivity and adaptive capacity of a 

given system to climate change. Hence, the definition of vulnerability as a function of 

exposure, sensitivity and adaptive capacity given by IPCC (2001) but with a due 

emphasis to rural communities living across different agro ecological zones was 

adopted for this study. 

,/ Adaptation; in identifying the ongoing adaptation strategies employed by rural 

communities in the study area, the concept of adaptation given by !PCC (2001) and 

(Charles and Rashid, 2007) was adopted. Adaptation is then conceptualized as 

improved society' s ability to cope with changes in climatic conditions across time 

scales, from short term (e.g. seasonal to annual) to the long term (e.g. decades to 

centuries). 
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CHAPTER TWO 

2. Review of related literature 

2.1.The concept of Climate and climate change 
As recently as a decade ago, experts from environmental and atmospheric science were the main 

actors of discussions concerning climate change. Today, the attention over climate change is 

changed because every corner of the world is being faced by the harmful effects of climate 

change so that everybody is aware of that (UNDP, 2009). Because of the scientific work that has 

been done, more people now understand how human activities are hastening it and climate 

change seriously threatens sustainable human development. Besides, it is going to affect 

agriculture, energy, human health, food security, the economy, and physical infrastructure. 

According to UNDP (2009), climate change is a scientifically proven phenomenon that includes 

"any change in the climate, whether due to its natural variability or as a result of human 

activity" . 

Climate change in IPCe usage refers to any change in climate over time, whether due to natural 

variability or as a result of human activity. This usage differs from that in the Framework 

Convention on Climate Change, where climate change refers to a change of climate that is 

attributed directly or indirectly to human activity that alters the composition of the global 

atmosphere and that is in addition to natural climate variability observed over comparable time 

periods (IPCC, 2007, P. 6). 
" 

AG90rding to Lobell and Burke (2010), climate change refers to the potential shifts in the longer­

run . mean and extremes of temperature, precipitation, and other meteorological variables in a 

given area. Year-to year changes in these variables ("climate variability") playa central role in 

affecting all human and biological systems as well as global and regional production systems. It 

can both illuminate and constrain possible longer run adaptation to climate change. Longer-run 

climate exerts significant influence 'on agricultural decision-making and makes production more 

risky, which might influence farmers' adaptation measures. Studies on the impact of climate 

change in Ethiopia should focus on the agricultural sector for it is undoubtedly the most 

important, and sensitive, sector to climate change. 
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The definitions and explanations given to the process of climate change (centered on green house 

gas concentrations) are practically difficult to perceive in isolation. Climate is part of a complex 

whole, which functions as a component of the climate system and the entire ecosystem (lPCC, 

200 I). According to Yamin and Oepledge (2004), Climate change is linked to the presence of 

greenhouse gases (GHGs) in the atmosphere. The naturally existing green house effect which is 

essential to life on the land is being disrupted due to the dangerous anthropogenic intervention 

through rising emissions of GHGs from the consumption of fossil fuels along with, production of 

man-made chemicals, intensive agriculture, forest clearance and other land-use changes. 

Climate change, and its impacts, can vary significantly at a regional level and an integrated 

assessment approach should be adopted in assessing adaptation needs and priorities. This 

provides for a more detailed picture of climate risks and opportunities, allows for interactions 

between systems and engages stakeholders in identifying omissions and weaknesses in higher 

level studies (Allen Consulting Group, 2005). 

The impacts of climate change will be far-reaching. Intense droughts may exacerbate water 

shortages in arid and semi-arid regions; more frequent heavy rainfall events could threaten 

regions already prone to flooding. Many diseases stich as malaria flourish in a warmer climate 

and could extend their geographical ranges. :The agricultural sector which is the main stay to 

many developing countries is heavily dependent on climatic conditions could be disrupted. Sea 

level r'ise, in turn, threatens low-lying islands and coastal areas, not just through submergence by 

the sea or ocean, but also through greater coastal erosion, periodic storm surges and the 

encroa'chment of salt water into irrigation systems and drinking water. Society's vulnerability to 

any ' i;\C;rease in the intensity or frequency of extreme weather events such as cyclones, storms, 

and'arought-induced forest fires is already demonstrating (Yamin and Oepledge, 2004). 

Scientific communities are strongly agreed that climate change will have a disproportionately 

major effect on socio-economic development in Africa. The average cost of climate change to 

African economies could be equivalent to 1.5 to 3 per cent of GOP by 2030 and will continue to 
, 

rise. Climate change not only threatens the achievement of sustainable development and poverty 
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reduction in the continent but also it has the potential to undo the modest gains the continent has 

achieved towards attaining the Millennium Development Goals (ADF, 2010). 

2.2.Vulnerability to climate change 
The concept of vulnerability appears frequently in both scientific reports and policy documents. 

It has important communicative value: it captures notions of possible loss, damage and impact; 

of threat, risk and stress; of uncertainty and insecurity; of a lack of power and control; and of a 

number of other factors that contribute to a feeling or state of being vulnerable (Mike et ai., 

2009). 

According to the IPee (2007), vulnerability is the degree to which a system is susceptible to, 

and unable to cope with, adverse effects of climate change, including climate variability and 

extremes. It is a function of the character, magnitude, and rate of climate change and variation to 

which a system is exposed, the sensitivity and adaptive capacity of that system. Therefore, 

vulnerability to climate change is the degree to which geophysical, biological and socio­

economic systems are susceptible to, and unable to cope with, adverse impacts of climate 

change. Similarly, the IPee (2001) report defined vulnerability as the extent to which a natural 

or social system is susceptible to sustaining damage from climate change. 

swlm1son, et ai. , (2009), conceptualized vulnerability of a socio-economic and environmental 

system to climate change as a function of a system's exposure to climate change effects and its 

adaptive capacity to deal with those effects. They believed that the more exposed a system is to a 

particular climate stimulus, the greater the system vulnerability; conversely, the greater the 

adaptive capacity of the system to a'given climate event, the lower its vulnerability. 

" 
Vulnerability is a broadest concept that is caused by multi and interrelated factors . Natural and 

manmade hazards causes vulnerability of a community, households or an individual when there 

is inability to with stand or cope up with the problem. It refers to the full ranges of factors that 

place people at risk of becoming affected by disaster. It is the propensity of people to experience 

substantial damages and disruption as the result of hazard (e.g. drought, epidemics) and difficulty 

(e.g. through lack of resources) to cope with and recover from them. In simple terms 

vulnerability has two factors external exposure to disaster (Shocks, stress and risks) and the lack 
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of means to cope without suffering damaging lose (SERA Project, 2000). According to 

Shewmake (2008), vulnerability is the risk that Climate Change will cause a decline in the well 

being of poor people and poor countries. It is highly correlated with poverty and living status of 

especially farmers and determines their vulnerability to and adaptation with climatic changes. An 

increase in the frequency of climate related hazards could lead households to lower expected 

income which in turn can cause to fall below poverty threshold level. 

Not everyone is equally vulnerable. Vulnerability is highly dependent on context and scale. The 

methods and frameworks for assessing vulnerability must also address the determinants of 

adaptive capacity in order to examine the potential responses of a system to climate variability 

and change (Mike et al., 2009). It is further indicated that vulnerability is not the same for 

different populations living under different environmental conditions and confronting different 
( -

social , economic, political, ana-"institutional challenges (Senait et ai, 2010). It also differs 

substantially across regions, communities and even households, and the communities that are 

most vulnerable to climate change also face poverty, health disparities, and other social 

inequities (Texas Health Institute, 2012). 

It is clear that all the concepts and definitions given to vulnerability, as stated above, are 

relatively similar and more or less centered on the exposure, sensitivity and adaptive capacity of 

a given system to climate change. Hence, the definition of vulnerability as a function of 

exposure, sensitivity and adaptive capacity given by IPCC (2001) but with a due emphasis to 

rural communities living across different agro ecological zones will be adopted for this study. A 

highly vulnerable system would be a system that is very sensitive to modest changes in climate, 

where the sensitivity includes the potential for substantial harmful effects, and for which the 

ability to adapt is severely' constrained. 
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Components of Vulnerability 

According to lPCC (200 I) vulnerability to climate change is a function of exposure, sensitivity 

and adaptive capacity. 

The detail description can be shown as follows. 

Exposure Sensitivity 

Potential Adaptive 
impacts capacity 

Vulnerability 

Source: Adapted from IPCC (2001) 

Exposure 

Refers to the degree of climate variability and change that an entity (a country, community, 

individual or ecosystem) experiences. It relates to the influences or stimuli that impact on a 

system. In a climate change context it captures the important weather events and patterns that 

affect the system, but can also represent broader influences such as changes in related systems 

brought about by climate effects. Exposure represents the background climate conditions against 

which a system operates, and any changes in those conditions. It departs from hazard definitions, 

which have historically defined vulnerability as the probability of a hazard and the magnitude of 

the damage - ignoring the potential for adaptation options (IPCC, 200 I). 
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Sensitivity 

Refers to the assessment of the amount of impact climate factors have on the entity; and reflects 

the responsiveness of a system to climatic influences, and the degree to which changes in climate 

might affect it in its current form . Sensitive systems are highly responsive to climate and can be 

significantly affected by small climate changes. Understanding a system' s sensitivity also 

requires an understanding of the thresholds at which it begins to exhibit changes in response to 

climatic influences, whether these system adjustments are likely to be 'step changes' or gradual, 

and the degree to which these changes are reversible (IPee, 200 I). 

Adaptive capacity 

The IPee (2001) defined adaptive capacity as the ability ofa system to adjust to climate change 

(including climate variability and extremes), to moderate potential damages, to take advantages 

of opportunities or to cope with the consequences. This describes the ability of the entity to 

manage the negative impacts and take advantage of any opportunities that arise. Adaptation 

reflects the ability of a system to change in a way that makes it better equipped to deal with 

external influences. It is an inherently strategic and conscious effort to increase the capacity of a 

system to cope with (or avoid) the consequences of climate change. 

According to the IPee (2007), a region's vulnerability to climate change and variability depends 

on its adaptive capacity, sensitivity, and exposure to changing climatic patterns. Vulnerability is 

a c'o'mplex issue because it is determined by a combination of various factors and events (erosion, 

dem~graphic changes, macro polices, market ' changes). This means the consequence of climate 

change cannot be clearly separated from those of others events and remained complex but the 

extent which a natural or social system is susceptible to sustaining damage from climate change, 

determine by exposure, sensitivity and coping capacity as well as structural process. 
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2.3.Climate Variability and Change in Ethiopia 
Climate variability is nothing new in Ethiopia. Climate patterns has shown variations across 

times and spaces. According to NMA (2007). the country has experienced 10 wet years and II 

dry years over the last 55 years showing strong inter-annual variability. Years such as 1952, 

1959, 1965, 1972, 1973, 1978, 1984, 1991, 1994, 1999 and 2002 were dry while 1958, 1961, 

1964, 1967, 1968, 1977, 1993, 1996, 1998 and 2006 were wet years. However, the trend analysis 

of annual rainfall shows that rainfall remained more or less constant when averaged over the 

whole country. The same report further indicated that the country has experienced both warm 

and cool years over the last 55 years. However, the recent years are the warmest compared to the 

early years. The annual minimum temperature has shown a warming trend by about 0.37 °C 

every ten years between 1951 and 2006. 

The country has always suffered from great climatic variability, both yearly and over decades. 

Rain failures have contributed to crop failure, death of livestock, hunger and even famine in the 

past. Even relatively small events during the growing season, like too much or too little rain at 

the wrong times, can spell disaster. Small farmers and cattle herders, who are already struggling 

to cope effectively with the impacts of current variability and poverty, face daunting task in 

coping with weather variability and adapting to future climate change (Alebachew, 2011; Senait 

et ai, 2010). 

Climate change in Ethiopia is fundamentally a sustainable development issue. Key natural 

resources and natural systems such as land resource, wetlands and natural habitats, all of which 

are vital to sustainable development, are sensitive to changes in climate, including both the 

magnitude and rate' of climate change as well as to changes in climate variability. Economic 

activities, such as crop farming, livestock herding, energy production and water supply, that 

depend on these natural resources are therefore, also sensitive to climate variations. Thus climate 

change represents an important additional stress on the natural resource base of the country. 

Climate change is going to have adverse impacts on human health, water resources, energy 

resources, and on rural livelihoods, economic growth and transformations (Alebachew, 2011). 
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The NMA (2007) report further elaborated the impact of climate variability and stated that; 

./ Food insecurity arising from occurrences of droughts and floods ; 

./ Outbreak of diseases such as malaria, dengue fever, water borne diseases (such as 

cholera, dysentery) associated with floods and respiratory diseases associated with 

droughts; 

./ Land degradation due to heavy rainfall; 

./ Damage to communication, road and other infrastructure by floods are the major climate 

variability related adverse impact affecting the nation. 

2.4.Ethiopia ' s Vulnerability to Climate Change 
Ethiopia is highly vulnerable to the harmful effects of climate extremes primarily drought and 

flood. Drought occurs anywhere in the world but its damage is not as severe as in Africa in 

general and in Ethiopia in particular. Recurrent drought events in the past have resulted in huge 

loss of life and property as well as migration of people. Major floods which caused loss of life 

and property occurred in different 

(NMA, 2007). 

.c. 'Ul:" >J uu ,_ ~~:_j, 1994, 1995, 1996 and 2006 
ADDIS ABABA UNIVERSITY 

AKAKl CAMPUS LIBRARY 

The country has been highly vulnerable to climate variability and changes because large 

segments of its population are poor, have low adaptive capacity, dependent on income 

opportunities that are highly sensitive to the weather, and have low access to education, 

information, technology, and health services (Senait el aI. , 2010). Moreover, poverty, lack of 

access to technology, subsistence agriculture, deforestation, soil erosion and over-population are 

some of the problems that increase the vulnerability of the people to climate-related disasters. 

Constant wars and political instability also contributed to the severity of the impact of disasters 

(Tsegay el ai, 2000). To be spe~ific , the ag~iculi~ral sector in Ethiopia is especially vulnerable to 

the adversities of weather and climate due to the sectors dependence on rain fed and done using 
\ 

relatively basic technologies on tiny plots of land. Therefore, having selling off assets as a mean 

to cope will result for little to be left to plan for the future. Thus, communities are faced with 

simultaneously increasing climate variability, risk and vulnerability (Senait el al., 2010). 

However, not all regions and households are equally vulnerable (Temesgen el ai, 2008) and 

different factors are indicated for their vulnerability. 
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Causes for vulnerability of Ethiopia to climate variability and change include very high 

dependence on rain fed agriculture which is very sensitive to climate variability and change, 

under-development of water resources, low health service coverage, high population growth rate, 

low economic development level, low adaptive capacity, inadequate road infrastructure in 

drought prone areas, weak institutions, lack of awareness, etc (NMA, 2007). 

2.S.Methods to assess vulnerability to climate change 
Vulnerability and adaptive capacity are integrative components of evaluating the potential effects 

of climate change but they are complex to be measured directly. As per the ideas of Hoddinot 

and Quisumbing (2008), the most common methods in the climate change literature are the 

econometric and indicator methods. 

I. Econometric methods 

The econometric methods, uses household-level socio-economic survey data to analyze the 

vulnerability levels of different social groups. Such methods involve assessments based on 

vulnerability as expected poverty (VEP), vulnerability as low expected utility (VEU) and 

vulnerability as uninsured exposure to risk (VER) (Hoddinott and Quisumbing, 2003). All of 

these methods construct measures of welfare loss attributed to shocks, but differ in that VEP and 

VEU measure the ex ante probability of a household's consumption or utility falling below a 

given' minimum level in the future due to current or past shocks, while VER measures ex post 
• , ().. '. • <,;. -, 

welfare loss due to shocks. The most commonly cited shocks resulting in welfare loss include 

clirriatic, 'economic, political, social, legal, crime and health shocks (Hoddinott and Quisumbing, 

2003). 

Vulnerability as expected poverty 

In the expected poverty framework, an individual 's vulnerability is the prospect of that person 

becoming poor in the future if currently not poor, or the prospect of him/her continuing to be 

poor if currently poor (Christiaensen and Subbarao, 2004). It can be further defined as 

Vulnerability of h~usehold h at time t, Vht is the probability that the household's welfare 

(consumption) at time t + i (cht + I) will be below the benchmark (consumption poverty line, z): 

Vht = Pr (ch, t + I = z) (Hoddinott and Quisumbing, 2003). It is useful to produce a "headline" 

vulnerability figure, identify households "at risk" who are not poor, relatively straightforward to 
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calculate and it can be estimated with a single cross-section. However, this method is criticized 

for the use of estimations made across a single cross-section which requires the strong 

assumption that the cross-sectional variability captures temporal variability. 

Vulnerability as uninsured exposure to risk 

This method is an ex post assessment of the extent to which a negative shock caused a welfare 

loss (Hoddinott and Quisumbing, 2003). Here, the shock impact is assessed by using panel data 

to quantify shock-induced changes in consumption. It differs from YEP measures in that it is 

backward looking; it is an ex post assessment of the extent to which a negative shock caused a 

welfare loss rather than an ex ante assessment of future poverty. It differs from YEP and VEU 

measures in that there is no attempt to construct an aggregate measure of vulnerability. It is 

important in that it provides prima facie evidence that existing risk management mechanisms are 

doing a poor job in protecting households from income shocks. Moreover, it is useful to indicate 

whether covariate or idiosyncratic shocks are the principal cause of welfare losses, be adapted to 

determine whether shocks have different effects across different groups and is ex post rather than 

ex ante. 

Vulnerability as low expected utility 

Hoddinott and Quisumbing (2003) defined Vulnerability as the difference between the utility 
... . ..... , ; , . 

derived from some level of certainty-equivalent consumption, at and above which the household 

would not be considered vulnerable and the expected utility of consumption. It is useful in that it 

prov ides clean disaggregation between vulnerability due to poverty and vulnerability due to 

uninsured risk. It 'can al; o be used to calculate an aggregate measure of vulnerability, On the 

co~trary, this method is' criticized for being the hardest measure to calculate and the units of 

measurements are somewhat difficult to convey to individuals with little formal training in 

economics. 

YEP and VEU approaches measure vulnerability at the individual level; summing over all 

individuals or households gives a measure of aggregate vulnerability, VER do not measure 

vulnerability because they do not construct probabilities; instead, they assess whether observed 

shocks generate welfare losses. They are ex post assessments of the extent to which a negative 
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shock causes a household to deviate from expected welfare, measuring the length of the rule to 

the left of the expected level of welfare (Hoddinot and Quisumbing, 2008). 

II. Indicator Methods 

The indicator approaches are based on developing a wide range of indicators and selecting some 

of them through expert judgment (Kaly and Pratt, 2000), principal component analysis (Cutter et 

ai, 2003), or correlation with past disaster events (Brooks et ai. , 2005). Each of these selection 

procedures is used to choose the indicators that account for the largest proportion of 

vulnerability. According to Luers et af., (2003), the indicator approaches are valuable for 

monitoring trends and exploring conceptual frameworks . However, these approaches are limited 

by: I) considerable subjectivity in the selection of variables and their relative weights, 2) the 

availability of data at various scales, and 3) the difficulty of testing or validating the different 

metrics. 

The indicator approach uses a specific set or combination of indicators (proxy indicators) and 

measures vulnerability by computing indices, averages or weighted averages for those selected 

variables or indicators. This approach can be applied at any scale (e.g. , household, 

county/district, national, system). The major limitation of the indicator approach is its inability to 

capture the complex temporal and social dynamics of the various systems being measured. 

I-iowever, the indicator approach is valuable for monitoring trends and exploring conceptual 

frameworks (Glawadys and Claudia, 2009). Both Glawdys and Claudia (2009) base their 

definition of vulnerability on the Intergovernmental Panel on Climate Change ' s definition, where 

a region ' s vulnerability to climate change and variability is described by exposure, sensitivity, 

and adaptive capacity (IPCC, 200 I). Their vulnerability indicator approach was integrated, in 

that the selected indicators represent both the biophysical conditions of the farming regions and 

the socio-economic conditions of the farmers . The indicators were selected through an extensive 

review of previous reports; guided by a list of indicators that were developed in a workshop 

setting, and then pragmatically assessed in relation to data availability. 
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Temesgen (20 I 0), in his study on the assessment of the vulnerability of Ethiopian agriculture to 

climate change was used both the indicator and econometric methods to quantify vulnerability. 

The vulnerability as expected poverty was used to analyze vulnerability at the household level 

where as the integrated vulnerability assessment approach, one of the indicator based 

vulnerability methods was used to compare the level of vulnerability among the agriculture 

based administrative regions in Ethiopia. Another study made by Glawdys and Claudia (2009) on 

the mapping of south African farming sector vulnerability to climate change and variability used 

an integrated vulnerability assessment approach based on indicator method. However, only the 

indicator method of quantifying vulnerability was employed to determine as well as compare the 

vulnerability levels of rural communities in Kola Tembien Woreda across different Kebelesl agro 

ecologies. 

2.6. Meaning of Adaptation and Adaptation strategies 

Adaptation is the adjustment in natural or human systems In response to actual or expected 

climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities 
; 

(IPCC, 2007). It also refers to planned and autonomous (or spontaneous) adjustments in natural , 
or h~man systems in response to climatic stimuli. Adaptation can reduce harmful effects or 

exploit opportunities. Lobell and Burke (20 I 0), similarly defined adaptation as changes made to ,., 
a system impacted by climate and includes both changes that either reduce negative outcomes or 

.It ' 
enhance positive outcomes, It refers to adjustments in processes, practices, or structures to 

, )', 

moderate or offset potential damages or to take advantage of opportunities associated with 

changes in climate, The concept of adaptation in climate change issue is important to the 

assessment of impacts and vulnerabilities and to the development and evaluation of response 

options, 

Adaptation can be also defined as improved society's ability to cope with changes in climatic 

conditions across time scales, from short term (e,g, seasonal to annual) to the long term (e,g, 

decades to centuries) (Charles and Rashid, 2007). The goal of an adaptation measure is to 

increase the capacity of a system to survive external shocks or change. The assessment of farm­

level adaptation strategies is important to provide information that can be used to formulate 
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policies that enhance adaptation as a tool for managing a variety of risks associated with climate 

change in agriculture. 

It is clear that pressure from climate change can be felt by all systems. A key focus of adaptation 

policy should be then to reduce the adverse consequences, and capitalize on any opportunities, 

arising from climate change. If adaptation processes are to be effective, understanding the needs, 

capacities and priorities of the most vulnerable groups must be the primary focus of vulnerability 

assessments, and these groups must represent the main targets for adaptation funding and 

support. This implies processes that examine sub-national differences, that are participatory and 

that seek to uncover the underlying causes of vulnerability to climate change in order to identify 

vulnerable groups and empower them to engage in decision-making on adaptation (PECCN, 

2011). Hence, in order to reduce vulnerability to climate change, measures should be done to 

build adaptive capacity and in some cases to reduce exposure or sensitivity to climate impacts, 

particularly of the most vulnerable people (Daze et al., 2009). 

Adaptation will not necessarily occur automatically in response to observed and projected 

changes. Experience has shown that identified adaptation measures do not necessarily translate 

into changes because there are context-specific social, financial, cultural, psychological and 

physiological barriers to adaptation (IPCC, 2007). Barriers may include societal values and 

priorities, governmentai regulations, lack of availability or access to technologies, or economic 
". ,., , : . ' I . '. , 

or political interests that may hinder new technological systems or knowledge systems. 

Adaptation can be a specific action, such' as a farmer switching from one crop variety to another 

that is better suited to anticipated conditions. It can be a systemic change such as diversifying 

rural livelihoods as a hedge against risks from variability and extremes. It can be an institutional 

reform such as revising ownership and user rights for land and water to create incentives for 

better resource management. Adaptation can be also a process which involves learning about 

risks, evaluating response options, creating the conditions that enable adaptation, mobilizing 

resources, implementing adaptations and revising choices with new learning (Leary et ai, 2008). 
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In many cases, adaptation activities are local - district, regional or national-issues rather than 

international (Pavola and Adger, 2005). Because communities possess different vulnerabilities 

and adaptive capabilities, they tend to be impacted differently, thereby exhibiting different 

adaptation needs. As a result, adaptation largely consists of uncoordinated action at household, 

company and organization levels. But it may also involve collective action at the local, national, 

regional and international levels and cross-scale interaction where these levels meet (Pavola and 

Adger, 2005). 

The most viable option that is open to Africa to manage the impacts of climate change in the 

region is through adaptation. However, the continents low adaptive capacity serves as a major 

constraint to her ability to adapt. This limited adaptive capacity results from the region's poor 

financial resources, low technical and technological capabilities, weak institutions and limited 

lIwareness of the devastating impacts of climate change. However, despite this limited adaptive 

capacity, several adaptation strategies are currently being practiced to cope with present climate 

variability in the region. For instances, within the agricultural sector, these strategies range from 

the development and deployment of early warning systems, better agricultural management 

systems, improved crop cultivars, better and more efficient irrigation systems and good grain 

storage systems. Strategies used in the other sectors include the construction of sea retaining 

walls to stop coastal erosion and storm surges, the use of insecticide-treated nets to reduce the 

incidences of malaria, etc (Nkomo et ai., 2006) 

In Ethiopia, traditional and contemporary adaptation strategies to climate variability and 

extremes include changes in 'cropp'ing and planting practices, reduction of consumption levels, 

collection of wild foods, use of inter-household transfers and loans, increased petty commodity 

production, temporary and' permanent migniiion in search of employment, grain storage, sale of 

assets 'such as livestock and agricultural tools, 'mortgaging of land, credit from merchants and 

mon~y lenders, use of early warning system, food appeal/aid, etc (NMA, 2007). 
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2.7. Review of Empirical Studies and Methodologies 
According to Nelson and Naa (2005), the vulnerability of people in a given area to the effects of 

climate change depends on the vulnerability of the surrounding natural landscape unit to weather 

extremes and climatic shifts, and the adaptive capacity of the local population. The underlying 

factors determining climate vulnerability in Ghana tends to be widespread poverty, reliant on 

primary production, high population along the coastal zone, and over dependence on rain fed 

agriculture. Therefore, the country' s climate, development status, food supply, dependence on 

natural resources, biodiversity loss, disease burden level, water and energy resources, coastal 

zone and advancing of desertification should be the important factors to be considered in 

assessing the nation ' s vulnerability to climate change. 

The Allen consulting group (2005), also found that Australia is highly vulnerable to the harmful 

effects of climate change due to the industry' s sensitivity to the impacts of climate change and 

can be attributed to a number of factors including: heat stress, availability of good quality water, 

susceptibility to pests and diseases, supply of high quality feed, frequency and number of 

drought years, and the ability to " recover after drought. The extensive livestock industry is 

vulnerable to the impacts of climate change with few adaptive options available across most 

rainfall zones. The capacity to adapt will largely be through the introduction of drought tolerant 

pasture species' and animal breeds. Reduced rainfall, drought, increased fire hazard, pest 

infestations and soil erosion could "adversely affect forest productivity and the sustainability of 

native forests . 

When we come to the Ethiopian context, Doty et ai. , (20 II) under the framework of his model 

indicated Ethiopia as the most vulnerable to climate change and ranks high on the scale of 

vulnerability to climate change out of the 11 countries in the east and central Africa region. It is 

highly affected by climate change because of the dependence of the majority of the population 

on rain-fed crops for food suppl y, and rainfall for irrigation. The human development dimension 

of the nation particularly, its health status is strongly affected by extreme climatic events. 
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Luni et al., 2012, viewed vulnerability to climate change as multidimensional and determined by 

a complex inter-relationship of multiple factors. As to them, many variables representing 

components of vulnerability are not directly quantifiable. Nevertheless, devising an index to 

measure vulnerability is helpful to compare similar systems and provide insights into the 

underlying processes and determinants of vulnerability that is of relevance to policy makers. 

Therefore, they believed that the first step in constructing the index comprises the selection of 

indicators, then assigning weights to those indicators, and finally these indicators are aggregated 

to form an index. Indicators and indices are useful in representing a complex reality into simpler 

terms. However, the methodology adopted in the choice of indicators is very crucial, since 

choice of wrong indicators may lead to a construction of an invalid index. Choice of indicators to 

represent the index for vulnerability is constrained by the fact that vulnerability itself has no 

tangible element. They calculated vulnerability following the definition of IPCC (200 I), 

vulnerability as a function of exposure, sensitivity, and adaptive capacity. Indicator variables for 

adaptive capacity, exposure and sensitivity were first determined based on some theories that 

provide insight into the nature and causes of vulnerability. Then, focus group discussion was 

conducted at local level to verify the representativeness of the theory-based indicators. After that 

principal component analysis was run to determine the weights of the selected variables and 

finally combined them using the formula given by IPCC (200 I), and the normalized value was 

selected from their respective means and standard deviations. Ordinal values, number, livestock 

standard unit (LSU), percentages and hours were used as a units to measure the indicators of 

adaptive capacity where as values in Nepalese rupee, percentage, and numbers were also used as 

a units to measure the sensitivity. Besides, coefficient of trend and number/frequency was used 

as a unit to measure the e~p~sure of the area. The result finally found local difference in 

vulnerability attributed to variations in the indicators of adaptive capacity, sensitivity and 

exposure. 

Another study made by Glawdys and Claudia (2009) on the mapping of south African farming 

sector vulnerability to climate change and variability used an integrated vulnerability assessment 

approach based on indicator method. Accordingly, nineteen environmental and socio-economic 

indicators are identified to reflect the three components of vulnerability; exposure, sensitivity, 

and adaptive capacity. The weights for the variables was generated from principal component 
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analysis where as the normalized values was also calculated using their means and standard 

deviations. The results of the study show that the region's most vulnerable to climate change 

and variability also have a higher capacity to adapt to climate change. Furthermore, vulnerability 

to climate change and variability is intrinsically linked with social and economic development. 

An agro ecology level analysis made in North Shewa by Gutu et al. , (2012) also quantified 

vulnerability based on integrated vulnerability assessment approach. The normalized value was 

obtained from the means and standard deviations of the selected variables and the principal 

component analysis was run on 29 indicator variables to determine their weights. The 

vulnerability of different agro ecological zones was then calculated following the fPCC (2001) 

formula for measuring vulnerability and found highland as the most vulnerable agro-ecology 

which is attributed to its small land size, highly fragmented farm, low productivity of land due to 

fertility lose, high degradation of 'farmlands due to steep sloping, lower level of asset building 

like livestock and perennial crops', and generally lower level of experience to adapt to climate 

change impacts. The midland was found to be less vulnerable as compared to the highland areas, 

which is attributed to lower level of prevalence of pest and diseases, potential to grow diversity 

of crops, relatively gentle sloping of farmlands, moderate rainfall and low frequency of natural 

hazards . Contrary to the expectations the lowland area was not vulnerable when compared with 

the midland and high land. This is because of better experience of operating agricultural 

activities under stressful conditions, relatively larger farm size with optimal number of farm 
I • . 

plots, moderate slope of farm lands, better fertility level of farmlands, better size of land under 

irrigation, better adaptation ' to changing climatic conditions and access to early warning 

info~ation. 

As far as the adaptation strategies 'is concerned, a 'study made by Yibekal et al., (2013) in three 

purposively selected Woredas of Eastern Hararghe Zone examined smallholder farmers ' level of 

perception about climate change, source of information on climate change, types of adaptation 

strategies, factors influencing adaptation choices and barriers to adaptation. The study then found 

that the surveyed farm households in the study area perceived at least one aspect of climate 

change primarily through their life experience. Deforestation is believed to be the main cause of 

climate change by most farmers. Planting trees is the major adaptation measure and has been 
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employed by majority of the farmers as a primary adaptation strategy. Besides, other strategies 

such as early planting, terracing, irrigation and water harvesting have been using by the farmers . 

The main source of information for these adaptation strategies is from extension advice. 

However, the choice of adaptation strategies is affected by non-farm income, farmer- to-farmer 

extension, access to credit, distance to selling markets, distance to purchasing markets, and 

income. Finally, the study identified lack of information as the most important and lack of farm 

inputs, shortage of land, lack of money, lack of water and shortage of labor as other barriers to 

climate change adaptation. 

Senait et ai. , (2010) also conducted vulnerability and adaptation strategy related study in the 

Adamii Tulluu-Jido Kombolcha Woreda and showed that with some assistance from non­

governmental organizations and the government, small-scale farmers and pastoralists are 

adopting a variety of context-specific coping mechanisms. In the farming areas, farmers shift to 

more drought tolerant crops and varieties, improve forest conversation and management 

practices, diversify energy sources, and seek alternative means of income from off-farm 

activities. 

Dejene (20 II) also assessed farm-level adaptation strategies in Adiha, Kola tembien Woreda and 

found that use of irrigation, planting early maturing and drought resistant crop varieties and soil 

and water conservation practices are the most important strategies used by the communities but 

changing of planting date and crop diversi fication are not commonly used in the area despite the 

em:ctiveness of the strategies in drought prone areas. The degree of sensitivity of the community 

as a'''whole or part of the community depends on household wealth, access to and use of 

reso~rces/technology, ages, gender and literacy rates. Besides, farmer' s willingness and 

capability to use different cultural and environmental signs and signals for weather prediction 

and forecast also determines their level of vulnerability to climate related hazards. Weather 

predication and forecast enables to devise appropriate coping and or adaptation mechanisms. 

\ 
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It is clear that the aforementioned studies have been made across different geographical areas, 

communities, households, and even different periods of time. It can be reflected that 

vulnerability and adaptation strategies in response to climate change varies spatially and even 

temporally. Different communities found across different geographical areas and even different 

periods of time have different vulnerability levels and different practices of adaptation strategies. 

Besides, the choices of adaptation strategies of different communities are influenced by 

different factors. Therefore, vulnerability and adaptation strategies are context specific and 

studies pertaining to it should be carried out at a particular scale. 
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2.8. Conceptual framework 
According to IPCC (200 I), vulnerability is a function of exposure, sensitivity and adaptive 

capacity. Therefore, an integrated vulnerability assessment approach is significant in addressing 

vulnerability issues as a whole . 

As indicated earlier, the study area is among the vulnerable areas of Tigray region due to a 

number of biophysical and socio economic factors. The area is generally exposed to both 

climate variability (erratic and uneven rainfall) and extreme climate change (mainly drought and 

flood). However, rural communities are not only exposed to climate variability and extremes, 

their exposure to climate change are also determined by non climatic factors . Exposure affects 

sensitivity, which means that exposure to higher frequencies and intensities of climate risk highly 

affects outcome (e.g., yield, income, health). Sensitivity and adaptive capacity are also linked: 

the adaptive capacity influences the level of sensitivi ty. In other words, higher adaptive capacity 

results in lower sensitivity and vice 'versa. Therefore, sensi tivity and adaptive capacity add up to 

total vulnerability. However, vulnerability and adaptation strategies are related in that better 

adaptation strategies could reduce vulnerability and vice versa. The vulnerable communities will 

have their own adaptation strategies based on their adaptive capacities. The range of adaptation 

strategies employed by the rural communities can also be directly or indirectly affected by their 

adaptive capacities. Graphically it can be shown as follows. 

Climatic factors, such as climate Non climatic factors, such as economic, social, institutional, and 
variabil ity and extremes technological conditions of the communities 

.. 

Exposure of human systems at Sensitivity Adaptive capacity 

community level .. .. .' " l+-
. '. , " 

, .. . 
" 

.. 

Total Vulnerability of rural communities Adaptation 

~ strategies 

Figure I: Conceptual frame work 

Source: Adopted and modified from TPCC (200 I) concept, Fussel (2005) and Daniel (20 II) 
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CHAPTER THREE 

3. Research Methodology 

3.1. Study Area Description 

3.1.1. Physical conditions 
Location: 

Kola Tembein Woreda is localed allhe soulhern parl of cenlral zone or Tigray. Geographically, 

it is located between 458,131-524,202E Latitude and 1,504,064-1 ,526,798 N Longitude 

(UTM).ll has 28 Tabias , 97 Kushet and found in the nearby lown, Abiyi - Adi which is 908 

kilometers away from Addis Ababa. It is bordered in the North by Weri-Leke, in the East 

Hawzen and Degua Tembein, in the south Tankua Abergele and in the West Tselemti and 

Naeder Adet. The location map oflhe Woreda and the surveyed kebeles indicated in figure 2. 

Study area map 

Legend 

Study are .. keb.les -1legasNol -..... D r_. G;cxgis _ Utna! 

o 1.5 3 6 9 12 -=-= __ "== __ Decim31 Degrees 

Figure 2: Surveyed kebeles of Kola Tembien 

Source: Mearg, (2014) 
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As shown in figure 2, this study was conducted in 4 kebeles of Kola Tembien Woreda, namely, 

Begashka, Tabotegiorgis, Limat and Menji . 

Topography: As its name indicated Kola Temben is dominantly lowland with an elevation 

ranging from 1400 to 2435 meter above sea level. Begashka is found at an altitude from 1650 to 

1750, T/giorgis from 1850 to 2300, Limat from 1500 to 2300 and Menji is found from 1500 to 

1800. The Woreda is generally characterized by mountainous, plateaus, undulating and rugged 

topographic condition. Soil type of the area is mainly sand, clay, silt and loam that cover 62%, 

26%,3% and 9% respectively (KTWARDB, 2012). 

Climate 

The Woreda is dominantly characterized by two agro climatic zones namely Kola and woina 

dega which constitutes 58% and 41 % respectively. The remaining 1% of the Woreda falls under 

the dega agro climatic zone. However, no kebele in the Woreda is represented by a single agro 

ecological zone. The average temperature of the Woreda ranges from 25 - 30°C. The rainfall of 

the Woreda is mono-modal, received only during the main rainy season, June- end of August. 

Annual rainfall ranges from 500mm to 800mm. However, the Woreda is characterized by erratic 

rainfall and intense rain in a short period of time (KTWFB, 2012). 

Area size: 

According to the compiled report of the finance bureau of Kola Tembien (2012), the total area of 

the Woreda is 147,000 hectare of which 31 ,021 ha is arable, 47925.97 ha is grazing, 3421.26 ha 

is residence, 25, 058.2 ha is natural forest, 1070 ha is reforested and the remaining 29502 ha of 

land is wasteland. 

, . 
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Figure 3: Seasonal calendar offarmers in Kola Tembien 

Source: KTWARDB, 2014 
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3.1.2. Socio-economic conditions 
Population size: The Woreda is one of the populous Woreda in the zone. It has an estimated 

total population of 160,639 of which 80,029 are male and 80,610 are female. The Woreda has a 

total of 34,922 households with an average family size of five people (KTWFB, 2012). Density 

of the population is 106 p/sq km. 

Economic Activities: mixed farming is widely practiced in the Woreda where non farming 

activities are rarely dominant. The majority of the population is living in rural areas making their 

livelihood from agricultural production. Onion, Tomato, Cabbage, and pepper are grown by 

irrigation for their consumption and marketing. Honey and poultry productions also constitute 

some share of the economic activities practiced. 

Total cultivated land versus agricultural production 

There is a spatial and temporal variation between the total cultivated land and annual production 

in the last five years. This can be shown in the following table 2. 

Table 1: Total cultivated land and agricultural output in Kola Temben (1998-2005 E.C.) 

Cultivated land in hectare Production in quintal 

30950.37 
31002.51 325329.36 
30622.465 . ~, ", . -f1~!!~

- .. .. 
!): •.. ~ "" ." .) ..-;. 

200112002 30219.615 456346.472 

tiiiib~~jj§j~~====3i972710.98 
Source: KTWARDB, 2014 

f" • .~ ;' - 'J : 

, ~~ 

The main crops grown in the Woreda are; maize, sorghum, finger millet and teff by rain fed and 
irrigation. Different cereal pulses and oils seeds are also produced dominantly by rain fed per a 
given production year. Maize, sorghum, finger n)illet, millet, teffhagayl , wheat, barley, and teff 
are produced. Horse bean, field pea, lentils, haricot bean, chickpea are produced under the 
category of pulses and neug2

, flax and sesame : ~l so constitute the production under the oilseed 
category. 

J Tei! hagay is a local (erm used (0 refer ( 0 dagusa 
, Neug refers ( 0 the type of oil seed produced in (he Woreda 
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3.2.Sample size and sampling technique 

The sampling process starting from the Woreda selection up to the household level follows a 

series of steps as shown below. 

Step 1: Woreda selection: Tigray regIOn has 46 Woreda and among which Kola Tembien 

Woreda was purposively selected for this study due to: 

0/ As per the best knowledge of the researcher, no study pertaining to the assessment of 

vulnerability and adaptation strategies was made at local and agro-ecology level in the 

Woreda despite of the frequent disturbance of the livelihood of rural communities as a 

result of climate related occurrence, 

0/ The researchers' familiarity with the Woreda and knowledge of the local language and 

culture. 

Step2: selection of agro-ecology: This study was being carried out at agro-ecology level so that 

identifying priority areas was the primary concern. As indicated earlier, the Woreda was 

climatically divided in to Dega (1%), woina dega (41 %), and Kola (58%) agro ecological zones 

(KTWFB (2014). The latter two agro-ecologies constitute the lion's share of the Woreda. 

Therefore, having considered the size of the agro-ecological zones and the available resources of 

the researcher, high land (dega) agro ecological zone was purposively dropped from selection. 

Hence, both the low land (Kola) and mid land (woinadega) agro-ecological zones were 

deliberately s~lected for the study. 

Step 3: The researcher selected four kebeles based on stratified sampling method. First, kebeles 

in the Woreda were divided in to two categories based on their agro ecological zones but no 

kebele was represented by a single agro-ecology. Since one of the objectives of the study was a 

comparative analysis of vulnerability at local level there by agro-ecology level, the same 

numbers of kebeles from each agro-ecological zone were selected. Accordingly, Limat and 

Menji kebeles from low land (Kola) and Begashka and T/giorgis kebeles from mid land (woina 

dega) agro-ecologies were selected. This selection was made purposively based on the expertise 

informatio~ of KTW ARDB official's on the frequency of climate extremes. 
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Step 4: Village selection : Village selection follows similar pattern as of the kebeles. Daram 

village from Limat, Limat from T/giorgis, Wetlako from Begashka and Gbe village from Menji 

were purposively selected based on the expertise information of KTWARDB officials on the 

matters pertaining to the livelihood of the households and frequency of extreme climate related 

hazards. 

Step 5: Selection of households 

A simplified formula given by Yamane (1967:886) as cited in Israel (2012) was used to calculate 

the sample size of households in this study. A 95% confidence level and P = 50% were assumed. 

N 
n=---." 

1 + N(e)2 

Where n is the sample size, N is the popUlation size, and e is the level of precision. Hence, based 

on the 2.1 % predicted growth rate given by eSA (2007) for rural Woreda in Ethiopia, the 

Woreda has found 34,922 households by 2006 E.e. The actual numbers of households found 

across the sample villages were 1318 of which 950 of them were male headed while the 

remaining were female headed households. The size was calculated as follows. 

N 
n = -:-1+-N""(:-e::;)' , ~=:.:13:=1:=:8 -:-::~ '" I 13 househo Ids 

1+1318 (0 .09) ' 

However, since four kebeles were surveyed and in order to make the sample more 

representatives, 125 households were surveyed for the study and the distribution across their 

respective villages is clearly illustrated in Table 2 below. The level of analysis is kebele so that a 

relatively equal numbers of samples were taken from each kebeles. 
," 
Table 2: distribution of responden\s across the selected villages 

Mid land Begashka Wetlako 503 
T/giorgis Limat 368 

Low land Lima! Daram 174 
Menji Gbe 273 
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386 
292 
136 
136 

117 21 
76 23 
38 27 
137 16 

II 

7 
6 
14 
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Households with in kebeles in Kola Tembien Woreda in general and the sample villages in 

particular were organized under the name called 'Lima! gujle3 
'. Each 'Lima! gujle' has its own 

leader and consists of 20 - 30 households on average. The sample respondents were then 

selected using simple random sampling method from the list of development groups found at 

each of the surveyed kebeles. Accordingly, 32 households from Begashka (mid land agro 

ecology), 33 households from T/giorgis (mid land agro ecology), 30 households from Limat (low 

land agro ecology) and 30 households from Menji (low land agro ecology) were surveyed. 

Furthermore, key informants were selected from the Woreda and kebele experts where as focus 

group discussants were selected from sample villages. 

3.3.Research approach 
In this research both quantitative and qualitative approaches were applied in order to get reliable 

data. The qualitative approach was comprised of key informants interview, focus group 

discussion, and direct observation where as quantitative approach was employed through 

household survey on the selected 125 households. 

3.4.Data sources 
Both primary and secondary data source~ were used in this study. Primary data was collected 

from the key informant interviews, focus group discussions and direct observation. The primary 

data ~as supplemented by secondary data sources such as office documents from the agricultural 

and rural development bureau, finance and rural development bureau, previous works done as 

Master's thesis and reports pertaining to the study of vulnerability and adaptation strategies of 

rural households. Besides, all climatic data of the Woreda was obtained from the NMA. 

, 
,3.5.Data collection instruments 
In this study both quantitative and qualitative data collection tools were used. Quantitative data 

was gathe,ed using household survey where as the qualitative data was collected through 

structured open ended questions for key informants and focus group discussions along with 

personal observations through check lists and review of documents from relevant bureaus. 

, .. 

, Limat gujle means a develapment group faund in each kebele 

34 



Household survey 

Questionnaires were distributed for 125 households in order to assess both the biophysical and 

socio economic indicators used for quantifying vulnerability at agro-ecologicallevel. Besides, it 

Was also administered to collect information on the adaptation strategies used by communities in 

times of crop failure, improving livestock production, managing land degradation and in times of 

rainfall uncertainty. The barriers of communities to adapt to climate change were also addressed 

through this tool. The question items were both open and closed ended type. They were 

originally prepared in English and latter on translated to Tigrigna language. The survey was 

conducted by enumerators after being trained about the procedure by the researcher. 

Focus group discussion (FGD) 

FGD was employed to collect first-hand information on perceptions and thoughts of the groups 

about climate change and its impacts on their livelihood, adaptation strategies and barriers to 

adaptation. Focus group discussants were purposively selected in order to be representatives of 

different social groups and to get their long years of knowledge on climate conditions of their 

kebele. Accordingly, four mixed group discussions which consist of 7 -9 individuals from elderly 

men, religious leaders, and female headed households were made across the sample kebeles. 

Guiding questions about the aforementioned matters were prepared to get in-depth information. 

~eY, informant interview (KII) 

K,ey infqrll)ant intervie'r' .was~ fade with the selected female and male headed households in 

order to get information about their perception to climate change, impact of climate variability 

on their crop production, ' and the role of local government or community in averting climate 

change impacts, Likewis~, agricultural and rural development officials from natural resource, 

water resource, and soil resource of the Woreda as well as development agents from the sample 

kebele were interviewed to collect primary information about adaptation strategies taken by their 

government, the effecti'veness of such strategies and the factors influencing the adaptation 

strategies of farmers. Finally, a total of 9 interviews were made. 

,. 
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Direct Observation 

A direct observation through transect walk was made in order to have firsthand impression on 

the existing adaptation strategies of the communities and responses undertaken by governmental 

and non-governmental organizations to reduce climate change impacts. Furthermore, captured 

photographs on some of the current adaptation strategies employed by the communities can 

clearly witness that. 

3.6. Data Analysis and Processing 
The bio physical and socio economic data that was collected using household survey on the 

selected 125 respondents was analyzed by using the indicator method of quantifying 

vulnerability. This method quantifies vulnerability based on selecting context specific indicators 

and systematically combining them. The indicators were selected based on reviewing literature 

and context of the study. Principal component analysis was used to determine the weight of the 

selected variables whi le constructing the vulnerability index. The climatic data that was obtained 

from the NMA was analyzed using time series analysis. Besides, chi square test was used to see 
": ' 

the associations between the selected vad,~bl~s and localities/ agro ecological zones. Data 

obtained on adaptation strategies to climate change as well as the various factors influencing 
cl . 

household's choice of adaptation strategies was analyzed and presented using simple descriptive 

statistics (tables and figures). The qualitative data collected by employing FGDs and interviews 

across the different agro ecological zones was analyzed qualitatively so as to assist the ideas 

obtained quantitatively and in cross checking results, consequently help to increase the validity 

and reliability of the findings. Besides, secondary data obtained from NMA, the Woreda and 

kebeles was also used and' analyzed. 

3.6.1. Constructing vulnerability indices of each kebele/agro-ecology 
For the analysis of vulnerability in the study area both bio-physical and socio-economic 

vulnerability perspectives have been integrated. Fuse l and Klein (2006) and IPee (2001) have 
. t' .,. " . ' ,.;. . 

summarized the framework for vulnerability analysis to include adaptive capacity, sensitivity and 

exposure. In the framework, exposure to climate change and variability will lead to vulnerability 

based on the sensitivity level of the communities' lives and livelihood. Moreover, when the 

capacity to withstand the negative consequences of exposure and sensitivity become very low the 

vulnerability of climate change impact will be very much higher. Thus, from the IPeC (2001) 
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concept, vulnerability can be calculated as the net effect of sensitivity and exposure on adaptive 

capacity. 

However, vulnerability level or the comparative analysis of kebeles/agro ecologies in Kola 

Tembien Woreda was made based on the adaptive capacity and sensitivity of the surveyed rural 

communities under relatively similar level of exposure. Households were asked about their 

perceptions towards climate variables and a nearly similar result was found. All households 

perceived that climate is changing and then it was assumed that the surveyed areas have similar 

weather patterns. 

Vulnerability level of rural communities in the surveyed areas was calculated using indicator 

method. This method quantifies vulnerability based on selecting context specific indicators and 

systematically combining them. The vulnerability indices were then obtained by applying 

Principal component analysis (PCA) on the adaptive capacity and sensitivity variables following 

the works of Deressa et al., (2008). PCA is frequently used in research that constructs indices for 

which there are no well-defined weights. It is a linear combination of optimally-weighted 

observed weights. Here, it is assumed that there are no well-defined weights assigned to the 
. . , 

vulnerability indices. Therefore, PCA generated the weights, based on the assumption that there 

is a c'bm~~n factor that explains the 'variance in the vulnerability. Instinctively, the first principal 
\ . ~.",~ '" 

component of a set of variables is the linear index of all the variables that captures the largest 

amount of information common to all the variables. Accordingly, the first component scores 

from the principal component analysis measured the weighted sum of score of all variables. 

Following Deressa et al., (2008), Ispecified , 

Vulnerability= (adaptive capacity) - (sensitivity + exposure)""""",,,,,,,,,,,,,,,,,,, (I) 

Here, higher value (i.e. when adaptive capacity is greater than the sum of sensitivity and 

exposure) indicates less vulnerability while iower value indicates higher vulnerability, As 

explained above, each set (adaptiv~ capacity, 'exposure and sensitivity) are composed of different 

indicators . 
.' . 
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Suppose we have a set of k variables (a*lj to a*zj) that represents the k variables (attributes) of 

each agro-ecologies j. PCA starts by specifying each variable normalized by its mean and 

standard deviation. For Example: alj= (a*lj-a*I)/s*l, where a*\ is the mean of a*lj across 

agro-ecologies and s*1 is the standard deviation. The selected variables are expressed as linear 

combinations of a set of underlying components for each kebelel agro ecologies j . 

{

a.l.j=_XIlYIj+XI2Y2j+ . . . +X lzYzj 

azIJ-XzIYlj+Xa Y2j+ .. . + XzzYzj, 

j = 1 ... J (2) 

Where, Y 's are the components and the X's are the coefficients on each component for each 

variable (and do not vary across agro-e~ology). Because only the left side of each line is 

observed, the solution' to the problem is indeterminate. PCA overcomes this indeterminacy by 

finding the linear combination of the variables with maximum variance (usually the first 

principal component ylj) , then finding a second linear combination of the variables orthogonal to 

the first and with maximal remaining variance, and so on. Technically, the procedure solves the 

equations (R-AI) vn=O for An and V n, where R is the matrix of correlations between the scaled , . . 
variables (a's) and V" is the vector of coefficients on the nth component for each variables. 

Solving the equation yields the characteristic roots of R, An (also known as eigenvalues), and 

their associated eigenvectors, V n. The final set of estimates is produced by scaling the V nS so that 

the sum of their squares sums to the total variance, another restriction imposed to achieve 
-determinacy of the problem. 

,. 

, , 

The scoring factors from the model are recovered by inverting the system implied by equation 

(2). This yields a set of estimates for each of k principal components: 

{y,,~ f",,, + f" '" + ... +f" •• 

YZj- fzlalj + fa a2j + ... +fzz aZj , 

j= l , ... , J ....... . (3) 
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Where, the fs are the factor scores. The first principal component, expressed in terms of the 

original (un normalized) variables which is used as a weight of each variable, is therefore an 

index and finally, the vulnerability index of each kebele/ agro-ecology in Kola Tembien Woreda 

is obtained using the following equation. 

Vllj= fll (a* Ij-a* I )/(s* I) + ... + fl z (a*zj- a*z)/(s*z) .... . . .. (4) 

In calculating the direction of relationship in vulnerability indicators (Le. their sign), a negative 

value was assigned to sensitivity. The justification is that areas that are highly sensitive to 

climate shocks will negatively affect adaptive capacity thereby increase vulnerability. Therefore, 

a higher net value indicates lesser vulnerability and vice versa. As cited in Deressa et al., (2008), 

vulnerability analysis ranges froni iocal or household (Adger, 1999) level to the global level 

(Brooks et ai , 2005). The choice of scale is dictated by the objectives, methodologies, and data 

availability. For this study, the scale of analysis was local level and taken in to account local 

variations. This is because, all the ' earlier studies using aggregated regional and national levels 

data has overlooked local variations which is important for household level analysis. 

3.6.2. Description of model variables 
Vulnerability is highly dependent on context and scale (Alebachew, 20 II) . Thus, caution must 

be exercised to avoid interpreting indicators of vulnerability in an overly rigid fashion. Hence, 

the vulnerability analysis made to this study was based on different indicators obtained through 

reviewing literatures and context of the study. The variables were then grouped according to the 
, '. - . , .' I • . 

study' s conceptual frame work which includes the following indicators under adaptive capacity, 
I" "-

exposure and sensitivity. , . 

1. Adaptive capacity 

According to IPCC (2091), the main features determining a community or region's adaptive 
'. . r' -, ". 

capacity include: economic wealth, technology, information and skills, infrastructure, institutions 

and equity. Hence, adaptive ' capacity for this analysis was represented by wealth, technology, 

access to infrastructures and institutions, access to information, literacy level and potential for 

irrigation. 
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I. Wealth 

Wealth enables communities to absorb and recover from losses more quickly due to insurance, 

social safety nets and entitlement programmes (Cutter et al., 2000). The number of owned 

livestock, ownership of a radio and quality of residential homes are commonly used as indicators 

of wealth in rural African communities (Vyas and Kumaranayake, 2006). Wealth accumulation 

in the study area was explained by total livestock number of households, quality of residential 

home, non-agricultural income, farm size and saving in cash of the households . This was 

measured by the percentage of households who own or have an access to them. 

A. Saving in cash 

The assumption here is that households who have cash reserves are expected to withstand 

climatic shocks. This is to mean that households who save money in cash are expected to have 

higher adaptive capacity than those who save none. Therefore, the more they save money, the 

less they are vulnerable. 

B. Quality of residential home 

ffere, it is assumed that households who live in a house with a corrugated iron roof are expected 

to be"wealthy 'and less vulnerable to climatic impacts than those who live in a non corrugated 

iron 'roof. 

C. Non' agriCultural income 

In rural Ethiopia, agriculture may ' be viewed as a land use system, an economic mode of 

production and a way of life for ' many people who drive their main livelihood incomes or 

subsistence from crop farming and livestock herding largely dependent on feeds grown naturally 

(Alebachew, 2(11). However, the sector is highly sensitive to climate change impacts 

(Temesgen, 20 I 0) so that those households who earn more income from a non agricultural sector 

are believed to be less vulnerable than those who entirely depend on agricultural activities for 

their livelihoods. Hence, households who diversify their activity outside of the sensitive sector 

are believed to be less vuinerable than those who entirely rely on it. 
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D. Land size 

Land, particularly farm land, is the most valuable resource and household asset in Northern 

Ethiopia (Alebachew, 2011). Majority of the households in the study area practiced a mixed 

farming system so that it is assumed households with large sizes of their cultivated land have 

higher adaptive capacity than those with the counter wise. 

E. Number of livestock 

in addition to serving as a source of power for farming (e.g. oxen) and manure for fertilizing soil, 

livestock can serve as assets and insurance against shocks (Yirga, 2007). The number of owned 

livestock as an indicator of adaptive capacity varied across households and it is assumed that 

households having higher number of livestock population have better adaptive capacity there by 

less vulnerable to climate change impacts than those with the counter wise. 

F. Access .to remittances 

Here it is assumed that households who earn more livelihood income from remittance have better 

adaptive capacity to climate change impacts than those with the contrary. Therefore, those who 

have access to are relatively less vulnerable. 

II. Access to modern technology 

Technology can potentially play an important ril le in adapting to climate change, like improved 

seeds, fertilizer supply, insecticid~ & pesticide 'c~n lead to improved outcomes and increased 

coping under conditions of climate change (Sniit 'and Skinner, 2002). IPCC (200 I) also stated 

that lack of technology lias the potential to serio'usly impede a community' s ability to implement 

adaptation options by I imiting the range of possible responses and interventions. Hence, 

households who have access to modern technology such as improved seed supply, fertilizer 

supply, and insecticide and pesticide supply are expected to have better adaptive capacity than 

those with no access. This was measured by the percentage of households with in 1-4 knns supply 

sources of these technologies, 
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III. Access to information 

Information is a powerful tool for enhancing adaptation to climate change and variability. 

Successful adaptation requires recognition of the necessity to adapt, knowledge about available 

options, the capacity to assess the options, and the ability to choose and implement the most 

suitable ones (Lee, 2007). To this study, access of households to information is represented by 

radio ownership. It was measured by the percentage of the households who own radio. 

A. Radio ownership 

It is assumed that households who own radio are relatively close to information pertaining to 

climate change and technology usage than those who have not. They can hear so through the 

medium. 

IV. Infrastructure and institutions' 

According to Temesgen, et ai. , (2008), Well-developed institutions and infrastructure play 

important roles in adapting to climate change by f~cilitating access to resources. The availability 

as w~lI , as the ·proximity .of infrastructures and institutions such as all weather roads, health 

services, schools, veterinary centers, market, and microfinance in the households determines 

their adaptive capacity. In addition, O'Brien et ai. (2004), supports that areas with better 

infrastructure are expected to have a higher capacity to adapt to climate change. This was 

measured by the percentage of the 'households with in 1-4 kms of these infrastructures and 

institutions, 

A. Weather roads 

All-weather roads. facilitate the distribution of necessary inputs to farmers and increase access to 

m~rkets . It is assumed that households . found within 1-4 kms proximity to road can easily 

withstand difficulties res!llted from climate, change impacts than those found far away. 
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B. Health services 

Health services enable the provision of preventive treatments for diseases associated with 

climatic change, such as malaria. It is assumed that households who have access to health 

services are more likely to withstand effects of climate change than those with none. 

C. Full cycle school 

It is clear that educated households are more likely to survive in times of climate change 

variability and shock, as they are more likely to find any other adaptation option than those 

which are not. Therefore, households who have access to full cycle school are assumed to have 

stock of knowledge there by better adaptive capacity than those who do not have. 

D. Veterinary services 

Households in the study area practice a mixed farming system. Livestock production, being 

among the types of farming systems which are highly affected by climate change impacts should 

be taken in to account similar to other sectors. Hence, the provision of veterinary services is 

decisiye in maintaining the health conditions of livestock population. It is assumed that those 

who are found close to veterinary services arc more likely to survive with their stocks in times of 
. /,.' . . . 

climate shocks. Therefore, households with an access to such services have better adaptive 
.\ . '. ' , . capacity than the counter wise. 

E. Market access 

The proximity to markets is an important indicator in enhancing adaptive capacity of households, 

seemingly because the market serves as a means of exchanging information & various 

agricultural inputs with other farmers (Maddison, 2006). Therefore, Households found close to 

market centers 'can easily access various agricultural inputs and are more likely to have better job 

opportunitY than the othef'ones'. 

F. Micro-finance 

The availabiliiy of micro finance institutions close to households can contribute a lot in 

enhancing the" adaptive capacity of respondents, It is assumed that the proximity of such 
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institution to households can facilitate saving and credit services which will help them withstand 

shocks in times of rainfall uncertainty and crop failures. 

V. Potential for irrigation 

Irrigation potential is another important factor determining the adaptive capacity of households. 

This is because places with more potentially irrigable land are more adaptable to adverse climatic 

conditions (O'Brien el al. , 2004). Hence, households with a higher potential for irrigation 

activities are expected to have higher adaptive capacity than the other ones. The irrigation 

potential of each household was calculated as total irrigable land divided by total area. 

VI. Education level 

Households with a varied level of educational back ground are expected to be close to various 

types of climatic information and 'have a diverse option for mitigating impacts there by having 

higher adaptive capacity than those who are illiterate. This was measured by the percentage of 

households. 

2. Sensitivity 

According to !PCC (200 I), sensitivity is the degree to which a system is affected by or 

responsive to climate stimuli . It is related to characteristics of the system and to broader non­

climatic fa~tor's (e.g. land use, livel ihood, infrastructure, government policy). It is clear that 

indicators for environmental vulnerability includes but not limited to slope of the land, soil 
. .' 
fertility, rainfall, temperature, frequency of hazards such as drought, flooding, forest fire, disease 

outbreaks, etc ( Deressa el al., 2008'; Glwadys and Claudia, 2009). Here, sensitivity is 
, 

represented by soil fertility and slope of the cultivated land. It is assumed that households found 

in more productive soil and plain Tarin lands' are expected to be less affected by adverse climatic 

conditions than households with the opposite features. This was measured by the perception of 

house)lOlds towards the fertility and slope of their cultivated land. 

A. Soil Fertility 

Households who perceive their cultivated land is infertile may take a range of activities to 

overcome the problem and 'improve the productivity of their cultivated land. Therefore, it is 
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assumed that cultivated lands which are poorly fertile and cannot produce without heavy 

fertilizer use are believed to be more sensitive than the counter wise. 

B. Slope of farm land 

Sensitivity and productivity of farm lands can be directly or indirectly affected by the nature of 

their topography. Households found in steep slopes are expected to be more sensitive and it is 

assumed that highly sloppy cultivated lands are relatively sensitive to the impacts induced by 

climate change than the counter wise. 

3. Exposure 

Exposure refers to the degree of climate variability (rate of temperature and rainfall change) and 

change that an entity (a country, cO!11munity, individual or ecosystem) experiences (!PCC, 2001). 

To this study, the level of exposure was calculated at a more aggregate (Woreda) level. This was 

happened because of the lack of climatic data at either agro ecology, kebele or some other station 

level in the Woreda. However, the perception of households towards climate change was 

asse;sed at sp~cific level ' in orderio describe the behavior of climate variables. A similar result 

was"foimd in lhal all of them perceived the change in temperature and rainfall. Besides, it was 

observed that the study areas did not have a significant distance in between. Hence, they were 

a~'surried to have a similar weather pattern so that level of exposure was assumed to be relatively 

simill\r. 

Change. in temperature 

Data for the analysis of the rates of changes in temperature was obtained from the national 

metrological agency (2014).lt was calculated from base year of 1994. Therefore, a higher rate of 

change positively contributed to exposure level. It was measured by the rate of change. 

Change in rainfall 

Data for 'th'e analysis of the rates ' ofchailges in temperature was obtained from the national 

rll"etrological agency (2014) and was calculated from the base year of 1994. It was measured by 

die rate of change. 
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CHAPTER FOUR 

4. Results and Discussions 

4.1. Socio demographic characteristics of respondents 
This sub-section provides a baseline socio-economic data of the area understudy in which the 

main findings should be viewed. Thus, results which are discussed in the forthcoming sections 

should be viewed and understood from this angle of perspective only. 

Table 3: Socio demographic characteristics of respondents 

Socio­
demographic 
variables 

Sex of households 

Age group 

Marital status 

Educational status 

Variable 
classification 

Male 
Female 
Total 
15 -30 
31 -65 
Above 65 
Total 
Married 
Divorced 
Widowed 
Total 
Illiterate 
Able to read and write 
Primary education 
Secondary education 
Total 

Source: Own Survey (2014) 

Frequency 

87 
38 
125 
22 
98 
5 
125 
105 
16 
4 
125 
43 
42 
37 
3 
125 

Percentage 

69.6 
30.4 
100 
17.6 
78.4 
4 
100 
84 
12.8 
3.2 
100 
34.4 
33.6 
29.6 
2.4 
100 

As illustrated in the above table 3, 69.6% of the sample respondents were male where as the , 
remaining 30.4% were female headed households. The distribution of respondents according to 

their age group shows that majority of the sample respondents (78.4%) were found between 31 

and 65 years of age. Respondent' s marital status report also shows that 84%, 12.8% and 3.2% 

were married, divorced and widowed respectively. As far as their education level was concerned, 

33.6% of them can read and write, a quite small proportion of them (2.4%) attended secondary 
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school, 34.4% hardl y got an education opportunity, and 29.6% of them had access to primary 

schools. 

4.1.1. Sex of the Sample respondents 
The sex di stribution of the respondents was discussed in light of male headed and female headed 

households in both the selected agro-ecologies. 

As clearly illustrated in Figure 4, about one-third of the sample respondents across all surveyed 

study kebeles were FHHs where as MHH constitute the remaining proportion. At kebele level, 

76.7% (23) households in Limat, 65.6% (21) in Begashka, 81.8% (27) in T/giorgis and 53.3% 

(16) the surveyed households were male headed where as the remaining were female headed 

households. Apart from others a relatively equal number of male and female headed respondents . . . 
were selected from Menji. A statistically significant association was found between sex and 

kebele of respondents. X2=7.027 , df=3 and p=0.071. 

90.00% 

80.00% 

70.00% 

60.00% · 

50.00% 

40.00% 

30.00% 

20.00% 

10.00% 

0.00% .jL--====~--===:.,..--====-,~:..;:::==-(' 

Lmat Begashka Tj giorgis 

Figure 4: Sex of sample household heads 

Source: Own Survey, 2014 

Menji 
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4.1.2. Age distribution of respondents 
The researcher here considered the age respondents because, the fact that the presence of various 

age groups in the family may determine the family ' s adaptive capacity to climate change in one 

or the other way. Hence, Table 4 below clearly provides the distribution of households across the 

different agro-ecologies. 

Table 4: Age distribution of respondents 

% 9.1 87.9 3 100 

Menji Count 4 24 2 30 

% 13.3 80 6.7 100 

NS, not significant at 10% 

Source: own survey (2014) 

The age distribution of households in different agro ecological zones shows that majority of them 

(80%) in Limat, 65.6% in Begashka, 87.9% in T/giorgis and 80% in Menji were found between 

31 - 65 age group whereas 20% in Limat, 28.1 % in Begashka, 9.1 % in T/giorgis and 13.3% of 

the surveyed households in Menji lies between 15-30 age group. No surveyed household in 

Limat were found in above 65 years age group while 6.2% in Begashka, 3% in T.giorgis and 

6.7% of surveyed households in Menji lies under the same category. However, a statistically 

insignificant association was found between age and kebele/agro-ecology. 

4.1.3. Marital status of respondents 
As depicted in figure 5 below, majority of sample households in all the selected kebeles 76.7% in 

Limat, 59.4% in Begashka, 78.8% in T/giorgi s and 53 .3% in Menji were married. It is clearly 

shown that no single respondent was found among the selected kebele/agro-ecologies. Among . ' ' 

the divorced respondents, 10%, 28.1 %, 18.2%, and 26.7% were from Limat, Begashka, T/giorgis 

and Menji. No statistically significant association was found between marital status and 

kebele/agro ecology of respondents where X'= 9.186, df=6, p=O.163 
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40.00% • divorced 
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10.00% 

0.00% 
lmat Bega T/giorgis Menji 

Figure 5: Marital status of households 

Source: Own Survey, 2014 

4.1.4. Educational status of respondents 
Generally speaking, out of the 125 surveyed households, 34.4% of them were illiterate, 33.6% of 

them f an read and write, 29.6% of them had primary education and 2.4% of them were with 

secon.gary education status. However, when we breakdown their status across agro-ecologies the 

follov,:ing figure was obtained. 

Table 5: Educational statuses of sample respondents 

Illiterate Able to read Primary 
and write education 

Se 
ed 

- ... ~ .. ~.~ "".,J •. /1," I( 

" -~--~ 
Count II 9 10 

% 36.7 30 33.3 
Limat ,...= ___ ,;.;.. ___ ...;.. ____ ....;.;;.... __ -:;0;.... __ --. 31.130· .. 

° df=9 
Begashka Count II 2 17 ~.......,---;-;;----;;-----;c;;--------2 --........ p=0.000 

% 34.4 6.2 53.1 6.2 

Count 7 20 5 

'% • "21.2 60.6 " 15.2 3 

Menji Count 14 II 5 ° % 46.7 36.7 16.7 ° Source: Own field survey, 2014 

NB.', '*, ••• represents significance leve ls at 10%,5% andl% respectively 
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The above table 5 clearly shows that a relatively greater proporti on of the households (36.7%) in 

Limat were illiterate where as none of the surveyed households in the same kebele had secondary 

education. Similarly, a relatively greater number of households in Begashka (53.1 %), T/giorgis 

(60.6%) and Menji (46.7%) had primary education, can read and write and were illiterate 

respectively. A smaller proportion of households in Begashka (6.2%) and T/giorgis (3%) had 

secondary education where as no household in Menj i was reported to have secondary education. 

A stati stically highly significant association was found between educational level of households 

and kebele/agro-ecology. 
ADDIS ABABA UNIVERSITY 

4.1.5. Family size AKAKI CAMPUS LIBRARY 

The average family size of the surveyed house holds i~ the Wnl'ed,a->i_i-&-whriel'r-ts more than the 

national average (4 .7) and the regional average (4 .3) (CSA, 2007). However, variations were 

observed across the surveyed areas. Table 6 presents the average family size of sample 

respondents across the surveyed kebeles/agro ecologies. 

Table 6: Fami ly sizes of households 

1-3 
Limat 2 

% 6.7 43.3 d.r6 
Begashka Count 3 19 10 

% 9.4 59.4 3 1.2 

T/giorgis Count 2 18 13 

% 6. 1 54.5 39.4 

Menji COllnt 0 12 18 

% 0 40 60 

NS, not significant at 10% confidence level 

Source: Own Survey (2014) 

As illustrated in table 6, majority of the households in Limat (50%), Begashka (59.4%), T/giorgis 

(54.5%) and Menji (40%) have an average fa mily size between 4-6 members. However, no 

household with a family size of less than 3 members was surveyed in Menji. Relatively speaking, 

surveyed households in Menji had a greater fainily size (60%) above 6 persons per househo ld 

than any other surveyed area. Statisticall y, no 'a'ssoc iation was found between family size and 

kebele/agro ecology of respondents. 
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4.2. Determinants of Vulnerability 

4.2.1. Indicator variables of adaptive capacity 
I. Wealth 

It was recogni zed from the sample surveyed households that wealth accumulation mechanisms 

vary and diversify. Their wealth condition was then captured using the following determinants. 

Quality of residential houses 

Based on the context of the study area, quality of residential houses of the communities was 

identified as either corrugated iron with iron roofs or non corrugated iron with grass or mud 

roofs. Hence, it was found that 53% of households in Bega shka (Mid land agro-ecology), 29% 

in Limat (Low land agro-ecology), 18% in T/giorgis (Mid land agro-ecology) and 10% in Menji 

(low land agro-ecology) own corrugated houses with an iron roofs. It is clear that Bega shka had 

better quality of houses than the other areas. 

Farm land size 

The priiduction and productivity of fanners can be directly or indirectly detennined by the size 

of the cultivated land. Hence, it was found that the average size of land of the sampled 

respondents in Bega shka, T/giorgis , Limat and Menj i was 0.43 ha, 0.85 ha, 0.58ha and 0.67 ha 

respe~tive(y. Sample households in T/giorgis kebele had a relatively greater size of cultivated 

land than the other study areas. Focus group discussants also reported that their farm lands are 

fragmented and too sma ll to cover the farming household ' s annual consumption and expenditure 

and lience ensure their food security. 

Non-ag.ricultural income 

With the increasing cha llenge of natural hazards and human induced climate risks, more and 

more farmers in the surveyed areas were trying to combine their earlier mode of production with 

on farm and off farm activities. According to KTWFB (2014), incomes from non agri-cultural 

activities' a;'~ widely practiced in the Woreda as it is endowed with various minerals such as gold. 

Households wh~ earn income outside of the agricultural sector are believed to be less vulnerable 

than 'those with'the counter wise (Temesgen, 2010). Therefore, 69% of households in Bega shka, 

64% in T/giOl:gis, 81 % m Limat and 62% of'the households in Menji had access to non 
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agricultural income most particularly extraction/se lling of gold. A relatively greater proportion of 

population in Limat had access to non-agricultural income than any other kebele in the study 

area. This could be attributed to the mechanisms they followed to accumulate their wealth as 

they build rental houses in urban areas and extraction of minerals. 

Remittance 

Despite its contribution to enhance adaptive capacity, this activity is relatively rarely practiced in 

the Woreda. 16% of households from Begashka, 9% from T/giorgis, 13% from Limat and 10% 

of households from Menj i reported they had access to remittance. 

Saving 

It is assumed that those households who save money are relatively less vulnerable than those 

who do not. Therefore, despite its variation in its amount 53% of households in Bega shka, 45% 

in T/giorgis, 71 % in Limat and 34% of respondents from Menji reported they save money in 

savi~g and credit institutions found :across their respected kebeles and Banks as well. 

II. Access to modern technology 

Acce~s to technology an'd the ability offarmers to use these technologies could have a significant 
'. \ . 

contribution to the productivity there by enhancing the adaptive capacity of communities. To this 
,f"· .. ' . • 
research, access of households to modern technology was represented by the following. 

Table 7: Insecticide and pesticide supply of respondents 

Kebele 'Insecticide and pesticide access X2 

Yes % No % Total 3.171 NS 

Begashka 20 28.2 12 22.2 32 df=3 

T glOrgis 19 26.8 14 25.9 33 p:;l.366 

Limat 19 26.8 II 20.4 , 30 

Menji 13 18.3 17 31.5 30 

Total 71 56.8 54 ·: 43.2 125 

NS, not significant at 10% confidence level 
" 

Source: Own Survey (2014) . 

52 



As depicted in the above table 7, (28.2%) of households from Begashka, 19 (26.8%) from 

T/giorgis, 19(26.8%) from Limat and 13(18.3%) of households from Menji were found within 1-

4 kms of the supply sources of insecticide and pesticide. 

Table 8: Agricultural input supply of respondents 

Kebele Fertilize X' Improved X' Improved x' 
I' supply seed supply seeds use 

Count % 32.086" Count % 22.067 Count % 20.948 
Begashka 12 48 "" 23 48.9 """ 25 45 .5 *** 

T/giorgis 0 0 df=3 7 14.9 df=3 12 21.8 df=3 

Limat 13 52 p=O.OOO 9 19.1 p=O.OO 10 18.2 p=O.OO 

Menji 0 0 8 17.0 0 8 14.5 0 

Source: Own Survey (2014) 

NB. *, **, *** represents significance levels at 10%,5% andl % respectively 

It was clearly shown in the above table that access and utilization of various agricultural inputs 

varies . ~patially. A statistically significant variation in those inputs was reported by the sample 

households across the selected kebelesl agro-ecologies in the Woreda. In Begashka, a relatively 

greater proportion of the selected households ~ere found within 1-4 kms of improved seed 

supply sources (48.9%) and 45 .5% of them utilize improved seeds as well. This could be 

attributed to the presence of improved seeds distributor organization at their kebele level. This 

was made in collaboration between Mekelle Un iversity and Wegenigen University. Besides, 
I . 
TIgiorgis and Menji are relatively found far away from the supply sources of fertilizer. 

1 ' 
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Figure 6: Improved seed supply distributor cooperative in Begashka 

Source: Own field photo (2014) 

III. Infrastructure and institutions 

Health access 

Accesses of respondents to health services vary from place to place as other indicators of 

adaptive capacity. Therefore, it was found from the selected households that 81 % of households 

from Begashka, 67% from T/giorgis, 83% from Limat and 67% of households from Menji were 

found within 1-4 kms of health centers. 

Access to full cycle school 

Households who are found .close to educational centers are believed to have better adaptive 

capacity than those who are found far away. To this idea, 78% of households in Begashka, 91% 

from T/giorgis, 87% from Lima! and 87% of sample households from Menji reported that they 

wer!! fou nd within 1-4 kms of school centers. 
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Access to saving and credit institutions 

According to KTWFB (2014), every kebele in the Woreda has a saving and credit institutions. 

However, the presence of micro finance institutions by itself could not be enough to determine 

the adaptive capacity of households rather the number of people who accessed it could determine 

it. As far as the study is concerned, Ebyet in Begashka, Genet in T/giorgis, Lemlem in Limat, 

and Fthawit in Menji were the micro finance institutions found in their respective kebeles. 

Therefore, the findings of the study shows that in Begashka only 66% of household respondents, 

in T/giorgis 36% of households reported the existence of micro-finance institutions within 1-4 

kms in their kebele where as 37% of households in Limat and 23% of households in Menji 

reported they have access within 1-4 kms of it. 

The focus group discussants also reported about the importance of micro finance institutions in 

their kebele. the presence of saving and credit institutions are helping them to have credit and use 

it mainly for fattening of animals and buying agricultural inputs. 

IV. Irrigation potential 

Out ~f the total cultivated land of ihe sample households on average 0.15 ha of land in Begashka, 

0.12 ha in T/giorgis, 0.28ha in Limat and 0.07 ha of land in Menji had the potential to be 

irrigateg. Therefore, irrigation potential was higher in Limat than the other kebeles. 

According to secondari data fro~ KTWARDB (20 14), a total of 4996.935 ha of land in the 

Woreda were cultivated through irrigation per the production year of 2005 E.C. the same report 

also indicated that 44.24%, 31.77%,.8.7%, and 14.93% of the cultivated lands were irrigated in 

L.imat, Begashka, T/giorgis and Menji respectively per the aforementioned production year. 

, ., 
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Figure 7: Irrigated land in Begashka 

Source: Own field photo (2014) 

Besides, secondary data from KTWFB (2014) indicated that kebeles and villages in the Woreda 

were broadly classified in to three groups based on their moisture content as high, moderate and 

low/shortage of moisture. Out of the total 27 kebeles, 31 % of them had enough moisture content 

where as the remaining 69% lies under the category of the counter wise. To be specific, Bega 

shka and Limat had high/enough moisture content, where as T/giorgis (Limat) was moderately 

moisture and Menji was under the category of kebeles with no/shortage of moisture. 

V. Access to information 

Household's adaptive capacity can be directly or indirectly affected by access to information 

about social, economic and technological conditions. Households with information about climate 

change are better to use various adaptation strategies than those with none. 50% of households in 

Begashka, 30% in T/giorgis, 37% in Limat and 23% of households in Menji reported they had 

ownership of radio so that the specified proportion were bebeved to have access to information. 

It can be relatively said from this information that household~ in Menji lacked information than 

others. 
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4.2.2. Indicator variables of sensitivity 

In order to assess the sensitivity of the sample agro-ecologies perceptions on both slope of the 

cultivated land of households and its fertility was employed. 

Soil fertility 

Perception of households about the fertility level of their cultivated land was employed as an 

indicator of sensitivity. Accordingly, 41 % of households in 8egashka, 55% in T/giorgis, 57% in 

Limat and 67% of households in Menji believed their cultivated land as infertile and did not 

cultivate without the use of chemical fertilizers. 

Slope of the cultivated land 

In 8egshka, 38% of the sampled 'households believed that there cultivated land was highly 

sloppy where as 73% of households in T/giorgis, 67% in Limat and 60% of sample respondents 

in Menj i reported they perceive their cultivated land as sloppy. It was also observed that 

Begashka had a relatively plain surface than the other kebeles. 

4.2,3. Indicator variables of expo.sure 
In the construction of vulnerability index, indicators of exposure were assumed to be constant 

~ \. . 
because of the lack of available data at either agro-ecology or some other station levels in the 

Woreda. Only one station was found so that it could be impossible to extrapolate data from that 

single station and therefore assumption was made that all kebeles were expected to have a 

similar weather pattern. However, the general trend, variability and amount of temperature and 

rainfall were assessed based on the data obtained from the NMA. Here comes the analysis across 

the Woreda level. 

Temperature analysis of Kola Tembien 

In order to see the long term temperature change in Kola Tembien Woreda relevant data was 

collected from the national metrological agency (NMA). However, the collected data was not 

full and enough to the needs of the study and even no recorded data on temperature were found 

for the periods between 1981 and (993. In this case, it could be possible to make extrapolation 

from the temperature data of Mekelle (2257 m.a. s.l) with an altitudinal variation of 429 for the 

mis~ed periods using tlie adiabatic iap' s rate (assuming that if a parcel of air climb 100 m.a.s.l it 
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would lose 1°c) but the missed periods are so long that it could affect the validity and reliability 

of the data. Hence, a separate analysis was made for the periods from 1973 - 1980 and 1994 -

2013. 

1. Temperature analysis of Kola Tembien Woreda 1973 -1980 

Table 9: Temperature analysis of Kola Tembien (1973 - 1980) 

Mean 

Stdv 0.733519 

Coeff.variation 0.607292 

Source: Own Calculation (2014) 

21.60 

0.488514 
-0.10313 

22.15 
0.45754 

-0.30026 

N.B. summer here refers to the months of June, July and August where as Winter refers to 

December, January and February 

As depicted in Table 9, the statistical analysis of average temperature change for the periods 

between 1973 -1980 showed that there was a decreasing trend. Though the trend of average 

temperature change is decreasing: , the area ex~ibits inter-annual temperature variability. As 

shown in figure 8 helow, maximum mean annual temperature of the period (22.900c) was 

observed in 1978 and a minimum mean annual temperature (21.53 °c) was observed in 1980. The 

statistical result shows that 9 % of the variation in temperature for the period was explained by 

the variations in year where as the rest proportion was explained by other outside factors . 

. ,. 
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Figure 8: Trend of temperature change in Kola Tembien (1973 - 1980) 
c 

Source: Own Calcul at ion, 2014 

2. Temperature analysis of Kola Tembien Woreda 1994-2013 

This se,ction anal yzes temperature change for the periods from 1994 - 2013 and a similar 

procedure was followed to determine the average seasonal and annual as well as the trend of 

temperature change. 

Table 10: Temperature analysis of Kola Tembien (1 994 - 2013) 

Mean (oc) 20.65 20.8 21.45 

Stdv 1.289499 0.981251 0.77 156 

Coeff.variation 2:335833 ·0.01917 1.543958 

Sour~e : Own Calculation (20 14) 

The- temperature analysis for the ' period 1994-2013 in Kola Tembien Woreda shows an 

increasing trend with a greater inter-annual variab ility. On average, the amount of temperature 
','t· . '" 

for the period has been changing by 0.0034 °c. As clearly shown in figure 9, a minimum mean 
. ". f ,.~ , 

annual temperature (19.28) of the period was observed in 1998 where as the maximum mean 

" .. 59 .. 



annual temperature (22.69) of the period was observed in 2003. The statistical result shows that 

12% of the vari ation in temperature was exp lained by the variation in year where as the 

remaining was explained by outside factors. Results from the FGD and household surveys also 

indicated that the long term temperature and amount of solar radiation is increasing. This 

increasing trend of the average annual temperature was supported by 72.8% (91) respondents of 

the study areas. 
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Figure 9: Temperature analys is of Kola Tembien (1994 - 2013) 

Source: .Own Calculation, 20 14 

Rainfall analysis of Kola Tembien 

2020 

According to NMA, (2007), no statistica lly significant trend in mean rainfall was observed in 

any season in the last 55 years country wide. However, a greater inter-annual variability was 

recorded. Therefore, it is difficult to detect long term rainfall trends in Ethiopia due to the high 

inter-decadal rainfall vari ability (Alebachew, 2011). Similar to temperature, rainfall data was 

collected from the nationa l metrological agency in order to see the long term change in rainfall. 

The rainfall ana lys is of Kola Tembien followed the same procedure as the analysis of 

temperature changes due to the aforementioned reason. The rainfall pattern of the Woreda is 
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mono modal with a high amount of rainfall during the summer season (June to August). Table II 

and 12 below shows the analysis of rainfall from 1973 -1980 and 1994-2013 respectively. 

1. Rainfall analysis 1973-1980 

The rain fall analysis for the period is also calculated by defining the mean, standard deviation, 

coefficient of variation and even trend. 

Table II : Rain fall analysis of Kola Tembien (1973 - 1980) 

Mean (mm) 

Stdv 

188.83 

67.61318 

Coeff.variation -81.95 

Source: Own Calculation (2014) 

2.55 

6.857227 

-3.92708 

61.17 

20.59823 

-28.4896 

A statistical result from table II shows that the mean annual rainfall for the periods from 1973 -

1980 shows a declining trend followed by various periods of wet and dries. The average rainfall 

for the period 1973 - 1980 was 61.17 mm and the standard deviation was 20.6. Therefore, 
." • • 1 ; 

periods of wet and dry years were calculated using the standard deviation and mean of the total 7 

years. Hence, it is clearly illustrated in Figure 10 that the periods above the straight line 

represents periods of wet years where as the periods below that line were periods of dry seasons. 

The coefficient of determination (R 2) showed that 41 % of the variation in rainfall was explained 

by the variations in year and the remaining proportion was explained by other external factors . 

The year 1978 was the wettest period and 1980 was the driest period in the history of the 9 years. 
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Figure 10: Rain fall analysis of Kola Tembien (1973 -1 980) 

Source: Own Survey (2014) 

2. Rainfall analysis 1994 - 2013 

The analysis of rainfall for this period also follows the same procedure as the above calculation 

for the prior period. 

Table 12: Rain fa ll analysis of Kola Tembien (1994 - 2013) 

Mean (mm) 

Stdv 
287.92 
117.979 

Coeff.variation 17.13083 

Source: Own Calculation (2014) 

1.43 
2.914924 

-3.52583 

94.00 

33.38963 
-0.00131 

As depicted in table 12, the rainfall analysis of the period based on its mean shows that there is 

no change in the amount. On average, the amount of rainfall for the period was changed by 

0.0037 mm. However, the period exhibits a significantly greater inter annual variability. Based 
'. . ' ; 1 • • ,. 

on the similar procedure given in the analysis of the previous periods, there were also years in 
, .' 

the period of 1994 - 2013 which experience the wettest and driest conditions. Figure II clearly 

. \ 'I ' 
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indicated that 1998 was the wettest period in the era between 1994 - 2013 and 2002 was the 

drought-prone period in that era. Besides, a similar finding was found from the FGD discussants 

and the surveyed households that they did not question the amount of rainfall but 48.8% (61) 

believed they experienced changes in the timing of the rains. 
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Figure II: Rain fall analysis of Kola Tembien (1994 - 2013) 

Source: Own Calculati on, 2014 
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4.3. Perception of climate change by rural communities in Kola Tembien Woreda 

Farmer's perception of long term temperature and rainfall changes 

Adaptation to climate change is a two step process which involves perceiving that climate is 

changing in the first step and then responding to changes through adaptation in the second step 

(Maddison, 2006). Hence, by taking the objective of the study in to account, this section briefly 

summarizes household 's perception of climate change and the existing adaptation strategies 

believed appropriate to these changes. 

In order to obtain information pertaining the perception of households towards climate change, 

the surveyed households were asked questions about their observations in the patterns of 

temperature and rainfall over the last 20 years. 

Table 13 : Perceptions about changes in temperature and rain fall over the last 20 years 

ebele Yes No Total x' 
Limat 

, 
Count ' 27 3 30 2.97 

% 90 , ·10 100 df=3 
Bega Count 26 6 41 P=O. 396 

% 81.2 18.8 100 

T/giorgis Count 31 2 33 
.% , 93 .9 . 6.1 100 

Menji Count 25 5 30 
% 83.3" 16.7 100 

NS, not ~ignificant at bO% confide!lCe level 

" , , 
So~rce: Own'Survey (2014) i : 

, f " . ..,,' I .,. , , 

As can be seen from the above table 13 no statistical significant variation was found among 

ho~sehold respondents and there is no association between perceptions and agro-ecological 

settings . The majority of the sample respondents i.e. 90% (27) household respondents in Limat 

(low. land agro-ecology),: 81.2% (26) respondents in Begashka (midland agro-ecology), 93.9% 

(31) households in T/gio'rgis (mid land agro-ecology) and 83.3% (25) respondents from Menji 
. - , 

(low la~d agro ecology) perceived that the condition of temperature and rainfall over the last 20 , 
years never stayed. the same. The result was also aggregated based on agro-ecological zones and 
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found that 87.7% (57) households from the mid land and 86.7% (52) households from the low 

land agro eco logical zones perceived a change in temperature and rainfall over the last 20 years. 

Table 14: Perceptions about the trend of temperature over the last 20 years 

Limat Count 24 3 2 I 30 16.544" 
% 80 10 6.7 3.3 100 df=9 

Bega Count 19 3 6 4 32 P=O.056 
% 59.4 9.4 18.8 12.5 100 

T/giorgis Count 30 2 0 I 33 
% 90.9 6.1 0 3 100 

Menji Count 18 5 6 I 30 
% 60 16.7 20 3.3 100 

" Significant at 10% confidence level 

Source: Own Survey (2014) ' , 

" 

Farmer's were 'also asked whether the trend of temperature/number of hot days had increased, 

decreased or stayed the same' over the last 20 years and a statistically significant difference was 

fou nd among the responses of households across different agro-ecological settings (p=0.056). out 

ofth'e total sample respondents taken, 80%(24) respondents fro m Limat, 59.4% (19) households , 
from Bel'a, 90.9%. (30) households from T/giorgis and 60% (1 8) of households from Menji 

perceived trend of temperature over toe last 20 years increasing. Generally speaking, 75.4% (49) 
" r . d' 

households from the mi~,land agro ecology and 70% (42) of households from the lowland agro 

eC'ology believed the trend 'Of temperature increas ing where as believed the trend increasing. 

Whereas 9.2 %( 6) househo lds from the mid land and 13.3% (8) households from the lowland 

agro-eco logy perceived the amount of temperature stayed the same. This variation can be more 

or less attributed to the variations in the agro-ecological settings of the sample study areas. 

" 
. ~' 

" r: " , ) , : 'r 
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Table 15: Perceptions about the trend of rainfall over the last 20 years 

Agro ecology Increasing Decreasing Change I don' t Kriow Total '1..' 
timin 

Limat Count 7 6 14 3 30 4.477 
% 23.3 20 46.7 10 100 df=9 

Bega Count 5 8 14 5 32 P=O.877 
% 15.6 25 43.8 15.6 100 

T/giorgis Count 8 5 18 2 33 
% 24.2 15.2 54.5 6.1 100 

Menji Count 5 8 15 2 30 
% 16.7 26.7 50 6.7 100 

NS, not significant atl 0% confidence level 

Source: Own Survey, 2014 

" 
Similar to the above figur~s , questions about the trend of rainfall was administered to the 

selected households and a statistically no significant difference was found among the responses 

of respondents with different agro-ecological setting (p=0.877). 46.7% (14) households from 

Limat, 43.8% (14) households from Be~a shaka, 54.5% (18) households from T/giorgis and 

50%( 15) respond~nts from Menj i repOlted there is no change in the amount but change in timing 

of rainfall. The' aggregate result also gllVe 49.2% (32) households from the mid land agro-
I, I' 

ecology and 48.3% (29) households from the low land agro-ecology believed the amount of 

rainfall stayed the salT\(: but 'experienced variations in the timing on ly. On the other hand, 20% 

(13), 20% (13), .10.8% (7) households from Midland agro-eco logy perceived an increasing trend, 

decreasing trend and never fe lt trends respectively where as 20% (12), 23.3 (14, and 8.3% (5) 

households from the low land agro ecology experienced and increasing, decreasing and never felt 
~ .• , • J' -r "," • . • r 

trends respectively. Thi's can"also be attributed to agro-ecological variation. 
: '.~ j' . ~ I: t: '/ 
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Interviewed development agents in Daram kebele revealed about the effect of climate change on 

the livelihood of the households in the village and showed how much the area is vulnerable to 

climate extremes, particularly flood. He stated, 

, ...... . climate variability is highly affecting our village like never it has been before. I 

have been here for the last 10 years and I found 2005 E.C as the worst period in 

history. Crops in the village were completely damaged and mass livestock has been 

exposed to death as a result of the severe hailstorms and flood drained from Dramba. 

Our communities were even asking for plots of land to be given outside their village. I 

don 't know what will happen in the near future if this problem continues ...... ' 

According to the result from the FGD and interviewed households the indicators used to measure 

climate i~ changing were mOist ure content of the air (before air during winter was moist, but now 
I . 

it is very hot and dry), ' lasting of rainfall (before it was stopping on average by mid of September 

but now lasts by early Septelnber) ~nd reduction of indigenous trees. 

The agricu'ltural and rural divelopment bureau officials also given that there are different forms 

of clima e chan'ge ' i~ the Wor£da. This is 'mainly attributed to the variability of temperature and 

rainfall. TemperatJre varies v'ery' Ilighly across times. The numbers of hot days are increasing 

followed by thd fr~quent ocdu~renc'e of extremes in rainfall such that it rains early and last early, 

rain acc'ompanied by 'hailstorms IlIld floods which completely devastates their crops is also 

observdd in the last years. In line {vith climate variability, different types of crop diseases have 

been fre'luently strike the crops of households. With respect to increase in temperature sheet fly 
. ' 

frequ.ently affe9t~ leff proquction,i~ t\le Woreda. 

" I' I' 

.... 1, •• ,' 

I . 

,. 'p'"! I'. ',' " if' ""V - . 

" 

: 'f , . 
" 

I 

',' 
67 



4.4. Assessing Vulnerability at kebele/agro-ecology level 

For the assessment of the level of vu lnerabili ties at local agro-ecology level , indicators of 

adaptive capacity were systematically combined with that of sens iti vity. This was made based on 

the assumption that the se lected representatives of the two agro-ecological zones are found not 

far away from the single station found in the Woreda so that they are expected to have sim ilar 

weather patterns. 

Results of vulnerability indices 

As explai ned earlier comparison and analysis was made based on adaptive capacity and 

sens itivity of the area assuming constant exposure. PCA was employed to determine the weights 

of indicators of adaptive capacity and sensitivity. 

To th is research, 22 indicators were identified and processed (see annex 3) in to correlation 

matrix and a Varimax orthogonal rotation with Kaisar normalization using PCA and all the 

communalities were found greater than 0.5 that su it with Kaisar requirement. The KMO measure 

of overa ll sampling adequacy (annex 2) value is 0.540 wh ich falls above the minimum 

requ irement and Bartlett's test is highly significant (p=O.OOO) and therefore, factor analysis is 

appropriate using the data (F ield, 2005). The principal component ana lysis revealed nine 

components with Eigen value of I and greater accounting 61.6% of the total variance. The first 

PCA has an Eigen value of 2.46 and exp lained most of the variation (11.2%) , the second has an 

Eigen val ue of 1.96 which exp lained 8.9% and the third has an Eigen value of 1.6 wh ich 

explained 7.5% of the variance. According to Temesgen (2010), for the use of PCA in 

constructing indices, the first principal component, which explained most of the variation in the 

data, can be taken. 

While calculating the indices, indicators of adaptive capacity were positively attached with the 

PCA factor score so that those with negative values were rejected from further calculation and all 

the ind icators of sensitivity as they are negatively associated with our PCA were selected. This is 

because, indicators of sensitivity and exposure negatively affects vu lnerability where as 

indicators of adaptive capacity could do the contrary. A higher value indicates less vulnerability 

and a lower value indicates the counter wise. 

68 



Finally, the vulnerability of each kebele/agro-ecology can be calculated using equation four after 

the factor score (weight of each indicators) was obtained and the indicators of each determinants 

of vulnerabi lity were normalized. This was made based on the assumption that people with 

higher adaptive capacity are less sensitive to climate change-d riven damages, keeping the level 

of exposure constant. Hence, the vulnerabi li ty index of each kebeles/agro-ecologies was found 

following the same procedure. As an example, the vu lnerabi lity index of Bega shka (m id land 

agro-ecology) can be calculated as follows and the same pattern was followed to calculate the 

vu lnerab ili ty index of other agro-ecologies. 

VIBegashka= fJ J (a* lj-a* I )/(s* l ) + ." + f Jz (a*zj - a*z)/(s*z) = -0 .16 

0.4 .,-----------------------

0.3 +----------------------

0.2 +-------

0.1 +-------

o 
T /giorgis Lmat 

-0.1 

-0.2 +------------------

-0.3 "----------------------

Figure 12 : Vulnerability indices 

Source: Own Calculation, 2014 

Bega (mid land) -0.16, Tigiorgis (mid land) 0.28 , Lima! (lowland) 0.10, and Menji (low land) -

0.22 

As shown in figure 12, the net effect of adaptive capacity and sensitivity is posi tive for T/giorgis 

(M id land agro-eco logy) and Limat (low land agro-eco logy) but negative for Bega (mid land 

agro-ecology) and Menji (low land agro-ecology). Here, the index va lue is used to compare the 

vu lnerabi lity levels of kebeles/agro ecologies . This indicates that T/giorgi s and Limat are 

relatively less vu lnerable than Bega and Menji . The relatively less vu lnerability ofT/giorgis (mid 
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land agro-ecology) is associated with its relatively higher li vestock population (4.61 TLU per hh) 

and large farm land size (0.85 ha per hh). The less vu lnerabil ity of Limat (low land agro­

ecology) is associated with its relatively higher proportion of sav ing (71 %), irrigation potential 

(27%) and relativel y higher livestock number (4.05 TLU) than Bega (m idland agro-ecology) and 

Menji (lowland agro-ecology). Besides, the vu lnerability of Bega (mid land agro-ecology) is 

associated with its relatively sma ll er size of the farm land (0.43 ha on average) and li vestock 

population (3.57 TLU). The vu lnerabi lity of Menji is associated with its relatively lower 

irrigation potential (7%) and access of households to saving and credit institutions (24%). 

However, the aggregate result showed that mid land agro ecological zone is less vulnerable than 

low land. But the most important point here is that since the data was collected at household 

level, internal variabi lity in the level of vulnerabil ity was highly witnessed in the selected agI'o 

eco logical zones. 

4.5. Adaptation strategies to climate change 

Adaptation is improved soc iety's ability to cope with changes in climatic conditions across time 

scales, from short term to the long term (Charles and Rashid, 2007). As per the definition given 

by the IPCC (2001), adaptive capacity refers to the ability of a system to adjust to climate 

change, to moderate potentia l damages, to take advantage of opportunities, or to cope with the 

consequences. The goal of an adaptation measure is to increase the capacity of a system to 

survive external shocks or change. Hence, assessing the adaptation strategies of communities 

found in different agro-ecologica l zones is important to convey information that can be used to 

formulate policies that enhance adaptation as a tool for the management of various climate 

related risks in the agricu ltural sector. Climate elements by their nature are very local so that 

climate change studies should be conducted at very local levels. Besides, not all systems are 

equally vu lnerable and have equal adaptive capac ity towards the effects of climate change 

(PECCN, 2011; Senait et aI., 20 10). 

In view of the ongo ing changes and variab ility in weather conditions, farmers in the study areas 

were using different strategies to survive the emerging impacts of climate change. However, 

some of which can be classified more under cop ing mechanisms than adaptation strategies. 

Therefore, based on the data co ll ected using househo ld survey from 125 households, th is secti on 

briefly summarizes the existing adaptation and coping strategies believed appropriate to the 
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perceived changes in climatic conditions. However, the adaptation measures that farmers report 

may be profit driven, rather than climate change driven. Despite this missing link, we assume 

that their actions are driven by climatic factors because they are reported by the farmers 

themselves (Maddison, 2006; Nhemachena & Hassan, 2007). The surveyed households were 

lhen asked queslions aboul lheir commonly practiced adaplalion slrategies againsl climale 

change impacts. In this section assessment was made against five fanning systems which are 

highly affecled by climale change impacls and lheir respeclive responses namdy farming, crop 

production, livestock population, land degradation and rainfall variability. 

4.5.1. Adaptation strategies against crop failure 
Farmers in the study areas never give up to the impacts of climate change rather they responded 

to it by practicing a combination of activities ranging from temporary modifications in their 

livelihood and farming systems towards a major modifications in the production systems. 

Therefore, when crop fai lure happened as a result of either climate variability or other effects 

pertaining to climate change, farmers responded by either taking an immediate actions or 

devising a long term solution if they believe the problem could be permanent. 

Remmitance 

Ate less 

Petty business 
SO% 

Credit 

Daily labour .SO% 

Selling property 

Selling livestock .90% 

_ Menji _ T /giorgis _ Bega _ Limat 

Figure 13: Fanmer's coping mechanism against crop failure 

Source: Own Survey, 2014 
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Households found across different geographical areas and agro-ecologies employed a number of 

common as well as different strategies as a response to crop failure and agricultural output 

insufficiency. It can be said from figure 13 that farmer's widely practiced immediate actions in 

times of crop failure were selling livestock, credit, labor migration, petty businesses and 

reduction of daily meal both in its amount and frequency to eat. 

The dominant activities taken in Limat (low land agro-ecology) as a measure to the 

aforementioned problem were se lling livestock (76.7%) and daily labour (76.7%) followed by 

credit (73.3%), reducing consumption (53.3%), petty business (50%), se lling properties (16.7%) 

and remittance (6.7%). The coping mechanism in Bega shka also constitutes daily labor 

(87.5%), selling livestock (75%), credit (71.9%), and reduction in consumption (53.1 %), selling 

properties (21.9%), petty business (6.55) and remittance (6.2%). In T/giorgis (87.9%) of the 

households sell their livestock in times of crop failure followed by daily labor (78.8%), credit 

(66.7%), and reduction in consumption (66.7%), selling property (18.2%), and remittance 

(6.1 %). Majority of the surveyed households in Menji also relies on credit (86.7%), followed by 

labor migration (83.3%), se lling livestock (73.3%), reduction in consumption (63.3%), 

borrowing money (72.3%), petty business (33.3%), selling property (16.7%) and remittance 

(6.7%). 

Sample respondents from T/giorgis and Limat reported that they frequent ly practiced selling 

livestock as a primary option and this could be attributed to their relatively greater number of 

livestock population. On the other hand, labor migration is widely practiced in Begashka and 

Menji and this could be attributed to their relatively smaller sizes of their cultivated lands . 

Besides, selling fuel wood/charcoal also contains greater share of the options employed in Limat 

(low land agro-ecology). This could be attributed to their relatively greater wilder areas. 

72 



Table 16: Adaptati on strategies made in farm ing to increase communiti es' agri cul tural ou t put 

Type of activity Percentage of respondents 

Limat (N=30) Bega (N=32) T/giorgis Menji (N=30) 

(N=33) 
Count % Count % Count % Coun! % 

Change crop variety 19 63.3 27 X4 .4 23 69.7 23 76 .7 
Buy insurance 33 7 Z 1.9 0 0 0 0 
Build a water harvesting scheme 15 50 18 56.2 25 75.8 19 63 .3 

Soil conservation techniques 25 83.3 22 68.8 31 93.9 27 90 
Changing planting dates 25 833 3 1 96.9 29 87.9 27 90 
irrigate more 7 233 6 18.8 3 9. 1 2 6.7 
Reduce nu mber of li vcstock 13 433 I I 34.4 10 30.3 7 23 .3 
Find off-farm job 24 80 27 84.4 27 81 8 20 66.7 
Lease your land 7 233 2 6.2 13 39.4 6 20 
No adjustments 5 16.7 5 15.6 4 12.1 5 16.7 

Source: Own Survey (20 14) 

As indicated in the above table J 6, rura l cOlllmuni ties are shirt ing to Illorc drough t tokrant crops 

and varieti es, widely practicing a water harvesting techniques, so il and wate r conservation 

practices, and seeking an alternative means of income from off fa rm acti vit ies. majority of the 

households in Limat (mid land agro-ecology) practiced soil conscrvation techniqucs (83.3'1.,) and 

changing planting dates (83.3%) as a strategies to increase their agricultural ou tput where as 

buying insurance (3 .3%) and no adjustments were very rarely practiced options in th e stu dy 

areas. Adj ustments made on planting dates were the commonl y practiced adaptation strategy in 

al most all agro-ecological zones of the study area (83 .3%). (96.9%), (87.9%) and (90%) in 

Limat, Begashka, T/giorgis and Menji respectively. On the contrary, buyi ng insurance was an 

activity very rarely practiced across thc study areas (3.3%), (21.9%,) in Limat and Bcgashb 

'respectively and it was never employed in Menj i and T/giorgis. 

At agro-ecology level, 95. 1 % of the households practiced changing crop varietics fo ll olVcd by 

changi ng planting dates (97.6%), so il and water conservation (65 .9%), build wa tcr harvesting 

scheme (56. 1 %), and reduce number of livestock (39%). On the other ha11(1, comm uniti es in the 

Ko la agro-eco logy practiced mainly soil conservati on techniques (60%), change crop variety 

(57%), changing planting dates (48%), and bui ld water harvest ing scheme (56.6%). 
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activity very rarely practiced across the study areas (3.3%), (21.9%) in Limat and Begashka 

respectively and it was never employed in Menji and T/giorgis. 

At agro-ecology level, 95.1 % of the households practiced changing crop varieties followed by 

changing planting dates (97.6%), soil and water conservation (65.9%), build water harvesting 

scheme (56.1 %), and reduce number of livestock (39%). On the other hand, communities in the 

Kola agro-ecology practiced mainly soil conservation techniques (60%), change crop variety 

(57%), changing planting dates (48%), and build water harvesting scheme (56.6%). 

However, sh ifting fi'OIl! crop to livestock and mban migration were hardly practiced under the 

surveyed households. 

Figure 14: Adaptation strategies against land degradation in Menji and T/giorgis 

Source: Own field photo, 2014 
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Figure 15: Adaptation measures to improve livestock production 

Source: Own Survey, 2014 

It is also revealed by the focus group discussants and key informant interviewee that new 

varieties of livestock are introduced to their localities. The agricultural and rural development 

officials reported that new and improved varieties of livestock are introduced in the Woreda in 

order to increase Lhe livestock production of the communities not in response to climate change. 

Questions about the trend of their livestock was also raised and found that the number of goat 

population is increasing where as other types of livestock is decreasing. This could be another 

result of climate change. 

4.5.3. Adaptation strategies against land degradation 
Table 17: Perception to land degradation 

Kebele Yes No Total 
Limat Count 21 9 30 

% 70 30 100 
Bega Count 18 14 32 

% 56.2 43.8 100 
T/giorgis Count 27 6 33 

% 81.8 18.2 100 
Menji Count 24 6 30 

% 80 20 100 
* Significant at 10% confidence level 

Source: Own Survey 2014 
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It is also revealed by the focus group di scussants an d key informant in terviewee that new 

vari eti es of livestock are introduced to their localities. The agricu ltura l and ru ral deve lopmenl 

officials reported that new and improved vari eties of li vestock are introduced in the Woreda in 

order to increase the li vestock production of the comm uni ti es not in response to climate change. 

Questions about the trend of their li vestock was also raised and fo und that the number or goat 

population is increasing where as other types of livestock is decreas ing. Th is could be anothcr 

result of cl imate change. 

4.5.3. Adap tation strategies aga inst land d egradation 

Table 17: Perception to land degradation 

Kebele Yes No Total X' 
-
Li mat Count 21 9 30 6.52 7' 

% 70 30 100 df=3 
Bega Count 18 14 32 P=O.089 

% 56.2 43 .8 100 

T/giorgis Count 27 6 33 

% 81. 8 18.2 100 

Menj i Count 24 6 30 

% 80 20 100 
-- -----,.---~ .---""' .•.. --_.,,-----

-----~ -~~ -
, Significant at 10% confidence level 

Source: Own SUivey 201 4 

In order to get information on the perception of respo ndenls towa rds land dcgradali on, 

respondents were asked whether it is a fac tor fo r decreasing th e ir agricultural output and a 

stati sti cally s ignifica nt diffe rence was found among the responses of house holds fou no ill 

different kebeles/agro·ecologies (P=0.089). 70% (2 1) households from Limat, 56.2% ( 18) fro m 

Bega, 8 1.8% (27) from T/giorgi s and 80% (24) households fro m Menji reported land degradation 

as a factor for the year to year decrease in their agri cultural output. T he variation in perception 

was mainl y attributed to the slope of their landscape .. Observations show that T/giorgis, Menj i. 

and Limat were relat ively hi ghl y sloppy than Bega shka. 
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Table 18: Strategies employed to manage land degradation and increase prod ucti vity 

-- -
Type of activities Percentage of respondents --_._- - - -

Limat (N=30) Bega (N=32) T/giorgis (N=33) Menj i ( =30) 

Count % Count % Count % Count 'Yo 
Terracing 25 83.3 19 59.4 3 1 93.9 28 93.3 
Mulching 9 30 16 50 5 15 .2 7 23.3 
Tree planting 19 63.3 19 59.4 23 69.7 14 46.7 

Contour pl oughing 23 76.7 20 62.5 24 72.7 23 76.7 

Check dams 22 73.3 19 59.4 27 81.8 26 86.7 

Changing tillage operations 13 43.3 26 8L2 22 66.7 20 66.7 

No adaptation ·6 20 8 25 0 0 2 6.7 

Source: Own Survey, 2014 

TelTaci ng was highl y practiced by the communiti es in T/giorgis 93.9% (3 1) followcd by Mellji 

93.3% (28) and Limat 83.3 (25). Rel alively speakin g, th e aforemenlioned activit y is rarely 

employed by the communities in Begashka 59.4% (19) . Thi s could be attributed to its rel ati vely 

plain surfaces of their cu ltivated land. The major adaptation strategies practi ced in the low lalld 

agro-ecology were terracing (90.8%), tree planting (95.4%) and contour ploughing (93. S%, ) 

where as in mid land terracing, tree planting, check dams and changing tillage opcrations a ll 

constitute 61 % of adaptation strategies. The variations in taking slich adap l:l t ion options call he 

emanated from the slope of their cul tivated land. 

One important experience found in Begas hka to prevent so il degradation and maintain th e 

fertility of their cultivated land was that households left up to 5 centimeter of their crop residuals 

while harvesti ng. 
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4.5.4. Adaptation strategies against Rainfall uncertainties 

Table 19: Adaptation strategies employed in times of rainfall uncertainti es 

T ype of activity Percentage oj' respondents 

Limat(N=30) Bega (N=32) T/giorgis Menji (N=30) 

(N=33) 

Count % Count % Count % Count IYo 

Adjustments of planting 27 90 29 90.6 29 87.9 28 93.3 

dates and crop variety 

Rain water harvesting 24 80 28 87.5 24 72.7 2 1 70 

Soil and water conservation 27 90 24 75 30 90.9 25 83.3 

Changing tillage operation 16 53.3 25 78.1 19 57.6 14 46. 7 

Reducing consumption 21 70 24 75 22 66 .7 23 76.7 

Collection of wild foods I 3.3 6 18.8 9 27.3 5 16.7 

Inter-household loans 19 63.3 15 46.9 21 63.6 25 R3.3 

Petty commodity production 11 36. 7 6 18.8 8 24.2 8 26.7 

Labor migration 26 86.7 28 87.5 25 75.8 29 96.7 

Sale of assets 5 J 6.7 9 28.1 12 36.4 14 46 .7 

Mortgaging of land 7 23.3 2 6.2 II 33.3 4 13.3 
Credi t 4 13 .3 7 2 1.9 7 21.2 I I 36.7 

Use of early warning system 5 16.7 15 46 .9 II 33.3 7 23.3 

Food aid/safety net 13 43.3 II 34.4 22 66.7 19 63. 3 

Livelihood diversification 17 56.7 20 62 .5 21 63.6 IR 60 

Source: Own Survey, 2014 

As can be seen in rhe above table 19, diffcrent adaptation strategies were used by th e surveyed 

households when they believe the rain fall is uncel1ain. Different types of strategies employed in 

differellt proportions across the study areas. However, changing rh e planting dat es and eve n 

varieties of crops were reported to be the dominant strategies employed by majorit y of the 

surveyed farmers 90.4% (113). Besides, soil and water conservation was found to be an other 

stretegy widely practiced by majority of the surveyed households in Limat 90 %( 27) ancl 

T/giorgis 90.9% (30) nex t to the aforementioned strategy. This co uld be attributed to th e na ture 

of their topography. Whereas, the other dominam adaptati on st ratcgy employcd by farmers in 

Bega and Mcnji were both rain water harvesting and labor migrati on 87.5% (28). and labor 

migration 96.7% (29) respective ly. This could be also attrib uted to rhe land size of th e kebeles. 

On the contrary, collection of wild foods in Limat 3.3% ( I), mortgaging of land in Begashka 

6.2% (2), cred it in T/giorgis 21.2% (7) and mortgaging ofland in Limat 13 .3% (4) were reported 
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as rel ati vely rarel y practiced activities in their respected kebe les. Results from the focus group 

di scuss ion al so revealed (hat vari ations in the timing of rainfall forced farm ers to adjust both the 

planting calendar of crops as well as adopt different vari eti es . 

The fo cus group discussants in all surveyed kebeles reported new varieties of crops arc adopti ng 

and the croppi ng calendar was al so shifting fo ll owi ng the pattern of ra infa ll based on their local 

knowledge. They have traditionally classified types of erops as AZl11era' and lsdya
j 

crops. When 

rain fall fa lls in the periods starting from ea rl y April to lare may, they staned to sow AZlllera 

erops such as mai ze, barley and dagusa where as when the rain co mes after mid Jul y, they began 

to sow tsdya crops like teff, sorghum, wheat and beans. In line wi th thi s, they me using 

agri cu ltu ra l extension services which helped them adopt newly introduced and drought resistant 

varieties of crops. To thi s effect, a new variety of teff ca ll ed ' kuncho '. and new va riet ies of 

maize by the name me lkassa 2 and melkassa 4 have been adopted and used by the farmers and 

are being distributed by the Woreda officials. 

Communities in almost all kebeles of the Woreda are executing a range of adaptat ion strategies 

individually and communally under the scheme of safety net, food fo r work and voluntmy 

programmes. According to the ARDB officials and focus group discussa nts th e major adap tation 

strategies applied and adopted by the local government an d communities respect ive ly were 

emergency aids, di stri bution of new/short term crops and food for work activit ies. the other and 

believed most common and important act ivity wi dely practiced in water prone areas of th e 

Woreda were water harvesting acti viti es like deep trench, so il and wa ter conservati on activities . 

water bank and broad bed making. Broad bed mak ing is wide ly practiced in Begashka and Limat 

kebeles in order rain water to be drained slowly. Such activiti es have become effective III 

reduc in g land degradation, maintaining so il ferti lity and increasing agri cul tural ou tputs. 

4 A=mera is a /oca/tertll /lsed hy ./armers 10 re.!er 10 IOl/g lerm cmps. II is a l ime whel/ raill/all (["Is early Ih(lll tlw 
//s/la/ aJl(I believed 10 be good ellol/gh to produce their crops 
j Tsdya is al:w a local teml IIsed by farmers /0 refer 10 short term crops. It is a/so a l im e whclI rail!/ctflfClf/s I(I{cl" 

(1IIidjllfy) 
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4.6. Factors affecting the adaptation strategies of respondents 
Households in the study areas employ a wide range of measures to curb eros ion and retain so il 

moisture, improve quality of their livestock, and maintain agricu ltural output in the changing 

environment. But, a range of factors influence their ab ility to respond to envi ronmental 

conditions. When asked about the constraints or factors they faced in adapting to the effects of 

climate change, respondents frequently reported lack of infonnation and financial limitations (fig 

10). Co nstraints, such as labor shortage, land shortage and poo r poten ti al for irri gation, wcrc 

given as other important factors . 
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Though a range of activit ies were employed to survive the emerging impacts of climate change, a 

very smail number of them reported they were not making adjustments. Their fa ilure to adapt 

was emanated from different factors. A lthough some loca l va ri ati ons were ob vious thc major 

factors affecting the households in the surveyed areas of Kola Tcmbien Worcda were, lack of 

money (35%), lack of information (30%), poor potential for ilTigation (\5%) and shortage of 
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land ( 10%). However, the sub aggregated result showed a relative difference among the factors 

and found that in Limat, lack of information (10%) and lack of money (IO'Yo), in Bega lack of 

money ( 15%), in T/giorgis lack of infonnation (10%), and in Menji lack of money (10%) and 

poor irri gation potential (10%) were the main factors affect fa rm ers for not to make any 

signifi cant amendments towards the barmf1Ji impacts of climate change . 

As per the words of th e focus group discussants and interviewed households In the surveyed 

areas, the major factors affecting their agricultural output were failure to use newl y introduced 

agricultural technologies due to lack of awareness and financia l means to access th em. 

Tn o rder 10 overcome such barriers respondcnts in the surveyed areas wcre keen for the 

governmen t to prov ide g reater financia l support including the ex pansion of credit and extension 

faciliti es to increase investments on irri gation development. Besides, awareness creation 

activities will be better to enhance adaptation to climate change. 
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5.1. Conclusion 

/
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~ 
This study was based on local/agro ecology level assessment of vul nerability and adaptation 

strategies of rural communiti es to climate change and has addressed three basic research 

questions .. 

The first and bas ic research question tri ed to ana lyze the vulnerab ility of rural co mmuniti es to 

climate change at locallagro ecology level. The vulnerability anal ysis was madc bascd on 

integrated assessment approach fo llowing the IPCC (200 1) defi nition. However, the co mparali\T 

ana lysis was made based on adaptive capacity and sensitivity assuming a relatively s imilar le vel 

of exposure . Analysis of the hi storical climate data in the Woreda has been done at a more 

aggregate level and the resu lt reveals th at there has been an increas ing trend of temperatllre and 

rainfall w ith inter-annual variability. Generall y speaki ng, mean annua l rainfall dist ribu tion and 

temperature trends are go ing to be vari ed temporally. The vulne rab ility in dex showed Ihal 

T/giorgis (mid land agro ecology) and Limat (low land agro ecology) were relativel y Icss 

vulnerablc than Begashka (mid land) and Menji (low land). Thcir re lativc vulncrability is 

attributed [0 their relative variations in th e ownership of different posscssions. The aggregate 

result gencra ll y found that mid land agro cco logical zo ne is Icss vulnerab lc than thc lowland agro 

eco logical. However, it is fou nd that vu ln erability ca lcul at ions at aggregate levels could give 

wrong results. 

The distri but ion of vuln erab ility to climate change impacts and environmental degradation is not 

equal across communities and loca liti es in d ifferen t geographi ca l sellings. Although locu ti on 

specific climatic patterns are key fac tors to assess ri sks and adaptati on potenti als, the adaptive 

capac ity of househo lds and communities 10 cl imate change is largely determi ned by hou sehold or 

community characteristics such as wea lth status, education levels, in formation access, access 10 

various in l'i'astructures and institutions, agricu ltural technologies and irr igation potential s. To bl.: 

specitlc, Menj i and T/giorgis kebeles do not have markets and fertilize r supp li es in nearby. 

Therefo re, as far as communities or households have unequa l access 10 such variables. th ey are 

going to be affected disproportionately. 
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The second research question assessed the adaptatio n strategies practi ced in Kola Tembie n 

Woreda and found that various adaptation strategies related to crop, livestock , land degradation 

and rainfall uncertainty has been used . The major crop production re lated adaptati on strategies 

employed by the sUlveyed communities were soi l conservat ion techniques, change crop vari ety, 

changing planting dates, and build water harvesting scheme. The adaptation measures taken 

towards the li vestock population also includes buy hay, controlled graz ing, rcduction in herd and 

decreasing animal herd. Terracing, mul ching, tree planting, checking dams and changing till age 

operations were among the w idely practiced adaptation strategies towards land degrad at ion. 

Different strategies were followed by farm ers in times of rain fa ll un certainti es but changin g the 

planting dates and even varieties of crops were reported to be the dominant strategies employed 

by majority of the surveyed farm ers. Moreover, majority of the surveyed communi ties res ponded 

to the adverse effects of climate change by se lling their assets. Though, sell ing of possessions 

could help communitics to cope up in times of shocks and advcrsitics, it cou ld potcntlall y 

challcnge fururc planning so that thcir sustainable livelihood is going to bc disturbcd. 

The divers ity of livelihood sources plays a vital rolc for survival in that whcn onc means IS 

damaged due to climate change impacts, the other means cou ld be survived . It is generall y found 

that as the surveyed com muniti es were rural , th ey depend on agriculture as rhei,. main livelihood. 

However, there obtained a small number of the surveyed households di versifyin g outs idc the 

sector. Ext raction of minerals (gold) is found to be the commonly practiced alternati ve in co me 

sourcc across all the kebeles/agro eco logics. A small numbers of houscholds in Limat repon cd 

that their livelihood depend on alternative incomc earned from rental houses in thc nearby town. 

But depending on the infOlmation gathered it is found the communities do not have a di versiti ed 

livelihood opporlllnity. 

The third research question was regard ing the barriers of rural cOllll1luniti es lO climate change. 

Although some local variations were obvious, the major factors affectin g the communities in the 

slllveyed areas of Kola Tembien Woreda were lack of money, lack of information, poor potent ia l 

for irrigati on and shortage of land. As climate has been changing and th e fact that it is going to 

bc changed in the future, communities of thc Woreda hav ing the aforcmcnt ioncd charactcri st ics 

could be uncler the threatening impacts of that change. 
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5.2. Recommendation 
./ To enhance the adapti ve capacity of rural communities, there should be equal access to 

agriculrural inputs, infrastlUctures and institutions, and ncw agricultura l techn ologics. 

Improved seeds, fertili zer supplies, pest icide and insecticide suppli es, and markets shou ld be 

accessi ble to the communities in Menji and T/giorgis as th c oth er surveyed kebclcs . 

./ To convey fa nners with relevant in formation about climate change and its ex pected impact 

on their li velihoods, metrological stati ons should be there at either agro eco logy le vel or 

some other selected sites in the Woreda . 

./ In order to reduce the vulnerability of rural communiti es and improve thcir income leve l. the 

loca l government as well as NGOs should promote the off-farm incomc-earning 

opportun iti es to the communities. Besides, awareness should be made so that they can 

divers ify their li velihoods to sUlv ive in times of shocks . 

./ The commonly practi ced extraction of gold should be shifted from its trad itiona l form of 

artisanal towards a mo re modernized one . 

./ Selling wood is widely practiced by households 111 Limat kebele . This wi ll lead to 

deforestation there by positively affect the vu lnerability of the arca in particular and the 

Woreda in general. Therefore, th e local government should take some strong ac ti on to 

alleviate the problem . 

./ The local government must aim at promotin g local/farm-level adaptation strateg ies by giving 

due attention to the early warn ing systems and disaster risk mamlgemenl and also. gi\ 'ing 

awareness on effective participation of households in adopting belter agricu lrura l and land 

usc practices . 

./ Adapting agriculture to climate change may reqUIre adapting good practices to meet 

changing and often more difficult environm ental co ndi tions. It was documented in the stu ely 

that a range of older indigenous and local so il and water conse rvati on practices has been 

employed. Such activiti es may be limited in providing high yield and are being implemen ted 

even in areas wbere new conselvation practices are introduced and implemented. Therefore. 

indigenous resource management practices should be compatib le with the type of land use 

and strengthened by modern technologies in order to enh ance crop produ ctivit y and limit 

land degradati on. 
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./ In ordcr to overcome the barriers to adaptation, efforts are need~d to increase awa rcncs, th ere 

by overcome maladaptive perceptions and even financial assistance should be made to 

encourage the existing ilTigation sector as well as emphasis should be given towards the 

expansion of irrigation projects. 
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Annex 1: Normali zed valu es of the ori ginal da ta by th eir r espec ti ve means and standard 
devia tions 

Kebele Educat ion Qual ity of Ownership of Ownersh ip of NOIl -

leve l ho use livestock radio agricultural 

Income 

Begashka 0.02103 0.557335 -0.23207 0.308645 -0 .00107 

T/giorgis 0.162898 -0.32534 0.302927 -0.10844 -0 .1 R9 1 S 

Limat 0.0475 83 0.05 1087 0.079241 0.024267 0. 2 14 7 13 

Mellj i -0.23767 -0.32534 -0 .1425 5 -0.24747 -0.04586 

Farm land size Rem i ttanee Saving Insecticide Fertili zer su pp ly 
supply 

-0.4 1688 0.11 I 105 0. 100624 0.177441 0.384829 

0.55 I 78 -0.06 13 -0.15675 -0 .13673 0 

-0. I 3794 -0089 16 0.428943 0. 198386 0.577354 

0.044629 0.040866 -0.42242 -0.27077 0 

Improved seed Improved seed Weathe r roads Hea lth center Full cyc le school 
supply use 

0.640513 0.62201 0.194723 0. 172853 -0.21 206 

-0.29335 -0. 147 14 -0.45684 -0.08134 0.124 822 

-0. 15004 -0. 15322 -0.02221 0. 11 722 1 0.064646 

-0.2248 1 -0.34779 0.2735 75 -0.23 198 0.03026 

Veteri nary Credit and saving Telephone access Market Irri gation 

service institutions potential 

0.3676 0.439769 0. 199559 0.374402 -0 .01 988 

-0.343 16 -0 0 162 1 -0. 13136 0 -0 .05649 

0.086092 -0.08991 0.1 6719 0.253902 0.307532 

-0.14365 -0. 35398 -0.2654 1 0 -0 .26058 

Land fert i 1 i ty Land slope 

-0.21297 -0.43977 

-0.02133 0. 2 1887 1 

0.063507 0 .15 13 18 

0. 178644 0.083766 
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Annex 2: KMO and Bartlett's Test 

KMO measure of sampling adequacy 0.540 

Bartlett's Test of Spherici ty 

Approx . chi square 328. 128 

df 23 1 

Sig. 0.000 
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Annex 3 : Factor scores of the principal components 

Vulnerali'ility indicators Factor scores of the components 
-, .. -,." ....... _. 1 2 3 4 . .. 5 6 7 8 9 

Education -,012 -,0 I I -,126 ,079 ,067 -,061 ,695 -,009 ,059 
Quality of house -. 100 ,002 ,342 -.072 ,079 ,067 -,074 ,222 ,098 
Livestock ownership .308 -,004 .1 73 -,127 -, 233 ,088 ,295 ,083 ,210 
Radio -,053 ,302 ,0 19 -,051 , 184 -,139 ,008 ,099 -01 1 
Access non-agricultural income -,019 -,021 ,050 ,082 ,0 14 -,047 .075 ,0 13 ,636, 
Farm land size .365 -,176 ,0 13 -.088 -093 ,068 ,057 -,025 -.044 
Remittance -,015 ,001 .053 . 127 -,045 ,025 ,000 ,642 ,058 
Saving . 111 .3 17 -,144 -.200 ,092 ,09 1 -,087 ,0 10 .364 
Insecticide n pesticide access ,092 -,007 -, 158 -,038 -,074 .534 -,1 84 ,044 ,121 
Fertil izer supp ly -030 .2 12 ,094 ,161 -,057 ,190 ,071 -,225 -,012 
Improved seed utilization ,046 -,139 -050 .065 ,400 ,047 -,037 ,003 ,068 
Improved seed access ,020 ,008 ,026 -, 18 1 ,490 -030 ,080 -,0 II ,014 
Weather roads -,047 -, 105 -,10O .382 ,070 -,102 -,21 9 ,170 ,108 
Health access ,351 ,1 88 ,1 1O ,109 ,000 -,090 -,153 ,104 -, 109 
School access ,402 ,016 -, 141 -,055 .229 -,027 ,02 1 -, 085 ,078 
Veterinary access -.009 -, 035 ,037 ,360 -,073 ,014 ,O Il -,423 .202 
Cred it and saving ac cess ,098 .135 ,314 ,033 ,089 -,070 ,096 -,002 -,241 
Telephone access -,030 ,043 -029 ,447 -, 128 ,009 ,206 ,065 -,066 
Market access -,1 29 -.054 .033 -.079 ,058 ,488 ,11 8 -,022 -,092 
Irri gati on potent ial ,030 ,497 ,007 ,048 -,253 ,005 ,018 -,05 1 -,070 
Land fe rti I i ty - , OO~ ,06 1 -,463 ,075 ,087 ,135 ,169 ,168 -, 156 

Land sloEe -,056 ,127 -,27O -,075 -,006 -,257 ,052 -, 13O ,142 

Eigcn value 2,461 1.967 1,649 1.373 1.310 1,302 1,274 1.1 45 1,089 

PropOItion of variance 
11.1 8 

8,940 7.496 6,243 5,953 5,920 5,789 5.205 4,950 
8 

Cumulative proportion 
11.18 

20,128 27,624 33,867 39,820 45,739 5L529 56,734 
6 1,68 

8 4 .- ----,-----_ ... .~ "-~-- -'-~ --- ------ -
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Anilcx 4: Conversion sca le to compute tropicallivcstock unit 

A nimal type Unit 

Ox 1.0 

Cow 1.0 

Calves 0.2 

Sheep and Goat 0.1 

Horse and Mule 0.8 

Donkey 0.4 

Chicken 0.013 
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Annex 5: Household survey 

Household survey to be completed bv household heads 

Title: vulnerability and adaptation strategy of rural communities to climate change: In tiIe 

case of Kola Tembien Worcda, Tigray R egion 

T hi s study is being carried out by Esie Gebrewahd, a graduate student or Addis Ababa 
Univers ity, to collect basic information/data about climate change and Community-baseo 
adaptation in Kola Temben Wo reda to assess th e problems of the surroundin g communities to 
pl an for sustai nab le adaptation and development act iv iti es. 

The objective of th is questionnaire is to co ll ect primary data on soc i o-~conomi c, vulncrability, 
and existing adaptation strategy related informatio n that are required to assess th e vulnerability 
and adapta ti on strategy of rural cOlllmunities in Kole Tembien Worcda. Therefore, you arc 
kindly requested to give your response free ly and accurately to the success of this study. 

Dear respondents: You should be confident that the datali nformation wh ich you give us works 
only for this study and the deve lopment of the target community. 

Lastl y, I thank you for your cooperati on 

Name of data coll ector _______ ____ Date _____ _ Code ___ _ 

A ES: _____ _ _ 

Woreda: _______ _ 

Kebelc _______ _ 
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General information 

I. Socioeconomic C ha r acteri stics: 

I . House Code ________ _ 

2. Sex I. Male 2. Female 

3. Age I. < IS (child headed fami ly) 2. 15-30 3.3 1-65 4. >65 

4. Reli gion I . C hristian orthodox 2. Musli m 3. Protestant 4. Othe r---------

5. Marital Status I. S ingle 2. Married 3. Separated 4 . Divorced 5. Widowed 

6. Educational Status I. Ill iterate 2. Capable of readi ng and writing 3. Primary. 

schoo l 4. Secondary schoo l and above 
7. Respo ns ibi lity in the community I . Membcr of thc comm unity 2. Reli gious 

leader 3. Coordinator of co mmu nity development work 4. Kebe le Admini strator 

5. other, please spec ify _ _____________ _ 

8. Size offamily 

NQ Age Sex (in number) I 

Ma le Female Tota l 

I < 14 year 

2 15-65 years 

3 > 65 year 

I 

2. W ea lth , economic activities, and household inco nie 

I . In what type of hou se do you live? 
I. Corrugated 2. Non corrugated 3. Others (Spec ify)? 

2. Do you have your own farm land I . Yes 2. No 

3. If your answer to the above question is yes, how much in haITi mad is 

I . The cu lt ivated area ____ ___ _ 

2. Indi vidual graz ing land _ _____ _ 

3. Irrigated Land ________ _ 

4. Oth er(specify). _______ _ 

5. Total _________ _ 

4. Has your fa rm land s ize decreased or increased since you start fanning? 

I . Increased 2. Decreased 3. No change 

96 



5. What are th e production and area for th e last 5years 

Crop Year Product ion (Qt) Area (ha) 

20 13 

201 2 

2011 

20 10 

2009 

6. What arc the reasons for th e increment of your cu ltivated land productivity? 

I. Increased soil ferti lity 2. Strong extension serviccs (improved secd suppl y, agroc hcmical 

use, organi c fertil izer) 3. Sui tabl e weather conditions 4 . Soil and water conservat ion 
practices 5. Other, please specify _ __________ _ 

7. What are the reasons for the decrease of your cultivated land producti vity? 

I. Land degradation 2. Lack of timely input suppl y 3. Lack of oxcn 4. Rainfall vari ab ility 

5. Drought 6. Pests and Crop di seases 7. Other, please spec ify _ _ _______ _ _ 

8. Do you rare anima ls0 I. Yes 2. No 

9. If your answer is yes to question 8, indicate the size, their feedin g source and problems 

related to the fodders you owned in th e fo ll owing table. 

Type of an imal Size in number Their fcedin g source' Problems re lated 10 the lodders 

Ox 

Cow 

Sheep 

Goat 

Horse 

Mule 

Donkey 

Poultry 

Bee colony 

Other (speci fy) 

'Source of fodder 1= ow n private grazing land 2= communal graz ing land 3= crop residue 4= 

buying fodder 5= other, plcase 
specify _ _____ _ _ _____ ___ _ _ _ ____ _ _ _ 

10. How do you see the trend of li vestock ownership in your household fo r the last 10 yea rs') 

I . Increasing 2. Decreasi ng 3. No change 4. I do n' l know 
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II . Wou ld you te ll yo ur household source of cash income an d its amount in birr 

Major area Source and amount of cash 

Types of act iv iti es Yes No 

Se ll ing of crop prod ucli on 

Farm act ivity Se ll ing or lives toc k and thei r products 

Se lling of fru its, roots and vegetabl es i 
Labor wage --Engag in g in fet ching wa ler \ ",B 

Off farm activ ity Sel ling of fue l woods \ y;. ~ \ - j 
Sel ling of grasses \ .9< ~ \ 1 
Selling of tim bers and wooden trees \ ~ i \ 
Mat , basket. and spinni ng \ ~ \ I 
Bamboo work \ U> ~\ : 
\~'eav in g \ ~ ~ \ 
Tannery \ 7 . e, 

, 

B lac ksm i th i ng \ ~ ~ \ I 
Tela and Areki \. ---Nonfarm activity Cookin g egg, kolo and kila 
rood aid 

Food-fa r-work 

Grai n and li vestock ! 
Consumer goods (salt, soap, kerosene etc .) 

RemittaJll..:e I 

Others(specify) ! 
Tota l /year I 

12. How do you see the trend of income level in you r household for the last 10 yea rs? 

I. In creasin g 2. Decreasing 3. N o change 4. r don't knuw 

13. Do you save money? I . Yes 2. Nu 

14. If your answer to qucstion 13 is ycs , how Jlluch do you save? ______ b'rrlycar 

15. I f you save money, where do YO LI save it? 

I. Home 2. Bank 3. Fri ends/fa milies 4. olhcrs (spccify) 

16. With thi s total capital, in which soc io-cconom ic group do you put yourself! 

I . Ri ch 2. Mediu m 3. Poor 

17. W hat mechan ism do you follo w to accumul ate your weal th ? 

I. Purchase of li vestock 2. Petty trade 3. Save in money 4. Bu il t rental houses in 

urban areas 5. Others (spec ify)? _________ _____ __ _ 
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3. Technolo gy 

18. What is the main energy sou rce fo r COOkiol g your foo d? 

1. Electricity 4. Charcoal Only 7. Firewood and Charcoa l 

2. Gas 5. C harcoa l, Gas and Firc 8. C rop Residue 

3. Electricity and Gas 6. Du ng Cakc 9. Firewood On ly 

19. What kind of power do you use for farming? 

I. Famil y labor 2. S hared labor 3. Ani mal trac ti on 4. Tracto r 5. others 

(specify)? ___ _ 

20. Do you have access to farm machin eries and too ls? I. Yes 2. No 

21. If yes wh ere do you access thcm" 

22 . Do you have access to improved seed supply? I. Yes 2. No 

23. Do you use improved seeds? I. Yes 2. No 

24. Tfyour answer to qucsti on 23 is yes , how fa r do you trave l to acccss them'l _ ___ kms/hr 

25. If no, why? 

I. It is expensive 2. Lack of regu lar suppl y 3. Lack of awareness 4. Others (spec ify)? 

26 . Do you have access to agri-chemi ca ls? I. Yes 2. No 

27. If your answer to qucs ti on 25 is yes , how fa r do you tmvelto access the m? ____ kms/hr 

28. Do you use feli ili zcr? I . Ycs 2. No 

29 . if yes, on average how mu ch kg per year do you use ________ _ 

30. If no. why? I. Lack o f access 2. Expens ive 3. Lack of awa reness 4. o thers 

(speci fy)? _____ __ _ 

3 1. Do you usc insectic ide and pcsticide whcnever nccessary? I . Yes 2. No 
32. If yes, how much ml!ha per year do you use? ___________ _ 

33 . If you say no, wh y? I. No supp ly 2. Ex pens ive 3. Lack of awa reness 4 . othe rs(specify) 

34. Do you have access to irrigati on schemes? I. Yes 2. No 

35. If yes, how much lands do you irri gated? 

I. '/, tim ad 2. I timad 3. 1.5 timad 4.2 ti mad 5. above 2 timad 

36. For what pu rpose do you use it? 

I. To grow cash crops 2. To water livestock 3. To grow forage 4. To supplement 

water scarcity s. others(specify), _____________ _ 

4. Institution and infr astruct u re 

37. Do you have agricul tural ex tension services (AES) in your area? I. Yes 2. No 

38. Does the presence o f extens io n services he lp you to imp l'Ove productivity and produ ction" 

I. Yes 2, No 

39. Do you have access to informat ion? J. Yes 2. No 

40 . If your answer to questi on nu mber 3 is yes, identify your source? 

I . Radio 2. T V' 3. Journal! newspaper 4. Agriculture experts 5. Neighbors 

6. Others (specify)? ___________ _____ __ _ 
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41. Have yo u ever heard climate related information in one of the above source(s)? I. Yes 2. No 

42. Have you participated in skil l-upgrading trainin g to improve your knowledge about climatc 

change adaptat io n? I . Yes , 2. No 

43. Do you have access to sav ing and credit services? 1. Yes 2. No 

44. What is the distance to saving and credit institutions li'om your home') I. 1-4 km 2. 4 and 

above kms 

45. Do you use the credi t? I. Yes 2. No 

46. If your answer to question 43 is yes, for wha t purpose do you bOITOW 1110ncy'.' 

1. Consumption 2. Medication 3. Petty trading 4. Fattening of animal s 5. To buy 

agriculrural inputs (). Other (specify)? ___________________ _ 

47. If your answer to question number 43 is no , why don't you use the service') I. Difficult 

criteri a 2. I don 't want 3. Other(speeify) _________________ _ 

48. Do you have market access nearby? l. Yes 2. No 

49. Tf your answer is yes, how far is it from your home? I. 1-4 km 2.4 and above km 

50. Do you have weather-roads of vehicle that connect you with nearby neighbors, town s or 

citi es? I. Yes 2. No 

51. If yes , what is th e distance to a II - weath er road s fro m your home (how lon g does it take 

(hours))? I. 1-4 kill 2.4 and above km 

52. Are th e roads ok to use in rai ny seaso ns') I. Yes 2. No 

53. Do you have health posts at your vi ll age/ localities" I. Yes 2. No 

54. Tfyes, how far is it from your homc? I. 1-4 kill 2.4 and above killS 

55. Do you have veteri nary services ill your kebele? I. Yes 2. No 

56. rr yes, huw far is il frum yuur horn t:? 1. \ -4 kill 2.4 and above 

57. Do you have educa tion ce nters in your locality" 1. Yes 2. No 

58. [fyes, how far is it li'om your homo? I. 1-4 kill 2.4 and above km 

59. Do you sClld your children to school? I. Yes 2. No 
60. Ifno, why? ___ ___ . _____________________ _ 

61.00 you have access to telephone services? I. Yes 2. No 

62. What is the distan ce to wat er source frol11 your hOllle? I. 1-4 kill 2.4 and above killS 

63. Do you have land use ri ght/ow nership ccrtiri cale'! I. Yes 2. No 

64. If your answer is yes for quest ion 63 , do you apply land management (SWC, terracing, <tgro 

forestry,) berter th an be Core? I. Yes 2. No 

65. Are you member o f soc ial institutions in your v il lage? I. Iddir, 2.Equb, 3. Religio us 

groups 4. Others 

66. Did you participate in th e identifi cation and adoption of sustainabl e adaptation strategies by 

your cOlllmunities? I. Yes 2. No 

67. What are th e num bers of no-working days in a month? ___ _ 

100 



S. Adaptation strategies and the rac tors influencing it 
1. Have you noti ced any changes In temperature ovcr the last 20 years'! I. Ycs 2. No 
2. If your answer to the above question is yes, what do you say about the trend of 

temperature over the last 20 years? I. Increas in g 2. Decreasing 3. No change 4. I don' t 

kn ow 
3. Have you not iced an y changes in rai nfall ovcr th e last 20 years? I. Yes 2. No 
4. If your answcr to the above qucstion is ycs. what do you say about the trend of rainfall 

over the last 20 yearsO I. Jncreas ing 2. Decreas ing 3. No change 4. I don ' t know 

5. Do you think your crop product ion is being affected by climate change impacts') 

1. Yes 2. No 
6. If your answer to questi on 2 is yes, what adjustments in your fanning have yo u made to 

increase your agricultura l output? 

I. Change crop variety 2. Buy insurance 3. Build a water harvesting scheme 
4, Implement soil conservation techniq ues 5. Changing planting dates 6. Irriga te morc 

7. Change fro m crop to livestock 8. Rcduce numbcr of livestock 9. Migmte to urban 

area 10. Find off-farm job 11. Leasc your land 12. No adjustmcnts 
7. If you are not making adjustments towards YOll r farming, what are the reasons? 

I. Lack of awa reness 2. Lack () f money 3. Shortage of labour 4. Poor irrigation 

potential S. Shortage of land 
8. When crop failure hnppencd or vour agricu ltural ou tput is not suffi cicnt to fulfill your 

needs, which Dr the foll o\V in ~ cop in g mceh"nisms have you used to overcome the 
prob lem? 

Copi1\g lll~chanism In the last year (2005 E.C) 

No 
I 

i Yes No 

I Selli ng livestock 

2 Selli ng other household property 

3 Daily "'bor 
4 Borrowing money or grain 

5 Selling fue l wood/ cha rcoal I 

6 Redu ci ng consumption I 
7 Rem i It ;IIl CC I 

-
8 Migr:llioll to other arca 

9 Oth er, . . , .. j 
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9. Do you think yo ur livestock product ion is being arfected by climate change impacts'.' 

I. Yes 2. No 
10. If your answer to question 4 IS yes, IVhat climate related prob lems are affect ing your 

li vestock production? 

I. Animal diseases 3. 1n suffi cient grazing land 
2. Shortage orlVate r 4. Othe rs (spec ify __________ _ 

11 . What adaptation measures did Y0l! Inkc to improve your livestock production? 
I . Controll ed grazing 

2. Buy hay 
3. Reducti on in herd 
4. Improved animal herds 5. No adaptation 

12. If you are not mak ing adjustments towa rds your livestock population, what arc th e 
reasons? 
2. Lack of aW;lre lll:SS 2. L,lck of moncy 3. Shortage of labour 4. Poor irrigation 

potential S. Shortage o['land 

13 . How is the slop of your culti va ted lanel? 
I. Plain 2. I-li lly 3. Highly sloppy 4. Moun ta inous 5. Other, please 
spcc ify _____ ______________ __ 

14. Do you think tllat, la nd degradation is the major problem in your farm lanels? I. Yes 2. No 
15. If yo ur answer [i)r quest ion 9 is yes, IVh at arc you doing to manage th e problcm and to 

increase the productiv ity of the cultivated land? 

Land conservation aCI j vities Indi vid u,,11 y In group (communall y) 
(1=1'c5, 2=No) (I =Ycs,2=No) 

I. Terracing 

2. Mulching 
-- -

3. Tree pla11l ;ng 

4. Contour p!oughi llg :=J 
5. Check dams I 
6. Changing tillage opcrat ions I 
7. Others(spcc i fy) I 
8. No adapta tion 

---, 
! 

16. If you are not making adj ustments Ie) manage land degradation , what are the reasons" 

3. Lack of a\\':J reness 2. Lack or money 3. Shortage of labour 4. Poor irrigation 
potential 5. Shortage o['land 

17. Who do you th ink :lre the l11<Jst affected when drought la kes pl ace in YOllr locality" 
I. Women an d chil dre n 2. Elderly people 3. Poor households 4. Others _____ _ 
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18. Which of the folluwing options are YOllllsing in ti mes of Rainfall uncertai nt ies') 

No Adapt atitJlI options Yes No 

I Adjustmcnts of plant ing elates 'lI1 d crop va ri cty 

2 Expanded rai n watcr harvcsti ng techniques 

3 Soil and Wl1tcr conserva ti on 
4 Chang ing ti llage operation 

5 Reduct ion of consumption Ievcls 

6 Co ll eclion of wild foods 

7 Use of inln-household IralLlerS ~ nd lua lls 

8 Incrcased pell y commodity prod llc tion 

9 Labor lI1 igration 

10 Sale of assets such as livcstock and agri cultural 
too ls 

I I Mortg:lg illg of land 
12 Credit (:Olll merchants i!nd I.IOIlL'Y Icndcls 

13 Use of ,.:ar ly warning sY:itcn, 

14 Food al, l/s:rIC ty nct 
-----

15 Diversi rying. fi 'om t~lrl1l i Jlg to Il l)n- farmil lg 

activit ies. 
16 Others. . . ' .. . . . . . . . . . . . < 

19. If you are not I.sill.'< 'Il ly of til l' abo\ " li sted options in ti mes ofrai nfa ll uneertainti es, wha t 
arc the reason s" 

I. Lack of :!w:!reness 2. Lacl; of nllll1 C\ ' 3. Shortage of labour 4. Poor irrigation 

potential 5. Shortagc of land 
'20. How many heclarcsrr imads did you fr.rm last year? _________ _ 

21. What is the si ~ c ol' your land with improved SWC Practices in ha/Timad? _____ _ 

22, Do you practicl' crop rotation in YOllr loc :! li ty? I. Yes 2. No 
23 . What are thc sl'q llenccs of crop I'Ola tion ') ___ _ 

24. What croppi n ~< p,lltcrns do yo u lI SC In yom fa rm IlI nd? I ) Mono croppIng 2)Mi xed 
cropping 3)Boll1 4) Other, if all), _________________ _ 
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Check lists to guide I<e)' illfo ... ""n t in terviews: 

Address (location) of tiLe village: ________ ~ __ 

I. Selected fema le and mal e headed households ii"om the community 

I. [-[ow long I"Lve you been here? 

2. How do yuu characteri ze the weather of this area in terms of its temperature and 
precipitati l1l1? II' you perceived it is cha nging. how do you knowo What is yo ur local 

indicator? 

3. Do you fa n n OLL the same plot o l"land where your father or fort fath er was farmin gO 

4. [f yes, ho I'! do you sec the level of your crop production? [s it incrcasing or 

decreasing'.' If dec reas in g. what do you th ink the reason? What options arc you us ing 

to increase your procluc tion? Do you thin k the options undertak ing are effect ive 

enough to ovcrco me th e prnblem? 

5. Do the crops you grow ing now are sim ilar to the crops your father or fort lather was 

growing? I I" no. \\'hy do you sh in to other va ricties? 

6. [f no, whcre is your fan ning lanel LLOW? An d wh y do you shift LO the arca you arc 

fanning now? 

7. What ciim:rte rebted haz:rrds have you secn in the last 10 years? How frequentl y does 

it happen'l (Errat ic ra in , drought, floo d)'1 How did you manage the hazard? (eg. 

selling of p'OIll'J"lY or lives tock),! 

8. What do yuu think is the ro le 01" the Inca l government or the community to avert the 

impact of c' lin La te change in your 10cal it v'l What should they do to minim ize the 

impacts? 

2. Agricultul'c a l. <i r ura l devel op me ll t ollicb ls an d dc,"elopment agents 

I. Name: JlOSil io n: _____ ______ _ 

2. Is there an \' fo rm of clilll 'lte ch:r nge in your Woreda/kebe le~ What change have you 

obselved ill r;ti ll f:1l 1 nnd t l'll~pl.: ratllre? 

3. [-[ow these c'hange, affec r the product iv ity o f farmers? 

4. Do you th iL.k th at rhcrc is a shift in cropp in g calenda r? Why? 

5. What cha n ~' e, have ),OU ohserve I in crop and livestock type? 

6. Have you Sl.:e n allY changes in the number of ma laria cases over the last 10 years? 
7. Did you fac" :\lIy climate related hazards in the last 10 yea rs? How li'equen tly did you 

affect? 

8. Is there an ) ~l ppr()p r i ate mLlptat il ln st ratcg ies taken by the local government? 

9. (fyes, wh :!! kill ds of:r ciaptat ion .,t rategies are cO llllllon ly used? [fno, why~ 

10. [-[ow do yl',' r,lI e the aci 'lpt ati o:l s tr:LI:gics emp loyed by th e local I"a rlll e rs? Do you 

think that :-; ucll measures arc (; fjl'c I IV(; enough to minimize any climate rel ated 

impacts o f rhl' local it y') 

(I. What do you th in k are the I'Lctors in fluc ncing the adapta ti on strateg ies of farlllers'J 



3. Focus group di sc"ss ion 

I . Have you hea rd abou t climat e change" Frum where did you hear? W hat adju stments have 

you made in yuul' I~!r lllill g? \V ha t were the: main constraints/difficulties in changing your 

farmin g ways? 

2. Have you obscTved any cli ma te e '<[ remes in the last 10 years in your local it y? How 

frequently di d " ccur? 

3. How these cl i"1:lte c, tre mcs affect yo"r productivity? Your li velihood? Who do yo u 

think are most :JrC',,:ted ill the society? 
4. What do you l ) if the r:tini:lg season is changed from its usual way? Have you started 

sowing new ,,:11 ieties of crops that you hadn't cultivated before? 

5. Do you have a,'cess to fe rt ili zL'r; an I varicly seeds? 

6 . Are there anyoei :d insti tutions you C:II1 directly or indirectly engage in your local ity" 

What do you thi nk the ir ro les in yo"r c() 1l1l11l1l1ity? 

7. Are there any n1i:1'() tin :1I1ec ills titutions nearby which help you to buy agri technology" 

Arc they worh ng. dose In )';.JUI' l'll llltllUnitiL's? How do you rate the benefit of your 

communities fl.) Il! such insti 1utions'} 

8. Do you get eX \~'lIsi {) tl scrvit: I..· ~ in Yl,ur kl'bc lc'! \V hat services do you get from ex tension 
workers? 

9. What are the 1I ·.l mbers of no ·worki ng da,,; ill a month? Do you think yoUI' production is 

affected of doi .g Sq" 

hJS 


