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Abstract 

This study compares the local level climate change effects between completely varying 

topographies particularly the central highland and central rift valley areas in terms of 

rain fall and temperature together with perceived climate change effects, environmental 

degradation emphasis to land use land cover dynamics and the coping mechanisms 

employed.  After the application of different statistical analysis on the metrological data 

and classification of images of different years on the basis of predefined major land use 

land cover types correlated with climate change was made. The mean annual rain fall 

(RF) was 868.2mm and variability for years 1970-2005 reaches 22% at BWW (Basso-

worena woreda). This was greater than ATJKW (Adami-TuluJido Kombolcha woreda) 

of 34% mean of 744.2mm. The variation of monthly maximum temperature  CV% 16.2% at 

Debirebirhan was less than 20.9% at Ziway, apparently CV% of monthly minimum was 2.6% 

at Debirebirhan which is quite less than 10.95% at Ziway The rate of forest conversion 

between different land use land cover types during 1973-2005,was ranging -

553ha/yr(1973-86) to -1575ha/yr (1986-2005) at BWW and -753.3ha/yr (1986-2005) to 

599ha/yr(1973-86) at ATKW and the increasing trend of  agriculture expansion ranges 

+553ha/yr in (1973-86) to +693ha/yr in (1986-2005)at BWW which is quit greater than 

+651.9ha/yr in (1986-2005) to +458.2ha/yr in (1973-86) at ATJKW. 

 The socio economic survey indicated that there was accelerated environmental 

degradation effect assessed in ATJKW than BWW recently. The coping mechanisms 

for the perceived climate change effect were practiced due attention only during the time 

of the event. Activities like off farm, nonfarm and lively hood diversification including 

unemployment induced migration were found to be importantly contributing to support 

the livelihood of the community under study. However these techniques of locally 

developed should be integrated with assisted coping mechanisms and should be 

employed in a well planned and effective way consistently to alleviate related climate 

change effects.    

                Key words:  Main words climate, Cover change, Rainfall variability             
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1. Introduction  

The impact of climate change is expected to be most sever in developing countries and on the 

ultra poor, partially as a result of deprived economy. Many low income countries are located in 

tropical sub tropical region, or in semi desert zones, which are particularly vulnerable to shifting 

weather patterns and rising temperature (Joachin, 2008). Regional patterns of poverty and 

hunger with in countries also show that the world’s poorest are often located in geographically 

adverse zones. For example the most food insecure regions in Ethiopia are those that experience 

both the lowest and the most variable rates of rainfall. As climate change leads to decrease in 

yields, in developing countries, it will further exacerbate food insecurity (Joachin, 2008). 

The IPCC (2001) has stated that as a result of climate change least developed countries including 

Ethiopia will experience a range of adverse impacts. Diminished resource exacerbates due to 

desertification, increased transmission of vector disease, and there are also predictions of 

increased incidence extreme event and gradual change that could jeopardize national efforts in 

poverty reduction economic growth and sustainable development. Climate change could affect 

the poverty reduction strategies of developing countries. Of all the regions affected by climate 

change, Ethiopian Rift valley, is characterized by sub arid conditions and is very sensitive to 

climatic changes. 

Ethiopia’s climate is influenced by general atmospheric and oceanic factors that affect the 

weather system and the time of inception and intensity of the rains (Bekele, 1997). The summer 

rainfall contributes about 74% of the annual rainfall in the country. Therefore, the failure of the 

summer rainfall has disastrous consequences for the country and the rest of East Africa.  

In spite of repeated drought experiences in Ethiopia, there is no properly documented 

information on past and current climate variability and its impact on the society, the 

environment, and the economy of the country. As a result, development projects envisaging food 

security, resource management and rural development failed to consider climate variability and 

long-term climate change (Mahdi and Sauerborn, 2002). The major problem and primary reason 

for this is lack of systematically documented database and information on long-term rainfall 

variability in the country.  

1.1 Statement of Problem  

Climate change has tremendous effects in developing countries like Ethiopia which most of their 

population depends up on traditional farming system. The central high land and central rift 
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valley areas are commonly known to sustain their livelihood on subsistence farming system. 

Extensive farming by clearing the high land vegetation, on rugged mountains of altitude 

reaching 2700m a.s.l is the most common problem in Basso worena woreda (BWW). This could 

enhance run off, and accelerate soil erosion and ultimately affect crop productivity. Due to the 

minimum temperature reaching -10 
o
C months from October to November, BWW frequently 

faces frost effect on crops reached for harvest. Fluctuation of onset of short rainy season was 

also another perceived problem which contributes 17% of annual crop production.  

ATJKW as part of Central rift valley is known for its high temperature and high 

evapotranspiration. Rainfall is too much undefined erratic intensive and unpredictable in type. 

The uncertainty about the upcoming rainfall season has contributed to the effects of the recurring 

drought and crop failure. Environmental degradation in terms of wood land clearance and 

conversion of one form of land to the other at the expense of natural resources are another 

problem facing BWW and ATJKW in the past decades. These perceived climate change effects 

are supposed to challenge the livelihood of the communities in these areas; however there are 

different mechanisms either locally developed or assisted in their mode could be used in 

response to the problem. And these are also other gap areas of the study which are taught to be 

not completely assessed by others.       

1.2 Research Objectives 

1.2.1 Objective of the study  

� The general objective of this study is intended to assess climate change effects ,employing rainfall 

and temperature pattern change as indicator and land use/land cover(LULC) dynamic and use of 

coping mechanisms  in the Central High Land and Central Rift Valley of Ethiopia  

� 1.2.2 Specific objectives 

• To compare climate variation between central high land and central rift valley areas. 

•  To identify climate change effects observed  

•  To discuss coping mechanisms employed to the perceived climate change effects. 

1.3 Research questions  

� Is there any perception about the general climate changes by the community 

� Which area is more affected due climate change effect? 

� How are the two area cope the effect?  
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2. Review of literature  

2.1 Causes of local level climate variability and environmental degradation   

2.1.1 Climate variability and it’s driving factors 

It has been reached the point that the cumulative interaction of several factors related to human 

activities (e.g., land-use changes and emissions of GHGs, ozone-depleting substances, and local 

air pollutants) increases the risk of causing or aggravating potentially irreversible climate change 

effects. In particular, increases in the concentrations of greenhouse gases (GHGs) and aerosols 

are strongly implicated as contributors to climatic changes observed during the 20th century and 

are expected to contribute to further changes in climate in the 21st century and beyond 

(Adejuwon, et al 2005)   

Throughout the past century, however, per capita carbon dioxide (CO2) emissions from 

combustion of fossil fuels have been driven primarily by growth in gross domestic product 

(GDP) per capita (although the growth rate in CO2 emissions generally has not been as fast as 

the growth in GDP, owing to improvements in energy and carbon intensities of industrial 

economies (Hoffert et al., 1998). 

The driving forces of global climate change could inevitable seriously affect regional and local 

climate change effects. Therefore all the factors which can subject the global atmosphere to 

change will be also be causes for local level climate change. 

Africa’s climate is highly variable and this variability manifest in climate extremes such as 

droughts and floods which have increased in frequency and severity over the past 30 years 

(AMCEN/UNEP, 2002). For instance, the Sahel achieved international prominence during the 

catastrophic drought of the early 1970s, during which about 300,000 people and millions of 

animals died (Mortimore, 1999). Dry conditions began in the late 1960s, and have persisted until 

the present day, with signs of increasing witness during the 1990s. 

2.1.2 El Niño-Southern Oscillation as the Cause for rainfall and temperature change     

 El Niño (EN) is the increase in the surface temperatures (SST) in the central and eastern 

equatorial Pacific Ocean. EN results from changes in the pattern and direction of winds and 

ocean currents in the region, which have potentially catastrophic effects. There are also changes 

in atmospheric pressure across the Pacific Basin between Darwin, Australia, and Tahiti called 
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the Southern Oscillation (SO). The SO is the seesaw "in atmospheric mass involving exchanges 

of air between eastern and western hemispheres, with centers of action located over Indonesia 

and the tropical Southern Pacific Ocean" (Trenberth 1991). Thus, El Niño-Southern Oscillation 

(ENSO) is a coupled air and ocean phenomenon with global weather implications. It is believed 

that ENSO is often associated with devastating droughts in Northeast Brazil, Australia, parts of 

Africa, the failure of the Indian monsoons, hurricanes along the east coast of North America, and 

so forth (Glantz 1993). 

Nicholls and Wong (1990) confirmed, on recent data and using the coefficient of variation as a 

measure of relative variability, that the El Niño-Southern Oscillation does amplify rainfall 

variability in the areas it affects, relative to elsewhere. This effect was strongest at lower 

latitudes and low rainfalls and so is especially relevant to the semi-arid areas of Africa. The 

amplification factor is substantial. The variance of annual rainfall in an area strongly affected by 

the Southern Oscillation might be, depending on latitude and mean rainfall, more than double 

that in an area with similar mean rainfall that is not influenced by the Southern Oscillation. The 

higher climate variability (i.e., more severe droughts and floods) in countries affected by El 

Niño-Southern Oscillation may provide a partial explanation of why in these countries droughts 

can lead to severe food shortages. 

2.1.4 Land use/ land cover change driving forces 

Driving forces are generally subdivided into two broad categories: proximate causes and 

underlying causes. Proximate causes are the activities and actions which directly affect land use, 

e.g. wood extraction or clearing land for agriculture. Underlying causes are the ‘fundamental 

forces’ that trigger the proximate causes, including demographic pressure, economic policy, 

technological development, institutional and cultural factors (Geist et al. 2002, Vancker et al. 

2003). The underlying factors have a multi scale sources. Global factors that influence local 

agricultural marketing or international tourism can be indirectly responsible. Regional factors 

like the presence of road, access to market, political turmoil and armed conflict may be a direct 

source of influence in the decision process of land use (Bedru 2003). 

Loss of productivity coupled with population boom may be considered local factors. Thus the 

proximate causes are only manifestations of the underlying causes. Any intervention, therefore, 

must be geared towards addressing the underlying causes. 
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Whether it is due to conversion of land to cultivation or due to overgrazing, the removal of 

vegetation cover reduces protection cover of soil and minimises the regrowth and restocking 

capacity of vegetation (Zerihun et al 1990). Dregne et al. (1991) believe that overgrazing 

contributes considerably to desertification and land degradation processes. 

Apart from climate change, other direct and indirect pressures from human activities can be 

important in the delivery of services from rangelands. These pressures include land-use change, 

which often leads to fragmentation (Allen-Diaz, 1996; Gitay and Noble, 1998; WRI, 2000); 

changes in the densities of livestock (WRI, 2000); competition for land and water; and altered 

fire regimes (Russell-Smith et al., 1997). These pressures would have subsequent impacts that 

cannot be disaggregated from impacts of climate change. 

2.2 Local level climate change effects and environmental degradation 

2.1.2 Rainfall and temperature variability 

The rainfall is highly variable both in amount and distribution across regions and seasons 

(Tesfaye, 2003, Tilahun, 1999; Mersha, 1999). The seasonal and annual rainfall variations are 

results of the macro-scale pressure systems and monsoon flows which are related to the changes 

in the pressure systems (Haile, 1986; Beltrando and Camberlin, 1993; NMSA, 1996). The most 

important weather systems that cause rain over Ethiopia include Sub-Tropical Jet (STJ), Inter 

Tropical Convergence Zone (ITCZ), Read SeaConvergence Zone (RSCZ), Tropical Easterly Jet 

(TEJ) and Somalia Jet (NMSA, 1996).The spatial variation of the rainfall is, thus, influenced by 

the changes in the intensity, position, and direction of movement of these rain-producing 

systems over the country (Taddesse, 2000). Moreover, the spatial distribution of rainfall in 

Ethiopia is significantly influenced by topography (NMSA, 1996; Camberlin, 1997; Taddesse, 

2000), which also has many abrupt changes in the Rift Valley. 

Crop yield is strongly correlated with rainfall variability in Ethiopia (Lemi, 2005). Water 

supplies from the Ethiopian highlands have been reliable for thousands of years. Complete 

dependence on natural rainfall and low-input farming methods are typical features of Ethiopian 

agriculture. The amount and temporal distribution of rainfall is the most important factor in 

national crop production levels, and changes caused by climate change represent a huge threat. 

Agricultural crop distribution and production is largely dependent on the geographical 

distribution of thermal and moisture regimes. Changes in rainfall patterns as observed in some 

parts of Africa, particularly the Sahel, in addition to shifts in thermal regimes, influence local 
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seasonal and annual water balances, and in turn affect the distribution of periods during which 

temperature and moisture conditions permit agricultural crop production. Such characteristics 

are well reflected by the length of growing period (LGP). The drying of the Sahel that has been 

observed in the last century has been accompanied by a significant decline in LGP. An LGP of 

less than 120 days indicates hyper-arid, arid, and dry semi-arid lands with unsuitable or highly 

variable and unreliable conditions for crop agriculture. More than 180 million people in Africa 

alone are presently living in these vulnerable environments relying to a large extent on 

agriculture for their livelihood (Fisher et al., 2002). 

The impacts of climate change, including, changes in temperature, precipitation and sea levels, 

are expected to have varying consequences for the availability of freshwater around the world. 

Within the Nile basin, there is a high confidence that temperature will rise (Conway et al, 2005) 

but there are disparities between models on rainfall predictions over both the Blue Nile and 

White Nile (Hulme et al, 2003). However, temperature rise will lead to greater loss through 

evaporation placing additional stress on water resources regardless of changes in rainfall (Hulme 

et al, 2000). Nine recent climate scenarios showed decreases in Nile flows from zero to 

approximately 40 percent by 2025 (Strzepek et al, 2001). Dramatic decreases in water level (e.g. 

Rift Valley Lakes) or disappearance (e.g. Lake Alemaya) of lakes is now becoming a recent 

phenomenon in Ethiopia.  

2.1.2 Flood, Drought  

Although the exact nature of the changes in temperature or precipitation, and extreme events are 

not known and still debatable, there is a general consensus that extreme events will increase and 

may get worse (Elasha et al., 2006). The IPCC (2001a) reports changes in some extreme climate 

phenomena indicating that extreme events, including floods and droughts, are becoming 

increasingly frequent and severe in Africa, particularly in the Horn of Africa. Flooding and 

droughts are now common across Ethiopia. It is probable that the increased frequency of 

recorded disasters results from a combination of climatic change and socio-economic and 

demographic changes (Elasha et al., 2006). 

Flooding caused by heavy rainfall ensuing  rivers overflowing their banks was regularly affected 

people and their property, especially those in the low lying areas of Somali, Afar, Gambella, 

Oromiya, Amhara and the Southern regional states. The devastating flood incidence in 2006, 

south and south eastern parts of the country were the recent examples. Flash floods affect all 

regions depending on the intensity of rainfall. Some floods such as those in the 1996 and 2006, 
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triggered disasters which claimed the lives of hundreds of people, displaced hundreds of 

thousands and destroyed physical, natural and economic assets (ECBP, 2007). It is also observed 

that a series of flooding had inflicted environmental as well as socio-economic damage to the 

central highlands of Ethiopia (UNDHA, 1995) Floods are recurrent in some countries of Africa; 

even communities located in dry areas have been affected by floods. The floods had a 

devastating effect on livelihoods, destroying agricultural crops, disrupting electricity supplies 

and demolishing basic infrastructure such as roads, homes and bridges (UNEP -Atlas, 2005). 

The 1997/98 El Nino event had a significant effect on agriculture. Given the characteristics of 

the agricultural sector, including lack of sufficient irrigation, primarily poor small holder farms 

with insufficient access to technology, soil erosion, population growth, and a host of other 

constraints, the 1997/98 El Nino caused significant damage from drought and flood 

(NMSA,1996). Despite the existence of Disaster Preparedness Centers and Programs, 

insufficient forewarning due to poor communication facilities, strategies and timing led to 

significant adverse impacts on crop productivity. Both a reduction in rainfall during the main 

rainy season and in increase in rainfall during the minor season, reduced food supply by more 

than 40% due to insufficient time forewarning and government support(NMSA 2004) 

The principal cause of drought and extreme large-scale climate variability is now found to be the 

fluctuation of the global atmospheric circulation which is triggered by the seas surface 

temperature (SST) anomalies occurring during the ENSO events, which has a significant impact 

on the displacement and weakening of the rain producing mechanisms in Ethiopia (Haile, 1988; 

Bekele, 1997). The association between ENSO and droughts in Ethiopia is due to atmospheric 

teleconnections, that is, linkages of seemingly disconnected weather anomalies over great 

distances (Glantz & Degefu , 1991; Wolde-Georgis, 1997). 

In addition to ENSO events, the spatial distribution of rainfall in Ethiopia is significantly 

influenced by topography (NMSA, 1996; Temesgen, 2000), which is the main cause for micro-

level rainfall variability. 

Extremely cold temperatures are becoming common in the highland areas of the country 

exasperating the existing food insecurity (DPPC, 2000). The incidence of frost damage to field 

and vegetable crops as well as some ornamental plants grown in the valley bottoms and lower 

landscape positions particularly in the surroundings of sinkhole lakes and the lower positions of 

the sub-catchments in the highlands of East Hararghe is often taken for granted with varying 
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degrees of severity from year to year. However, unlike other years, frost incidence occurred 

twice at the end of 2004 cropping season in these areas. The first incidence occurred between 

late October and mid to late November with some deviations depending on localities, and caused 

severe damage on field crops (mainly sorghum and late planted beans) and some vegetable 

crops. The second frost incidence that is abnormal and almost unknown to the farmers in east 

Hararghe Zone of eastern Oromia and Harari Regional States occurred between January 1 and 5, 

2005. For example, the temperature that was recorded at the Alemaya University (AU) campus 

Meteorological Station on 1 January 2005 was -7.5 oC (Getnet, 2005). Such low temperature is 

uncommon in the tropical climates. The damage caused by the second frost incidence was 

extensive and very severe and affected plants on vast areas that are not even known to be 

affected in the past by the normal frost incidence. The frost severely affected field crops, 

vegetables, perennial cash crops of the farmers (chat and coffee) and fruit and forest trees 

(Getnet, 2005). The unusual frost affected crops and vegetation on an area of 3,137 ha affecting 

51,257 households with an estimated monetary loss of Ethiopian Birr 48.1 million (Getnet, 

2005). Although not extensively reported, many farmers in the highland areas of the country are 

feeling such unusual temperatures and their devastating effects.  

2.2.3 Environmental degradation  

Central rift valley is one of the environmentally very vulnerable areas in Ethiopia. Being a 

closed basin, relatively small interventions in land and water resources can have far reaching 

consequences for ecosystems goods and services, and potentially undermine the sustainable use 

of the area (Ayenew, 2004; Legesse et al., 2004) 

Water resources in the CRV are increasingly over-exploited due to water extraction for 

agriculture and industry (soda ash production). The water level of lake Abijata has dropped 

about 5 m since the late 1960s and its shore has retreated 5 to 6 km, thus reducing the lake's size 

to about half of its original size. In addition, land resources in the CRV are visibly over-grazed 

by an abundant livestock population while productivity of rainfed cropping is very low. Part of 

the local population depends structurally on food aid (Ayenew, 2004). 

              Although water extraction for irrigation purposes is relatively small compared to the total 

rainfall in the area and the irrigated area is small compared to the total agricultural area, 

irrigated agriculture has an effect on the water table of Lake Abijata. Rough calculations show 

that annually about 10% less water flows into Lake Abijata due to (irrigation) water extraction 
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along its major contributor, the Bulbula River. Since Lake Abijata is a terminal lake even small 

reductions in annual water supply have major repercussions for the water table of Lake Abijata 

in the long-term (Hengsdijk and Jansen, 2006) 

Productivity (and the derived income) of rainfed agriculture is very low, both in arable and 

animal husbandry. On the one hand this results in land clearing for new plots and on the other 

hand in overgrazing of the fragile Savanna vegetation. Since arable farmers as well as animal 

husbandry farmers are food insecure the production of charcoal is an important source of 

additional income of many smallholders. The overall effect of soil (nutrient) depletion, 

overgrazing and deforestation is increased land degradation and intensification of remaining land 

over time (Hengsdijk and Jansen, 2006). 

Environmental degradation exacerbates problems resulting from climate change particularly for 

the poor country like Ethiopia. Central high lands of Ethiopia are areas where early settlement 

has taken place due to the agronomic suitability and strategic location. Agricultural activity has 

been expanded through clearing of forests and cultivation of very marginal areas in conservation 

intensive manner. There has been very little tree planting and construction of soil and stone 

bunds and terracing to reduce soil erosion. As a result deforestation and cultivation of the land 

without soil and water conservation measures has resulted in sever land as a whole 

environmental degradation (FAO 1986).  

2.2.3.1 Deforestation  

As trees and bushes are cleared, less rainfall is intercepted and surface runoff increases resulting 

in less water for the soil, plants, and animals. Le Houerou (1995) notes that as vegetation is 

striped from land, the surface dries out and reflects more of the sun's heat. This would alter the 

thermal dynamics of the atmosphere and suppresses rainfall, which would, in turn, dry out more 

land, lakes, streams and rivers. 

Even though forests play such an essential role in developing countries such as Ethiopia, they 

have been treated as free environmental goods to which everyone has the right of access. The 

heavy dependency on forests for fuel wood, fencing, farm implements, and construction poles as 

well as for other economic purposes has contributed to the increasing rate of forests and 

woodland destruction. 

Until recently, scholarship took for granted the statement that the Ethiopian highlands had a 

much higher forest and woodland cover in the past. Due to population growth and 
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modernization, this supposedly thick forest cover was destroyed over much of the 20th century 

until it was reduced to 2.4% by 1990 (Sayer et al., 1992). But recent research by historians 

(McCann, 1994) has shown that the northern and central highlands of Ethiopia were not heavily 

forested at least as far back as the first century before the Birth of Christ. On the contrary, the 

western and south eastern highlands (parts of the Bale-Barrer massifs and the regions of Western 

Oromia, Keffa and Sheka) were densely covered with forest. The rift valley was covered with an 

extensive acacia forest. It was these regions that were subjected to relentless deforestation in the 

20th century. The current rate of deforestation is estimated at 150,000-200,000 ha/year (Hurni, 

1993; EFAP, 1993), or 62,000 ha/yr (World Bank, 2001) 

2.2.4 Vulnerability of households to climate change effects  

Vulnerable regions face multiple stresses that affect their exposure and sensitivity as well as 

their capacity to adapt. These stresses arise from, for example, current climate hazards, poverty 

and unequal access to resources, food insecurity, trends in economic globalization, conflict, and 

incidence of disease such as HIV/AIDS”. (IPCC 2007a) 

The IPCC reports (IPCC 2007 a & b), the Millennium Ecosystem Assessment ( MA 2005a) or 

the German Advisory Council on Climate Change (GACCC 2007) all state the likelihood that 

climate change will increase the risks of food and water stress, malnutrition, droughts and floods 

and generally an increase of the vulnerability of especially poor communities (IPCC 2007a, 

WBGU, MA 2005a). 

Climate change is likely to further aggravate the situation of indigenous and traditional peoples, 

especially those living in places that are susceptible to natural disasters, and will consequently 

further limit their ability to cope with or recover from shocks (DFID, 2004). Furthermore, 

climate change is expected to have negative impacts on efforts for poverty eradication and to 

challenge the attempts made to reach the Millennium Development Goals (MDGs). (Macchi et, 

al 2008)  

Insufficiency of income, assets or wealth is one of the most important determining factors of 

socioeconomic vulnerability of indigenous and traditional peoples. For many of them 

subsistence agriculture as well as hunting and gathering remains the core of the household 

economy, and food consumption is therefore both the driving force as well as the outcome of 

indigenous livelihood systems. They often have very limited additional income from cash crops 

or other activities, and are highly dependent on natural resources. Climate change induced 



11 

 

hazards could have devastating impacts on indigenous and traditional peoples’ lives and 

livelihoods (GTOS 2007).  

The majority of the most vulnerable people live in dry lands (MA 2006) and it is in dry lands 

that climate change is expected to increase water shortages and malnutrition. Ethiopia   

While dry lands people are acknowledged to be among the most vulnerable communities due to 

a combination of political, economic and social factors as well as erratic rainfall (Trench et al 

2007), it is these people who have an extensive knowledge about adaptation to climate 

variability and who have successfully managed and lived from dry land ecosystem services over 

centuries. 

While dry lands people are acknowledged to be among the most vulnerable communities due to 

a combination of political, economic and social factors as well as erratic rainfall (Trench et al 

2007), it is these people who have an extensive knowledge about adaptation to climate 

variability and who have successfully managed and lived from dry land ecosystem services over 

centuries. 

2.3 Coping with climate change effects  

2.3.1 Contributions of social networks to minimize effect 

Indigenous and traditional people highly rely on social networks. They often maintain social and 

economic ties between different groups of people and in many places they still support systems 

of food and labour sharing including exchange, reciprocity, barter or local markets. Such 

exchange practices have a role to play as adaptation strategies to environmental variability and 

stress. However, in the future some of these reciprocal systems may also disappear, as certain 

groups may become more disadvantaged than others (Salick, Byg eds., 2007).  

In addition to local or regional exchange practices described above, indigenous and traditional 

people might also become more reliant on aid provided by the state, NGOs or international 

organizations, especially in times of crisis. Moreover, extension of their social network across 

the country they live in or even beyond could become more common in the future as an 

additional adaptation strategy to reduce socioeconomic vulnerability. For example, families that 

can count on members who seasonally migrate or temporarily or permanently work abroad may 

be more resilient to adverse climatic impacts than families whose members are exclusively 

dwelling within the community itself. (Macchi et,al 2008) 
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2.3.2 Contribution of diversifying livelihood   

Another important factor which influences socioeconomic vulnerability is the maintenance of a 

diversified resource base which is a prerequisite for adaptation to climate variability and change. 

Diversified livelihood systems allow indigenous and traditional communities to draw on various 

sources of food and income and in doing so, spreading the risks of vulnerability to climate 

change.  

Diverse crops and varieties reduce the risk of crop failure. For instance, the Peru based 

International Potato Centre (CIP) has identified about 3800 traditional Andean cultivated potato 

varieties. This enormous variety of potatoes developed by Andean farmers over centuries allows 

them to adapt their crops to different biophysical parameters including soil’s quality, 

temperature, inclination, orientation and exposure. However, even though it is widely accepted 

that livelihood diversification in general is increasing the resilience of poor communities, it 

should be considered that diversification of livelihoods exclusively within natural-resource use 

might reinforce vulnerability to climate change (Thomas and Twyman, 2005). That is, if the 

climate for agriculture is becoming more and more variable and unpredictable, it may become 

necessary for indigenous and traditional people to supplement their subsistence livelihoods with 

income gathering activities beyond agriculture in order to minimize their susceptibility to 

hazards.  

2.3.3 Contribution of traditional knowledge to cope with climate change effects  

Traditional technologies also have a role to play in combating climate change. Farmers often 

select crop combinations that will survive harsh conditions, such as maize-beans, cowpea-

sorghum and millet-groundnut. In Malawi, in-creased incidences of flash floods have convinced 

some communities to revive the ancient but long abandoned practice of making bunds to halt 

soil erosion and run-off. Other villages prone to drought have introduced coping systems, setting 

aside part of the maize crop to use as a safety net for communities in times of need (Sivakumar 

1988).Aymaran indigenous peoples of Bolivia have been coping with water insecurity and 

scarcity over centuries. In order to collect rainwater in the mountains and pampas they have 

developed a sophisticated system of rainwater harvesting by way of constructing small dams 

(qhuthañas). This traditional technique of rainwater harvesting has proved to be vital not only to 

people but also to livestock in times of droughts. Additionally, it has been found that these water 

reservoirs serve as thermo-regulators of humidity and help reducing the risk of skin cancer as 

they diffuse harmful sun-rays (UNFCCC, 2007).  
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Indigenous strategies remain the dominant form of response to climate disaster (Srinivasan, 

2004).  Coping strategies utilized by indigenous people in Bangladesh in times of flood and 

other climate change effects were improvement of housing conditions, taking shelter in elevated 

grounds, selling land, fuel and dry food storage, or diet change.  

2.3.4 National early warning and monitoring activities  

Ethiopia has a well established system of early warning and monitoring of the food security 

situation, which reaches down to zones, s and peasant associations. A series of assessments are 

undertaken at various levels, starting at the level of peasant associations and s, at the zonal level 

and ultimately by the Central DPPC office in Addis Ababa. Participation by donors, 

international NGOs and WFP, FAO were an important attributes to effective coping strategies.  

In addition to the DPPC Early Warning Department, there is in Ethiopia a strong national early 

warning capacity as reflected by the ongoing work of USAID/EU Famine Early Warning System 

reports, the ongoing risk mapping activities of non-governmental organizations such as SCF 

(UK) and Care Ethiopia. The activities of the various organizations are interrelated and 

interdependent each other. 

The majority of early warning systems fall into the "famine-oriented" camp, especially national-

level early warning  set up in Africa in the wake of the 1984-85 famine; at that time the 

overriding objective was to prevent such a catastrophe from happening ever again. However, as 

many of these early warnings have evolved over the years, they have strayed away from being 

strictly famine-oriented and have developed a broader range of indicators which are relevant for 

continuous food-security monitoring. Indeed, large-scale famine is, fortunately, quite a rare 

event in most countries, which means that a purely famine-oriented early warning would be 

redundant much of the time (Byerlee et al, 1984) 

  3. Material and Methods  

 3.1 Site description  

 3.1.1 Location  

BWW is one of the study areas in the Amhara regional state in the North Shewa administrative 

zone.  The area is located in this region known by the BWW. It is bordered on the South by 

Angolla woreda, on the West by Asagrte woreda, on the North by Mojana woreda, and on the 

East by Lemi woreda. It covers an area 1199.8km
2
. 
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It is located between latitude 9.30N & 9.44N and longitude 39.53E; with mean elevation 2950 m 

and about 135 km North of Addis Ababa as shown in Figure 1.  

The second study area ATJKW, which is part of the East Showa Zone of the Oromia Regional 

State. As shown in Figure 1 geographically the area is located between 38°20’E and 38.5°5’E 

and 7°35’N and 8°05’N. It covers an area of a40.3km
2
 and is bordered by Southern Nations, 

Nationalities and People’ Regional State (SNNPRS) in the West and North West, Dugda-Bora in 

the North, Arsi Zone in the East and Arsi-Negele in the South.  It is located about 160 km from 

Addis Ababa. The area stretches from the edges of the Western escarpment of the rift valley or 

the Gurage Chain of Mountain called Zebidar in the West and to the Lake Zeway in the East. 

Ecologically, Adami Tulu-Jido is found in what is known as the Central Rift Valley of Ethiopia. 

Significant parts of the main rift valley lakes of Zeway, Abijata and Langano are also found in it. 

The land mass lies between 1500 and 2300 m a.s.l. except area around Mount Aluto. Major 

rivers in the area include: Bulbula, Jido, Hora Kalio and Gogessa. The climate is within sub-

tropical agro-climatic Zone (GRSO, 1999; RGO, 2003)  
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Figure 1 map of study area   

3.1.2 Population  

Based on data published by the Central Statistical Agency in 2005, BWW has an estimated total 

population of 139,846 of whom 57336(41%) are males and 82,509(59%) are females. The area 

is subdivided into 29 rural kebels (ARDO 2008).                                              
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The total population of ATJKW was 111,926 (28.5% urban) in 2005 (ECSA, 2005). The 

economically active (15-64) were 50% of the total population. Children below 15 years were 

48%, while the elderly (65 years and above) were only 2%. Females were 49.3% of the urban 

and 50.3% of the rural population. The average household size in was 4.6, with 4.9 and 4.2 for 

rural and urban respectively. The population density was 86 persons per km2 in the mentioned 

year (GRSO, 1999). According to information obtained from administration office; the total 

population for the year 1999 is estimated to be 136587. Out of this the males are 76437 

constituting 56 %, while the females are 60150 constituting 44 percent. 

3.1.3 Topography 

The topography of the BWW is steep and dissected by ravines and gorges through which rivers 

and streams tumble down the Eastern escarpment of the Great Rift Valley. It is located around 

Debrebirhan and consists of undulating plains with hillocks and broad valley bottoms. This 

plateau area varies in altitude between 2600 and 3000 m.  

By elevation the ATJKW is situated between 1560 and 2300 meters above sea level. As per 

information obtained from agriculture and rural development office the area is found in the 

Northern part of the Central Rift Valley. The relief of the area is characterized by plain and flat 

stretched land, with some small mountains, hills and gorges (RGO, 2003).  

3.1.4 Agriculture and socio economic activity  

BWW is characterized by mixed crop-livestock production and cropping, predominantly rain fed 

production. The major types of crops grown are wheat, barley, beans, teff, maize and sorghum.  

The BWW has large livestock resource and particularly it has high number of sheep, which is 

known for its mutton and skins. Although the area is rich in livestock, shortage of feed is 

limiting its development. Grazing and crop residues, which are the major sources of animal feed, 

are under critical shortage. Farmers in the ATJKW   undertake their agricultural activities in its 

traditional form except some who use modern input such as fertilized and selected seeds to 

increase their crop production. 

Wheat, Teff, Barley and Sorghum are the dominant crops that grow in ATJKW. According to 

information obtained from agriculture and rural development office both modern and traditional 

irrigations are practiced at low level when it is evaluated against the water resource that exists in 

the Woreda. 
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It is only about 1003 ha and 873 ha of land that has been cultivated under modern and traditional 

irrigation. The sources of water for the existing irrigation activity are Bulbula River and Lake 

Zeway. Households who practice irrigation farm activity mainly produce onion, tomato, green 

beans and cabbage for market consumption at large. Rearing livestock is the second most 

important livelihood in the Woreda amongst the majority of the farmers, and hence there are 

numerous livestock as a resource such as Cattle, Goat, Sheep, Horse, Mule, Donkey and Poultry 

(ARDO, 2008). 

3.1.5   Vegetation  

The vegetation in BWW is characterized by a dispersed Eucalyptus (Eucalyptus camaldinus and 

Eucalyptus globulus) especially in home garden. There is a natural forest called Wof-Washa. 

Wof-Washa forest lies between Debre Sina and Ankober woredas in North Shewa Zone. It 

covers 13,000 ha in Basso worena and Ankober Woredas. Wof- Washa is a montane, mixed 

(broadleaved and conifer) forest, the main species being Hagenia abyssinica, Olea europaea 

cuspidata and Juniperus procera at the higher altitudes, with Podocarpus falcatus and 

Allophylus abyssinicus lower down. At c.3, 000 m, Erica arborea, Hypericum revolutum and 

giant Lobelia spp. replace the large trees. There are also extensive patches of the endemic 

Kniphofia foliosa, and clumps of Helichrysum spp. and Festuca grass (MoA, 1980). . A 

grassland & agricultural land use is dominated in the study area. Wheat, barley and some high 

land fruit are mostly grown species, much of the area is under agricultural activity leaving a 

small portion of grazing land for livestock production, and (Cows, oxen, sheep, donkey and 

horse are the dominant animals).          

ATJKW is sparcely covered by acacia wood land, the most common trees in the woodland 

includes Acacia spp. (A.etbaica and A. tortilis) and Euphorbia abyssinica, and bushes of 

Maytenus senegalensis. The woodland around the lakes is important in keeping the highly 

fragile soil structure intact. In undisturbed/ ungrazed areas there is a rich grass and herb flora. 

The types vegetation is predominantly belong to the genera Acacia and Balanites. Major wildlife 

of the  are duiker, monkey, tortoise, ape, greater kudu, great white pelican, flamingo, 

hippopotamus, ostrich, bush buck, duck, hyena, rabbit, and kerkero. A small part of the Shalla-

Abijata National Park is in the (GRSO, 1999; RGO, 2003). 
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3.1.6 Climate  

The average annual rainfall in BWW is around 1150 mm, with 70% falling between July and 

September, which is the main cropping season. In some years cropping is also possible in the 

short rainy season from February to May. Night frosts occur frequently from October to January, 

while hail is an important agricultural hazard and flooding on bottomland is a severe problem. 

And it has wet “dega” agro-climatic zone.  

ATJKW has semi-arid and arid agro-climatic Zones. It receives an average annual precipitation 

of 759.7 mm (RGO, 2003). The annual rainfall varies from a low of 513.92 mm in 1979 to a 

high of 1096.1 mm in 1976. About 41.49% of the annual rainfall is recorded during the period 

from June to September. The driest months are November and December; only 0.58% of the 

annual rainfall is recorded during this period. The mean annual temperature is 19.98°C at Zeway 

station while it is 20.04°C at Adami-Tulu station. The mean monthly temperature varies from 

18.5°C to 21.6°C. May is the hottest month with mean maximum temperature of 28°C. The 

coolest month is December with minimum temperature of 10.7°C. The average air relative 

humidity is 72.75%, varying from 68% (November) to 78% (July and September) on the 

monthly average (RGO, 2003). 

3.2 Data collection and analysis      

    3.2.1 Metrological data collection and analysis  

 Contemporary climate change may be studied by constructing records of values (daily, monthly 

and annual) which have been obtained with standard equipment. A climate element is any one of 

the various properties or conditions of the atmosphere which together specify the physical state 

of the climate at a given place, for a particular period of time (Linacre, 1992). 

   Table 5 Geographical location of Metreological stations  

 
 

 

 

 

 

 

 

 

 

 

Location No Station Name  

Lat        Long 

Altitude Station class & 

duration 

1 Ziway(Zew) 7.9333 38.7167 1 640 1
st 

1970-2006 

2 Bulbula(Bul) 7.43 38.43 1700 2
nd

 1980-2005 

3 Adami –Tulu(AT) 7.51                        38.42                    1630            2
nd

 1970-2004 

4 Debirebirhan(Deb) 9.6333   39.5833   2 750 1
st 

 1975-2006 

5 Gundoberet(Gudo) 9.45 39.40 2600 2
nd 

1988-2005 

6 Debele(Dl) - -  3
nd

 1990-2004 
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Last column of table 1, 1st class=principal station (complete in all weather elements) and 2nd, 3rd (only Rainfall and 

Temperature). And daily temperature and rainfall long years, thirty years mean monthly rainfall; minimum, maximum 

temperature (1970-2006) was used. 

 

3.2.2 GIS data collection and analysis  

Land sat TM/ETM+   MSS satellite images of 1973, 1986, 2005 to verify the existence of land 

use land cover change and topographic map to delineate study area and, digitized to fix 

coordinates. GIS software (ERDAS IMAGINE 9.1 or Arc GIS 9.2, and ENVY 4.3) was also 

used to process the image. As ground truth survey is essential components for the determination 

of accuracy assessment for classified satellite imagery (Congalton, 1998). Provided with Global 

Posioning System (GPS) the coordinates of major land use types (as defined, Table 2) was 

collected to find accuracy level of the classification. And it was 82% Kapa of accuracy. And 

finally to acquire the needed information systematic satellite image data processing and 

interpretation were made. The data processing phase were involve the establishment of spatial 

database, which includes. 

� Scanning the topographic maps 

� Mosaicing the scanned topographic maps of the area of interest 

� Geo referencing the topographic map in UTM system by selecting control points with 

known coordinates. Control points were selected based on identifiable objects such as 

roads, rivers,, etc on a topographic map 

� Geo referencing the landsat TM/ETM+ images in the same projection using selected 

ground control points 

� Training samples were first identified to extract signature that could be used to train the 

computer program to recognize a particular types of land cover. The training sites were 

obtained using a combination of field observation and visual interpretation 

Figure 2 illustrates below, that it was reached accurate result after having separated training 

sites, and use of supervised maximum likelihood classification. In addition the land use types 

were also assessed through observation, based on questionnaires prepared to be responded at 

household level and from agriculture offices. 
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Figure 2 the overall procedure of GIS analysis  
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Table 6 Description of land use classes in the study  

Land use types Description  

Agricultural land Areas used for crop cultivation, both annual and perennial  rain fed and 

irrigation 

Forest  Areas covered with trees and wood lands, bushes formed nearly closed 

canopies. This includes plantation forests mainly eucalyptus trees and natural 

vegetations.   
Grassland Areas used for communal grazing as well as bare land that has very little or no 

grass cover   

Water bodies Areas covered with surface water it may refer lakes, rivers. 

Settlement The scattered rural settlements that are closely associated with home plots 

cultivated fields (around 0.0125 ha 

Bare lands Are areas which are degraded, or not used due to its suitability for agriculture 

(marginal lands, valley gorges and mountains or query areas. 

 

3.2.3 Socioeconomic survey and data analysis 

The data for this study were collected between April 12- May 10, 2008. Questionnaires on 

climate related to agriculture (like crop productivity condition, disease, pest, and drought), were 

prepared and forwarded to the key informants including agricultural office expertise.  Both 

primary and secondary data were collected for this study.  

3.2.3.1 Sampling procedure  

Prior knowledge can be used to improve the sampling procedure (Lohr, 1999). The informal 

survey (focus/discussion groups, informal interviews) has provided an in-depth understanding of 

differentiation in access to resources, local perceptions and livelihood strategies so that the 

multiple dimensions of risk and response are taken into account. The criteria considered in 

stratifying the villages of each Woreda were mainly proneness to risk or vulnerability situations, 

and involvement under safety net and food insecured area. These were attained after having 

discussed with the agriculture and rural development office of each woreda. The sample farmers 

were randomly selected from each village. Then Gudoberet, Debele, Bakelo kebeles in BWW 

and Bulbula (Adonsho gogessa, Urgoo), Adami Tulu, Jido (G/jocho) kebeles in ATJKW were 

selected on the basis of the above mentioned procedures.  Then random sampling were used to 

select 15 key informants in each kebeles of age class of 40-70, including some young who were 

expected to  knew  the communities and significant environmental changes  very well.  The 
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method has been used to select sample households for the homestead survey by (Byerlee and 

Collinson, 1984).  

4. Result and discussion  

4.1 Spatial and temporal Rainfall and Temperature variability 

4.1.1 Pattern of rainfall change  

Ethiopia’s rainfall shows high spatial and temporal variability. The highest mean annual rainfall 

(more than 2,700 millimeters) occurs in the southwestern highlands, and it gradually decreases 

in the north (to less than 200 millimeters), northeast (to less than 100 millimeters), and southeast 

(to less than 200 millimeters) (World Bank, 2003).   

A comparative analysis was made between central high land and central rift valley using 

metreological stations with respect to annual rainfall patterns over thirty years. Figure 3 depicted 

that minimum annual rainfall for the period of years observed was less in Ziway 456.5mm 

(1970) than Debirebirhan 649.9mm (1984). And the maximum annual rainfall of 1075.5mm 

(1977) in Ziway and 1068.3mm (1986) at Debirebirhan station. However the mean annual 

rainfall was greater at Debirebirhan 868.2mm than Ziway (744.2mm).  

There is an increasing trend of annual rainfall at Debirebirhan with a coefficient of 

determination of 22%, while Ziway shows greater variation of 34% with coefficient of 

determination of .05%. Similarly (Mahdi, 2001) revealed that long term rainfall analysis on  

central high lands show mean annual rainfall of 1148mm with  coefficient of variation of 21%  

as well the minimum and maximum  annual rainfall was 690mm and 2025mm respectively. 

Studies pertaining to seasonal rainfall prediction have been started in semi-arid subtropics, 

where there is a strong ‘signal to noise’ ratio and high coefficient of variation in the rainfall 

series. Accordingly, this has been successfully achieved at global and regional scales over the 

last two decades (Glantz, 1983; Delley, 1997; Landman and Goddard, 2002).  



23 

 

 

Abbreviations of stations Deb=Debirebirhan, Ziway=Ziwayay 

       Figure 3 Comparison of trend of mean annual rainfall pattern of main stations 

According to table 3 below the perception of the local people in Basso-worena the occurrence of 

drought for the last three decades particularly 1984/85 and the recent two years 2007/2008 and 

these confirmed the change in rainfall patterns. Although not exceptional, the 2002 drought was 

described by the local farmers as the worst in human memory and observations confirm their 

perception of a downward trend in rainfall at BWW. However in the case of ATJKW the 

frequency and severity was highly pronounced in 1984/85 1987/88 and recently 2000/2001, 

2001/2002, and 2005, including years’ of drought in central highland. According to 

ARDO(2008) report, in 2007, about eight kebeles demand aid ,of these about 30% were 

vulnerable and about 40% of the population needed immediate follow up in ATJKW. Therefore 

the increase or decrease in the amount of rainfall might not only determining factor of the 

occurrence of metreological drought. Roger (1997) described that if rainfall varies from the 

norm, both in terms of total precipitation and in timing, food security is affected.  
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Table 7 Perception of farmers on the occurrence of drought   

                                  Respondents(%)  N=45 BWW, N=45 ATJKW 

                                                    For the last three decaeds  

Study areas 1970-1980 1980-1990 After1990 

BWW 

 

40 23 18 

ATJKW 34 23 24 

According to NMSA (1996) the short rainy season extends in the month February to May. The 

short rainy season contributes 17% and 20% of the annual total crop production. Therefore any 

sort of change on SRS pattern affect the lively hood of farming community. Both of the study 

areas are receiving bimodal rainfall pattern, the short and long rainy season. The minimum of 

short rainy season as shown in Figure 4, Debirebirhan received 40.3mm (1999) and 75.1mm 

(1999) at Ziway. And the maximum of the SRS was greater in Ziway 397.5mm (2005) as 

compared to Debirebirhan station which received 305.3mm (1983). Apparently the average 

rainfall received in the SRS at Debirebirhan was 157.1mm which is less than Ziway 

(236.75mm). And both show an increasing trend with poor coefficient of determination which 

reaches 0.57% at Ziway and 1.95 % at Debirebirhan.  

 
 

  Abbreviations of stations Deb=Debirebirhan, Ziway=Ziwayay 

          Figure 4 Comparison of trend of mean annual rainfall of short rain season 
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Figure 5, shows that the amount of rainfall received in the long rainy season was quite different 

as compared to the short rainy season and annual rain periods. Debirebirhan received minimum 

annual rainfall of 389.3mm (1987) and maximum of 855.1mm (1980) for the given period of 

observation having mean of 849.5mm. The minimum amount of rainfall received at Ziwayy 

was parallely diminished with respect to Debirebirhan reached to 182.5mm (1987), maximum 

788.6mm (1975) having mean of 743.1mm. Mahdi(2001) confirms that central highland areas 

received summer (LRS) rainfall ranging   354.7mm to 1593.48mm   

  The rainfall of LRS in Figure 5, confirmed that there is an increasing trend in Debirebirhan 

with coefficient of determination 15% and Ziway shows a decreasing trend with poor 

coefficient of determination 0.53%. Generally the long rainy season variation in which more 

than half of the crop production gained could have greater effect at ATJK than BWW. Long 

year analysis of summer season on central high land areas as illustrated in (Mahdi, 2001), was 

666mm with standard deviation of 162.07mm and CV 24%. 

 
 
        Abbreviations of stations Deb=Debirebirhan, Ziway=Ziwayay 

       Figure 5  Comparison of trend of mean annual of long rainy season (LRS) 

Long rainy season extends in the months of June to September. It is the season in which the 

highest amount of annual rainfall is received. As shown in figure 6, from the total annual 

rainfall, it contributes 60% at Ziway, having maximum of 146.2mm(July) and 80% at 
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Debirebirhan, with maximum 268.9mm (July).  Mahdi (2001) was also stated that central high 

land areas received 80% of the annual rainfall in July and August with CV of 50 %(low),the  

highest CV observed in June 84% and the lowest in April40%.  Minimum coefficient of 

variation is Debirebirhan27% and Ziway 37%   in August. 

 

                             Abbreviations of stations Deb=Debirebirhan, Ziway=Ziwayay 

    Figure 6 Comparative analysis of monthly Rainfall in mm, CV% of thirty six years 

4.1.2 Pattern of onset of SRS and LRS fall seasons  

Belay (1990) discussed that central rift valley including ATJKW are characterized by erratic, 

low, and undependable seasonal rainfall exceeded by the monthly potential evapotranspiration 

even during the rainy season.  

Annex 3 illustrates onset of rainy days at BWW only slightly varies in LRS, the variation 

observed in in1988 July date of 7 and 1991 Aug 1. While at ATJK, in 1970 the onset of LRS 

was abnormal on August 21 date of the year, however from 1970 to 1988 the rain became 

uniformly starting in June and in 1989 (August 9), 1991 (July 4), 1995 (July 9), 1998 (July 8), 

in 2000 and 2002 (September 1) dates of the year.  
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Effect of fluctuation of LRS and SRS in central rift valley on the types of crops to be sown 

(Haile & Yarotskaya, 19on 87) discussed, if the rains come during March/ April (Belg) then the 

medium duration maize and beans can be planted during April and until the end of May. If the 

rains are delayed and adequate rains are only received later, then Teff and beans or short 

duration maize can be planted during June until the end of July. If the Kiremt rains are late the 

only choice is Teff which can still be planted in July. In general the important question in 

planning dry land agriculture is the start and end of rains and their distribution during the 

growing period (Stern et al., 1982).  

Annex 2 of the appendices out that onset of rain on Ziway shows a trend of fluctuation in both 

crop productive seasons.  Onset of SRS in Ziway in1970 there was no SRS 1970-1974, 1976, 

1977, 1980, and 1985 1994, in 1996-2000 start in March and, there was absence of SRS in 

1987 in May 11. 1988 Jun 6, and late 2007 last year (2007) was severe drought in the area the 

start was close to June and the year was concluded with only one productive season.  

Although defining the start of growing season is not easy in the semi-arid tropics due to the 

erratic nature of rainfall and its variability from season to season, several attempts have been 

made (Stern et al,. 2002).  

Previously drought occurrence interval was about ten years however; since 1993 drought 

frequency is approximately every 3 to 5 years. And World Bank (2003) report, confirms the 

same figure with significant events every 3–5 years. In the Ethiopian context experience from 

the previous drought and the frequent rainfall anomalies suggest that the return period of 

drought is 3-5 years in the northern and 6-8 years over the whole country (Haile, 1998) 

Farmers of the study areas make frequent decisions about crops that should be planted in 

response to drought. If rains came early, long season cultivars (maize and sorghum) are planted 

to take advantage of their greater yield producing potential. If rains are late or if dry periods kill 

crops planted early, fast maturing and or drought resistance crops are planted.  

4.1.3 Pattern of Temperature change  

 The results of the IPCC mid-range emission scenario (A1B) show that compared to the 1961-

1990 average, the mean annual temperature across the country will increase by between 0.9 and 

1.1oC (IPCC, 2001). 
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Figure 7, illustrates that maximum monthly temperature pattern of Debirebirhan ranges 

between 21.7 oC (May) and 8.5 oC (Jul). This is too much less than Ziway 28.6 oC (May) to 

15.2 oC (May). On the other hand the minimum monthly temperature of Debirebirhan is found 

between18.2 (May) and 2.0 oC (Nov), where as in Ziway between 25.0 and 11.6 oC.  In 

addition May, Jun Feb, March and Apr are the hot months and November, December, October  

were observed to be the cold months for the given period.  May, March April are found to be 

the hottest and Aug and July were the cold months at Ziway.  

In the annex 4 Depicted that the variation of monthly max temp in terms of CV% reaches 

16.2% at Debirebirhan and 20.9% at Ziway for the period of observation, apparently CV% of 

monthly minimum was observed to be 2.6% at Debirebirhan and 10.95% at Ziway.  
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Abbreviations of stations Deb=Debirebirhan, Ziway=Ziwayay 

    Figure 7 Comparison of minimum and maximum temperature pattern (1970-2006) 

4.2 Environmental degradation  

Environmental degradation is a serious problem in the Ethiopian Highlands (Ministry of 

Agriculture, 1986; FAO, 1996). It is also one of the challenges in the study areas that could 

exacerbate climate change effects. Doos and Shaw (1999) discussed that climate change is 

likely to interact with other changes, including population growth and migration, economic 

growth, urbanization, and changes in land use and resource degradation. Degradation of natural 
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resources such as soils, forests, marine fisheries, air, and water ultimately diminishes 

agricultural production capacity (Pinstrup-Andersen and Pandya-Lorch, 1998).  

According to (ATJKW ARDO, 2008) report in April 2007 there were sever flood along Aluto 

hill side terrain on the downstream to Bulbula Anshura affected the life of people, cattle, 

environment, it took off sown seed on farm and diminished the farm land; rather a year after in 

2008 in the same month by now there is an extended dry period impacting the livelihood of the 

community.  Water shortages in both rural and urban areas had serious negative health and 

sanitation consequences and seriously disrupted economic production.    

There were different water bodies in the area before two three decades ago provide water 

throughout the year in all seasons but now some of them are only season based and others are 

completely drying and some others were decreased their volume. There were about 73% of the 

respondents in BWW and 40% in ATJKW used wells, of these few of them informed that when 

Bulubula is drying they dug on the dried part of the river course then streams were created in 

some areas it might required them to dig up to 25m which was 15m earlier.  

              Table 8 The possible suggested meanses of getting water in time of drought 

 Respondents (%), N=45 BWW, N=45 ATJKW 

Study areas Use of water wells           Go distance  

to fetch water 

To use waters which 

were not used earlier 

for some reason 

BWW 73 20 7 

 

 

ATJKW 

 

 

 

40 

 

 

55 

 

 

6 

 

 

4.2.1 Land use/land cover dynamics  

There is supposed to be various driving forces for the type of land use conversions. And it is 

also important to consider the type of factor and the type of land use frequently changing.   

Apart from the increasing trend of population and the apparent demand of land for cultivation, 

other factors particularly fire contributes a lot for the conversion of land use types in BWW. As 

the respondents replied the eastern part, natural forest called Wof-washa was encroached on its 

periphery due to fire hazard. On the other hand agricultural land expansion and population 

increment were particularly exert pressure on the acacia wood land in ATJKW.  
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Table 5 view of respondent on the major driving forces to local level LU/LC change 

 Respondents (%), N=45 BWW, N=45 ATJKW 

Study areas         Fire                           Agricultural   Population       

Land  

expansion 

    For construction      

       logging ,  

      fuel wood  

BWW 54 21                       16     26 

 

        ATJKW 

 

- 

 

57                        32     

 

     11 

 

In the study areas grazing lands normally bordered rivers, streams and homesteads. The 

distinguishing feature was only limited to major land use types; agriculture, bare-land water 

body, settlement and forest. These were supposed to be impacted directly or indirectly by 

various anthropogenic and natural factors.  

                    

Figure 8 Land use /land cover change Maps of BWW (1973)     Figure 9 Land use /land cover change Maps of BWW (1986). 

  Figure 10 Land use /land cover change Maps of BWW (2005). 
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4.2.1.1 Forest  

At the national level, clearing of vegetation for agriculture is estimated to be 62,000 ha 

annually (Leonard, 2003). Apart from the fuel wood demand of an increasing population, 

respondents and local elders in ATJKW indicated that every year new houses were built by the 

young (returnees from military and new young) who form their own households. As they 

mostly get wood for construction from the natural vegetation, and deforestation increase 

aggravating environmental degradation on a young who form their own households.    

                   

Figure 11 Land use/ land cover change Maps of ATJK (1973).         Figure 12 Land use/ land cover change Maps of ATJK (1986). 

 Figure 13 Land use/ land cover change Maps of ATJK (2005). 

As they mostly get wood for construction from the natural vegetation, and deforestation 

increase aggravating environmental degradation on a continuous base. The cause of the decline 

has its roots in both environmental and man-made effects. The deforestation of the central rift 
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valley Acacia forests for charcoal making and agricultural expansion is at an alarming rate 

(Zinabu 2001). However, the changes in this area have probably been caused by anthropogenic 

interference (Hillman 1988, Feoli et al. 2000, Jacobs et al. 2001). 

According to (ARDO 2008) In ATJKW the area was densely covered with Acacia wood land 

some twenty years ago. But now; drought forces people to over exploit acacia wood land for fuel 

wood, construction and charcoaling. Tilling on central rift valley was also recently expanded at 

the expense clearing the acacia.   Sever deforestation undertook first in the emperor Haile Slasie 

and Derg 1979 and 1980 regime. This mobilized clearance of wood land was undertaken using 

bulldozer. In addition in (1983-2000) the community was over utilized it as freely accessed good  

The perception of 83 % of respondents on the cause of deforestation in ATJKW could also 

confirm these findings. However most of the respondents in BWW couldn’t have any idea about 

it, which is to mean that, except Eucalyptus plantation there was no vegetation when their father 

transferred to them.  

As figure 8 shows the green area covering most part of BWW was a plantation established by 

emperor Menilik II, where as the natural forest was only limited to the eastern escarpments of the 

woreda. One important feature observed in BWW is the almost complete absence of primary 

forests with the exception a small portion of best preserved Wof Washa natural forest bordering 

the  in the East (MoA, 1980). Topographic diversity to transport the log to town is one of the 

opportunities to prohibit deforestation. Plantation cover greater than 95% holds Eucalyptus 

globules (3118 ha) , it was planted by Joint fuel wood project (FWP –GACTO PROJ) in (1970’s) 

specifically in areas Gudoberet, Bakelo, and Debele. Land use change is commonly conversion of 

graze lands to cultivated lands (ARDO, 2008). Major activities responsible for the loss of high 

land vegetation at BWW were resettlement, expansion of agricultural lands, and partly fuel wood 

and charcoaling (ARDO, 2008). 

Annex 8 & 9 depicted that environmental degradation in terms of conversion of one form of land 

use/land cover to the other. The forest (Acacia wood land) cover of ATJK and (plantation & 

natural forest) of BWW was decreasing continuously since 1973; it was supposed to be changed 

partly to agriculture and grazing land. For example, forest cover was cleared 31% between 1973 

and 2005 at BWW. This is quite different from the result obtained at Chemoga watershed 

(Woldeamlak, 2003); however this is greater than ATJKW (15%), of this largest amount 29931ha 

was cleared at BWW and 14315ha at ATJK in 1986-2005. The total loss of forest for the period 
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of observation1 (973-2005) was (22108.1ha) and 37114 ha at ATJKW and BWW respectively. 

Which is related to results obtained at central rift valley, estimated to be 23% (Bedru, 2006).  

4.1.1.2 Agriculture land  

 Most of the shift was from other types of land use to agriculture with the associated increase in 

erosion and runoff. Field observations indicated that steep slopes, grasslands, bush lands and 

woodlands were cultivated without proper soil and water conservation practices. Such practices 

result in high erosion and land degradation, the consequences of which are reduction in crop 

yield, food shortage and famine 

The expansion of agricultural land at the expense of forest was the other observed phenomena. In 

figure 10 and 13 of 2005, as opposed to forest the trend of agricultural area was increasing from 

1973. In thirty two years (1973-2005) of data observation it was 17% and 12% increment in 

cultivated land at BWW and ATJKW respectively.   Of these trends maximum expansion was 

attained 11% (13170ha) at BWW and 8% (12388ha) at ATJKW in1986-2005. (Woldeamlak, 

2003 and Bedru, 2006) also detected that between 1973 and 1986 the expansion of agricultural 

land reached about 23% ( central rift valley) and 13% at Chemoga water shed respectively.  

4.1.1.3 Bare land/degraded land 

As illustrated in Annex 8, 9 and figure 8, 9 & 10, bare land area in BWW was detected to 

decrease during 1973-1986. The abandoned of land was increasing in 1986-2005; this could be 

start of cultivation of marginal lands which was neglected previously. While at ATJKW it was 

observed a slight change in 1973/86 and left unaffected 1986-2005.  

4.1.1.4 Grazing land  

Major factors in land-use change are conversion of rangelands to croplands (Allen-Diaz, 1996; 

WRI, 2000) and increased human settlements, especially urbanization (Gitay and Noble, 1998), 

which leads to fragmentation (WRI, 2000). According to the respondents and local elders, the 

main reason for the decrease in areal coverage was population pressure, which caused much of 

the grazing land to be cultivated. 

As can be seen in figure 8, 9 and 11, 12 Grazing land was only slightly changing in ATJKW and 

BWW in 1973-1986. Whereas in 1986-2005, figure 10 indicated that it was increasing. The 
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possible source of increasing grazing land could be the shrinking forest area and good 

rehabilitation on bare land areas.  

Encroachment of weed, bushes are another problem of grazing lands At BWW, it has been 

pointed out that the weed particularly threaten the area locally called “ayele gesgis” parthenium 

weed (Parthenium hysterophorus L. Asteraceae). The weed was supposed to come with sand 

transportation before two years from other areas and now it starts to encroach the farm boundary. 

It is a species which is more proliferating in recent years. According to the crop protection team 

report to the agricultural office, the coverage due this weed reaches about 25ha. While in ATJKW 

the weed has been introduced in 2002 at edge of a certain farm boundary (route) and gradually it 

makes grazing lands out of use. And currently in ATJKW it covers approximately 120ha in time 

of 2002 -2008. 

4.1.1.5 Settlement  

Additional feature in ATJKW was the presence of settlement in 2005 image. And the lake (Lake 

Zeway) which covers large area. Having a minimum proportion of land use coverage, settlement 

might increase its expansion following the population growth of the area. The lake was not 

showing significant change in area coverage but this couldn’t mean the physical and biological 

and hydrological characteristic of the lake is intact.  

Figure 14 and Table 6  below expresses that, it has been taught that conversion of one form of 

land use to the other which took place in the past was uniformly occurring activity since 1973. 

Based on this taught the conversion rate of each land use/land cover rate by the factor of ha/yr 

estimated. Estimation of  the maximum amount of forest loss per year was (1575ha/yr) in 1986-

2005 at BWW and (753ha/yr) at ATJKW. On the other hand the maximum rate of conversion to 

agricultural land was 693 ha/yr in 1986-2005 which is greater than the maximum conversion rate 

of ATJKW 652ha/yr in 1986-2005.  
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Table 6 Comparison of Estimation of conversion rate of land use/land cover dynamics 

 LU/LC conversion rate (ha/yr) Duration 

 Woreda Forest  
Bare 

land Grass 

 Land 
Agriculture Water Settlement 

1973/1986 ATJKW -600 -72 +259 +458 -2 - 

(13yrs ) BWW -553 -645 +645 +553     

1986/2005 ATJKW -753 +62 -109 +652 +22 - 

(19yrs) BWW -1575 378 +504 +693     

1973/2005 ATJKW -691 +7 +40 +573 -5 +75 

(32yrs) BWW -1160 -37 +561 +636     

         + increment, - decrement  
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Figure 14 Comparison of estimation of conversion rate of LULC dynamics (ha/yr) 

4.3 Coping with climate change effects 

4.3.1 Off farm activities 

Obviously off- farm activities are important means of income generation to supplement the 

expenses covered from the major livelihood activity of the farming practice, it has to be taught 

that these activities are also undertaken in the absence of crop failure or drought. Therefore 
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during interview it was believed that the degree of their participation was also assessed. As 

shown in figure 15, asked about sideline occupations, about 63 % at BWW and 51 % of the 

respondents at ATJKW said that they had none. Only 37 and 49 % of the respondents reported 

that they were engaged, on an irregular basis, in non-farm income earning activities, which 

were mostly Food for Work Projects and selling charcoal and fuel wood. The benefit they made 

on these activities cover the cost of cloth and various social internship expenses. This means 

that they entirely depended on agriculture. As they depend on a rain-fed agriculture they are 

vulnerable to the effects of varying weather condition.          
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       Figure 15 off-farm activities of households during rainfall failure and in good times for N=45 

In rain fed agriculture system uncertainties are commonly perceived characteristics of the 

system. Access to government and relief organizations assistance to reduce stress on the land 

through the provision of fertilizer, improved seed and cross-bred cows is limited. As figure out 

in table 7 below, indigenously adopted coping mechanisms are valuably deployed as preferred 

option in short and long term basis. To reduce expenses and increase saving were some of the 

strategies in which by large contributing to their survival. For different social and cultural 

reasons sell of house hold assets were only used by few of the respondents.   
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Table 7 Responses to the uncertainties in rainfall 

Respondents (%), N=45 BWW, N=45 ATJKW 

Suggested,climate responses (When rainfall is uncertain) ATJKW BWW 

Reducedexpense 

& increasing saving 

51 46 

Sell ruminants/cattle 29 15 

Reduced consumption 12 17 

Reduced socialization 13 19 

Sell house hold assets 11 7 

Labor migration 31 26 

 

Table 8 shows that an individual respondent may have multiple coping mechanisms that differ 

in terms of application. This means household’s response involves substitution between and 

within consumption, income and asset paths. Different studies found that peasants engage in 

coping strategies that involve lowering food consumption and quality, shifting to non-farm 

income sources, disposing and dispersing assets, greater dependency on kin and relation as 

source of gift (Dessalegn, 1991; Webb and Braun, 1994; Markos, 1997). 

Adjustments to minimize agricultural losses during a drought include the development of local 

warning systems, grain storage arrangements, selection of climate-appropriate crops, 

development of a flexible mixed crop and livestock economy, and a system for supplementing 

income through secondary occupations and seasonal migration for employment. The 

importance of each of these responses and their degree of success will depend on the present 

system of land use in any area, the type of soil, the local level of technology, the economic 

linkages, and the social milieu. However, the response\ must also depend upon what 

communities and individuals perceive as the options open to them (Sally 2002). 
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Table 8 Perception of farmers to involve in the following coping strategies 

 Respondents (%), 

N=45 BWW, N=45 

ATJKW 

 

Suggested Coping mechanisms BWW ATJKW 

Growing of drought, early  maturing 

crop varieties, fertilizer 

41 44 

Labor migration  31 43 

Controlled grazing reduction in herd and 36 26 

Employ in fattening of  herds wool and 

planting, Eucalyptus(atana), fishing, 

Wage labor in  soda ash ,floriculture 

36 21 

An individual could have more than one engagement…Total >=100 

 

     4.3.2 Diversification of livelihood  

Brycesson(1999) defined livelihood diversification, as a way of branching out from traditional 

farming activities and taking on new farm, off-farm and nonfarm activities. Rural livelihoods 

throughout Africa are becoming more diverse, and Ethiopia is no exception (Francis, 2000). 

As shown in Figure 16, in times when crop production only is not efficient to get their 

livelihood. Therefore activities like fattening of herds, livestock rearing particularly sheep goat, 

cattle and their product milk, butter, skin, and Eucalyptus seedling production, sell of stick 

(Atana) and other related risk averting mechanisms were practiced. Of these activities 36% 

respondents were participated in BWW and 21% in ATJKW. The discussion with the agriculture 

and rural development office  revealed that the degree of focus increased on cottage industries 

and petty trades specialized handicrafts such as (weavers, singers, black-smith pottery), sell of 

charcoal, hey, poultry, apiculture, employ in construction(as wage labour) & fuel wood supply, 

local drink preparation alcohol (Areki) and local beer (Tela) production. Livelihood 

diversification can be highly important to the household in terms of providing security against 

adverse external shocks, coping with seasonality and generating additional income. For this 

reason, the removal of constraints to or the expansion of opportunities for, livelihood 

diversification is considered as an increasingly important aim for rural development policy 

(Anderson and deshingkar2005). 
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         Figure 16 Perception of farmers on employing off farm activities during crop failure times.  

During the group discussion and deep interviews held with local informants at Debele kebele in 

BWW, it was learned that ox and sheep fattening is being practiced as one major outlet in 

generating cash income and decreasing dependence on the existing fragile crop production. 

4.3.3 Using improved crop varieties and fertilizer  

The production path is indeed related to risk management that the farm households employ to 

minimize crop losses through diversification of crop varieties (Hardaker et al., 1997).  

Taking in to consideration the changes mentioned above on climatic variables any one can 

suggest on mechanisms to minimize crop production failure or improve the existing crop yield. 

Further more from Table 9, of the possible options, application of fertilizer and use of improved 

varieties could be important once as the problem might not give time. In addition improved 

varieties of values such us resistant to drought, frost, pest, disease and give higher yield, good 

competent with weeds are apparently needed with the ongoing climate change. From the table 9 

below if all inputs being equal, one can suggest that if farmers simply grow the improved 

varieties without fertilizer and local variety with fertilizer, taking in to account the presence of 

variable  weather condition, improved varieties minimized the risk to the level subsistence 

production unless far reaching events occur.  
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In the discussion with the agricultural office, irrigation was also said vital to cope the current 

low yield rain fed agriculture with uncertain rain. The Central rift valley region which is 

supposed to start large scale irrigation since 1970s is expected to use wisely these potential 

particularly in times when the rain stops. Commercially valuable crops were commonly grown 

and this are good opportunities for farmers previously practicing  rain fed farming to introduce 

themselves to agricultural leading   industry. However it was only four of the respondents were 

engaged in irrigation. A very few of them were informed me they rented their land due to lack 

of cost of generator.  

The respondents informed me that currently cost of fertilizer is high UREA, DAP 350-

500Birr/100kg improved variety with minimum amount of fertilizer are currently applied. 

Before we used to provide enough fertilizer to our land and there was high yield. About 44% of 

them in ATJK used these improved varieties and few of them explained that onwards now the 

land is too much dependent on fertilizer for good yield hence without it there couldn’t be even 

minimum expected yield. Other organic, locally available farm inputs were rarely used.   Forty 

one percent of local people in BWW area used improved varieties and switch to manure due the 

increase in cost of fertilizer. During socioeconomic survey it was observed that a hill of dry 

manure (Kubet) around home, they told me that it is waiting for land preparation and cropping 

season to be added to the farm. 

        Table 9 use of improved variety, fertilizer 

No  Improved crop variety and 

types of fertilizer  used 

Measurement  Result 

1998/99 

1999/2000 Result 

1 Fertilizer  Qu 7407.5 613 

2 Urea Qu 200  

1 BH-540 sorghum   Qu 232.5 63 

2 5M Awasa sorghum Qu 200 - 

3 Katuman  Qu 50     42 

4 Mexico boloke Qu  48.25 

5 bolokeA1  140 165 

6 Awasa  sindie    

Source:  ATJKW ARDO (2008)  
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             Table 10 Comparison of crop productivity among the use of different inputs 

2007/2008 yield  qu/ha Crop varieties 2006/2007yield  

qu/ha  qu/ha Improved variety 

+fertilizer qu/ha 

Local variety+ 

Manure 

Improved 

variety with 

Local 

variety Rain fed      

Wheat  45.2 48 43 43 30 

Barley 3   - 30 

Teff 7    10.0 

Sorghum 43 70 60 70 30 

Maize 28   - 30.0 

Boloke 12 22 18  12 

Bean - - - - 4 

Telba 6 - - - 11 

Pepper -   30 - 

Irrigation -   - - 

Sorghum 88   23 - 

Pepper 83   22 - 

red onion 119   227 - 

Vegetables 152   - - 

Source: ECSA (2006) and ATJKW ARDO (2008)  

4.3.4 Unemployment induced migration  

Locally known as ‘shiqela’ remains widespread and is apparently on a larger scale than the 

same time in any normal year. Respondents in BWW revealed migrating to areas like Metema 

Humera and Wolega in time of crop harvest in October was the other alternative during severe 

drought period. And it was only 31% of the respondents were actively involving in 

construction, carry of sacks and other related jobs in Debirebirhan town and to Addis Ababa 

city. In ATJKW the percentage of respondents migrating to search job reached to 43%. Fishery 

is another opportunity of engagement to the surrounding community to generate income from 

the lake Zeway. 1448(1985-87) and 1705(1988-90) efforts were engaged in fishing to generate 

income.  Regarding the distance of migration, central rift valley holds several organizations 

opening job opportunity, around 11 people pointed out organizations like Sher Ethiopia (Sher 

complex floriculture, Horticulture project), Meki-Ziway irrigation project, Rift Valley Children 

and Women Development Association (RVCWDA) an NGO and other private open field 

vegetable and fruit production projects were the hopes of the nearby community for 

employment.  

Farm Ziway Roses operational since September 2005 and currently, Ziway Roses provides 

about 450, people, paying minimum wage of 1birr/hr. In addition contribution of relief 
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organizations through safety net, integrated with government poverty alleviate strategy. In 2002 

Safety net relief organization support 72800 people with in 38 kebeles and World Bank were 

aided for three frequent years 2005 in 17 kebeles. In 2007 all kebeles were involved, the most 

important mission is to build an asset and minimizing vulnerability in time of crop failure. 

Some people in both areas state that normally, during the SRS season (February-May) 

household heads leave their families to look for waged labour in the SRS producing areas and 

Tesfaye (2003) found that seasonal migration of able-bodied males is a way of pooling risks 

across space and increasing income by seeking employment.     

4.3.5 Response to graze land challenges in drought period 

In the bimodal regions, effect of absence or lateness of SRS which led to extended drought 

period by then impose burden on already degraded graze lands. These and other related 

resource depletion let the livestock husbandry to foresee and take appropriate remedies to 

alleviate or minimize the effect in ATJK and BWW. As environmental degradation continues 

and highly threatens the survival of livestock, households might be first improving traditional 

resources to cope with problems of environmental degradation. To reduce stress on the land 

caused by the large number of livestock, households use straw, hay; reduce crop area and 

livestock numbers (Table 11). According to the key informants prior to villagization farmers 

had access to private and common grazing lands. Farmers use common grazing lands before 

they make it to private pasture. Since villagization, however, farmers have limited access to 

plots that are manured and capable of producing adequate supply of hay. Therefore, the major 

source of feed for livestock is the common grazing land.  

It is to be noted that the coping mechanisms and adaptation strategies in which the pastoral 

communities have been employing for generations are inclusive of using the traditional skill, 

knowledge and resource management. In general however the adaptation strategies commonly 

practiced can be broadly categorized in to three major areas (Bruke, 2000) these are 

- improving survival and productivity level of the livestock and the range lands  

- engagement in obtaining food from other sources and income generating activities in times of 

crises; and  

- scaling down of family members and migrating for survival 

Graze lands are vulnerable to the frequently occurring drought and by then affecting the quality 

as well as the quantity of livestock. The grazing land is also affected more because during 

droughts livestock are concentrated on overgrazed lands, compressing soils and pulling out 
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roots, which decreases the likelihood of regeneration (Meze-Hausken, 2004). The measures 

taken by the farmers to make safe their animals vary according to the locality and the severity 

of the problem. Local informants said that some time efforts might be made like supply of all 

crops residue, buy forage, hey, grass from the neighbouring s even crops were given to cattle in 

part from home consumption. During the field observation the grazing land in BWW in 

particular Bakelo kebele was seriously affected by the extended drought period, previously it 

was regularly irrigated from Bakelo River and to send cattle in to this area was forbidden.  

There were 33% in BWW and 42% in ATJK face big challenge to keep sheep and goat at home 

and believed to reduce the number if the drought severely threaten their life. Any of both of the 

study area respondents said selling of cattle (ox, cow) if otherwise move to far areas better than 

them.  

The condition in ATJKW reaches extreme and said that the grazing  land previously accessible 

a yard from home became given for livestock rearing projects and other parcels of graze land 

found sparsely distributed were given for land les young farmers. Very few of them in BWW 

told me that there is a Wof-Washa forest up the hill, and cattle would be given to the guard till 

the condition gets better. Regarding the challenge in Oromia there is most accustomed culture. 

ATJK has the culture of strong relationship with the neighboring regions through kinship, 

marriage and other social networks.  A culture called ‘Gudanto’ which means pastoralist or 

semi- pastoralist movement based on rainfall change and come back when the condition gets 

better. The distance travel might be (short to long), it might also takes place with the 

neighbouring country regions. There have also been reports of migration of large number of 

livestock from Kenya, where drought condition is comparatively worse to Ethiopia (90,000head 

in Teltele and 1,000 in Dire in Borena zone of Oromia region) (DPPC 2000). These were 

causing stress on availability of pasture and water.  ‘Gudanto’ might have a conflict feature, if 

the drought stays long, the host area comes to be severely grazed, local conflict might raise. 

Sidamo vs gugis recently. (ATJKW  ARDO, 2008).   

There is substantial evidence linking climate and livestock production. For example, African  

farmers  are  known  to  keep cattle as an  insurance  policy  for when  droughts  ruin annual 

crops  (Swinton 1988,  Bardhan and Udry 1999).    
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           11 Perception of farmers on various responses to the graze land depletion. 

 Respondents (%), N=45 BWW, N=45 

ATJKW 

If there exists grazing land problem due to SRS rain 

failure 

ATJKW BWW 

Reduced livestock(according to their value) 37 71 

Use hay, straw, and purchase feed 47 81 

Nomad short/long distance 17 31 

Release to relatives traveling long distance 31 33 

 

Total  100 100 

 

4.3.6 Contribution of locally developed social systems  

Local level social networks idir, equb, mehber and afoosha were not established to deliberately 

contribute to observed climate change effects in the areas. However, climate change effects are 

also partly affect their livelihood and eventually might have personal crisis. Therefore locally 

developed social networks could play partly in resolving climate change effects.  

People have established Social networks idir, equb, and mehber to help each other in times of 

personal crises. These serve as life and property insurance. Partner of the social networks will 

also be assisted by people who are not in his institution. He is given money, grain, and some 

household goods depending on the kind of crisis. He will also receive help from kin who live 

nearby. 

Idir is a territorially based voluntary association of peasants formed for mutual help and 

cooperation. The primary objective of idir is to help member households (in material ways and 

with labour) in times of difficulties such as the death of a member, loss of property, accidents, 

and the like. In order to achieve this objective, the members of one idir of peasants, for 

instance, collect a membership fee of 25 cents monthly and two kuna (about 20 kg) of beans 

annually from each household head. The money and the grain is stored in the house of the 

treasurer for later distribution.  

The equb is a voluntary association that provides rotating credit services for members. 

Senbete and Mehber are voluntary associations of farmers established in the name of certain 

Christian saints. Although religious in form both play a great role in the economic and social 

life of farming households. These organizations create a sense of fraternity and cohesion among 
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members and also serve as arenas in which peasants can express their problems, exchange ideas 

and conclude important economic agreements. 

Traditional Afoosha groups are active in bringing the community together for social functions 

such as funeral services; the afoosha however has yet to apply group dynamics toward 

development initiatives. 

Baltina and Kalu are also similarly contribute to parts of social problem but only limited to 

members of women.  

Forms of adjustment mechanisms and dependencies when households are exposed to various 

Climate change risks (during crop failure and normal times). 

As can be seen in table12 below various mitigation measures might also be considered as the 

climatic risks were detected. Normally various social networks in the country have got its role 

in combating complicated social and natural challenges including crop failure. In many 

literatures means’s of coping strategies are explained in relation with the consequences of 

climate change particularly metreological drought.   

              Table 12 Perception of respondents support from social relation ships 

 Respondents (%), N=45 BWW, N=45   

Strategies     ATJKW                                   BWW                 

 Normal Crop                         Crop  failure                    Normal Crop Crop  failure  

Remittance 2 1    - - 

Sharing of labor and 

other resources from 

7 13  5 21 

Neighbour 11 31 - 15 

Relatives     

Social network 13   57   

Expectation of assistance 

government and relief  

Organizations   

 

13             

   

33 15 29 
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5. Conclusion and recommendation  

5.1 Conclusion  

Climate change effects have been observed in terms of change in temperature and rain fall. The 

comparative analysis of rain fall and temperature between the study areas, confirm the perceived 

climate change effects. In general the result of metreological data indicated that there was greater 

variation in rain fall and temperature in ATJKW than BWW. Particularly the short rainy season of 

ATJKW shows greater variation as compared to BWW and this cause frequent drought in ATJKW.  

Environmental degradation particularly the expansion of cultivated land at the expense of 

clearing of remnant wood lands and encroachment of grass land was also important 

problem in ATJKW. Cultivation of bare lands which were not suitable for cultivation was a 

common activity since 1973 in BWW. Land use land cover statistics show greater 

expansion of cultivated land including (marginal lands) was increasing in ATJKW than 

BWW in recent decade. However increment of cultivation area in ATJKW by clearing the 

acacia wood land was greater in 1986. 

Coping strategies to the already felt effect were not exhaustibly implemented as compared to the 

burden imposed by climate change. However, results show; in ATJKW off farm activities, 

unemployment induced labour migration were less practiced than BWW.  In general the 

communities in both areas support their livelihood, partly diverting from rain farming, through off 

farm, nonfarm activities, unemployment induced migration. Reduced consumption, sale of 

livestock, loan, reduction of socialization and selling one kind of produce mainly teff and buying 

another (low price crop barley) are among the major coping mechanisms. 
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5.2 Recommendation 

There should be rehabilitation of marginal and/or degraded lands through plantation establishment, 

area closure, and soil and water conservation structures. Water harvesting ponds, wells should be 

constructed; protection of encroachment of various stake holders in to sensitive ecologies (wetland, 

park, and the lakes) which lie in ATJK should be effectively implemented.  

There should be high land agroforestry practice and commercial farming systems that could shift 

extensive exploitation of resources to intensive and wise utilization of limited resources. 

   Good saving system has to be operated in the entire community to at least minimize the upcoming 

uncertainties of rain fed farming. Diversification of livelihood should be active also in times of 

absence of drought. Poultry, fattening, honey bee should also be backed up by credits.  

Regular engagement even in the absence of metreological drought should focus on diversification 

of livelihood through off farm, nonfarm activities. The Woreda level poverty alleviating strategy 

should involve local communities who were vulnerable to the reoccurring metreological drought. 

BWW has good potential of sheep farming and barely production for bear industries. Therefore 

NGO’s and Go’s which are working on supporting the livelihood, should encourage the entire 

community by providing facilities (including credits) and diversify income opportunities. 

Parts of ATJKW are known to have good potential of irrigation farming; however the benefit of 

these potentials is only limited to investors. Some of the reasons were the absence of generator and 

other farming facilities. Therefore the agriculture and rural development office of the Woreda 

which is responsible to manage the surrounding farms should facilitate credits and market of their 

product to the local communities. Wind energy potential of the entire Woreda is supposed to be 

high; however according to the agriculture and rural development office of the woreda the 

introduction and   installation of the technology is only limited to few sites. Taking in consideration 

the scarcity of water in dry seasons GO’s and NGO’s are supposed to minimize the effect by 

outreaching the technology through the entire community. 

The local social networks of both Woreda built up to solve various social issues should be 

supported by GO’s and NGO’s. Other than common duties, it should also be involved on tasks that 

should be done before death, migration which are attributed to drought. 
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APPENDICES 

Annex 1 

Questionnaires for target community 

Region Amhara zone N/shoa Basso Worena and Oromia E/Shoa AdamiTulujido Kombolch wereda,  

kebele sub kebele 

Part I 

General informations  

1.  How long have you lived in the area?  

2.  Occupation. ..Agriculture /others  

3.  If agriculture rained /irrigation? 

4.  How long you cultivate? 

Forest  

1 . How do you relate the impact of population growth on forest resources of the area? 

2 . Do you think that, deforestation is the major problem in your locality? 

3. How is today’s coverage of the forest when compared to the conditions before 1973? 

A. Declined (thinned)   B. Increased C. No change 

4.  According to your knowledge is when did severe and rapid forest cover change observed in the past? 

a. before 1970        b. 1970-1980        c. 1980-1990     d. after 1990 
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Socio-economic activities 

1. put the source of your livelihood incomes (diversification of livelihood) (in ascending order). 

A. Sale of cash crops B, Sale of wood and charcoal C, Other_ 

2. Do you have your own land? Yes  no 

3. If you have your own land, what ha of land do you have _____. In this ha of land what 

 Percent do you used for irrigation/rain fed crop/dwelling/other types 

4. What type of grazing system do you use? Communal grazing land / individual grazing 

Land/ Cut and carry system. 

5. If you have individual grazing land, what ha is it ________ 

6. Is there communal grazing land? Yes/ No  

7. If you have been here for a longer period of time, what do you say about crop production of the 

surrounding community? Increasing / Decreasing 

8. If you say it has decreased please list at least three major factors and /or problems that are considered 

as causes of crop reduction. (Write in order of importance). 

9. What measures do you think should be taken to improve crop production? 

10. Mention at least three types of crops in the locality that are drought resistant, 

11. What are the major land use types of the area? 

12. What type of animals do you have? 

Type Oxen Cows Donkey Horse Goats Sheep Beehive Poultry Others (Number) 

13. Cultivated land and crop production during the recent drought and normal year 

Cultivated land (timed)  Crop production in quintal 

Crop failure Normal year     Crop failure year Normal year 

14. What are those locally developed traditional relation ships established to support each other? 

15. What are the most common reasons of changes in land cover and land use?  

a. frost          b. pest c. weed encroachment d.  invasion e.  Drought   f.  flood 

8.  Which of the following threats the remaining ruminant  forest cover in the area? 

a. Fire    b. Agricultural expansion          c. Different consumption 
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(Logging, construction,…     )              d. local Conflict 

16. In your lifetime, at what periods did droughts occur? 

In Decades 1970-1980 1980-1990 After1990 

    

17. What are the causes of drought (metrological drought) in your area? 

18. What are the consequences of drought in your area? 

19. What are your responses and coping up strategies against climate related consequences like 

drought? 

20. Which of the following options you used in times of water shortage encountered? 

1. Use of water wells           2.  Go distance to fetch water     

3.  To use waters which were not used earlier for some reason 

21.  How much is your land productive without fertilizer? 

1. High   2. Very high   3. Medium   4.  Low  

22. How is the increase in cost of fertilizer and utilization? 

1. High   2. Very high   3. Medium   4.  Low 

23. Do you participate in the following activities (Off farm activities) and when?  

               1. Weaving     2. Tailoring     

      3. Selling charcoal and fuel wood   4. Food for work and others 

24. Which of the following options you are using in times of Rainfall uncertainties (Belg or Kiremt 

failure)?  

1. Reduced expense & increasing saving                        4.  Reduced socialization   

2. Sell ruminants/cattle                                                    5. Sell house hold asset 

3. Reduced consumption                                                  6. Labor migrations7. Others 

 

25. Do you actively employing the following activities in times of particular challenges if the following 

coping mechanisms are supposed to minimize the problem?  

Expected problems related to different climate change 

problems 

Suggested Coping mechanisms 

In times of crop production failure  Growing of drought, early  maturing 

crop varieties, fertilizer 
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In times of off season, crop failure Labor migration  

In times of drought, depletion of graze land(due high carrying 

capacity) 

Controlled grazing reduction in herd and 

buy hay, straw, Reduced livestock, sell 

If  the previous trend of income generation doesn’t continue, or 

if uncertainties on rain fed farm alarms you  

Employ in fattening of  herds wool and 

planting, Eucalyptus(atana), fishing, 

 

 

26. Which of the following social or organizational setups that you are expecting support in drought?  

Strategies Normal Crop                         Crop  failure                    

Remittance   

Sharing of labor and other resources from   

Neighbour   

Relatives   

Social network   

Expectation of assistance government and   

 

             27. How far the distance to travel to fetch water? 

Duration  <1km 1 to 2 km 2 to3 km 3 to4 km Total 

Before 1980      

After 1980      

Before 1980      

After 1980      

                24. From where did you use to collect firewood, wood for house construction and other? 

                purposes? 

             25. When was the rapid loss of forest cover has been taking place? 

before 1970 1970-1980 1980-1990 After 1990 Total 

            28. Where did you use to graze your cattle as a shepherd? What was the size of the grazing area? 

             29. Where was the area of cropland in your father’s time? In your grand father’s time? 

           30.How far Do you travel to collect fuel wood from home? In your grand fathers time? 

 

 

 

PART II 

Questions for officials, Agricultural, and rural development offices of the wereda 

Distance in (Km) 1km 1-2km 3, 2-3km >=4 
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1. Number of peasant associations in the study area? 

2. Total number of households? Male female 

3. Total population in the study area? Male female 

4. Land use and land cover of the area (in hectare): arable lands/ cultivated land/ grazing land/ 

forest land/ settlement 

5. The landholding per household? 

6. Cultivated land per person in the study area? Before 30 years/ at present 

7. Discus if there is any change in the number of population and land use pattern in the past 30 

years 

8. Is there climate change related drought (metrological drought) in the study area? Yes/No 

why 

8.1 If yes, what are the major causes (put in ranking order)? 

8.2. What are the most important activities that are supposed to be run commonly in the 

community other than farming? 

8.3 How frequent are they? 

8.4. Are there non-governmental organizations in the vicinity that works on the environment? 

Yes/No if yes, what are the activities that they took to cope up challenges of climate? 

8.54 Are there improved strategies from governmental office to support the copping of the 

community? 

10. How many times did drought occur in your lifetime? 

11. Does drought have significant environmental impact (on water bodies, graze land, on the 

forest in your area? Yes/ No  

12. What were the responses taken and coping up strategies in the past against climate change 

effects? 

13. Are there programs that are working with thee indegeneous coping mechanisms, Yes/No? 

14. Are there identified villages (rural areas) that are particularly susceptible to drought? 

Yes / No? 

15. Is drought the major problem in your area? Yes / No? 
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16. Discuss the level of awareness of the society about climate change in terms of rainfall and 

temperature? 

17. Is there any disaster awareness and public information projects or program being? 

Undertaken (early warning mechanisms from the Woreda on time) in your area? Yes /No If 

yes, specify, What are the functions of them? 

What is the most frequently adopted strategies in times when crop growing season rainfall is 

too late or absent 

Annex 2 SRS and LRS onset dates of rainfall of ATJK  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year 
Feb(31-

60) 

Jan(61-

90) 

Apr(91-

121) 

May(122-

152) 

Jun(153-

182) 

Jul(183-

213)  

Aug(214-

244)- 

Sept(245-

274) 

1970               21 

1972     12 18 19 13 7 19 

1973       13 1 4 1 4 

1974       24 20 6 17 15 

1975 13     10 4 4   1 

1976       3 17 1 5 1 

1977     7 3 11 1 1 14 

1978 16     1 7   14 8 

1979 13   9 7 14 1 3 4 

1980         18 8 1 6 

1981   4 18 18   9 13 4 

1983 20   17 16 1   5 8 

1984         3 12 15 6 

1985     11 4 22 8 7 22 

1986 3     14 20 2   18 

1988         6   9 14 

1994       18 2 1   22 

1996     20 9 16 8   1 

2001 9     3 10 1 1 3 

2002     15 21       1 

2003   18 12   6 2 2 4 

2004   17 5   19 12 5 14 
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Annex 3 SRS and LRS onset dates of rainfall of BWW 

Year  Feb(31-

60) 

Jan(61-

90) 

Apr(91-

121) 

May(122-

152) 

Jun(153-

182) 

Jul(183-

213)  

Aug(214-

244)- 

Sept(245-

274) 

1970         1 1 1 1 

1972                 

1973                 

1974                 

1975                 

1976           6     

1977                 

1978 21   9       1 3 

1979             1 5 

1980 2       30 1 5 2 

1981     15 15 9 6 5 1 

1983   25 19   11 1 5 24 

1984                 

1985   3   10   10     

1986   22 7 30 25 1 1   

1988     15 2   7 5   

1994         27 5 2   

1996   30   6 25 6 7 6 

2001 10     13   1 1   

2002 18 1 19     13 1 3 

2003 25 21 15   20 2 1   

2004   18 5   18 11 1   
2005     17 13 27 5 8 3 

2006   28       4 1   
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Annex 4 CV (%) of Minimum and Maximum temprature for Zeway and Debirebirhan station 

YEAR CV%min of Deb CV%max of Deb Year CV%max of Zew CV%min of Zew 

1977 1.490953 19.3609 1970 1101% 533% 

1978 0.568419 14.68246 1971 1509% 290% 

1979 3.270311 21.84629 1972 2924% 312% 

1980 2.060685 13.26611 1973 1243% 745% 

1981 2.096013 17.15272 1974 2006% 744% 

1982 2.203997 15.86405 1975 1425% 808% 

1983 2.062088 17.70294 1976 1109% 1945% 

1984 1.71963 13.58839 1977 1983% 1423% 

1985 4.03946 18.09828 1978 1696% 1283% 

1986 3.680064 22.70927 1979 2431% 1216% 

1987 4.212861 19.95623 1980 1938% 855% 

1988 1.661893 10.14766 1981 1451% 852% 

1989 2.07578 16.15665 1982 2074% 3341% 

1990 1.842301 12.00041 1983 1888% 668% 

1991 2.011211 9.190643 1984 1535% 913% 

1992 3.683528 9.171454 1985 1841% 705% 

1993 2.65259 17.09164 1986 1981% 762% 

1994 2.188442 12.6283 1987 3127% 868% 

1995 2.370214 14.28651 1988 1353% 722% 

1996 2.379145 17.21738 1989 2239% 987% 

1997 2.798809 16.65681 1990 1889% 808% 

1998 1.578894 10.17861 1991 1510% 794% 

1999 1.662335 9.986071 1992 1327% 919% 

2000 1.775772 12.21385 1993 1899% 964% 

2001 2.283888 14.51129 1994 1691% 830% 

2002 3.212111 12.33134 1995 2089% 823% 

2003 2.350963 13.44842 1996 1711% 709% 

2004 2.791483 15.14751 1997 2151% 1158% 

2005 2.685207 14.74452 1998 1360% 598% 
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2006 3.140663 14.48043 1999 1435% 786% 

      2000 1672% 733% 

      2001 2049% 865% 

      2002 2254% 1131% 

      2003 1392% 848% 

      2004 2082% 1081% 

      2005 2439% 669% 

      2006 1934% 1068% 

      2007 1855% 811% 

 

 

Annex 5 Annual rainfall and CV% of ATJKW and BWW  

Year Annaual 

ATJKW 

Annaul 

BWW 

CV%B 

WW 

Zew% 

ATJKW 
1970 456.47 653.39 11% 8% 

1971 613 702.45 11% 9% 

1972 659.6 655.08 11% 9% 

1973 681.7 703.48 12% 10% 

1974 855.7 939.84 11% 10% 

1975 957.6 926.3 12% 11% 

1976 611.4 761.75 11% 9% 

1977 1075.7 879.03 11% 7% 

1978 925 681.3 10% 8% 

1979 992.8 966.81 10% 5% 

1980 513.9 1032.89 11% 8% 

1981 766.39 851.45 11% 7% 

1982 890.8 784.42 9% 8% 

1983 864.4 996.82 10% 6% 

1984 624.45 649.9 11% 11% 

1985 678.33 994.1 13% 9% 

1986 640.55 1068.3 9% 7% 

1987 552.9 698.5 12% 11% 

1988 700.6 939.7 11% 9% 

1989 963.52 731.4 9% 7% 

1990 689.4 852.4 13% 9% 

1991 801.6 905.25 13% 8% 

1992 794.2 901.5 11% 8% 

1993 958.9 829.17 10% 7% 

1994 517.3 875.41 11% 10% 

1995 564 764.49 13% 9% 

1996 912.1 984 11% 6% 

1997 848.6 886.45 9% 9% 

1998 756.2 859.1 13% 8% 
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1999 545.5 937 14% 9% 

2000 704.3 985.3 12% 9% 

2001 648.39 968.37 13% 8% 

2002 516.67 830.1 11% 7% 

2003 850.8 1024.39 11% 8% 

2004 773.6 1023.2 11% 8% 

2005 840.7 927 10% 7% 

2006 788.86 952.79 13% 9% 

2007 701.15   7% 

 

 

Annex 6 Mean annual and CV(%) rainfall (mm)of substation In ATJKW and BWW 

Year CV%AT mean annual of AT Year CV%Bul 

mean nnual of 

Bul Year CV%Gud mean annual of Gudo 

1958 92% 738.3 1990 122% 756.4 1987 70% 401.2 

1959 109% 406.2 1991 95% 597.1 1988 50% 795.2 

1960 89% 570.7 1992 81% 751.6 1989 81% 343.0 

1961 114% 719.6 1993 121% 648.0 1990 57% 585.4 

1962 112% 624.7 1994 85% 949.0 1991 82% 254.9 

1963 75% 527.0 1995 103% 632.4 1992 72% 288.3 

1964 118% 681.7 1996 125% 875.3 1993 141% 471.2 

1965 90% 505.7 1997 101% 559.0 1994 84% 1457.0 

1966 103% 959.2 1998 97% 688.7 1995 66% 1423.2 

1967 131% 688.0 1999 97% 772.4 1996 75% 1552.6 

1968 82% 657.2 2000 130% 796.6 1997 92% 1433.4 

1969 104% 753.5 2001 109% 704.0 1998 87% 671.9 

1970 97% 683.1 2002 86% 481.8 1999 64% 1486.2 

1971 145% 667.6 2003 100% 670.7 2000 77% 1409.1 

1972 145% 668.9 2004 104% 446.6 2001 66% 1444.5 

1973 145% 670.3 2005 111% 745.7 2002 69% 1352.5 

1974 146% 671.6 Max 130% 94900% 2003 76% 1212.8 

1975 146% 673.0 Min 81% 446.6 2004 82% 1533.5 
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1976 146% 674.4  Mean 104% 69221%    

1977 146% 675.7       Max 141% 155264% 

1978 146% 677.1    Min 50% 25488% 

1979 147% 678.4     Mean 77% 100644% 

1980 124% 509.4       

1981 88% 920.6       

1982 110% 1065.1       

1983 122% 735.8       

1984 147% 685.2       

1985 80% 869.1       

1986 147% 687.9       

1987 89% 291.1       

1988 104% 588.9       

1989 112% 890.5       

1990 107% 645.2       

1991 93% 546.4       

1992 101% 646.0       

1993 133% 841.2       

1994 77% 626.0       

1995 99% 523.0       

1996 109% 658.6       

1997 76% 512.4       

1998 90% 876.2       

1999 121% 645.7       

2000 116% 670.0       

2001 99% 808.3       

2002 131% 517.1       

2003 99% 742.7       

2004 98% 721.5       

2005 118% 930.6       
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Max 147% 106510%       

Min 75% 29109%       

Mean 113% 68180%       

 

 

 

 

 

Annex 7  mean monthly Temprature for 36 years(1970-2006) 

 

Annex8  land use land cover status of BWW and ATJKW 

 Woreda  Year  LULC Forest  
Bare 

land 

Grazing 

land 
Agriculture Water Settlement Total 

  

ATJKW 

Area(ha) 27135 6892 38296 55042 21404 - 148769 

  (%) 18% 5% 26% 37% 14% - 100% 

  BWW Area(ha) 44298 27537 13170 34720     119724 

 1973 

  

    (%) 37% 23% 11% 29%     100% 

  

ATJKW 

Area(ha) 19341 5951 41658 60999 20829 0 148777 

 

Month      Monthly max of Deb Monthly min of 

Deb 

      Monthly min  of Zew      Monthly max    of Zew 

Jan 19.6 4.3 12.3 26.3 

Feb 20.4 5.8 13.4 27.6 

Mar 20.7 7.5 14.5 28.5 

Apr 20.6 7.4 14.9 28.5 

May 21.3 7.1 15.2 28.6 

Jun 21.7 7 14.9 27.5 

Jul 18.7 8.4 14.7 25.1 

Aug 18.2 8.5 14.7 25 

Sep 18.7 7.2 14 25.9 

Oct 18.6 3.1 12.9 26.7 

Nov 18.8 2 12 26.4 

Dec 19.1 3.1 11.6 26 

Max 21.7 8.5 15.2 28.6 

Min 18.2 2 11.6 25 
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  (%) 13% 4% 28% 41% 14% 0% 100% 

BWW Area(ha) 37114 19156 21550 41903     119724 

  (%) 31% 16% 18% 35%     100% 

ATJKW Area(ha) 5027 7126 39591 73386 21249 2392 148770 

  (%) 3% 5% 27% 49% 14% 2% 100% 

BWW Area(ha) 7183 26339 31128 55073     119724 

2005  

  

    (%) 6% 22% 26% 46%     100% 

 

 

 

Annex9 Land use land cover conversion  between 1973 and 2005 

Woreda  Year 
Measure 

unit 
Forest  

Bare 

land 

Grazing 

land 
Agriculture Water Settlement 

1973/1986 Area(ha) -7794 -941 3362 5957 -576 - ATJKW 

  
   (%) -5% -1% 2% 4% 0%   

 1973/1986 Area(ha) -7183 -8381 8381 7183     BWW 

  
   (%) -6% -7% 7% 6%     

1986/2005 Area(ha) -14315 1175 -2067 12388 420 - ATJKW 

  
   (%) -10% 1% -1% 8% 0% 2% 

 1986/2005 Area(ha) -29931 7183 9578 13170     BWW 

  
   (%) -25% 6% 8% 11%     

1973/2005 Area(ha) -22108 234 1295 18345 -156 2392 ATJKW 
   (%) -15% 0% 1% 12% 0%   

 1973/2005 Area(ha) -37114 -1197 17959 20353     BWW 

  
   (%) -31% -1% 15% 17%     
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