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Impact of Watershed Management on Climate Change Adaptation in Gara 

Jeba Watershed, Deder Woreda, Ethiopia 

 ABSTRACT  

Currently, climate change and its impacts on natural resources are key issues in Ethiopia. The 

main impacts on natural resources include land degradation, soil erosion, deforestation, loss 

of biodiversity, recurrent drought and flood. In view of this, this study was initiated with the 

main objective of assessing the impact of watershed management on climate change 

adaptation in Gara Jeba watershed, Deder Woreda. To address the above objective, the study 

used both qualitative and quantitative data gathered through semi-structured questionnaire, 

focus group discussion, and key informants. Besides this, long-term climate data was collected 

from the national meteorological agency of Ethiopia. Climate variability was analyzed by 

InStat software, whereas impact of watershed management on climate change adaptation was 

analyzed using descriptive statistics such as percentages, frequencies, bar graphs etc. The 

results revealed  that different watershed management activities were implemented in the 

study area to support the local communities to cope with climate change. The results indicated 

that watershed management intervention improved availability of water, vegetation cover, 

income per household from crop production,  social interaction and encouraged households to 

conserve natural resource. Watershed management intervention also reduced climate hazards 

such as flood, soil loss, drought, crop and animal diseases, and land degradations. The Mann-

Kendall test, showed positive increasing trend in kiremt seasonal rainfall by 2.2 mm per year.. 

Thus, intervention of watershed management could play a significant role to enhance the 

capability of the area to cope with climate change impacts. However, lack of technical advice 

and information to support the selection of interventions suitable for the local context 

constrain success watershed management in the area. Therefore the government should be 

recommended to develop proper monitoring and follow up system in place to ensure continuity 

and sustainability of the watershed management activities. 

 

Keywords:   Natural resource,    rehabilitation,     intervention,    watershed    Deder woreda.



       

   

 

 

1. INTRODUCTION 

Ethiopia is one of the most vulnerable countries to the adverse effects of climate change due to 

its heavy dependence on rain-fed agriculture, underdevelopment of water resources, high 

population growth rate, low economic development, inadequate infrastructure in drought-

prone areas, weak institutions in combination with low adaptive capacity (NAPA, 2007). 

Agriculture is the main sector of the Ethiopian economy and contributes approximately 42% 

of the gross domestic product (GDP) and employs over 80% of the population (MoFED, 

2010). Despite its importance to the country’s economy, the sector is limited by the fickle 

nature of rainfall, which negatively affects the livelihoods of people (Kidane et al., 2010). 

Whereas drought stress frequently causes crop failure, excess rainfall results in low infiltration 

and high runoff causing accelerated soil erosion and land degradation (Hurni et al., 2010). 

    

Climate change influences the economic growth and development of Ethiopia through changes 

in agricultural productivity and presents an enormous challenge to people’s livelihoods and 

food security (EARO, 2013). The country has faced increasingly erratic rains causing a 

reduction in crop yield frequently in recent years (Gleixner et al., 2017). Besides erratic 

rainfall, natural resources degradation, and lack of product diversification are other 

challenges of the agricultural sector (Gleixner et al., 2017). Increasing climate change and 

weather variability are contributing to land and natural resource degradation by exposing soils 

to extreme conditions and straining the capacity of existing land management practices to 

maintain resource quality (Malo, 2012). The opposite occurs with protected and well managed 

watersheds, which generate multiple positive effects on people’s livelihoods, the environment 

and for the overall economy of the area (FAO, 2014).  In order to reverse the situation, 

many developments and emergency- related programs and efforts have been made and 

are still going on by adopting the watershed management approach by the Oromia 

Regional Government and different donor agencies (ONPPACC, 2011).  
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Regarding responses of human society to climate change, climate change adaptation is one of 

the fundamental options distinguished (Archer and Rahmstorf, 2009). In recent years, 

adaptation to climate change has received increasing attention in many parts of Ethiopia 

(Deressa et al., 2011; Di Falco et al., 2011). In Ethiopia, through the National Adaptation 

Program of Action (NAPA) process, twenty priority project ideas were identified to address 

immediate climate change adaptation needs of the country . These projects broadly focus on 

the areas of improving natural resource management, enhancing irrigation agriculture and 

water harvesting, strengthening early warning systems and awareness-raising in quite relevant 

areas in improving lands livelihood systems (Kidane et al., 2010).  

Watershed management is among the strategies considered to avert climate change through the 

conservation of the land resources in the country (Alemayehu et al., 2009). Since the 

beginning of watershed development planning in the 1980s, the government, non-

governmental organizations and local community efforts on rural development have been 

based on a watershed development program (MOARD, 2005). This approach is particularly 

relevant to Ethiopia given its hydro-geology, it applies equally well in several regions across 

the world (MOARD, 2005). Watershed management attempts to incorporate and systematize 

the different uses, services, and values of water jointly in management decisions and 

regulatory activities rather than attempting to maximize selected resources or regulate 

individual negative impacts (Darghouth et al., 2008).  

Deder Woreda  is most vulnerable to the adverse effects of climate change and variability  as it 

experiences high population pressure, recurrent drought, land degradation, deforestation, poor 

farming system and overgrazing (ONPPACC, 2011). Watershed management planning in the 

study area began in 2002. Since then, efforts by different stakeholders on rural development 

have been based on a watershed development program. It has been the focus area due to its 

substantial contribution to managing natural resources in a sustainable and environmentally 

sound manner, use of natural resources such as land, water and biodiversity to adapt to the 

impacts of climate change and variability and obtain optimum production with minimum 

disturbance to the environment (Kifle, 2012).  
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Moreover, assessment of the participation of local households in watershed management is a 

vital in improving sustainability and augmenting people's technological adoption. Similarly, 

the perception of local household on transfer mechanism is important to assure its 

sustainability. Thus, watershed management plays important roles for the local communities to 

adapt to the impacts of climate change and variability, increase soil fertility and land 

productivity and ultimately leads to a balanced ecosystem (Forch, 2009). Although a few 

studies have been conducted about the effect of watershed management interventions on 

livelihood in other parts of the country (Alemayehu et al., 2009; Assefa, 2011), no studies 

have assessed effects of watershed management interventions on  climate change adaptation in 

the study area. Therefore, the general objective of this study was to assess the impact of 

watershed management on climate change adaptation in Gara Jeba Watershed. The specific 

objectives were: 

 To assess the effect of watershed management on local climate change adaptation 

 To assess climate variability  and compare differences before and after the 

implementation of watershed management 

 To assess the households’ participation and perception and identify the major 

challenges in the implementation of the watershed management practices in the 

study area 
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2. LITERATURE REVIEW  

2.1. Watershed Management and Climate Change 

2.1.1. Watershed               

A watershed is defined as any surface area from which runoff resulting from rainfall is 

collected and drained through a common confluence point (Lakew et al., 2005). It is a 

hydrologic unit that has been described and used both biophysical and socio-economic unit for 

planning and implementing resource management activities (Solomon et al., 2013). The bio-

physical unit in a watershed includes its water, soil, and vegetation while, the socioeconomic 

unit includes people, their farming system (including livestock) and interactions with land 

resources, coping strategies, social and economic activities and cultural aspects (Lakew et al., 

2005). 

2.1.2. Watershed Management 

Watershed management is the process of guiding and organizing land and other resources use 

in a watershed to provide desired goods and services without adversely affecting land 

resources (Binyam and Desale, 2014). Watershed management considers the social, economic 

and institutional factors operating inside and outside the watershed. Thus, watershed 

management implies the judicious use of natural resources such as land, water, biodiversity 

and biomass in a watershed (Binyam and Desale, 2014).  

Watershed management has moved from a focus on physical water and soil utilization and 

conservation to the integration of social, economic, and environmental development (Binyam 

and Desale, 2014). It is a holistic approach to managing watershed resources that integrates 

hydrology, ecology, soils, physical climatology and other sciences (Pandit et al., 2007). The 

origins of modern watershed management can be traced back to the 19th century. However, 

the approach first achieved prominence in developing countries in the 1970s in programs 

designed to protect downstream resources and infrastructure through improvements in upland 

natural resource management (Darghouth et al., 2008).  
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The concept of watershed management has internationally gained significance following the 

United Nations Conference on Environment and Development in 1992 in Rio de Janeiro (also 

known as the Earth Summit) (Forch and Schutt, 2004).  

2.1.3. Watershed Management in Ethiopia 

In Ethiopia, planning watershed development was started since 1980’s followed the 1984/1985 

drought. It was aimed to support rural land rehabilitation through implementing natural 

resources conservation and other development programs within a watershed context. At that 

time, 116 watersheds covering about 1.5 million hectares treated by different soil and water 

conservation measures. But, these large-scale efforts also remained mostly unsatisfactory due 

to lack of effective community participation, limited sense of responsibility over assets 

created, and unmanageable planning units (Lakew et al., 2005). However, in the 1980s, the 

program failed due to its top-down approach and unmanageable watersheds (too large to 

monitor and manage) with the top-down planning methodology was less effective than had 

been hoped (Tongul and Hobson, 2013). It was concentrated on selected large watersheds 

located mainly in the highly degraded parts of the highlands of Ethiopia (Gete, 2006). The 

purpose was mostly for implementing natural resource conservation and development 

programs (Lakew et al., 2005). The major part of the initiative was supported by the World 

Food Program (WFP) through its Food-for-Work land rehabilitation project (Gete, 2006). The 

food for work rehabilitation project is designed to provide employment for chronically food 

insecure people who have “able-bodied” labor (Tongul and Hobson, 2013).   

The lessons learned from this experience encouraged Ministry of Agriculture (MOA) and 

support agencies like FAO initiated pilot watershed planning approaches on a bottom up basis, 

using smaller units and following community based approaches. In addition, they prepared 

participatory community based watershed planning guidelines for Development agents 

(DA’s). The participatory community based watershed planning guideline published in 2005, 

which still now used nationally as practical guidance is the crucial example. This was 

considered as the first step in the evolution of the participatory planning approach to 

watershed development in Ethiopia (Tesfa et al., 2015). 
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By late 1990, Watershed development in Ethiopia has increasingly been managed and 

developed for poverty alleviation and environmental conservation(Tesfa et al., 2015). Today 

there is a massive movement in watershed management in almost all regions of the country. 

Watershed management has evolved as a comprehensive development concept for sustainable 

and efficient utilization of natural resources for the benefit of the local community with special 

attention to the rural poor (Tesfa et al., 2015). 

During the political changes in 1991, a large scale of forest areas and soil and water 

conservation schemes were highly removed and destroyed by local communities, because the 

previous approaches has not given attention to the economic viability and social acceptability 

as the same to ecological soundness and technical feasibility. Because, the previous regimes 

have introduced elements of land tenure insecurity which greatly impacted on property rights 

of long term investments and sustainable use of natural resources in the country (Gadisa 

Chimdesa, 2014). By late 1990, Watershed Development has increasingly been managed and 

developed for poverty alleviation and environmental conservation. In comparison to previous 

land rehabilitation initiatives strong emphasis was placed on household income‐generating 

activities and innovative approaches towards conversion of degraded landscapes to productive 

lands (Tesfa et al., 2015). In 2005 Ethiopia began implementation of a more comprehensive 

approach to food security through the Productive Safety Net Program (PSNP), in which more 

predictable food and cash transfers for chronically food insecure households were returned 

into labour on public works, particularly through Community Based Participatory Watershed 

Development. GTZ succeeded with this approach in South Gondar,  North and West Showa of 

Oromia and in some weredas of Tigray initiating and mainstreaming  the  participatory 

element into the  land  use planning  and  natural  resources  management  approach by  

introducing  biological  and  physical  soil  and  water  conservation  measures, crops and 

farming practices; in North Wello and Wolaita (Shiferaw, 2013). For instance, in 2014/15 (at 

the end of GTP one), area of land rehabilitated and area of land developed with community 

based watershed development program has been extended into 11.7million hectares and 12.16 

million hectares respectively (FDRE, 2015). In addition to other projects, the current free 

labour massive social movements on watershed management activities might be the crucial 

example of natural resources management for sustainable agriculture (FDRE, 2015). 
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2.1.3. Climate Change and Watershed Management 

Climate change is a change of climate which is attributed directly or indirectly to human 

activity (IPCC, 2007). It alters the composition of the global and/or regional atmosphere and 

natural climate variability observed over comparable time periods (IPCC,2007). 

Intergovernmental Panel on Climate Change (IPCC, 2007) defines climate change broadly as 

“any change in climate over time whether due to natural variability or as a result of human 

activity.” Whereas, the United Nation’s Framework Convention on Climate Change 

(UNFCCC, 2011) defines climate change as “a change of climate that is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere, and that is in 

addition to natural climate variability over comparable time periods”(IPCC, 2007). The 

climate on earth has changed on all time scales even since long before human activity could 

have played a role in its transformation (IPCC, 2007). But UNFCCC (2011) defined Climate 

Change as "a change of climate which is attributed directly or indirectly to human activity that 

alters the composition of the global atmosphere, which is observed in addition to natural 

climate variability over comparable time period.” However, the IPCC (2001) definition of 

Climate Change includes change due to natural variability alongside human activity. 

Greenhouse gases (GHG) absorb heat from the sun in the atmosphere and reduce the amount 

of heat escaping into space (IPCC, 2007). This extra heat has been found to be the primary 

cause of observed changes in the climate system over the 20th century’ (IPCC, 2007). Thus, in 

the environmental discourse different stakeholders have characterized Climate Change as 

mainly the change in modern climate augmented by human activities. The emission of GHGs 

from various sources of energy usage has resulted in climate change by causing global 

warming (IPCC, 2007). Climate change is a key concern to Ethiopia in our time and needs to 

be tackled in a state of emergency (UNDP, 2011).  

Climatic variability is the type of changes (temperature, rainfall, occurrence of extremes); 

magnitude and rate of the climate change that causes the impacts on the area of public health, 

agriculture, food security, forest hydrology and water resources, coastal area, biodiversity, 

human settlement, energy, industry, and financial services (IPCC, 2001). Changes in the 

physical and socio-economic system have been identified in many regions (UNFCCC, 2007). 
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According to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change (IPCC), the global average surface temperature is likely to rise by 1.8 degrees to 4.0 

degrees Celsius by 2100 (IPCC, 2001). Climate variability will increase almost everywhere. 

Northern latitudes will experience more rainfall; many subtropical regions will see less (IPCC, 

2001).  

2.1.4 Climate change adaptation  

Climate change adaptation is an essential strategy to enable farmers to cope with the adverse 

effect of climate change and variability which in turn increases the agricultural production of 

the poor farm households (Javed, Kishwar and Iqbal, 2015). Adaptation to changing weather 

patterns is as old as agriculture; there are a number of key factors that lead to the conclusion 

that past adaptation is not enough by itself to cope with future climate changes (Javed, 

Kishwar and Iqbal, 2015). It is used to avoid damage costs or the accrued benefits following 

the adoption and implementation of adaptation measures (IPCC, 2007). According to the IPCC 

Third Assessment Report, adaptation has the potential to reduce adverse impacts of climate 

change and to enhance beneficial impacts, but will incur costs and will not prevent all 

damages (IPCC, 2007).  Furthermore, it is argued that human and natural systems will, to 

some extent, adapt autonomously and that planned adaptation can supplement autonomous 

adaptation. However, options and incentives are greater for the adaptation of human systems 

than for adaptation to protect natural systems (IPCC, 2005).  

 

2.2. History of Climate Change in Ethiopia 

2.2.1.  Trends of Climate Change in Ethiopia  

Ethiopia is a large country characterized by a wide range of topography and altitudes ranging 

from 155 mas to over 4500 mas. Besides this, the country’s proximity to the Indian Ocean 

leads to variation in temperature and precipitation. As a result, climate of Ethiopia is mainly 

modulated by the seasonal migration of the Intertropical Convergence Zone (ITCZ) (Fazzini et 

al., 2015). Historical climate and precipitation data indicate variation in different parts of the 

country.  
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The maximum and minimum temperature of the country during the second half of 20th century 

increased by 0.13°C and 0.37 °C (NMA, 2007), and the average annual temperature of the 

country has increased between 1960 and 2006, at an average rate of 0.28°C per decade 

(McSweeney et al., 2008). Average annual minimum temperature in Tigray region has been 

increasing by about 0.72ºC every ten years while average annual maximum temperature has 

been increasing by about 0.36ºC and slight decrease in rain fall per decade over the period 

1954-2008 (Gebre et.al., 2013). Due to the high rainfall variability between years or decades, 

noticing long-term rainfall trends is difficult (NAPA, 2007). No statistically significant 

changes of annual, Kiremt and Belg rainfall totals and rainy days over central, northern and 

northwestern Ethiopia was observed in the period 1965–2002 (McSweeney et al., 2008). In 

contrast, the annual and the Kiremt total rainfall in eastern and southern Ethiopia showed a 

significant decline since 1982 (Seleshi and Zanke, 2004). Gebre et Al. (2013) also finds that 

rain fall in Tigray region is highly variable with non-significant trend in both annual and 

seasonal totals.  

Ethiopia is experiencing the effects of climate change and palpable signs of climate change 

have been observed in recent years (Keller, 2009). Over the last decades, the temperature in 

Ethiopia increased at about 0.2° C per decade (Keller, 2009). The increase in minimum 

temperatures is more pronounced with roughly 0.4° C per decade (IPCC, 2007). Precipitation, 

on the other hand, remained fairly stable over the last 50 years when averaged over the 

country (IPCC, 2007). Climate change is already taking place now, thus past and present 

changes help to indicate possible future changes (IPCC, 2007). However, the spatial and 

temporal variability of precipitation is high, thus large-scale trends do not necessarily reflect 

local conditions (IPCC, 2007). Regarding the future changes in precipitation and temperature 

as projected by various global climate models, temperature will  likely continue to increase for 

the next few decades with the rate of change as observed (Keller, 2009).  

Detrimental and beneficial impacts of the ongoing and projected climate change are 

widespread in both socio-economic and natural systems (IPCC, 2007). These impacts include 

agriculture and food Security. 
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The increasing year-to-year variability and increases in both droughts and heavy precipitation 

events lower agricultural production with corresponding negative effects on food security 

(IPCC, 2007). Furthermore, a large number of plant and animal species is threatened by 

extinction, as climate conditions are changing too quickly for them to adapt (IPCC, 2007). 

Heavy rainfall events and floods cause damages to roads and buildings (IPCC, 2007).  

2.2.2. Impact of Climate Change in Ethiopia   

Ethiopia is extremely vulnerable to the impacts of climate change (Aklilu et al., 2009). 

Climate change is the most serious and difficult to manage of all the environmental and 

international development problems of the twenty-first century. Many aspects of human 

society and well beings such as their living, the way they live, the means of earning of their 

wage, and the way to create their recreation, still depend on a relatively generous range of 

climatic conditions, even though this dependence is being reduced and covered in the modern 

industrial societies by their wealth and technology (Dessler and Parson, 2006). Climate 

change leads to changes in the frequency, intensity, spatial extent, duration, and timing of 

extreme weather and climate events, which result in extraordinary extreme weather and 

climate events and has a crisis on economic, health and safety, food production, security, and 

other dimensions (Dessler and Parson, 2006). In Ethiopia, drought and flood are the most 

frequent climate-related natural hazards impacting the country significantly, which are 

happening every three to five years (Burnett, 2013). Ethiopia is the most damaged country by 

drought, which has experienced at least five major national droughts since the 1980s (Burnett, 

2013). Persistent drought events in the past have resulted in huge loss of life and property as 

well as the migration of people (NAPA, 2007). Likewise,  flood is also the foremost climate 

hazard, which caused loss of life and property in the country (Burnett, 2013). Major floods 

occurred in different parts of the country in 1988, 1993, 1994, 1995, 1996 and 2006 (World 

Bank, 2010).  

2.2.3. Climate Change Adaptation in Ethiopia   

Climate change adaptation is an incessant process or outcome of a process which enables 

individuals to reduce damage or risk of damage, or able to achieving benefits related to 

climate variability and climate change (UNDP, 2007).  
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It can be enhanced by altering exposure,  reducing the sensitivity of the system to climate 

change impacts and increasing the adaptive capacity of the system (OECD, 2010). For 

environmental friendly development adaptation planning, implementation and assessment are 

required for all countries, particularly for developing and least developed countries, suffering 

from drought and floods (UNFCCC, 2007). It also allows increasing the coping range through 

modification of the critical threshold and thus helps limit vulnerability to climate change 

impacts (UNFCCC, 2011). Adaptation approaches offset the impacts of climate change by 

enhancing the social, economic, and environmental sustainability through reductions in 

vulnerability to climate-related risk (OECD, 2010). Different adaptation activities are 

identified by the Ethiopia’s National Adaptation Program of Action, which include a food 

guarantee program, enhancing early warning systems for both drought and floods, small scale 

irrigation and water harvesting systems, better management of both rangelands in pastoral 

areas and wetlands, community-based carbon sequestration and natural resource management, 

which enable to improve the livelihood of the community (NAPA, 2007).  

2.3. Challenges of Watershed Management 

2.3.1. Watershed Management and Climate Change  

Watershed management has been facing  many challenges since it was applied without 

community participation using only hydrological planning units, where a range of 

interventions remained limited and post-rehabilitation management aspects were neglected   

(MOARD, 2005). Formulation of appropriate institutional arrangements for more widespread 

application, given the separation of different disciplines and of research from development 

within existing institutions, is a challenge in watershed management (MOARD, 2005). 

Integration is a frequent challenge, given the role of disciplinary biases in favoring certain 

viewpoints and approaches, and the institutionalization of disintegration (MOARD, 2005). 

 

Watershed development is the logical and communally suitable exploitation of all the natural 

resources for optimum production to achieve the present needs and reduce future risks through 

good utilization of natural resources such as land, water, and environment (MOARD, 2005).  



    

12 

    

  

Watershed management productively used to bring back and preserve the agro-ecological 

feasibility and production potential of various watersheds throughout the world, using land-use 

management techniques that integrate across sectors and also address socioeconomic concerns 

of local populations (Shiferaw, 2013). Likewise, watershed management is considered as risk 

management, chiefly related to landslides, storms, and floods (FAO, 2006). Because of the 

advantages that watershed management approach offer, few regional states have now initiated 

several watershed management projects and depending on the success of these, more of 

similar development projects will be initiated (FAO, 2006). The opportunities for water 

harvesting, income generation opportunities from cash crops, bee-keeping, livestock fattening 

or dairy, access to road and other infrastructure all depend on the watershed development as 

well as on the interactions between communities and the different levels of the watershed units 

(MOARD, 2005). 

On the other hand, the vulnerability to climatic hazards and food insecurity is depends on the 

capacity of the watershed to support the local livelihood (MOARD, 2005). The major impact 

of watershed interventions was seen in improving the surface and groundwater availability 

which in turn increased cropping intensity and diversification to more extensive land use 

systems involving livestock, horticultural and vegetable production (FAO, 2008). Similarly, 

the watershed program has reduced land degradation, enhanced agricultural productivity and 

incomes, decreased poverty of rural poor, reduced labor migration and improved 

environmental quality (FAO, 2006).  

 

2.3.2. Climate Change and Vulnerabilities in Ethiopia 

Climate change creates both risks and opportunities worldwide. By understanding, planning 

for adapting to a changing climate, individuals and societies can take advantage of 

opportunities and reduce risks. Vulnerability to the impacts of climate change is a function of 

exposure to climate variables, sensitivity to those variables, and the adaptive capacity of the 

affected community (USAID, 2007). Often, the poor are dependent on economic activities that 

are sensitive to the climate (USAID, 2007).  
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For example, agriculture and forestry activities depend on local weather and climate 

conditions; a change in those conditions could directly influence productivity levels and 

livelihoods (USAID, 2007). Causes for vulnerability of Ethiopia to climate variability and 

change include very high dependence on rain-fed agriculture, which is very sensitive to 

climate variability and change, under-development of water resources, low health service 

coverage, high population growth rate, low economic development level, low adaptive 

capacity, inadequate road infrastructure in drought-prone areas, weak institutions, lack of 

awareness (Keller, 2009). Climate change is expected to bring both long-term structural 

changes to the water cycle and increased variability and unpredictability, and to have impacts 

on agricultural productivity (USAID, 2007. Greater frequency of high-intensity rainfall, 

floods, landslides, and wildfires are also likely to increase the vulnerability of communities in 

many watersheds (Keller, 2009). Climate Change is measurable, for example in increases in 

the average temperature of the Earth system (Keller, 2009).The earth is currently facing a 

period of rapid warming brought on by rising levels of heat-trapping GHG, in the atmosphere 

(WB, 2010).   

Greenhouse gases retain the radiant energy (heat) provided to earth by the sun in a process 

known as the greenhouse effect (WB, 2008). The major impacts include temperature rises and 

heatwaves, heavy rainfall and flooding, drought, strong winds and melting of polar ice, among 

others (IPCC, 2007). Vulnerability assessment based on existing information and rapid 

assessments carried out under NAPA has indicated that the most vulnerable sectors to climate 

variability and change are Agriculture, Water, and Human health (NAPA, 2007). In terms of 

livelihood approach, smallholder rain-fed farmers and pastoralists are found to be the most 

vulnerable (NAPA, 2007).    

2.3.3. Natural Resource Status and Vulnerability in Ethiopia 

The main challenge is the sustainable management of natural resources and environmental 

protection, the very foundation upon which the socio-economic development of the region 

depends (IGAD, 2007). The region experiences persistent economic crises, which largely, 

have roots in severely degraded natural resources and the environment. 
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This, exacerbated by recurrent droughts and other natural and man-made disasters, results in 

perpetual poverty and under-development, which in turn accelerates the degradation of natural 

resources and the environment, thereby closing the vicious cycle (IGAD, 2007).  

An environmentally sustainable livelihood strategy must create gainful employment for 

income, lead to poverty reduction; improve the well-being and capabilities of people; 

encourage livelihood adaptation and reduce vulnerability through resilience; and promote 

sustainability of the natural resources base (IGAD, 2007). The loss of Lake Alemya is clear 

evidence for the deterioration of freshwater supply. In addition to this 40% of the total area of 

the country (0.448 million sq.km or 44,800,000 ha.) needs immediate soil and water 

conservation treatment (MDGNA, 2004). 

2.4. Gender Aspects of Climate Vulnerability  

Climate change was  disproportionately affect poor regions, communities and people, as they 

have the least resources to adapt. Women are estimated to make up about 70% of the world 's 

poor and, thus, are likely to be strongly affected by climate change (PCC, 2007). Vulnerability 

and adaptive capacity are socially differentiated along lines of age, gender and religion (PCC, 

2007).  

There are structural differences between men and women through, for example, gender-

specific roles in society, work and domestic life (PCC, 2007). These differences affect the 

vulnerability and capacity of women and men to adapt to climate change. In the developing 

world in particular, women are disproportionately involved in natural resource-dependent 

activities, such as agriculture, compared to salaried occupations. As these activities are 

directly dependent on climatic conditions, changes in climate variability projected for future 

climates are likely to affect women through a variety of mechanisms: directly through 

the availability of water, vegetation and fuel wood, and through health issues relating to 

vulnerable populations (IFAD, 2009). Water scarcity and declining rainfall levels may force 

women to walk longer distances to had access water, and thus reduce the amount of time they 

can spend cultivating their fields (PCC, 2007).  
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Since women in the developing country are largely responsible for producing and providing 

food for their families, the impact of climate change on agriculture also means that women 

who already constitute the majority of poor people are most adversely affected (IFAD, 

2009).Women depend more than men made on the ecosystems that are threatened by climate 

change, but they lack access to and control over natural resources, technologies and credit 

(IFAD, 2009). 

2.5. Youth Participation in Watershed Management  

Globally, age ratio of youth and elder is equal to 50% of total population. This indicates huge 

number of youth that raises the question of economic and social needs have been added to 

world economy than ever before and as result the question of meeting economic and social 

need of young people are common features of all states in the world (UN, 2014). On the other 

side, this huge number of youth should be considered as a precious resource if empowered to 

participate in any social, political and economic developments of the world. Moreover, 

promoting effective participation of youth in watershed managements are important to  

climatic change adaptation thereby respecting and protecting the right of youth to live in a 

well-protected environment and enjoy economic growth of the country (Wakgari, 2014). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Deder Woreda, which is one of the administrative units in East 

Hararghe Zone of Oromia Regional State. It is found at a distance of 447 km East of Addis 

Ababa, the capital city of Ethiopia and 112 km West of Harar city. The Woreda has 37 kebeles 

and three town administrations. It is bordered with Melka Belo Woreda in the south, Goro 

Gutu Woreda in the north, Metta Woreda in the east, and Tullo Woreda in the west. 

Geographically, it lies between 09°0’0’’ and 09°22’0’’N latitude 41°17’0” and 41°39’0” E 

longitude (Figure 1). 

 

Figure 1. Map of the study area  

Deder Woreda has a total land area of 67,428 hectares. Agro ecologically, about half of the 

woreda is categorized as highland (dega), a third of the land area is midland (woinadega) and 

the rest is lowland (kola). Topographically, 70% of the area is a steep slope, 22% gentle and 

the rest can be considered flat. The total land area falls within the altitudinal range of 1,200 to 

3,138 meters above sea level (Deder Woreda Agriculture and Natural Resource Office, 2019). 
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The total population of the woreda is 314,935, of which 155,659 are men and 159,276 are 

women. The main income sources of the community are sales of chat and cereals. Farming 

practices in Deder Woreda is dominated by major annual crops such as maize, sorghum, 

wheat, and barley, which are dependent on the rain-fed system. Cattle, sheep, and goats are the 

main livestock species (Deder Woreda Agriculture and Natural Resource Office, 2019). 

The climate of Deder Woreda is characterized by a bimodal rainfall distribution, belg season 

(short rainy season) in the months of March to April and kiremt (the main rainfall season) 

extending from June to September, with a total average annual rainfall of 600 mm to 1900 

mm. The annual mean temperature vary from 11 0c to 25 0c (National Meteorological Agency, 

2018). The woreda land use data shows about 38,531 ha  is cultivated land 500 ha is a grazing 

field, 8,473 ha is a forestland, 6,691 ha is covered by bush land, 5,926 ha is used for 

community services (farmer training centers, school, roads, mosques, churches, health centers, 

etc.) and 7,307  ha is market area. The dominant soil textural classes in the woreda include 

72% clay, 20% loam, and 8% sandy soil respectively (Deder Woreda Agriculture and Natural 

Resource Office, 2019) 

Gara jeba watershed is one of the three watersheds found in the woreda.  Gelan Sedi River is 

one of the main rivers, which begins its flow in the Gara jeba watershed, and ends as the main 

tributary to Remis River that flows to Wabe Shebele River. The watershed covers about 547 

hectares of land and encompasses 5 kebeles; namely, Chafe Gurmu, Nanno Jelala, Welteha 

Gurmu, Obi and Nadhi Gelan Sadi. The total population in the watershed is 29,269, of which 

14,802 male and 14,467 are female. Land use types in the Gera jeba watershed include 415.3 

hectares (75.9%) of farmland, 4.2 hectares (0.8%) of grazing/pasture land, 65 hectares (12.1%) 

of forestland, 21.9 hectares (4%) of shrub/bushland and 39.5 hectares (7.2%) are covered by 

community services, gully and others land degradation features. The vegetation cover has been 

removed, and replaced by crops and plantation of exotic species such as eucalyptus species. 

Remnants of the indigenous vegetation such as Podocarpus gracilior, Juniperus procera, 

Hagenia abyssinica and other indigenous species are found scattered in the watershed (Deder 

Woreda Agricultural and Natural Resource office, 2018).  
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The farming system in watershed is typically subsistence mixed crop-livestock. The dominant 

crops grown in watershed are maize and sorghum. Livestock including cattle, sheep, Goat, and 

poultry are also an important part of the farming system in a watershed (Deder Woreda 

Agricultural and Natural Resource office, 2018).  

3.2. Sampling Techniques and Methods 

This study used descriptive research design for collecting qualitative and quantitative 

information. In order to select the study area and respondents for an interview purposive and 

simple random sampling method was used . Stratified sampling was used to categorize 

households to make comparative analyses among different groups (age, educational level, 

farming experience, and wealth status) in the watershed community.  

First, Gara jeba watershed was selected purposively because of the improvement of natural 

resources within the watershed and relatively better watershed management interventions were 

implemented in comparison to another watersheds of the target areas. In the second stage, 

three kebeles were selected from the watershed using specific criteria, including, age of the 

watershed management intervention, elevation, population, average rainfall, agro-ecology, and 

landscape of the watershed management. These were evaluated based on evidences related to 

rehabilitated natural resources of the area; adaptation to climate change; availability of food, 

fodder, and fuel; income-generating interventions (such as beehives); increased groundwater 

potential and stream recharge; improved vegetative cover, and reduced soil erosion and 

flooding. In the third stage, villages were selected from the three kebeles to collect household 

samples.  

Totally, 375 households had been taken as sample size from a sample frame of 6,098 

households with 95% confidence level and 5% margin of correction factors since due to time 

and resource constraints it was impossible to manage the huge number of respondents. So that, 

197 representative farming households had been selected as a sample size with 93% level of 

confidence and 7% error term (e= 0.07). The sample size for the quantitative study was 

determined from the sampling frame of 6,098 households using the mathematical model 

expressed as, 
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      n =
𝑁

1+𝑁(𝑒)2
  (Yamane, 1967).  

Where:  n = sample; N = total population of household and e = the level of precision  

Hence,  n = 
6,098

1+6,098 (0.07)2
    = 197   

These 197 sampled HHs had been selected by random sampling techniques which comprise 

proportional strata and systematic random sampling. 

Table 1. Sample size distribution among selected kebeles in Gara Jeba watershed, Deder    

woreda, Ethiopia 

No Kebeles No  of HHs  Sample size  Proportion  (%) 

1 Neno Jelala 2,439 2,439/6,098*197 =79 79/197*100 = 40 

2 Welteha Gudina 1,597 1,597/6,098*197 =52 52/197*100 = 26 

3 Chefe Gurmu 2,062 2,062/6,098*197 =66 66/197*100 = 34 

3.3. Type of Data and its Methods of Collection 

3.3.1. Type of data 

The study used both primary and secondary data. The primary data were obtained through 

field survey that includes questionnaire, and interview with key informants, and focus group 

discussions (FGD). The secondary data were obtained from the Woreda Agriculture and 

Natural Resource, Environment, Forest and Climate Change Authority, Rural Land 

administration and use, Livestock and Fishery Development, Irrigation, Water and Energy 

offices. Moreover, 30 years (1987-2018) climate data was acquired from the National 

Meteorological Agency (NMA) of Ethiopia.  

3.3.2. Data Collection Methods 

A household survey using a structured questionnaire consisting of both open- and close-ended 

questions were conducted to gather socio-economic data and information about the impacts of 

watershed management on climate change adaptation. Individual interviews were also carried 

out to get information from the farmers of targeted households. 
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The study used both quantitative and qualitative data. Primary information about the local 

indicators of watershed management, their possible impacts on the climate change adaptation 

was obtained through different data collection methods described below.  

3.3.2.1. Household survey   

The household general information (socio-economic) and all other issues related to watershed 

activities, which have been implemented by a community-based institution with its implication 

to development of adaptation options or livelihood improvement, and climate change was 

assessed by using semi-structured questionnaire. 

 

3.3.2.2. Field observation   

Field observation was carried out to make a transect walk in a watershed to observe the 

activities and impacts of watershed management, which include detailing the types of soil, 

water sources, physical structures and their condition, vegetation cover on rehabilitated lands 

(both woody vegetation and herbaceous), grass cover on rehabilitate lands, availability of 

permanent water sources and erosion indicators.  

 3.3.2.3. Key informant interview 

Key informant interviews and discussions were conducted with twenty-one different 

individuals at ‘Kebele’ and Wereda levels. At Kebele level, nine (6 male and 3 female) 

farmers who have the knowledge to generate watershed activities and benefits were selected. 

Nine community key informants who have specific information about the watershed (three 

Kebele administrators, three community-based organization leaders and, three agriculture 

development agents were selected to integrate the facts.  

In addition, at the Wereda level one land use planning expert, one natural resource 

conservation expert, one climate change expert and one health expert were used as key 

informant discussants. 
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3.4. Methods of Data Analysis 

All data from the respondents had been verified, organized, compiled, summarized, coded and 

analyzed. The quantitative data obtained from questionnaires and interviews, observations and 

focus group discussion were analyzed using different procedures of the Statistical Analysis 

System (SAS, 2003) and descriptive statistics such as mean, standard deviation, frequency 

distribution, percentage, and t-test had been used to summarize and present the result. 

Correlation analysis was employed to analyze the relationships between watershed 

management practiced and climate change adaptation. All analyses were performed for the 

whole sample considering the clustering effect. Watershed data for the period of 15 years 

(2003–2018) were collected from Woreda agriculture and natural resource office. 

3.4.1. Climate Trend Analysis 

Mann Kendall trend test had been used for testing non-linear trend and turning point and also 

to detect the trend and normalized Z-score for a significant test. The non-parametric test is 

used to test whether there exists a monotonic trend mainly because it doesn’t require the data 

to be normally distributed (Kendall 1975; Mann 1945).   

A score of +1 is awarded if the value in a time series is larger, or a score of -1 is awarded if 

it is smaller. The total score for the time-series data was compared to a critical value, to test 

whether the trend of rainfall is increasing, decreasing or has no trend (Mondal et al., 2012). 

The Mann–Kendall test statistic S is calculated using the formula that follows: 

S = ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑘)

𝑛

𝑗=𝑖=1

𝑛−1

𝐾=1

                                                                                                              (1) 

where:  xj and xk are the annual values in years j and k, j > k, respectively, and n is the number 

of a data point.  

Sen’s slope estimator, the magnitude of the trend in the seasonal and annual series will be 

determined using a nonparametric method known as Sen’s estimator (Sen 1968). This method 

can be adopted if a linear trend is present in a time series and trend can be described as, 
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    𝑓(𝑡) = Qt + 𝐵                                                                                                                         ( 2)        

where:  Q is the slope, B is a constant, and t is time.  

To get the slope estimate Q, the slopes of all data value pairs is first calculated using the 

equation: 

𝑄𝑖 =
𝑋𝑗 − 𝑋𝑘

𝑗 − 𝑘
                                                                                                                                          ( 3) 

where: xj and xk are data values at time j and k (j > k), respectively. If there are n values of x 

in the time series, there will be as many as N = n (n-1)/2 slope estimates Qi. The Sen’s 

estimator of the slope is the median of these N values of Qi. The N values of Q are ranked 

from the smallest to the largest and the Sen’s estimator is 

                                               𝑄 = 𝑄 [
𝑁+1

2
] , 𝑖𝑓 𝑁 𝑖𝑠 𝑜𝑑𝑑          

                                                    or                                                                                     (4) 

𝑄 =
1

2
 [

𝑁

2
] + 𝑄 [

𝑁 + 2

2
] , 𝑖𝑓 𝑁 𝑖𝑠 𝑒𝑣𝑒𝑛 

 

To obtain an estimate of B in equation f (t), the n values of difference xi-Qti were 

calculated. The median of these values gives an estimate of B.  

3.4.2. Climate Variability Analysis 

The total rainfall received in a year at the study area before and after watershed management 

was analyzed in order to determine if there is a difference before and after watershed 

management. The variability depends on the type of climate and the length of the 30 years 

(before 15 years and after 15 years of watershed management). The average and standard 

deviation of the total rainfall for this 30 year period had been determined (Yenigun,  2008).  

 

The rainfall onset and cessation dates, as well as the length of the rainy season,  had been 

determined by adopting the percentage mean cumulative rainfall and/or the rainy days. The 

daily mean rainfall amount or rainy days from the entire data record (1987-2018) was 

calculated. The temporal variation of the cumulative percentages for the entire year was 

determined.   
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The temporal variation of the cumulative percentages for the entire year was determined. The 

inter-annual variability in the rainfall onset and cessation was determined from the cumulative 

percentage rainfall for each year before and after watershed management. The mode of 

variability in the onset and cessation was assessed using In Stat model. The In Stat model 

analysis provides a means to assess the most significant frequencies within the time series. 

Standardized anomaly index (SAI) and coefficient of variation (CV) were used as descriptors 

of rainfall variability. Standardized Anomaly Index (SAI) was calculated as the difference 

between the annual total of a particular year and the long-term average rainfall records divided 

by the standard deviation of the long term data. Standard rainfall anomaly is calculated as 

   𝑍 = X −
μ

δ
                                                                                                                                       (5)                                                                                                                 

where:  Z is standardized rainfall anomaly; X is the annual rainfall total of a particular year; μ 

is mean annual rainfall over a period of observation and δ is the standard deviation of annual 

rainfall over the period of observation. Standardized Anomaly Index is used to examine the 

nature of the trends and enable to determine the dry (negative values) and wet (positive 

values) years in the record. Coefficient of Variation (CV)  was calculated to evaluate annual 

and seasonal variability of the rainfall and its characteristics. Coefficient of Variation was 

calculated by dividing the standard deviation of the event to its mean.   

 𝐶𝑉 =
δ

μ
  × 100                                                                                                                                   (6)  

                                                      

 where: CV is the coefficient of variation, δ is standard deviation while μ in the long-term 

mean. 

The Coefficient of Variation (CV) indicates the degree of precision with which the treatments 

are compared and is a good index of the reliability of the experiment. It expresses the 

experimental error as a percentage of the mean; thus, the higher the CV value, the lower is the 

reliability of the experiment. Coefficient of Variation (CV) values are classified as follows: < 

20% as less variable, 20%- 30% as moderately variable, and > 30% as highly variable (Hare, 

1983).  
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4. RESULTS AND DISCUSSIONS 

4.1. Socio-Economic Characteristics of Households    

The survey result showed that 33.5%, 43.6%, 18.3%, and 4.6% of the respondents had no 

formal education, read and write, primary school, and high school level education respectively 

(Table 2). This implies that over a third of the respondents with low educational background 

might have contributed to low implementation of the adaptation mechanisms. There is a 

positive relationship between education level and adoption of improved technologies and 

adaptation to climate change (Deressa et al., 2009 and references therein). 

All of the respondents (100%) had landholding lower than one hectare for their livelihood. 

The survey result indicated that 13.2%, 40.6%, 28.4% and 17.8% of the sampled household 

owned <2 timad (< 0.25 hectare), 2-3 timad (0.25 – 0.375 hectare), 3-5 timad (0.375-0.625 

hectare) and more than 5 timad (> 0.625 hectare) respectively. The average household 

landholding size in the study area was 0.25 hectare which is too small. This may have impact 

on climate change adaptation as smallholders might be reluctant to adopt conservation 

practices that take up more space. Studies suggest that farmers that own large farms are more 

flexible to implement adaptation practices (Abdul-Razak and Kruse 2017; Mekuriaw et al. 

2018). 

As survey result indicated 52.3%, 21.3%, 19.8%, and 6.6% of the respondents had family size 

between 5-7, 2-4, 8-10 and more than 11 respectively (Table 2). The majority of (80.2%) the 

respondent in the watershed had large family size. The results are in agreement with the 

findings of Aklilu and Hardee  (2009),  who showed that large family size provides adequate 

labor force to carry out and maintain adaptation practices such as SWC structures. However, 

large family size can hinder success of adoption of climate adaptation technologies as 

agricultural production in mixed farming system are insufficient to feed the family and 

generate additional income to fund adaptation technologies (Marie et al. 2020). 

Three age groups for head of households are identified; 30%, 60.4%, and 9.6% are between 

18-29 years, 30-59 years, and above 60 years respectively (Table 2).  
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The majority of the household heads (60.4%) were in the age group of 30-59 years. 

Households in this age were interested more in participation of watershed management 

programs. 

Survey results revealed that all (100%) of the households heads practiced mixed farming in the 

study area (Table 2). Respondents had a minimum of 19 and maximum of 67 years of farming 

experience in the study area. The majority (68.4%) of the aged respondents understand the 

impacts of soil erosion on their farm lands. This showed that farmers who have long farm 

experience may adopt more the soil and water conservation practices than farmers with low 

farm experience in the watershed. Because long experienced farmers understand the problem 

of soil erosion on their farm and its impact on their land through time. This result was in line 

with the findings of Alemayehu (2014), who showed higher probability of conserving and 

using soil and water conservation technologies by experienced farmers as they are capable of 

detecting soil erosion problem more than inexperienced farmers. 

 

 



    

26 

    

  

Table 2. Socioeconomic characteristics of the surveyed households in Gara Jeba Watershed, 

Deder Woreda, Ethiopia 

Socio-economic 

Characteristics 

Frequency % Socioeconomic 

Characteristics 

Frequency % 

Level of  HHs Education 

(no ) 

  Size of farm land  

holding (hec.)  

  

Non-formal education 66 33.5 <0.25   26 13.2 

Read and write 86 43.6 Between 0.25-0.375 80 40.6 

Primary school 36 18.3 Between 0.375-0.5 60 28.4 

Secondary school 9 4.6 >0.5  31 17.8 

Total 197 100 Total   197 100 

Family size of HHs   

(no)  

  Age distribution  

(years) 

  

Between 2-4 42 21.3 Between 19- 29 59 30 

Between 5-7 103 52.3 Between 30- 59 119 60.4 

Between 8-10 39 19.8 Above 60 19 9.6 

Above 11 13 6.6 Total 197 100 

Total 197 100    

Gender    Marital status   

Male 178 90.4 Single  0 0 

Female 19 9.6 Married 178 90.4 

Total 197 100 Widow 19 9.6 

   Total 197 100 

Farming experience   Wealth Status   

Mixed  197 100 Rich 37 18.8 

Agriculture 0 0 Medium 134 68 

Livestock  0 0 Poor 26 13.2 

Total 197 100 Total 197 100 
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4.2. Watershed Management Activities 
 

The main watershed management activities implemented in the study area include, physical 

soil and water conservation measures such as soil bunds, stone bunds; hill side terrace, check 

dam, gully rehabilitation, micro basins, eye brow basin, gabion, contour plowing and water 

ways (Table 3). Similarly, some biological soil and water conservation practices such as 

compost/manure application, intercropping, tree planting and cut and carry for livestock 

feeding were identified. Moreover, spring development, shallow well, and river diversion  

were also employed in the study area.   

According to in situ survey results, 85.8%, 53.8%, 50.3%, 49.2%, 46.2%, 38% and 35% of the 

respondents have implemented soil bund, stone bund, hill side terrace, micro basin, check 

dam, eye brow and gully rehabilitation on private and communal land respectively.  Moreover, 

100%, 94.9%, 76.6%, 64.2%, 53.3%, 49.7% and 35%, of the respondents have practiced 

composting and contour plowing, intercropping, cut and carry system for livestock feeding, 

afforestation, grass strip, live or vegetative barriers and fuel-saving stove adoption 

respectively. Likewise, 58.4%, 48.4%, 46.2% and 40.1% of the households have implemented 

spring development, irrigation practices, shallow well dug and river diversion on individual 

farmlands and communal land respectively. This indicates that smallholders in the study area 

practice all types of watershed management practices in their own lands or communal lands.   

The study area is characterized by shortage of farm land, undulating and steep slope 

topographic features, which are not suitable for crop production. However, due to population 

pressure farmers were forced to cultivate these steep slopes by practicing different watershed 

management interventions such as physical and biological soil and water conservation 

practices 

Table 3. Main watershed management practices implemented in Gera Jeba Watershed, Deder 

Woreda, Ethiopi
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Watershed 

Management activities 

Frequency % Watershed Management 

activities 

Frequency % 

Physical Soil and Water 

Conservation 

  Biological Soil and 

Water Conservation 

  

Soil bund   169 85.8 Compost preparation 197 100 

Stone bund 106 53.8 Contour plowing 197 100 

Hill side terrace 99 50.3 Intercropping 187 94.9 

Micro basin 97 49.2 Cut and carry system 151 76.6 

Check dam  91 46.2 Afforestation/planting 127 64.2 

Eye borrow 75 38 Grass Strip 105 53.3 

Gully rehabilitation 69 35 Live/Vegetative barriers 98 49.7 

Water harvesting 

structures 

  Fuel-saving stove 

adoption 

69 35 

Implemented irrigation 96 48.4 Shallow well dug 91 46.2 

Spring development 115 58.4 River diversion 76 40.1 

   

4.3. Impact of Watershed Management on Livelihood Resources for Climate 

Change Adaptation  

4.3.1. Impact on Crop Production  

The data from the survey result indicated that, the total income per household from crop 

production before watershed management interventions were 56,560 Birr per hectare per year, 

whereas after watershed management practiced, it was 176,560 Birr per hectare per year 

(Table 4). Moreover, farmers’ perception and attitude was also  improved and hence took the 

motives to implement the SWCM practices by their own.  This result was supported by the 

finding of Tesfaye (2011) who stated that crop production and SWC practices have positive 

relationship. 

According to key informants and focus group discussion (FGD) results, realized that an 

increase in crop production and income were attributed to the improved and compatible 

watershed management  intervention like physical soil and water conservation  that contributes 

to increasing surface and groundwater availability, improved crop management practices like 

integrated nutrient and water management, integrated pest management and improved crop 

varieties adopted by the farmers in the watershed. 
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Table 4. Status of Crop production and income of sample households in Gera Jeba Watershed, 

Deder Woreda, Ethiopia 

Before watershed management 

Crops Average production in 

ton per hectare per year  

Price per ton in birr Average income in 

birr 

Sorghum 1.76 7,000 12,320 

Maize 2.72 5,000 13,600 

Vegetable 3.44 6,000 20,640 

Chat 0.12 100,000 12,000 

Total   58,560 

After  watershed management 

Sorghum 2.88 11,000 31,680 

Maize 3.76 8,000 30,000 

Vegetable 6.08 11,000 66,880 

Chat 0.24 200,000 48,000 

Total   176,560 

Source: Trade and Market development office, Deder,  2018 

 

4.3.2. Impact on Livestock Production 

According to the survey result, the total livestock number before watershed management was 

754.7 TLU while it decreased to 632.48  TLU after watershed management intervention 

(Table 5). This result indicated that intervention of watershed management practice decreased 

the number of livestock  in the watershed by 122.22 TLU from the number of livestock of 

sampled households. The watershed management promoted less livestock holding since 

emphasis was made on the quality and productivity of the livestock. Similarly, the watershed 

management also promoted the cut and carry practice of feeding system that discourages the 

livestock mobility and reduce their number, which helps to manage degradation of the area.  

This is done to limit dependence of livestock on grazing land and to further facilitate the 

environmental rehabilitation. In the watershed, it has been observed that livestock population 

was an integral part of the farming systems and considered to be an asset.  Oxen, sheep, and 

poultry have been raised for both source of food and income generation. However, the cows, 

goats, horses, and donkeys have been  reduced in number.  
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Households’ livestock ownership is measured by the average amount of Tropical Livestock 

Unit (TLU). The study was in line with the finding of  Arya et al. (2011) who showed  

reduction in livestock numbers in areas where  watershed management is not implemented 

because of closure to grazing areas as a result of social fencing adopted by hill resource 

management society. 

Based on the discussion conducted with FGD and key informants, it could be concluded that 

watershed management intervention decreased livestock number and contributed to livestock 

management by providing fodder. The livestock size and type were decreased due to limitation 

of free grazing land. The cut and carry system needed human labor and due to this challenge 

some farmers sold their livestock. The study was in line with the finding of  Iqubal (2013), 

who showed  reduction in livestock numbers in areas where  watershed management is 

implemented because of closure to grazing areas as a result of social fencing adopted by hill 

resource management society. 

Table 5. Distribution of the livestock population of sampled households in Gera Jeba 

Watershed, Deder Woreda, Ethiopia 

 

 

Species of 

Livestock’s  

 

Before watershed management After watershed management 

Population  

of livestock  

TLU  

Conversion  

Factor 

Total  

TLU 

Population of

 Livestock 

TLU  

Conversion  

Factor 

Total  

TLU 

Oxen 224 1 224 241 1 241 

Cow 367 1 367 261 1 261 

Sheep 447 0.13 58.1 451 0.13 58.63 

Goat 297 0.13 38.6 217 0.13 28.21 

Donkey 78 0.7 54.6 51 0.7 35.7 

Horse 8 1.1 8.8 3 1.1 3.3 

Poultry 361  0.01 3.6 465 0.01 4.65 

Total   754.7   632.48 
* Conversion factor used in to TLU was: Oxen and Cow = 1, Goats and Sheep = 0.13, Donkey = 0.7, 

Horse = 1.1, Poultry = 0.01 
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4.3.3. Impact of Watershed Management on Water Availability  

 

The data from the survey result indicated that 63.5% of the households had access to water 

and had practiced irrigation (Table 6). Moreover, from the responses of the surveyed househol

ds in watershd 62.4% of respondents utilized water for irrigation from spring or hand dug 

wells developed with motor pump, and 25.6% of respondent utilized spring water using 

traditional approach after watershed intervention. Furthermore, irrigated land for vegetables 

(like cabbage, potatoes, onion, and tomatoes during the dry season) tripled from 8.25 hectares 

to 24.125 hectares between 2002 and 2018. 

According to the data from surveyed households before watershed intervention, 61% of the 

respondents had taken 30-40 minutes to fetch drinking water. On the other hand, 39% of the 

households had taken 20-30 minutes to fetch water. After the intervention, 67% and 33% of 

the households have taken 20-30 minute and 10-20 minute to fetch drinking water 

respectively. This result indicated that SWC practices improved the accessibility of surface 

and ground water. The difference between  before and after watershed were observed because 

of management intervention in rehabilitated the degraded land and increased percolation of 

water, attraction of the rainfall and finally the contribution to accumulation of ground water. 

Soil and water conservation structures resulted in major improvements on soil moisture 

storage, the reduction of the erosive capacity of runoff and contribute to increase the 

groundwater and surface water (Table 6). This indicates that intervention of watershed 

management had positive impact on the use of water resources. This result is in line with the 

Meshesha and Birhanu (2015), who pointed out that soil and water conservation improve the 

groundwater availability in the downstream of the catchment that increase the availability of 

water in the catchment so that farmers are currently utilizing this water for irrigation purpose.
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Table 6. Distribution of respondent by access, and source of water availability for irrigation in 

Gara Jeba Watershed, Deder Woreda, Ethiopia 

Variable Before Watershed 

Management 

intervention  

After Watershed 

Management intervention  

Household participated on irrigation Frequency % Frequency % 

Yes 42 21.3 125 63.5 

No 155 78.7 72 36.5 

Total 197 100 197 100 

Access to water sources for irrigation     

Yes 42 21.2 125 63.5 

No 155 78.7 72 36.5 

Total 197 100 197 100 

Major source of the water for 

irrigation 

    

River with traditional canal 0 0 16 8.1 

River diverted with lined canal 0 0 0 0 

Spring /well using traditional 22 11.2 50 25.4 

Spring /wells developed with pump 

motor 

12 6.1 123 62.4 

Pond/WHS 8 4 8 4.1 

No access to water for irrigation 155 78.7 0 0 

Total 197 100 197 100 

Time taken by HHs to fetch water      

<10 minute 0 0 0 0 

Between 10-20 minute 0 0 65 33 

Between 20-30 minute 77 39 132 67 

Between 30-40 minute 120 61 0 0 

>40 minute 0 0 0 0 

Total 197 100 197 100 

4.3.4. Impact watershed management on Environmental and Ecological Change   

About three quarter (73.6%) of the households confirmed that soil erosion was reduced. 

From the responses of the surveyed households in the watershed (67.5%) of respondents  

observed changes on water availability (Table 7). Moreover, 63.5% of the respondents 

confirmed that vegetation coverage has improved due to watershed management intervention 

(Table 7). Intervention of watershed management raised community participation in 

afforestation and rehabilitation of degraded communal lands that resulted in reduced runoff, 

reduced soil loss and improved vegetation cover and other ecological factors in the watershed 
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as compared to before watershed management intervention. The most visible changes 

observed after watershed intervention by respondents were increased water availability, 

vegetation cover and reduced soil erosion. Meshesha and Birhanu (2015) showed  major 

observable changes after the implementation of watershed management in  Chena Woreda, 

Kaffa Zone. 

Table 7. Farmers’ perception on change observed in the watershed due to rehabilitation 

practices in Gara Jeba Watershed, Deder Woreda, Ethiopia 

  

4.3.5. Impact on Social Interaction  

According to the survey result, 62.4% of the respondents said that watershed management 

enhanced social network and capacity of households in the study area (Table 8). Social 

network for transferring skill and technology from model farmers (who adopted a technology) 

successfully to the other farmers who learn the improvement from him/her and share with 

others, thereby developing a multiplier effect as respondents stated social network within the 

key farmers who acted as models or advisers and the other farmers or followers as respondents 

stated. Better social interaction improves the household’s participation in different activities 

by making competition with each other and provides an opportunity to access information and 

exchange ideas  and  experience. 

Improving  capacity of   households  and  communities  enabled to cope with climate hazards. 

Moreover, the enhancing adaptive capacity at different levels includes introducing and enhanci

ng governance to climate focus development, mainstreaming climate change into development

 planning including afforestation, water and irrigation management, women empowerment, liv

elihood and economic improvement,  energy  management, institutional and policy reforms.  

Change observed Frequency Percentage 

Reduced soil erosion 145 73.6 

Water availability increased 133 67.5 

Vegetation cover increased 125 63.5 

No change observed 56 28.4 
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Table 8. Respondent of households on social interaction in Gara Jeba Watershed, Deder 

Woreda, Ethiopia 

Improved social interaction Frequency Percentage 

Yes 123 62.4 

No 74 37.6 

Total 197 100 

 

4.4. Variability and Trend of Rainfall and Temperature 

 4.4.1. Variability and Trends of Annual and Seasonal Rainfall  

4.4.1.1. Onset date of the rainy season before watershed management intervention  

Analysis of long term (1987-2001) rainfall data revealed that the average onset date of rainfall 

for Deder station was 8 May (119 DOY) with CV of 30% (Table 9 and Figure 2).The onset 

date for the station was 92 DOY (2 April) and 192 DOY (10 July) for lower and upper quartile 

respectively, which indicates that the chance of getting onset on 2 April or below is 25 % (1 

out of 4 years) and on 10 July or below is 75% (3 out of 4 years) and varied between 92 and 

192 DOY for minimum and maximum respectively. The earliest possible onset date for Deder 

station was 92 DOY (2 April) while latest was 192 DOY (July 10) before watershed 

management intervention. The onset date of rainfall was highly variable (CV= 33.92%) but 

more variable than the LGP (CV= 25%) and end date of rain (CV= 9%). 

4.4.1.2. End date of the rainy Season before watershed management intervention 

The  minimum and maximum values of end date of rainy season were 247 days (September 3) 

and 311 days (6 November) with mean (286 days (11 October), SD (21.01 days) and CV 

(9%). For the end date, the respective lower and upper quartiles fall between 279 (5 October) 

and 298 DOY (24 October) with a CV of 9%. In other words, end of growing period earlier 

than 279 DOY (5 October) was possible only once in every four years and it ends earlier than 

298 DOY (24 October) three years out of every four years before watershed management 

intervention.  



    

35 

    

  

4.4.1.3. Length of growing period before watershed management intervention 

Average LGP at the study area was 172 DOY (20 June), while the shortest and longest LGP 

was 89 and 251 days respectively in the study area before watershed was practiced (Table 9 

and Figure 2). The respective lower and upper quartiles fall between 153 and 200 (one year 

out of four years and three years out of four years) with SD and CV 44 days and 25.42% 

respectively. In other words, once in four years, it is possible to get on LGP of 153 Days 

while, three out four years, there is chance of getting LGP of 200 Days before watershed 

management intervention.  

Table 9. Onset and recession of rainfall and LGP of Deder meteorological station before 

watershed  management intervention in Gara Jeba Watershed, Deder Woreda, Ethiopia 

Variables  Min.  Max. Mean SD  25% 50% 75% CV (%)  

Onset date  92.0 192 119.2 26.10 92 94 128 33.92 

End date  247  311 285.5 21.01 279 291 298 9.0 

LGP 89 251 171.5 43.59 153 183 200 25.42 

Where Min = Minimum value; Max = Maximum value; Q1 (25%) = First quartile; Q2 (50%) = Second quartile; 

Q3 (75%) =  Third quartile; SD = Standard deviation and CV, = Coefficient of variation 

 

Figure 2. Box and whisker plots explaining variability of rainfall events at Deder station 

before watershed management implemented 
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4.4.1.4. Onset date of the rainy Season after watershed management intervention  

Rainfall data analysis from 2002-2018 revealed that  average onset date of rainfall for Deder 

station was 28 April (108 DOY) with CV of 24.2% (Table 9 and Figure 3).The onset date for 

the station was 5 April (95 DOY ) and 9 May (120 DOY ) for lower and upper quartile 

respectively, which indicates that the chance of getting onset on 5 April or below is 25 % (1 

out of 4 years) and 9 May or below is 75% (3 out of 4 years) and varied between 28 March (89 

DOY) and June 22 (174 DOY) for minimum and maximum respectively. The onset date of 

rainfall in the study area was moderately variable with a CV value of 24.2% while cessation 

date (CV= 7%) and LGP  (CV= 17.2%) were less variable after watershed management 

intervention. This result is consistent with the study conducted by Mesay (2006) who noted 

that northern and north eastern regions have a late start of belg rain in April with standard 

deviations of 31.9-46.1. 

4.4.1.5. End date of the rainy season after watershed management intervention 

The minimum and maximum values of end date of rainfalls recorded was 1 September (245 

DOY) and 12 December (347 DOY) with mean 20 October (291) DOY), SD (20.1 days) and 

CV (7%). For the end date, the respective lower and upper quartiles fall between 280 (5 

October) and 303 DOY (27 October) with a CV of 7%.  In other words, end of growing period 

earlier than 280 DOY (05 October) was possible only once in every four years and it ends 

earlier than 303 DOY (27 October) three years out of every four years after watershed 

implemented. Furthermore, maximum and mean values of end date of rainfalls recorded were 

increased from 311 to 347 and 286 to 291 days in the study area after watershed intervention. 

The variability of end date of rainfall (CV= 7%) was less variable than onset date (CV= 

24.2%) and the LGP is with (CV= 17.2%) after watershed implemented. Similarly, the end 

date of rainfall (CV= 7%) was more variable than the end date of rainfall (CV=9%) of the 

study area before watershed management intervention.  
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4.4.1.6. Length of growing period after watershed management intervention  

Average LGP at the study area was 177.6 days while the shortest and longest LGP were 122 

and 212 days respectively after watershed was practiced (Table 9 and Figure 3) with a CV of 

17.2%. The results indicate that the variability in the LGP is also reduced after watershed 

management intervention. The respective lower and upper quartiles fall between 155 and 200, 

with SD and CV 30.6 and 17.2% respectively. In other words, once in four years, it is possible 

to get an LGP of 155 Days while in three out four years, there is the  chance of getting LGP of 

200 Days. 

Table 10. Onset and recession of rainfall and LGP of Deder meteorological station after 

watershed management intervention in Gara Jeba Watershed, Deder Woreda, Ethiopia 

 

Variables Min.  Max.  Mean  SD  25% 50% 75% CV (%)  

     

Onset date  89 174  108.0 36.63 95 105 120 24.2 

End date  245 347 290.6 20.10 280 290 303 7.0 

LGP 122 212 177.6 30.60 155 186 200 17.2 
Where Min = Minimum value; Max = Maximum value; Q1 (25%) = First quartile; Q2 (50%) = Second quartile; 

Q3 (75%) =  Third quartile; SD = Standard deviation and CV, = Coefficient of variation  

    

  

 

 

 

 

 

 

 

 

 

 

Figure 3. Box and whisker plots explaining variability of rainfall events at Deder station after 

watershed practiced 
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4.4.2. Variability and Trend of Rainfall  

4.4.2.1. Variability and trend of rainfall amount before watershed management intervention 

The annual and seasonal rainfall trends and descriptive statistics for the study period are 

presented in (Table 10 and Figures 4, 5, and 6). The mean  kiremt total rainfall was 539.2 mm 

with SD of 162.4 mm and CV of 30%. The observed mean of belg total rainfall was 399.7 mm 

with SD of 110.8 mm and CV of 57%. The mean annual rainfall was 998.2mm with a SD of 

213.9 mm and a CV of 40%. The minimum and maximum kiremt  rainfall totals received 

ranged from 336.8 to 798.0 mm. The minimum and maximum belg rainfall totals received in 

the area ranged from 251.5 to 583.8 mm with a CV of 57%. The minimum and maximum 

annual rainfall totals received ranged from 643.0 to 1257.9 mm with a CV of 40% before 

watershed management intervention. This high variability in annual and belg rainfall suggests 

that the degraded biophysical conditions may have affected the hydrological system of the 

area. Similar wild variation in belg rainfall was reported by Ayalew et al. (2012). 

Trend analysis indicated that the annual rainfall showed a non-significant (P=0.28) decreasing 

trend by a factor of -15.8 mm per year. Similarly, kiremt rainfall total showed non-significant 

(P = 0.36) at P=0.05 decreasing trend by a factor of -18.2 mm/year. However, the study 

indicated that total belg rainfall total showed significant (P= 0.65) at P=0.05 decreasing trend 

by a factor of -6.80 mm per year at Deder meteorological station. This result is in conformity 

with that of Gebre et al. (2013) and Adisu et al. (2015) who reported a non-significant 

decreasing trend of annual and seasonal rainfall totals at different stations in northeastern parts 

of the country. Similarly, a UNDP (2008) report indicated that strong inter‐annual and inter-

decadal variability of Ethiopia’s rainfall make difficult for detection of long term trends.
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Table 11. Mann Kendall’s trend tests of annual and seasonal rainfall of the study area before 

watershed management intervention (1987-2001) in Gara Jeba Watershed, Deder Woreda, 

Ethiopia 

 

  
P

ar
am

et
er

  Max. 

(mm) 

Min. 

(mm) 

Mean 

(mm) 

CV 

 

SD ZMK S  P-

value 

Trend 

  

Kiremt 798.0 336.8 539.2 0.3 162.4 -0.24 -18.2 0.36 Decreasing 

Belg 583.8 251.5 399.7 0.57 110.8 -0.13 -6.80 0.65 Decreasing 

Annual 1257.9 643 998.2 0.4 213.9 -0.27 -25.8 0.28 Decreasing 

Where Min = Minimum value; Max = Maximum value; CV = Coefficient of variation; SD = Standard deviation; 

ZMK: Mann-Kendall’s trend test and S = Sen’s slope. 

 

Figure 4. Kiremt rainfall variability and trends before watershed management implemented 

 

  

Figure 5. Belg rainfall variability and trends before watershed management implemented 
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Figure 6.  Annual rainfall variability and trends before watershed management implemented 

 

4.4.2.2. Variability and trend of rainfall amount after watershed management  intervention  

The annual and seasonal rainfall trends and descriptive statistics for the study period are 

presented in (Table 10 and Figure 7, 8, and 9). The observed mean of kiremt total rainfall was 

686.3 mm with SD of 198.2 mm and CV of 28%. The mean belg total rainfall was 322.8 mm 

with SD of 189.3 mm and CV of 26%. The mean annual rainfall was 1067.9 mm with a SD of 

371.3 mm and a CV of 20%.  The minimum and maximum kiremt  rainfall totals received 

ranged from 336.8 to 1116.1 mm. The minimum and maximum belg rainfall totals received 

ranged from 10.1 to 847.7 mm. The minimum and maximum annual rainfall totals received 

ranged between 547.4 to 1908.8 mm.  

The result indicated that after watershed management intervention, kiremt, belg, and annual 

rainfall had moderate variability with  CV of  28%, 26%  and 20% respectively, and less 

variable than the kiremt (CV=53%), belg (CV=30%) and annual (CV=40%) of rainfall of 

before watershed management implemented. Comparison between the variability of kiremt, 

belg and annual rainfall in the study area after watershed management intervention showed 

that, kiremt rainfall was more variable than annual and belg rainfall. The present result showed 

that there was an increment in the amount of rainfall and variability become less wild is in 

corroboration with that of Gebre et al. (2013); Bewket and Conway (2007) who reported a 

moderate inter-seasonal variability of kiremt rainfall in northern Ethiopia. 
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Trend analysis indicated that the kiremt rainfall showed an increasing trend by a factor of 

2.2mm per year whereas belg and annual rainfall totals showed decreasing trend by a factor of 

-0.37mm  and -37.4 mm per year respectively after watershed management intervention at 

Deder meteorological station. 

Table 11. Mann Kendall’s trend tests of annual and seasonal rainfall of the study area after 

watershed management intervention (2002-2018) in Gara Jeba Watershed, Deder Woreda, 

Ethiopia 

 

 P
ar

am
et

er
   Max. 

(mm)         

 

Min. 

(mm) 

Mean 

(mm) 

CV 

 

SD ZMK S  P-

value 

Trend 

  

Kiremt 1116.1 336.8 686.3 0.28 198.2 0.18 2.2 0.04 Increasing 

Belg 847.7 10.1 322.8 0.26 189.3 15.1 -0.37 0.03 Decreasing 

Annual 1908.8 547.4 1067.9 0.20 371.3 0.04 -37.4 0.90 Decreasing 

Where Min = Minimum value; Max = Maximum value; CV = Coefficient of variation; SD = Standard deviation; 

ZMK: Mann-Kendall’s trend test and S = Sen’s slope.  

 

Figure 7. Kiremt rain fall variability and trends after watershed management implemented 

 

 

Figure 8. Belg rain fall variability and trends after watershed management implemented 
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Figure  9. Annual rain fall variability and trend after watershed management implemented 

4.4.3. Farmers view of variability and trends of rainfall 

 

4.4.3.1. Farmers view of variability and trend of rainfall before watershed  management 

intervention 

In the study area, about 79.2% of the respondents reported that rainfall of the area has been 

decreasing, whereas  10.2% of the respondents perceived an increasing rainfall. The remaining 

10.6% of the respondents couldn’t identify any change in the amount of rainfall. Similarly, the 

analyzed long-term historical climatic data obtained from meteorological stations have 

revealed that kerimt, belg and total annual rainfall decreased before watershed management 

implemented (Table 11). 

The above result was similar and in agreement with, the analysis of historical rainfall data 

(1987-2018) showed that annual, kiremt, and belg  rainfall in the study areas showed 

decreasing trend in the study area before watershed management practiced. In line with this 

result, Tagel and Van der Veen (2013); reported that, majority of interviewed farmers’ 

demonstrated contextual knowledge of climate variability, as they reported decreased rainfall, 

prolonged dry seasons and changes in rainfall patterns.  
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Table 12. Household perception on rainfall variability and trends before watershed 

management intervention 

 

Variability and trends of rainfall Frequency Percentage 

Increased 20 10.2 

Decreased 156 79.2 

I don’t know 21 10.6 

Total 197 100 

 

4.4.3.2. Farmers view of variability and trend of rainfall after watershed management 

              intervention  

The survey result indicated that 62.9% of the respondents reported that rainfall of the area has 

been increasing whereas over 26.4% of respondents perceived a decreasing rainfall. However, 

10.7% of the respondents perceived no changes in the amount of rainfall (Table 12). The  

information gathered from key informant was also consistent with the survey.  

Before watershed management intervention the time of harvesting was from December to 

February, but after watershed management intervention, it was  from October to November. 

The perception of the elders and educated households were consistent with the meteorological 

data analyses of an increased trend of rainfall after watershed management implemented. 

Therefore, rainfall increased in amount in the study area after watershed management 

intervention.  

Table 13.  Household perception on rainfall variability and trends after watershed management 

intervention in Gara Jeba Watershed, Deder Woreda, Ethiopia 

 

Variability and trends of rainfall Frequency Percentage 

Increased 124 62.9 

Decreased 52 26.4 

I don’t know 21 10.7 

Total 197 100 
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4.4.4. Variability and Trends of Annual and Seasonal Temperatures 

4.4.4.1. Variability and trend of maximum temperature before watershed management    

intervention  

The results of long term mean annual and seasonal maximum temperature at Deder Woreda is 

presented in (Table 12). The average kiremt maximum temperature ranged from 20.53°C to 

22.48°C and kiremt mean maximum temperature was 21.17°C with SD and CV of 0.49°C and 

2% respectively. This indicates that kiremt maximum temperature was less variable and stable. 

The belg maximum temperature as viewed from (Table 12) ranged from 20.61°C to 23.30°C 

with mean 21.78°C, SD = 0.91°C and CV 4% in Deder district, which indicates also less 

variability and less stability. Similarly, annual maximum temperature ranged from 20.46°C to 

21.83°C and the average annual maximum temperature in Deder Woreda was 21.27°C. As 

indicated in table 12, the average annual SD and CV of maximum temperature were 0.41°C 

and 2% respectively. This indicates that maximum temperature over study period was less 

variable and stable in the study area before watershed management intervention.  

4.4.4.2. Variability and trend of minimum temperature before watershed management 

intervention 

The average kiremt minimum temperature ranged from 9.55°C to 12.44°C and kiremt mean 

minimum temperature was 10.87°C with CV and SD 8% and 0.93°C respectively. Which 

indicates that kiremt minimum temperature was less variable and also stable but, relatively 

more variable than average Kiremt maximum temperature (CV=2%). Belg average minimum 

temperature ranged from 10.29°C to 12.66°C and belg average minimum temperature was 

11.61°C with CV and SD 7.3% and 0.06°C respectively but, more variable than Belg 

maximum temperature (CV=4%). The average annual minimum temperature ranged from 

9.38°C to 11.78°C and annual average of minimum temperature was 10.72°C with a CV of 

7% and SD of 0.74°C for the study period (1987-2001) (Table 12). This indicates that annual 

minimum temperature over study period was less variable and stable in the study period but, 

more variable than average annual maximum temperature (CV=2%).  
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4.4.4.3. Variability and trend of maximum temperature after watershed management 

intervention 

The average kiremt maximum temperature ranged from 20.98°C to 22.56°C and kiremt mean 

maximum temperature (Table12) was 21.75°C with SD and CV of 0.53 and 2% respectively. 

This indicates that kiremt maximum temperature was less variable and stable, which is similar 

to that of before watershed implemented (2%). The belg maximum temperature as viewed 

from (Table 12) ranged from 20.80°C to 23.87°C with mean 22.50°C, SD = 0.86°C and CV 

4%. This indicates also its less variability and stability in the study area. The annual maximum 

temperature ranged between 20.96°C and 22.75°C and the average annual maximum 

temperature was 22.10°C. As indicated in table 12, the average annual SD and CV of 

maximum temperature were 0.45 and 2% respectively. This indicated maximum temperature 

over study period was less variable and stable in the study area after watershed implemented. 

There is an increasing  trend in Kiremt, Belg seasonal, and annual maximum temperature in 

the study area after watershed management implemented. 

4.4.4.4. Variability and trend of minimum temperature after watershed management 

intervention 

The statistical description of the long term mean annual and seasonal minimum temperature of 

Deder Woreda is presented in (Table 12). The average kiremt minimum temperature ranged 

from 12.10°C to 9.79°C, and kiremt mean minimum temperature was 11.35°C with CV and 

SD 5% and 0.61°C respectively. This indicates that kiremt minimum temperature after 

watershed management was less variable than kiremt minimum temperature (CV=8%) before 

watershed implemented. Belg average minimum temperature ranged from 12.12°C to 10.85°C 

and belg mean minimum temperature was 11.58°C with CV and SD 3% and 0.36°C 

respectively but, less variable than belg minimum temperature (CV=7.3%).This indicates that 

there was more variability of minimum temperature in study area before intervention. The 

average annual minimum temperature ranged from 11.55°C to 10.05°C and annual mean 

minimum temperature was 11.03°C with a CV of 3% and SD of 0.34°C for the study period 

(2002-2018) (Table 12). This indicates that annual minimum temperature over study period 

was less variable and stable in the study period and, less variable than average annual 

minimum temperature (CV=7%) before watershed intervention.  
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There was a decreasing trend in kiremt and belg minimum temperature but, an increasing trend 

in annual  minimum temperature in the study area after watershed management practiced. 

  

 



       

      

 

 

Table 14. Mann Kendall’s trend tests of annual and seasonal temperature of the study area (1987-2018) 

 

SD: Standard deviation; CV: Coefficient of variation; ZMK: Mann-Kendall‟s trend test; TO  
:
 Temperatur

Parameter Before watershed management  intervention  (1987-2001) 

Maximum 

temperature 

(oC) 

Minimum 

temperature 

(oC) 

Mean 

temperature 

(oC) 

CV SD ZMK Slope p-value Trend 

M
ax

im
u
m

 

te
m

p
er

at
u
r

e v
ar

ia
b
il

it
y
 

an
d
 t

re
n
d

 Kiremt  22.48 20.53 21.17 0.02 0.49 0.09 0.01 0.76 Increasing 

Belg 23.30 20.61 21.78 0.04 0.91 -0.09 -0.06 0.76 Decreasing 

Annual  21.83 20.46 21.27 0.02 0.41 0.09 0.01 0.76 Increasing 

M
in

im
u
m

  

te
m

p
er

at
u
re

 

v
ar

ia
b
il

it
y
 

an
d
 t

re
n
d

 Kiremt  12.44 9.55 10.87 0.08 0.93 -0.49 -0.25 0.04 Decreasing 

Belg 12.66 10.29 11.61 0.73 0.06 -0.53 -0.14 0.03 Decreasing 

Annual  11.78 9.38 10.72 0.07 0.74 -0.49 -0.18 0.04 Decreasing 

Parameter After watershed management  intervention  (2002-2018) 

Maximum 

temperature 

(oC) 

Minimum 

temperature 

(oC) 

Mean 

temperature

(oC) 

CV SD ZMK Slope p-value Trend 

M
ax

im
u
m

 

te
m

p
er

at
u
r

e v
ar

ia
b
il

it
y
 

an
d
 t

re
n
d

 Kiremt  22.56 20.98 21.75 0.02 0.53 0.06 0.02 0.75 Increasing 

Belg 23.87 20.80 22.50 0.04 0.86 0.11 0.02 0.55 Increasing 

Annual  22.75 20.96 22.10 0.02 0.45 0.04 0.001 0.84 Increasing 

M
in

im
u
m

 

te
m

p
er

at
u
re

 

v
ar

ia
b
il

it
y
 

an
d
 t

re
n
d

 Kiremt  12.10 9.79 11.35 0.05 0.61 -0.12 -0.03 0.51 Decreasing 

Belg 12.12 10.85 11.58 0.03 0.36 -0.25 -0.02 0.15 Decreasing 

Annual  11.55 10.05 11.03 0.03 0.34 0.04 0.01 0.84 Increasing 
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4.4.5. Farmers’ View of Temperature Change and Trend  

The result showed that 62.9%, of the respondents said that both maximum and minimum 

temperature increased.  Furthermore, 19.8%, of the respondents said that both maximum and 

minimum temperature no change. Moreover, 15.2% and 2.1% of the respondents said that 

both maximum and minimum temperature decreased and couldn’t identify change 

respectively. This indicates that more than 62.9% of the household heads said that both 

maximum and minimum annual and seasonal temperatures had increasing trends after 

watershed management intervention.  

The data from the group discussants and interviewees were also consistent with the survey. 

Crops matured earlier due to the rise in temperature. The day time in the rainy season became  

hot, which was not common before watershed management practiced and the community was 

challenged to accomplish agricultural activities in the day time. 

Table 15.  Household perception on temperature trends after watershed management 

intervention in Gara Jeba Watershed, Deder Woreda, Ethiopia 

 

Trends of temperature Frequency Percentage 

Increased 124 62.9 

No change 39 19.8 

Decreased 30 15.2 

couldn’t identify 4 2.1 

Total 197 100 

4.5. Perception of Climatic Hazards in the Watershed   

4.5.1. Perception of Climatic Hazards in the area Before Intervention     

As respondents stated, 33%, 51.8%, 12.7%, and 2.5% of the households consider drought as 

very severe, severe, moderate, and less severe respectively. Furthermore, 49.8%, 29.4%, 

18.3%, and 2.5% of the households consider flood hazards as very severe, severe, moderate, 

and less severe respectively. Moreover, 18.3%, 61.5%, 19.7%, and 1.5% of the households 

consider soil erosion as very severe, severe, moderate and less severe respectively.  
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Likewise, 18.7%, 50.3%, 18.3%, and 12.7% of the households consider crop pest as very 

severe, severe, moderate, and less severe respectively in the study area before the intervention. 

Almost all sampled households perceive that human and crop diseases were very severe and 

severe respectively. This finding is consistent with many studies; for instance, NAPA (2007) 

who stated that drought and flood being the most frequent climate-related natural hazards 

significantly impacting Ethiopia, which happening every three to five years. 

Table 16. Household perception of climatic hazards before watershed management 

intervention in Gara Jeba Watershed, Deder Woreda, Ethiopia 

 

Climatic hazards Frequency % Climatic hazard Frequency % 

Drought due to less rainfall   Soil erosion   

Very severe 65 33 Very severe 36 18.3 

Severe 102 51.8 Severe 121 61.5 

Medium 25 12.7 Medium 37 19.7 

Less severe 5 2.5 Less severe 3 1.5 

Least severe 0 0 Least severe 0 0 

Total 197 100 Total 197 100 

Flood due to intense rainfall    Spreading of  

exotic weeds 

  

Very severe 98 49.8 Very severe 3 1.5 

Severe 58 29.4 Severe 32 16.2 

Medium 36 18.3 Medium 44 22.3 

Less severe 5 2.5 Less severe 113 57.5 

Least severe 0 0 Least severe 5 2.5 

Total 197 100 Total 197 100 

Crop pest    Animal diseases   

Very severe 37 18.7 Very severe 28 14.2 

Severe 99 50.3 Severe 120 60.9 

Medium 36 18.3 Medium 34 17.3 

Less severe 25 12.7 Less severe 15 7.6 

Least severe 0 0 Least severe 0 0 

Total 197 100 Total 197 100 

 

 



       

      

 

 

4.5.2. Perception of climatic hazards in the watershed after the intervention    

The survey indicated that 4%, 14.2 %, 33%, 43.7%, and 5.1% of households, consider drought 

as very severe, severe, moderate, less severe, and least severe respectively. Furthermore, 6%, 

14.8 %, 28.9% and 51.3%, of households, consider flood as very severe, severe, moderate, and 

less severe respectively. Likewise, 8.6%, 19.3%, 27.5%, and 44.6% of households, consider 

soil erosion as very severe, severe, moderate, and less severe respectively. Moreover, 6.1% , 

16.2 %, 31.5%, and 46.2% of households, consider crop and animal diseases as very severe, 

severe, moderate, and less severe respectively, in the study area after watershed management  

intervention.  

The field observation and FGD discussion result indicated that watershed management 

intervention decreases the climatic hazards. Regarding the perception of main climate-related 

hazards after the intervention, it was discussed by group discussants whereby all focus group 

discussions held assured that the impacts of main climate-related disasters occurring in the 

study area were flood, drought, soil erosion, human and animal diseases and crop pests which 

were reduced due to the watershed management interventions. This finding is consistent with 

the Study by Assefa, (2011) who reported that the status of climate hazards like flood, drought 

and soil erosion in the choke mountain, east Gojam of Ethiopia were reduced and in 

decreasing trend due to the various watershed management practices.  
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Table 17. Household perception of climatic hazards after watershed management intervention 

in Gara Jeba Watershed, Deder Woreda, Ethiopia 

 

Climatic hazards Frequency % Climatic hazard Frequency % 

Drought due to less rainfall   Soil erosion   

Very severe 8 4 Very severe 17 8.6 

Severe 28 14.2 Severe 38 19.3 

Medium 65 33 Medium 54 27.5 

Less severe 86 43.7 Less severe 88 44.6 

Least severe 10 5.1 Least severe 0 0 

Total 197 100 Total 197 100 

Flood due to intense rainfall    Spreading of  

exotic weeds 

  

Very severe 12 6 Very severe 23 11.7 

Severe 28 14.3 Severe 112 56.9 

Medium 60 30.5 Medium 45 22.8 

Less severe 97 49.2 Less severe 13 6.6 

Least severe 0 0 Least severe 4 2 

Total 197 100 Total 197 100 

Crop pest    Animal diseases   

Very severe 12 6.1 Very severe 6 3 

Severe 32 16.2 Severe 37 18.8 

Medium 62 31.5 Medium 86 43.7 

Less severe 91 46.2 Less severe 68 34.5 

Least severe 0 0 Least severe 0 0 

Total 197 100 Total 197 100 

 

4.6. Community Participation in Watershed Management Practice 

According to the survey result, 77.2% of the respondents participated in activities of 

watershed management practices (Table 15). Majority of the respondents were participants in 

watershed management practices in the watershed. 

The key informants and FGD indicated that the majority of  the respondents (especially, aged 

and educated farmers) have confirmed that land was degrading from year to year, due to 

topographic feature of the area and improper use of natural resources (continuous cultivation of 

marginal land). 



   52 

 

      

  

This finding was consistent with a study by Assefa (2011), that showed a significant 

difference within the different age, education and wealth categories in the implementation of 

climate change adaptation mechanisms in Choke mountain upper muga watershed in East 

Gojjam, Ethiopia. 

Table 18.  Response of sample households in participation of watershed management in Gara 

Jeba Watershed, Deder Woreda, Ethiopia 

 

Participation on watershed management intervention  

 

Frequency Percentage 

Yes 152 77.2 

No 45 22.8 

Total 197 100 

4.7. Challenges of Watershed Management Intervention  

The major challenges of watershed management practices were that they are sources of rodent, 

reduce farm lands and labor intensive to maintain. According to the survey result, 34%, 

22.3%, and 19.8% of the respondents stated that soil and water conservation structures reduce 

farm size are sources of rodents and labor intensive to maintain respectively; Whereas the 

respondents did not know the side effect of watershed management intervention due to lack of 

awareness.  

Among the mechanical SWC measures, the bunds reduced farm land and said to be assumed 

sources of rodents as respondents stated. Bunds, especially (soil and stone bunds) reduced 

farm size and decreased production as respondent replied. Rodents stayed in bunds as a shelter 

and attacked the crop, which decreased the production of crop as respondents stated. Climate 

variability is also a major challenge in the study area. Shortage of rainfall strongly affects the 

successes of watershed management practices.  

For instance, some of the springs and shallow wells (water tabs) dried during the dry season 

and were nonfunctional due to a shortage of rainfall as respondent stated. This result  is 

supported by the finding of Simeneh (2015) in Wyebla watershed indicated that the major 

hindrance of SWC measures are: sheltering pests and rats, difficulty to tillage, need much 

labor, need incentives to implement, difficult to implement and reduce farm size. The side 
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effects of SWC measure were not as high as their benefits as most of respondents answered. 

The result was consistent with the finding of Aklilu (2006) and Seid (2009) who stated that 

soil and water conservation measures comparative advantage was taken into consideration by 

the farm households rather than the side effects.  

As key informants and FGD indicated, implementations of watershed management practices 

were faced with social, economic and natural limitations. Accordingly, the major challenges in 

watershed management were shortage of land, lack of knowledge and awareness on means of 

utilizing and managing the available resource, lack of follow up, water scarcity, lack of 

integration between sectors, lack of technology, information and skills and infrastructure also 

affected the watershed management implementation. 

Table 19.  Limitation of watershed management practiced in Gara Jeba Watershed, Deder 

Woreda, Ethiopia 

 

Major challenge    Frequency  Percentage 

Reduced farm land   67 34 

Source of  rodents  44 22.3 

Labor intensive to maintain  39 19.8 

Climate variability  34 17.3 

I do not know  13 6.6 

Total  197 100 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1. Summary and Conclusions 

This study was undertaken to assess the impact of watershed management on climate change 

adaptation. The study relied on both qualitative and quantitative methods of data collection 

and analysis. The qualitative primary data for this study were collected from 197 randomly 

selected sample households using a semi-structured questionnaire. Quantitative secondary 

watershed data for the period 2002-2018 was collected from Deder Woreda Agricultural and 

Natural Resource Office. On the other hand historical climate data (1987-2018 years) obtained 

from NMA were used to characterize variability and trend of rainfall and temperature. 

During the data analysis, descriptive statistical measures such as mean, standard deviation, 

frequency distribution, and percentage had been used to assess impact of watershed 

management on climate change adaptation. In order to examine the rainfall and temperature 

variability of  Deder woreda statistical tools like minimum, maximum, mean, standard 

deviation, p-value and coefficient of variability (CV) by comparison before and after 

watershed  management implemented were used in InStat (v3.37) statistical software. 

The result revealed that 85.8% and 100% of the respondents have implemented physical and 

biological soil and water conservation structures on private and communal lands. The result of 

analysis of watershed management impacts on livelihood of communal resources indicated 

that, the total incomes per household from crop production was increased from  56,560 Birr to 

176,560 per hectare per year. Whereas, 63.5% of the households had access to water 

and had practiced irrigation. However, total livestock number was  decreased from 754.7 to 

632.48 TLU after watershed management interventions for sampled households.  

 

The Mann-Kendall test, indicated that kiremt, belg, and annual rainfall total showed 

significant decreasing trend respectively before watershed management intervention. Whereas, 

kiremt rainfall total showed an increasing trend, belg and annual rainfall totals showed 

decreasing trend after watershed management intervention in the study area.  
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The result indicated that, belg, and annual rainfall had highly variable before watershed 

management intervention, while kiremt, belg, and annual rainfall had moderately variable after 

watershed management intervention. 

As indicated in the survey almost all households perceived the climatic hazards in the study 

area before watershed management intervention as very severe. As indicated in the survey 

almost all households perceived the climatic hazards in the study area after watershed 

management intervention as moderate and less severe. 

In conclusion, the result of this study clearly implies that different watershed management 

activities were implemented in the study area. to support the local communities to cope with 

climate change such as  physical and Biological conservation, water management etc. To 

contributed to improvement in crop,  surface and ground water availability, enhancing social 

network of households, and rehabilitation of degraded lands and reduced climatic hazards and 

improved household’s resilience to cope with climate change in the study area. 

5.2. Recommendation 

Based on the findings of this study, the following are forwarded as recommendation; 

 Since the study area is vulnerable to climate change and variability and different 

watershed management activities were implemented to support the local communities 

to cope with climate change, it is important to develop proper monitoring and follow 

up system in place to ensure continuity and sustainability of the watershed 

management activities. 

 

 In order to overcome the challenges that the small holder farmers have been facing in 

implementing various watershed management activities in response to climate change 

and variability, community-based training and awareness creation is required to 

promoting household’s participation on adaptation strategies.  

 

 Access to weather information by households could enhance adaptive strategies of the 

farmers. This could reduce the adverse effects of climate variability on their activities.. 
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 Households’ participation in decision making regarding watershed management should 

be encouraged and their indigenous knowledge and experience should be incorporated 

in decision making and identification of better adaptation strategies. 

 

 Finally, more studies on watershed management and climate adaptation are required in 

the study area in order to address knowledge gaps, and assist decision making 

processes.  
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7. APPENDICES 

Appendix I: Survey Questions 

Part I. Place 

1.1.Zone: __________ Wereda   ________ Kebele ________  

1.2.Name of Watershed: ________________________________ 

1.3.Name of Village____________________________________ 

1.4.Household ID: ______________________________________ 

Part II. Socio-economic characteristics of household 

2.1. Age of household head :_____________( Years)   

2.2. Gender of household head:  Male                      Female 

2.3. Educational Status:- Illiterate             can read and write  

      Junior primary school 1-8                 High school and preparatory 9-12 

      College Certificate and above  

2.4. Family size:    _____________________ 

2.5. Do you have an access to Seftynet?   

         Before watershed management intervention (2001 );              yes                            No    

        After watershed management intervention (2002 );                  yes                             No   

If your answer is “yes” how many people from your family are involved? How many kg  

annually or cash total have you got?   

        Before watershed management intervention (2001 );  _____________________      

       After watershed management intervention (2002);    ______________________    

2.6. have you had access to credit for your livelihood activities?  

        Before watershed management intervention (2001);          A. yes           B. No     

       After watershed management intervention (2002);     A.  yes          B.  No    

2.7. If your answer in 2.6 is “yes” what is the source of your credit? __________________ 

Part 3. Watershed management assessment question 

3.1. Are you a member of the watershed community?       A. Yes               B.  No     

Respondent code Starting time Finishing  time Name of enumerator/Interviewer 
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3.1. What do you do for a living?   A. Agriculture  B. Employment  C. Business  D. Others  

3.2. Do you own land for agricultural use? (circle one )   1.  Yes, 2. No 

3.3. If your answer in 3.2. is “yes” How much is the size of your farmland in timad/ hector? 

            Before watershed management intervention (2001);   _________________       

           After watershed management intervention (2002): _____________    

3.4. Do you believe that there is land degradation problem in your area? (circle one )  

                              A. Yes                    B. No   

3.5. If the answer to Q 3.4 is Yes, what are the main factors of land degradation and the level 

of the problem? 

     Factors Before watershed 

management intervention 

After watershed 

management intervention 
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 Soil erosion         

Deforestation         

Overgrazing         

Over cultivation         

Crop pattern 

 

        

Gully formation and expansion         

Others          

 

3.4. How  do you see the rate of land degradation? 

 

  

3.7 . Did you apply  natural resource  conservation technique on  your private  family 

land and communal land?        1.Yes                    2.  NO 

S/N  _ Before  watershed management    After  watershed management 

Change Tick on the response Change Tick on the response 

1 Increasing  fast  Increasing  fast  

2 No change  No change  

3 Decreasing  Decreasing  
4 No idea  No idea  
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3.8. If the answer to Q 3.7.is YES  what types of Physical SWC measures are in the study area   

Year                                          Types of SWC activity 

Stone Bund 

 in km 

Hili side 

terrace  

in km 

Trench 

in km 

Bench 

Trench 

 in km 

Soil bund  

in km 

Half moon  

in no 

Eye borrow  

basin in no  

2002        

2003        

2004        

2005        

2006        

2007        

2008        

2009        

2010        

2011        

2012        

2013        

2014        

2015        

2016        

2017        

2018        

 

3.9. Have you used Biological SWC Measure in the study area in the past ten years)?  (circle 

one)      A. Yes       B. No   

     3.10. If the answer to Q 3.9. is YES, what types of Biological SWC measures were in the 

study area from 2002 to 2018? 

No Biological SWC measure (more than one 

answer  is possible ) 

Tick on the Possible response 

individual  land  communal land 

1 Tree planting    

2 Live/vegetative barriers   

3 Private  tree nurseries    

4 Grass strip 

 

  

5 Cover  crops   

6 Area closure/mgmt.   

7 Agroforestry 
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3.11. If trees were planted, how many survived on your private land and Communal land?   

3.11.1.The total number of seedlings planted on your private land for the last ten years, _____           

3.11.2. Total number of seedlings currently survived ________  

 

No Sources of seedlings  Possible response (make X mark) 

1.  Own private nursery      

2.   Purchased from individual private nursery     

3.   Provided by the government for free   

4.  Provided by an NGO for free.      

5.  Bought it from government    

6.  Bought it from an NGO   

3.12.  Did your family participate in watershed management activities? (circle  one )  

A. Yes  B. No 

3.13. How did you benefit from watershed-based conservation activities?  

  

3.14.What types and amount of water harvesting structures are in the study area? 

No Types of Structure Unit No of structure 

1 Check dam M3  

2 River diversion No  

3 Spring development No  

4 Motor pumping No  

5 Shallow well No  

Other    

3.15. What type of crops are produced in the watershed? 

S/N Benefited from watershed Unit Year  

1 . Cut and carry of grass     

2  Provision of seedling      

3  Wood from trees     

4  Fruit from trees     

5  Honey production      

6 Improved environment      

7  Improved micro-climate      

8  Water availability improved     

 

 

9  More crop production    
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Crop Before watershed management After watershed management 

Average Product 

in ton/Kun 

Average 

income 

Average Product 

in ton/Kun 

Average income 

Sorghum     

Maize     

Wheat     

Barley     

Vegetable     

Potato     

Other     

3.16. What type of livestock population and diversifications are there? 

Livestock 

Species 

Before watershed management After watershed management 

No of livestock 

 

Amount of income 

 

No of livestock Amount of 

income 

 

Cows     

Oxen     

Sheep     

Goats     

Donkeys     

Chicken     

Others     

Part 4.  Farmers view about climate changes and their adaptation mechanisms 

4.1. How did you perceive the trends of the following climate elements, when you compare 

before watershed management intervention? 

4.2.  What are the main climate change adaptation mechanisms implemented in the watershed?        

Implemented activities      

Response 

Implemented activities         

Response 

YES NO YES NO 

Construction of soil bund    Using fertilizer   

Irrigation utilization     Crop rotation       

Check dam construction    Construction of deep trench   

Using improved seed   Plant community  wood lot   

Using fuel-saving stove 

  

  Participate in managing 

rangelands 

  

Forest protection    Gully reshaping practice   

Gully rehabilitation     Sowing grass   
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Compost preparation    Grazing land rehabilitation   

Leveled land       Stone terrace        

Water  development     Cut and carry system     

   

4.3. Did you perceive water availability in your area before and after watershed management?     

                            1.Yes                             2.No 

4.4.If your answer to Q 4.3.is Yes how much time do you consume to fetch water?   

         Before watershed management intervention    ___________________________ 

         After watershed management intervention     _____________________________ 

4.5.What are the Major Sources of your drinking water?  

            Before watershed management intervention    _________________________ 

          After watershed management intervention     ______________________________ 

4.6. Do you have irrigated land?     

  Before watershed management intervention (2001);       1. yes                 2. No           

 After watershed management intervention (2002);          1. yes              2. No       

4.7.  If the answer to Q 4.6 is Yes what is the source of water for the irrigation? 

S.N Source of irrigation water Possible response (make  X mark ) 

Before watershed 

management 
After watershed 

management 

1 River with  traditional canal   

2 River diverted  with  lined canal   

3 Pond    

4 Spring/wells using traditional means   

5 Spring/wells developed  with  pumps   

6 Others  (specify)   

    

4.8. If your answer to Q4.7 is yes” how many hectares of your land is under irrigation?  

  Before watershed management intervention (2001);     ___________________  

  After watershed management intervention (2002): _____________ ____  

4.9. Are you in conflict with your neighbor?  

 Before watershed management intervention      1. yes            2. no   

 After watershed management intervention        1. yes            2. no      
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4.10.If your answer to Q.4.9 is yes, what is the reason?_______________________________  

___________________________________________________________________________

___________________________________________________________________________ 
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4.11. If you compare the situation before and after the watershed management intervention, how was the impact of climatic 

hazards? Answer by ranking the severity of calamities in the table below and perceived trend .1. Very severe  2.Severe 3.Medium 

4.Slight 5.No calamity  

 

No Climatic hazards Severity Ranking 

before IWM  

Severity Ranking 

After  IWM  

 

Perceived trend after  

watershed management 

 

1 2 3 4 5 1 2 3 4 5 

In
cr

ea
si

n
g

 

d
ec

re
as

in
g

 

S
am

e 

 Drought due to less rainfall during the rainy season                  

 Floods due to intense rainfall Crop damage due to rainfall 

variability 

             

 Crop damage due to temperature variability              

 Rise in temperatures              

 Human diseases              

 Animal or crop pests and diseases              

 Frost               

 Landslide                   

 Soil erosion              

 Spreading of exotic weeds               

 Others(specify and rank)__               
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4.12. What are the main impacts of climate change before and after watershed management intervention Please use tick( √) mark 

 

Climate risk in 

the past TEN (15)  

years  

Before watershed management intervention After watershed management intervention 

The occurrence of 

calamities in the 

past15years ) 

How severe 

the problem

s are 

Did you 

get an 

early 

warning 

(Yes/No) 

The occurrence of 

calamities in the pa

st 15 years) 

How severe the shock  Did you get 

an early warn

ing (Yes/No) 

Drought        

Flood               

Too much rainfall               

Early rainfall               

Late rainfall               

Hailstorm               

Strong wind               

Livestock disease               

Crop disease               

Extreme heat               

Others (specify)        
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4.13. Farmers recall of rainfall pattern of  before and after watershed management intervention. 

Rainfall pattern in the past 

TEN (10)  years  

Before watershed management intervention After watershed management intervention 

Early=1,     On time=2,    Late=3                                                        Do not 

know 

Early=1,     On time=2,    Late=3                                                        Do not 

know 

In your view, did the rainy 

season begin early, on time, or 

late? 

        

  Below 

average  

Average  Above 

average  

Do not 

know 

Below  

average  

Average  Above 

average  

Do not 

know 

How would you 

characterize the amount of rain 

in the rainy season in  the 

given year, relative to the 

average rainy season? 

        

Have y o u  noticed any change  

on the availability of rain in 

the past ten years       
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Appendix II: Interview guide for key informant (Official of DWAO)  

1. Have you observed the impacts of watershed management intervention on climate change 

adaptation in the past one decade? 

2. How do you perceive the status and trends of temperature, rainfall, and wind when you 

compare with that before the intervention of the watershed approach? years back?  

3. How do you manage your private and communal lands (indigenous practices) before the 

intervention of the watershed approach? What measures do you use?  

4. Have you observed the impacts of watershed management intervention on agricultural 

production in the past decades? 

5. How do you evaluate land productivity without watershed management and with watershed 

management? 

6. Did the watershed management intervention improve water supply in the area? 

7. How is the water-borne disease before and after the watershed management intervention?  

8. How is the water used for irrigation before and after the watershed management 

intervention? 

9. Does your office provide any training program to enhance the participation of the 

community in watershed management intervention? Yes [ ]   No [  ]. If yes, how? 

10. What are some of the challenges you encounter in your training activities with the farmers? 

11. What are some of the possible measures your office is putting in place to solve these 

challenges? 

12. What type of problems or challenges did you observe in the watershed management 

intervention? 

 

 

 

 

 

 

 


