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ABSTRACT 

Soil erosion in Dire dam watershed is a widespread problem causing soil and organic matter 

losses and hence loss of fertility and reduction in crop yield. In addition to these on-site 

problems, it also produces important off-site effects, like downstream sediment depositions in 

fields, floodplains and water bodies, water pollution, eutrophication and reservoir siltation. This 

research has, therefore, been carried out to evaluate the soil erosion risk in the watershed. The 

research integrates the Revised Universal Soil Loss Equation (RUSLE) with a Geographic 

Information System (GIS) to quantify the potential soil erosion risk. Rainfall data, soil data, 

DEM data and satellite image were used as input data sets to generate RUSLE factor values. 

Raster calculator was used to interactively calculate potential soil loss and prepare soil erosion 

risk map. The result showed that the potential annual soil loss of the watershed ranges from 0.00 

to 263.25 ton/ha/yr and the mean annual soil loss rate is 58.3ton/ha/yr. Of the 9 sub-watersheds, 

four (47.5%) were predicted to experience annual soil loss of more than the watershed’s average 

(58.3 t/ ha/yr), whereas five sub-watersheds (52.5%) estimated annual soil losses were less than 

the average. The result also showed that very high soil loss (80.71 t ha/yr) is observed in sub-

watershed B and four sub-watershed (B, E, A & G) fell under very high and high soil erosion 

severity classes (60.43 – 80.71 t/ha/yr). Based on average annual soil losses, the sub-watersheds 

were divided into four priority categories for conservation intervention. As a result the critical 

sub-watersheds which are under very high and high category were selected and recommended to 

be intervened for conservation measures to reduce on-site soil loss and their off-site effects. 

 

 

 

Key Words: Dire Dam, Soil erosion risk, Watershed, RUSLE, GIS  
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1. INTRODUCTION 

1.1 Background and Justification 

Soil degradation by accelerated water and wind-induced erosion is a serious problem and will 

remain so during the 21st century, especially in developing countries of tropics and subtropics 

(Lal, 2001). Of all the processes leading to land degradation, erosion by water accounts for 56% 

of the total degraded land surface of the world (Oldeman et al., 1990). Judson (1965) was one of 

the first geologists to assess the world soil erosion. He estimated that the amount of river-borne 

soil carried into the oceans had increased from 9.9 billion tons a year before the introduction of 

agriculture, grazing and related activities, to the present rate of 26.5 billion tons a year.  

Hydrologists estimated that one-fourth of the soil lost through erosion in a watershed actually 

makes it to the ocean as sediment (FAO/UNEP, 1978). The remaining three-fourths are 

deposited on foothill slopes, in reservoirs, in river plains and other low-lying areas or in the 

river-bed itself, which often causes channel shifts. In an overview of global erosion and 

sedimentation, Pimental (1995) stated that more than 50% of the world’s pastureland and about 

80% of agricultural land suffer from significant erosion. 

Most studies in Ethiopia indicated that sheet and rill erosion by water and burning of cow dung 

and crop residue are the major components of land degradation that affects on-site land 

productivity (Hurni, 1993; Zeleke and Hurni, 2001). According to Fournier (1962) cited in Hurni 

(1985), the degradation and loss of soil resulting from soil erosion was estimated to be about 20 

tons per hectare which means about 1mm of soil depth per year across the country. Hurni (1989) 

indicated that Ethiopia loses about 1.9 billion metric tons of fertile soil from the highlands every 

year and the degradation of land through soil erosion is increasing at a high rate. According to 

the Ethiopian Highlands Reclamation Study (FAO, 1986), soil erosion had been forecasted to 

cost the country 1.9 billion USD between 1985 and 2010. 

The off-site effects of erosion such as reservoir sedimentation and water resources pollution are 

usually more costly and severe than the on-site effects on land resources (Phillips, 1989). 

Therefore, proper management of on-site effect of soil erosion could reduce the risks and 

negative impacts of downstream water resources due to water erosion. 
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Tackling the onsite effects of soil erosion requires an understanding of the rates of erosion 

processes as well as identification of the major controlling factors that enhance or retard these 

processes. The knowledge of “what are the factors and where” may help to distinguish the 

potential causes and the associated reasons behind the respective causes even though this may 

not be enough to design site specific management, as the factors playing a major role in erosion 

may be widely distributed within watersheds (Mirco et al., 2003). 

Modeling soil erosion is the process of mathematically describing soil particle detachment, 

transport, and deposition on land surfaces. There are at least three reasons for modeling erosion: 

(a) erosion models can be used as predictive tools for assessing soil loss for conservation 

planning, project planning, soil erosion inventories, and for regulation; (b) physically-based 

mathematical models can predict where and when erosion is occurring, thus helping the 

conservation planner target efforts to reduce erosion; (c) models can be used as tools for 

understanding erosion processes and their interactions and for setting research priorities (Nearing 

et al., 1990). 

The Universal Soil Loss Equation (USLE) is the most widely known and used empirical soil loss 

model all over the world (Wischmeier and Smith, 1965, 1978). Later in the 1980’s the United 

States Department of Agriculture-Agricultural Research Service (USDA-ARS) modified the 

model to the Revised Universal Soil Loss Equation (RUSLE), which was an improved version of 

USLE incorporating new approaches and corrections of the USLE limitations.  

The RUSLE computes sheet and rill erosion by taking into consideration several determining 

factors, such as the soil erodibility factor, rainfall intensity factor, slope length and steepness 

factor, cover and management factor and support practice factor. But it does not estimate gully or 

stream-channel erosion. Although USLE has many shortcomings and limitations, it is widely 

used, especially at regional and national level, because of its relative simplicity and robustness 

Desmet & Govers (1996) and because it represents a standardized approach. USLE has not been 

designed to operate at large scale, however, it was noted that there is room for improving the 

accuracy of results by using more detailed digital elevation models, satellite data, with enhanced 

geometric characteristics, and more detailed soil information.  
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A Revised Universal Soil Loss Equation (RUSLE) followed the same formula as USLE, but got 

several improvements in the determining factors and a broader application to different situations, 

including forest lands, rangelands and disturbed areas compared to USLE (Trojacek & 

Kadlubiec, 2004). RUSLE is a computation method that may be used for site evaluation and 

planning purposes and also for assisting in the decision process of selecting erosion control 

measures. It provides an estimate of the severity of erosion and also numerical results that can 

validate the benefits of planned erosion control measures in the risky areas (Silleos, 1990).     

Even though, Dire Dam is one of most important dams used as surface water sources for the city 

of Addis Ababa, intensive cultivation and socioeconomic pressure for more land have increased 

the rate of soil erosion in the watershed. The increasing soil erosion is detrimental both in terms 

of reduced agricultural productivity and environmental impacts such as nonpoint-source 

pollution. During the past years, algal bloom has taken place in Dire Dam because of sediments 

in to the Dam from the watershed. As a result, the Addis Ababa Water and Sewerage Authority 

(AAWSA) has been forced to allocate additional resources for treating the water for algae 

(AAWSA, 1998).  

With the aim of providing a valuable input for planning soil conservation strategies at the 

watershed level, an important aspect is identifying and targeting specific high-priority areas for 

the implementation of best management practices. If soil erosion will be minimized in the 

watershed, the sedimentation rates will also be minimized. Accordingly, the quality of the 

reservoir water will be improved, treatment plant costs will be reduced and the live storage 

capacity of the reservoir will be maintained. Thus, assessing and quantifying the extent, 

magnitude and rate of erosion as well as the economic and environmental consequences are very 

much required. 

Given the unique physical and biological conditions within the Dire Dam watershed, this 

research assesses the soil erosion risk by integrating the Revised Universal Soil Loss Equation 

(RUSLE) model with in a Geographic Information System (GIS) environment.  
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1.2 Statement of the problem 

Soil is an essential input to agricultural production. Especially, for a country like Ethiopia, where 

agricultural is the back bone of the economy and the livelihoods of the majority of the population 

depend on agriculture, this naturally abundant resource play a vital role for its productivity. 

Agricultural land use in Ethiopia often results in the degradation of natural soil fertility and 

reduced productivity. Soil degradation under farming mostly brings about soil erosion, 

sedimentation and leaching. 

Soil erosion occurs when soil particles are carried off by water or wind and deposited somewhere 

else. Erosion begins when rain or irrigation water detaches soil particles. Relf (2001) stated that 

when there is too much water on the soil surface, it fills surface depressions and begins to flow. 

With enough speed, this surface runoff carries away the loose soil. Other problems caused by 

soil erosion include loss of soil nutrients, declining crop yields & reduction in soil productivity 

(Renard et al., 1997). Moreover, soil moved by erosion carries nutrients, pesticides and other 

harmful farm chemicals into reservoirs, rivers, streams and ground water resources (Nyakatawa 

et al., 2001).  

Eroded soils are deposited in water systems leading to pollution and siltation which cause drastic 

reduction of water volume and quality, and eventual siltation and drying up of rivers, water 

reservoirs and dams. Hence, the aquatic life is eventually eliminated. Soil erosion being a 

complex interaction process of many factors, most basic of which are the edaphic (soil) and 

rainfall factors that need to be tackled effectively. 

Study conducted by Tahal Consulting Engineers (2000), reveals that water quality in the 

Legedadi reservoir, which is found in close proximity with Dire reservoir, has deteriorated over 

the past twenty years. Raw water turbidity has increased considerably since the mid-eighties. 

Whereas turbidities were previously close to 200 FTU during the rainy season of July-September 

and even less than 100 FTU in the dry season. Turbidity in the rainy season now exceeds 1,000 

FTU and declines to about 500 FTU in the dry season. This has two main adverse impacts, 

namely, an increase in water treatment costs (high demand for chemicals), and more critical is 

the sedimentation. This escalated the cost of water treatment in recent years. 
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Even though soil erosion is a serious problem that is widely recognized, what is difficult to 

assess reliably and precisely, however, is its dimensions – the extent, magnitude, and rate – of 

soil erosion and its economic and environmental consequences (Lal, 1994). 

Taking into account the importance of the area for the metropolitan and sensitivity of the 

watershed, and in view of the hazards to harvesting water for impoundment in the reservoirs for 

supplying water to the metropolitan area, the study was conducted to assess the extent, 

magnitude, rate and overall erosion risk of Dire Dam watershed.  

1.3 Objectives of the study 

1.3.1 General Objective  

The general objective of the study is to examine the state of soil erosion and the subsequent 

sedimentation of the Dire Dam, which is one of the key water supply infrastructures to the city. 

The study also tries to identify hot spot areas of sediment sources for prioritized actions.  

1.3.2 Specific Objectives 

 To estimate the actual average annual soil loss from the watershed;  

 To prioritize sub-watershed for intervention on the basis of erosion risk; 

 Determine erosion hazard in the watershed and suggest areas for appropriate initiation of 

conservation measures;  

1.4 Research Questions  

The Research questions of the study include: 

 What is the mean annual rate of soil loss in Dire Dam Watershed? 

 Which part of the watershed is the main source of sediment to the dam? 

 Which areas of the watersheds need to be given highest priority for conservation 

measures? 
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2. LITERATURE REVIEW 

2.1 Soil Erosion and its Extent  

Soil erosion was defined earlier by Bennet (1939) as the vastly accelerated process of soil 

removal brought about by human interferences with the normal equilibrium between soil 

building and soil removal. Mitchell and Bubnezer (1980) also defined soil erosion and soil loss 

in the following way: “Soil erosion is the gross amount of soil moved by drop detachment or 

runoff and Soil loss is the soil moved off a particular slope or field”. 

Soil erosion is one of the most serious environmental problems in the world today, as it threatens 

agricultural and natural environment (Vrieling, 2006). As sources cited by Deore (2005), study 

on global soil loss has indicated that soil loss rate in the United States is 16 t/ha/yr; in Europe it 

ranges between 10 – 20 t/ha/yr, while in Asia, Africa and South America between 20 and 40 

tons/ha/yr. 

As mentioned by Hawando (1995), the recorded annual soil erosion in Ethiopia ranges from 16-

300 tons/ha/yr depending mainly on the slope, land cover, and rainfall intensities. According to 

the Ethiopian highland reclamation study (FAO, 1984), in mid 1980’s 27 million ha or almost 

50% of the highland area was significantly eroded, 14 million ha seriously eroded and over 2 

million ha beyond reclamation.  

In general, Soil erosion is one of the major factors causing severe land degradation problem in 

Ethiopia, which in turn is threatening the agricultural productivity and the very survival of the 

overwhelming majority of the rural population. The rate of soil loss, depletion of soil organic 

matter and nutrients as a result is so high and much faster than they can be replaced. The 

Ethiopian Highland Reclamation Study (FAO, 1986) estimated that water erosion moves nearly 

1.9 billion tons of fertile soil from highlands annually. 

2.2 Soil Erosion Types   

Soil erosion is the removal of soil from the earth’s surface by erosive agents such as water and 

wind. Water erosion involves the detachment, transport and deposition of soil particles by the 

erosive forces (Renard et al., 1997). Any soil condition which encourages surface run-off brings 
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with it the risk of soil wash and erosion. If the water flow is significant or concentrated, then 

shallow channels (rills) may be formed which can become deeper gullies. Soil erosion by water 

occurs in various forms (e.g., splash, sheet, rill, gullies) depending on the stage of progress in the 

erosion cycle and the position in the landscape. Some of the types of erosion are discussed 

below:  

2.2.1 Rain Splash Erosion 

Rain splash Erosion is the result of water falling directly on to the ground during rainstorms or 

when it is intercepted by the canopy and finds its way through the ground (Morgan, 1995). Some 

of the water infiltrates into the soil, while some water stays on the surface saturating it and 

weakening natural soil aggregates so that the impact of subsequent raindrops breaks them down. 

2.2.2 Sheet Erosion 

Sheet erosion occurs as a shallow 'sheet' of water flowing over the ground surface, resulting in 

the removal of a uniform layer of soil from the soil surface. Although often difficult to recognize, 

sheet erosion is responsible for extensive soil loss in both cultivated and non-cultivated 

environments. Raindrops detach the soil particles, and the detached sediment can reduce the 

infiltration rate by sealing the soil pores. The eroding and transporting ability of overland flow 

depends on the rainfall intensity, infiltration rate, slope steepness, soil properties, and vegetative 

cover (Fangmeier et al., 2006). 

2.2.3 Rill Erosion 

Rill erosion is the detachment and transport of soil by concentrated flow of water. Rills are 

eroded channels that are small enough to be removed by normal tillage operations. Rill erosion is 

the predominant form of surface erosion. Rill initiated at a critical distance down slope where 

surface runoff concentrates and becomes channeled. These channels are called rills when they 

are small enough to not interfere with field machinery operations. The water in a rill has 

sufficient depth for turbulence to develop in it and therefore entrain large particles (Morgan, 

1995). 



Soil Erosion Risk Assessment with RUSLE and GIS in Dire Dam Watershed  2011 

 

Israel Tessema (Master of Science)                   Addis Ababa University  8 

 

2.2.4 Gully Erosion 

Gully erosion produces channels larger than rills. These ephemeral channels carry water during 

and immediately after rains. Gullies are distinguished from rills in that gullies cannot be 

obliterated by tillage. The amount of sediment from gully erosion is usually less than from 

upland areas, but the nuisance from having fields or developed areas divided by large gullies is 

often a greater problem (Fangmeier et al., 2006). 

The rate of gully erosion depends primarily on the runoff-producing characteristics of the 

watershed, the drainage area, soil characteristics, the slope in the channel, and the alignment, 

size, and shape of the gully (Bradford et al., 1973). 

2.3 Impact of Soil Erosion by Water 

The problem of soil erosion has been a problem ever since land was first cultivated. The 

consequence of soil erosion occurs both on- site and off-site. In Ethiopia, the on-site impacts of 

soil erosion are most frequently studied, typically by estimating the productivity losses as 

economic cost of soil erosion. Less well known and documented are the off-site costs of soil 

erosion (Eyasu, 2003). 

On site effects are those that are happens at the site where erosion occurs. Such effect is  

particularly important on agricultural land where the distribution of soil with in a field , the loss 

of soil from a field , the breakdown of soil structure, the decline in organic matter and nutrient,   

a reduction of cultivable soil depth and a decline in soil fertility happens. Erosion also reduces 

available soil moisture, resulting in more drought prone conditions. The net effect is loss of 

productivity which at first restrict what can be grown and results in increased expenditure on 

fertilizer to maintain yields, but latter threatens food production and leads ultimately , to land 

abandonments (Santra, 2001). In Ethiopia, the EHRS estimated an on-site productivity loss of 60 

million Ethiopian Birr in 1986 due to soil erosion (FAO, 1986; Sutcliff, 1993). 

An off-site effect are those which occurs when runoff and sediments from one field, watershed or 

waterway enters to another. These downstream effects reduce the capacity of river and drainage 

ditches, enhance the hazard of flooding, blocking irrigation canals and shorten the design life of 

reservoirs. Many hydro-electric and irrigation projects have been ruined as a result of erosion 
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(Santra, 2001). According to Ethiopian Electric Power Corporation (EEPC, 2002) yearly 18x106 

tons of sediments would enter into Koka reservoir from its approximately 4050 km2 catchment. 

Lal (1998) classified the off-site effects of soil erosion into three categories: (i) damage to 

present and future crop growth, (ii) adverse change in environment; and (iii) damage to civil 

structure. 

2.4 Factors Affecting Soil Erosion by Water  

The major factors affecting soil erosion are climate, soil properties, vegetation characteristics, 

and topography. These factors are not totally independent, as geology affects topography, which 

can influence climate and the like. Human disturbances, such as tillage and construction, and 

natural disturbances, such as severe weather or fire, dramatically increase erosion. Of these, the 

vegetation and some disturbances, and, to a lesser extent, the soil and topography can be 

managed to reduce erosion (Fangmeier et al., 2006). 

2.4.1 Climatic Factors  

Climatic attributes affecting erosion are precipitation, temperature, wind, humidity, and solar 

radiation. Soil erosion occurs when raindrops act upon the soil particles. Soil loss is closely 

related to rainfall partly through the detaching power of raindrops striking the soil surface and 

partly through the contribution of rain to runoff. Potential ability of rain to cause erosion is 

known as erosivity (R) factor (Renard et al., 1997). Raindrops while falling acquire kinetic 

energy and on impact, the kinetic energy is used up in detaching the soil particles. Energy is 

required to break the soil aggregates, splashing them and subsequently carrying them with runoff 

(Saavedra, 2005). 

2.4.2 Soil Factors  

Physical properties of soil affect the infiltration capacity and the extent to which particles can be 

detached and transported. In general, soil detachability increases as the size of the soil particles 

or aggregates increase, and soil transportability increases with a decrease in the particle or 

aggregate size. That is, clay particles are more difficult to detach than sand, but clay is more 

easily transported. The properties that influence erosion include soil structure, texture, organic 

matter, water content, clay mineralogy, and density, as well as chemical and biological 
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characteristics of the soil (Fangmeier et al., 2006). The susceptibility of soil to erosion agents is 

generally referred to as soil erodibility (Renard et al., 1997).  

Generally, soils with faster infiltration rates, higher levels of organic matter and improved soil 

structure have a greater resistance to erosion. Soils high in clay have low K values, because they 

are resistant to detachment. Coarse textured soils, such as sandy soils also have low k values, 

because of low transportability even though these soils are easily detachable. Medium textured 

soils, such as silty loam soils, have a moderate k values, because they are moderately susceptible 

to detachment and they produce moderate runoff. Soils having high silt content are the most 

erodible of all soils as they cause a decrease in infiltration (Saavedra, 2005). 

2.4.3 Topographic Factors  

Topographic features that influence erosion is slope length and steepness, shape (including 

concave, uniform, or convex) and size and shape of the watershed. The slope factors (LS) refer 

to topographic and/or relief factor. Erosion would normally be expected to increase with increase 

in slope steepness and slope length as a result of respective increases in velocity and volume of 

surface runoff (Doere, 2005). Steeper terrain slopes cause higher runoff velocities, more splashes 

downhill and faster flow and therefore contributes greater soil erosion. Erosion only doubled for 

a steepness change from 2-20% and the erosion rate tends to level off (Remortel et al., 2001). A 

slight increase in detachment rate probably occurs as the raindrops strike at a greater angle, but 

this effect should not cause a major change in total splash detachment. 

2.4.4 Ground Cover Factor  

Vegetation cover is one of the most crucial factors in reducing soil erosion. Vegetation reduces 

soil erosion by: protecting the soil against the action of falling raindrops, increasing the degree of 

infiltration of water into the soil, reducing the speed of the surface runoff, binding the soil 

mechanically, maintaining the roughness of the soil surface, and improving the physical; 

chemical and biological properties of the soil (De Asis and Omasa, 2007). 

Differences in erosion rates are commonly related to land use in areas where soil, climate, and 

topography are similar, For example, in Malaysia, the rate of soil erosion increased from 0.24 

ton/ha/yr under natural forest to 4.9 ton/ha/yr in areas of mature coffee, to 7.32 ton/ha/yr in areas 
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with cultivated vegetable crops (Lal, 1990). In Puerto Rico, soil erosion in coffee plantations 

without ground cover was ten times greater than from adjacent areas of coffee with natural 

ground cover (Smith and Abruna, 1955 as cited in Lopez et al., 1998). 

To account for the effect of vegetation in erosion assessments, a cover and management factor 

(C-factor) has often been used. The C-factor is defined as the ratio of soil loss from land cropped 

under specified conditions to the corresponding clean-tilled continuous fallow (Wischmeier and 

Smith, 1978). 

2.4.5 Conservation Practice Factor  

Especially in agricultural areas, conservation practices such as contouring, strip cropping, or 

terracing, reduce soil losses. For instance, in areas where there is terracing, runoff speed could be 

reduced with increased infiltration, ultimately resulting in lower soil loss and sediment delivery. 

The effectiveness of such practices is often analyzed with a support practice factor (P-factor) 

which is defined as the ratio of soil loss with the practice applied and up- and down slope 

cultivation (Wischmeier and Smith, 1978; Renard et al., 1997). P-values have been assigned to 

land use classes using literature values and ranges from 0 to 1 (Kaltenrieder, 2007). 

2.5 Soil Erosion Models  

A wide variety of models are available for assessing soil erosion risk. Erosion models can be 

classified in a number of ways. One may make a subdivision based on the time scale for which a 

model can be used: some models are designed to predict long-term annual soil losses, while 

others predict single storm losses (event-based). 

Field studies for prediction and assessment of soil erosion are expensive, time-consuming and 

need to be collected over many years. Though providing detailed understanding of the erosion 

processes, field studies have limitations because of complexity of interactions and the difficulty 

of generalizing from the results. Soil erosion models can simulate erosion processes in the 

watershed and may be able to take into account many of the complex interactions that affect rates 

of erosion. The choice for a particular model largely depends on the purpose for which it is 

intended and the available data, time and money (Lal, 2001). 
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Erosion models allow users to ascertain temporal trends, examine spatial variations, identify 

critical processes and explore the possible impacts of remedial measures and the relative 

effectiveness of implementations strategies for erosion and sedimentation controls (Baigorria and 

Romero, 2007). Modeling in soil erosion is the process of mathematically describing soil particle 

detachment, transport and deposition on land surfaces. The objective of soil erosion models is 

either predictability or explanatory (Petter, 1992). In general, the models fall into three main 

categories: conceptual, empirical and physically based models. 

Conceptual models play an intermediary role between empirical and physical based models. 

Whilst they tend to be aggregated, they still reflect the hypotheses about the process governing 

system behavior. This is the main feature that distinguishes conceptual model from empirical 

models (Beck, 1987).  According to Renschler (1996), conceptual models tend to include a 

general description of catchment processes, without including the specific details of process 

interactions, which would require detailed catchment information. This allows these models to 

provide an indication of the qualitative and quantitative effects of land use changes, without 

requiring large amount of spatially and temporally distributed input data (Merritt et al. 2003).  

Physically based models are models based on the knowledge of the fundamental erosion 

processes; and incorporate the law of conservation of mass and energy (Bennett, 1974). In 

theory, the parameters used in physical-based models are measurable and so are known (Merritt 

et al., 2003). In practice, the large number of parameters involved and the heterogeneity of 

important characteristics, particularly in catchments, means that these parameters must often be 

calibrated against observed data (Beck, 1987). Examples of physically based models are the 

Water Erosion Prediction Project (WEPP) and the Soil and Water Assessment Tool (SWAT). 

Empirical models are generally the simplest of the three model types. They are based primarily 

on defining important factors through field observation, measurement, experimentation and 

statistical techniques relating erosion factors to soil loss (Petter, 1992). Empirical models are 

frequently used in preference to more complex models as they can be implemented in a situation 

with limited data and parameters input (Merritt et al., 2003). They are particularly useful as a 

first step in identifying the sources of sediments. The Universal Soil Loss Equation (USLE) and 

its revised version RUSLE are two of the empirical models that have been most widely used and 
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generally accepted by the natural resources community because they are relatively easy to use 

(Saavedra, 2005). 

2.6 Revised Universal Soil Loss Equation (RUSLE) Model  

The first attempt to develop a soil loss equation for areas such as hill slopes and fields was that 

of Zingg (1940), who related erosion to slope steepness and slope length. Further developments 

led to the addition of a climatic factor based on the maximum 30-minute rainfall total with a two-

year return period (Musgrave, 1947), a crop factor, to take account of the protection 

effectiveness of different crops (Wischmeier & Smith, 1958), a conservation factor and a soil 

erodibility factor. Changing the climatic factor to the rainfall erosivity index (R) ultimately 

yielded the USLE (Wischmeier & Smith, 1978). 

The Revised Universal Soil Loss Equation (RUSLE) is an empirically based model that has the 

ability to predict the long term average annual rate of soil erosion on a field slope as a result of 

rainfall pattern, soil type, topography, crop system and management practices (Renard et al., 

1997). It retains the factors of the USLE by including improved means of computing soil erosion 

factors. The RUSLE model in GIS environment can predict erosion potential on a cell-by-cell 

basis, which is effective when attempting to identify the spatial pattern of soil loss present within 

a large watershed area (Shi et al., 2003). GIS can then be used to isolate and query these 

locations to identify the role of individual variables in contributing to the observed erosion 

potential value (Saavedra, 2005). In spite of this advantage, RUSLE does not estimate sediment 

deposition and gully erosion. 

RUSLE computes average annual erosion as a function of six factors (Renard et al., 1997): 

A = R * K * L * S * C * P 

Where: A = computed average annual soil loss in tons/hectare/year; R = rainfall-runoff erosivity 

factor; K = soil erodibility factor; L = slope length factor S = slope steepness factor; C = cover 

management factor; and P = conservation practice factor. 

2.7 The use of GIS and Remote Sensing in Soil Erosion Modeling   

Several studies showed the potential utility of RS and GIS techniques for quantitatively assessing 

erosional soil loss (Saha et al., 1991; Mongkoisawat et al., 1994).The advancement in the remote 
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sensing and GIS technology provide an effective analytical tool in the modeling of soil erosion. 

Soil erosion is spatial phenomena, thus geo-information techniques play an important role in 

erosion modeling (Yazidhi, 2003). The potential utility of remotely sensed data in the form of 

aerial photographs and satellite sensors data has been well recognized in mapping and assessing 

landscape attributes controlling soil erosion, such as physiography, soils, land use/land cover, 

relief, soil erosion pattern (Pande et al., 1992). 

In a GIS environment, it is possible to link data generated from remote sensing with their spatial 

location (Beck, 1987). In general the use of geo-information techniques offer the following 

advantages in erosion modeling: fast and cost effective estimates, possibilities to investigate 

larger areas,  greater possibilities of continuous monitoring of these areas and possibilities to 

refine the soil erosion model depending on the required output scale i.e. rough global to more 

precise local scale. According to Yazidhi (2003), the use of digital elevation models and GIS 

offers possibilities to estimate topographical parameters that are useful in soil erosion modeling. 

2.7.1 Remote Sensing 

The basic fundamentals in remote sensing are the properties of electromagnetic radiation and 

their interaction with matter. Remote sensing has opened a new era in the planning and 

development of watershed management, as satellites imagery provides a fast and economic way 

to analyze large watersheds by virtue of their synoptic and repetitive coverage (Jain and Goel, 

2002). Thus, by using multispectral data appropriately, different ground features can be 

differentiated from each other and a thematic map depicting land use/land cover can be prepared. 

Satellite imagery has been well utilized in different studies for watershed characterization and 

management aims (Saxena et al., 2000) and for measuring qualitative and quantitative terrestrial 

land-cover changes (Lu et al., 2004) in a watershed. 

For soil erosion assessment in a watershed, remote sensing has been used for both detecting 

erosion features and obtaining erosion model input data (Petter, 1992). Remote Sensing can 

facilitate studying the factors enhancing the process, such as soil type, slope gradient, drainage, 

geology and land cover. Multi-temporal satellite images provide valuable information related to 

seasonal land use dynamics. DEM (Digital Elevation Model) one of the vital inputs required for 
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soil erosion modeling can be created by analysis of stereoscopic optical and microwave (SAR) 

remote sensing data (Pande et al., 1992). 

2.7.2 Geographic Information System (GIS) 

Soil loss by erosion is most frequently assessed by USLE. Spanner et al. (1982) first 

demonstrated the potential of GIS for erosional soil loss assessment using USLE. GIS is 

characterized by its capability to integrate layers of spatially oriented information. The number 

and type of applications and analysis that can be performed by GIS in a watershed are as large 

and diverse as the available geographic datasets (Deore, 2005). 

GIS has been widely used in characterization and assessment studies which require a watershed-

based approach (Khan et al., 2001). In addition, the modeling and visualization capabilities of 

modern GIS, offer fundamentally new tools to understand the processes and dynamics that shape 

the physical, biological and chemical environment of watersheds(Jain and Goel, 2002). Mapping 

soil erosion using GIS can easily identify areas that are at potential risk of extensive soil erosion 

and provide information on the estimated value of soil loss at various locations in the watershed 

(Shi et al., 2003). Remote sensing and GIS techniques were utilized in the present study to 

identity priority areas for conservation measures on the basis of erosion risk map. 
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3. MATERIALS AND METHODS 

3.1 Description of the Study Area 

3.1.1 Geographical Location  

Dire Dam watershed is located adminstratively in the Bereh Wereda of the Finfine Zuriya 

Special Zone, in the Oromiya National Regional State (Figure 3-1). It is located in the upper 

north-western narrow part of the Awash Basin. The Dire Dam watershed is found approximately 

37 km northeast of Addis Ababa along the main road to Debre Birehan between UTM 

coordinates of 0481000 E to 0496000 E and 1010000 N to 1,020,000 N. It covers surface area of 

78 km2.  

Figure 3-1: Location of the Study Area  
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The clay core dam which has been constructed in the watershed, for water harvesting and to 

supplement water supply to Addis Ababa started operation in April 1999. The reservoir is 

connected by pipeline to the Legedadi water treatment plant. Dire dam is one of the three dams 

serving as a surface water source to the Addis Ababa city. The others are Geffersa Dam which is 

found in the west of Addis Ababa constructed in 1943 and Legedadi Dam which is found 

northeast of Addis Ababa constructed in 1967. The Dire dam is  surrounded by many inhabitants 

whose livelihoods are predominantly rain fed agriculture and livestock rearing.  

3.1.2 Accessibility 

Only the eastern part of the catchment is well accessible, this is mostly due to the recent past 

road construction measures in conjunction with a reforestation program in this area. Besides, the 

eastern parts of the catchment area are the most populated areas. In contrast, the western part of 

the catchment is not covered by Eucalyptus plantation. Road construction in this area is not 

common because of the steep topography.  

Except the western part, which is mountainous, the rest of the reservoir area is accessible by 

four-wheel drive vehicles. The Addis Ababa-Dessie main asphalt road runs south of the dam site. 

The Dam site is accessible 30 Km along the Addis Ababa _ Dessie main asphalt road and by all 

weather road which is about 7 Km to the north of Addis Ababa_ Dessie road. 

   Plate 3-1: Partial view of the watershed in the western side 
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3.1.3 Climate  

Based on the agro climatic classification of Ethiopia (Hurni, 1986), Dire Dam watershed area is 

characterized by Moist Dega agro-climatic Zones, with altitude ranging from 2456 m.a.s.l around 

the dam site (south eastern edge) to 3229 m.a.s.l in the upper ridge (Figure 3-3). There is no 

metrological station within the watershed and based on the data obtained from six metrological 

stations (Addis Ababa Observatory, Entoto, Sendafa, Sululta, Aleltu and Muke Ture) around the 

study area, the average annual precipitation of the area is 1136.8 mm.  

The rainfall is bimodal type, which is distributed into the first and shorter rainy season occurring 

in the months between February and April, and a second longer rainy season occurring between 

June and September. The mean monthly rainfall of the study watershed is shown in figure 3-2 

below. According to the information obtained from the farmers of the area, the low laying area of 

the watershed was previously Belg producing region, now a days, the short rains (Belg) 

occurring between February and April are erratic and not sufficient for rain fed crops production.  

Based on the three metrological stations data (Addis Ababa Observatory, Entoto and Sululta) the 

mean annual maximum temperature of the study area is 21.6oC and the mean annual minimum 

temperature is 7.5oC. There is no temperature data in Sendafa, Aleltu and Muke Turi stations for 

they are class four metrological stations.  

 

 Figure 3-2: Average monthly rainfall of the study area for 15 years (Source: ENMA) 
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3.1.4 Topography  

Dire watershed is part of the Entoto mountain range and covers an area of approximately 78 km2 

and it is drained by the Bosena River. The Dire watershed is mountainous with a relative relief of  

RR = 0.0604 and elevation difference of 773m reaching a maximum altitude of 3229 m a.m.s.l. 

and featuring a maximum length of watershed (LE = 12.8 km). The major physiographic units 

found in the catchment area are: mountains, dissected side slopes of mountains, hills, steep to 

undulating foot-slopes, gullies, valleys, and undulating plains and flat plains. Elevation of the 

watershed varies from 2456 m to 3229 m above mean sea level (Figure 3-3). 

3.1.5 Geology and Soils  

According to the geological map of Ethiopia (Kazmin, 1972), the project area is underline by 

volcanic rocks of (upper Miocene Pleistocene) megedela group. Dire Dam watershed is 

characterized by geologic formation from recent quaternary sediments to the relatively older 

pyroclastic basic rock. The recent quaternary sediments include colluvial deposits, residual soils 

and river deposits. In addition to the above recent geologic formation there are exposures of 

pyroclastic rocks and basic lava flow. Among the pyroclastic rocks: Ignimbrite (welded buff), 

Tuff and volcanic ash and Agglomeratic (pyroclastic) Basalt (AAWSA, 1995). The overall 

geomorphologic relief of the Dire catchment area is characterized by plateau areas, escarpments 

with steep slope sections and infill zones where alluvial and colluvial sediments are deposited.   

In the plateau area and the escarpment of the watershed Luvisols are the predominant soil type. 

Luvisols are soils that have a higher clay content in the subsoil than in the topsoil as a result of 

pedogenetic processes (especially clay migration) leading to an argic subsoil horizon. Most 

Luvisols are fertile soils and suitable for a wide range of agricultural uses. Luvisols on steep 

slopes require erosion control measures. The rest of the physiographic units are dominated by 

cambisols and vertisols with soil depth of more than 1 meter in the lower parts of the watershed. 

The watershed is characterized by a range of volcanic mountains rising to elevations range from 

2,456 to 3,229 m.a.m.s.l.  
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Figure 3-3 DEM of the Study Area 

3.1.6 Land Use and Land Cover 

3.1.6.1 Land Use  

The main land use units of the watershed area are: settlements surrounded by Eucalyptus wood, 

cultivated land, Eucalyptus plantation, Grassland, Bare land and water bodies (Table 3-1). The 

cultivated fields situated on the steep and undulating slopes are not protected from water erosion 

by any soil and water conservation measures. The farming system of the watershed is mixed 

farming with dominantly oxen plough cereal crop production and livestock rearing.  

According to Bereh Wereda Agriculture and Rural Development Office, almost all cultivated 

land of the watershed is used for annual crops cultivation.  The major crops grown in the 

watershed includes Wheat, Barley, Oat and Beans. Grazing land occupies 95 ha that is about 

1.22 % of the total watershed area. About, 3493 ha of the Eucalyptus plantation and 945 ha bare 
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land account for about 56.84% of the watershed area and these areas are also used for grazing. 

Excluding the state owned Eucalyptus plantation, the land under natural forest is insignificant.  

Table 3-1 Current Land Use data of Dire Dam watershed  

 

Sr. No. 

 

Land Use and Land Cover Types 

Area Coverage 

( Ha) (%) 

1 Water Body 88 1.13 

2 Eucalyptus Woodland 3493 44.74 

3 Grazing Land 95 1.22 

4 Cultivated Land 3002 38.45 

5 Bare Land 945 12.10 

6 Settlement  184 2.36 

   

3.1.6.2 Vegetation Cover  

It is well understood that Vegetation in a watershed plays multiple jobs that include intercepting 

raindrops, reducing surface runoff, and there by control erosion, maintain soil fertility and 

regulate the microclimates. It also helps to enrich ground water sources.  Nevertheless, in this 

watershed, the vegetation cover is dominated by Eucalyptus plantation. Much of the natural 

vegetation in the area has been destroyed or altered by extensive cultivation and human 

settlements. 

Before 1960s, as elders of the area indicated, the mountainous areas were covered with 

indigenous trees like Juniperus procera. The original, ancient forest has almost vanished in the 

highlands and other parts of the watershed due to excess uncontrolled felling and lack of forest 

management.  
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Plate 3-2: Partial view of Vegetation cover of the watershed 

 

 

Plate 3-3: Partial view of some remnant indigenous trees (Juniperus procera) of the 
watershed 
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3.2 Data Sources  

Primary data were generated from satellite image, and ground truth data were collected from the 

field. Besides, secondary data such as topographic maps 1:50 000, DEM from ASTER image, 

soil and rainfall maps. 

3.2.1 Precipitation (Rainfall) data 

There is no any metrological station within the watershed. As a result, six stations were used in 

this study, which are located around the study watershed. The monthly amounts of precipitation 

for these stations were collected over years by the National Metrological Agency. The majority 

of these monthly precipitations were derived from more than 15 years of precipitation data. The 

annual rainfall surface was interpolated from these 6-points observations in ArcGIS by the 

spatial analyst tool. The analysis is done using the raster data model.  

3.2.2 Soil Data  

The soil data for this study was obtained from digital soil map of FAO (1986) (1:1000, 000 

scale) and used to develop the soil map for soil erosion risk analysis. The soil map has a polygon 

shape format. The soil feature map of the study area is obtained by clipping the FAO soil map of 

Ethiopia with the study watershed in the GIS environment. Then, erodibility value (K factor) is 

assigned for each of the three soil types based on their colors as indicated by (Hurni, 1985).  

3.2.3 The digital elevation model (DEM) 

The Advanced Space borne Thermal Emission and Reflection Radiometer (ASTER) Global 

Digital Elevation Model (GDEM) was developed jointly by the Ministry of Economy, Trade, and 

Industry (METI) of Japan and the United States National Aeronautics and Space Administration 

(NASA). This ASTER GDEM is used in this study to generate the slope map of the study area. 

The ASTER GDEM has a 30 meter spatial resolution.  

3.2.4 Land use and land cover layer 

The 2008 Landsat ETM+ satellite image, Path 168 and Row-054, acquired on 11/02/2008 was 

used to classify the current land use and land cover map of the study watershed. The image has 

30 * 30 meter resolutions. 
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In addition, ground truth data were used, which is a vital reference for supervised classification, 

accuracy assessment and validation of the result. The field data collection was done to verify the 

classified image and to collect the necessary land use/land cover data for training area 

delineation and accuracy assessment. The selection of appropriate time for ground data 

collection is one fundamental issue. Ground truth data were collected during similar season of 

image acquisition.  

Having this in mind a detailed field data collection was done from February 20 to 30, 2011. The 

equipment and materials used during field data collection was unsupervised classified land use 

and land cover map of 2008, GPS, Digital Camera and check list. Data collection for supervised 

classification was done simultaneously, through the selection of a known point both on the 

ground and on the map. The land use/land cover information and coordinate values have been 

recorded. To minimize the expected possible error from GPS, the reading and comparisons have 

been taken by moving into the center of the land use/land cover rather than taking the reading 

from the edge.  

3.2.5 The topographic map  

Description of the topographic map used for this study includes: scale 1:50,000 (Addis Ababa 

NE), Series (ETH4), Sheet (0938D4) and Edition (2 EMA 1982). This medium scale map was 

purchased from EMA and scanned with 400 DPI. The map has better information about the 

topographic features of the watershed and the production of digitized data is based on this 

topographic map. This top sheet was used as a base map for georeferencing the input data and 

vector data generation. For the purpose of georeferencing all the routine steps of digital image 

processing were applied using ArcGIS software. During georeferencing, data integration and 

compatibility with the national reference system considered are:  

 Projection UTM, 

 Spheroid WGS 1984 

 Datum WGS 1984 

 UTM Zone 37 North. 
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3.3 Remote Sensing Data Analysis  

3.3.1 Image Processing 

Landsat image of 2008(ETM +) was used for this study. For each of them digital image 

processing operations such as image restoration, georeferencing, image enhancement and image 

classification (unsupervised and supervised) have been done using ERDAS Imagine 9.2 image 

processing software. 

Area of interest is delineated using ERDAS IMAGIN 9.2 software and study area is digitized 

using Arc GIS software from topographic map of scale 1:50000 after the topographic map is 

geo-referenced or projected to Datum: UTM/WGS 1984, 37N. Then, subset was prepared for the 

imageries based on area of interest (AOI). 

3.3.2 Image Classification  

Image classification is necessary to convert image data to thematic data. According to Lillesand 

and Kiefer (1994), the overall objective of image classification procedures is to automatically 

categorize all pixels in an image into land use/land cover classes. Notice that data are 

transformed into information. Multispectral classification is one of the most often used methods 

of information extraction (Jensen, 1996). 

In classifying the images, both unsupervised and supervised image classifications techniques 

were applied. The unsupervised was done before field work. Supervised classification requires a 

prior knowledge of the scene area in order to provide the software with unique training classes. It 

is up to the user to define the original pixels that contain similar spectral classes representing 

certain land cover classes. Correspondingly, representative points believed to represent the 

various land cover classes were marked using GARMIN GPS 12 during the field visit. These 

points were used to sample representative signatures for various land cover types identified 

during the field visit.  

Following this, supervised land use and land cover classification has been carried out using 

ERDAS Imagine software from 2008 Land sat Satellite image. The maximum likelihood image 

classification was utilized for the supervised classification. 
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By having applied the techniques of image classification, land use and land cover types have 

been classified so as to use the classified images as inputs for generating crop management (C) 

factor and support practice (P) factor of the Revised Universal Soil Loss Equation. With the help 

of visual interpretation elements and the different reflection characteristics of the features in the 

satellite image of 2008, the study area has been classified into six land use and land cover 

classes, namely, cultivated land, Grazing land, Bare land, Eucalyptus plantation, Settlement and 

Water body as shown in Figure 3-4. Descriptions of each of the land cover categories of the 

study watershed are presented in Table 3-2. 

 

 Figure 3-4: LULC Classification map of Dire Dam Watershed 
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Table 3-2: Descriptions of land cover categories of the study area 

Sr. No. Land Cover 

Category 

General description 

1 Water Body Areas under manmade Dire dam reservoir.  

2 Eucalyptus 

Plantation 

Areas covered with relatively tall and dense trees of Eucalyptus 

globules and other remnant trees forming closed Canopies. 

3 Grazing Land All areas of grassland with less than 10 % tree and/or shrub 

canopy cover, and greater than 0.1% total vegetation cover. 

Dominated by grass-like, non-woody, rooted herbaceous plants. 

4 Cultivated Land Areas of land that is ploughed and/or prepared for growing 

crops. The category includes areas currently under crop, fallow 

land, and land prepared for planting 

5 Bare Land Areas with degraded lands , bare ground and quarry  areas 

6 Settlement Small rural communities and other manmade structures 

3.3.3 Accuracy Assessment  

Accuracy assessment is a general term for comparing the classification to geographical data that 

are assumed to be true, in order to determine the accuracy of the classification process. To assess 

the accuracy of the LULC maps, field collected data has been compared against the classified 

images. The reference pixels have been generated by user-defined options.  

The major cover types within the study watershed are Water body, Eucalyptus plantation, 

Grazing land, cultivated land, bare land and Settlement. For each of the classified cover type’s 

random sample points were established. Then, each random sample point visited in the field and 

the actual cover type verified (recorded as reference data). According to Jensen (1996) in order 

to perform classification accuracy assessment, it is necessary to compare two source of 

information that is the remote sensing driven classification map and what is called reference test 

information, which may in fact contain error. The relationship between the two sets of 

information is commonly summarized in an error matrix. 
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The confusion/error matrix consists of rows and columns. The columns of the error matrix 

represent the actual "ground truth" from field verification of each random sample point, while the 

rows represent the predicted classes for the random sample points. The overall classification 

accuracy can be computed as the total number of correct class predictions (the sum of the 

diagonal cells) divided by the total number of cells. In this study, the overall classification 

accuracy is (2 + 15 + 9 + 13 + 8 + 7) / 64 which is equal to 0.844 or 84.4 percent (Table 3-3). 

Table 3-3: The overall classification accuracy and kappa statistics  

Class Name Water 
Body 

Eucalyptus 
Woodland 

Grazing 
Land 

Cultivated 
Land 

Bare 
Land 

Settlement Row 
Total 

Water Body 2 0 0 0 0 0 2 

Eucalyptus 
plantation 

0 15 0 0 0 0 15 

Grazing Land 0 1 9 1 1 0 12 

Cultivated Land 0 0 2 13 0 0 15 

Bare Land 0 0 1 1 8 0 10 

Settlement 0 1 1 1 0 7 10 

Column Total 2 17 13 16 9 7 64 

 

Finally, overall classification accuracy of 84.7 and overall Kappa statistics of 0.804 was 

achieved, which is feasible for further application. The kappa coefficient lies typically on a scale 

between 0 and 1, where the latter indicates complete agreement, and is often multiplied by 100 to 

give percentage measure of classification accuracy. Kappa value is characterized in to three 

grouping: value greater than 0.8 represents strong agreement, 0.4 - 0.8 represents moderate 

agreement and that of less than 0.4 is considered as poor agreement, Congleton (1991) as cited 

by Leica Geosystem (2000). The reasons for the errors may include the similarity of reflectance 

of settlement, grazing land and cultivated areas. In addition, the fast land use/land cover dynamic 

nature of the area may also introduce the classification error. 
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3.4 Method of Soil Erosion Risk Analysis 

The overall methodology involved the use of the RUSLE in a GIS environment, with factors 

obtained from meteorological stations, soil surveys, topographic maps, Satellite Images, Digital 

Elevation Model and results of other relevant studies. Individual GIS layers were built for each 

factor in the RUSLE and combined by cell-grid modeling procedures in ArcGIS to predict soil 

loss in a spatial domain (Eastman, 1999). 

The expected soil loss potential (erosion hazard) expressed as tone per hectare per year for the 

study area was determined using the RUSLE model in a GIS environment. The Universal Soil 

Loss Equation (USLE) developed by Wischmeier and Smith (1978) is the most frequently used 

empirical soil erosion model worldwide. More recently, Renard et al. (1997) has modified the 

USLE into a Revised Universal Soil Loss Equation (RUSLE) by introducing improved means of 

computing the soil erosion factors.  

The USLE has been used widely all over the world either in the same or modified forms. Hurni 

(1985) also used this model to assess soil erosion in Ethiopia. He even modified some factors of 

the USLE for Ethiopian conditions. Three of the most significant modifications include R 

(rainfall erosivity index), C (land cover) and P (management) factors. This was a valuable input 

to this research and other erosion research in Ethiopia since the 1980’s. 

However, the available information in this regard is still generalization of the realities in 

different localities and doesn’t show specific conditions. Therefore, there is a need to conduct a 

detailed and extensive assessment of erosion hazard by considering the various site specific 

erosion factors into considerations. The control factors of soil erosion, namely: climate, soils, 

vegetation cover, topography and management are combined in the empirical Revised Universal 

Soil Loss Equation (Renard et al., 1997). The model estimates sheet and rill erosion as a function 

of six major factors: 

A= R *K*LS* C* P      Equation (1)   

Where A is the average annual soil loss due to water erosion (t ha−1 y−1), R is the rainfall and 

runoff erosivity factor, K is the soil erodibility factor, LS is the slope length and slope steepness  

factor, C is the crop management or land cover factor and P is the erosion control practice factor.  
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To identify the spatial pattern of potential soil erosion in the study area, all the considered 

erosion factors (R, K, LS, C and P) had been surveyed and calculated depending on the 

recommendations of Hurni (1985) to Ethiopian context and other related studies. RUSLE doesn’t 

estimate deposition, sediment yield at a downstream location and ephemeral gully erosion and 

doesn’t represent fundamental erosion processes and interactions (Kenneth et al., 1991). It is 

however, found to adequately represent the first order effect of the factors that affect sheet and 

rill erosion. Individual GIS files were built for each factor in the RUSLE and combined by cell-

grid modeling procedures in GIS software to predict soil loss in a spatial domain. The flow chart 

of erosion risk mapping is presented in Figure 3-5 below.   

   

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3-5: Flow Chart of Erosion Risk Mapping 
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3.5 Determining RUSLE & GIS Parameters  

The RUSLE estimates average soil loss for a given area as a function of six major factors 

(Equation 1). The equation was originally not intended to be used for a large area; however, 

satisfactory results were reported by various studies that used it on a large scale such as for 

watersheds (Mati et al., 2000). The method has been used with some adjustments made in the 

estimation of the factors of erosion so as to obtain location-specific results.  

The following GIS layers were formed in raster format as input for the RUSLE model. Details of 

the technique used to generate each of the input parameters in GIS are explained in the following 

section.  

3.5.1 Rainfall Erosivity (R) Factor Layer 

Rainfall erosivity is defined as the potential ability of rain to cause erosion and given as the 

product (EI30) of the total energy of rainstorm (E) and the maximum 30-min intensity (I30) 

(Wischmeier & Smith, 1958). EI is a statistical interaction term that reflects how total energy and 

peak intensity are combined in each particular storm. The rainfall erosivity (R-factor) is a 

property of rainfall that can quantitatively evaluate the potential capacity of rain to cause erosion 

in a given circumstances.  

RUSLE (and its predecessor USLE) was designed to account for the effects of raindrop impact 

and subsequent overland flow on soil erosion (Cooley et al., 1988). Within the USLE, rainfall 

erosivity is estimated using the EI30 measurement (Renard et al., 1997). However, rainfall 

kinetic energy and intensity data are not available in our cases. Therefore, the erosivity factor R 

was calculated according to the equation given by Hurni (1985), derived from a spatial 

regression analysis (Hellden, 1987) for Ethiopian conditions. The model adapted by Hurni for 

Ethiopian conditions is based on the available mean annual rainfall data.  

R = - 8. 1 2 + (0. 5 6 2 x P)     Equation (2) 

Where P is mean annual rainfall in mm. 

In order to compute R factor using such formula for the project watershed six metrological 

stations (Entoto, Addis Ababa Observatory, Sendafa, Aleltu, Sululta and Muke Turi) with mean 

annual rainfall of 15 years were used. After having the averaged 15 years rainfall data for each 
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metrological station, kriging interpolation by ArcGIS 9.3 was done to generate an estimated 

surface from these scattered set of point data into surface (Figure 3-6). In the study watershed, 

there was no metrological station that measure rainfall. So, R-value was interpolated through 

annual rainfall data from surrounding metrological stations (Figure 3-7). Table 3-4 shows the 

Name, the location, duration of the data, mean annual precipitation and erosivity value of each of 

the metrological stations used in this study.  

 

Figure 3-6: Meteorological Station and Interpolation result map 
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Table 3-4: Rain Gauge Stations considered around the Study Area  

No Station 

Name 

Location Available Data 

Duration  

Average 

Annual 

Precipit

ation 

Erosivity

(R) 

Easting Northing Altitude Starting End 

1 AA 

Observatory 

472710 996727 2408 1996 2010 1253.4 696.29

2 Sendafa 502651 1011388 2560 1993 2007 1118.4 620.42

3 Sululta 461654 1015144 2610 1994 2008 1186.7 658.81

4 Entoto 473907 1004831 2964 1994 2008 1220.7 677.91

5 Muka Turi 485268 1055973 2635 1991 2007 994.9 551.01

6 Aleltu 516383 1016947 2666 1991 2005 1046.8 580.18

  Figure 3-7: (a) Mean Annual Rainfall Map and (b) R factor map. 



Soil Erosion Risk Assessment with RUSLE and GIS in Dire Dam Watershed 2011 

 

Israel Tessema (Master of Science)                   Addis Ababa University  34 

 

3.5.2 Soil Erodibility (K – Factor) Layer 

Soil erodibility is related to the integrated effect of rainfall, runoff, and infiltration on soil loss 

and is commonly called the Soil erodibility factor (K). Soil erodibility factor (K) in RUSLE 

accounts for the influence of soil properties on soil loss during storm events on upland areas 

(USDA-ARS, 2001). Erodibility varies with soil texture, aggregate stability, shear strength, 

infiltration capacity and organic matter and chemical content of the soil (Morgan, 1995).  

The physical, chemical and mineralogical soil properties and their interactions that affect K 

values are many and varied. It is therefore unlikely that a relatively few soil characteristics will 

accurately describe K values for each soils. Most studies widely used and frequently cited 

relationship is the soil erodibility nomograph. The nomograph comprises five soil and soil-

profile parameters: percent modified silt; percent modified sand; percent organic matter; classes 

for structure and permeability.   The K value can be calculated with the use of soil nomograph 

for soils where the silt fraction does not exceed 70%, derived by Wischmeier and Smith (1978), 

when all the values of K influencing factors are available.  

Though in reality, especially at local level, these data are often difficult to find and may not be 

suitable for extrapolation from one area to another. The erodibility of soils as defined by Hurni 

(1985), in the adaptation of USLE to Ethiopian considers the soil color to have relation with 

erodibility even though others consider soil texture and structure so as to determine the value of 

soil erodibility factor. 

Therefore, the soil erodibility (K) factor for the study area was estimated as a qualitative index 

that was adapted to Ethiopia by Hurni (1985) based on the color of the soil. According to FAO 

soil classification (1986) and visual interpretation of the area, Dire Dam watershed is covered by 

three soil types which are reddish Luvisols in the upper part of the watershed, brownish 

Cambisols in the middle part of the watershed and black Vertisols in the lower parts of the 

watershed. 

The soil feature map of the study area is obtained by clipping the FAO soil map of Ethiopia with 

the study watershed in the GIS environment. Then, K value is assigned for each of the three soil 

types based on their colors as indicated by Hurni (Appendix 2). The soils of the study area 
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contain three distinctive erodibility values. The value ranges from 0.15 to 0.25. Higher value 

indicates more susceptibility while lower value indicates less susceptibility to erosion. Finally, 

the resulting shape file was changed to grid file or raster with a cell size of 30 x 30 meters. The 

raster map is then classified into three distinct classes based on their erodibility value. As shown 

in Figure 3-8, the erodibility value decreases from upper to the lower parts of the watershed.  

Table 3-5: Soil types and there colors in Dire Dam Watershed and their Erodibility Value 

Sr. No. Soil Type Soil Color Erodibility Factor  ( R ) 

1 Luvisols  Reddish 0.25 

2 Cambisols  Brownish 0.20 

3 Vertisosl Black 0.15 

 Figure 3-8: Erodibility Value (K_ Factor Value) based on soil color Map   
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3.5.3 Slope Length (LS – Factor) Layer 

The effect of topography on erosion in RUSLE is accounted for by the LS factor. Erosion 

increases as slope length increases, and is considered by the slope length factor (L). Slope length 

is defined as the horizontal distance from the origin of overland flow to the point where either 

the slope gradient decreases enough that deposition begins or runoff becomes concentrated in a 

defined channel (Wischmeier and Smith, 1978). 

The slope steepness factor (S) reflects the influence of slope gradient on erosion. Both slope 

length and steepness substantially affects sheet and rill erosion estimated by RUSLE. In erosion 

prediction, the factors L and S are usually evaluated together. In this study, the slope gradient 

was determined from digital elevation model (DEM) of 30 meter resolution. The slope gradient 

determined for the study area is used for generating the LS factor as determined by SCRP for 

Ethiopian condition. 

Erosion is influenced both by the slope gradient and length of the slope, the potential erosion on 

uniform slopes increases as these parameters increase. The new RUSLE equation has major 

changes in way that LS values are calculated. The assumptions taken into consideration are as 

follows: 

 The USLE assumed that runoff was uniform over the catchments and that some runoff 

was channeled into rills and gullies; rill erosion is a major component in the RUSLE. 

 The USLE calculated the amount of runoff as the excess applied minus soil infiltration 

but did not consider that long rains would saturate the soil, infiltration would be slower 

and runoff, which causes erosion, would be greater. 

 Sediment deposition at the bottom of concave slopes was not considered, USLE being 

applied only to those areas with net erosion. 

 The USLE was not designed to handle converging and diverging terrain; this has been 

rectified in the RUSLE. 

Several methods of LS factor determination is developed with different GIS professionals at 

different time. Of which, the following is one for calculating LS using DEM after preparing the 

flow direction map and flow length map. 
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LS = (λ0.3/22.1) * (S/9)1.3 

LS = (pow(flow length, 0.3)/22.1) * pow(slope/9,1.3) 

Where λ = Flow length 

           S = Slope in percent 

Two steps in raster calculator: 

1. Determination of (λ0.3) * (S/9)1.3 

2. Division of the result of step one by 22.1   

The slope length was combined with slope gradient using factors determined by the SCRP for 

Ethiopian conditions as shown in Table 3.6 below. Then, the LS factor value was assigned to 

each slope class and the LS map was derived (Figure 3-9). 

Table 3-6: Combined slope length and gradient factor 

Gradient % LS Factor 

<2 0.19 

2-4 0.38 

4-6 0.66 

6-8 1.14 

8-13 1.9 

13-25 3.8 

25-40 6.08 

40-55 7.98 

55-100 10.45 

>100 19 
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Figure 3-9: (a) Slop Map and (b) LS factor Value Map 

3.5.4 Land Use/Land Cover (C – Factor) Layer 

The C- factor is used within the RUSLE to reflect the effect of cropping and management 

practices on erosion rates, and is the factor used most often to compare the relative impacts of 

management options on conservation plans (USDA-ARS, 2001). The crop cover factor C 

measures the combined effect of all the interrelated cover and management variables 

(Wischmeier and Smith, 1978).   

Assessment of the type of land use/land cover was made separately for each land unit and the 

corresponding value for land use/land cover was obtained from Hurni (1985) which was adapted 

to Ethiopian condition. In order to determine C - factor, Dire Dam watershed was classified into 

six land use classes generated from Landsat ETM+  images of 2008, Path 168 and Row-054  by 

applying maximum likelihood of supervised classification. After getting the classified image, 
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format has been changed into vector format and the corresponding C-value which was obtained 

from Hurni (1985) was assigned and C - factor map was produced (Figure 3-10). 

 Table 3-7: Land Use/Land Cover types and the corresponding C - values 

Sr. No. Land use and Land cover types C value 

1 Water Body ( - ) 

2 Eucalyptus Plantation  0.02 

3 Grazing land 0.05 

4 Settlement 0.05 

5 Cultivation Land (Cereals dominated) 0.18 

6 Bare Land 0.05 

 

 
 Figure 3-10: C_ Factor Value Map 
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3.5.5 Management (Support) Practice (P) Factor Layer 

The support practice factor (P) in RUSLE is the ratio of soil loss with a specific support practices 

to the corresponding loss with upslope and down slope tillage. These practices principally affect 

erosion by modifying the flow pattern, grade, or direction of surface runoff and by reducing the 

amount and rate of runoff (Renard and Foster, 1983). This factor is a ratio between erosion 

occurring in a field treated with conservation measures and another reference plot without 

treatment.  

Therefore, erosion control practice factor is based on the soil conservation practices operated in a 

particular area. The support practices considered in this study for cultivated land includes 

contour plaguing, strip cropping, bunds, fanyajuu, drainage systems and others. On non-

cultivated land support practices considered includes hillside terraces, check dams and other 

practices that result in storage of moisture and reduction of runoff. 

Even though, it is more suited for small-scale erosion hazard assessment mapping than regional 

or basin-wide, Hurni gives parameters for different land management practices on cultivated 

land. Studies conducted by Hurni (1985) have found P values for various support practices and 

land use cover. Hurni used P value range between zero and one. This means the P value indicates 

reduced erosion potential, with a range between 0 to 1 because of farming practices or soil and 

water conservation measures. With no erosion control practice, P is equal to one. The farming 

practices increasing erosion instead of reducing are ploughing in the direction of up and down 

slope with equivalent P value of one, which is the worst case scenario.  

The data related to management or support practices situations of the study watershed were 

collected during the field work through different techniques. The techniques deployed includes 

interview of the local community, site observation by transect walk and secondary information 

collected from wereda and local agricultural offices. Therefore, values for this factor were 

assigned considering local management practices and based on values suggested in Hurni (1985). 

Management factors were obtained by assessing the different supporting practices in the study 

watershed and it was taken the weighted value for similar land use types.  
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The data were analyzed following the interpolation of the values of USLE in Hurni (1985) and 

Gebreselassie (1996) to Ethiopia condition.  The p value assigned for different land use types 

presented in Table 3-8.  As a result the classified LULC map format has been changed into 

vector format and the corresponding P values were assigned to each land use/land cover classes 

and the P factor map was produced (Figure 3-11).  

Table 3-8: Land Use/Land Cover types and the corresponding P values  

Sr. No. Land use/Land cover type  P value 

1 Water Body ( - ) 

2 Eucalyptus Plantation 0.53 

3 Cultivated Land 0.9 

4 Settlement 0.63 

5 Grazing Land 0.63 

6 Bare Land 0.73 
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Figure 3-11: P_ Factor Value Map 
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4. RESULTS AND DISCUSSION  

4.1 Estimated Soil Loss from the Watershed  

The result showed that the potential annual soil loss of the Dire Dam watershed ranges from   0.0 

to 263.25 ton/ha/year (Fig. 4-1). The average annual soil loss rate is 58.3 ton/ha/year; which is 

much greater than the tolerable level 10 ton/ha/year (Hurni, 1983). The result of study falls 

within the ranges of the findings of FAO (1984). According to the estimate of FAO (1984), the 

annual soil loss of the highlands of Ethiopia ranges from 1248 – 23400 million ton per year from 

78 million of hectare (16 to 300t/ha/yr) of pasture, ranges and cultivated fields throughout 

Ethiopia. This is equivalent to 16 to 300t/ha/yr. 

Figure 4-1: Soil erosion value map of the study watershed  
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In order to obtain a better view and understanding and at the same time be able to compare areas, 

the quantitative output of potential soil erosion rate for Dire Dam watershed resulted from the 

current farming practice and land use/land cover were computed and grouped into four ordinal 

classes (Table 4-1). The soil loss map also further classified into four soil loss severity classes in 

ArcGIS environment (Figure 4.2). 

Table 4-1: Area Coverage and Proportion of Soil Erosion Risk Classes 

Sr. 

No. 

Soil Erosion Risk 

Class 

Numerical Range of Soil 

Loss Potential (ton/ha/y) 

Area 

(Km)2 (%) 

4 Very High (I) 50.001 – 263.25 29.24 37.45 

3 High (II) 20.001 – 50 10.81 13.85 

2 Moderate (III) 10.001 – 20 15.36 19.67 

1 Low (IV) 0.00 – 10 22.66 29.03 

Total 78.07 100 

 

The potential soil erosion risk map of the study watershed have been divided in to four classes of 

severity, i.e., soil loss less than 10 ton/ha/year which is described as low soil erosion risk class; 

between 10 and 20 ton/ha/year described as moderate soil erosion risk class; between 20 and 50 

ton/ha/year described as high soil erosion risk class; and above 50 ton/ha/year described as very 

high soil erosion risk class. The area coverage and relative percent of each class has been derived 

from the soil erosion map of the study watershed.  

The spatial overview of the soil erosion risk map (Figure 4-2) showed that the study watershed is 

potentially prone to soil erosion risk. The map presented the four severity classes in a color 

scheme of green (low risk) to red (very high risk).  The largest portion of the study watershed 

which is about 29.24 Km2 (37.45%) is within very high soil erosion risk class. The other soil 

erosion risk classes high, moderate and low accounts 10.81 Km2 (13.85%), 15.36 Km2 (19.67%) 

and 22.66 Km2 (29.03%) respectively.  
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 Figure 4-2: Soil Erosion Risk Class Map of Dire Dam Watershed  

The spatial locations of the high spot area for soil erosion in the study revealed that the potential 

soil loss is typically greater along the steeper slope banks of tributaries. Other high soil erosion 

areas are dispersed throughout the watershed and are typically associated with high erosion 

potential land uses. 

Most of the cultivated land in Dire dam watershed situated on steep slope areas. Since crop 

cultivation in the watershed area is practiced without implementing any soil and water 

conservation measure, cultivated lands can be the major soil erosion risk areas. In addition it is 

clear that heavy rainfall cause severe soil erosion in agricultural fields of the mountainous 

regions of Ethiopia. Soil erosion in agricultural fields affects not only land productivity but also 

water bodies in the downstream. Because it is expected that these materials will in the future be 

deposited in the Dire dam reservoir.  
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Study conducted in Koka dam revealed that, removal of vegetation cover through deforestation 

and overgrazing, repeated tilling of the soil to prepare fine seedbed and lack of adequate soil and 

water conservation resulting in such soil loss that caused Koka dam to silt up. The silting up of 

the dam has lowered the designed live water storage capacity of the dam from 1,667 Mm3 to 

1,186 Mm3 (that is, reduction of 481 Mm3), which is a loss of almost 30% of the total storage 

capacity of the reservoir (EEPC, 2002).  

The management practices in the watershed also play its own great role in the magnitude of soil 

loss. Landforms with good land cover indicated less soil loss. Because it dissipates the energy 

from rain drops and also decreases the volume and velocity of runoff effect. 

4.2 Erosion rate by sub-watershed  

In order to determine which area of the watershed with high risk of erosion for prioritization of 

intervention, the study watershed is classified into nine sub-watershed based on their drainage 

pattern (Figure4-3). The area of the sub-watersheds ranges between 1.32 Km2 (sub-watershed G) 

and 18.14 Km2 (sub-watershed A). The soil loss values for each of the sub-watershed were 

extracted from the soil loss map of the watershed and mean soil loss value for each sub-

watershed is recorded as shown in Table 4-3 below. 

Of the 9 sub-watersheds, four (A, B, E & G) were predicted to experience annual soil loss of 

more than the watershed’s average (58.3 t/ ha/yr), whereas five sub-watersheds (C, D, F, H & I) 

estimated annual soil losses were less than the average (Table 4-2). 
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 Figure 4-3: Sub-watersheds of the Dire Dam watershed   

Table 4-2: Soil loss from sub-watershed  

Rank Sub watershed Area (Km2) Area 

Percent  

Mean Soil 

Loss (t/ha/yr) 

Ranges of Soil lose 

(t/ha/yr) 

1 B 14.28 18.27 80.71 1.35 – 263.25 

2 E 3.35 4.29 79.63 1.35 – 206.71 

3 A 18.14 23.21 62.39 1.03 – 236.93 

4 G 1.32 1.69 60.43 2.66 – 162.52 

5 C 9.50 12.16 56.63 1.33 – 232.55 

6 D 8.03 10.28 55.49 1.33 – 182.83 

7 I 8.66 11.08 49.17 1.01 – 182.83 

8 H 5.61 7.18 38.10 0 – 144.70 

9 F 9.25 11.84 32.14 1.33 – 162.52 
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4.3 Prioritization of Sub-watersheds Based on Potential Soil Loss 

In this study, prioritization of sub-watersheds was done on the basis of average annual soil loss. 

Estimated values of sub-watershed soil loss are classified on the basis of mean and standard 

deviation. Table 4-3 and Figure 4-4 indicates the distribution and severity of soil loss of the 9 

sub-watersheds of the Dire Dam watershed.  

Even if, the average annual soil loss of all sub-watershed (Table 4-2) clearly shows that nearly 

the entire watershed requires implementation of different types of soil and water conservation 

measures for a sustainable land use. Considering the massive investment in the watershed 

development program, it is important to plan the activities on priority basis for achieving fruitful 

results, which also facilitate addressing the problematic areas to arrive at suitable solutions. 

Prioritization of sub-watersheds involves ranking of the different sub-watersheds according to 

the severity classes by considering the amount of soil loss occurring. 

 Table 4-3: Severity classes and Prioritization of sub-watersheds   

Soil Loss 

(t/ha/yr) 

Priority 

Classes 

Severity 

Classes 

Sub-watersheds Area % of total soil 

loss Km2 (%) 

73 – 80.71 I Very High B & E 17.63 22.56 31.27

57 – 73 II High A & G 19.46 24.90 26.78

41 - 57 III Moderate C, D, & I 26.19 33.52 30.94

32.14 - 41 IV Low H & F 14.86 19.02 11.01

 

The result showed that very high soil loses (73 – 80.71 t/ha/yr) is observed in the central western 

part of the watershed. Out of the nine sub-watersheds, two sub-watersheds (B & E) covering an 

area of 17.63 Km2 and which accounts 22.56 %  of the total area contributed 31.27 % of the total 

soil loss. Sub-watersheds A & G covering an area of 19.46 Km2 and accounts 24.9 % fell under 

high soil erosion classes (57 – 73 t/ha/yr). The sub-watersheds F, H, C, D & I  that are predicted 

to experience low to moderate soil loss together cover about 52.5 per cent of the watershed area. 

Generally, the result showed that the upper part of the watershed is characterized by high 

generation of soil loss.  
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 Figure 4-4: Sub-watershed Erosion level of the study area  
On the basis of annual soil losses, those sub-watersheds fell on high and very high erosion 

classes were found to be critical. After ranking the critical sub-watersheds in ascending order, 

considering the annual soil losses from each sub-watershed, priorities were fixed (Table 4-3). 

The sub-watershed that comes first is given the top priority for developing the management plan 

to reduce the soil and nutrient losses. As a result the critical sub-watersheds were ranked and 

presented on Table 4-1 and recommended to adopt the management measures in order to reduce 

the soil losses and to conserve the resources within the watershed. 

In prioritizing for conservation intervention, sub-watersheds B and E can be considered in the 

first stage and sub-watersheds A and G can be considered in the second stage. The sub-

watersheds in the erosion severity class of moderate (C, D & I) and low (F & H) can be 

considered third and fourth for conservation priorities in order of sequence respectively. 



Soil Erosion Risk Assessment with RUSLE and GIS in Dire Dam Watershed 2011 

 

Israel Tessema (Master of Science)                   Addis Ababa University  50 

 

 

In selecting and implementing conservation measures for the different sub-watersheds, the 

concepts of soil loss tolerance and actual soil loss values can provide useful frameworks. Soil 

loss tolerance refers to the maximum soil loss that can occur from a given land without leading 

to degradation of the soil (Hurni, 1983). 

Hurni (1983) has conducted a research to estimate the rates of soil formation for Ethiopia. The 

maximum tolerable soil loss rates range for medium soils in the various agro-ecological zones of 

Ethiopia was found from 1t/h/yr for Berha agro-climatic zone to 16t/ha/y for Wet Weyna Dega 

agro-ecological zones. The actual annual soil loss rate found in the Dire Dam watershed exceeds 

the maximum tolerable soil loss rate 16 t/ha/y. This fact shows how far soil erosion is a serious 

threat to the Dire Dam watershed. 
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5. CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion  

The objective of this study was to assess soil erosion risk in the Dire Dam watershed which is 

located in the upper north-western narrow parts of the Awash basin. The study demonstrate that 

an empirically based erosion assessment model, the RUSLE, integrated with satellite remote 

sensing and geographical information systems can provide useful information for conservation 

decision-making.  

The important results of the study include soil erosion value map of the watershed and the 

prioritization of sub-watersheds into conservation priority categories, which can be used for 

preparation of a conservation plan for management of the watershed. 

The total amount of soil loss in Dire Dam watershed is about 4,994,927 tons per year from a total 

area of 78 Km2. The average annual soil loss from each sub-watersheds ranges from 32.14 to 

80.71t/ha/yr. The mean annual soil loss of the entire watershed is 58.3t/ha/yr. Of the 9 sub-

watersheds, four (A, B, E & G) (47.5% of the total area) were predicted to experience annual soil 

loss of more than the watershed’s average (58.3 t/ ha/yr), whereas five sub-watersheds (C, D, F, 

H & I) (52.5% of the total area) estimated annual soil losses were less than the average.  

The result showed that two sub-watersheds (B & E) fell under very high soil erosion classes    

(73 – 80.71 t/ha/yr) covering an area of 17.63 Km2 (22.56%) which contributed 31.27 % of the 

total soil loss. Sub-watersheds A & G fell under high soil erosion classes (57 – 73 t/ha/yr) 

covering an area of 19.46 Km2 (24.9%) contributed 26.78% of the total soil loss. The sub-

watersheds F, H, C, D & I  that are predicted to experience low to moderate soil loss together 

cover about 52.5 per cent of the watershed area and contributes 41.95% of the total soil loss.  

When prioritizing for conservation intervention, sub-watersheds B and E can be considered in 

the first stage and sub-watersheds A and G can be considered in the second stage. The sub-

watersheds in the erosion severity class of moderate (C, D & I) and low (F & H) can be 

considered third and fourth for conservation priorities in order of sequence respectively. 
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5.2 Recommendations  

The primary focuses of this study was to develop potential soil erosion risk map of the study 

watershed and sub-watershed prioritization based on the amount of soil loss using selected 

factors. So, any strategy which will be used for soil conservation must focus upon the changes of 

the values of the factors that are taken into consideration in soil loss evaluation. In addition, the 

following points are forwarded as a recommendation: 

 Further studies will be recommended to determine what conservation structure will be 

required for each severity classes to halt the situation.  

 Based on the result of the study, the sub-watersheds which have fallen under very high 

and high severity classes need immediate attention in their order of soil erosion potential.  
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APPENDICES 
Appendix 1: Long Year climatic data for Six Stations 

Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   Sululta  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1994 0.0 4.4 27.7 28.6 49.6 174.9 295.3 322.9 43.3 0.0 10.0 0.0 
1995 6.4 17.9 37.3 169.9 112.0 174.2 383.3 249.1 48.0 0.0 7.2 12.7
1996 58.9 19.3 83.8 52.8 x 221.5 225.9 509.7 100.7 4.1 0.0 0.0 
1997 8.7 0.0 18.4 53.5 56.2 64.4 291.8 290.1 48.8 55.1 63.6 0.0 
1998 68.5 20.1 6.0 76.9 120.3 190.2 301.6 x x 69.8 0.0 0.0 
1999 24.2 12.9 28.5 16.0 46.9 189.4 400.7 443.0 146.8 78.7 0.0 0.0 
2000 0.0 0.0 7.5 95.8 80.9 164.4 469.9 422.3 138.0 7.0 23.6 13.3
2001 3.6 0.5 164.2 45.3 107.3 166.7 336.8 215.4 79.3 5.1 0.0 0.0 
2002 35.6 24.6 97.3 54.5 25.2 153.5 302.3 289.1 81.2 2.5 0.0 35.6
2003 4.1 14.0 32.7 87.0 6.5 162.9 365.4 343.1 139.7 2.0 0.0 8.9 
2004 10.1 10.1 36.6 96.5 4.7 127.6 279.4 393.1 165.8 46.5 7.4 1.8 
2005 9.6 3.5 33.3 73.9 17.9 41.7 257.7 250.2 155.3 24.3 13.7 0.0 
2006 2.5 20.3 82.2 74.5 70.8 178.6 385.5 272.8 185.2 26.4 0.0 14.1
2007 38.6 5.8 41.3 37.0 111.6 244.2 299.2 371.4 120.5 5.7 4.7 0.0 
2008 0.0 19.3 11.9 40.1 66.5 89.3 398.9 287.4 132.8 32.9 102.2 0.0 

Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   Sendafa  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1993 4.3 105.2 0.0 118.7 x x 457.2 353.0 158.4 13.7 0.0 0.0 
1994 0.0 0.0 0.0 64.1 11.0 130.7 337.7 184.1 122.0 0.0 6.4 0.0 
1995 0.0 11.4 106.2 116.7 42.4 22.5 230.8 388.8 x 0.0 0.0 0.0 
1996 69.4 5.6 99.3 x x 187.2 339.2 338.6 121.4 0.0 0.0 0.0 
1997 44.5 0.0 29.4 60.0 44.8 149.7 303.8 251.1 84.7 72.0 34.6 0.0 
1998 28.9 23.3 5.8 27.0 38.2 68.8 359.1 289.7 152.0 98.9 0.0 0.0 
1999 0.0 1.2 56.3 11.8 25.4 144.7 441.6 365.2 x 79.6 0.0 0.0 
2000 0.0 0.0 35.5 44.0 87.9 166.0 352.2 373.4 113.9 5.0 10.0 0.0 
2001 0.0 35.3 154.1 9.2 134.9 149.5 335.5 276.8 27.4 9.8 0.0 0.0 
2002 21.2 3.4 67.2 20.6 60.9 144.4 246.8 289.1 85.4 0.0 0.0 27.4
2003 75.5 0.0 29.7 122.9 1.7 120.6 304.4 373.4 122.4 0.0 0.0 19.7
2004 15.2 7.1 2.2 118.9 0.0 69.8 315.0 319.0 30.6 0.0 0.0 0.0 
2005 24.5 22.3 12.3 136.1 150.2 57.7 381.3 282.9 73.3 34.6 0.0 0.0 
2006 0.0 0.0 x 77.2 31.1 126.2 455.8 398.7 x 0.0 0.0 8.0 
2007 38.0 x 8.2 92.9 24.2 162.0 288.8 343.4 114.1 0.0 0.0 X 
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Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   Entoto 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1994 0.0 0.0 62.2 56.0 91.0 154.8 336.3 307.2 142.5 0.3 24.4 0.0 
1995 0.0 96.3 29.7 186.1 83.7 98.0 297.0 222.1 133.7 5.0 0.2 22.7
1996 31.1 12.2 121.6 78.3 95.2 242.7 387.2 493.9 184.7 1.2 0.6 0.0 
1997 21.2 0.0 18.6 77.3 27.4 77.2 256.3 240.8 89.3 88.3 90.0 0.2 
1998 25.3 25.3 45.2 47.0 149.5 149.2 369.0 376.3 204.8 44.5 0.0 0.0 
1999 15.8 6.3 34.9 25.4 37.0 127.7 283.1 280.3 105.0 58.0 0.2 0.0 
2000 0.0 0.0 5.2 108.0 91.4 110.7 303.8 359.1 132.8 17.2 33.5 1.7 
2001 20.6 5.5 147.5 29.8 141.7 164.3 285.6 321.4 92.5 52.4 0.0 1.8 
2002 17.9 50.4 88.8 67.4 49.2 138.7 293.1 262.9 92.1 10.7 0.0 28.0
2003 5.2 47.7 57.1 117.3 13.9 188.0 370.8 248.9 141.1 0.0 6.3 25.6
2004 28.8 31.3 46.7 124.6 13.8 166.0 271.9 334.7 124.8 49.7 1.1 1.6 
2005 8.3 11.4 42.8 98.6 143.9 106.4 241.8 339.3 134.4 19.6 8.2 0.0 
2006 0.9 19.1 93.8 66.5 79.1 131.5 371.1 311.5 128.7 36.1 0.6 16.5
2007 38.6 16.2 36.4 52.1 106.4 246.7 272.1 322.6 87.0 16.4 0.0 0.0 
2008 0.0 9.3 1.5 74.8 45.3 142.5 399.3 359.5 190.6 50.1 95.1 0.5 

 

Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   MukeTuri 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1991 52.5 44.1 114.7 12.8 12.8 120.5 279.3 309.8 88.3 3.4 0.0 1.4 
1992 58.7 50.5 93.5 73.2 20.5 63.7 278.9 202.4 122.0 50.8 13.4 8.2 
1993 8.0 15.2 146.3 131.9 89.2 129.9 290.7 316.1 84.0 134.7 0.4 0.0 
1994 0.0 0.0 87.8 37.7 15.6 69.6 241.8 266.5 94.9 0.0 4.9 0.0 
1995 0.0 25.5 40.1 95.9 36.4 32.8 298.2 297.9 107.2 0.0 0.0 19.5
1996 67.6 x 27.3 44.4 46.6 163.3 213.2 314.5 90.6 0.0 6.8 1.4 
1997 17.8 0.0 66.6 32.9 25.5 110.3 271.5 254.6 24.1 94.7 14.4 X 
1998 7.0 39.3 41.6 4.2 99.0 56.0 301.7 200.4 121.9 66.0 3.1 0.0 
1999 9.4 0.0 10.0 13.0 10.5 57.8 286.8 373.2 41.2 44.5 0.0 1.5 
2000 0.0 0.0 14.6 84.1 45.1 50.1 239.1 x x x x 0.0 
2001 x 36.5 118.3 18.0 94.4 111.9 339.3 204.9 98.2 9.4 9.0 9.9 
2002 51.1 21.4 64.7 27.8 41.3 84.2 245.4 230.3 78.4 0.0 0.0 40.2
2003 35.6 24.0 66.3 57.4 11.0 109.7 369.3 326.1 141.5 0.0 11.4 19.0
2004 34.1 6.4 34.8 100.3 12.3 121.0 252.3 266.5 124.4 24.6 0.0 2.1 
2005 33.7 4.0 76.2 47.4 118.3 83.5 244.5 284.8 134.8 0.0 0.0 0.0 
2006 5.4 36.7 119.0 59.3 44.2 128.1 386.0 205.3 102.3 14.7 2.4 4.0 
2007 37.6 22.4 16.9 29.3 x x x x x x x X 
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Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   Addis Ababa (Observatory) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1996 28.1 5.2 106.8 128.2 122.0 258.5 266.4 338.7 294.2 0.2 0.2 0.0 
1997 39.2 0.0 24.5 51.3 38.5 104.0 272.6 194.3 113.8 62.4 50.3 1.5 
1998 55.2 20.5 49.0 48.5 154.2 124.4 285.4 260.0 213.6 126.9 0.0 0.0 
1999 2.9 0.3 28.8 16.3 23.8 119.6 268.6 305.3 88.4 75.4 0.0 0.0 
2000 0.0 0.0 17.6 49.9 110.0 144.5 244.8 306.2 250.6 46.4 21.1 0.0 
2001 0.0 12.2 210.8 25.0 168.0 216 428.0 246.4 131.7 13.7 0.0 0.0 
2002 15 21 90.2 56.3 63.1 173 256.9 215.9 109 0.2 0 16.5
2003 11 53.3 62.6 99.3 20.2 151.8 291.8 233.3 193 0.8 1.5 54.9
2004 24.8 20.3 49.5 139.9 30.1 141.9 248.5 268.6 164.0 76.9 0.0 0.0 
2005 45.9 51.6 83.2 160.9 150.0 179.8 246.0 315.2 182.5 29.0 4.4 0.0 
2006 0.7 11.2 145 78.9 74.6 150 356.3 243.6 239 54 0.3 8 
2007 51.3 19.1 59.8 79.8 120.1 148.6 261.8 381.2 147.6 24.8 0.0 0.0 
2008 0.0 13.0 0.0 49.4 94.3 88.9 277.2 360.9 256.7 88.2 79.4 22.9
2009 21.3 2.7 28.4 80.6 58.9 82.6 349.9 388.3 112.9 45.8 4.4 85.0
2010 2.6 79.8 55.5 97.8 73.8 231.1 313.9 205.8 237.8 1.8 25.7 15.0

 

Element:  Monthly Rainfall in mm 

Region:   Shoa 

Station:   Aleltu 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1991 4.2 29.6 64.3 18.2 27.0 163.2 231.6 334.0 98.0 8.5 0.0 10.0
1992 38.3 21.8 10.6 34.7 28.6 71.2 281.0 244.3 117.2 38.5 0.0 2.0
1993 34.1 34.8 0.0 129.1 45.6 59.5 383.2 358.7 185.3 13.1 0.0 0.0
1994 0.0 0.0 31.3 51.4 33.9 114.8 254.1 376.8 98.8 0.0 10.4 0.0
1995 0.0 52.9 64.5 110.5 12.3 39.6 299.5 326.0 123.7 0.0 0.0 0.8
1996 66.4 0.0 99.1 37.6 x 158.9 312.9 x 42.5 0.0 2.8 0.0
1997 52.8 0.0 55.7 68.9 46.0 130.4 297.6 248.1 57.3 98.2 33.1 0.0
1998 24.9 20.0 15.0 20.5 45.6 117.0 363.4 379.5 300.1 59.6 0.0 0.0
1999 4.6 0.0 48.8 2.2 13.0 98.2 365.1 443.4 96.1 50.3 0.0 2.0
2000 0.0 0.0 11.1 17.5 53.8 68.2 276.3 482.2 123.6 x 10.5 4.3
2001 0.0 10.8 154.9 4.3 63.7 194.7 305.9 227.2 42.4 3.0 0.0 0.6
2002 32.4 12.8 111.4 8.3 35.8 73.2 200.4 341.4 109.4 2.2 0.0 5.0
2003 26.1 13.0 38.2 100.4 0.0 99.3 371.8 189.5 0.0 0.0 0.0 14.1
2004 10.2 2.9 16.1 193.5 4.3 108.4 309.8 265.0 98.9 32.5 4.0 0.0
2005 10.2 12.0 28.4 75.0 92.6 77.4 258.5 310.4 165.4 6.4 0.0 0.0
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Appendix 2: The Universal Soil Loss Equation (USLE) adapted for Ethiopia 

  A= R*K*L*S*C*P (t ha-1 yr-1) 

 

1. R = Rainfall Erosivity 
Annual rainfall   100  200 400 800 1200 1600 2000 2400 
Factor R   48 104 217 441  666  890 1115 1340 
2. K = Soil Erodibility factor 
Soil color   Black   Brown  Red  Yellow 
Factor K   0.15   0.20  0.25  0.30 
3. L = Slope length 
Length (m)   5     10   20   40     80       160     240        320 
Factor L   0.5  0.7  1.0  1.4    1.9        2.7      3.2         3.8 
4. S = Slope Gradient 
Slope (%)    5 10 15  20 30 40 50 60 
Factor S    0.4 1.0 1.6 2.2 3.0 3.8 4.3 4.8 
5. C = Land Cover Factor 
Dense forest   0.001     Dense grass    0.01 
Other forest   0.01 – 0.05    Degraded grass   0.05 
Bad land hard   0.05     Fallow hard    0.05 
Bad land soft   0.04     Fallow ploughed   0.60 
Sorghum, maize  0.10    Ethiopian teff    0.25 
Cereals, pulses  0.15     Continuous fallow   1.00 
6. P = Management factor 
Ploughing up and down   1.00   Ploughing on contour   0.90 
Strip cropping     0.80   Intercropping    0.80 
Applying mulch    0.40   Dense intercropping   0.70 
Stone cover (80%)   0.50   Stone cover (40%)   0.8 

Source: Hurni (1985), Hellden (1987) 
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Appendix 3: Climatic Stations in Proximity to Dire Dam watershed  

 

No Station 

Name 

Location Available Data 

Duration  

Annual 

Precipitat

ion 

No. of 

Years 

Longitude Latitude Altitude Starting End 

1 AA 

Observatory 

472710 996727 2408 1996 2010 1253.4 15

2 Sendafa 502651 1011388 2560 1993 2007 1118.4 15

3 Sululta 461654 1015144 2610 1994 2008 1186.7 15

4 Entoto 473907 1004831 2964 1994 2008 1220.7 15

5 Muketuri 485268 1055973 2635 1991 2007 994.9 18

6 Aleltu 516383 1016947 2666 1991 2005 1046.8 15
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Appendix 4: Shows average monthly rainfall and temperature  

 
Station 
Name 

Climate Data Months Annual 
Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

Entoto Precipitation (mm) 14.2 22.1 55.5 80.6 77.9 149.6 315.9 318.7 132.3 30.0 17.3 6.6 1220.7 
Maximum  To 19.2 20.5 20.2 19.5 19.8 17.9 16.0 16.1 16.9 18.2 18.9 19.1 18.5 
Minimum To 8.0 8.7 9.1 9.4 9.8 8.8 8.1 8.2 8.6 8.2 7.5 7.5 8.5 

AA 
Observa
tory 

Precipitation (mm) 19.8 20.7 67.4 77.5 86.8 154.3 291.2 284.2 182.3 43.1 12.5 13.6 1253.4 
Maximum  To 24.2 25.5 25.5 25.2 25.4 23.6 21.3 21.2 22.1 23.2 23.3 23.4 23.7 
Minimum To 9.1  9.8 11.4 12.2 12.4 11.7 11.3 11.7 11.4 10.3 8.7 8.3 10.7 

Aleltu Precipitation (mm) 20.3 14.0 50.0 58.1 35.9 104.9 300.7 323.3 110.6 22.3 4.1 2.6 1046.8 
Maximum  To - - - - - - - - - - - - - 
Minimum To - - - - - - - - - - - - - 

Sendafa Precipitation (mm) 21.4  15.3  43.3  72.9  50.2  121.4 343.3  321.8  100.5  20.9  3.4  3.9  1118.4  
Maximum  To - - - - - - - - - - - - - 
Minimum To - - - - - - - - - - - - - 

Sululta Precipitation (mm) 18.1  11.5  47.2  66.8  62.6  156.2 332.9  332.8  113.2  24  15.5  5.8  1186.7  
Maximum  To 23.1  24.1  24.2  24.4  24.6  22.6  20.8  20.5  21.2  21.7  22.1  22.9  22.7  
Minimum To 3.3  4.0  3.5 4.0  4.2  3.5  3.1  3.0  3.1  2.2  2.0  2.5  3.2  

Muke 
Turi 

Precipitation (mm) 26.2 20.4 67.0 51.2 45.2 93.3 283.6 270.2 96.9 29.5 4.4 7.1 994.9 
Maximum  To - - - - - - - - - - - - - 
Minimum To - - - - - - - - - - - - - 

Table Summary of Climate Data (Source: Metrological Agency) 
 
 
 
 
 
 



Soil Erosion Risk Assessment with RUSLE and GIS in Dire Dam Watershed 2011 

 

Israel Tessema (Master of Science)                   Addis Ababa University  65 

 

 

 

 

DECLARATION 

 
This is to certify that the thesis entitled “Soil Erosion Risk Assessment with RUSLE and GIS 

in Dire Dam Watershed” is my original work and has not been presented for a degree in any 

other university, and that all sources of material used for the thesis have been duly 

acknowledged.  

This is the actual work done by Israel Tessema under my guidance and supervision for the partial 

fulfillment of the award of the Degree of Master of Science in Environmental Science from 

Addis Ababa University, Addis Ababa.  

 

 

Dr. Mekuria Argaw 

Environmental Science Program 

Addis Ababa University 

Addis Ababa 

 

 

 

 

 

 


