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Abstract 

Soil loss by runoff is a severe and continuous environmental and infrastructural problem 

in Kulfo watershed. Deforestation and improper cultivation have resulted in accelerated 
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soil erosion.  Information on soil loss is essential to support agricultural productivity and 

watershed management. Thus, study was aimed to estimate and map the soil loss by using 

GIS and RUSLE techniques raster format in GIS environment. Topographic map of 

1:250,000 scale. Aster Digital Elevation Model (DEM) of 30 m spatial resolution. digital 

soil map of 1:250.000 scales, fifteen years rainfall records of six stations nearby 

watershed. and land sat imagery (ETM+) with spatial resolution of 30m were used to 

derive RUSLE's soil loss parameter. The RUSLE parameters were analyzed and 

superimposed using raster calculator in the geo-processing tools in ArcGIS10.2 

environment to estimate and map the annual soil loss of the study area. The result showed 

that the mean annual soil loss of the watershed range from none significant (0 tons ha-1y-1) 

to highly sever (253.38 ton ha-1y-1). The mean annual soil loss of the whole watershed was 

88.57 tons ha-1y-1. The total annual soil loss in the watershed was 3,862,077 ton per year 

from 39900 ha of land. Most of these soil erosion affected are spatially situated in the 

upper steepest slope part and middle part of the watershed. This area where acrisols with 

high soil erodibility character are dominant  Hence, Slope gradient and length followed by 

soil erodibility factors were found to be the main factors of soil erosion .The 

morphological character also the determinant factor for soil and water conservation 

practice. Thus, sustainable soil and water conservation practices should be adopted in the 

most sever area of the watershed.  

 

Keyword: GIS. Erosion, RUSLE, watershed, prioritization   
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Chapter one  

1. INTRODUCTION  

1.1. Background  

Soil is the top layer of the earth’s crust that is capable of sustaining life. It is 

very important to farmers, who depend on it to provide abundant and healthy crops 

each year. One major problem in agriculture is soil erosion. Soil erosion is the 

detachment, transportation and deposition of soil particles from a given site to another. 

Wind, water, ice, animals and the use of tools by man are usually the main agents 

of soil erosion. It is a natural process which usually does not cause any major 

problems unless accelerated by human activities. It becomes a problem when human 

activity causes it to occur much faster than under normal conditions. Water is the 

most important erosion agent and erodes most commonly as running water over land 

or in streams. Soil erosion is one of the most serious environmental and public 

health problems facing human society in the world. The loss of soil from land 

surface by erosion is widespread and adversely affecting the productivity of natural 

ecosystem as well as agricultural lands. Soil is a limited strategic resource of huge 

social, economic and environmental significance. However, the use of inappropriate 

farming methods can lead to erosion and limit the productive capacity of the soil 

(Lal. 2001).  

 

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. Inappropriate crop farming and animal husbandry practice in Kulfo watershed 

has led excessive soil erosion in some parts and pollution of Chamo Lake at downstream 

of the watershed. The environmental problems that were developed in Kulfo watershed 

include lake sedimentation, depletion of biodiversity and loss of land productivity. 

Hence, the study of soil erosion in Kulfo watershed is required for planning 

sustainable management of land resource and water resource development. To 

investigated soil erosion variations using the spatially variable factors that affect the 

erosion processes, r e c e n t  developments of global observation by remote sensing 
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a r e  helpful. Using spatial distribution of vegetation cover, soil and digital elevation 

model (DEM), it is possible to extract topographical, soil and crop parameters of 

soil erosion.  

Based on the (FAO-UNESCO) global digital soil map (FAO. 1985), the global data 

set of soil properties has been made available by the Data and Information System 

(DIS) framework activity of the International Geosphere-Biosphere Programmer 

(IGBP) (Scholes et al. 1995).  

1.2. Statement of the Problem 

In Kulfo watershed, the deposition of sediments in Chamo Lake is causing depletion 

of the Lake Ecosystem. Due to the expansion of crop farms with inappropriate 

practices. it seems obvious that large amount of soil has been lost to the Lake but 

there is no or very little scientific research to clearly know how much amount of 

soil is eroded per year and which parts of the watershed are the main contributors.  

The significant erosion factors are not identified. The local government lacks 

information to decide where to start soil and water conservation activities since 

area is not classified on the basis of severity of erosion.   

1.3. Research Questions 

1) What is the amount of soil loss in tonha-1y-1ear? 

2) Which parts of the watershed are more affected by soil erosion? 

3) Which sub watersheds are more vulnerable to soil erosion? 

4) Which factors are significantly controlling soil erosion in the watershed? 

1.4. General Objective 

The general objective of the study is to quantify soil loss and classify the watershed on 

the basis of soil erosion severity in the watershed using Revised Universal Soil Loss 

Equation (RUSLE) and Geographic Information System (GIS). 
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1.4.1. Specific Objectives 

The study deals with the following specific objectives 

1) Estimate the amount of soil loss per year from watershed 

2) Classify the watershed area on the basis of severity and vulnerability to soil 

erosion 

3) Characterize the watershed morphology 

1.5. Significance of the Study 

The most important result of this study is the recognition of the most critically degraded 

area for rehabilitation planning. Moreover, the identification of catchment area that is 

vulnerable to soil erosion can help to make decision for developing the affected areas and 

control whenever possible. 

1.6. Scope of the Study 

This study focuses on soil loss estimation and classification of the watershed on the 

basis of soil erosion severity and vulnerability. Other related study like hydrological 

and sediment yield modeling studies was already conducted before.  
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2. LITERATEUR REVIEW 

2.1. Soil Loss Estimation in Ethiopia and Abroad 

Abate (2011) estimated the amount of soil loss in the Borena woreda of south wollo, 

Ethiopia. The revised universal soil loss equation model integrated with satellite remote 

sensing and geographic information system was used for erosion modeling.   The input 

parameter in the model was soil type, annual average rainfall, slope length and slop 

steepness, cover management and support practice.  Based on his study, the total soil loss 

from the area was found to be 2,661, 888 metric tons per year from 102,756 ha area. 

 

Prasannakumar et al. (2011) Estimation of soil erosion risk within a small mountainous 

sub watershed in Kerala, India. A comprehensive methodology that integrates RUSLE and 

GIS techniques was adopted to determine the soil erosion vulnerability of a forested 

mountainous sub-watershed in Kerala. India. The spatial pattern of annual soil erosion 

rate was obtained by integrating geo-environmental variables in a raster based GIS 

method. Geographical Information Systems data layers including, rainfall erosivity (R), 

soil erodability (K), slope length and steepness (LS), cover management (C) and 

conservation practice (P) factors were computed to determine their effects on average 

annual soil loss in the area. The resultant map of annual soil erosion shows a maximum 

soil loss of 17.73 tons ha-1 year-1 with a close relation to grass land areas, degraded forests 

and deciduous forests on the steep side-slopes (with high LS ). The spatial erosion maps 

generated with RUSLE method and GIS can serve as effective inputs in deriving 

strategies for land planning and management in the environmentally sensitive 

mountainous areas. 

 

Kamaludin et al. (2013) studied integration of remote sensing. RUSLE and GIS to model 

potential soil loss and sediment yield (SY). The aim of their study was to determine 

potential soil loss using the Revised Universal Soil Loss Equation (RUSLE) and the 

sediment yieldin the GIS environment within selected sub-catchments of Pahang River 

Basin. RUSLE was used to estimate potential soil losses and sediment yield by utilizing 

information on 10 rainfall erosivity (R) using interpolation of rainfall data, soil erodibility 

(K ) using field measurement and soil map, vegetation cover (C) using satellite images, 

topography (LS) using DEM and conservation practices (P ) using satellite images. The 
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results indicated that the rate of soil loss in these sub-catchments ranged from very low to 

extremely high. The area covered by very low to low potential soil loss was about 15 

99%, whereas, moderate to extremely high soil loss potential covered only about 1% of 

the study area. The sediment yield (SY) value in Pahang River turned out to be higher 

closer to the river mouth because of the topographic character, climate, vegetation type 

and density and land use within the drainage basin. 

 

Ganasri and Ramesh (2014) conducted assessment of soil erosion for soil and water 

conservation planning works in a watershed. In the study, the soil loss model Revised 

Universal Soil Loss Equation (RUSLE) integrated with GIS was used to estimate soil loss 

in the Nethravathi Basin located in the southwestern part of India. The Nethravathi Basin 

is a tropical coastal humid area having a drainage area of 3128 km2 up to the gauging 

station. The parameters of RUSLE model were estimated using remote sensing data and 

the erosion probability zones were determined using GIS. The results indicated that the 

estimated total annual soil loss of 473.339 tons ha-1year-1 was comparable with the 

measured sediment of 441, 870 tons ha-1y-1r during the water year of 2002 and 2003. The  

weighted overlay index method indicate that the major portion of the study area comes 

under low probability zone and only a small portion comes under high and very high 

probability zone. The results can certainly aid in implementation of soil management and 

conservation practices to reduce the soil erosion in the Nethravathi Basin.  

 

 Tadesse and Abebe (2014) quantified and mapped soil loss by examining different 

topographic and anthropogenic factors for planning and implementing sustainable soil 

conservation and management system in the Jabi Taninan werada. ANRS, Ethiopia. On 

the study, integrated geographic information system, remote sensing and multi- criteria 

evaluation technique was used to quantify and map soil loss. The input parameters to 

estimate the amount of soil loss in the study were slope steepness and slope length, soil 

erodibility, rainfall erosivity land management practice and cover management. They 

found that the mean annual soil loss from the area to be 30.6 tons ha-1year-1. Which make, 

total soil loss of 3.580.528 ton per year from 1169835 ha of land.   
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Gizachw and Yihenew (2015) studied the soil loss rate (amount) of Guang watershed, 

Ethiopia, with geographic information system and remote sensing. Revised universal soil 

loss equation, adapted for Ethiopia condition was used to estimate potential soil loss by 

utilizing information on rainfall erosivity, soil erodibility, slope steepness and slope 

length land cover management and support practice factor. Based on their study the mean 

and total annual soil loss of the watershed were 24.95 tons ha-1year-1 and 8.732.5 tons 

year-1 respectively. About 147.9 ha (64%) of the watershed was categorized under no 

erosion to slight erosion class which is under soil loss tolerance (SLT) value ranging from 

5 to 11 ton ha-1year-1 whereas the high soil loss potential covered about 206.1 ha (36%). 

The study demonstrates that the revised universal soil loss equation and remote sensing 

provide a great advantage to spatially analyze multi layer data. 

 

Gizachw (2015) studied the soil loss rate (amount) of Zingin watershed, Ethiopia, with 

geographic information system and remote sensing. Revised universal soil loss equation 

adapted for Ethiopia condition was used to estimate potential soil loss by utilizing 

information on rainfall erosivity, soil erodibility, slope steepness and slope length land 

cover management and support practice factor. Based on his study; the mean and total 

annual soil loss of the watershed were 9.1 tons ha-1 year-1 and 57.750.15 tons year-1 

respectively. About 4909.63 ha (78.31%) of the watershed was categorized under no 

erosion to slight erosion class which is under soil loss tolerance (SLT) value ranging from 

5 to 11 tons ha-1year-whereas the high soil loss potential covered about 1376.48 ha 

(21.69%). The study demonstrates that the revised universal soil loss equation and remote 

sensing provide a great advantage to spatially analyze multi layer of data. 

 

Abdul et al. (2015) studied soil loss from Kala mini watershed in India. The revised 

universal soil loss equation (RUSLE) was used to estimate soil loss. Household survey 

was conducted to identify major determinants of soil loss control. During the study six 

principal parameters were used to calculate soil loss per year such as rainfall factor, soil 

erodibility factor, slope length and slop steepness factor, crop management factor and 

support practice factor. The soil loss showed that the spatial variation that ranged from 4.5 

mg/ha.year in forest to 65.9mgha-1y-1ear in crop land. 
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Adagna et al. (2015) studied the soil loss rate (amount) of north east wellega in the west 

Ethiopia with geographic information system and remote sensing. Revised universal soil 

loss equation adapted for Ethiopia condition was used to estimate potential soil loss by 

utilizing information on rainfall erosivity, soil erodibility, slope steepness and slope length 

land cover management and support practice factor. Based on his study; the mean and 

total annual soil loss of the watershed were 9.1 tons ha-1 year-1 and 65.750.15 tons year-1 

respectively. About 5909.63 ha (72.31%) of the watershed was categorized under no 

erosion to slight erosion class which is under soil loss tolerance (SLT) value ranging from 

5 to 11 tons ha-1year-1 whereas the high soil loss potential covered about 1376.48 ha 

(28.69%). The study demonstrates that the revised universal soil loss equation and remote 

sensing provide a great advantage to spatially analyze multi layer of data. 

Habtamu and Amare (2016) estimated and mapped the mean annual soil loss by using 

revised soil loss equation and geographic information system and remote sensing 

technique in the Koga watershed. Ethiopia. The revised universal soil loss equation 

parameters were analyzed and integrated using raster calculator in the geo processing tool 

in Arc GIS 10.1 environment. Based on their study the mean annual soil loss ranged from 

0 to 47 tons ha-1year-1. 

2.2. Prioritization of Erosion Prone Area 

 Bewket and Teferi (2009) studied soil erosion hazard and prioritization of sub watershed 

based on the severity of soil loss in the watershed. The universal soil loss equation 

(USLE) integrated with satellite remote sensing and geographic information system are 

useful tool for conservation planning decision making. Monthly precipitation, soil map, 

30-m resolution digital elevation model, land use, slope steepness and slope length factor 

were used. The result shows larger part of the watershed (>58%) suffer from severe to 

very sever risk (>80 tons ha-1year-1). Based on the predicted soil erosion rate the 

watershed were dividing in to six priority categorized for conservation intervention and 

identified 18 micro watersheds that may used as conservation planning unit. 

 Londhe et al. (2010) evaluated morphologic and revised universal soil loss equation 

parameters using remote sensing and geographic information system for prioritization of 

mini watershed in Subarnarekha sub watershed. India. They attempted to compare the 

rank obtained from both parameters. The rank of universal soil loss equation parameters 

were found more appropriate and considered for prioritization of mini watershed. 
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Geographic Information System (GIS) and remote sensing based evaluation of 

morphologic and revised universal loss equation parameter for ranking has an immerse 

help in the prioritization of small hydrologic unit. 

 

Shinde et al. (2010) studied   soil loss and identified critical area for implementation of 

better management practice for decision making in soil and water conservation planning. 

In the   study universal soil loss equation (USLE) integrated with raster-based geographic 

information system (GIS) has been applied to estimate potential soil loss at sub watershed 

level in the Konar basin of upper Damodar Valley Catchment, India. The main advantage 

of the GIS methodology was providing quick information on the estimated value of soil 

loss for any part of the investigated area. The rainfall erosivity R-factor of USLE was 

found as 293.96 and the soil erodibility K-factor varies from 0.325 - 0.476. Slopes in the 

catchment varied between 0 and 83% having LS factor values ranging from 0 - 6.7. The C 

factor values were computed from existing cropping patterns in the catchment and support 

practice (P factors) were assigned by studying land slope. Average annual soil erosion at 

micro watershed level in Konar basin having 961.4 km2 areas was estimated to be 1.68 

ton ha-1y-1. Further micro watershed priorities have been fixed on the basis of soil erosion 

risk to implement management practices in micro watersheds which will reduce soil 

erosion in Konar basin. 

 

Sujata Biswas (2012) conducted prioritization of sub catchments in Upper Kangsabati 

catchment in West Bengal. India.  Satellite Images of IRS‐P6 LISS‐III have been 

georeferenced with respect to SOI toposheets (1:50.000 scales). The drainage network 

and the catchment have been identified from the mosaic topo sheet and updated from 

satellite imagery, Land use; soil and slope maps were prepared from Survey of India 

maps and NBSS & LUP maps and integrated into GIS database. Soil erosion of each of 

the sub catchment was estimated from the integrated map. The sub catchments were 

prioritized based on the estimation of erosion. From the study it can be inferred that soil 

erosion estimation using Remote Sensing and GIS technique can be effectively used for 

prioritization of catchments and this helps in the way the catchments can be taken for 

treatment for conservation measures. 
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Amare  et al. (2014) studded soil erosion modeling and erosion risk mapping of Wondo 

Genet watershed. Ethiopia. The input parameter they used were soil erodibility, rainfall 

erosivity, slope length and slop steepness, land cover management and support practice 

factor. Their study employed revised universal soil loss equation together with 

geographic information system to identify the severity of soil loss in spatial pattern. 

Based on the level of soil erosion severity, they identified different priority categories 

for conservation intervention. The study shows that nearly 39% of the watershed area 

suffers from a severe or very severe to extremely severe erosion risk. Mainly in the 

steeper slope bank of the drainage areas where inappropriate cultivation practice occur 

and in areas that are covered with spar vegetation. 

 

Gajanan (2015) conducted a study for the formulation of catchment area treatment plan 

based on watershed prioritization using remote sensing techniques. corroborated with 

Geographic Information System (GIS). Estimation of runoff and sediment yield were 

used in prioritization of catchment for identifying critical erosion-prone areas of a 

catchment for implementation of best management plan with limited resources. The 

Universal Soil Loss Equation Sediment Yield Determination and Silt Yield Index 

methods were used for runoff and soil loss estimation for prioritization of the 

catchments. On the basis of soil erosion classes the watersheds were grouped into very 

high, high, moderate and low priorities, Kabir uddin et al. (2016) assessed priority area 

for conservation practice. In their study they used remote sensing data and geographic 

information system to estimate the spatial distribution of soil loss across the entire 

Koshi basin, india, to identify a conservation priority map. The revised universal soil 

loss equation was used in GIS environment with rainfall erosivity, soil erodibility, 

slope steepness and slope length, land cover and support practice factor as input 

parameter. The erosion risk was dividing into eight classes from very low to extremely 

high and mapped to show the spatial pattern of soil loss risk in the basin. Areas within a 

high and increased risk of erosion were identified as priority areas for conservation 

planning and implementing. 

 

Yahya and Omar (2016) conducted prioritization for watershed managements and 

natural resource development. Fourteen sub watersheds were delineated and designed 
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as MW1 to MW2 for prioritization purposes. Morphologic characterization and soil 

loss severity analysis were conducted and their values were determined for each sub 

watershed. Based on values different prioritization ranks were defined following the 

computation of compound factors. Based on morphologic and soil erosion severity 

analysis and the recorded result ranks the sub watershed have been classified in to four 

categories in relation to their priority for soil conservation measures.         

 2.3. Characterization of Catchment Morphology  

The relationship between the morphology of streams and erosion has been 

considered important for many decades. especially, when changes in morphology 

might somehow be linked to changes in erosion from the landscape. Important 

morphological characteristics of a watershed include drainage density, form factor, 

elongation ratio and circulatory ratio (Jain and Goel, 2002). Drainage density is 

defined as the quotient of the cumulative length of the streams to the total drainage 

area and is expressed in length per unit area (Choubey and Jain, 1992). A higher 

drainage density represents a relative higher number of streams per unit area and thus 

a rapid storm response. It also represents conditions favorable for higher erosion 

from the catchment. The form factor is defined as the ratio of the basin area to the 

square of the basin length. The circulatory ratio is defined as the ratio between the area 

of the basin and the area of the circle having the same perimeter as that of the 

basin (Choubey and Jain, 1992). A higher circulatory ratio induces lesser erosion (Jain 

and Goel, 2002). The elongation ratio is the ratio between the diameter of circle having 

the same area (as that of basin) and the maximum length of the basin. A higher 

elongation ratio induces lesser erosion (Jain and Goel, 2002). 

 

Snilondle et al. (2010) characterized catchment morphology using geographic 

information system. In the study, morphologic analysis determined the parameter 

drainage density, circulatory ratio, elongation ration, drainage texture and over land 

flow has been carried out. Using these parameters prioritization of watershed has been 

done. 
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Chandnih and Kansal (2016) carried out a critical valuation and assessment of 

geomorphometric constraints. Prioritization of watersheds based on water plot capacity of 

Piperiya watershed has been evaluated by linear, aerial and relief aspects. Morphometric 

analysis has been attempted for prioritization of nine sub-watersheds of Piperiya 

watershed in Hasdeo river basin, which is a tributary of the Mahanadi. Sub-watersheds are 

delineated by ArcMap 9.3 software as per digital elevation model (DEM). Assessment of 

drainages and their relative parameters such as stream order, stream length, stream 

frequency, drainage density, texture ratio, form factor, circulatory ratio, elongation ratio, 

bifurcation ratio and compactness ratio has been calculated separately for each sub-

watershed using the Remote Sensing (RS) and Geospatial techniques. Finally, the 

prioritized score on the basis of morphometric behavior of each sub-watershed was 

assigned and thereafter consolidated scores have been estimated to identify the most 

sensitive parameters. The analysis reveals that stream order varies from 1 to 5; however, 

the first-order stream covers maximum area of about 87.7 %. Total number of stream 

segment of all order is 1.264 in the watershed. The study emphasizes the prioritization of 

the sub-watersheds on the basis of morphometric analysis. 

 2.3.1. Drainage Density 

Drainage density represents a relative higher number of streams per unit area and thus 

in this study, it was computed as the ratio of the total length of streams within a watershed 

to the area of the watershed. Thus drainage density has the units of the reciprocal of 

length. A watershed with a high drainage density is characterized by quick response. 

Drainage density varies inversely as the length of overland flow and indicates the drainage 

efficiency of the basin. A high value indicates a well-developed network and torrential 

runoff causing intense floods while a low value indicates moderate runoff and high 

permeability of the terrain. In many situations, it is also of interest to consider channel 

cross-sections. Cross-sections can take on a wide variety of shapes and sizes. Cross-

sections information is needed to determine the extent of flooding during high flows. High 

values of drainage density are expected from easily eroded soils, relatively impermeable, 

steep slopes and scantly vegetation covered watersheds. A high value of the drainage 

density would indicate a relatively high density of streams and thus a rapid storm 

response. A value typically ranges from 1.5 to 6 mi/mi2. It is given by D = total stream 

length/drainage area 0.932 to 3.727 km/km2. Drainage density is also defined as the 

quotient of the cumulative length of the streams to the total drainage area and is 
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expressed in length per unit area (Choubey and Jain. 1992). It also represents 

conditions favorable for higher erosion from the catchment. 

2.3.2. Drainage Texture 

The infiltration capacity is the single important factor which influences drainage texture. 

It is the total number of stream segment of all orders per perimeter of the area (Horton. 

1945). Horton recognized the infiltration capacity as the single important factor which 

influences drainage texture. Smith (1950) has classified the drainage texture to very 

coarse <2, coarse 2-4, moderate 4-6, fine 6-8 and very fine > 8. The lower value of 

drainage texture indicates the basin is plain with lower degree of the slope. 

2.3.3. Circulatory ratio  

The circulatory ratio is the factor to facilitate soil erosion. Circulatory ratio is defined as 

the ratio between the area of the basin and the area of the circle having the same perimeter 

as that of the basin the higher circulatory ratio induce lesser erosion. The Circulatory ratio 

is helpful for both assessments of erosion prone areas and flood hazard. Circulatory ratio 

value is under mini watershed range in between 0.17 to 0.64. The circulatory ratio greater 

than 0.64 is categorized under flood hazard (schumn, 1956). 

2.3.4. Elongation Ratio 

Elongation ratio shows how much the watershed elongated. The elongation ratio value is 

with the range less or equal to one. The elongation ratio is the ratio between the diameter 

of circle having the same area (as that of the basin) and the maximum length of the basin. 

The higher elongation ratio induces lesser erosion. The elongation ratio value of the mini 

watershed is range in between 0.61 to 1.22. The elongation ratio value generally exhibit 

variation from 0.61 to 1 over a wide variety of climatic and geologic type. The elongation 

ratio greater than 1 indicating lower relief, whereas the elongation ratio of mini watershed 

range in between 0.61 to 0.99 is indicating high relief and steep slope land scape (schumn, 

1956).      
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2.3.5. Form Factor  

The value of form factor would be always less than o.785 (Rudraih, 2008). Smaller value 

of the form factor more elongated will be the basin. The basin with high form factor has 

lower peak flow and shorter duration it ranges in between 0.02 to 0.05. Whereas, 

elongated watershed with low form factor have lower peak flow of longer duration. 

2.3.6. Bifurcation Ratio  

Bifurcation expresses the ratio of primary stream order to that of secondary stream order 

or secondary stream order to that of tertiary stream order and so on. Smaller bifurcation 

ratio value indicates that the low structural disturbance and drainage pattern have not been 

distorted. Whereas high bifurcation ratio value indicates the high structural complexity 

and low permeability of train (Sunil, 2010). The high bifurcation ratio is indication of 

strong structural development. 

2.3.7. Length of Overland Flow 

It is the length of water over the ground before it is concentrated in to define stream 

channel. These factor relates inversely to the average slope of the channel and quite 

smaller with the length of sheet flow to large degree (Horton, 1945). 

2.4. Revised Universal Soil Loss Equation for Soil loss Estimation 

Research on soil erosion and its effect on agricultural productivity started in 1930s. 

During 1940 and 1956, research scientists began to develop a quantitative procedure for 

estimating soil loss in the Corn Belt in the United States. Several factors were introduced 

to an early soil loss equation, in which slope and practice were primarily considered. It 

was recognized that a soil loss equation could have a great value for farm planning and 

the Corn Belt equation could be adapted for other regions. In 1946, a group of erosion 

specialists held a workshop in Ohio to reappraise the factors previously used and added a 

rainfall factor. U.S. Department of Agriculture, Agricultural Research Service (ARS) 

established the National Runoff and Soil Loss Data Center at Purdue University in 1954 

to locate, assemble, and consolidate all available data throughout the United States. More 

than 10.000 plot-years of basic runoff and soil loss data were then collected from U.S. 

federal-state cooperative research projects in 49 U.S. locations. Based on the data, 

assembled at the Data Center and previous studies, Wischmeier, Smith, and others 
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developed the Universal Soil Loss Equation (USLE). An Agriculture Handbook (No. 537) 

describing USLE was published in 1965 and revised in 1978. With a widespread 

acceptance, USLE has become the major conservation planning tool which is used in the 

United States and other countries in the world. With additional research, experiments, data 

and resources, research scientists continued to improve USLE, which led to the 

development of Revised Universal Soil Loss Equation (RUSLE). RUSLE has the same 

formula as USLE but has several improvements in determining the factors. These include 

some new and revised isoerodent maps; a time-varying approach for soil erodibility 

factor; a sub factor approach for evaluating the cover-management factor; a new equation 

to reflect slope length and steepness; and new conservation-practice values (Renard et al, 

1997). A new Agriculture Handbook (No. 703) which describes RUSLE in great detail 

was published in 1997 by the U.S. Department of Agriculture.  

 2.4.1. Historical Development of Revised Universal Soil Loss Equation 

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 factors 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 and 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 and 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.  
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2.4.2. Soil Erosion Factors 

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). 

2.3.2.1. Climate Factor 

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) 

3.4.2. Soil Factor 

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 of the soil (Fangmeier et al, 

2006). The susceptibility of soil to erosion agents is generally referred to as soil 

erodibility (K) (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 
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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). 

2.3.3. Topographic Factor 

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. The slope length was combined with slope gradient using factors determined 

by the SCRP for Ethiopian conditions as shown in Table below 

Table 1: Combined slope length and slope gradient factor (ssdsa. 12) 

Slope gradient in% 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 

 

2.4.4. Ground Cover factor 

Vegetation cover is one of the most crucial factors in reducing soil erosion. 
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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 (DeAsis 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 tons ha-1year-1 under natural forest to 4.9 tons ha-1year-1 in areas 

of mature coffee to 7.32 tons ha-1year-1 in areas 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. 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). The cover management factor 

represents the effects of vegetation, management and erosion control practices on soil 

loss. As with other RUSLE factors, the C value is a ratio comparing the existing surface 

conditions at a site to the standard conditions of the unit plot. The land cover factor was 

calculated for each mapping unit of a project area using the land use/cover map as an 

input.  

3.4.5. Conservation Practice Factor 

In Agricultural Areas, Conservation Practices Such As Contouring, Strip Cropping, 

or terracing, reduces 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). 
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2.5. Application of Models for Assessing Soil Erosion  

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). 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 

2.5.2. Application of RUSLE though Remote Sensing and Goegraphic  

Information System for erosion assessment 

Remote 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 physiographic 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 
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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. 

2.5.3. Remote Sensing for Soil Erosion Assessment 

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 satellite 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 is soil erosion modeling can be 

created by analysis of stereoscopic optical and microwave (SAR) remote sensing 

data (Pande et al, 1992). 

2.5.4. Geographic Snformation system for Soil Erosion Assessment. 

Spanner et al. (1982) first demonstrated the potential of GIS for 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 
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characterization and assessment studies of soil erosion 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 shapes 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. 

2.6. Comparative analysis of catchment morphologic parameter and 

RUSLE parameter 

Comparative analysis of rank of morphologic and RUSLE parameters is carried out to 

ascertain the validity of rank obtained from RUSLE parameters to prioritize each of 

sub watershed of the study area   (Sunil, 2010). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area  

The Kulfo watershed is geographically located between 37028’00.94" and 37034’03.34" 

East longitude and 6003’49.19” and 6003’11.71” North latitude. Kulfo watershed is one 

of the watersheds in Abaya Chamo Lakes basin in Rift Valley Lakes basin.   The 

watershed drains to Chamo Lake in the basin. The maximum and minimum elevation of 

the watershed is 3557 and 1192 m a.m.s.l. respectively. 

 

                             Figure 1: Location of Kulfo watershed   

3.1.1. Climate 

The maximum and the minimum average monthly rainfall at the lowlands of the 

watershed are 35.5 mm in the January and 195 mm in the May.  The rain over the 

watershed is bi modal with 80% of annual rain falling during March to October. The 

dry season occurs from November to April. The maximum monthly temperature in the 

lowlands of the watershed varies from 34.1 C0 in March to 28.1C0 in June. Whereas, 

the minimum temperature varies from 14 to 17.9 C0 December and August 

respectively. The relative humidity of watershed varies between 41 to 70% March to 

October respectively.
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 Figure 2: Average monthly rainfall at the lowlands of the study area 
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Figure 12 shows the spatial distribution of rainfall data that found in the watershed and 

nearby the watershed used during research. As the figure indicates the three rainfall 

station used for rainfall erosivity computation the other three station that found out of 

the watershed polygon area used to data filling purposes. 

3.1.2. Topography and Slope 

The slope and topography describe the shape and relief of the land surface. Topography 

is the measurement of elevation and slope is the percentage change in that elevation 

(topography) over a certain distance. Topography may be measured with lines that 

connect points representing the same elevation (contour). Whereas slope measured by 

calculating the difference in the elevation from one point to another dividing by the 

lateral distance between those points. The Watershed has marked topographic variation. 

As shown in the figure below the maximum elevation is 3557 and the minimum 

elevation is 1192 at the outlet of the watershed. These topographical variations have 

important consideration in the rainfall distribution and other climatic factor variation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3 Classified elevation of the watershed 
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3.2 Models and Software Used for soil loss estimation and Sub Watershed 

Prioritization  

In this study, Revised Universal Soil Loss Equation ( RUSLE) was used to estimate 

the average annual soil loss which is expressed as mass per unit area per year 

(toneha-1y-1). The RUSLE predict soil erosion for particular watershed as a product 

of six major factors. The value of soil erosion factors vary from time to time, storm 

to storm and thus the RUSLE is suitable to predict long term average soil loss. 

RUSLE was applied in ArcGIS 10.2 environment to determine the average annual 

soil loss. Parameter values of RUSLE soil erosion factors were generated in ArcGIS 

10.2. Land use/cover classification has been carried out using ERDAS Imagine 

software from 2011 Land sat Satellite image. 

3.2.1. Description of Revised Universal Soil Loss Equation  

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). Despite 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 ------------------------------------------------------------------1  

      Where: A = computed average annual soil loss in tons/hectare/year; 

                    R = rainfall-runoff erosivity factor (mm); 

                   K = soil erodibility factor (unit less); 

                  L = slope length factor (m); 
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                  S = slope steepness factor (%); 

                  C = cover management factor (unit less). 

                  P = conservation practice factor (unit less). 

3.2.2. Generation of Parameter values of RUSLE soil erosion factors. 

 3.2.2.1. Rainfall Factor (R_factor) 

Raifall erosivity factor is defined as the capability of rainfall to cause erosion and given as 

the product 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 erosivity (R-factor) 

is a property of rainfall that can quantitatively evaluate the capacity of rain to cause 

erosion under a given condition. The most suitable expression of the erosivity of rainfall 

is an index based on kinetic energy of the rain. There are different ways of analyzing the 

R factor, For instance. 

R = 9.28 * P – 8838--------------------------------------------------------------------------- 2 
Where R is mean annual erosivity (for KE > 25), and P is mean 

annual Precipitation (Morgan.1994) 

R = 0.276 * P * I30------------------------------------------------------------------------------ 3  
Where I30 maximum 30-minute intensity, and P is mean annual 

precipitation (Morgan. 1994) 

R = 0.5 * P (in US unit) and R = 0.5 * P *1.73 (in Metric unit) -------------------------- 4  

The above formulas have been applied in different parts of the world. The first equation 

appears to work well for Peninsular Malaysia, whereas the application for other countries 

is less satisfactory. Especially with the annual rainfall below 900mm the equation yields 

the estimates of erosivity, which are obviously meaningless (Morgan. 1994). In line with 

this, the second equation needs the value of I30 for calculating the erosivity factor, which 

is difficult to get in the context of the study area. Moreover, rainfall kinetic energy and 

intensity data are not available in most 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 based on the easily available 

mean annual rainfall (P). It is given by a regression equation: 
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          R= −8.12+0.562∗P--------------------------------------------------------------------- 5 

In order to determine Rainfall erosivity factor using equation 5 for the project watershed 

15 years data of four metrological stations (Arbaminch. Zigiti. Dorze and Gerese) were 

used. The rainfall data of meteorological stations were obtained from National 

meteorological agency (NMA) of Ethiopia. Average annual rainfall of 15 years for each 

meteorological station was calculated and IDW interpolation method of ArcGIS 10.2 was 

employed to generate an estimated surface from these scattered set of point data in the 

study watershed for areas with no metrological station. That is. R-value was interpolated 

from annual average rainfall data of surrounding metrological stations. 

Limitation of soil erosivity factor 

 The R-factor is particularly difficult to calibrate due to the data set that is 

necessarily and to the required geographical distribution over time and space. 

 The erosivity factor depends on the rainfall intensity and rainfall volume but the 

rainfall entensity affected by topography even if the RUSLE not consider these 

fact.    

3.2.2.2. Soil Erodibility Factor (K_factor) 

Soil erodibility represents the susceptibility of soil or surface material to erosion, 

transportability of the sediment and the amount and rate of runoff given a particular 

rainfall input, as measured under a standard condition. Soil erodibility values reflect the 

rate of soil loss per rainfall-runoff erosivity index. Influencing factors of soil erodibility 

are soil characteristics such as permeability, infiltration, water holding capacity, 

distribution of particles, aggregate stability, tendency towards dispersion and absorption, 

transportability, structure and humus content. The soil erodibility would be calculated for 

each mapping unit of generated geomorphology and soil map of the watershed in the 

raster format. The soil data for this study was obtained from digital soil map of 

Ministry of Agriculture and Natural Resources ( MoANR (2006) with the scale of 

1:25000. 000. The soil map has a polygon shape format. The soil feature map of the 

study area was obtained by clipping from the soil map of MoANR for the study 

watershed in the GIS environment. Then, erodibility value (K-factor) was assigned for 

each of the three soil types based on their properties as indicated by (FAO. 1985). The 

vector soil map w a s  converted to raster format using spatial analysis tool in arc 

Info 10.2 and then the value field of the soil layer was reclassified by the respective 
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value of K-factor, using reclassify tool of spatial analyst extension in arc-Info 10.2 

a n d  subsequently raster layer of K-factor was generated. 

3.2.2.3. Terrain Factor (LS factor) 

The terrain factor includes both slope length and slope steepness effects on soil 

loss. The amount of erosion increases as the slope length increases (Wischmeier 

and Smith. 1978; Desment and Govers, 1996). Slope length is the distance along 

the flow path from the origin of overland flow to the point where deposition 

occurs. 

Factors were calculated together in one formula indicated below. 

LS = (λ0.3/22.1) * (S/9) ----------------------------------------------------------------------- 6 

Where: λ = Flow length (m) 

              S = Slope in percent (%) 

The raster gird f o r  LS factor was calculated using the arcInfo spatial analyst 

tool from 30 m *30m resolution digital elevation model of SRTM. The technique 

proposed by Moore and Burch (1996) for estimating LS factor was employed. 

The technique required flow accumulation and the slope steepness map and they 

were generated from the DEM to compute LS factor. 

3.2.2.4. Cover Management Factor (C-Factor). 

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/cover was made separately for each land unit and 

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

adapted to Ethiopian condition. In order to determine C- factor. Kulfo watershed land 

use/cover was classified into six land use classes from Landsat image acquired in 

2011by applying maximum likelihood of supervised classification. Land use/cover 

data was generated by ERDAS Imagine software from the satellite image using 
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supervised classification. The 2011 land sat satellite image was used to classify the 

current land use/cover of the watershed. The image has 30*30 meter resolution. 

Ground truth data was used for the supervised image classification. Accuracy 

assessment and validation of the result the selection of appropriate time for ground 

truth data collection was fundamental issue.  Hence, the ground truth data was required 

to be collected for similar period of the image acquisition. Having this in mind field 

data collection was done from June 1 to 8. 2016. The materials used during field data 

collection were unsupervised classes of  land use/cover map of 2011 GARMIN GPS 

and Digital Camera. Data collection was done through site selection of known point 

both on the ground and on the map. The land use/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/cover rather than taking the reading from the edge, With the help of visual 

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

satellite image. The study area was classified into five land use/cover classes. 

Namely cultivated land, forest, urban, shurbland and riparian vegetation after getting the 

classified image the raster format was changed into vector format and the corresponding 

C-value which was obtained from Hurni (1985) was assigned and C - factor map was 

produced in the form of raster. 

To assess the accuracy of the LULC classification, field data was compared against the 

classified images. For each of the classified cover, types random sample points were 

established. Then each random sample point visited in the field and the actual cover type 

has been verified (recorded as reference data). The overall classification accuracy was 

computed as the ratio of 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 was found to be equal to 94 percent (Table 2) with Kappa coefficient 

of 92 percent.  
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Table 2: The accuracy assessment and kappa coefficient of image classification. 

Class 

name 

F IC MC RV ShL U Row 

total 

F 9   0 0 2 3 0 14 

IC 0 11 0 0 0 0 11 

MC 1 0 63 0 0 0 64 

RV 1 0 0 8 0 0 9 

SHL 0 0 0 0 30 0 30 

U 0 0 0 0 0 9 9 

Column 

total 

11 11 63 10 33 9 137 

Where, F = forest, IC = intensively cultivated land, moderately cultivated land, RV = 

riparian vegetation, SHR = shrub land, U = urban area 

� =
�����∗(��� �� �������)���� ��� �� (��� �����∗������ �����)

����� ��������� �����∗������ �����
----------------------9 

 

 

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). 

Hence, in this study, the classification was accurate and is feasible for further 

application. 

92.0
9*930*339*1064*6311*1111*141372

9*930*339*1064*6311*1111*14)930863119(137
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3.2.2.5. Conservation Practice Factor (P-factor) 

The conservation practice factor (P) in RUSLE is defined as the ratio of soil loss with a 

specific management practice to the corresponding soil loss with straight row upslope and 

down slope tillage. The P factor accounts for control practices that reduce the erosion 

potential of the runoff by their influence on drainage patterns, runoff concentration, runoff 

velocity and hydraulic forces exerted by runoff on soil. The supporting mechanical 

practices include the effects of contouring, strip cropping or terracing. Therefore, erosion 

control practice factor is based on the soil conservation practices operated in a particular 

area. Even though. it is more suited for small-scale erosion hazard assessment mapping 

than regional or basin-wide. Hurni gives parameter values 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 values 

ranging 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 practice situations of the study watershed 

were collected during the field work through different techniques. The techniques 

employed 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 by 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. 

 3.2.2. Generation of Parameter Values of Catchment Morphology  

Satellite remote sensing was used to generate morphological characterization of the 

catchment. Remote sensing technology is also important to generate the mapping and 

monitoring of the shifting of catchment stream line, river bank and erosion/ deposition.  

3.2.2.1. Remote Sensing and GIS for Catchment Morphology Study 

There are direct and indirect methods for monitoring the stream erosion process. The 
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direct method is taking measurement from the field in terms of linear rate of erosion, 

volume of erosion and channel cross section. The indirect method is analyzing the 

archival sources that exist at various timescales with sediment records. The archival 

sources can be conventional survey maps or satellite image. In this study, satellite 

remote sensing and GIS technology has been used to provide valuable information for 

carrying out catchment morphology characterization and produce geospatial databases 

for analysis. The application of remote sensing and GIS for this study was for the 

identification of the change in stream in the catchment.  

3.3. Geographic Information System  

A geographic information system is not restricted to display and edit digital maps. 

Other data can be stored and related to a position or object as well. Thematic layers 

can represent data elements in the GIS. In order to apply the R USLE in a GIS, 

Every parameter was organized as a thematic layer. The layers were in ‘raster’ 

format, which means they were in the form of grid nets (matrixes). In the spatial 

distribution of the raster, every grid cell has a unique parameter value and the 

model was executed by an overlay operation that multiplies all the parameter 

layers mathematically. This means that every single cell was overlaid (multiplied) 

with its spatially corresponding cells in the other parameter layers completing the 

multiplication of the equation. The output of the model is a combined layer where 

every single cell value is the product of the equation. Finally the whole layer is 

summed and the mean annual soil loss per hectare is estimated by taking the total 

catchment area in consideration. 

 3.4. Quantitative Analysis of Catchment Morphology 

Important morphological characteristics of a watershed include drainage density, form 

factor, elongation ratio and circulatory ratio, over land flow, bifurcation ratio, form 

factor and drainage texture. The relationship between the morphology of streams and 

the effect of erosion has been considered important for the assessment of 

erosion vulnerability in the watershed. 

 

In the analysis of the sub watershed morphology characterization the highest rank value 

given to the sub watershed which have highest drainage density among the all 
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comparison. The higher the drainage density, the higher will be the vulnerability to 

erosion and. Hence, the greater the weight Circulatory ratio and elongation ratio were 

calculated similarly for each sub watershed and highest rank value given to the sub 

watershed which has lowest value of these factors among all comparison. Higher value of 

the circulatory ratio and elongation ratio induces lesser erosion and higher values in these 

cases was assigned less weight. 

The assigned weights for each morphological characteristic were averaged out and again 

divided into different classes. Thus, a single weight was assigned for all the 

morphological parameters taken together. Weights were assigned to each range of 

average weight. Assuming that, higher morphological weight induces higher erosion. 

3.4.1. Drainage Density 

Drainage density represents a relative higher number of streams per unit area and thus 

in this study. it was computed as the ratio of the total length of streams within a watershed 

to the area of the watershed. The drainage density of the watershed was determined by 

using the formula given below (Horton. 1932) whereas the total length of the stream and 

watershed area was determined by using arc GIS 10.2. 

             � =
��

�
-------------------------------------------------------------------------------------8 

Where: A = area of the basin in (km2). Lu
 = total stream length of order u  

3.4.2. Circulatory Ratio 

The circulatory ratio is the factor to facilitate soil erosion. The circulatory ratio of the 

watershed was estimated by taking the ratio of the area of the watershed to the area of 

the circle having the same perimeter as that of the watershed area. The circulatory 

ratio of the catchment was determined using the equation below (schumn. 1956). The 

area of the circle having the same perimeter was determined using the following 

equation manually 

            �� =
���

�� ----------------------------------------------------------------------------- 9 

Where; A = area of the basin in (km2), π value i.e. 3.14.  

             P = Perimeter of the basin in (km) 
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3.4.3. Elongation Ratio (E) 

The elongation ratio shows how much the watershed is elongated. The elongation ratio of 

the watershed was calculated as the ratio of the area of the basin to the maximum length of 

the watershed (equation 10).  The maximum length of the watershed was determined by 

arc GIS 10.2 and the area of the basin determined in GIS environment during watershed 

delineation (schumn, 1956). 

             �� =
�

��
∗ �
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��
�2-------------------------------------------------------------------------10 

 Where; A = Area of the basin. Pi value i.e. 3.14. Lb = basin length 

3.4.4. Form Factor 

The form factor of the watershed was determined using the area of the watershed and the 

square of the basin length of the area of the watershed which was in turn determined in 

arcGIS 10.2 environments.  The basin length of the watershed was determined using the 

following formula (Horton, 1932). 

                 �� =
�

��
�------------------------------------------------------------------11 

 Where; A =Area of the basin. Lb = basin length 

3.4.5. Bifurcation Ratio 

Bifurcation ratio expresses the ratio of primary stream order to that of secondary stream 

order or secondary stream to that of tertiary stream order and so on.  These catchment 

morphology parameter were determined by the equation given below (schumn, 1956) 

where as the steam orders were determined in the arcGIS environment. 

             �� =
��

����
---------------------------------------------------------------------12 

Where; Nu = total number of stream segments of order u.  

              Nu+1= number of segment of the next higher order 

3.4.6. Length of Overland Flow 

It is the length of water flow over the ground before it concentrated in to definite stream 

channel. This factor relates inversely to the average slope of the channel and quite similar 

with the length of sheet flow to large degree. This parameter was determined by the 

equation given below (Horton, 1945). 
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3.4.7 Drainage Texture 

The drainage texture of the watershed is the ratio of the total number of stream to the 

perimeter of the watershed. The drainage texture was determined using the equation 

given below (Horton. 1945). The total number of the stream and the perimeter of the 

watershed were determined in arcGIS 10.2 environment. 

           �� =
��

�
 -----------------------------------------------------------------------------------14 

Where; P = Perimeter of the basin in (km).  

            Nu = total number of stream segments of order u. 
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4. RESULT AND DISCUSSION 

4.1. Soil Loss trom the Watershed 

4.1.1. Rainfall Erosivity Factors 

The rainfall erosivity factor (R in Equation 5) was found to be in ranges from 533.6 to 

738.6 mm. The R -factor value of the watershed, as show in the figure below was found to 

be high at the high altitude and low at the low altitude and corresponded to the rainfall 

distribution and amount. The rainfall data of six stations in the study area were used to 

interpolate by inverse distance weight method (IDW) in order to determine the erosivity of 

rainfall of each grid cell.  

 

 

 

 

 

 

 

 

 

 

  

             Figure 4 Rainfall Erosivity (R) factor variation in the watershed 

The upstream part of the watershed has high erosivity as the precipitation rate is high 

in these parts of the watershed. The downstream part of the watershed showed lower 

erosivity factor value that corresponds with the lower precipitation. 
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4.1.2. Soil erodibility factor 

 Kulfo watershed contains six dissimilar soil types that have similar erodibility value 

(Table 12). The K-value was assigned based on FAO (1986). K-value of 0.1 was assigned 

for dystric fluvisols and leptosols. 0.15 was assigned for orthic acrisols. dystric nitisols. 

eutric fluvisols and eutric nitisols and 0.2 was assigned for chromic vertisols. Therefore, 

the result indicated that 87.43% of the watershed area has erodibility factor of 0.15 and the 

remaining 12.57% has the K value of 0.1and 0.2 as shown in (Table 3) below. The above 

soils are highly affected by erosion.  

 

The magnitude and the spatial pattern of soil erodibility factor are shown in (Figure 5) and 

it ranged between 0.1 at the upper and central part of the watershed and 0.2 in the lower 

part of the watershed. The largest part of the watershed area has the erodibility factor 

value of 0.15. Therefore, the soil that has erodibity factor value of 0.15 is influential for 

sediment yield of the watershed.   

 

 

 

  

    

 

 

 

                              

 

                    

 

                       

 

              Figure 5: Soil erodibility factor of the watershed 
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       Table 3:  Soil Erodibility factor value of soil classes of the watershed  

Area 

No Soil class (km
2
) K_factor

1 orthic acrisols 266 66.83 0.15

2 dystric nitisols 57 14.32 0.15

3 leptosols 4 1.01 0.1

4 dystric fluvisols 37 9.3 0.1

5 eutric fluvisols 13 3.27 0.15

6 chromic vertisols 9 2.26 0.2

7 eutric nitisols 12 3.02 0.15

Area         (%)

 

4.1.3. Slope length and slope gradient factor (LS) 

The topographic component of RUSLE model was computed using (Equation 6) 

suggested by Moor and Bruch (1985); Mitasova and Matias (1999); and Simms et al. 

(2003). As shown in the figure below. in the lower part of the watershed the slope 

length is high due to high flow accumulation. On the other hand slope inclination is 

high in the middle parts of the watershed. Hence the combined LS factor ranges from 0 

to 20.74 on the upper and middle part of watershed respectively. This implies that the 

influence of the combined LS factor for soil erosion is significant in the upper parts of 

watershed.  The dominant slope class is moderately steep slope (15-30%) which covers 

32.83% of the total area followed by steep slope (30-50%) which covers 24.89%. Areas 

with sloping landscape (8-15%). flat or almost flat areas (0.058-3%) and gently sloping 

(3-8%). and very steep slope (>50%) areas account for 14.78%. 1.12%. 6.06% and 

20.55%. respectively. 
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Table 4: Slop class of the watershed 

No Slope  classes Description

1 <3 4.47 1.12 flat or almost flat

2 3-8 24.13 6.06 Gently sloping

3 8-15 58.84 14.78 sloping

4 15-30 130.67 32.83 moderately steep

5 30-50 99.08 24.89 steep

6 >50 81.73 20.54 very steep

Area km
2 Area (%)

  

 

             Figure 6: Slope length slope steepness watershed 

The spatial pattern of LS factor of the watershed is shown in the (Figure 6). The LS 

factor of entire area of the watershed was classified in to five categories based on the 

geometrical interval. The length and slope gradient factor (LS-factor) of the watershed 

ranged in between 0 to 20.74. In the watershed, the lower part of the watershed showed 

the lower slope gradient whereas the upper part of the watershed has high gradient.  
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          Figure 7: LS factor value distribution in the watershed.  

4.1.4 Land management factor (C factor) 

The supervised image classification has showed that large portion of the watershed 

(67.47%) is covered by cultivated lands.  By the image classification of the study area, six 

land use and land cover classes were identified (moderately cultivated, intensively 

cultivated, Shrub land and bush, Forest, Urban area and Riparian vegetation). Maize and 

wheat were found to be the main dominant crop covers in the cultivated lands. Most of 

the upper catchment is agricultural land. Therefore these agricultural lands have higher 

value of C factor and are susceptible to erosion.  
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             Figure 8: Land use land cover map of the watershed 

     

             Table 5:  Land cover and the corresponding value of C-factor 

No  

Land use/cover class 

Area in 

(km2) 

 

Area (%) 

 

C- factor 

1 Moderately cultivated 268.19 67.38 0.15 

2 Intensively cultivated 1.58 0.40 0.15 

3 Shrub land and bush 113.92 28.62 0.02 

4 Forest 0.18 0.05 0.01 

5 Urban area 10.7 2.69 0 

6 Riparian vegetation 0.15 0.04 0.01 
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The result of land use land cover classification showed most of the watershed (67.38%) 

covered by moderately cultivated agricultural land and (0.40%) intensively cultivated 

agricultural land (non fallow). Dense forest and riparian vegetation were identified in the 

outlet part of the watershed with the coverage area of 0.05% and 0.04 respectively. The 

magnitude and spatial pattern of land management /cover factor (C-factor) show values 

between 0 to o.15 in (table 6). The C factor values were assigned to be 0 for the areas 

representing well protected urban areas where no erosion process occurs (well protected) 

and 0.15 for the agricultural land. The C factor value of forest was assigned to be 0.01. 

The land management/ cover factor (C factor) is dimensionless number ranging in 

between 0 to 1 that represents the degree of protection from erosion provided by 

vegetation.  

 

 

 

 

 

 

                

 

 

                   

 

 

Figure 9: Land management/ cover factor of the watershed 

4.1.5 Support practice factor (P-Factor) 

The report of Arbaminch zuria Woreda office of agriculture confirmed that various 

support practice and cropland in the study watershed were conducted. These include 

contour tillage, tracing, stream bank stabilization and strip cropping. Therefore in the 
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study watershed the agricultural land were assigned P value on the basis of their slope 

class where as the P value of 1 was assigned for other land uses/cover classes.  

Table 6: P value (wischemeier and smith, 1978) 

land use type slope % P factor 

agricultural land 

 

0 - 5 0.1 

50 - 10 0.12 

10 - 20. 0.14 

20 - 30. 0.19 

30 - 50. 0.25 

50 - 100 0.33 

other land cover all 1 

 

The P factor value decrease by adopting the conservation practice. In the study area the 

support practice factor applied on the middle and low parts of the watershed. These 

indicates that the lower p factor value have better practice for controlling soil erosion. 

The P factor value of the watershed ranged from 0.55 to 1.    
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            Figure 10: Supporting practice factor (P- factor) of the watershed 

 

4.2. Amount of Soil loss per unit area per year 

Based on the analysis, the estimated soil loss result showed that the extent of soil loss 

from the watershed ranged from 0.00 to10713.5 tons ha-1year-1 (Figure 11).  The mean 

annual soil loss was 88.5 tons ha-1 year-1; which is much greater than the tolerable soil loss 

level 10 t ha-1 year-1 (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 ranged from 16 to 300 tons ha-1year-1 of pasture, ranges and 

cultivated fields throughout Ethiopia. The distribution of soil loss in the watershed has 

been showed in the figure below. The erosion map has been generated by superimposed 

RUSLE factor map. 
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            Figure 11: Amount of soil loss per unit area per year 

 

The result showed that the mean annual soil loss of the watershed range from none 

significant (0 tons ha-1year-1) to highly sever (253.38 tons ha-1year-1) soil erosion rate. The 

mean annual soil loss of the whole watershed area was 88.57 tons ha-1year-1. The total 

annual soil loss from the watershed was found to be 3,862,077 tons/year from 39900 ha of 

land. Most of soil erosion affected areas are spatially situated in the upper steepest slope 

part and middle part of the watershed. These areas also include the areas of acrisols with 

high soil erodibility character (0.15) values and agricultural lands.   

 

 

 

 



 

45 

 

 

              Figure 12: Sub watershed of the basin 

Figure (12) indicates the sub watershed of the study area. The sub watershed generated 

by GIS 10.2. The total watershed classified in to 19 sub watershed for the importance 

of sub watershed prioritization. 
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Table 7: Maximum, minimum and mean annual soil loss rate for each sub watershed 

Sub 

watreshed

Range of soil loss 

ton/ha/year

mean soil 

ton/ha/year
Area km

2 Area %

SWS1 0 - 3607.13 253.38 14.65 3.68

SWS2 0 - 411.5 191 12.17 3.06

SWS3 0 - 3300.74 79.53 23.95 6.02

SWS4 0 - 2540.84 75 17.77 4.46

SWS5 0 - 1031.07 94 1.38 0.35

SWS6 0 - 7175 115.2 57.02 14.33

SWS7 0 - 2038.8 67.97 11.48 2.88

SWS8 0 - 2718.99 150.55 31.99 8.04

SWS9 0 - 5577.5 200.11 15.52 3.9

SWS10 0 - 10713.5 218.93 2.76 0.69

SWS11 0 - 6612.5 123.57 34.41 8.65

SWS12 0 - 3374.85 134.97 14.15 3.56

SWS13 0 - 2705.09 148.18 15.98 4.02

SWS14 0 - 4667.69 115.28 24.58 6.18

SWS15 0 - 769.44 19.61 16.83 4.23

SWS16 0 - 602.58 15.46 49.8 12.51

SWS17 0 - 131.61 8.91 4.93 1.24

SWS18 0 - 1959.03 51.67 16.12 4.05

SWS19 0  - 425.97 4.46 33.92 8.52
 

The rate of the soil loss value for each of sub watershed falls under the range of all erosion 

class (minimal, low, moderate, high and extreme). The soil loss map of each sub 

watershed extracted from the soil loss map of the whole watershed and then the mean 

annual soil loss value for each sub watershed was determined quantitatively (table11). 

From 19 sub watershed eleven (1, 10, 9, 2,8, 13,12, 11, 14, 6 and 5) were predicted to 

experience annual soil loss rate of more than the watershed average soil loss rate of 88.8 

tons ha-1 year-1 whereas 8 sub watershed (3, 4, 7,18, 15, 16, 17 and 19) experienced mean 

annual soil loss rate less than the watershed average.   
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              Table 8: Mean annual soil loss in each sub watershed 

Sub watershed Rank mean soil 

ton/ha/year
Area km

2 Area %

SWS1 1 253.38 14.65 3.68

SWS2 4 191 2.76 0.69

SWS3 12 79.53 15.52 3.9

SWS4 13 75 12.17 3.06

SWS5 11 94 31.99 8.04

SWS6 10 115.2 15.98 4.02

SWS7 14 67.97 14.15 3.56

SWS8 5 150.55 34.41 8.65

SWS9 3 200.11 24.58 6.18

SWS10 2 218.93 57.02 14.33

SWS11 8 123.57 1.38 0.35

SWS12 7 134.97 23.95 6.02

SWS13 6 148.18 17.77 4.46

SWS14 9 115.28 11.48 2.88

SWS15 16 19.61 16.12 4.05

SWS16 17 15.46 16.83 4.23

SWS17 18 8.91 49.8 12.51

SWS18 15 51.67 4.93 1.24

SWS19 19 4.46 33.92 8.52

 

As shown in (Table 8) the maximum mean annual soil loss has been 253.38 tons ha-1y-1 

these occurred at the SWS1 which covers 14.65 km2 from the total area of watershed. The 

minimum mean annual soil loss of the watershed was 4.46 tons ha-1y-1 which covers 

33.92 km2 out of the total area of the watershed. These sub watersheds experiences 

minimum soil loss. Since, the flat area and good ground cover. The mean annual soil loss 

of most sub watershed has been above the tolerable soil loss 10 tons ha-1y-1. 
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          Figure 13: Spatial pattern of the soil loss from the watershed  

4.3. Prioritization of Sub-watersheds Based on erosion spot area 

In identifying and implementing conservation measures for different sub watershed. 

Prioritization of sub watershed was done on the basis of average annual soil loss. 

Estimated value of sub watershed soil loss was classified on the basis of mean annual soil 

loss. Prioritization of different erosion classes followed the FAO basic classification of 

desertification FAO (1986) with some modification to suit the features of the study area 

(Table 12). Soil loss tolerance (SLT) denotes the maximum allowable soil loss that will 

sustain an economic and a high level of productivity (Wischmeier & Smith. 1978; 

Gebreyesus & Kirubel, 2009; FAO & UNEP, 1984).The normal SLT values range from 5 

to 10 tons ha-1year-1 (Renard et al, 1996).The assignment of a range depended on the 



 

49 

 

judgment of how much erosion would be harmful to the soil. Figure 10 shows areas with 

higher soil loss potential than the SLT. 

Table 9: Severity class and prioritization of sub watershed 

Erosion risk class priority 

class

severity 

class

Area in 

km
2

Area (%)

(SW19) 0 - 5 5 Minimal 33.92 8.27

(SW17) 5 - 10. 4 Low 16.12 3.93

(SW16,SW15) 10 - 30. 3 Moderate 66.63 16.3

(SW3,SW4,SW7,SW18) 30 - 80. 2 High 69.32 16.9

> 80 1 Extreme 224.61 54.8

SWS

(SW1,SW2,SW5,SW6,SW8,

SW9, ,SW12,SW13,SW14

SW10,SW11, )

 

As shown in the  table 9 soil loss risk classes of study area extreme and high soil loss 

covers more percentage (71.7%) from the entire watershed area. most of these erosion 

risk area are spatially situated in the upper and middle part of watershed.  Since, the 

topography of the watershed has been very steep, and most of upper catchment is 

agricultural land and have been high erodible soil character.  The estimated soil loss rate 

and the spatial pattern are generally realistic, due to what has been observed in the field 

and natural characteristic of the watershed (land escape and soil) and also majority of the 

study area have cultivated land use. Therefore these areas needs immediate soil and water 

conservation work to prevent erosion loss. Figure (14) shown that the spatial distribution 

of severity class of the watershed. Based on classification of severity classes most of the 

watershed area are fall under extreme condition.   
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                 Figure 14: Sub-watershed Prioritization map  

Figure 14 also shows that the spatial distribution of the erosion severity class. Extreme 

soil erosion severity class has more percentage in area coverage. The extreme severity 

classes located on the upper steep watershed part and the lower part of the watershed 

has minimal erosion severity classes. Since, these parts of the watershed have better 

protection and flat topography.       
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Table 10: Comparison of potential and actual soil loss in the study area 

status of erosion potential erosion t/ha/y actual erosion t/ha/y

minimum 0 0

maximum 357115.46 10713.46

sum 8,086,785 3862077

average 410.33 88.57

stadard deviation 669.05 182.57  

As shown in Table 10 the potential erosion of watershed greater than actual erosion. 

Potential soil loss in the catchment was computed base on just four factors  K, L, S and R 

which are naturally occurring process whereas because of vegetation cover and support 

practice factor play an important role in the protecting soil loss on the actual soil loss and 

the rate of erosion. 

4.4. Characterization of the catchment morphology 

The physical properties of the basin significantly affect the characteristics of the runoff 

and sediment yield. In this study morph metric analysis of the parameter stream order, 

stream length, bifurcation ratio, form factor, drainage density, drainage texture, stream 

density, elongation ratio and circulatory ratio were characterized for the watershed 

(table 12). The result of the morphologic parameters indicated that high value of linear 

parameters such as drainage density, bifurcation ratio and overland flow cause high 

flood response and soil erosion/sediment yield. The shape factor parameters (form 

factor circulatory and elongation ratio) affect the erosion process indirectly. The value 

of linear and shape parameters of morphometeric properties of the basin are shown in 

the (Table 11). 
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Table 11: Morphological properties of the watershed 

Morphologic parameter Unit                            value 

Area km2 398.93 

Perimeter Km 425.3 

Stream order Count 4 

Total number of stream  No 237 

Total  stream length Km 290.83 

Stream density no/km2 0.59 

Drainage density 1/km 1.48 

Circulatory ratio Unit less 0.22 

Elongation ratio Unit less 0.67 

Over land flow 1/km 0.49 

Bifurcation ratio Unit less 3.4 

Drainage texture Unit less 3.9 

Form factor Unit less 0.004 

   

Table 12: Morphological analysis result of sub watershed 

Sub 

watershed

Re Rc D Lg Rt Rf Rb

SWS1 0.72 0.41 1.42 0.99 3.44 0.013 3.7

SWS2 0.73 0.22 2.17 0.96 4.33 0.019 2.55

SWS3 0.69 0.31 1.31 1.11 5.55 0.033 2.9

SWS4 0.71 0.3 1.55 1.41 3.28 0.025 2.33

SWS5 0.84 0.21 6.36 0.99 3.21 0.036 3.44

SWS6 0.65 0.28 0.89 0.78 4.72 0.027 5.8

SWS7 0.73 0.19 2.25 0.75 5.67 0.044 2.74

SWS8 0.68 0.38 1.01 0.66 1.55 0.021 4.6

SWS9 0.71 0.39 1.49 0.79 3 0.031 5.6

SWS10 0.8 0.23 4.53 0.69 1.6 0.052 2.21

SWS11 0.68 0.32 1.07 0.74 2.44 0.063 3.33

SWS12 0.72 0.22 1.67 0.55 6.4 0.035 3.16

SWS13 0.71 0.36 1.78 0.88 3.2 0.03 5.55

SWS14 0.69 0.28 1.36 0.95 5.5 0.023 4.37

SWS15 0.71 0.37 1.4 0.88 4.6 0.059 3.66

SWS16 0.77 0.04 8.3 0.94 6.4 0.044 5.42

SWS17 0.77 0.21 3.48 1.33 2.3 0.049 4.22

SWS18 0.71 0.26 1.74 1.01 1.66 0.02 2.33

SWS19 0.68 0.3 1.11 2.04 1.1 0.023 2.4
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Table 12 shows that the highest drainage density which is responsible for higher erosion 

rate corresponds to sub watershed SW16, SWS5, SWS10, SWS17 

The elongation ratio value of kulfo sub watershed ranged in between 0.65 to 0.84. It is 

under the range reported by Sunil et al. (2010).  The elongation ratio value generally 

exhibit variation from 0.6 to 1 over a wide variety of climatic and geologic type. The 

elongation ratio greater than 1 indicates lower relief. Whereas, the elongation ration value 

of mini watershed range in between 0.61 to 0.99 indicates high relief and steep slope 

landscape. In the study area the elongation ratio value is less than 0.99 in all sub 

watersheds. Therefore, it is characterized by high relief and steep slope and vulnerable to 

erosion process as shown in the Table 12.   

The circulatory ratio value of the watershed ranged in between 0.04 to 0.41 as shown 

in the Table 12.  A higher circulatory ratio induces lesser erosion. Circulatory ratio is 

helpful for both assessment of erosion prone areas and flood hazard. The higher 

circulatory ratio values the higher flood hazard at pick time at the outlet point. 

Circulatory ratio under watershed study ranges in between 0.17 to 0.64. The 

circulatory ratio is greater than 0.64 are categorized under flood hazard. Therefore, the 

circulatory ratio value of all sub watersheds in the study area is blow 0.64. Hence, not 

under flood hazard but affected by erosion severity. 

 

Smaller value of the form factor more elongated will be the basin.  The basin with high 

form factor has lower peak flow (Sunil et al. 2010) whereas, the elongated watershed with 

low form factors have lower peak flow of longer duration. In the present case form factor 

values ranged from 0.02 to 0.51 indicating them to be elongated in shape and suggesting 

flatter peak flow for longer duration. Flood flows of such elongated sub-watersheds are 

easier to manage than those with the circular basin. It is the total number of stream 

segment of all orders per perimeter of the area (Horton. 1945). Horton recognized the 

infiltration capacity as the single important factor which influences drainage texture. 

(Smith. 1950) has classified the drainage texture are very coarse <2, coarse 2-4, moderate 

4-6, fine 6-8 and very fine > 8. The lower value of drainage texture indicates the basin is 

plain with lower degree of the slope. The sub watershed SWS12 and SWS16 are found to 

have fine drainage texture. The SWS8, SWS10, SWS18 and SWS19 are found to have 
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very coarse texture and the SWS1, SWS4,SWS9, SWS11,SWS13 and SWS14 are found 

to have coarse drainage texture where as the remaining sub-watersheds have moderate 

drainage  texture. Therefore, the SWS8, SWS10, SWS18 and SWS19 are plain or almost 

plain and have less severe erosion risk.  

Smaller bifurcation ratio value indicates that the low structural disturbance and drainage 

patterns have not been distorted.  The highest bifurcation ratio value was indicated the 

high structural complexity and low permeability of terrain (Sunil, 2010).  The bifurcation 

ratio of the study area is found to range from 2.21 to 5.8. The length of over land flow of 

Kulfo watershed has ranged from 0.55 in SWS13 to 2.04 in SWS19. Therefore, these 

value indicate that the watershed includes both plain area and steep slopes.  

                                  Figure 15: Drainage pattern of the watershed 
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4.4.1. Drainage pattern of the watershed 

In geomorphology, drainage systems, also known as river stream order are the patterns 

formed by the streams, rivers and lakes in particular drainage basin. They are governed by 

the topography of the land. Whether, the particular region is dominated by hard rock, soft 

rocks, and the gradient of the land. In the study watershed the stream order have four 

types.       

 

Table 13: Drainage pattern of the watershed 

S/N Stream 
order 

number of 
stream 

length of stream order 

1 1st order 121 162.70 

2 2nd order 62 79.08 

3 3rd order 26 24.84 

4 4th order 28 24.21 

Total   237 290.83 

 

Now a day; catchment morphology analysis was used for prioritization of watersheds for 

soil and water conservation at different scales: sub watersheds, mini watersheds and 

micro watersheds. Erosion risk parameters pertinent to linear and shape morphologic 

variables were employed for prioritizing watersheds. The linear parameters are: 

Bifurcation ratio (Rb), drainage density (Dd), length of overland flow (Lo) and drainage 

texture ratio (T). Similarly, the shape factors include: form factor (Rf), elongation ratio 

(Re) and circularity ratio (Rc). It has been stated earlier that linear parameters have a 

direct relationship with erodibility. Therefore, the highest value of the linear parameters 

was ranked 1, second highest value ranked 2 and so on. On the other hand, the shape 

parameters have been an inverse relation with linear parameters. Hence, the lower their 

value were the greater the erodibility. As a result, the lowest value of shape parameter 

was rated as rank 1 and second lowest as rank 2 and so on. Then cumulative priority was 

computed by adding up all the ranks of linear parameters and shape parameters and then 

dividing by the number of all parameters included in the analysis. From the group of sub-

watersheds, the highest prioritized rank (score) was affirmed to sub-watersheds having 

the lowest compound factor and vice versa. Finally, all sub-watersheds were grouped into 

four priority categories based on the range of cumulative factor (Cf) values. 
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1) Very high priority (5.0 - 7.9); 

2) High priority (8.0 – 10.9);  

3) Moderate priority (11.0 – 13.9); 

4) Low priority ( 14.0 – 16.9) 

 

Figure 16: catchment morphology prioritization of the watershed  
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As shown on the (Figure 17) the SWS1 and SWS2 have very high priority for soil and 

water conservation based on their cumulative factors of catchment morphology 

parameters whereas the SWS19 has low priority classes. The remain sub watershed which 

is SWS17 and SWS18 and other has been moderate and high priority classes respectively. 

Based on the morphological result of the catchment priority classes most of the sub 

watersheds have been under high priority classes. Therefore, most area of the study area 

was affected by soil loss. 

           Table 14:  Morphological prioritization of sub watershed 

Sub 

watreshed

Re Rc D Lg Rt Rf Rb CP Priority

SWS1 7 1 8 6 9 1 8 5.71 1

SWS2 5 13 14 8 8 2 15 9.29 8

SWS3 14 7 5 4 4 11 13 8.29 3

SWS4 9 8 10 2 10 7 17 9 7

SWS5 1 15 18 6 11 13 10 10.57 14

SWS6 19 10 1 14 6 8 1 8.43 5

SWS7 5 17 15 15 3 14 14 11.86 17

SWS8 16 3 2 18 18 4 5 9.43 10

SWS9 9 2 9 13 13 10 2 8.29 3

SWS10 2 12 17 17 17 17 19 14.43 19

SWS11 16 6 3 16 14 19 11 12.14 18

SWS12 7 13 11 19 1 12 12 10.71 15

SWS13 9 5 13 11 12 9 3 8.86 6

SWS14 14 10 6 9 5 5 6 7.86 2

SWS15 9 4 7 11 7 18 9 9.29 8

SWS16 3 19 19 10 1 14 4 10 12

SWS17 3 15 16 3 15 16 7 10.71 15

SWS18 9 11 12 5 16 3 17 10.43 13

SWS19 16 8 4 1 19 5 16 9.86 11

 

Table (14) shown that assign weights for each morphological characteristic were 

averaged out and again divided into different classes. Thus, a single weight was assigned 

for all the morphological parameters taken together. Weights were assigned to each range 

of average weight. Assuming, the higher morphological weight induces higher erosion. 

The prioritization based on severity of morphogical characteristics. The linear parameters 

of catchment morphology are drainage density, bifurcation ratio, and drainage texture 

and over land has direct relationship with erodibility. Hence, ranking of each sub 

watershed the highest value of linear parameter was assigned as rank 1. The second 
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highest value was assigned as rank 2 and the least value were last in rank (Table 14). The 

shape parameters of catchment morphology are like circulatory ratio, elongation ratio 

and form factor have not direct relation with soil loss effect. The lower value of shape 

factor is the high erodibility. Thus the lowest values of shape factor parameter were 

assigned as rank 1, the second lowest value assigned as rank as 2, and the highest value 

were assigned as least in rank (Table). Therefore, the ranking of each sub watershed has 

been determined by assigning the highest priority based on highest value in case of linear 

parameter and lowest value in case of shape parameter.    

4.5. Comparative prioritization of RUSLE parameter and catchment 

morphologic parameter 

The comparative analysis of prioritization rank of soil loss (RUSLE) parameter and 

catchment morphologic parameter told that the rank of soil loss parameter (RSLE) were 

higher in SWS1, SWS2, SWS6, SWS8, SWS9, SWS10, SWS11, SWS12, SWS13 and 

SWS14 (Figure 14) when compared with rank of catchment morphology properties SWS1 

and SWS2 (figure 16). These indicated that soil erosion (RUSLE) parameter were 

influential factor for the rate of soil loss in the catchment over the morphological 

characteristics of the watershed. Based on the comparative analysis of prioritization rank 

of catchment morphology parameter and soil loss (RUSLE) parameters the severity class 

obtained from RUSLE parameter were strongly following than obtained from the 

morphological parameters. 
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5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion  

The total amount of soil loss from the watershed is about 3.862.077 tons per year from a 

total area of 39900 hectare. The mean annual soil loss from each sub-watershed ranged 

from 4.46 to 253.38 tons ha-1year-1.  

 

The 11 sub-watersheds (SWS1, SWS10, SWS9, SWS2, SWS8, SWS13, SWS12 SWS11, 

SWS14, SWS6 and SWS5) were predicted to experience annual soil loss of more than the 

watershed average (88.8 tons ha-1 year-1) whereas 8 sub-watershed (SWS3, SWS4, SWS7, 

SWS18, SWS15, SWS16, SWS17 and SWS19) estimated to experience mean annual soil 

loss less than the watershed average. The result showed that eleven (11) sub-watersheds 

(SW1, SW2, SW5, SW6 SW8, SW9, SW10, SW11, SW12, SW13 and & SW14) fell 

under extreme soil erosion classes (>80 tons ha-1year-1) covering an area of 22461hactare 

(54.8%) which contributed 31.27 % of the total soil loss. Whereas four (SW 3, SW4, 

SW7& SW18) fell under high soil erosion classes (30 – 80 tons ha-1 year-1) covering an 

area of 16.9% and contributed 26.78% of the total soil loss. The SW15, SW16, SW17 and 

SW19 that are predicted to experience low to moderate soil loss together cover about 

52.5% of the watershed area and contribute 41.95% of the total soil loss.  

 

The SWS1 and SWS2 were found to be under very high priority for soil and water 

conservation based on their cumulative factors of catchment morphology parameters 

whereas the SWS19 have been low priority classes. The remaining sub watersheds were 

found to fell under moderate and high priority classes. Based on the morphological result 

of the catchment priority classes most of the sub watersheds have been under high priority 

classes. Therefore, most area of the study watershed was affected by soil loss. Based on 

the comparative analysis of prioritization rank of catchment morphology parameter and 

soil loss (RUSLE) parameters the severity class obtained from RUSLE parameter were 

strongly following than obtained from the morphological parameters. 
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5.2. Recommendation 

1. Further studies will be recommended to decide what conservation structure will be 

required for each severity classes of the watershed. 

 

2. The local communities should take immediate soil conservation measures in their 

cultivated lands by applying different soil protective methods like mulching. strip 

cropping. Terracing, contour plowing, multiple cropping and other indigenous means of 

soil conservation techniques 

 

3. The output of the study indicate that the sub-watersheds which have affected by  very 

high and high severity classes need immediate attention in their order of soil erosion 

potential. 

 

4. for the better estimation of rainfall erosivity dense rainfall station needed in the 

watershed. 

5. Even though, GIS, RS and Multi-Criteria Evaluation model is a valuable tool for the 

quantifications and mapping of an estimated value of soil loss at various locations, 

further studies in limited spatial scale using high resolution data is recommended to 

monitor and mitigate the areas appropriately. 
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Appendix 

Appedix table 1: Co-ordinate of control point 

No Log Lat land use and cover class 

1 335018.3 677579.5 Shrub land 

2 335556.4 674720.1 Shrub land 

3 336170.9 675797.5 Shrub land 

4 337145.4 676207 Shrub land 

5 337778 674902 Shrub land 

6 337425.4 673793.8 Shrub land 

7 336447 673322.8 Shrub land 

8 332608.9 677952.7 Shrub land 

9 332538.2 680324.6 Shrub land 

10 339029.9 668932.6 Shrub land 

11 338138.1 669235.4 Shrub land 

12 338281 670357.4 Shrub land 

13 336344.2 667670.4 Shrub land 

14 335316.6 667173.1 Shrub land 

15 335633.9 667082.8 Shrub land 

16 334886.3 672203.5 Shrub land 

17 337771.8 672278.6 Shrub land 

18 337768.7 671123.9 Shrub land 

19 338379.4 671726.2 Shrub land 

20 337763.3 670845.7 Shrub land 

21 336620.4 673448.6 Shrub land 

22 335820.6 674767.3 Shrub land 

23 336831.4 676377.2 Shrub land 

24 335793.9 675667.7 Shrub land 

25 337706.4 674251.6 Shrub land 

26 337077.1 674374.4 Shrub land 

27 337396.3 672122.6 Shrub land 

28 333494.5 671618.5 Shrub land 
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No Log Lat land use and cover class 

1 339392.6 667732.2 Urban area 

2 340414.6 667579 Urban area 

3 340048.6 666628.4 Urban area 

4 340798.8 666460.2 Urban area 

5 339372.2 666545.1 Urban area 

6 339038.3 665501.3 Urban area 

7 338341.8 664586.6 Urban area 

8 338621.3 665165.5 Urban area 

9 339488.9 665548.9 Urban area 

10 342022.9 666929.8 Forest 

11 342129.8 666820.7 Forest 

12 342347.8 666824.9 Forest 

13 342443.1 667030.3 Forest 

14 342293.8 667147.7 Forest 

15 342101.2 667118.1 Forest 

16 342139.8 667052.6 Forest 

17 342338.3 667044.1 Forest 

18 342273.5 667079.1 Forest 

19 342307.1 666243.9 Reparian vegetation 

20 342416.6 666301 Reparian vegetation 

21 342292.8 666370.9 Reparian vegetation 

22 342145.1 666445.5 Reparian vegetation 

23 341992.7 666494.7 Reparian vegetation 

24 342113.4 666710.6 Reparian vegetation 

25 342221.3 666574.1 Reparian vegetation 

26 342132.4 666334.392 Reparian vegetation 

27 339551.8 668814.3 Itesively cutivated 

28 339075.6 668580.2 Itesively cutivated 

29 339611.4 668457.2 Itesively cutivated 

30 339254.2 668556.4 Itesively cutivated 

 



 

68 

 

 

No Long Lat land use and cover class 

1 339754.2 668234.9 Itesively cutivated 

2 340929 668302.4 Itesively cutivated 

3 341290.1 668028.5 Itesively cutivated 

4 342403.1 666530 Itesively cutivated 

5 342351.5 666724.5 Itesively cutivated 

6 342490.4 666908.4 Itesively cutivated 

7 341925.1 667381.6 Itesively cutivated 

8 325399.4 673945.1 Moderatly cultivated 

9 324725.2 674192.5 Moderatly cultivated 

10 322493.4 677055.9 Moderatly cultivated 

11 324784.4 675308 Moderatly cultivated 

12 323706.2 671803.2 Moderatly cultivated 

13 325216.3 672942.1 Moderatly cultivated 

14 319513 671720.5 Moderatly cultivated 

15 326650.4 670390.5 Moderatly cultivated 

16 326546.8 671675.7 Moderatly cultivated 

17 325580.2 669832.7 Moderatly cultivated 

18 325319.3 671781.6 Moderatly cultivated 

19 325693.3 668961.8 Moderatly cultivated 

20 325077.9 680581.8 Moderatly cultivated 

21 325920.3 680553.8 Moderatly cultivated 

22 326630 681963.5 Moderatly cultivated 

23 326493 680550.6 Moderatly cultivated 

24 327329.3 681198.7 Moderatly cultivated 

25 329335.1 683472.4 Moderatly cultivated 

26 327336.6 676943.7 Moderatly cultivated 

27 328578.3 675422.9 Moderatly cultivated 

28 329855.2 670438.8 Moderatly cultivated 

29 333326.9 670386 Moderatly cultivated 

30 329490 672305.3 Moderatly cultivated 
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No Log Lat land use and cover class 

1 325135.7 678270.1 Moderatly cultivated 

2 325904.5 679179.5 Moderatly cultivated 

3 323877.4 684185.8 Moderatly cultivated 

4 316598.7 682036.5 Moderatly cultivated 

5 318128.1 682007.5 Moderatly cultivated 

6 316526.4 682833.9 Moderatly cultivated 

7 318365.9 681143.6 Moderatly cultivated 

8 316661.3 681421 Moderatly cultivated 

9 316794 682284.1 Moderatly cultivated 

10 314409.1 677945.1 Moderatly cultivated 

11 319601.7 677557.7 Moderatly cultivated 

12 322316.6 679507.8 Moderatly cultivated 

13 322045.1 675179.5 Moderatly cultivated 

14 319950.6 683296.7 Moderatly cultivated 

15 318798.3 678773.8 Moderatly cultivated 

16 324689.2 687360.9 Moderatly cultivated 

17 325731 686413.5 Moderatly cultivated 

18 328025 685407.2 Moderatly cultivated 

19 327851.5 682730 Moderatly cultivated 

20 326060.1 684381.5 Moderatly cultivated 

21 332014.8 671572 Moderatly cultivated 

22 332510.9 669855.7 Moderatly cultivated 

23 332294.5 669883.3 Moderatly cultivated 

24 333432.6 670453.3 Moderatly cultivated 

25 323474 671772.5 Moderatly cultivated 

26 320963.1 683522.5 Moderatly cultivated 

27 333370.08 681787.57 Moderatly cultivated 

28 333200.75 683136.94 Moderatly cultivated 

29 332994.37 682613.07 Moderatly cultivated 

30 328040.04 688407.46 Moderatly cultivated 
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No LAT

322854.2 Moderatly cultivated

315392.93 Moderatly cultivated

316133.77 Moderatly cultivated

319361.69 Moderatly cultivated

316874.6 Moderatly cultivated

319890.86 Moderatly cultivated

327775.46 Moderatly cultivated

323436.28 Moderatly cultivated

331715.7 Moderatly cultivated

332509.5 Moderatly cultivated

39 667377.2

40 666517.3

36 672109.09

37 676818.18

38 682004.53

33 682851.19

34 684914.95

35 683486.2

LOg Land us land cover class

31 686237.87

32 678194.52

 

Appedix table 2: Arba minch monthly rainfall 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2001 69 87 56 175 236 53 41 43 108 124 85 5.5

2002 43 27 94 112 57 52 56 12 88 88 18 168

2003 14 11 62 201 190 99 30 106 40 89 26 14

2004 42 31 18 165 59 35 22 70 82 56 143 32

2005 29 1.4 67 311 221 16 29 22 77 121 33 4.3

2006 13 84 137 115 130 126 24 75 43 159 103 119

2007 63 36 17 129 193 107 112 99 226 76 62 0

2008 0.6 9 60 135 48 76 37 56 201 149 82 0

2009 45 3.1 28 99 109 15 1.4 16 42 162 14 105

2010 19 50 191 178 222 81 40 34 146 95 4.5 8.3

2011 0 29 19 31 258 61 28 85 155 68 257 12

2012 0 2.2 31 320 68 72 28 57 193 130 79 34

2013 27 6.9 88 241 111 88 49 33 78 245 87 7.7

2014 8.7 44 71 70 208 73 15 77 105 132 59 1.4

2015 0 2.7 57 122 178 132 19 19 65 202 209 115  
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Appedix table 3: Chencha monthly rainfall 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1999 40 0 82.4 88 20 43 187 103 97.5 205 13.4 15.9

2000 1.1 0 47.9 167 195 120 121 150 65.1 270 93.9 36.5

2001 36 34.8 299 240 157 94 161 226 82.5 207 65.2 14.3

2002 94 33.7 214 166 75.4 63 100 161 96 145 29.4 248

2003 121 44 194 90 16.6 84 82 81 29.7 52 110 47.1

2004 50 33.8 24.5 231 83.7 30 7.6 60.7 109 16 88 21.7

2005 7 7.6 82.6 106 155 32 127 55.5 146 146 62.7 0

2006 19 64.1 187 313 151 11 69 143 86.9 218 113 192

2007 145 6.6 58.9 225 242 92 113 212 253 169 48.5 0

2008 22 5.7 55.6 188 107 85 90 159 191 201 134 2.2

2009 129 22.5 27.3 142 107 97 28 31.1 89.7 232 52 139

2010 68 117 245 156 278 145 86 71.8 143 118 22.1 19.4

2011 3.2 26 97.8 62 347 103 93 160 192 91 150 0

2012 1.2 5 45 252 131 105 142 142 194 112 91.7 40

2013 35 12.7 75.9 286 112 60 73 88 113 253 97.4 0

2014 5.8 52.6 93.9 82 305 97 29 127 163 175 81.8 10.4

2015 0.4 2.6 50.5 82 136 151 44 26.7 63.7 220 208 94.6  

Appedix table 4: M.Abaya monthly rainfall  

 

 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Nov Dec

2001 8 8 79.3 71 182 122 6.2 69.9 24.7 121 12.5

2002 15 20 55.8 93 36.7 61 49 41 71 72 85.2

2003 8.2 6.7 19.6 244 79.2 62 62 110 23.8 56 97.1

2004 47 38 25.7 193 99.9 56 42 34.7 112 33 27.7

2005 18 4.2 116 167 236 36 71 10.9 72.2 76 0

2006 5.6 58 116 86 81.8 46 31 63.4 56.8 158 128

2007 49 30 70 77 206 71 56 107 121 26 0

2008 7.2 12 25.9 95 38.4 42 47 29.7 74.4 128 0

2009 30 8.7 30 46 157 38 11 61.4 31.5 91 35.4

2010 42 41 192 186 167 139 131 51.6 69 35 49.2

2011 0 11 24.8 83 333 71 65 88 155 84 5.3

2012 0 0.2 8.8 239 93.6 93 51 63.5 133 61 12

2013 9.7 17 53.3 229 63.3 41 53 54.6 54 102 1.2

2014 12 44 87.3 50 186 59 55 45.6 57.4 155 7.3

2015 0 0 41.7 63 140 141 27 13.9 49.2 154 49.5

56.8

57.7

62.5

166.1

148.4

31.1

95.3

16

3.5

212.4

38.1

Oct

84.9

23.1

20.9

88.2
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Appedix table 5: Dorze monthly rainfall 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

2001 71 44.8 165.1 261.6 180.5 72.7 78 71.9 76.8 150.2 61.1

2002 49 25.6 330.8 226.4 93.2 144.4 84.7 49.8 119.9 98.6 91.3

2003 13 2.9 32.7 77.8 25.1 54.2 56.1 58.6 37.5 39.1 31.8

2004 11 1.2 2.2 110.8 19.7 24.1 73.7 373.5 300.5 307.8 287.2

2005 28 20.1 227.5 241.2 322.1 59.8 63.4 29.4 117.3 140.5 71.7

2006 15 48.1 230.3 193.7 130.1 43 24.7 43.6 21.2 66.1 237.7

2007 160 35.9 60.2 328.4 340 366.8 234 560.8 464.2 323.6 97.4

2008 0.3 0 70.8 185.8 289.4 99 219 93.8 63.2 467.2 202.6

2009 126 12.3 61.4 159.7 137.3 107.9 30.2 30.3 137.6 243.1 71.6

2010 48 133 230.7 254.2 361.9 232.1 111 80.4 154.3 126.4 25.5

2011 5.6 36.6 57.7 68.2 393.8 175.6 108 175.8 255.1 92.2 222.8

2012 2.1 0.8 45.1 196.5 230.2 149.3 154 149.4 256.6 116 139.1

2013 66 14.6 86.8 388.4 160.6 51.6 116 146 215.1 227.3 135

2014 6.3 83.8 123.3 112.4 343.7 187.9 51.1 155.9 199.8 239.3 123.7

2015 1.3 5 52.6 61.6 90.1 180.9 85.3 47.4 77.2 304.8 247.1
 

Appedix table 6: Zigiti rainfall station 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2001 46.8 34.9 95.7 149 154.8 72.67 78 71.9 77 150.2 61 11.3

2002 44.3 21.7 118 129 66.4 57.4 68.3 25.6 109 115.3 34 201.3

2003 22.5 24.5 73.6 212 209.1 106 48.7 124 55 110.2 43 22.2

2004 65 39.1 18.7 212 91.2 49.2 32.6 90.6 133 77.2 282 55

2005 37.5 4 84.6 323 268.8 22 36.8 33.2 93 135.8 43 7.3

2006 18.7 104 154 158 155.2 116.3 45.5 77.9 65 132 129 53

2007 77.8 43 20.7 160 218.1 134.9 113 131 299 94.6 87 0

2008 9.7 4.6 114 156 45.3 86.3 31.5 65.8 206 178.2 61 0.2

2009 113 7.5 0 57.8 152.7 63.1 104 22.2 102 91.9 123 0

2010 52.6 75.1 280 227 558.2 79.2 61.8 90.9 159 100.2 9.4 9

2011 1.8 64.8 68.3 111 512.5 99 66.5 135 175 66.1 186 13

2012 0.3 1.9 26.3 324 142.2 125.3 147 116 148 161.8 77 21.4

2013 27.5 11.4 86.7 273 96.7 47.2 92.5 163 134 361.5 148 2.2

2014 8.9 57.4 93.9 77.7 246.1 106.8 40.3 92.8 121 175.3 82 10.4

2015 0.4 194 200 139 188.3 153.9 50.5 33.8 69 238.8 220 104.5
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Appedix table 7:  FAO (1985) K factor value of the soil class 

 

FAO SOIL UNIT K-factor FAO SOIL UNIT K-factor 

Eutric Fluvisol 0.15 Luvic Phaeozem 0.1 

Calcaric Fluvisol 0.1 Gleyic 

Phyaeozem 

0.1 

Dystric Fluvisol 0.1 Eutric Cambisol 0.15 

Eutric Gleysol 0.15 Dystric Cambisol 0.15 

Calcaric Gleysol 0.1 Humic Cambisol 0.1 

Dystric Gleysol 0.15 Gleyic Cambisol 0.15 

Mollic Gleysol 0.1 Calcaric Cambisol 0.15 

Humic Gleysol 0.1 Chromic 

Cambisol 

0.15 

Plinthic Gleysol 0.15 Vertic Cambisol 0.2 

Eutric Regosol 0.15 Ferallic Cambisol 0.15 

Calcaric Regosol 0.1 Orthic Luvisol 0.15 

Dystric Regosol 0.15 Chromic Luvisol 0.15 

Leptosol 0.1 Calcic Luvisol 0.15 

Cambic Arinosol 0.1 Vertic Luvisol 0.2 

Luvic Arinosol 0.1 Ferralic Luvisol 0.15 

Feralic Arinosol 0.1 Albic Luvisol 0.2 

Albic Arinosol 0.1 Plinthic Luvisol 0.2 
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Rendzina 0.1 Gleyic Luvisol 0.15 

Ranker 0.1 Eutric planosol 0.2 

Gypsic yermosols 0.2 Luvic yermosols 0.2 

 

 

FAO SOIL UNIT K-factor FAO SOIL 

UNIT 

K-factor 

Haplic Phaeozem 0.1 Dystric Planosol 0.2 

Calcaric 

phaeozem 

0.1 Mollic Planosol 0.15 

Humic Planosol 0.15 Cacic Xerosol 0.2 

Solodic Planosol 0.2 Gypsic Xerosol 0.2 

Ochric Andosol 0.15 Luvic Xerosol 0.2 

Molic Andosol 0.1 Orthic Acrisol 0.15 

Humic Andosol 0.1 FerricAcrisol 0.15 

Vertic Andosol 0.15 HumicAcrisol 0.1 

Pellic Vertisol 0.2 Plinthic Acrisol 0.2 

Chromic Vertisol 0.2 Gleyic Acrisol 0.15 

Orthic solonchak 0.15 Eutric Nitosol 0.15 

Molic solonchak 0.1 Dystric Nitosol 0.15 

Takyric solonchak 0.2 Humic Nitosol 0.1 
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Gleyic solonchak 0.15 Orthic 

Ferralosol 

0.15 

Orthic solonetz 0.2 Xanthic 

Ferralosol 

0.15 

Mollic solonetz 0.15 Rhodic 

Ferralosol 

0.15 

Gleyic solonetz 0.2 Humic 

Ferralosol 

0.1 

Haplic yermosols 0.2 Acric Ferralosol 0.15 

Calcic yermosols 0.2 Plinthic 

Ferralosol 

0.15 

Dystric Histosol 0.1 Eutric Histosol 0.1 
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Appedix table 8: FAO classification (1985 Soil Map of the World edition) name and/or 
those that are widespread in tropical environments are described. 

FAO-

UNESCO 

Soil name: 

Soil Unit & 

Subunit 

Main Properties & Susceptibility to Land Degradation 

Acrisols 

- orthic 

- ferric 

- humic 

- plinthic 

 

Acid. low base status (<50% base saturation) and strongly leached. One of 

the most inherently infertile soils of the tropics. becoming degraded 

chemically and organically very quickly when utilised. An orthic Acrisol 

in Indonesia on a 13% slope under 3000 mm rainfall has been recorded as 

having over 260 tonnesha-1y-1r erosion. All nutrients. except Al. 

decreased substantially. Acrisols have very low resilience to degradation 

and moderate sensitivity to yield decline 

Fluvisols 

- eutric 

- calcaric 

- dystric 

- thionic 

Formed from unconsolidated water-borne materials. Highly variable. but 

much prized for intensive agriculture. 

Under most conditions they have high resilience and low sensitivity. The 

big tropical exception is acid sulphate soils which have massive chemical 

degradation impacts when drained for agriculture 

- leptosol Soils with very shallow profile depth (indicating little influence of soil 

forming process) and they often contain large amount of gravel. It is 

susceptible to erosion. 

vertisols 

- orthic 

- chromic 

- calcic 

- vertic 

- ferric 

- plinthic 

The tropical soil most used by small farmers because of its ease of 

cultivation and no great impediments. Base saturation >50%.  But they are 

greatly affected by water erosion and loss in fertility. Nutrients are 

concentrated in topsoil and they have low levels of organic matter. 

vertisols have moderate resilience to degradation and moderate to low 

sensitivity to yield decline. 
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Nitosols 

- eutric 

- dystric 

- humic 

One of the best and most fertile soils of tropics. They can suffer acidity 

and P-fixation. and when organic carbon decreases. they become very 

erodible. But erosion has only slight effect on crops. Nitosols have 

moderate resilience and moderate to low sensitivity. 

                           

Appedix table 9: Average annual rainfall and R- value. 

Station 

name 

Co-ordinate Elevation 
Av. Annual 

rainfall 

R 

Logitude Latitude 

Arbaminch 340806.8 670284.6 1220 955.86 529.0733 

M.abaya 364004.6 695446.4 1221 817.74 451.4499 

Zigiti 324366.6 669557 2555 1219.53 677.2582 

Gerese 312137 654774.2 2329 1939.88 1082.09 

Dorze 341543.5 687431.7 2567 1509.18 840.0367 

Chencha 342446.4 689066.1 2631 1259.53 699.7347 
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