
 

 

ASSESSMENT OF SOIL EROSION RISK USING RUSLE MODEL IN 

ANALEMO WEREDA, SOUTHERN NATIONS, NATIONALITIES, AND 

PEOPLES’ REGION, ETHIOPIA 

 

 

 

 

 

 

 

MSc. THESIS 

 

 

 

 

 

 

MENGISTU LIRAMO AJA 

 

 

 

 

 

 

 

 

AUGUST 2020 

HARAMAYA UNIVERSITY, HARAMAYA 



 

 

ii 

 

Assessment of Soil Erosion Risk Using RUSLE Model in Analemo 

Wereda, Southern Nations, Nationalities, and Peoples’ Region, Ethiopia 
 

 

 

A Thesis Submitted to the School of Natural Resources Management and 

Environmental Sciences, Postgraduate Programs Directorate, 

HARAMAYA UNIVERSITY 
 

 

 

 

 

In Partial Fulfillment of the Requirements for the Degree of 

MASTER OF SCIENCE IN AGRICULTURE (SOIL SCIENCE) 
 

 
 
 
 
 
 
 
 
 

Mengistu Liramo Aja 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

August 2020 

Haramaya University, Haramaya 



 

 

iii 

 

POSTGRADUATE PROGAMS DIRECTORATE 

HARAMAYA UNIVERSITY 

As thesis research advisors, we hereby certify that we read and evaluate these thesis prepared, 

under our guidance by Mengistu Liramo entitled “Assessment of Soil Erosion Risk using 

RUSLE model in Analemo wereda, Southern Nations, Nationalities, and Peoples’ 

Region, Ethiopia” and we recommend that it submitted as fulfilling the thesis requirement. 

Bobe Bedadi (PhD) _________________ ________________ 

Major Advisor Signature Date 

Samuel Feyissa (PhD) _________________ ________________ 

Co-advisor Signature Date 

As members of the Board of Examiners of the MSc. Thesis Open Defense Examination, 

we certify that we have read, evaluated the thesis prepared by Mengistu Liramo Aja and 

examined the candidate. We recommend that the thesis be accepted as fulfilling the thesis 

requirement for the degree of Master of Science in Soil Science. 

________________________ ____________________ _________________ 

 

Name of Chairperson Signature Date 

________________________ ____________________ _________________ 

 

Name of Internal Examiner Signature Date 

________________________ ____________________ _________________ 

 

Name of External Examiner Signature Date 

   

The final approval and acceptance of the Thesis is contingent upon the submission of its final 

copy to the Council of Postgraduate Program Directorate through the candidate‟s department 

or School graduate committee (DGC or SGC). 



 

 

iv 

 

DEDICATIONS 

This work is dedicated to my mother Alem Mikore, who incited me to join this program and 

encouraged me with her patience, love, support and prayer to complete this work.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

 

STATEMENT OF THE AUTHOR 

First, I declare that this thesis is my work and that all sources of materials used for this 

thesis have been duly acknowledged. This thesis has been submitted in partial fulfillment 

of the requirements for MSc. degree in Soil Science at the Haramaya University and is 

deposited at the University Library to be made available to borrowers under rules of the 

Library. I solemnly declare that this thesis is not submitted to any other institution anywhere 

for the award of any academic degree, diploma, or certificate. 

Brief quotations from this thesis are allowable without special permission provided that 

accurate acknowledgement of the source is made. 

 

Name: Mengistu Liramo                 Signature: ______________ 

Date of Submission: ________________________ 

School: Natural Resources Management and Environmental Sciences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vi 

 

BIOGRAPHICAL SKETCH 

The author was born on 15 December 1983 E.C. at Duna Woreda, Southern Ethiopia. He had 

attended his elementary and junior secondary education at Kolla Dense primary and junior-

secondary schools and his high school at Gimbichu Compressive secondary school. After 

completing his higher school program, he joined Dilla University and studied a BSc. degree 

program in Natural resource management for three years, from October 2001 to July 2003 and 

graduated in July 2003 E.C.  

Soon after graduation, by January 2004 to 2009 E.C., the author was employed by Hadiya 

Zone Agricultural Development office as expert of soil and water conservation. In September 

2010 E.C., he joined Haramaya University, Postgraduate programs directorate to pursue a 

study leading to Master of Science degree in soil science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vii 

 

ACKNOWLEDGEMENTS 

Any accomplishment needs co-operation and efforts of others; this thesis could not 

have been carried out without the intensive assistance and guidance of others.  

First of all, I would like to thank Almighty God who made it possible, to begin and finish this 

thesis successfully. 

Then, I would like to express my heartfelt gratitude to my advisors Dr. Bobe Bedadi and Dr. 

Samuel Feyissa for their profound guidance, valuable comments and constant encouragement 

throughout the entire period of this thesis. My sincere appreciation also goes to all my 

instructors of the Soil Science Program for sharing their experience, materials and valuable 

cooperation throughout my study. 

I would like to express my deepest gratitude to my employer Hadiya Zone, Agricultural and 

Rural Development Office for providing me permission to continue my study. 

I am also thankful to the Ministry of Water and Energy, National Meteorological Service 

Agency (NMSA), Analemo wereda Agricultural and Rural Development for making available 

relevant data. In addition, I am most grateful to Mr. Selamu Demeke Mr. Melkamu Abate and 

Mr. Mitiku Tamre. 

Finally, I would like to express my gratitude to all my families for their encouragements and 

support. Specially, my appreciation goes to my mother Mrs. Alem Mikore. 

 

 

 

 

 

 

 

 



 

 

viii 

 

LIST OF ACRONYMS  

AGNPS Agricultural Non-Point Source model 

AWARDO Analemo Wereda Agricultural and Rural Development Office 

AWFEDO Analemo Wereda Finance and Economic Development Office 

ANSWERS Areal Nonpoint Source Watershed Environment Response Simulation 

DEM  Digital Elevation Model 

ETM+  Enhanced Thematic Mapper Plus 
EMA Ethiopia Mapping Agency 
FAO  Food and Agricultural Organization 

GIS  Geographic Information System 

GPS  Global Positioning System 

GCP  Ground Control Point 

HSPF Hydrologic Simulation Program, Fortran 

LULC  Land Use Land Cover 

LISEM Limburg Soil Erosion Model 

m.a.s.l meter above sea level 
RUSLE  Revised Universal Soil Loss Equation 

SRTM  Shuttled Radar Terrain Model 

SWRRB Simulator for Water Resources in Rural Basins 

SWC Soil and Water Conservation 

SCRP  Soil Conservation Research Program 

SLT  Soil Loss Tolerance 

SNNPR  Southern Nations Nationalities and Peoples Region 

UNEP  United Nation Environmental Program 

USLE  Universal Soil Loss Equation 

UTM  Universal Transverse Mercator 

WEPP  Water Erosion Prediction Project 
WBISPP Woody Biomass Inventory and Strategic Planning Project 
 

    

 

 

 

 

 

 

 



 

 

ix 

 

TABLE OF CONTENTS 

DEDICATIONS iv 

STATEMENT OF THE AUTHOR v 

BIOGRAPHICAL SKETCH vi 

ACKNOWLEDGEMENTS vii 

LIST OF ACRONYMS viii 

LIST OF TABLES xi 

LIST OF FIGURES xii 

LIST OF TABLES IN THE APPENDIX xiii 

ABSTRACT xiv 

1. INTRODUCTION 1 

2. LITERATURE REVIEW 5 
2.1. Soil Erosion and Its Extent 5 

2.2. Soil Erosion Types 5 

2.2.1. Rain splash/splash erosion 6 

2.2.2. Sheet erosion 6 

2.2.3. Rill erosion 6 

2.2.4. Gully erosion 7 

2.2.5. Mass movement 7 

2.3. Major Factors Affecting Soil Erosion 7 

2.3.1. Climate 8 

2.3.2. Soil factor 8 

2.3.3. Vegetative cover 9 

2.3.4. Topography 9 

2.3.5. Conservation practice factor 9 

2.4. Consequences of Soil Erosion 9 

2.4.1. On-site effects 10 

2.4.2. Off-site effects 10 

2.5. Soil Erosion Risk in Global Context 11 

2.6. Soil Erosion Risk in Ethiopia 11 

2.7. Estimation of Soil Erosion 12 

2.8. RUSLE Model 14 

2.9. The Use of Remote Sensing and GIS in Soil Erosion Modeling 15 

2.9.1. Remote sensing 16 

2.9.2. Use of geographic information system in erosion risk assessment 16 

3. MATERIALS AND METHODS 18 
3.1. Description of Study Area 18 

3.1.1. Location 18 

3.1.2. Agro-ecology, climate and topography 19 

3.1.3. Land use/land cover 20 

3.1.4. Geology and soils 20 

3.1.5. Agriculture 21 

3.1.6. Demography and socio-economic setting 21 

3.2. Data Sources and Techniques of Collection 21 



 

 

x 

 

3.3. Methodology 22 

3.3.1. RUSLE factor calculation 22 

3.3.1.1. Rainfall erosivity (R factor) 22 

3.3.1.2. Soil erodibility (K) factor 23 

3.3.1.3. Topographic (LS) factor 24 

3.3.1.4. Cover and management (C) factor 26 

3.3.1.5. Support practice (P) factor 27 

3.3.2. Soil loss analysis 27 

4. RESULTS AND DISCUSSION 30 
4.1. Rainfall Erosivity (R) Factor 30 

4.2. Soil Erodibility (K) Factor 31 

4.3. Topographic (LS) Factor 33 

4.4. Cover and Management (C) Factor 34 

4.5. Support Practice (P) Factor 37 

4.6. Assessment of Soil Loss Rates 38 

4.7. Prioritization for Soil Conservation Planning 42 

5. CONCLUSION AND RECOMMENDATIONS 46 
5.1. Conclusion 46 

5.2. Recommendations 47 

6. REFERENCES 48 

7. APPENDICES 57 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xi 

 

LIST OF TABLES 

Table                                                                                                                                   Page 

1. Soil erodibility factor based on soil color 24 

2. Mean annual precipitation and erosivity value of the rain gauge stations 31 

3. Soil type and K-factor values of the study area 32 

4. Land use Land cover,  the corresponding C value and sources 35 

5. Descriptions of land cover categories of the study area 35 

6. Land Use/Land Cover types and the corresponding P values 38 

7. Soil erosion severity classes/risk levels at Analemo wereda 44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xii 

 

LIST OF FIGURES 

Figure                                                                                                                                   Page 

1. Map of Analemo wereda 18 

2. Mean monthly rainfall, maximum and minimum temperatures of the study area. 19 

3. Procedures of RUSLE implementation in GIS 29 

4. Map of mean annual rainfall (a) and R-factor (b) of the study area 31 

5. Map of K-factor (a) and soil type (b) of the study area 33 

6. Slope and generated LS map of the study area 34 

7. C-factor value map of the study area 36 

8. P-factor /management practice map of the study area. 37 

9. Map of the spatial variation of estimated soil loss across the study area 39 

10. Areas (Kebeles) at risk of soil erosion in Analemo wereda 42 

11. Soil erosion risk class map of study area 45 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xiii 

 

LIST OF TABLES IN THE APPENDIX 

Appendix Table                                                                                                                  Page 

1. Fonko station monthly RF data (mm) 58 
2. Hossana station monthly RF data (mm) 58 
3. Welbareg monthly RF data (mm) 59 

4. Alaba-kulito monthly RF data (mm) 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xiv 

 

Assessment of Soil Erosion Risk Using RUSLE Model in Analemo 

Wereda Southern Nations, Nationalities, and Peoples’ Region, Ethiopia 

ABSTRACT 

Land degradation by soil erosion is a wide spread and serious phenomenon throughout the 

Ethiopian highlands causing significant loss of soil fertility, loss of productivity and 

environmental degradation. Thus, estimation of soil loss and identification of critical area for 

implementation of best management practice is central to success of a soil and water 

conservation program. This research has, therefore, been carried out to evaluate soil erosion 

risk in the study area so as to estimate the rate of soil loss and identify areas prone to high 

erosion risk using RS and GIS techniques, to develop soil loss intensity maps of the study area 

and to prioritize areas for specific soil conservation plan. The research integrates the Revised 

Universal Soil loss Equation (RUSLE) with satellite remote sensing and geographic 

information system (GIS) as a useful tool for conservation planning. Soil loss estimation was 

carried out based upon the principles defined in the RUSLE, which relates soil erosion 

process to rainfall erosivity, soil erodibility, topographic factors, and land cover and 

conservation practices. The input parameters of the model, derived from GIS analysis of 

primary data, were compiled in GIS database in raster data model with grid resolution of 30 

meters. The spatial thematic map of the respective factors of RUSLE was created as follows: 

R factor map was interpolated from point data of stations; K factor map by reclassification of 

soil map; LS factor (relief parameters) was derived from Digital Elevation Model (DEM); C 

and P factor map by reclassification of landuse/land-cover map of Landsat ETM
+
 (Enhanced 

Thematic Mapper Plus) image. Raster calculator was used to interactively calculate annual 

soil loss and prepare soil erosion risk map. The result showed that the average annual loss of 

the wereda ranges from 0.00 to 369.2tons/ha/yr and the mean annual soil loss rate 

is 7tons/ha/yr. Moreover, the total soil loss in the study area was 8,271,475.58 ton from 

22403.78 hectares. Based on the level of soil erosion rates, the study area was divided into 

five priority categories for conservation interventions. Accordingly, Yerim kebele, central part 

of Sheshamba, parts of Ento Lafto Lenqa, Haqgela, Senfe, Bealagela, Ambicho Beyleya and 

Wogila are Kebeles with the highest soil loss in the study area. Based on the analysis, soil loss 

on about 73.24% (16408.78 hectare) of the wereda was categorized very slight to slight class 

which under SLT values ranged from 5 to 11 tons per hectare per year. The remaining 

26.76% (5995 hectare) of land was classified under moderate, severe and very severe class 

about several times higher the maximum tolerable soil loss. As a result, these critical kebeles 

need to be prioritized based on their average annual soil loss rate for future intervention of 

soil and water conservation measures.      

Key Words: Analemo Wereda, GIS, Remote Sensing, RUSLE, Soil erosion risk



 

 

1. INTRODUCTION 

Soil erosion is a major threat to land and water resources have significant undesirable impacts 

on soil fertility and agricultural productivity, as well as on the quality of aquatic environments 

(Garcia-Ruiz, 2015; Keesstra, 2007; Thomas et al., 2018). Degradation of agricultural land by 

soil erosion is a worldwide phenomenon leading to loss of nutrient rich surface soil, increased 

runoff from more impermeable subsoil and decreased water availability to plants. The total 

land area subjected to human induced soil degradation is estimated at about 2 billion hectares. 

By this, the land area affected by soil degradation due to erosion is estimated at 1100 Mha by 

water erosion (Saha, 2003). 

Soil erosion in Africa is the major problem and a great challenge to sustaining the biological,  

economic and social services provided by various ecosystems (Donald, 2006). The negative 

impacts of land degradation undermine livelihoods and their economic well-being, the 

environment and the nutritional status of more than one billion people in developing countries. 

It impedes agricultural growth, increases poverty and vulnerability, and contributes to social 

tensions as populations rise and imposes greater burdens on limited natural resources. 

Unsustainable land management practices can threaten biodiversity and increase the release of 

carbon especially through the destruction of forests as well as impacting adversely on the 

problem of soil degradation may be attributed partly to the failure of the rural population to 

take due care of land resources will remaining unaware of the tragic consequences.  

Nevertheless, diminishing productivity, resulting from degradation of agricultural land 

induced by soil erosion, has been and is still a major concern (Admasu, 2005; Aklilu and 

Graaff, 2006; Teshome et al., 2013). Tamene et al. (2006) indicated that some 50% of the 

highlands of Ethiopia have already been significantly eroded, and that erosion is causing an 

annual decline in land productivity of 2.2%. According to the Ethiopian highland reclamation 

study estimate, the annual soil loss from arable land is 100tons/ha/yr and the average 

productivity loss on cropland is 1.8% (Mogesie, 2014). Soil erosion is also the major form of 

land degradation in Ethiopia. As a result, the productive capacity of the soils in the Ethiopian 

highlands is reducing at a rate of 2–3% annually (Shiferaw, 2011). 

Soil conservation is a significant socio-environmental issue that reflects the well-being of 

the people in every country in the world and also information on the factor leading to soil 
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erosion can be used as a perspective for the development of appropriate land use plan (Nam et 

al., 2003; Yyldyrym, 2011). With the aim of providing a valuable input for planning soil 

conservation strategies, an important aspect is identifying and targeting specific high priority 

areas for the implementation the best management practices. The awareness of best 

management practice was important to maintain soil fertility, decrease soil problems and to 

reclaim the eroded area (Bobe, 2004). If soil erosion is minimized, fertility of the soil increase 

and agricultural production also increases. This benefits rural household to improve their 

agricultural productivity and contribute positively to the improvement of food security and 

economic growth in particular for the area and the country in general. 

Soil erosion assessment has gained attention because it can be used as a base for 

developing effective soil and water conservation plans. In this regard, there has not been a 

locally developed soil erosion model for erosion risk assessment in Ethiopia. RUSLE 

modeling (Revised Universal Soil Loss Equation) makes it possible to estimate the soil 

erosion loss and to map the zones most sensitive to water erosion. As a result, it is possible to 

locate areas of high erosion requiring priority intervention. The RUSLE model lies in the fact 

that it takes into account the majority of the factors playing a predominant role in the 

processes of soil water erosion, namely the erosivity of rainfall (R factor), the length of the 

slope and its surface gradient (LS factor), soil erodibility (K factor), the effect of vegetation in 

presence (C factor), and anti-erosion cultural practices (P factor). According to this model, the 

damage of erosion comes primarily from the aggressiveness of tropical rains rather than a 

hypothetical fragility of tropical soils (Renard et al., 1997). 

When assessing erosion risk at a wereda or regional level, the use of Remote Sensing (RS) 

and Geographical Information System (GIS) become valuable tools to achieve more 

satisfactory results in the assessment of the soil erosion. According to Mati and Veihe (2001), 

the application of GIS has increased in the last decade with the availability of digital data, 

cheaper and more user friendly software and the need to handle large spatial database. Thus, 

remote sensing (RS) and GIS have resulted in great progress in the research of soil erosion 

and soil and water conservation since the end of 1980s. Estimation of soil erosion and its 

spatial distribution using RS and GIS techniques were performed with reasonable costs and 

better accuracy in larger areas to face up to land degradation and environmental deterioration 
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(Basaran et al., 2008). Generating accurate environmental risk maps in GIS environment is 

very important to locate the areas with high environmental risks and to develop adequate risk 

prevention techniques (Reis et al., 2018). While Remote Sensing (RS) has proved to be a 

useful, inexpensive and effective tool in soil erosion risk mapping. Remote Sensing can 

provide the data necessary for erosion modeling within a GIS (Leh et al., 2011). In this study, 

an integrated Remote Sensing, GIS and Revised Universal Soil Loss Equation (RUSLE) has 

been used to assess the soil loss risk in wereda level. The integration of existing soil erosion 

model, field data and data provided by remote sensing technologies through the use of 

geographic information systems (GIS) appears to be an asset for further studies (Fernandez et 

al., 2003; Gitas et al., 2009; Xu  et al., 2009). 

Similar studies conducted in high lands of Ethiopia shows annually Ethiopia loses over 1493 

million tones of topsoil from the highlands due to erosion, which could add about 1.5 million 

tons of grain to the country‟s harvest (Erkossa et al., 2015; Tegegne and Biniam, 2017; 

Lulseged and Vlek, 2008; Yitbarek et al., 2012). Further, about 43 % (537,000 km
2
) of the 

total highland areas of Ethiopia are highly affected by soil erosion with an estimated average 

of 20 t ha
−1

 yr
−1

 and measured amounts of more than 300 tons ha
−1

 yr
−1

 on specific plots 

(Tegegne and Biniam, 2017; Paulos, 2001; USAID CRSPT, 2000). As a consequence of soil 

erosion, it is estimated that more than 30000 ha of the country‟s cropland will be out of 

production annually (Erkossa et al., 2015). According to Betrie et al. (2011), the Blue Nile 

basin lost fertile soils with a rate of 131 million tons yr
−1

 soil due to poor land-use 

management. 

 Due to the high density of population and the rugged terrain conditions in the Analemo 

wereda, the cropland parcels owned by individual households are characterized by significant 

deforestation and overgrazed land that causes significant soil loss by water erosion. The lands 

are also ploughed by animals instead of tractors. The various types of field boards between 

land parcels (i.e. earth banks, small ditches, etc.) interrupt storm flows on slopes. Improper 

method of ploughing, and poor technology and cultivation mechanisms pronounce the water 

erosion risks in the Analemo wereda. Therefore, runoff in the rainy seasons easily degrades, 

transport and remove the loam soil from the area. Even though soil erosion by water is 

believed to be the among the major land degradation processes in the region; the spatial 
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variability of soil and susceptibility of soils to erosion of the Analemo wereda has not been 

assessed. Hence, this study was proposed to assess the soil erosion risk using Revised 

Universal Soil Equation (RUSLE) model that can easily identify areas that are at potential risk 

of extensive soil erosion in the study area. The study was proposed with the following specific 

objectives: 

 To estimate the rate of soil loss and identify areas prone to high erosion risk using RS 

and GIS techniques.  

 To develop soil loss intensity maps of the study area and to prioritize areas for specific 

soil conservation plan.  
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2. LITERATURE REVIEW  

2.1. Soil Erosion and Its Extent  

Soil erosion was defined earlier by Morgan (2009) as the vastly accelerated process of soil 

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

building and soil removal. Gebayew (2015) also defined soil erosion and soil loss in the 

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

and Soil loss is the soil moved off a particular slope or field”. Soil erosion is one of the most 

serious environmental problems in the world today, as it threatens agricultural and natural 

environment (Vrieling, 2006). As sources cited by Deore (2005), study on global soil loss has 

indicated that soil loss rate in the United States is 16 tons/ha/yr; in Europe it ranges between 

10 – 20 tons/ha/yr, while in Asia, Africa and South America between 20 and 40 tons/ha/yr. As 

mentioned by Ismael (2014), the recorded annual soil erosion in Ethiopia ranges from 16-300 

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

According to the Ethiopian highland reclamation study (FAO and UNEP, 1984), in mid 

1980‟s 27 million hectare or almost 50% of the highland area was significantly eroded, 14 

million hectare seriously eroded and over 2 million hectare beyond reclamation. In general, 

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

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

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

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

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

nearly 1.9 billion tons of fertile soil from highlands annually. 

2.2. Soil Erosion Types 

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

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

erosive forces (Mahmoodabadi and Sajjadi, 2016). Any soil condition which encourages 

surface runoff brings with it the risk of soil wash and erosion. If the water flow is significant 

or concentrated, then shallow channels (rills) may be formed which can become deeper 

gullies. Soil erosion by water occurs in various forms (e.g., splash, sheet, rill, gullies and mass 
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movement) depending on the stage of progress in the erosion cycle and the position in the 

landscape. Some of the types of erosion are discussed below: 

2.2.1. Rain splash/splash erosion 

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

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

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

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

down. It is the first stage of erosion process and it occurs when rain drops hit bare soils/soil 

surface. As a result of this the soil particles can detach and splashed on to the soil surface. The 

splashed particles can rise as high 60cm above the ground and move up to 1.5 meters from the 

point of impact (Morgan, 2005). 

2.2.2. Sheet erosion  

Sheet erosion is the movement of soil by raindrop splash and runoff water. It typically occurs 

evenly over a uniform slope and goes unnoticed until most of the productive topsoil has been 

lost. Raindrops impacting the soil surface disperse and splash the soil, displacing particles 

from their original position. Splash erosion is caused by the bombardment of soil surface by 

impacting raindrops. Processes of splash erosion involve raindrop impact, splash of soil 

particles, and formation of crater like features (Planchonand Mouche, 2010). 

2.2.3. Rill erosion 

Rill erosion refers to the development of small, ephemeral concentrated flow paths which 

function as both sediment source and sediment delivery systems for erosion on hill slopes. 

Generally, where water erosion rates on disturbed upland areas are greatest, rills are active. 

Flow depths in rills are typically of the order of a few centimeters (about an inch) or less and 

along-channel slopes may be quite steep. This means that rills exhibit hydraulic physics very 

different from water flowing through the deeper, wider channels of streams and rivers (Merritt 

et al., 2003). Rill erosion results when surface water runoff concentrates, forming small yet 

well-defined channels. It refers to the soil erosion that occurs in small channels or rills. Rill 

erosion occurs when water from sheet erosion combines to form small concentrated channels 

(Fortuin, 2006). 
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2.2.4. Gully erosion 

Gully erosion is defined as the erosion process whereby runoff water accumulates and often 

recurs in narrow channels, and over short periods, removes the soil from this narrow area to 

considerable depths (Poesen et al., 2003). Gully erosion refers to the movement of soil by 

larger streams of water. This type of erosion scours channels in the soil that are at least one 

foot deep and cannot be smoothed over completely by normal agricultural operations. Erosion 

rates increase due to higher velocity flows as rill erosion starts. When water in rills 

concentrates to form larger channels, it results in gully erosion (Fortuin, 2006). It occurs when 

runoff water accumulates and rapidly flows in narrow channels during or immediately after 

heavy rains or melting snow, removing soil to a considerable depth (poesen, 2007). 

2.2.5. Mass movement 

Mass movement is the natural process by which soil, rock and other material move down 

slope under the force of gravity. Types of mass movement include soil creep, earth flow, 

slumps, landslips, landslides and avalanches. Factors increasing mass movement include 

erosion or excavation, undermining the foot of a slope, weight loads of buildings or embankm

ents, and loss of stabilizing roots through removal of vegetation. The amount of sediment 

moved from the hillsides into rivers by mass movement is far in excess of that contributed by 

rills, overland flow, and gullies (Morgan, 2005). 

2.3. Major Factors Affecting Soil Erosion 

Soil erosion on a field scale is affected by different interlinked processes and factors. The rate 

of soil erosion is controlled by factors which are both biophysical and socio-economical. The 

main factors include the rainfall/runoff, wind (climate), soil characteristics, topographic 

features, plant cover and conservation practice (Ganasri and Ramesh, 2016; Yuksel et al., 

2008; Yyldyrym, 2011). As cited in Chowdary et al. (2013), the two important factors 

affecting soil erosion and sediment delivery to river channels are changes in land use and 

climate but the whole factors are considered into three groups. The energy group consist the 

potential ability of the rainfall/runoff and wind to cause erosion. The resistance group consist 

the mechanical and chemical ability of the soil to resist the erosion. The plant cover and the 

conservation practice are considered as protection group (Morgan, 2005). 
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2.3.1. Climate 

The amount and intensity of precipitation is the main climatic factor governing soil erosion by 

water. The relationship is particularly strong if heavy rainfall occurs at times when, or in 

locations where, the soil's surface is not well protected by vegetation. This might be during 

periods when agricultural activities leave the soil bare, or in semi-arid regions where 

vegetation is naturally sparse. Wind erosion requires strong winds, particularly during times of 

drought when vegetation is sparse and soil is dry (and so is more erodible). Other climatic 

factors such as average temperature and temperature range may also affect erosion, via their 

effects on vegetation and soil properties.  

In general, given similar vegetation and ecosystems, areas with more precipitation (especially 

high-intensity rainfall), more wind, or more storms are expected to have more erosion. In 

some areas of the world (e.g. the mid-western USA), rainfall intensity is the primary 

determinant of erosivity, with higher intensity rainfall generally resulting in more soil erosion 

by water. The size and velocity of rain drops is also an important factor. Larger and higher-

velocity rain drops have greater kinetic energy, and thus their impact will displace soil 

particles by larger distances than smaller, slower-moving rain drops (Blanco and Lal, 2010). 

In other regions of the world (e.g. Western Europe), runoff and erosion result from relatively 

low intensities of strata form rainfall falling onto previously saturated soil. In such situations, 

rainfall amount rather than intensity is the main factor determining the severity of soil erosion 

by water (Boardman and Poesen, 2008). 

2.3.2. Soil factor 

The susceptibility of soil to erosion agents is generally referred to as soil erodibility (Wang 

et al., 3013). Soils differ in their resistance to erosion, which is a function of a range of soil 

properties such as texture, structure, soil moisture, roughness, and organic matter content  

(Deore, 2005). 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 runoff even though these soils are easily detachable. 

Medium textured soils, such as silty loam soils, have a moderate k values, because they are 

moderately susceptible to detachment and they produce moderate runoff. Soils having high 



9 

 

 

 

silt content are the most erodible of all soils as they cause a decrease in infiltration (Saavedra, 

2005).  

2.3.3. Vegetative cover  

Vegetation acts as an interface between the atmosphere and the soil. It increases the 

permeability of the soil to rainwater, thus decreasing runoff. It shelters the soil from winds, 

which results in decreased wind erosion, as well as advantageous changes in microclimate. 

The roots of the plants bind the soil together, and interweave with other roots, forming a more 

solid mass that is less susceptible to both water and wind erosion. The removal of vegetation 

increases the rate of surface erosion (Morgan, 2009). 

2.3.4. Topography 

The topography of the land determines the velocity at which surface runoff will flow, which in 

turn determines the erosivity of the runoff. Longer, steeper slopes (especially those without 

adequate vegetative cover) are more susceptible to very high rates of erosion during heavy 

rains than shorter, less steep slopes. Steeper terrain is also more prone to mudslides, 

landslides, and other forms of gravitational erosion processes (Whisenant, 2008). 

2.3.5. Conservation practice factor 

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

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

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

delivery. The effectiveness of such practices is often analyzed with a support practice factor  

(P-factor) which is defined as the ratio of soil loss with the practice applied and up- and 

down slope cultivation (Ganasri and Ramesh, 2016; Renard et al., 1997). P-values have 

been assigned to land use classes using literature values and ranges from 0 to 1 (Kaltenrieder, 

2007). 

2.4. Consequences of Soil Erosion 

The consequences of soil erosion can be seen on both where the soil is worn and 

deposited; earth‟s surface can either being degraded or aggraded. The problem is threatening 

ecosystems and human wellbeing throughout the world (Toy et al., 2002), because it results in 

significant reduction in economic, social and ecological benefits of land for crop and other 

environmental services. Soil erosion affects about one billion people globally; around 50% of 
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them found in Africa, but, more attention is given to other agricultural topics than to soil 

erosion and its consequences (Blanco and Lal, 2008). 

2.4.1. On-site effects 

Some of on-site effects of soil erosion are loss of soil, formation of rills and gullies, reduction 

of soil moisture and organic matter, and decrease surface soil depth. The soil lost through 

water erosion particularly by sheet erosion is usually the most productive top soil containing 

plant nutrients and humus; it can be lost forever if it is washed in to the sea. Soil formation is 

a very slow process; it may takes 100 up to 400 years to form 1cm soil depth (Mirsal, 

2008). Cropland soils are often left bare after harvesting, as a result, the soil will be 

more susceptible to erosion (Blanco and Lal, 2008). The reduction of soil productivity 

over extended period is the main onsite effect of soil erosion.  

In Ethiopia, the active soil erosion is turning many of the once fertile and surplus production 

areas in to badlands (Gete et al., 2014). Highlands of the country are considered as the most 

seriously degraded parts of the world and in general, it is estimated that the country looses 1.9 

to 7.8 billion tons a year and this cost the country close to 1 billion ETB (Gete et al., 

2014). Generally, soil erosion results in a decline of soil quality leading to a decrease in crop 

and other agricultural productivities. It is particularly high in the major crop production areas 

under intensive tillage and mono-cropping (Blanco and Lal, 2008). 

2.4.2. Off-site effects 

Erosion not only damages the immediate agricultural area where it occurs but also 

negatively affects the surrounding environment. Sedimentation and water pollution are the 

main off-site effects of soil erosion by water. For the conservation, development and 

utilization of our soil and water resources, sedimentation should be the main concern (Julien, 

2010). Sediment is the product of erosion and it decreases the storage capacity and life 

expectancy of reservoirs, increases flood damage and water treatment cost (Toy et al., 2002). 

The sediment delivered at the outlet of a watershed /watershed sediment yield/ should be 

estimated before the designing of reservoirs to analyze sedimentation and water quality 

problems. In Ethiopia, most of the reservoirs that are built for different purpose are filled with 

sediment with in less than 50% of their projected service lives (Braimoh et al., 2008). On the 

other hand, the running water can wash away fertilizers, pesticides and other chemicals that 
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are supplied by farmers on the land. As a result, streams‟, rivers‟, reservoirs‟ and other water 

bodies‟ pollution occurs and living organisms in the system would be at risk. 

2.5. Soil Erosion Risk in Global Context 

Water erosion and wind are now the two primary causes of land degradation; combined, they 

are responsible for 84% of degraded acreage (Blanco and Lal, 2010). Each year, about 75 

billion tons of soil is eroded from the land, a rate that is about 13–40 times as fast as the 

natural rate of erosion (Zuazo et al., 2009). In Africa, if current trends of soil degradation 

continue the continent might be able to feed just 25% of its population by 2025, according to 

UNU's Ghana-based Institute for Natural Resources in Africa. Recent modeling developments 

have quantified rainfall erosivity at global scale using high temporal resolution (<30 min) and 

high fidelity rainfall recordings. The results is an extensive global data collection effort 

produced the Global Rainfall Erosivity Database (GloREDa) which includes rainfall erosivity 

for 3,625 stations and covers 63 countries. This first ever Global Rainfall Erosivity Database 

was used to develop a global erosivity map (Panagos, 2015) at 30 arc-seconds (~1 km) based 

on sophisticated geo-statistical process. 

According to a new study (Borrelli et al., 2014) published in Nature Communications, almost 

36 billion tons of soil is lost every year due to water, and deforestation and other changes in 

land use make the problem worse. The study investigates global soil erosion dynamics by 

means of high resolution spatially distributed modeling (250*250 m cell size). The geo-

statistical approach allows, for the first time, the thorough incorporation in to a global soil 

erosion model of land use and changes in land use, the extent, types, spatial distribution of 

global croplands and the effects of different regional cropping systems. The loss of soil 

fertility due to erosion is further problematic because the response is often to apply chemical 

fertilizers, which lead to further water and soil pollution, rather than to allow the land to 

regenerate (Potter, 2004). 

2.6. Soil Erosion Risk in Ethiopia 

In the Ethiopian economy, agriculture accounts for 50% of GDP, 60% of foreign exchange 

earnings and supports 80% of the work force (CPS, 2006). Agricultural sector in Ethiopia is 

under small holder farming system which accounts for more than 90% of agricultural produce, 
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about 95% of cultivated land and support employment for some 7 million farmers (Assefa and 

Zegeye, 2003). Ethiopia has greatest potential for increasing agricultural production and 

productivity, but unable to find ways of tackling causes of food insecurity due to various 

factors that are worsening vulnerability out of which land degradation due to mainly to soil 

erosion and deforestation and inconsistent and inadequate rainfall are the main causes (Drimie 

et al., 2006). 

According to Ethiopian Highland Reclamation Study (FAO and UNEP, 1984), in mid 1980‟s 

hectares or almost 50% of the highland area was significantly eroded, 14 million ha seriously 

eroded and over 2 million hectares beyond reclamation.  In general, soil erosion is one of the 

major factors causing severe land degradation risk in Ethiopia, which in turn is threatening the 

agricultural productivity and very survival of overwhelming of the majority of the rural 

population. The rate of soil loss, depletion of the organic matter and nutrients as a result is so 

high and much faster than the can be replaced. The Ethiopian Highland Reclamation Study 

(FAO, 1986) estimates that water erosion remove nearly 1.9 billion tons of fertile soil from 

highlands annually. Ethiopia is one of the most ecologically sensitive regions of the world for 

the accelerated erosion (Bobe and Kebede, 2014). 

2.7. Estimation of Soil Erosion 

Soil erosion modeling is able to consider many of the complex interactions that influence rates 

of erosion by simulating erosion processes in a watershed. Various parametric models such as 

empirical (statistical/metric), conceptual (semi-empirical) and physical process based 

(deterministic) models are available to compute soil loss. In general, these models are 

categorized depending on the physical processes simulated by the model, the model 

algorithms describing these processes and the data dependence of the model (Lal, 2001).  

Empirical models are generally the simplest of all three model types. Empirical models are 

based primarily on defining important factors through field observation, measurement, 

experimentation and statistical techniques relating erosion factors to soil loss. They are 

statistical in nature and based primarily on the analysis of observations and seek to 

characterize response from these data (Ranzi et al., 2012). They are generally based on the 

assumption of stationeries as it is assumed that the underlying conditions remain unchanged 
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for the duration of the study period (Bobe, 2004). The data requirements for such models are 

usually less as compared to conceptual and physical based models. Among the commonly 

used empirical erosion models include the Universal Soil Loss Equation (USLE), Revised 

Universal Soil Loss Equation (RUSLE) and the Soil Loss Estimation Model for South Africa 

(SLEMSA). RUSLE is the empirical model that has been most widely used and generally 

accepted by the natural resources community because it is relatively easy to use (Saavedra, 

2005). In this study, RUSLE was chosen over other models because of its ease of 

implementation, reliance on easily accessible data and its relatively accurate results. 

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

models. These models are based on spatially lumped forms of water and sediment continuity 

equations. As explained by Merritt et al. (2003), these models are general description of 

catchment processes, without including the specific details of process interactions, which 

would require detail catchment information. The main feature that distinguishes the 

conceptual models from the empirical models is that the conceptual models, whilst they tend 

to be aggregated, they still reflect the hypothesis about the processes governing the system 

behavior. The Agricultural Non-Point Source Pollution Model (AGNPS), Agricultural 

Catchment Research Unit (ACRU), Hydrologic Simulation Program and Fortran (HSPF) are 

among the conceptual models used in erosion and/or water quality studies.  

Physical process based models take into account the combination of the individual 

components that affect erosion, including the complex interactions between various factors 

and their spatial and temporal variability. These models are comparatively over 

parameterized. These models are based on an understanding of the physics of the erosion and 

sediment transport processes (Deore, 2005). In theory, the parameters used in physical process 

based models are measurable and so are known (Merritt et al., 2003). In principle, they can be 

applied outside the range of conditions used for calibration and, as their parameters have a 

physical meaning, they can be evaluated from direct measurements and without the need for 

long hydro-meteorological records (Saavedra, 2005). Examples of physically based models 

are the Morgan-Morgan and Finney (MMF), Water Erosion Prediction project (WEP) and the 

Soil and Water Assessment Tool (SWAT).  Most of these models need information related 

with soil type, land use, landform, climate and topography to estimate soil loss. They are 
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designed for specific set of conditions of particular area. 

Prediction of soil erosion rates is difficult due to the complex inter-relationships among the 

various factors controlling soil erosion, as well as the social, economic and political 

components (Ananda and Herath, 2003; Berendse, 2015; Biratu and Asmamaw, 2016;  

Morgan, 2005; Rodrigo Comino, 2017). However, those models discussed above have been 

used to predict soil loss under a wide range of spatial and temporal scales (e.g. de Vente, 

2013; Jetten and Favis-Mortlock, 2006; Jetten et al., 2003; Karydas et al., 2014; Lal, 2001; 

Merritt et al., 2003). But, in practice, the USLE (Wischmeier and Smith, 1978) and the 

RUSLE (Renard et al., 1997) are the most widely used models for computing soil loss at 

various spatial scales (e.g. Borrelli et al., 2014; Gelagay and Minale, 2016; Panagos, 2015). 

2.8. RUSLE Model 

The Universal Soil Loss Equation (USLE) was established by Wischmeier W.H and Smith 

D.D since 1978, it has been widely used worldwide over the last 40 years to estimate soil 

erosion risk. The requirements of the model, in terms of intensive data and computation, 

reinforce the elaboration of more accurate and less demanding ones. USLE has many 

shortcomings and limitations. For instance it does not estimate gully or stream channel 

erosion, it is also not been designed to operate at large scale but it is widely used, especially at 

regional and national level, because of its relative simplicity and robustness (de Vente et al., 

2008) and because it represents a standardized approach. 

The Revised Universal Soil Loss Equation (RUSLE) is considered the alternative improved 

version of the proto USLE model (Renard et al., 1997). The RUSLE is a 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 (Wischmeier 

and Smith, 1978). Furthermore, the RUSLE can be combined with the Geographic 

Information System (GIS) in order to identify high soil erosion spots area over a large 

watershed in a quick, efficient and an acceptable accurate method (Jahun et al., 2015; Shi et 

al., 2004). A Revised Universal Soil Loss Equation (RUSLE) followed the same formula as 

USLE, but got several improvements in the determining factors and a broader application to 

different situations, including forests, rangelands and disturbed areas compared to USLE. The 
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RUSLE represents how climate, soil, topography, and landuse affect sheet and rill soil erosion 

caused by raindrop impact and surface runoff (Renard, 1997). It does not estimate gully or 

stream-channel erosion. Moreover, it has been extensively used to estimate soil erosion loss, 

to assess soil erosion risk, and to guide development and conservation plans in order to control 

erosion under different land-cover conditions (Merritt et al., 2003). 

The RUSLE is an empirically based model that requires several variables to be measured and 

observed in order to estimate soil erosion. The model needs data on rainfall, soil structure, soil 

texture, slope length, slope steepness as well as any crop management and erosion control 

practices (Farhan and Nawaiseh, 2015). Beside this, the model should be based on long-term 

average rainfall conditions for specific regions (Brady and Weil, 2002). The soil erosion 

models provide quantitative data on soil loss from a defined region, in most situations, 

decision makers and land managers are more interested in the spatial distribution of soil 

erosion risk rather than the absolute values of soil loss (Lu et al., 2004). The soil erosion risk 

maps often indicate the areal extent and degree of severity of soil loss, and are used to assist in 

strategic policy decisions, when used in combination with socio-economic and political 

parameters. 

2.9. The Use of Remote Sensing and GIS in Soil Erosion Modeling 

Several studies showed the potential utility of Remote Sensing and GIS techniques for 

quantitatively assessing soil erosional loss (Bandyopadhyay and De, 2017; Nagaraju et al., 

2011). The advancement in 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 

recognized in mapping and assessing landscape attributes controlling soil erosion, such as 

physiography, soils. Land use/land cover, relief, soil erosion pattern (Drzewiecki et al., 2014). 

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

spatial location (Laliberte et al., 2004). 

In general, the use geo-information techniques offer the following advantages in erosion 

modeling: fast and cost effective estimates, possibilities to investigate larger areas, greater 
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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. 

2.9.1. Remote sensing 

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

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

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

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

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

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

prepared. Satellite imagery has been well utilized in different studies for watershed 

characterization and management aims (Sahu et al., 2015) and for measuring qualitative and 

quantitative terrestrial land cover changes (Lu et al., 2004) in watershed. 

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

erosion features and obtaining erosion model input data (Ganasri, and Ramesh, 2016). 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. Digital elevation model is one of the vital 

inputs required for soil erosion modeling that can be created by analysis of stereoscopic 

optical and microwave remote sensing data (Patil, 2018). 

2.9.2. Use of geographic information system in erosion risk assessment 

Soil loss by erosion is most frequently assessed by RUSLE (Arekhi and Rostamizad, 2011) 

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

Geographic information system 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). 

Geographic information system has been widely used in characterization and an assessment 

study which was requiring a watershed based approach (Khan et al., 2001). In addition, the 
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modeling and visualization capabilities of modern GIS, offer fundamentally new tools to 

understand the processes and dynamics that shape the physical, biological and chemical 

environment of watersheds (Jain and Goel, 2002). Mapping soil erosion using GIS can easily 

identify areas that are 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., 2004). 
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3. MATERIALS AND METHODS  

3.1. Description of Study Area 

3.1.1. Location 

Analemo is one of the ten weredas in Hadiya zone of the Southern Nations, Nationalities, and 

Peoples‟ Region of  Ethiopia. It is located between 7.54 to 7.72 N latitude and 37.89 to 38 .05 

E longitude and Analemo is bordered to the southwest by Lemo wereda, to the north by the 

Silt'e Zone, and to the southeast by Shashogo wereda. The study area is situated at about 130 

km North West of the regional town Hawassa and 230 km from Addis Ababa through the 

asphalt road from Addis Ababa to the Hossana town that passes via towns of Wolayta Sodo, 

Arbminch, of SNNPR. Inter site accessibility is possible by currently made dry weather roads 

and other feeder dry weather access roads that connect different parts of the study area 

(AWFEDO, 2015).  

 

Figure 1. Map of Analemo wereda 

file:///C:\wikiEthiopia
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3.1.2. Agro-ecology, climate and topography 

Agro-ecologically, Analemo wereda is characterized by Dega, Woina–dega and Kola which 

cover about 40%, 40% and 20%, respectively. This agro- ecological variation in landforms 

has a significant influence on climatic condition of the wereda. Mean annual rainfall ranged 

between 987and 1290.31 mm while the mean annual minimum and maximum temperature 

12ºC and 24ºC, respectively. Rainfall distribution in the study area is seasonal. Rainfall tends 

to be bimodal with rainfall becoming more continuous as elevation increases. Most of the 

rainfall falls during the "Meher" season from June to September (it is most intense during July 

and August). The study area has relatively high amount of rainfall that causes rockslides and 

landslides from the highly degraded up slopes. There is short rainy season called "Belg" which 

falls during the months of mid February to April. However, the short rains are highly variable 

and since they often fail, farmers claim they are relying on them for grain production less and 

less (AWARD, 2017). 

 

Figure 2. Mean monthly rainfall, maximum and minimum temperatures of the study area. 

Topographically the study area is characterized by steep slopes, moderately gentle lands and 

flat plains in certain areas. The altitude of the wereda ranges from 1937 to 2576 m.a.s.l 

(AWRDO, 2017). 
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3.1.3. Land use/land cover 

The study area has an old history of land use with high erosion damages especially with 

increasing slopes. As the remnants of the trees depict, the area has once been covered by 

dense indigenous forests. However, the vegetation cover has been removed partly for 

cultivation and it has also been replaced by some exotic species such as eucalyptus tree. 

Between 1974 and 1991, the forest coverage declined to 35% and rapidly went down to 19% 

between 1991 and 2008. Major reason for this rapid decline of forest coverage was extensive 

deforestation due to the rapid population growth and expansion of cultivation land in to forest 

land. Thus, like other parts of the country, natural vegetation of the area has been influenced 

by human activities. Like forestland, grassland and bush land is also overgrazed and then 

gradually changed into farmland. Because of this shortage of grazing field, farmers have 

owned small numbers of animals. As result of change of forest and grasslands to cultivated 

lands, accelerated soil erosion and fertility decline become the main problem of the area once 

the forest cover was lost (AWARDO, 2017). 

3.1.4. Geology and soils 

The wereda is found on the escarpment of the rift valley which was created during the Arebo-

Ethiopian swell of the Cenozoic era with huge outpouring of lava flood on the surface. 

However, geological information published by FAO (1998) provides some overview over the 

area. While the northwest part of the wereda is dominated by Oligocene to Miocene basalts 

which are in the transitional zone into the Rift Valley while, south, southeastern and some 

parts in the north are characterized by Holocene, lacustrine and swamp deposits. 

The occurrence of different soil types is related to geology, although the relief has a 

significant influence on the development of soil types in some areas. There are three dominant 

soils in the Analemo wereda. These are Lithic Leptosols, Chromic Luvisols and Vitric 

Andosols (FAO, 1998). These soils are of volcanic origin, and are often over a sedimentary 

base. Though inherently well drained and fertile, they are also acidic and highly erosion-prone 

and as a result the agricultural areas are often highly degraded. The soils on the study area 

have been cleared of perennial vegetation in the past and due to the steep terrain are highly 

eroded, resulting in the regular impact of flash flooding and mudslides to the villages below in 

the wet season (AWARDO, 2017). 
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3.1.5. Agriculture 

Crop-livestock mixed agriculture is the common practice in the wereda. The major crops 

grown are teff (Eragrostis tef), wheat (Triicum aestivum L.), maize (Zea mays L.), and beans 

(Phaseolus vulgaris L.). The homestead gardens are close to their houses, where root crops are 

cultivated in multistory agro-forestry system. Enset is a perennial crop which serves as a 

staple food and has particular relevance in times of food scarcity. Fields are ploughed along 

the contour using the traditional Ethiopian plough called Maresha pulled by a pair of oxen. 

The average land holding in the wereda is less than a hectare. However, land shortage for 

cultivation is the main constraint faced by farmers in the region. The farming system also 

integrates livestock, mainly small stock. During the rainy season, the animals are kept in the 

proximity of the homesteads, as enough fodder is readily available. However, during the dry 

season, livestock are left to freely graze the harvested fields. Individual plots are often 

intersected with shrubs and trees, mainly Eucalyptus.  Some Eucalyptus plantations also exist 

in part of the wereda, the wood is commonly used for house construction, as well as firewood 

(AWARDO, 2017). 

3.1.6. Demography and socio-economic setting 

According to the Analemo wereda Finance Office‟s Population and Housing annual report, the 

population for the year 2017/18 was 217,452. Male and female populations account about 

49.8% (108,271) and 50.2% (109,181), respectively. The population density of the area is 

about 334 persons per km
2
 (AWFEDO, 2019). 

3.2. Data Sources and Techniques of Collection 

In order to achieve the objectives of the study, both primary and secondary data had 

been collected and analyzed.  Primary data was collected via field survey and/or ground truth 

authentication and observation using Global Positioning System (GPS). This gives actual 

information about what is going on in the study area. In this study, several geospatial data sets 

were collected and processed in a raster format to suit the RUSLE model for estimating the 

soil loss. The mean annual rainfall data was obtained for a period of 10 years (2007 to 2016) 

with four rain gauge stations from the National Meteorological Agency of Ethiopia. Those 

stations are: Hossana station, Welbareg station, Alaba-Kulito station and Fonko station. The 

nearly zero percent cloud cover remote sensing data of Landsat ETM+ (Enhanced Thematic 
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Mapper Plus) image of 2016 year was used. The image was freely downloaded from the 

United States Geological Survey‟s (USGS) Earth Explorer website and then it was generated 

using ArcGIS 10.1. The soil data covering the Analemo wereda was obtained from FAO soil 

database in shapefile format. Furthermore, field observation was done in January 2019 to 

collect geo-referenced data (ground control points) of land use/land cover (LULC) classes 

using Ground Positioning System (GPS). 

Validation of the model estimates was challenging in this study, due to poorly available data 

to weigh against the model estimates with the actual soil loss. Due to lack of previous case 

studies specific to the study area, the validity of the model outputs was compared with 

numerical data outputs of similar studies over Ethiopian highlands. In addition, selective field 

observations were carried out to identify most erosion prone areas. 

3.3. Methodology 

3.3.1. RUSLE factor calculation 

The soil erosion rate was calculated in the proposed area by employing RUSLE on the basis of 

six parameters. The actual estimation of soil loss was carried out by map overlays, pixel by 

pixel. This was enabling the multiplication of RUSLE parameters accurately. The following 

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

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

section. 

3.3.1.1. Rainfall erosivity (R factor) 

Rainfall erosivity (R) is computed as total storm energy multiplied by the maximum 30 

minute intensity (Renard et al., 1997); which is expressed as, R = EI30; where R, E and I30 

represent, rainfall erosivity factor in metric factor, rainfall kinetic energy in J m
−2

 and 30 

minute rainfall intensity in mm hr
−1

, respectively. The application of this formula is limited in 

Ethiopia partly because of the absence of data on rainfall kinetic energy and rainfall intensity. 

Hence, the calculation of the rainfall erosivity factor for this experiment was based on the 

modified method for Ethiopian condition as recommended by Hurni (1985) and represented 

by a formula shown below:  
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R = −8.12 + (0.562 ∗ P)----------------------------------------------------------------------------Eq. 1 

where, P is mean annual precipitation (mm), and R is rainfall erosivity factor. The monthly 

amounts of rainfall for the Analemo wereda were collected for over 10 years from the 

National Meteorological Agency. In the study area the annual rainfall erosivity was 

significantly fluctuates between at least 10 years intervals and it was representative to 

estimates the rainfall erosivity. In the present study, the period covering 2007 to 2016 years 

rainfall data of Fonko, Hossana, Welbareg and Alaba-Kulito stations were used, which are 

located around the study area. The four stations those chosen within the altitudinal range of 

the study area. The average rainfall for each station were calculated and a point shape file was 

created using ArcCatalog in ArcGIS 10.1 software. The created shapefile was displayed on 

ArcMap 10.1 and the attribute field for mean rainfall data was added to point shapefile and the 

average rainfall data for each station were added to the attribute column.  

The mean annual rainfall of the four stations obtained from the National Meteorological 

Agency was interpolated by inverse distance weighted (IDW) method to produce 

uninterrupted rainfall data for each grid cell in ArcGIS 10.1 environment. IDW interpolation 

techniques has been preferred as geo-statistical spatial interpolation methods because it is easy 

to generate relatively accurate rainfall erosivity information from known sample points to the 

points of unknown values at a closer distance than those located far. Moreover, it is favored 

with the assumption that it enables quick interpolation of the required data from grid based 

irregularly spaced samples (Li and Heap, 2008). Then, the R-value corresponds to the mean 

annual rainfall of the wereda was found using the R correlation established as described by 

Hurni (1985) from a spatial regression analysis (Hellden, 1987) for Ethiopian condition as 

shown above in equation (1). From this continuous rainfall data, the R-value of each grid cell 

was calculated using equation and raster calculator geoprocessing tool.  

3.3.1.2. Soil erodibility (K) factor 

Soil erodibility factor quantifies the cohesive character of a soil type and its resistance to 

dislodging and transport due to raindrop impact and overland flow shear forces. The K-factor 

is empirically determined for a particular soil type and reflects the physical and chemical 

properties of the soil, which contribute to its erodibility potential (Anamika et al., 2013). 

There are different approaches developed by scholars to determine soil erodibility factors. 
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However, the type of data available in the study area governs the choice of the approaches. 

Due to paucity of data, Hurni (1985) and Hellden (1987) recommended the K-values based on 

easily observable soil color as an indicator for the erodibility of the soil in the highlands of 

Ethiopia.  

The K factor value was assigned for each soil types to reflect the Ethiopian condition based on 

FAO soil classification (Hurni, 1985). After assigning K factor value the resulting map was 

converted to a grid map of 30m x 30m cell size. The original vector format soil map was 

converted into grid (raster) format. The grid format was then reclassified based on K factor 

value for each soil class in ArcGIS 10.1 using reclassification geoprocessing tools. To create 

the soil erodibility map of Analemo wereda, soil map shapefile derived from the FAO soil 

database of the study area was used as an input to ArcGIS using the excel file to generate K 

value using ArcGIS. Then, the shapefile was converted to raster using the conversion 

tool “Feature to Raster” in the Arc Toolbox. Finally, reclassification of the raster soil map was 

done according to the soil color class given by Hurni (1985) and Hellden (1987). 

Table 1. Soil erodibility factor based on soil color 

Soil color Black Brown Red Yellow 

K factor 0.15 0.2 0.25 0.3 

Source: - adopted from Hellden, 1987 

3.3.1.3. Topographic (LS) factor  

The topographic (L and S) factors in RUSLE reflect the effect of topography on erosion. It has 

been demonstrated that increases in slope length and slope steepness can produce higher 

overland flow velocities and correspondingly higher erosion (Vaezi et al., 2017). The specific 

effects of topography on soil erosion are estimated by the dimensionless LS factor as the 

product of the slope length (L) and slope steepness (S) constituents converging onto a point of 

interest, such as a farm field or a cell on a GIS raster grid. 

In RUSLE, the method of slope length calculation was with the notion that the longer the 

slope, the higher the soil loss without considering the three dimensional complex nature of 

terrain (Robert and Hilborn, 2000). However, other researchers claimed that soil loss does not 

depend on slope length for three dimensional complex terrains where there is flow 
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convergence and divergence; instead it is influenced by upslope contributing area. Thus, it 

should be substituted by upslope contributing area (Fernandez et al., 2003; Gelagay and 

Minale, 2016; Simms et al., 2003). Thus, it is helpful to consider the three dimensional 

complex terrain geometries as well the upslope contributing area to better comprehend the 

spatial distribution of soil erosion and deposition process. This study therefore employed the 

following advanced LS factor computation method based on up slope contributing area 

suggested by (Fernandez et al., 2003; Simms et al., 2003).  

 LS = (A/22.1)
 m

 (sinB /0.0896)
 n

 --------------------------------------------------------------Eq. 2 

where LS is slope steepness–length factor, A is the specific catchment area, i.e. the upslope 

contributing area per unit width of contour drains to a specific point (flow accumulation*cell 

size); B is the slope angle and, m and n implies empirical constants for slope length and angle. 

LS-factor was computed in Arc GIS raster calculator using the map algebra expression in 

Equation (3) suggested by (Engel, 2005; Gelagay and Minale, 2016; Simms et al., 2003).  

LS= ([flow accumulation]*cell resolution/22.13)
0.6

*(sin ([slope]*0.01745)/0.0896)
1.3

 -----Eq.3 

Then equation (4) is used in raster calculator used as: 

LS = Power ([flow accumulation]*cell resolution /22.1, 0.6)* Power (sin ([slope]*0.01745) 

/0.0896,1.3)---------------------------------------------------------------------------------------------Eq.4 

where LS is slope steepness- length factor and cell size is 30m by 30 m contributing area. 

In RUSLE, the LS factor represents a ratio of soil loss under given conditions to that at a site 

with the "standard" slope steepness of 9% and slope length of 22.1m plot (Robert and Hilborn, 

2000). The steeper and longer the slope, the higher is the erosion. A 30m resolution DEM was 

processed to drive the LS factor after appropriate size of the study area was clipped.  

This study therefore used the above mentioned modified and advanced approach of 

determining slope length and gradient (LS) factor. Using the Spatial Analyst Tools in ArcGIS, 

the slope of the study area was derived from DEM. Sinks in the DEM has been identified and 

filled. The filled DEM was then used as input to determine the Flow Direction which then was 

used as a raster input to derive the Flow Accumulation. Flow accumulation is the number of 

cells contributing to flow into a given cell and derived from the DEM after conducting fill, 
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flow direction and flow accumulation processes in ArcGIS. Cell size is the size of the cells 

being used in the grid based representation of the landscape. The LS factor then was computed 

using Raster Calculator in ArcGIS based on flow accumulation and slope steepness. Finally, 

the LS factor map was derived using the above formula in ArcGIS spatial analysis raster 

calculator function. 

3.3.1.4. Cover and management (C) factor  

The cover and management (C) factor represents the ratio of soil loss from land with specific 

vegetation to the corresponding Soil loss from continuous fallow (Morgan, 2005; Wischmeier 

and Smith, 1978). It is the single factor most easily changed and is the factor most often 

considered in developing a conservation plan. This soil loss ratio describes how cover 

management affects both erosivity and erodibility. The C factor is used within both the 

Universal Soil Loss Equation (USLE) and the Revised USLE to reflect the effect of cropping 

and management practices on erosion rates, and this factor is used most often to compare the 

relative impacts of management options on conservation plans. The relative impact of 

management options can easily be compared with making changes in the C factor 

which varies from near zero for a well protected land cover to 1 for barren areas. Hence, the 

impact of C factor on soil erosion is not much significant when the land use land cover of the 

study area comprises highest percentage of forest and plantation crops (Wischmeier and 

Smith, 1978).  

Estimation of the C factor values in the RUSLE model requires data related to soil 

management status, the role of plant canopy and crop residues as a soil cover, soil surface 

roughness, and soil moisture status. However, the evaluation of each of this parameter is 

difficult due to many possible combinations and scarcity of data (Renard et al., 1997; Farhan 

and Nawaiseh, 2015). Due to this reason, to assign C factor value of this study, the LULC of 

the area was derived from a supervised land cover classification of Landsat ETM+ image in 

2016, Path/Row 169/055 respectively and was verified with field observation to representative 

sites of the study area. In addition to that the Google earth pro and ERDAS 2014 software 

were used in order to investigate the C factor available in the study area. Each land cover was 

assigned with its corresponding C factor as per the Hurni (1985) and Reusing et al. (2000) 
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method. After assigning C factor for the land uses in the area, the resulting map was converted 

to a grid map of 30m cell size. Finally, raster map of C factor was produced.  

3.3.1.5. Support practice (P) factor 

Erosion control practice factor (P factor) is the ratio of soil loss with a specific support 

practice to the corresponding loss with up slope and down slope cultivation (Wischmeier and 

Smith, 1978). The P factor represents mechanical practices such as the effects of contouring, 

strip cropping, or terracing and the resultant average annual soil loss rate due to water erosion  

(Yahya et al., 2013). 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 value of P factor ranges from 0 to 

1, the value approaching to 0 indicates good conservation practice and the value approaching 

to 1 indicates poor conservation practice.  

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

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

includes interview of the local community, site observation and secondary information 

collected from Analemo wereda agricultural offices. Google earth also used to identify the 

specific area which incorporated with ERDAS 2014 version. In order to identify specific 

values for each management practice category, the image data was classified into five major 

landuse/land-cover categories. P values were assigned for each class based on Hurni (1985) 

and Gebreselassie (1996), adapted by Tadesse et al. (2017). Then a corresponding P value was 

assigned to each land-use type using the reclassify method in ArcGIS 10.1 environment. The 

classified LULC map format has been changed into vector format and the corresponding P 

values were assigned to each land use/land cover classes. The P factor map is used for 

understanding the conservation practices being taken up in the study area.  

3.3.2. Soil loss analysis 

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

obtained from meteorological stations, soil map, topographic map, satellite images and DEM 

(Figure 2). Annual soil loss rate was determined by a cell-by-cell analysis of the soil loss 

surface by superimposing and multiplying the respective RUSLE factor values (R, K, LS, C 

and P) interactively by using Raster Calculator in Spatial Analyst Tools in ArcGIS 10.1 
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environment. The advent of GIS technology has allowed the equation to be used in a spatially 

distributed manner because each cell in a raster image comes to represent a field level unit. 

The following five parameters were used in the RUSLE model to estimate soil loss (Renard et 

al., 1997): 

 A= R * K * LS * C* P -----------------------------------------------------------------------------Eq. 5 

where, A is the annual soil loss (metric tons ha
-1

 yr
-1

); R is the rainfall erosivity factor (MJ 

mm hr
-1

 ha
-1

 yr
-1

); K is soil erodibility factor (metric tons hrMJ 
–1

 mm
-1

); LS is topographic 

factor (dimensionless); C is land cover and management factor (dimensionless, ranging 

between 0 and 1); and P is conservation practice factor (dimensionless, ranging between 0 and 

1). For the purpose of identifying priority areas for conservation planning, soil loss potential 

of the study area was first categorized into different severity classes from the result of 

analysis.  

The assignment of a range depended on the judgment of how much erosion would be harmful 

to the soil. Hence, for this particular study, WBISPP (2001) classifications of soil loss classes 

were used and the extent of soil erosion in the study area was classified into five erosion 

hazard classes. However, the nearly zero class didn‟t include in the classification system 

because it is negligible and insignificant. Area coverage in hectare and percent proportion 

were also tabulated for each of the soil erosion potential categories. All layers were projected 

with UTM Zone 37N using the WGS 1984 datum. These correspond to standards used by the 

Ethiopia Mapping Agency (EMA). Ground truths data was selected across land covers and 

were recorded by GPS are used for checking and validation of results. 

The basic methodological approach used for the study has been detailed within the following 

flow chart shown below in figure 3: 
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Figure 3. Procedures of RUSLE implementation in GIS 
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4. RESULTS AND DISCUSSION 

Soil erosion risk differs spatially in the study area because of differences in its topography, 

geomorphology, landform, soil types, land cover, and land use. The rainfall erosivity, soil 

erodibility, slope length, slope steepness, cover-management and erosion control practice 

parametric factors were prepared and converted into same resolution raster layers. The 

RUSLE model is multiplication of unique value of each spatially corresponding grid cell in 

the six raster layers. For the estimation of soil loss, the following data analysis from different 

sources was used. 

4.1. Rainfall Erosivity (R) Factor 

Rainfall influences soil erosion in two distinct ways: One is by the kinetic energy of each 

raindrop possesses, which causes soil particles to be detached from one another upon impact. 

Another is related to the intensity of the rainfall event, which is a function of the amount of 

rainfall deposited over a specific time interval. Therefore, 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 (Gizachew, 2015). Owing to variation in mean annual 

precipitation amount within the study area, variations in rainfall erosivity were observed 

(Table 2). When the rainfall event is so strong that not all the water is penetrating the soil, the 

water which accumulates on the ground (facilitated by low soil permeability) starts to flow 

following the maximum sloping direction and digging more and more big and deep channels 

(rills and gullies).  

Detachment occurs when the erosive forces of raindrop impact and flowing water exceed the 

soil‟s resistant to erosion (Kinnell, 2005). Accordingly, the rainfall erosivity, as estimated 

from mean annual rainfall of the respective stations, varied from 546.48 MJ mm hr
-1

ha
-1

yr
-1

 at 

Welbareg to 717.03 MJ mm hr
-1

ha
-1

yr
-1

 at Fonko station. The mean annual rainfall of the 

Analemo wereda ranges from 1226.36-1290.31mm. Similarly, the rainfall erosivity value 

estimated from the rainfall map using Raster Calculator in ArcGIS environment ranged from 

681.09 to 717.03 MJ mm hr
-1

ha
-1

yr
-1

 (Figure 3). 

 



31 

 

 

 

Table 2. Mean annual precipitation and erosivity value of the rain gauge stations 

Stations Latitude Longitude Mean annual 

precipitation 

R-factor   

Hossana 7.56 37.85 1226.36 679.91 

Fonko 7.64 37.97 1290.31 717.03 

Welbareg 7.31 38.09 986.83 546.48 

Alaba-kulito 7.77 38.17 1148.46 637.33 

Source: NMA, 2018 

 

Figure 4. Map of mean annual rainfall (a) and R-factor (b) of the study area 

4.2. Soil Erodibility (K) Factor 

The soil erodibility factor (K) represents the effect of soil properties and soil profile 

characteristics on soil loss (Renard et al., 1997). Erodibility depends essentially on the amount 

of organic matter in the soil, the texture of the soil, the structure of the surface horizon and 
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permeability (Robert and Hilborn, 2000). Therefore, the soil erodibility (K) factor for the 

study area was estimated as a qualitative index that was adapted to Ethiopia by Hurni (1985) 

based on the color of the soil. According to FAO soil classification (1986) and visual 

interpretation of the area, Analemo wereda was covered by three soil types which were 

brownish Lithic Leptosols in the upper part of the wereda, reddish Chromic Luvisols in the 

middle part of the wereda and black Vitric Andosols in the lower parts of the wereda.  

The soils of the study area contain three distinctive erodibility values which ranges from 0.15 

to 0.25 ton·hr.MJ
-1

mm
-1 

(Table 3). Higher value indicates more susceptibility while lower 

value also indicates less susceptibility to erosion.  According to this study, Chromic Luvisols 

with erodebility factor of 0.25 ton·hr·MJ
-1

·mm
-1

, it covers an area of 17878.2 hectare of the 

wereda which is about 80% of the total land area. Vitric Andosols, with erodebility factor of 

0.15 ton·hr·MJ
-1

·mm
-1

, it covers an area of 313.65 hectare of the Analemo wereda which is 

about 1.4% of the total land area. Lithic Leptosols with a soil erodebility factor of 0.22 

ton·hr·MJ
-1

·mm
-1

, cover an area of 4211.9 hectare which covers about 18.8% of the total land 

area of the wereda. 

Table 3. Soil type and K-factor values of the study area 

Soil Type                   Soil color K-Values 

Lithic Leptosols         Brown  0.22 

Chromic Luvisols      Red  0.25 

Vitric Andosols         Black 0.15 

Source: Adapted after Hurni (1985) and validated by Kaltenrieder (2007); as cited by Hana,   

2014. 

Generally, the susceptibility of the study area soils to erosion can be explained by a high 

content of deep sandy-clay loam soils dominated top soils of Luvisols, thin soils or soils with 

many coarse fragments of Leptosols, which contribute to easy soil disintegration (Mati et al., 

2000). The good aggregate stability of Andosols and their high permeability to water make 

these soils (relatively) resistant to water erosion. Exceptions to this rule are highly hydrated 

types of Andosol that dried out strongly, e.g. after deforestation. The surface soil material of 

such Andosols crumbles to hard granules (high mountain granulation) that are easily removed 

with surface runoff water. In terms of erosion, soils under these conditions in combination 

with a hilly topography, poor plant coverage and inappropriate agricultural practices are under 
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serious risk (Irvem et al., 2007). These soil types were assigned with suitability values for 

further processing.  

 

Figure 5. Map of K-factor (a) and soil type (b) of the study area 

4.3. Topographic (LS) Factor  

Local topographic factor is the most susceptible parameter of RUSLE in the soil loss 

estimation (Renard et al., 1997). The LS factor describes the combined effects of slope length 

(L) and slope gradient (S), which strongly controls the transport of soil particles. The slope 

steepness factor reflects the influence of slope gradient on erosion. Both slope length and 

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

prediction, the factors L and S are usually evaluated together. Figure (6) below shows the 

combined LS factor in the wereda is calculated based on flow accumulation, flow direction 
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and slope. Accordingly LS factor in the wereda ranges from 0 to 8.5, with the mean value for 

the entire wereda at approximately 0.242 and a standard deviation of 0.45.   

 

Figure 6. Slope and generated LS map of the study area 

The result shows that, the combined LS-factor of slope length and steepness factor describes 

the effect of topography on soil erosion under given conditions. As DEM resolution and 

accuracy increase, the landscape will be more accurately described. Hence soil erosion 

topographic factor will be calculated precisely and erosion estimates will approach actual 

values (Wu et al., 2005). Therefore, the result shows that the steeper and the longer the slope, 

the higher the risk for erosion. This is a very important factor in the overall erosion rate. 

4.4. Cover and Management (C) Factor  

Cover and management ( 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 
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relative impacts of management options on conservation plans (USDA-ARS, 2001). The 

cover factor C measures the combined effect of all interrelated cover and management 

variables (Wischmeier and Smith, 1978). Assessment of the type of LULC was made 

separately for each land unit and the corresponding value for land use land cover was 

obtained, which was adapted to Ethiopian condition. In order to determine C factor, Analemo 

wereda was classified into five land use classes generated from Landsat ETM+ images of 

2016, by applying maximum likelihood of supervised classification.  

Table 4. Land use Land cover,  the corresponding C value and sources 

No. Land use Land cover type C factor Source 

1 Bare land 0.05 Haile and Fetene, 2012; Moges and Bhat, 2017 

2 Open forest 0.02 Hurni, 1985; Zerihun et al., 2018 

3 Cultivated land(cereals 

dominated) 

0.18 Haile and Fetene, 2012; Hurni, 1985 

4 Settlement 0.05 Moges and Bhat, 2017 

5 Grazing land 0.05 Haile and Fetene, 2012; Moges and Bhat, 2017 

 

Table 5. Descriptions of land cover categories of the study area 

Sr.No. Land Cover Category General description 

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

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

crops. The category includes areas currently under crop, 

fallow land, and land prepared for planting 

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

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

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

plants. 

4 Open forest Areas covered with relatively tall and dense trees forming 

closed Canopies 

5 Settlement Small rural communities and other manmade structures 

As shown in Figure 7, the estimated Cover Management (C) factor of the study area shows 

that northeastern corner and southeastern parts were covered by bare land which has 

medium C factor values. Most parts of the lands in the area are cultivated lands. It 

was exposed to erosion because the higher the C factor, the higher the soil loss will be. Open 

forest land was found in the northwestern and southwestern corner and also in western part of 

the study area having low C factor values. Grazing land was found in eastern part, whereas the 

settlement was found in most part of the study area.  
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In general, vegetation reduces soil erosion by protecting the soil against the action of falling 

raindrops, increasing the degree of infiltration of water into the soil, reducing the speed of the 

surface runoff, binding the soil mechanically, maintaining the roughness of the soil surface, 

and improving the physical, chemical and biological properties of the soil (de Asis and 

Omasa, 2007). Therefore, soil cover in the form of crop plants, cover crops, mulches, or 

residues can protect soils from wind and water erosion, enhance water infiltration, and 

maintain or increase organic matter (Bobe, 2004). Thus, they have low C factor values that 

have low contributions to the soil loss. The C factor values of the study area range from 0.02 

to 0.18. The C factor values were high in the cultivated land. The low C factor values were 

0.02 that were found to western part, northwestern corner and southwestern corner of the 

study area. 

 

Figure 7. C-factor value map of the study area 
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4.5. Support Practice (P) Factor 

Erosion management practice is also one of the factors that have significant effect on soil 

erosion rate. The conservation practices factor (p-values) reflects the effects of practices that 

will reduce the amount and rate of the water runoff and thus reduce the amount of erosion. It 

depends on the type of conservation measures implemented, and requires mapping of 

conserved areas for it to be quantified. In areas where there was terracing, runoff speed could 

be reduced with increased infiltration, ultimately resulting in lower soil loss.  

In the study area, there were only a small area that has been treated with terracing through the 

agricultural extension program of the government, and these were poorly maintained. The 

traditional conservation measure was a drainage ditch which is meant to drain excess runoff 

from croplands during rainstorms.  

 

Figure 8. P-factor /management practice map of the study area. 
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Considering lack of data in the area on permanent management factors and an absence of soil 

management practices, P-values, suggested by Hurni (1985) and Gebreselassie (1996), for 

Ethiopian condition were applied for this study. In order to identify specific values for each 

management practice category, the image data was classified into five major categories (Table 

6). Therefore, values for this factor were assigned considering local management practices and 

weighted values were taken for similar land use types. The data were analyzed following the 

interpolation of the values (Figure 8). 

Table 6. Land Use/Land Cover types and the corresponding P values 

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

1 Open forest 0.53 

2 Cultivated Land(dominated by cereals)                    0.9 

3 Settlement 0.63 

4 Grazing Land 0.63 

5 Bare Land 0.73 

Source: Gebreselassie, 1996 cited by Israel, 2011. 

4.6. Assessment of Soil Loss Rates  

The Revised Universal Soil Loss Equation (RUSLE) has been used widely all over the world 

including Ethiopia (Bewket and Teferi, 2009; Gizachew, 2015; Kaltenrieder, 2007) because of 

its simplicity and limited data requirement. The advent of geographical information system 

(GIS) technology has allowed the equation to be used in a spatially distributed manner 

because each cell in a raster image comes to represent a field level unit. Even though the 

equation is originally meant for predicting soil erosion at the field scale, its use for large areas 

in a GIS platform has produced satisfactory results (Gizachew, 2015). The use of remote 

sensing and GIS allows mapping the spatial distribution of soil erosion risk. 

Five parameters, derived from different data sources such as DEM, soil, rainfall, and remotely 

sensed data which is (Aerial Photos), was used.  As can be seen from the statistics and map 

output of the cell to cell multiplied parameter layers, the study area has significant levels of 

annual soil loss. According to results of soil loss in Analemo wereda shows that the quantified 

value of erosion loss ranging from 0 tons ha
-1

yr
-1

 the lowest, to 369.2 tons ha
-1

yr
-1

 the highest. 

The total soil loss in the study area was estimated 8,271,475.58 metric tons per year from the 

total area of 22,403.78 ha.  
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Figure 9. Map of the spatial variation of estimated soil loss across the study area 

This is the real indicator of the existence of risk of soil erosion in the area. From the result of 

the analysis of the soil loss rate in study area using a RUSLE model, it was found that the 

mean annual soil loss rate of the study area was 7 tons ha
-1

yr
-1

. This result was compared with 

other relevant study results for validity of the present study. The average rate of soil loss for 

all land use types in Ethiopia was estimated to be 12 tons ha
-1

yr
-1

 and it can be higher than this 

on steep slopes with soil loss greater than 300 tons ha
-1

yr
-1

, where vegetation cover is scant 

(USAID, 2000). Therefore, the study area is part of Ethiopian highlands; the result of study 

falls below the ranges of findings of FOA and UNEP (1984). According to the estimate of 

FAO and UNEP (1984), the annual soil loss of the highlands of Ethiopia ranges from 1248 – 

23400 million ton per year from 78 million of hectare. This was equivalent to 16 to 300 tons 

ha
-1

yr
-1

 of pasture, ranges and cultivated fields throughout Ethiopia.  
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The annual soil loss of this study was also compared with previous research findings of 

Gerawork (2014) in Soro district of 5.4 tons ha
-1

yr
-1

, where similar climatic conditions and 

historic land mismanagement prevail. The only dissimilarity in Soro district was that almost 

all topographically the district was characterized by gentle slope terrain features. The present 

study also shows good agreement with the findings of Gunten (1993) and Eyasu (2002) in 

Gununo Area, Ethiopia. Gunten (1993) reported a soil erosion rate of 13 tons ha
-1

yr
-1

 on a 

cultivated field. For the same area, Eyasu (2002) reported a range of soil loss rate of 6-13 tons 

ha
-1

yr
-1

 from the cultivated field. As most parts of the Analemo wereda was cultivated land, 

the report of Gunten (1993) and Eyasu (2002) shows good agreement with the present 

findings.  

Loppiso (2010) reported soil erosion rate of 13.4 tons ha
-1

yr
-1

 in Shashogo district. This 

finding also shows similarity with the findings of this study, which have relatively similar 

rainfall, agro-ecology, soil characteristics and farming systems. The Shashogo district borders 

with this study area, and receives drainage from the flow of the Analemo wereda. Similarly, 

this findings also strongly agreed with the annual soil loss reported for the Gibe-III dam, the 

entire catchment was estimated at 7.47 tons ha
-1

yr
-1

 (Gerawork, 2014) and entire Lake 

Hawassa catchment in the rift valley basin, Ethiopia was estimated at 6.25 tons ha
-1

yr
-1

 in 

Shamena Hurufa Sub-catchment (Tigneh, 2009).  

The estimated soil loss also showed an increasing trend towards the central parts of the 

northeastern, northern, southern and southeastern parts of the wereda (Figure 9). Higher soil 

losses rates were detected in areas where the following factors are combined: heavy rains, 

soils without conservation practices with little vegetation cover and convex topography 

having high LS-factor value. Soil erosion is closely related to slope: the steeper the slopes, the 

more severe the erosion. Terrain units of steep slopes composed of weak rock, and associated 

with low vegetation cover and affected by landslides have much higher rates of erosion 

compared with terrain units of flat to gentle slope segments (Farhan and Nawaiseh, 2015).  

Accordingly, the results clearly indicated that the north and the northeastern central parts of 

the wereda were highly susceptible to erosion and require immediate attention.  From the 

output map of Analemo wereda; Yerim kebele, central part of Sheshamba, parts of Ento Lafto 
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Lenqa, Haqgela, Senfe, Bealagela, Ambicho Beyleya and Wogila are kebeles with the highest 

soil loss in the study area (Figure 10). The spatial location of the high spot areas for soil 

erosion in the study revealed that the soil loss was typically greater along the steeper slope 

areas of the wereda. Other high soil erosion areas were dispersed throughout the district and 

are typically associated with high erosion potential land uses. The result of slope value and 

field observation showed that most of the cultivated land in Analemo wereda was situated on 

steep slope areas. Since crop cultivation in the wereda was practiced without implementing 

any soil and water conservation measure, the cultivated lands can be considered as the major 

soil erosion risk areas.  

Even if the soil and water conservation measures were implemented, the farmers were not 

taking care for the conservation measures properly. Therefore, it is essential to recognize 

different land use/cover types that were most prone to soil erosion, and to understand human 

interference in changing land use overtime whether for cultivation, deforestation, or any other 

form of land use. In addition to that, heavy rainfall causes severe soil erosion in agricultural 

fields of the steep slope regions of the study area. The relationship is particularly strong if 

heavy rainfall occurs at times when, or in locations where, the soil's surface is not well 

protected by vegetation. This might be during periods when agricultural activities leave the 

soil bare or in semi-arid regions where vegetation is naturally sparse (Blanco and Lal, 2010). 

Soil erosion in agricultural fields affects not only land productivity but also water bodies in 

the downstream.  
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Figure 10. Areas (Kebeles) at risk of soil erosion in Analemo wereda 

4.7. Prioritization for Soil Conservation Planning 

RUSLE was applied for the identification and prioritization of the critical areas on the basis of 

average annual soil loss. The predicted amount of soil loss and its spatial distribution can 

provide a basis for comprehensive soil and water conservation planning for the selected area. 

Prioritization of these areas means ranking specific area in terms of conservation urgency. 

Studies have shown that the RUSLE model was more appropriate to show areas with differing 

degree of erosion risk rather than their qualitative soil loss (Yue-Qing et al., 2008). Hence, for 

ease of interpretation and conformity with the administrative boundary, the intensity of 

erosion risk in the study area was classified and prioritized by degree of soil loss for 

conservation planning purpose. 

Soil loss tolerance (SLT) denotes the maximum allowable soil loss that will sustain an 

economic and a high level of productivity (FAO and UNEP, 1984; Brhane and Kirubel, 2009). 
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Soil loss tolerance refers to the maximum soil loss that can occur from a given land without 

leading to degradation of the soil (Hurni, 1983). Inappropriate land use accelerates rate of soil 

erosion beyond the tolerable limit, which is threshold value assumed to be equivalent to rate 

of natural soil formation (Kraushaar et al., 2014). This value of soil loss is varies for different 

soils that found in different geographic locations. From the current works in tropics, 

maximum tolerable value of 10 tons ha
-1

yr
-1

 was commonly taken as a guideline (young, 

1998). Hurni (1985) reported the tolerable soil loss level for various ecological zones of 

Ethiopia from 2-16 tons ha
-1

yr
-1

. According to Renard et al. (1997), the normal SLT values 

range from 5 to 11 tons ha
-1

yr
-1

.  

From the current result (7 tons ha
-1

yr
-1

) it can be observed that rate of soil erosion in the study 

area was between the tolerable limit according to Hurni (1985) and Renard et al. (1997) but 

lower than that of the upper limit given by young (1998) guide line for tropics. This result 

reflects that soil conservation measures must be taken in the study area, even if the average 

annual rainfall result falls in normal SLT values range. In order to obtain a better view and 

understanding and at the same time able to compare areas, the quantitative output of soil 

erosion rate for Analemo wereda resulted from the current status of farming practice and land 

use/land cover are computed and grouped in to its ordinal classes (WBISPP, 2001). 

Based on the result, the area was classified into five rate of erosion severity classes: very 

slight (0–5 tons ha
-1

 yr
-1

), slight (5–15 tons ha
-1

 yr
-1

), moderate (15–30 tons ha
-1

 yr
-1

), 

severe (30–50 tons ha
-1

 yr
-1

), and very severe (> 50 tons ha
-1

 yr
-1

) (Table 7 and Figure 11). 

Through taking the country‟s tolerable soil loss rate and rate of soil formation into 

consideration, the classification of erosion severity class was made according to annual soil 

loss of the study area.  

Based on the analysis, about 73.24% (16408.78 ha) of the wereda was categorized under very 

slight to slight class which were below SLT values ranging from 5 to 15 tons ha
-1

 yr
-1

. The 

remaining 26.76% (5995 ha) of land was classified under moderate, severe and very severe 

class, those were higher than the maximum tolerable soil loss. This implies that most of the 

total soil loss was generated from the small areas which experiences high erosion rates. The 

very severe soil erosion risk was found in steeper slope of the area, and areas identified under 
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severe erosion risk were dispersed throughout the wereda, associated with cultivated LULC 

classes.  

 Table 7. Soil erosion severity classes/risk levels at Analemo wereda 

Rank Soil erosion 

severity (t ha
−1

yr
−1

) 

Severity 

classes 

Area 

(%) 

Area 

(ha) 

Class Conservation 

priority 

1 0–5 Very slight 45.12 10108.4 I Fifth (V) 

2 5–15 Slight 28.12 6300.53 II Fourth (IV) 

3 15–30 Moderate 16.2 3630.84 III Third (III) 

4 30–50 Sever 6.92 1549.24 IV Second (II) 

5 50–369.2 Very sever  3.64 814.74 V First (I) 

Source: Adopted from Haregeweyn et al., 2017. 

This helps to prioritize areas for conservation measures according to their level of the risk. 

The first two classes were considered in the range of soil loss tolerance values. Moderate  

class need conservation applications to maintain a sustainable productivity, while the last 

classes (sever and very sever ), was very dangerous because it can be destructive in few years 

if no intervention were done and soil loss level was maintained constant in the future.  

Moreover, as per the recommendation of Morgan (1995), annual soil loss threshold for the 

sustainable agricultural lands use was 10 tons ha
-1

. According to Kouli et al. (2009), any soil 

loss rate which exceeds 10 tons ha
-1

 yr
-1

 will not be reversed in a time span of 50 to 100 years. 

Considering this threshold, the total area with a soil erosion risk which higher than the soil 

loss tolerance was 5995 ha (Table 7 and Figure 11), comprising 26.76% of the entire study 

area. From the wereda 26.76% was in danger if not prevention measures not taken and make it 

constant range. Specially, the severity classes: sever and very sever classes those accounts 

10.56 of area in percent were very dangerous for future time, it may be beyond the 

reclamation level and reach an irreversible stage, if no urgent prevention was not taken.  

Therefore, entire Analemo wereda was needs the urgent intervention based on the current soil 

loss level shown above in table 7.  
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Figure 11. Soil erosion risk class map of study area 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

The present study aimed at assessment of soil loss risk using RUSLE model and GIS 

techniques. In this paper the soil loss estimation was carried out based on the principles of the 

Revised Universal soil loss Equation (RUSLE) model. Based on the RUSLE model, the total 

amount of annual soil loss in the Analemo wereda was about 8,271,475.58 tons per year from 

the total area of 22403.78 ha. The annual soil loss ranged from 0.00-369.2 tons ha
-1

 yr
-1

 and 

the mean value was 7 tons ha
-1

 yr
-1

. This value shows that area was currently in tolerable 

condition. The estimated soil loss for the study area was within the range of soil loss of the 

highlands of Ethiopia ranges from 1248 – 23400 million ton per year from 78 million of 

hectare (16 to 300 tons ha
-1

yr
-1

) of pasture, ranges and cultivated fields throughout Ethiopia. 

When prioritizing for conservation intervention from the kebele’s: Yerim kebele, central part 

of Sheshamba, parts of Ento Lafto Lenqa, Haqgela, Senfe, Bealagela, Ambicho beyleya and 

Wogila were kebeles with the highest soil loss in the study area can be considered. Based on 

the analysis, about 73.24% (16408.78 ha) of the wereda was categorized between very slight 

to slight class. The remaining 26.76% (5995 ha) of land was classified under moderate, severe 

and very severe class. The very severe soil erosion risk was found in steeper slope of the area, 

and areas identified under severe erosion risk were dispersed throughout the wereda, 

associated with cultivated LULC classes.  

Based on the field observation, tabulated value from ArcMap10.1 version for area coverage in 

percent and mean value shows the factors those identified as main factor for erosion loss in 

the wereda was the LS factor due to high rainfall which were identified as the primary factors 

for erosion development and then the land cover land use and management factors were also 

following factor for erosion development. Following the previous two factors the K factor was 

also the one successive influential factor.     

The soil erosion risk map developed for the wereda also clearly showed that nearly the entire 

wereda requires implementation of different types of soil and water conservation measures for 

sustainable land use. For proper soil and water conservation treatment, the kebeles were 

prioritized based on the annual soil loss of the wereda. The severe and very severe soil erosion 
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classes were significant, with urgent need of environmentally compatible soil and water 

conservation measures before it reaches an irreversible stage in the study area. Accordingly, 

top priority for soil conservation measures must be given to north and the northeastern central 

parts of the wereda which were highly susceptible to erosion and require immediate attention. 

From the kebeles: Yerim kebele, central part of Sheshamba, parts of Ento Lafto Lenqa, 

Haqgela, senfe, Bealagela Ambicho Beyleya and Wogila are kebeles with the highest soil loss 

in the study area. So that, any strategy will be used for soil and water conservation should be 

implemented based on the priorities identified. 

5.2. Recommendations 

Based on the results of present study, it is recommended that immediate action be taken to 

curb acceleration of the soil degradation which happens due to soil erosion. In order to halt the 

situation of accelerated erosion through the government or non-government projects and 

through the participation of the farmers in the study area the following recommendations are 

suggested:  

 The parts of kebeles which fall under very severe and severe soil loss category need 

immediate attention in their order of soil erosion potential; therefore, those kebeles 

needs urgent soil and water conservation measures such as; physical structures like soil 

bunds, fanyajuu bunds, and terraces on cultivated lands, and area closure and 

afforestation on communal and steep slope areas are proposed. 

 Improvements in the vegetation cover, tillage practices and other related management 

practices were also recommended. 

 Because of accelerated erosion, for those kebeles fall under moderate soil loss 

categories to tackle the problem for future, there must be an integrated and sustainable 

soil and water conservation strategies in the area 
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Precipitation data: 

Table 1. Fonko station monthly RF data (mm) 

Table 2. Hossana station monthly RF data (mm) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2007 7 60.9 270.1 114.6 188.5 171.3 143.9 266 136.7 57.8 3.9 1.2 1422.2 

2008 94.7 53.6 130.8 85.2 193.3 124.8 119.2 252 190.6 1.8 0 160.3 1406.1 

2009 69.9 47 154.8 269 42.8 186.4 262.4 176 206.3 14.6 8.2 55.7 1493.1 

2010 89.2 25.8 111.1 148.4 50.7 69.1 202.8 181 184.8 94.5 6 33 1196.4 

2011 24.8 0 110.8 145.7 213.3 107.8 150.2 180 169.7 76.5 58.8 0 1237.9 

2012 0 24.4 145.3 179.4 109.6 138.2 208.3 186 108.7 45.8 25.4 15 1185.8 

2013 52.1 64.4 91.2 98.8 113.3 167.2 180.6 99.6 299.3 27.2 0 0 1193.7 

2014 0 7.8 0 87.3 175.7 168.4 247.2 149 205.7 69.9 95.1 12.8 1218.8 

2015 6.4 47.6 95.7 70.2 181.7 180.8 116.5 150 86.1 227.1 83.4 62.3 1307.3 

2016 21.5 70.1 163.5 106.5 150.8 105.1 152.2 161 38.2 83.3 46.4 143.6 1241.8 

Mean 36.56 40.16 127.33 130.51 141.97 141.91 178.33 180 162.61 69.85 32.72 48.39 1290.31 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2007 4.8 70.1 184 109.6 172.1 91 151.9 188 101.8 62 4.7 5.5 1145.5 

2008 83.3 47.2 150.7 111.7 135.5 90 103.6 315 154.7 2.8 0.4 151.8 1346.4 

2009 35.8 58.9 118.7 194.4 78.7 108.3 167 213 182.9 11.7 14.3 0 1184 

2010 96.8 19.4 90.6 168.1 112.7 121.5 135.5 164 174.6 86.1 17.3 14 1200.1 

2011 31.5 18.3 178.3 135.7 219.3 59.8 162.6 103 165.5 37.7 67.7 0 1179 

2012 7.8 75 128.4 162.1 69.9 175.6 182.3 221 92.4 43.1 13.2 27.2 1197.7 

2013 13.1 18.7 1.2 18 81.4 216.6 147.3 240 125.8 145.6 105.3 138.8 1251.8 

2014 0.5 43.1 4.8 38 175.4 118.1 176 188 179.7 145.7 234.1 107.8 1411.1 

2015 165.6 151.4 176.3 76.5 58.8 0 172.9 110 138.2 305.5 122.5 216 1693.3 

2016 19.3 17.3 22 23.2 75.1 142.6 9.4 47 119.1 10 107.8 40.8 633.6 

Mean 45.85 51.94 105.5 103.73 117.89 112.35 140.85 179 143.47 85.02 68.73 70.19 1226.36 
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Table 3. Welbareg monthly RF data (mm) 

 

Table 4. Alaba-kulito monthly RF data (mm) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2007 10.2 5.2 169.1 63.5 238.6 194.2 203 151 102.1 59.1 1.1 2.9 1200 

2008 150.6 20.1 132.9 38.2 146 68.1 113.9 211 138 0 0 118.5 1163.6 

2009 36.2 4 21.5 186.4 65.3 168.8 301.8 123 216 11.5 20.5 22 1176.5 

2010 20 23.2 68.8 148.9 9.4 47 119.1 10 0 0 0 0 426.4 

2011 49.2 5.3 131.4 135 182.7 61.1 133.1 119 163.1 44.5 35.8 0 1060.2 

2012 0 18.1 223.6 284.5 108.5 246.3 271.7 198 124.6 34.8 20.8 0 1530.8 

2013 43.1 116 27.9 48.2 115 182.5 97.7 224 27.7 0 0.3 0 882.1 

2014 209.3 145.5 266.3 198.4 182.9 16.5 30.4 84.2 7.7 0.2 121.6 133.9 1396.9 

2015 169.9 53.8 108.8 154.2 82.3 169.2 61.2 139 170.7 113.3 144.5 211.1 1578.3 

2016 194.1 95.4 59.3 31.9 12.9 43.8 89.8 91.2 114.8 68.7 140.7 127.2 1069.8 

Mean 88.26 48.66 128.92 128.74 114.36 119.75 142.17 135 106.47 33.21 48.53 61.56 1148.46 

Year Jan Feb Mar Apr May Jun Jul Aug Sep   Oct    Nov Dec Annual 

2007 8.5 12.5 190.2 89.9 98.6 117.9 121.5 124.8 130 47.8 0 2.8 944.2 

2008 29.4 61.8 81.1 86.3 57.2 78.1 71.1 109.3 87.9 9.4 0 122.9 794.5 

2009 44.3 62.1 110.7 139.5 75.5 73.5 67 168.9 99.5 9.5 48.8 44 943.3 

2010 150.4 22.3 39.4 183.6 76.2 34.5 106 112.4 178 75.2 14.4 0 992.6 

2011 39 7.7 66.1 235.8 94.3 56.1 94.9 70.9 116 37.2 48.2 0 866.5 

2012 4.9 40.6 137.3 121.5 50 113.5 135.4 91.7 59.5 80.4 11.5 27.5 873.8 

2013 12.7 93.7 85.1 116.8 160.9 113.8 118.1 120.4 197 63.3 0 0 1081.6 

2014 0 1 26.6 55 110.6 123.7 107.4 139.2 162 74.1 148 2.3 950.3 

2015 33.1 34.6 91.6 39.7 78.7 83.4 78.9 128.1 57.9 110.8 193.3 53.5 983.6 

2016 168 166.5 54.8 104.2 155.5 83.2 208.1 168.6 67.9 148 2.3 110.8 1437.9 

Mean 49.03 50.28 88.29 117.23 95.75 87.77 110.84 123.43 116 65.57 46.65 36.38 986.83 
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