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Abstract  

Impact of Land Use Land Cover Change on Soil Erosion Risk: The Case of Denki River 

Catchment of Ankober Woreda 

Aklile Nigatu 
Addis Ababa University, 2014 
Nowadays the impact of land use land cover change on different natural and manmade resources 

including soil resources is getting increased attention globally. This study analyzed the land use 

land cover changes and the associated risk on soil erosion during a study period between 1987 

and 2013 on Denki River catchment of Ankober Woreda. The data for the study were acquired 

from field survey and secondary sources. The 1987, 2000 and 2013 Landsat Thematic Mapper 

images were acquired and classified using supervised classification methods. Based on the two 

periods, the land use land cover types were categorized and their trend and rate were analysed. 

The RUSLE model was also used in a GIS platform to determine the influence of land use land 

cover changes on soil erosion of the study catchment during the two periods. The land use land 

cover data of 2013 shows that the watershed was predominately covered by cultivated land 

(64.3%), grazing fields (11.4%), shrubs (8%), closed-canopy forests (16.1%) and settlement 

(0.2%). Results showed that the mean soil erosion of the watershed was significantly increased 

from 17.69t/ha/yr in the year 1987 to 20.38t/ha/yr in the year 2000 and to 29.08t/ha /yr in the 

year 2013. Additionally, the spatial analysis revealed that the fragmentation of forest cover from 

mountainous and hilly areas and shrubs from relatively flat areas increased in cultivated lands 

on more slope areas and extensive cultivation practice in relatively more erosion-prone soils 

were the main factors contributing towards the increased soil erosion risk of the watershed. 

Furthermore, results indicated that conversion of other land use land cover categories to 

cropland was the most detrimental for the increment of risk of soil erosion whereas forest and 

shrub lands acted as the most effective barrier to soil loss. Particularly, the upstream 

mountainous and steeper parts of the watershed are highly susceptible to erosion. The sub-

watersheds which have high erosion risks should be prioritized during intervention of LULC 

planning and management as well as SWC conservation practices in order to conserve the 

resources within the watershed.  

Key words: GIS, LULCC, Remote sensing, RUSLE model, Soil erosion, Watershed.  



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

iv 

 

Acknowledgements 

My sincere gratitude goes to my research advisors, Dr. Getachew Berhan and Dr. Mekuria 

Argaw, for their unreserved advice, guidance and constant encouragement. The meticulous 

comments I have received from them throughout my thesis work helped me complete it 

successfully. It was their skillful contribution and constant encouragement that made me strong 

to face every ups and down with confidence during the research study.  

My special thanks also go to my friends, Dr. Olkeba Tolesa, Mr. Tadesse Hunduma and Mr. 

Teshome Leta, for their unreserved and tireless technical support, sharing of knowledge and 

invaluable advice in every aspect of my thesis work.  

I would also like to extend my gratitude to Ankober Woreda Administration and Agricultural 

Offices, PA officials and community groups in the watershed for providing me the available data 

for the work. The community members in the watershed were so open and generous in providing 

their valuable time and knowledge.  

I am also thankful to the Ministry of Water, Irrigation and Energy of Ethiopia and the National 

Meteorological Agency of Ethiopia for providing me all the relevant data used as input for my 

research findings.  

Words cannot express my sincere thanks I have for my fiancée, Zinet Bekele, for her genuine 

support and the whole family for encouraging and supporting me throughout the study period.  

 

 
 
 
 
 
 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

v 

 

Table of Contents 
List of Figures ............................................................................................................................................. vii 
List of Tables ............................................................................................................................................. viii 
List of Appendices ..................................................................................................................................... viii 
List of Acronyms ......................................................................................................................................... ix 

Chapter 1:  Introduction ................................................................................................................................ 1 

1.1. Background ........................................................................................................................................ 1 

1.2. Statement of the Problem ................................................................................................................... 3 

1.3.  Objectives of the Study ..................................................................................................................... 5 

1.4.1. General Objective ....................................................................................................................... 5 

1.4.2. Specific objectives ...................................................................................................................... 5 

1.4. Research Questions ............................................................................................................................ 6 

1.5. Significance of the Study ................................................................................................................... 6 

1.6. Limitations of the Study ..................................................................................................................... 7 

Chapter 2: Review of Related Literature ...................................................................................................... 8 

2.1. Land Use Land Cover Change and the Links .................................................................................... 8 

2.2. Causes of Land Use Land Cover Change ................................................................................... 11 

2.2.1. Population and Land Use Land Cover Change ................................................................... 12 

2.3. Impacts of Land Use Land Cover Change .................................................................................. 14 

2.4. Studies in Land Use Land Cover Changes in Ethiopia ............................................................... 14 

2.5. Impacts of Land Use Land Cover Changes in Ethiopia .............................................................. 15 

2.5.1. Land Use Land Cover Change and Crop Production and Soil  Degradation ...................... 15 

2.5.2. Land Use Land Cover Change and  Forest Resources Degradation ................................... 17 

2.5.3. Land Use Land Cover Change and Loss of Biodiversity .................................................... 17 

2.5.4. Land Use Land Cover Change  and the Hydrological Cycle .............................................. 18 

2.5.5. Land Use Land Cover Changes and Climate Change ......................................................... 18 

2.6. Land degradation and Soil Erosion ............................................................................................. 19 

2.7. Soil Erosion ................................................................................................................................. 20 

2.7.1. Factors Affecting Soil Erosion ............................................................................................ 21 

2.7.2. Soil Erosion in Ethiopia ...................................................................................................... 21 

2.7.3. Modeling  Soil  Erosion ...................................................................................................... 22 

Chapter 3: Materials and Methods .............................................................................................................. 25 

3.1. Description of the Study Area ..................................................................................................... 25 

3.1.1. Location and Physiography of the Woreda ......................................................................... 25 

3.1.2. Soil Type ............................................................................................................................. 26 

3.1.3. Climate and Ecology ........................................................................................................... 27 

3.1.4. Altitude and Topography .................................................................................................... 27 

3.1.5. Population ........................................................................................................................... 28 

3.1.6. Socio-Economic Situation of the Community .................................................................... 28 

3.1.7. Water Resources and Drainage Basin ................................................................................. 29 

3.2. Methods....................................................................................................................................... 31 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

vi 

 

3.2.1. Materials and Tools ............................................................................................................. 31 

3.2.2. Data Acquisition and Sampling Technique ......................................................................... 32 

3.2.3. Sources of Data ................................................................................................................... 32 

3.2.4. Primary Data Sources .......................................................................................................... 32 

3.2.5. Secondary Data Sources ...................................................................................................... 32 

3.2.6. Data Analysis ...................................................................................................................... 33 

Chapter 4: Results and Discussion .............................................................................................................. 50 

4.1. LULC Change and Dynamics ..................................................................................................... 50 

4.2. Soil Erosion and Potential Risks ................................................................................................. 54 

4.4. Impact of LULCC on Soil Erosion Risk ..................................................................................... 58 

Chapter 5: Conclusion and Recommendations ........................................................................................... 61 

5.1. Conclusion ....................................................................................................................................... 61 

5.2. Recommendations ............................................................................................................................ 62 

References ................................................................................................................................................... 64 

Appendix 1: Soil color surveying points and their respective K-values (Soil erodability factor) by using 
Munsell Color Chart ................................................................................................................................... 71 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

vii 

 

List of Figures 
Figure 1: Locational Map of the Study area ............................................................................................... 26 

Figure 2 : Stream Networks of the Study Catchment (Denki River). ......................................................... 30 

Figure 3: General flow chart of the study process ...................................................................................... 33 

Figure 4: Satellite images of the study catchment (a) 1987, (b) 2000 and (2013) ...................................... 35 

Figure 5: Erosivity factor (R); interpolated p-value (left); generated R-factor (right). ............................... 39 

Figure 6: Soil Erodability (K) factor map ................................................................................................... 41 

Figure 7: DEM showing elevation of the study area................................................................................... 43 

Figure 8: Slope gradient and slope length (LS) factor ................................................................................ 44 

Figure 9: Crop Management factor (C-value) for the three years ............................................................... 46 

Figure 10: Slope classes of the study watershed ......................................................................................... 47 

Figure 11: P-factor the of the study watershed for the three years ............................................................. 48 

Figure 12: Land use land cover maps of 1987, 2000 and 2013. ................................................................. 51 

Figure 13: Map of mean annual soil loss of 1987, 2000 and 2013 in the study catchment ........................ 55 

Figure 14: Soil loss map of the major Sub-watersheds of the study watershed .......................................... 57 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

viii 

 

List of Tables 
Table 1: Major soil types of Ankober Woreda ........................................................................................... 27 

Table 2: Major Rivers of Ankober Woreda. ............................................................................................... 30 

Table 3: Data Inputs, Sources & Tools used for Analysis .......................................................................... 31 

Table 4: Land use land cover classes used in the study area ...................................................................... 34 

Table 5: Soil Erodability factor ................................................................................................................... 40 

Table 6: The C-value for different land use land cover types as given by different authors. ..................... 45 

Table 7: P-value (Wischmeier and Smith, 1978) ........................................................................................ 48 

Table 8: Trend and magnitude of LULC dynamics during 1987-2000, 2000-2013 and 1987-2013 .......... 53 

Table 9: The mean annual Soil losses per hectare for the three study years ............................................... 56 

Table 10: Ranked Sub-watersheds based on potential soil loss .................................................................. 58 

Table 11: Mean Annual Soil Loss from each land use land cover types for each study year and its Trend 
over the study periods ................................................................................................................................. 59 

 

 

 

List of Appendices 
Appendix 1: Soil color surveying points and their respective K-values (Soil erodability factor) by using 
Munsell Color Chart ................................................................................................................................... 71 

 

 

 

 

 

 

 

 

 

 

 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

ix 

 

List of Acronyms 
CSA: Central Statistics Agency  

DEM: Digital Elevation Model 

EFAP: Ethiopia Forestry Action Programme 

EIAR: Environmental Impact Assessment Report 

EPA: Environmental Protection Authority of Ethiopia 

ERA: Ethiopian Road Authority 

ERDAS: Earth Resources Data Analysis System 

ETM: Enhanced Thematic Mapper 

FAO: Food and Agriculture Organization of the United Nations 

GIS: Geographic Information Systems 

GPS: Geographical Positioning System 

GTP: Growth and Transformation Plan 

IPCC: Intergovernmental Panel on Climate Change 

ILRI: International Livestock Research Institute 
LDCM: Landsat Data Continuity Mission  
LULCC: Land Use Land Cover Change 

MoWE: Ministry of Water and Energy of Ethiopia (former) 

NASA: National Aeronautics and Space Administration of USA 

PA: Peasant Association 

RS: Remote Sensing 

RUSLE: Revised Universal Soil Loss Equation 

SCRP: Soil Conservation Research Project  

SWAT: Soil and Water Assessment Tool 

SWC: Soil and Water Conservation 
TM: Thematic Mapper 

SRTM:  Shuttle Radar Topographic Mission 

UNESCO: United Nations Education, Science and Culture Organization 

UNFCCC: United Nations Framework Convention on Climate Change  
USA: United States of America 

USDA: United States Department of Agriculture  

USGS: United States Geological Survey 

UTM: Universal Traverse Mercator  



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

1 

 

Chapter 1:  Introduction 

1.1. Background 

In recent years, environmental changes including land use and land cover (LULC) and 

their impacts on natural resources have gained increased attention. LULC change is a 

dynamic and complex process that can be exacerbated by a number of human activities 

and natural processes (Leh et al., 2011). For example, LULC change associated with 

climatic and geomorphologic conditions of an area have an accelerating impact on land 

degradation. Natural as well as anthropogenic LULC change have significant impacts on 

regional or local soil degradation, including soil erosion, soil acidification, nutrient 

leaching and organic matter depletion (Arabinda et al., 2010).  

LULC changes pose significant economic and environmental risks worldwide. According 

to Turner et al. (1995), most of the earth's surface is already modified, except those areas 

that are peripheral in location or are fairly inaccessible. Land use change in Africa 

accounts a conversion of 75 million hectares of forest to agriculture and pasture between 

the years 1990 and 2010 (FAO, 2010). More importantly, in East Africa, nearly 13 

million hectares of original forest were lost over the same 20 year period and the 

remaining forest is fragmented and continued to be under threat (FAO, 2010).  

The economy of Ethiopia mainly depends on natural resources. The country has a fragile 

highland ecosystem that is currently under stress due to increasing population pressure, 

severe deforestation, loss of biodiversity and ecosystem services, soil degradation, 

pollution of land, air and water (Kim and Kaluarachchi, 2009), traditional agricultural 

practices like cultivating on steep slopes without protective measures, climate and land 
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use and cover change (EPA, 2012). Consequently, these would cause the loss of forest 

cover and greater hydrological variability (EPA, 2012; Kim and Kaluarachchi, 2009).   

One way to investigate the effect of LULC on environmental resources such as on soil 

erosion involves the use of historic or temporal satellite data. This enables us to analyze 

the LULCC in relation to change in soil erosion potential of the watershed or sediment 

discharges at watershed outlet (Jordan et al., 2005).   

Soil erosion represents the detachment and transport of soil particles from top soil layers, 

resulting in degrading soil quality and reducing land productivity. Besides, soil erosion is 

accelerated by human activities and this has become a serious environmental problem. 

Although there are many factors influence on soil erosion, plant cover and land use have 

been considered as the most important factors affecting on the intensity of soil erosion 

(Leh et al., 2011). Land use change has a manifold environmental impact by negatively 

affecting water supply, reservoir storage capacity, agricultural productivity and fresh-

water ecology of the region (Arabinda et al., 2010).  

The accuracy of estimating soil erosion at a given watershed scale is influenced by the 

complexity of the soil erosion process and the availability of data describing the soil 

erosion in the last decade. In addition, it is also influenced by the regional and national 

level assessments of soil erosion carried out using different approaches ranging from 

indicator or factor-based approaches to process-based models (Gobin et al., 2004). 

Because of its relative simplicity and greater availability of input, USLE and its 

modifications such as the RUSLE (Renard et al., 1997) has been extended as a useful tool 
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for predicting soil losses and planning control practices in agricultural watersheds by the 

effective integration of the GIS-based procedures to estimate the factor values in a grid 

cell basis (Erdogan et al., 2006). However, RUSLE has shortcomings and limitations for 

not being able to estimate gully or stream-channel erosion (Ioannis, 2009). Based on the 

RUSLE model, the amount of soil loss can be determined by the multiplication of six 

factors including climate, soil property, topography, land cover and conservation practice 

(Wischmeier and Smith, 1978). 

1.2. Statement of the Problem  

A major challenge in environmental research is to understand and describe the effects of 

land use change on the socio-economic structures and the environment (Vitousek, 1994). 

Given that the LULC are expected to change because of human activities in the future 

(IPCC, 2007), it is important to examine the potential effects of these changes on soil 

erosion potential at a watershed scale.  

In recent years, environment has become a key issue in Ethiopia (EPA, 2012). The main 

environmental problems in the country include soil erosion, deforestation (Shimeles, 

2012), loss of biodiversity, desertification, recurrent drought, flood and water and air 

pollution (EPA, 2012). Even though there are a number of studies carried out throughout 

the world to estimate the potential effects of LULCC on soil erosion potential at different 

spatiotemporal scales (Leh et al., 2011; Alfred, 2010 and Campbell, 2003), there are very 

few researches conducted in Ethiopia (Eleni et al., 2013; Yacob, 2010; Teshome, 2007; 

Gete and Hurni, 2001) and none in the study catchment. Geist and Lambin (2002) and 

few others have reported a significant study of land use land cover changes in north 
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highlands of Ethiopia. According to Leh et al. (2011), soil erosion is directly affected by 

land use change and thus modeling of land use change is important with respect to the 

prediction of soil erosion and degradation. All these studies have identified a strong 

influence of land use land cover changes on soil erosion and sediment transport rates.   

The expansion of agricultural land in the Denki River watershed of Ankober Woreda to 

support the rapid increase of the population has resulted in the degradation of forest and 

soil resources. This affects the ecological balance of the watershed system. Deforestation, 

especially in high mountainous and marginal areas, has led to serious environmental 

degradation. The mountainous areas of Ankober Woreda in general and the Denki River 

Catchment in particular are covered with fragmented natural (part of Wof-Washa forest) 

and manmade forests, whereby number of small and medium streams originate. LULCC 

detection is therefore necessary for the assessment of potential environmental impacts 

and developing effective land management and planning strategies.  

Even though there are limited studies conducted so far (Eleni et al., 2013; Geist and 

Lambin 2002), there is no clear understanding how much LULCC has affected the 

environmental resources. In the study area, the impacts of land use land cover change on 

environmental resources has been rarely performed which makes this topic pertinent and 

timely. Besides, the natural resource potential of the Woreda requires site-specific and 

judicious natural resource conservation and management planning. The latter is due to the 

fact that much of the land and its resources of Ankober Woreda are located in undulating 

and rugged landscapes under fragile ecosystem which are consequently susceptible to 

various forms of natural resource degradations. Inappropriate land management practices 

made the Denki catchment vulnerable to soil erosion, which has negatively impacted the 
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watershed health and the livelihood of local inhabitants. Therefore, it is important to 

understand the functioning of this sensitive catchment and its soil erosion response under 

different land use and land cover change conditions.  

This research presents the impacts of LULCC on soil erosion risk for the Denki river 

catchment. The RUSLE model was used by integrating with remote sensing and 

geographic information system (GIS) techniques. This research work will fill the 

knowledge gap in identifying the most degraded areas for conservation especially during 

implementation of the recently started sixty days public campaign on Natural Resource 

Management works in an effective and organized way.  

1.3.  Objectives of the Study 

1.4.1. General Objective 

The general objective of this research work is to assess and analyze the impact of land 

use land cover change on soil erosion risk of Denki river catchment in Ankober Woreda.  

1.4.2. Specific Objectives  

 To identify the long term trend of land use land cover changes of the study area; 

 To map and quantify land use land cover dynamics over the last three decades; 

 To quantify the rate of soil erosion and investigate the impacts of land use land 

cover change on soil erosion risk for the study watershed.  
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1.4. Research Questions 

The following research questions are posed to address the above objectives. 

 What is the historical LULC change of the study area? 

 How did the LULC change dynamic affect the natural resource base?  

 What are the impacts of LULC change on soil erosion risk within the 

watershed? 

1.5. Significance of the Study  
The study findings help different stakeholders including the Woreda agricultural 

development officials, experts, civil societies and development agents to design 

strategies, investment programs and projects that could bring positive synergies to restore 

land productivity, enhance food security and avert the vicious cycle of poverty and 

natural resource degradation in indicating key priority areas for conservation. 

Furthermore, the analysis contributes to the general knowledge on the impacts of land use 

and land cover changes on soil erosion potential. This is essential to long term progress 

because of the scarcity of primary data at the farm and household level to address the 

problems of LULC change on natural resources. It may also help to propose and 

recommend mitigation measures to combat the negative impacts of LULC change on soil 

erosions.  
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1.6. Limitations of the Study 

The study had some limitations of its own and attempts have been made to optimize some 

of them. Due to the unavailable rainfall stations inside the study watershed, the monthly 

rainfall data for the stations located near the watershed were used. An attempt was made 

to fill the missed data in order to obtain the mean annual rainfall amount. Interpolation 

technique was also employed using rainfall data of six nearby stations (Gorebella, Alyu 

Amba, Gachene, Debele, Debre-Berehan and Debre-Sina) to represent the whole study 

watershed.  
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Chapter 2: Review of Related Literature 

2.1. Land Use Land Cover Change and the Links 

The alteration of the earth‘s land surface due to human action is unprecedented (Lambin 

et al., 2003). Changes in land use and land cover are among the most important processes 

for the understanding of the pace, magnitude and spatial reach of changes of the earth's 

surface and immediate sub-surface as a result of human impact (Meyer and Turner, 

1994). Before discussing the relationship of land use and land cover, causes and 

consequences, it would be better to define the four terms that are central in the context of 

this thesis to establish a common consensus of the terminologies used.  

Land cover is defined by the attributes of the bio-physical sate of the earth‘s land surface 

and immediate sub surface, including biota, soil, topography, surface and ground water 

and human structures as in the case for agricultural expansion or deforestation (Lambin et 

al., 2003; Turner et al., 1995). According to IGBP (1997), land cover is also defined as 

―the physical characteristic of earth‘s surface, captured in the distribution of vegetation, 

water, desert, ice and other physical features of the land, including hose created solely by 

human activities such as mine exposures and settlement‖. 

According to Sherbinin (2002), land cover is the natural vegetative cover types that 

characterize a particular area. These are generally a reflection of the local climate and 

landforms, though they too can be altered by human actions. Examples of broad land 

cover categories include forest, tundra, savannah, desert or steppe, which in turn can be 

sub-divided into more refined categories representing specific plant communities (e.g., 
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oak-pine scrublands, mangroves, seasonally flooded grassland, etc). Sherbinin (2002) 

defined land cover change as ―It is modification of the existing land cover or complete 

conversion of the land cover to a new cover type‖.  

Land use refers to the purposes for which humans exploit the land and its resources 

(Turner et al., 1995). Land use is the intended employment of and management strategy 

placed on land cover type by human agents or land managers. Forest, a land cover, may 

be used for selective logging, for resource harvesting, such as rubber tapping, or for 

recreation and tourism. Shifts in intent and/or management constitute land-use changes 

(IGBP, 1997).  

Land use is the term that is used to describe human uses of the land, or immediate actions 

modifying or converting land cover. It includes such broad categories as human 

settlements, protected areas and agriculture. Within those broad categories are more 

refined categories, such as urban and rural settlements, irrigated and rain-fed fields, 

national parks and forest reserves, and transportation and other infrastructure (Sherbinin, 

2002). 

Land use change is the conversion of land use due to human intervention for various 

purposes, such as for agriculture, settlement, transportation, infrastructure and 

manufacturing, parks, recreation uses, mining and fishery (Williams, 1994; Meyer and 

Turner, 1994 and Turner et al., 1995). Land use change is defined to be any physical, 

biological or chemical change attributable to management, which may include conversion 

of grazing to cropping, change in fertilizer use, drainage improvements, installation and 

use of irrigation, plantations, building farm dams, pollution and land degradation, 
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vegetation removal, changed fire regime, spread of weeds and exotic species and 

conversion to non-agricultural uses (Quentin et al., 2006). According to Alfred (2010), 

land use changes are mostly observed on deforestation, cropland expansion, dryland 

degradation, urbanization, pasture expansion and agricultural intensification. 

Land use change is the proximate cause of land cover change. The driving forces to this 

activity could be economic, technological, demographic, scenic and/or other factors 

(Turner et al., 1995). Hence, Land Use and Land Cover dynamics is a result of complex 

interactions between several biophysical and socio-economic conditions which may 

occur at various temporal and spatial scales (Robin et al., 2000).   

Land use and land cover change (LULCC) is commonly grouped into two broad 

categories: conversion and modification (Meyer and Turner, 1994). Conversion refers to 

a change from one cover or use category to another (e.g. from forest to grassland). 

Modification, on the other hand, represents a change within one land use or land cover 

category (e.g. from rain-fed cultivated area to irrigated cultivated area) due to changes in 

its physical or functional attributes. These changes in land use and land cover systems 

have important environmental consequences through their impacts on soil and water, 

biodiversity and microclimate (Lambin et al., 2003). 

Much of the world‘s natural land cover has been transformed by human activities (Mottet 

et al., 2006), resulting in ecosystem degradation and biodiversity loss worldwide (Green 

et al., 2005). An estimated 4.7million km2 of grassland areas and 6 million km2 of 

forest/woodland have been converted to cropland worldwide since 1850 (Lambin et al., 
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2003) and the main purpose for land use change is to obtain food and other essentials 

(Alfred, 2010).  

In Ethiopia, land use can be seen from the perspective of human activities such as 

agriculture, forestry, building construction (Gete and Hurni, 2001) and since recently, 

industrialization (Eleni et al., 2013) which has led to increased human population within 

urban areas and depopulation of rural areas. The driving forces behind land use pattern 

include all factors that influences human activity, including local culture (food 

preferences), economics (demand for specific products, financial incentive), 

environmental condition (soil quality, terrain and moisture) (Hamza and Iyela, 2012).  

2.2. Causes of Land Use Land Cover Change  

The exact factors that drive land use and land cover changes in a given area are not 

perfectly itemized (Meyer and Turner, 1994), however, land use and land cover is never 

static and it constantly changes in response to the dynamic interaction between 

underlying drivers and proximate causes (Lambin et al., 2003). Proximate (direct) causes 

are immediate actions of local people in order to fulfill their needs from the use of the 

land (Geist and Lambin, 2002). These causes include agricultural expansion, wood 

extraction, infrastructure expansion and others that change the physical state of land 

cover (Meyer and Turner, 1994). At the proximate level, land-use and land-cover change 

may be explained by multiple factors rather than a single variable (Geist and Lambin, 

2002). Proximate causes operate at the local level such as at individual farms, 

householders or communities (Lambin et al., 2003).  
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Underlying (indirect or root) driving forces are fundamental socio-economic and political 

processes that push proximate causes into immediate action on land use and land cover 

(Geist and Lambin, 2002). Underlying driving forces, i.e. including demographic 

pressure, economic status, technological and institutional factors, influence land 

cover/use in combination rather than as single causations (Turner and Meyer, 1994). The 

sources of underlying causes are at regional and national levels such as districts, 

provinces, or countries. Underlying causes are often external and beyond the control of 

local communities (Lambin et al., 2003). 

On the other hand, land cover changes may occur due to various factors, which may be 

broadly divided into natural and human induced or anthropogenic causes. The common 

root causes of the land use and cover changes include demographic factors, policies, 

institutional factors, legislation as well as socio-cultural diversifications, economic, 

technological advancement and environmental factors (Milline et al., 2003). All these 

factors represent the interaction between biophysical and societal processes over space 

and time and reflect the economic, social and political processes and the physical 

environment. They also reflect interdependencies among scales, from local, national and 

international scales (Milline et al., 2003). 

2.2.1. Population and Land Use Land Cover Change 

According to Turner et al (1995), the main actors between land use and land cover 

changes are human beings despite the slow natural processes. The growing population is 

one of the most critical drivers of the observed land cover dynamics because the 

livelihood of almost the entire rural population is dependent on a mixed farming system 
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of crop production and livestock (Alemayehu, 2011). Whatever their speed and 

magnitude, most land use and land cover changes are attributable to human activities and 

development (Gete and Hurni, 2001). LULC change is due to human activities and 

natural processes (Zubair, 2006, cited in Abate, 2011; Meyer and Turner, 1994). Lambin 

et al. (2003) also stated that the changes in land use land cover have been influenced by 

both the increase and decrease of a given population. In most developing countries like 

Ethiopia, population growth has been a dominant cause of land use and land cover 

change than other forces (Meyer and Turner, 1994). There is a significant statistical 

correlation between population growth and land cover conversion in most of African, 

Asian and Latin American countries (Meyer and Turner, 1994). Due to the increasing 

demands of food production, agricultural lands are expanding at the expense of natural 

vegetation and grasslands (Lambin et al., 2003).  

Land use change in Ethiopia is largely driven by the decision of the people and 

population growth, declining household farm size and income (Garedew et al., 2009; 

cited in Hamza and Iyela, 2012). According to Kahsay (2004), agricultural expansion, 

both through shifting cultivation and the spread of sedentary agriculture; the demand for 

increasing amounts of construction material, fuel wood and charcoal are the proximate 

causes of land cover change mainly natural forest destruction in Ethiopia. Charcoal 

production is common in the arid, semi-arid and dry sub-humid parts of the country. 

Using fire to fumigate bees and to facilitate hunting is also very common, which results 

forest fire and destructs natural forests. 
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2.3. Impacts of Land Use Land Cover Change 

The most spatially and/or economically important human uses of land globally include 

cultivation in various forms, livestock grazing, settlement and construction, reserves and 

protected lands and timber extraction (Robert, 2004). These and other land uses have 

cumulatively transformed land cover at a global scale. The consequences have been 

significant not only for land cover but for many aspects of local, regional and global 

environments, including climate, atmospheric composition, biodiversity, soil condition 

and water and sediment flows (Robert, 2004).  

Land-use land cover change is one of the main drivers of environmental change (Joseph 

et al., 2010). Despite the social and economic benefits of LULC change, this conversion 

of LULC usually has an unintended consequence on the natural environment (Leh et al., 

2011). It influences the basic resources of land, including the soil. Its impact on soil often 

occurs so creepingly that land managers hardly contemplate initiating ameliorative or 

counterbalance measures. Poor land management has degraded vast amounts of land, 

reduced our ability to produce enough food and is a major threat to rural livelihoods in 

many developing countries (Joseph et al., 2010). 

2.4. Studies in Land Use Land Cover Changes in Ethiopia  

It is important to understand the past through conducting research on historical land use 

and land cover changes, which in turn helps to make projections for the future. Among 

the land use changes occurring, the most significant historical change in land cover has 

been the expansion of agricultural lands (Sherbinin, 2002), and the potential future 
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expansions of croplands will continue to be great in land used for cultivation in the 

developing world (Giest, 2002).  

Studies conducted in the previous times using remotely sensed data of different years 

with GIS, for some parts of Ethiopia indicate that croplands have expanded at the 

expense of natural vegetation, including forests and shrub lands (Amare, 2013; Eleni et 

al., 2013; Yacob, 2010; Shimeles, 2012; Teshome, 2007; Gete and Hurni, 2001 and 

Giest, 2002), while Kebrom and Hedlund (2000) reported increases in the size of open 

areas and settlements at the expense of shrub lands and forests. However, contrary to 

other studies, majority of the croplands remained unchanged over the study period. The 

reasons for this was that the areas left uncultivated were either not suitable or were 

protected by the government.  

Shibru et al. (2003) also reported the effect of land use and land cover changes in causing 

major gullies and quantified the expansion rate of these gullies and their effects on the 

livelihoods of people in eastern Ethiopia. Similarly, Selamyihun (2004) also indicated 

that increases in surface area of gullies in the central highlands of Ethiopia. 

2.5. Impacts of Land Use Land Cover Changes in Ethiopia 

2.5.1. Land Use Land Cover Change and Crop Production and Soil  

Degradation 

Ethiopia is a country of small holder agriculture. Cereals occupy two thirds of the 

cultivated land in the Ethiopian highlands. Some reports even indicate that grain crops 

occupy about 90% of the area cultivated under all crops in Ethiopia (CSA, 2008). Soil 
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degradation in Ethiopia can be seen as a direct result of the past and present agricultural 

practices on the highlands. Furthermore, it is also assumed that insecurity of land and tree 

tenure has discouraged farmers from investing in soil conservation practices (Hurni, 

1993). Research has shown that soil erosion is greatest on cultivated lands where almost 

half of the loss of soil comes from, even though they cover only 13 percent of the country 

(Hurni, 1993). Excessive land degradation, along with other climatic factors such 

unreliability and high intensity of rainfall could lead to reduced average crop yields per 

unit area (FAO, 2010). As a result of continuous low crop yields, the total production of 

most farming families is not sufficient to cover their annual consumptions.  

Soil  erosion  estimates  that  were  conducted  some 18 years  ago  by  the  Ethiopian  

Highland Reclamation Study (EHRS) revealed that 20,000–30,000 hectares of cropland 

in the highlands were being abandoned annually by soil erosion and about two million 

hectares of land had been severely degraded to the extent of reaching ―point of no return― 

for crop production (FAO, 1986). During that time, about half of the highlands land area, 

close to 27 million hectares, was significantly eroded, and over one-fourth or nearly 

fourteen million hectares of arable land was seriously eroded (FAO, 1986). 

Gete and Hurni (2001) extended the concern of drastic land use and land cover change 

effect in the Ethiopian highlands into regional implications since it will affect countries 

downstream because of the water and sediment carried from Ethiopia by the trans-

boundary Rivers especially the Blue Nile. 
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2.5.2. Land Use Land Cover Change and  Forest Resources Degradation  

Vegetation cover and dead plant biomass are known to reduce soil erosion by 

intercepting and dissipating raindrops and wind energy. Under this situation, lowest 

erosion rates have been recorded from undisturbed forests, ranging from 0.004 to 0.5 t/ha 

per year (Bezuayehu et al., 2002). However, once forestland is converted to agriculture, 

erosion rates increase because of vegetation removal, over-grazing and continuous 

cultivation. On the other hand, there is a better understanding that forests burnt in certain 

parts of the world are important contributors to greenhouse gases and contributing to 

climate change which in turn these changes affect the overall livelihoods of societies.   

In Ethiopia, natural forests are the main sources of wood for fuel, construction and 

industry and this resulted in expanded agriculture through forest clearing resulting in high 

rate of soil erosion accelerated by rapid population growth (Hurni, 1993).  The annual 

loss of natural forest cover has been estimated to be 150,000 to 200,000 ha/yr and in 1989 

forest cover was estimated at only 2.7% of the Ethiopian land mass (EFAP, 1993). 

Today, little of the natural vegetation of the highlands remains, except for the southern 

and southwestern parts of the country.  

2.5.3. Land Use Land Cover Change and Loss of Biodiversity  

In Ethiopia, LULC changes have been reported to cause loss of biodiversity (EPA, 2012). 

Amongst others, the losses of biodiversity due to encroachment to natural forests and 

national parks are common. Even those conserved natural forests and national parks that 

seem difficult to reach because of mountain peaks and dissected terrain are being affected 

due to human encroachment. This problem of biodiversity loss is not only limited to the 
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natural forests and national parks, but to all areas, especially the vegetation and soils of 

the highlands which are being affected significantly (EFAP, 1993). For example, the 

amount of soil lost due erosion is so huge (EFAP, 1993), that it will not be difficult to 

imagine how much of the gene pool, especially microbes, is being eroded along with the 

soil and nutrients. 

2.5.4. Land Use Land Cover Change  and the Hydrological Cycle  

Ethiopia frequently quoted to be the water tower of northeastern Africa. According to 

Kassa and Gerd (2007), impacts of land use land cover change on water resources are the 

result of complex interactions between diverse site-specific factors and offsite conditions. 

It is also obvious that land cover can affect both the degree of infiltration and runoff 

following rainfall events, while the degree of land cover can affect rates of evaporation. 

Land use and land cover change modifies the hydrological cycle of a watershed area by 

altering both  the  balance  between  rainfall  and  evaporation  and  the  runoff  response  

of  the  area  and subsequently  affects  water  resources  (Mengistu,  2009). Land cover 

has various properties that help to regulate water flows both above and below ground 

(Kassa and Gerd, 2007). For example, tree canopy and leaf litter can help reduce the 

impact of raindrops on the ground, hence reduce soil erosion, while roots hold the soil in 

place and also absorb water.  

2.5.5. Land Use Land Cover Changes and Climate Change 

Land cover change and other anthropogenic emissions are contributing towards this 

problem. The United Nations Framework Convention on Climate Change (UNFCCC) 

and its Kyoto Protocol has been a result of the recognition of man‘s role in changing the 
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climate. Changes in land use can result in the release of carbon into the atmosphere or 

withdrawal of carbon from it. In the former, land-use change is a source and in the latter, 

it is a sink. For example, if forest is burned, this results in a direct emission of greenhouse 

gases into the atmosphere (IPCC, 2007). 

2.6. Land degradation and Soil Erosion 

Land degradation can be related to both natural and human induced processes. Lal and 

Stewart (1990) cited in Girma (2005) distinguished three types of degradation namely, 

biological, chemical and physical. According to the explanation of the author, physical 

land degradation includes degradation of soil structure, crusting, compaction and erosion. 

Chemical degradation includes acidification, salinization and nutrient or fertility 

depletion. Biological degradation includes reduction of soil carbon and soil biodiversity 

processes.   

Land degradation is the major environmental problem in Ethiopia resulting in low and 

declining agricultural productivity in the country (EPA, 2012). Ethiopia has experienced 

food insecurity problems due to land degradation. The average annual soil erosion rate 

nationwide was estimated at 12 tons per ha, giving a total annual soil loss of 1,493 

million tones (EPA, 2012). The soil erosion hazard is much higher for land under annual 

crops as compared to that under grazing, perennial crops, forest and bush (EPA, 2012).  

Ethiopia has implemented various strategies that deal with both food security and 

environmental rehabilitation. It was reported that the area of land rehabilitated through 

soil and water conservation works has increased from 0.82mln ha in 2004/05 to 3.77 

million ha in 2009/10 (EPA, 2012). In 2011/2012, around 6.8 million hectare of degraded 
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land has been conserved through community participation and the plan is to cover 15 

million hectares with soil and water conservation activities (Ethiopian Herald 2 May, 

2012 and GTP, 2010). 

2.7. Soil Erosion  

Concurrent with the escalating human population increase, soil erosion, water 

distribution, energy and loss of biodiversity rank as the prime environmental problems 

throughout the world (David, 2005). Soil erosion is a process consisting of detachment of 

particles from the soil mass and their transport of soil particles from top soil layers by 

erosive agents, degrading soil quality and reducing the productivity of affected lands 

(Evans, 1980; Wischmeier and Smith, 1978). All detachment process agents loosen the 

soil particles so that it is easily removed from the surface by transporting agents, which 

comprises those which act spatially and contribute to the removal of particles and those 

which concentrate their action in channels. The severity of erosion depends upon the 

quantity of material supplied by detachment and then capacity of eroding agents to 

transport it.  

The loss of soil from land surfaces by erosion is widespread globally and adversely 

affects the productivity of all natural ecosystems as well as agricultural, forest and 

rangeland ecosystems (Lal and Stewart, 1990). Soil eroded from the up-land catchment 

causes depletion of fertile agricultural land and the resulting sediment deposited at the 

river networks creates river morphological change and reservoir sedimentation problems 

(George et al., 2013).  
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2.7.1. Factors Affecting Soil Erosion  

The soil erosion process is modified by biophysical environment comprising soil, 

climate, terrain and ground cover and interaction between them. Susceptibility of soil to 

agents of erosion is determined by inherent soil properties such as texture, structure, soil 

organic matter content, clay minerals, exchangeable cations and water retention 

properties (David, 2005). Climatic factors include intensity of rain, amount and frequency 

of rainfall, run-off amount and velocity. Important terrain characteristics for studying soil 

erosion process are slope-gradient, length, aspect and shape. Ground cover exerts a strong 

moderating impact on dissipating the energy supplied by agents of soil erosion. The 

effect of biophysical processes governing soil erosion is influenced by socio-economic 

and political factors (Morgan et al., 1984).  

2.7.2. Soil Erosion in Ethiopia 
Ethiopia has been described as one of the most serious soil erosion areas in the world 

with an estimated annual soil loss of about 42t/ha/yr from croplands, resulting in an 

annual crop production loss of 1 to 2% (Hurni, 1993). It can be regarded as a direct result 

of past agricultural practices in Ethiopian highlands (Hurni, 1988). In many parts of the 

country, recurring starvation and famine are still parts of rural life. According to the 1986 

Ethiopian Highland Reclamation Study Report, it was estimated that 20% of the total area 

of the Ethiopian highlands have had relatively minor problems of erosion; 76% were 

significantly or seriously eroded and 4% have had outstripped their capacity to be of any 

value for production (EHRS, 1986). Almost 75% of the Ethiopian Highlands were 

estimated to need soil conservation measures of one sort or another if they are to support 
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sustained cultivation (FAO, 1986). In the EHRS, it was concluded that water erosion 

(mainly sheet and rill) was the most important process and that in mid1980‘s, 27 million 

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

seriously eroded and over 2 million ha was categorized as beyond reclamation (FAO, 

1986). Erosion rates were estimated at 130t/ha/yr for cropland and 35t/ha/yr average for 

all land in the highlands, but even at the time these were regarded as high estimates. The 

North Western escarpment of Shoa, where this study has been conducted in part of this 

zone, is among the severely degraded highlands of Ethiopia (Hurni, 1988). 

2.7.3. Modeling  Soil  Erosion   

Field studies for predicting and assessing of soil erosion is expensive and time 

consuming, because of complexity of the soil erosion system, with its numerous 

interacting factors. Models will take into account many of the complex interactions that 

affect rates of erosion and can simulate erosion process. Soil erosion is a three stage 

process, namely detachment, transport and deposition of soil. Soil erosion modeling is, 

therefore, the process of mathematically describing soil particle detachment, transport 

and depositions. According to Morgan (1994), there are at least three reasons for 

modeling erosion;  

 Models can be used as a tool for understanding processes and their interactions.   

 Erosion models can be used as predictive tools for assessing soil loss for 

conservation planning.  
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Soil erosion prediction and assessment has been a challenge to researchers since the 

1930's and several models have been developed (Lal, 2001). According to Jha and Paudel 

(2010), soil loss estimating models are normally categorized as empirical, semi-empirical 

and physical process-based models. Empirical models are primarily based on observation 

and are usually statistical in nature. Semi-empirical models lies somewhere between 

physically process-based models and are based on spatially lumped forms of water and 

sediment continuity equations. Physical process-based models are intended to represent 

the essential mechanism controlling erosion. They represent the synthesis of the 

individual components which affect erosion, including the complex interactions between 

various factors and their spatial and temporal variability. 

The commonly used empirical soil erosion models include: USLE (Wischmeier and 

Smith, 1978), RUSLE (Revised Universal Soil Loss Equation) (Renard et al., 1997), 

MUSLE (Modified Universal Soil Loss Equation) (Williams, 1994) and SLEMSA (Soil 

Loss Estimator for Southern Africa) (El Well, 1978). Among these models, the RUSLE 

was selected for this study. Even if the RUSLE model does not estimate deposition and 

sediment yield as a result of ephemeral gully erosions, it was selected for this study for its 

low requirement of parameters.  

2.7.3.1. RUSLE Model 

The Revised Universal Soil Loss Equation (RUSLE) is an erosion model is used to 

estimate average soil loss that would generally result from splash, sheet and rill erosion 

from agricultural plots (Erdogan et al., 2006). The Universal Soil Loss Equation (USLE) 

was first developed in the 1960s by Wischmeier and Smith of the United States 
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Department of Agriculture as a field scale model (Wall et al., 2002). It was later revised 

in 1997 in an effort to better estimate the values of the various parameters in the USLE 

(Renard et al., 1997).  

There are six major factors that are used to calculate the soil loss for a given site. Each 

parameter is the arithmetic estimate of a specific condition that affects the severity of soil 

erosion at a particular location. The calculated erosion values reflected by this model can 

vary significantly due to fluctuating weather conditions (Renard et al., 1997). Thus, the 

erosion values obtained from the RUSLE more accurately represents long-term averages.   

The RUSLE uses the simple equation A = R x K x LS x C x P (Wischmeier and Smith, 

1978).  

Where ‗A‘ is the average annual potential soil loss in tons/ha/year, ‗R‘ is the rainfall-

runoff erosivity factor, ‗K‘ is the soil erodability factor, ‗LS‘ is the slope length and 

degree, ‗C‘ is the land-cover management factor and ‗P‘ is the conservation practice 

factor (Renard et al., 1997). Use of RUSLE has been extended as a useful tool predicting 

soil losses and planning control practices in agricultural watersheds by the effective 

integration of the GIS-based procedures to estimate the factor values in a grid cell basis 

(Renard et al., 1997). 
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Chapter 3: Materials and Methods 

3.1. Description of the Study Area 

3.1.1. Location and Physiography of the Woreda 

The Denki River Catchment of Ankober Woreda is located in North Shoa Zone of 

Amhara National Regional State (Figure 1). Ankober Woreda is located in the 

Northeastern escarpment of the North western highlands of Ethiopia. The capital town of 

Ankober Woreda, called Gorebella, is situated at about 172kms North East of Addis 

Ababa, the capital city of Ethiopia and 42kms Eastward away from Debre Berehan, the 

capital center of the Zone. The Woreda extends from 1033042 meter to 1078413 meter 

North Latitude to 570706 meter to 597356 meters (UTM) towards East longitude. The 

total area of the Woreda is 669.6 square kilo meters. 

The Denki river catchment extends from 1059007 meter to 1068047 meter in the North 

latitude and from 582197 meter to 593597 meters (UTM) in the East longitude and 

covers an area of 7550 hectares of land (Figure 2). 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

26 

 

 

Figure 1: Locational Map of the Study area 

 

3.1.2. Soil Type 

Clay soils of different colors are the major soil types accounting for about 70% of the 

total land mass of Ankober Woreda. The two dominant clay soils in the Woreda are 

brownish clay soils (31%) and greyish clay soils (28%). The second most dominant soil 

type in the area is black cotton soil which covers about 26% of the total land mass of the 

Woreda. Other soil types cover about 4% of the total area (Table 1).  
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Table 1: Major soil types of Ankober Woreda 

S/N Soil Type Rate (in %)        

1 Black Cotton soil 26 
2 Red Clay Soil 11 
3 Brownish Clay Soil 31 
4 Greyish Clay Soil 28 

5 Others  4 
Source: Environmental Impact Assessment Report, (EIAR, 2011). 

3.1.3. Climate and Ecology 

Ankober Woreda comprises different agro-ecological zones. According to the 

information obtained from Ankober Woreda Agricultural Office, the agro-ecological 

feature of the Woreda includes low land (35%), semi-tropical (53%), humid (10.5%) and 

frost-land covers 1.5 percent of the climatic zone. According to the data obtained from 

the meteorological agency, the temperature ranges from 80c to 300c. The annual average 

temperature of the Woreda is also about 20oc. The area is characterized by two rainy 

seasons, namely ‗Belg‘ (the shortest rainy season) and ‗Meher‘ (the main rainy season). 

During these two seasons, 65 percent of the area gets about 1,250mm of annual rainfall 

while 35 percent of the land gets 950mm of rain. However, the erratic nature of the rain, 

poor distribution and quantity could not allow the Woreda to raise sufficient crop 

production (Ankober Woreda Agricultural Development Office, 2013). 

3.1.4. Altitude and Topography 

The altitude of the Woreda ranges from 1,200 to 3,780 meters above sea level and 

therefore its physical feature is characterized by high hills and rugged mountainous 

features. About 75 percent of the land is said to be hilly and mountainous while the 
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remaining 17 and 8 percent is featured by undulating highlands (valleys) and plateaus 

(flat highlands) respectively. This typical physical feature allows the area to host a variety 

of plants as well as small and middle level rivers. But on the other hand, the very nature 

of the land could not allow developing the required infrastructure for the free movement 

of people and goods. Hence, farm products from the rural areas could not easily be 

transported to the urban markets and farm inputs could not reach the farm areas to satisfy 

the needs of the farmers. Moreover, the land is prone to heavy soil erosion therefore 

leading to soil degradation (Ankober Woreda Agricultural Office, 2013). 

3.1.5. Population 

According to the census data of the Ethiopian Central Statistical Agency (CSA, 2008), 

the population of the Woreda is estimated at 83,260 people, of which 49 percent are 

women. Out of the total population, about 94 percent of the population lives in the rural 

Kebeles and fully depend on agriculture for their living while the remaining six percent 

of the population lives in two urban areas engaging themselves in various activities other 

than farming. The highlands are relatively more densely populated than the lowlands 

putting pressure on the land and therefore leading to low production. Ankober is divided 

in to nineteen administrative rural Kebeles (sub-districts) and two rural developing towns 

(CSA, 2008).  

3.1.6. Socio-Economic Situation of the Community  

The population is dependent predominantly on rain fed agriculture and is known for its 

recurrent drought and considered as structurally food insecure area. The agricultural land 

holding of each household is also very small as the topography of the localities is 
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dominantly characterized by hilly and undulated/rugged and mountainous features 

(Ankober Woreda Agricultural Development Office, 2013). The poor agricultural 

production is exacerbated by severe environmental degradation, erratic rainfall, poor 

infrastructure, etc.  

Though farmers practice mixed farming, crop production is by far the main system to 

earn a living in the Woreda. Major crops grown in the Woreda include Teff, barley, 

millet, sorghum and maize. Although the Woreda is considered relatively better in 

moisture holding characteristics, it is not saved from the threats of drought and famine 

mainly due to the unreliable and erratic rainfall pattern (Ankober Woreda Agricultural 

Development Office, 2013).  

Second to crop production, livestock production also plays a substantial role in the 

communities‘ economy. Apart from providing food and draught power, livestock selling 

is one of the coping mechanisms of households at times of drought (Ankober Woreda 

Agricultural Development Office, 2013). 

3.1.7. Water Resources and Drainage Basin 

Ankober Woreda and Denki River Catchment fall in the Awash River basin. Water 

resource is abundant in the Woreda and a number of rivers and streams emanate from the 

hills and mountain sides and drain into the basin (Table, 2). There are many small 

streams that are tributary to the main Denki River (Figure 2). Some of the major 

perennial rivers in Ankober Woreda are indicated in the following table.  
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Table 2: Major Rivers of Ankober Woreda. 

S/N. River 
Names 

Drainage 
Basin 

Perennial/ 
seasonal 

1 Melka Jebdu Awash Perennial 
2 Ayirara Awash Perennial 
3 Chibtie Awash Perennial 
4 Denki Awash Perennial 
5 Chew Bele Awash Perennial 

Source: EIAR, 2011. 

 

Figure 2 : Stream Networks of the Study Catchment (Denki River). 
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3.2. Methods 

3.2.1. Materials and Tools 

Different tools, materials and equipment were utilized in this research. Computer with 

different image processing and GPS for collecting coordinate points for ground truth and 

digital camera for taking pictures were used (Table 3).  

Moreover, models are the most effective ways to predict soil erosion processes and their 

effects by using Geographic Information System (GIS) and remote sensing (RS) tools 

(Bayramin et al., 2003). GIS and RS analysis could help analyze land degradation mainly 

soil erosion in speedy and accurate way. Through processing these sources and building 

geo-database, integration, analysis and modeling works were carried out using RS and 

GIS softwares such as ERDAS Imagine 9.2, ArcGIS10.1 and RUSLE model. 

Table 3: Data Inputs, Sources & Tools used for Analysis 

S/N Input Data Types Sources Tools for Analysis 

1 Climate data (RF data of 6 stations) NMAE ArcGIS 10.1, Ms.xls  

2 Soil Data (FAO digital soil map)  MoWIE, survey ArcGIS10.1 

3 DEM-30 SRTM, MoWIE ArcGIS10.1 

4 Satellite Images (Landsat TM of 1987, 
Landsat ETM

+
 of 2000 & LDCM of 2013 

USGS webpage ERDAS9.2 (RS) & 
ArcGIS10.1 

5 Field data Observations, 
discussion, survey 
by GPS 

ArcGIS, Google-earth,  
ERDAS(RS), Munsell 
color chart, camera 

6 2
o
 data (socio-economic, demographic, 

physiographic, soil, hydrologic, farming 
system) 

CSA, AD, 
MoWIE, Woreda 
offices, 
Review Lt. 

Tabular & narrative 
descriptions using 
Ms Excel, Word 
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3.2.2. Data Acquisition and Sampling Technique 

3.2.3. Sources of Data 

In order to achieve the stated research objectives, different data have been collected from 

different sources and used during the course of the research works accordingly. Some of 

the utilized data sources during the research period include satellite images of three 

different years (Landsat TM of 1987, Landsat ETM+ of 2000 and Landsat LDCM 

(Landsat Data Continuity Mission) of 2013), FAO digital soil map, Rainfall data of six 

stations (Gorebella, Alyu Amba, Gachene, Debele, Debre-Berehan and Debre-Sina) and 

DEM-30. 

3.2.4. Primary Data Sources 

Frequent field observations and survey works have been carried out in order to identify 

the land use land cover types such as forest, grazing, shrubs, cultivated lands and 

settlement areas, conservation structures, soil color using GPS and Munsell color chart. 

3.2.5. Secondary Data Sources 

Reviewing of different relevant published and unpublished literatures of the specific 

study area and related studies of different areas in general have been undertaken almost 

throughout the course of the research period. Necessary data including socio-economic, 

demographic, vegetation, physiographic, soil, hydrologic and farming systems have been 

extracted from secondary data sources including CSA of Ethiopia, Ankober Woreda 

Administration and Agricultural Development offices, Ministry of Water, Irrigation and 
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Energy of Ethiopia, National Meteorological Agency of Ethiopia, DEM-30m of Ethiopia, 

FAO digital soil map of Ethiopia and three years Landsat images of NASA (USGS).  

3.2.6.  Data Analysis 

 

Figure 3: General flow chart of the study process 

 

3.2.6.1. Land Use Land Cover Change Detection and Classification 
ERDAS IMAGINE9.2 software was used in image processing i.e. land use land cover 

classification and ArcGIS10.1 software was also used in vectorization, area calculation 

and thematic map preparation of the study area.  
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In order to detect the land use land cover changes, both RS data and field survey were 

applied for interpreting the three Landsat satellite images which were acquired on 5th of 

January 1987, on 3rd of February 2000 and on 28th of February 2013 (Figure 3). In order 

to avoid a seasonal variation in vegetation pattern and distribution throughout a year, the 

selection of images of acquired data were made as much as possible in the same annual 

season of the acquired years. 

Based on the satellite images and training points, the land use land cover classes analyzed 

for changes were: Grazing Lands, Shrubs, Cultivated Lands, Forests and Settlements 

(Table 4). Categorizing the above listed LULC classes was done based on visual 

interpretation of the satellite images and field observation as well as some literatures 

were also used. These were the existing LULC classes for the study area and the 

description of these land use land cover categories is given below in Table 4. 

Table 4: Land use land cover classes used in the study area 

Land use land 
cover Classes 

Characterization of features 

Grazing Lands 

Grass and herb cover with scattered trees and shrubs and are areas with 
permanent grass cover used for livestock grazing including communal and 
protected areas. They tend also to be open areas with good visibility on flat areas 
and hill slopes and are homogeneous, no pattern compared to agricultural land. 

Shrubs Shrubs, bushes and young tree species have increased in density to be co-
dominant with herbaceous plants in terms of cover 

Cultivated Lands This unit includes cropping area. Cultivated and fallow lands have a 
characteristic pattern such as sharp edges between fields.  

Forests Natural forests and woodlands with a composition of different tree species. 
Settlements Rural settlements in the study area. 

Source: Hurni and Ludi, 2000 
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Figure 4: Satellite images of the study catchment (a) 1987, (b) 2000 and (2013) 

 

The image data files used for the study were downloaded in zipped files from USGS 

website and were extracted to Tiff format files. Though the bands of the images were 

originally ortho-recitified, it was necessary to geo-reference them so that they fit and 

align to extent of the existing dataset.  

The images files were firstly imported into ERDAS9.2 Imagine Image Processing and re-

projected to the projection called Adindan UTM Zone 37N which was the same 

projection used for other datasets. Layer stack technique was performed to group the 

needed bands together. This was followed by performing further image enhancement 
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techniques for the 1987 image to remove few cloud covers on the upper points of the 

catchment.  

3.2.6.1.1. Supervised Classification  
Supervised classifications require a prior knowledge of the scene area in order to provide 

the computer with unique training classes. It is the job of the user to define the original 

pixels that contain similar spectral classes representing certain land cover class. 

Three land use land cover maps were generated for the three corresponding years, 1987, 

2000 and 2013. Classification was performed based on a supervised maximum likelihood 

classifier. During the image classification, 25 training points were marked and used to 

determine various land use land cover classes found in the study watershed using GPS. 

These points were used to sample representative signatures for the various land cover 

types identified during the field visit. Following this, supervised land use land cover 

classification has been carried out and the changes in the land use land cover within the 

periods were also determined using ERDAS IMAGINE9.2 software. Maps have been 

generated to indicate the variability of the vegetation in different years and to view the 

statistics result of each land use land cover dynamics.  

3.2.6.2.  Soil Loss Assessment Using RUSLE 
The RUSLE model was applied in order to map the soil erosion potential areas and to 

estimate the amount of potential annual rate of soil erosion on Denki river catchment of 

Ankober Woreda during the two study periods (1987-2000 and 2000-2013). All map 

layers were generated in a raster GIS environment (grid–based approach) based on the 

main soil erosion controlling factors, including climate (R-factor), soil characteristics (K-

factor), topography (LS-factor), land cover and management (C-factor) and support 
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practice for soil conservation (P-factor). These parameters derived from different data 

sources such as DEM (SRTM), soil map, climate (rainfall data) and remotely sensed data 

were used in the RUSLE model. The different data sources have had different data 

formats, projections, data quality and spatial resolution. The use of GIS provided the 

tools to manage and analyze these data. Each layer was organized in a grid format with a 

cell size of 30x30 meters.   

As described in the previous sections, the USLE is an empirical model developed by 

Wischmeir and Smith (1978) to estimate the long term average soil loss by sheet and rill 

erosion from fields and the equation is mathematically denoted as:  

       A (tons/ha/year) = R * K * L * S * C * P   

where A is the average annual soil loss (mass per area per year), R is the rainfall and run 

off erosivity factor, K is the soil erodability factor, L is the slope length factor, S is the 

slope steepness factor, C is the crop/cover management factor and P is the erosion control 

practice or land management factor. In this study, the analysis of each process factor was 

derived as follow:  

3.2.6.2.1. Rainfall Erosivity Factor (R)  
The soil loss is closely related to rainfall partly through the detaching power of raindrop 

striking the soil surface and partly through the contribution of rain to runoff (Morgan, 

1994). There are different ways of analyzing the R-factor. For instance, the following 

formulas have been applied in different parts of the world (Morgan, 1994).  
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a) R=9.28*P–8838. Mean annual erosivity (KE > 25) where P is mean annual 

precipitation ( Morgan, 1994). 

b) R=0.276*P*I30. Mean annual EI30, where P is mean annual precipitation (Foster et 

al., 1981) 

c) R = 0.5 * P (in US unit) and R = 0.5 * P *1.73 (in Metric unit) (Morgan, 1994). 

However, in this study, the erosivity factor R was calculated according to the equation 

given by Hurni (1985), derived from a spatial regression analysis (Hellden, 1987) for 

Ethiopian conditions, based on the easily available mean annual rainfall (P). The R-factor 

is given by a regression equation as: 

R = -8.12 + 0.562P ………………………………………… (Eq1) 

Where R is the erosivity factor and P is the mean annual rainfall in mm. 

Hence, each grid cell of mean annual rainfall was calculated based on the above equation 

to get the R-value using ArcGIS10.1 software. A total of twenty years monthly rainfall 

data were collected from six meteorological stations (Gorebella, Alyu Amba, Gachene, 

Debele, Debre-Berehan and Debre-Sina) located near the study area and these data were 

used to calculate the 20 years mean P-value of each station.  

The 20 years mean P-value of the six stations was then interpolated using the Spline 

Interpolation tool from the spatial analyst extension in ArcGIS10.1 to generate spatially 

distributed R-value (Figure 5). Finally, the erosivity (R) factor was obtained using the 

raster calculator in raster calculator of spatial analysis toolbox. The output of the analysis 
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is presented in Figure 5 as R= ("p-value"*0.562)-8.12; where P is the interpolated raster 

value from point data of rainfall. According to the result, R-value ranges from 696.45– 

900.51mm (Figure 5). 

 

Figure 5: Erosivity factor (R); interpolated p-value (left); generated R-factor (right). 

 

3.2.6.2.2.  Soil Erodability Factor (K)  
Vulnerability of the soils to get eroded is referred to as erodability of soils. Soil 

Erodability Factor (K) is defined as mean annual rainfall soil loss per unit of R for a 

standard condition of bare soil, recently tilled up-and-down on a slope with no 

conservation practices and on a slope of 5 and 22m length (Morgan, 1994). Renard et al. 

(1997) also defined the K-factor as the rate of soil loss per unit of R-factor on a unit plot. 

The value of K ranges from 0 to 1 (Renard et al., 1997). 
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For Ethiopian condition, Hellden (1987) proposed the K-values of the soil based on their 

color by adapting different sources (Table 5). Erodability factor data for Ethiopia has 

been prepared by the Soil Conservation Research Project (SCRP) and are reproduced 

(SCRP, 1996). 

Table 5: Soil Erodability factor  

Soil color Black Brown Red Gray 
K-factor 0.15 0.2 0.25 0.35 

 

Source: Hellden, 1987 

In this study, the FAO digital soil classification map was obtained from the Ministry of 

Water and Energy of Ethiopia (MoWE, 2012). However, the soil data of the study area 

were in their morphological names not in their color. An attempt was made to classify the 

soil types of the study area based on their color by referring the FAO soil database. Two 

major soil categories, namely Lithic Leptosols and Eutric Leptosols (Annex 1), were 

identified in the study area. After assigning values for each soil types, the soil map was 

reclassified with a grid map of 30m-cell size using the adopted K values by Kaltenrieder 

(2007). However, since there were only two major soil types found in the watershed from 

small scale map, it was found necessary to make more detailed soil by field survey using 

GPS and Munsell soil color chart. Thus, soil color were determined from 25 points in the 

watershed and assigned K values as their soil color (Annex 1). Finally the points were 

interpolated using spatial analysis interpolation of IDW in ArcGIS10.1 to represent the 

watershed (Figure 6). The value of K ranges from 0.150001 to 0.349983 (Figure 6). 
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Figure 6: Soil Erodability (K) factor map 

 

3.2.6.2.3.   Slope Length and Slope Steepness Factor (LS)  
The slope length and slope steepness (LS-factor layer) can be used in a single index 

which expresses the ratio of soil loss as defined by Wischmeier and Smith (1978). Slope 

Length (L) is given by the following expression; 
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L = (λ/22.13) m,   m=F/1+F;         ……………………………… (Eq2) 

Where λ=slope length (m), m=the dimensionless exponential exponent that depends on 

slope steepness and β is slope angle. The percent slope was determined from digital 

elevation model (DEM) (Figure, 7); while a grid size of 30m was used as field slope 

length (λ). The value of F was also determined using raster calculator in ArcGIS10.1. The 

value of L was then determined using raster calculator in Arc GIS10.1 by the following 

expression: 

L = (pow([Flowacc]+900,([m]+1))-pow([Flowacc],[m] + 1))/(pow(30,[m] + 2) 

*pow(22.13,[m])) 

Slope Steepness (S) 

Using Con toolset in Arc GIS10.1, the value of S was determined by the following 

expression:  

S =Con (tan ([slope] x 0.01745) < 0.09, (10.8 x sin ([slope] x 0.01745) + 0.03), (16.8 x 

sin ([slope] x 0.01745) - 0.5))…………………………… (Eq3) 

After determining the L and S for each grid cell, the LS factor was then determined by 

multiplying the L and S values in ArcGIS10.1 and a map of the LS factor was produced 

(Figure 8). The value of LS ranges from 0.03 to 16.912 (Figure 8). 
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Figure 7: DEM showing elevation of the study area 
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Figure 8: Slope gradient and slope length (LS) factor 

 

3.2.6.2.4. Crop Management Factor (C)   
The crop management factor represents the ratio of soil loss under a given crop to that of 

the bare soil (Morgan, 1994). In this research, the land use land cover is the variable to 

show its potential impact on soil erosion. The land use land covers of the three years 

(1987, 2000 and 2013) were used to determine the c-value. After changing the coverage 
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to grid, a corresponding C-value was given to each land use classes (Table 6). Then, 

Rasterization and Reclassification method in ArcGIS10.1 were used in order to make 

suitable for model input and thematic map generation. The c-value ranges from 0.01 to 

0.17 (Figure 9).  

Table 6: The C-value for different land use land cover types as given by different authors. 

S/N Land use C-value References 

1 Forest 0.02 (Hurni, 1988) 

2 Cultivated Land 0.17 (Hurni, 1988) 
3 Shrubs 0.014 (Wischmeier and Smith, 1978) 

4 Grazing Land 0.01 (Eweg and van Lammeren, 1996) 
5 Settlement 0.03 (SWCS, 2003) 
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Figure 9: Crop Management factor (C-value) for the three years 

3.2.6.2.5. Erosion Management Practice Factor (P-value) 

The erosion management practice, P value, is also one factor that governs the soil erosion 

rate. The P-value ranges from 0-1 depending on the soil management activities employed 

in the specific plot of land. These management activities highly depend on the slope of 
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the area (Wischmeier and Smith, 1978) and the slope classes of the study watershed is 

shown in Figure 10. 

 

Figure 10: Slope classes of the study watershed 

 

Wischmeier and Smith (1978) calculated the P-value by delineating the land in to two 

major land uses, agricultural land and other land. The agricultural land sub-divided in to 

six classes based on the slope percent to assign different P-values (Table 7). In this study, 

the same technique was employed to assign the P-value of the watershed (Figure 10). The 

p-value of the watershed ranges from 0.11 to 1 (Figure 11). 
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Table 7: Values of Erosion Control Practices (P-value) for the two land use categories  

Land 
use type 

Slope (%) P-factor 

Agricultural 
land 

0-5 0.1 
5-10  0.12 
10-20  0.14 
20-30   0.19 
30-50 0.25 
50-100   0.33 

Other Land  All 1.00 
Source: Wischmeier and Smith, 1978 

 

Figure 11: P-factor the of the study watershed for the three years 



By: Aklile Nigatu              E-mail: akaeabi@yahoo.com 

49 

 

After all the five different map layers of soil erosion controlling factors were generated in 

a raster GIS environment (grid–based approach), all the four RUSLE parameters 

temporally remain constant and the values of crop management (C-factor) and support 

practice (P-factor), which are dependent to each other, change both spatially and 

temporally. Through integrating ArcGIS10.1 software, the revised universal soil loss 

equation (RUSLE) was employed to estimate the average annual soil loss existed in the 

Denki River Catchment for 1987, 2000 and 2013. Besides, the statistic tool has been used 

to calculate the amount of the soil loss potential and to classify the level of the soil loss 

potential in the study area. 
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Chapter 4: Results and Discussion 

4.1. LULC Change and Dynamics  

Through applying the remote sensing technique for interpreting the three years satellite 

images, the land use land cover types of the study catchment were classified (Figure 12). 

As described in the analysis section, the land use land cover types in the study area for 

the first two years (1987 and 2000) were defined into four types, namely forest land, 

grazing land, shrubs and cultivated lands whereas there have become five land use types 

in 2013 including settlement area. 
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Figure 12: Land use land cover maps of 1987, 2000 and 2013. 

 

Figure 12 presents that the study watershed is predominantly occupied with cultivated 

land. The cultivated and forest lands were the two most dominant land use land cover 

types, while settlement was visible in 2013 and occupied a very small portion of the 

entire watershed area. Examination of the satellite derived thematic maps and field 

survey revealed a varying degree of changes in the composition of LULC categories in 
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the study areas over a span of three decades. The total extent or composition of individual 

LULC classes and their dynamics is presented in Table 8.  

As shown in Table 8 below, the cultivated and forest lands remain the two dominant land 

use classes during the study period and together occupy about 80% of the total catchment 

area in 2013. The forest land was reduced to 1,216ha (16.1%) in 2013 compared to 

1985ha (26.3%) in 1987 where as the cultivated land was increased to 4,851ha (64.3%) in 

2013 compared to 2,787ha (36.9%) in 1987. The reduction of the forest land during the 

past 26 years is approximately 16.8% compared to the original area in 1987 and the 

increment of the cultivated land during the same period is approximately 42.6%. There is 

not only a decrease in aerial extent of the forest land but it also became more fragmented 

during the study period. The possible reason for the reduction in forest land might be 

degradation of forest due to the expansion of agricultural land (Alemayehu, 2011) as a 

consequence of rapid population growth (Hurni, 1993). Additionally, shrubs and grazing 

land covers have been drastically reduced, which could be another cause for the 

increment in agriculture land cover. 

Forest, the second most prominent land cover in the watershed, was mostly found in the 

hilly and mountainous north western part of the watershed, with few forest patches being 

distributed in relatively along the main river course and peripheral region of the 

watershed. Similar to phenomena elsewhere in the country and the world (Teshome, 

2007; Meyer and Turner, 1994), the study site has also witnessed an encroachment of 

forestland for agricultural and infrastructure development and for illegal timbering 

activities, which resulted in the decline of the total forest area. 
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Though there was a gradual decrease of the forest cover in the watershed during the first 

study period (i.e. 26% in 2000 from 26.2% in 1987), this land cover significantly shrank 

to 16% in 2013 from 26% in 1987, indicating reduction of approximately 17% since 

1987. The areas where the remaining forests are located on hilly and mountainous 

landscapes and are the most inaccessible sites in the Woreda, whereas the complete 

disappearance of small and medium sized isolated forest patches in the mid-land and low-

land areas is attributed to the population increase during the study period. 

Table 8: Trend and magnitude of LULC dynamics during 1987-2000, 2000-2013 and 
1987-2013 

S/N 
Land 

Use/Cover 
Types 

1987 2000 2013 LULC Changes 
Area 
(ha) 

Cover 
(%) 

Area 
(ha) 

Cover 
(%) 

Area 
(ha) 

Cover 
(%) 

1987-
2000 

2000-
2013 

1987-
2013 

1 Grazing Land 1220 16.2 1208 16.0 863 11.4 -12.1 -345.1 -357.2 

2 Shrubs 1558 20.6 1125 14.9 604 8.0 -433.4 -520.4 -953.8 

3 Cultivated Land 2787 36.9 3756 49.7 4851 64.3 968.9 1095.4 2064.4 

4 Forests 1985 26.3 1462 19.4 1216 16.1 -523.5 -245.8 -769.3 
5 Settlements 0 0.0 0 0 16 0.2 0.0 15.9 15.9 

Total  7,550.00  100  7,550.00  100  7,550.00  100       
 

The areas where forest cover persists are located on hilly and mountainous landscapes. 

Additionally, analyzing the LULC maps of the three years, it was further evident that the 

disappearance of forest patches took place relatively at the downstream parts of the 

watershed. While the forest on the hilly and inaccessible portions remained relatively 

intact.  

It is interesting to observe emerging human settlement areas in the recent year (2013) that 

occupies relatively small portion (<1%) of the watershed. The rural developing centers at 
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the three rural PAs (Chibtie of Hagere Selam PA, Zego and Lay Gorebella PA centers) in 

the watershed are the largest contiguous areas under settlement category, while other 

settlements were mainly small, dispersed village communities and are very difficult to 

easily detect from the satellite images. The steady population increase and the prevailing 

human dominated activities in the study area led to sprawling increase in cultivation land 

and settlement covers during the last three decades.  

A significant reduction in the aerial extent of shrub lands category was observed from 

1987 (20.6%) to 2013 (8%). The rapid expansion of the cultivated lands was the reason 

for reduction of the aerial extent of shrub lands in 2013. Similarly, the previous grazing 

land is being converted to other land use types primarily to cultivated land in recent years 

(11.4%) compared to its cover in the previous study years (16% in 2000) and (16.2% in 

1987). As described earlier, the variation is mainly due to change in rapid expansion of 

cultivated lands as a result of population pressure which is also substantiated by the 

additional information obtained from the Ankober Woreda Agricultural Office and other 

research outputs conducted elsewhere in Ethiopia (Eleni et al., 2013; Geist and Lambin, 

2002 and Gete and Hurni, 2001).  

4.2. Soil Erosion and Potential Risks  

After all the six layers were combined and multiplied using raster calculator in 

ArcGIS10.1 from all existing surface information based on the relationship defined by 

the RUSLE model, the result (output) layer of the three years were generated which gives 

the rate of annual soil loss by erosion at a pixel level in a raster format (Figure 13).  
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 From the result of the analysis of the soil loss rate in the study area using the RUSLE 

model, the soil erosion potential for the study catchment showed that the values range 

from 0.006 to 505.723t/ha/yr in 1987, 0.013 to 224.308t/ha/yr in 2000 and from 0.161 to 

227.97t/ha/yr in 2013 (Figure 13). 

 

Figure 13: Map of mean annual soil loss of 1987, 2000 and 2013 in the study catchment 
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It was also found that the mean annual soil loss rate of the study catchment was 

17.69t/ha/yr, 20.38t/ha/yr and 29.08t/ha/yr in 1987, 2000 and 2013 respectively (Table 

9). Compared to the proposed tolerable range by Hurni (1985) for different agro-

ecological regions of Ethiopia i.e. 2t/ha/yr-16t/ha/yr, the amounts of the mean annual soil 

losses of the study catchment for the three study years (1987, 2000 and 2013) are much 

greater. 

Table 9: The mean annual Soil losses per hectare for the three study years 

S/N Year Mean soil loss(t/ha/yr) Annual Soil loss (t/yr) 

1 1987 17.69 132661 

2 2000 20.38 154911 

3 2013 29.08 220156.11 

 

4.3. Soil Erosion Risk  Based on Sub-watersheds  

The total watershed was sub-divided into six major sub-watersheds (Figure 14) in order 

to identify the critical sources of soil erosion within the watershed. The ranks of Sub 

watersheds have been given on the basis of mean soil loss t/ha/year.  
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Figure 14: Soil loss map of the major Sub-watersheds of the study watershed  

 

According to the result, there has been observed very high soil loss in the upstream 

mountainous and in the hilly parts of the study watershed (Table 10). Out of the six 

ranked sub-watersheds, sub-watersheds 04, 02 and 01 experience above the annual 

average soil loss rate (37.15, 36.79 and 31.28t/ha/yr respectively) of the entire watershed 

due to high contribution from C and P factors. These sub-watersheds are also found in the 
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upper part of the watershed. Relatively low mean annual soil loss rate (12.84t/ha/yr) is 

observed in Sub-watershed-05 which is located in the lower reach (southern part) of the 

watershed. About 50% of the sub-watersheds fall in below the annual average soil loss of 

the entire watershed. 

Table 10: Ranked Sub-watersheds based on potential soil loss 

Sub 
watershe

ds Area (ha) MIN MAX 
MEAN 
(t/ha/yr) SUM (ton) 

Ranks of the 
Sub-watershed 

04 1791.62 0.035 224.31 37.15 708777.00 1 
02 1223.21 0.032 227.97 36.79 479290.00 2 
01 1659.40 0.034 188.38 31.28 552703.00 3 
03 995.59 0.022 202.41 24.59 260739.00 4 
06 800.92 0.017 158.64 21.21 180885.00 5 
05 1027.89 0.016 150.80 12.84 140572.00 6 

 

Similarly, on the basis of annual soil losses, sub-watersheds 04, 02 and 01 were found to 

be the highest soil erosion risk areas in the watershed. Considering the annual soil loss 

from each sub-watershed, it is possible to fix priorities through that the sub-watershed 

that comes first is given the top priority for developing the management plan to reduce 

the soil and nutrient losses. 

4.4. Impact of LULCC on Soil Erosion Risk  

In order to evaluate the effects of LULCC on the soil erosion potential in the Denki river 

watershed, the RUSLE model was run for 1987, 2000 and 2013 separately. During each 

model run, all parameters remained the same, except values of the C and P factors, which 

were changed according to the LULC of the respective year (Figure 13). Since the C-
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factor in the RUSLE model directly depends on land use land cover, the change of land 

use type had a significant influence on soil loss potential.  

However, the effect of changes of land use land cover and management on the output of 

the soil loss was almost twofold. The first effect results from overall compositional 

change of LULC categories which has direct bearing on spatial distribution of the C-

factor. The second effect arises from redistribution of individual patches of LULC 

categories, which would alter the association of particular LULC category with terrain 

slope and soil properties. This is of significance because a particular LULC category will 

have a different erosion potential for a different slope and soil. Thus in the present study, 

special emphases were given for the different associations of LULC with terrain and soil 

to explore and reveal the underlying mechanism for changed erosion pattern of the study 

site. Therefore, the high reduction of forest and shrub land areas and substituted 

predominantly by cultivation lands over 1987-2013 periods which reduced the protective 

function of the land, have led the dramatic increase of soil loss in the watershed which 

can negatively impact to the soil productivity.  

Table 11: Mean Annual Soil Loss from each land use land cover types for each study 
year and its Trend over the study periods 

 
Mean Annual  soil 

Loss (t/ha/yr) Change of soil loss (t/ha/yr) 
CLASS_NAME 1987 2000 2013 2000_1987 2013_2000 2013_1987 
Grazing Land 10.31 6.32 4.38 -3.99 -1.94 -5.93 
Shrubs 6.58 15.13 17.33 8.56 2.19 10.75 
Forests 11.05 11.51 14.15 0.46 2.64 3.10 
Cultivated Land 31.98 29.86 38.71 -2.11 8.85 6.73 
Settlements 0 0 7.71 0.00 7.71 7.71 
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During the two study periods, the trend of soil loss in the three study years indicates that 

a sharp increase for shrubs, forest and cultivated lands (Table 11) while there is a 

declining trend on the grazing lands.   

The major source of increased erosion in the study watershed is the cultivated LULC 

classes. The total erosion in the cultivated land area was 31.98t/ha/yr in 1987 and this 

value was increased to 38.71t/ha/yr in 2013 (Table 11). Increased soil loss in the 

cultivated areas was not surprising because larger cultivated area meant larger areas are 

mostly disturbed and exposed to different erosion agents and therefore increased potential 

of soil erosion. 

In the case of the shrub land areas, total erosion was 6.58t/ha/yr 1987 and this value was 

increased to 17.33 t/ha/yr in 2013 (Table 10). Although the increase in erosion potential 

in the shrub land areas (163 percent increase from 1987 to 2013) are comparable with 

increased erosion potential in cultivated land areas (21 percent increase from 1987 to 

2013), cultivated LULC areas increased by 74.06 percent, whereas the reduction in shrub 

land area was 61.23 percent. This suggests that reduction of shrub lands has a greater 

influence on erosion potential than the agricultural areas. However the total loss is greater 

on the cultivated land as it is the most dominant land use land cover type. 
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Chapter 5: Conclusion and Recommendations 

5.1. Conclusion  

 
This study revealed that land use land cover change is a widespread, accelerating and 

significant process in the study watershed. There is a sharp increase in cultivated land 

while there was a sharp decrease in shrub, grazing and forest lands during 1987-2013. 

Cultivation on marginal and steep-slope areas which shows a strong relation to 

population pressure on natural resources without sustainable land use system, has been 

found to be the root causes of land use and land cover dynamics and the problems 

associated to them. The cultivated land is expanding with the highest magnitude with an 

expense of other land use land cover classes.  

The study also demonstrates that the RUSLE model together with remote sensing and 

geographical information systems are useful tools to identify the long term LULCC and 

its consequences on soil erosion risk on an agricultural watershed level between 1987 and 

2013 and to facilitate sustainable land management through conservation planning. The 

overall land use land cover change over the two study periods has affected the watershed 

negatively by increasing soil erosion risks. The mean soil erosion rate for the study 

catchment was increased from 17.69t/ha/yr in 1987 to 29.08t/ha/yr in 2013. The land use 

land cover change in the study catchment, including the expansion of cultivated land in 

more marginal and steep areas without appropriate conservation measures and reduction 

of grazing, forested and shrub lands are the main causes for the increasing of mean soil 
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loss in 2013. The intense rainfall and steep topography and low vegetation cover coupled 

with cultivation on steep lands without inadequate conservation practices also contributed 

for the high rate of soil loss in the Denki river watershed. Results of the analysis on the 

rate of soil loss from each land use land cover in the study watershed also revealed that 

the transition of other LULC categories to cropland was the most severe, while the forest 

and shrub lands were the most effective barrier to soil loss.  

5.2. Recommendations  

This study mainly focused on identifying the long term LULC changes and its impacts on 

soil erosion risk. Further studies can address what specific conservation structures are 

required and what possible effects will the anthropogenic and socioeconomic factors have 

for identification of the causes of erosion risk in the watershed. Based on the results of 

this study, the following recommendations are proposed for action. 

 Since cultivated and forest lands are the most dominant LULC classes, 

implementation of best agricultural practices, tillage operation, construction of 

terraces/bunds and development of vegetative cover giving priority to more 

erosion prone sub-watersheds would be suggested for reducing soil erosion risk of 

the watershed.  

 Awareness creation among the society on optimum use of natural resources, 

practicing appropriate conservation systems, minimizing driving forces such as 

population pressure and their respective benefits is so important for sustainable 

land resource management.  
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 Application of RUSLE model integrating with climatic, soil, topographic and 

remotely sensed data within a GIS environment was found very helpful in 

quantifying the past and present LULC and soil erosion status from which an 

appropriate planning could be made for the future. These tools could thus be 

applied in other parts of the country for assessment of LULC changes and 

delineation of erosion-prone areas for prioritization of areas for conservation.  
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Appendix 1: Soil color surveying points and their respective K-
values (Soil erodability factor) by using Munsell Color Chart  

        

S/N 

Location of Sample Points 
(UTM) major_soil type Color K_value Points 

 X Y 
 1 591703 1059986 Lithic Leptosols Brown 0.2 p1 
 2 592236 1060782 Lithic Leptosols Brown 0.2 p2 
 3 592498 1061160 Lithic Leptosols Black 0.15 p3 
 4 592612 1061048 Lithic Leptosols Black 0.15 p4 
 5 590156 1064266 Eutric Leptosols yellow/red 0.25 p5 
 6 589701 1064626 Eutric Leptosols yellow/red 0.25 p6 
 7 589209 1064263 Eutric Leptosols yellow/red 0.25 p7 
 8 586647 1062139 Eutric Leptosols Black 0.15 p8 
 9 582404 1066027 Eutric Leptosols Brown 0.2 P9 
 10 583249 1065972 Eutric Leptosols Black 0.15 p10 
 11 583226 1065245 Eutric Leptosols Brown 0.2 P11 
 12 582940 1065721 Eutric Leptosols brown 0.2 p12 
 13 582471 1065725 Eutric Leptosols Black 0.15 p13 
 14 586039 1067353 Eutric Leptosols Brown 0.2 p14 
 15 585727 1067431 Eutric Leptosols Brown 0.2 p15 
 16 588227 1062711 Eutric Leptosols Brown 0.2 p16 
 17 588516 1062613 Eutric Leptosols Brown 0.2 p17 
 18 590172 1064605 Eutric Leptosols Red 0.25 p18 
 19 590574 1065544 Eutric Leptosols Brown 0.2 p19 
 20 590281 1065561 Eutric Leptosols Brown 0.2 p20 
 21 588863 1064779 Eutric Leptosols Gray 0.35 p21 
 22 588786 1064801 Eutric Leptosols Gray 0.35 P22 
 23 590005 1066168 Eutric Leptosols Gray 0.35 P23 
 24 589555 1065427 Eutric Leptosols Gray 0.35 P24 
 25 589470 1065466 Eutric Leptosols Gray 0.35 P25 
   

      
 

 


