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    ABSTRACT 

LULC changes and land degration risk has become one of the most important  ecological issues 

and their impacts on natural resources have gained increased attention at global level.The main 

objective of this research is to assess the temporal  impacts of LULCCs to estimate average annual 

soil loss  and to identify the soil severity losses and piorities areas within the sub-watersheds that 

needs urgent attentions  for the protection and conservation practices. And  also to identifying the 

erosion risk areas in  producing  erosion  map by using RUSLE models in  the study areas.The 

satellite image data,RS and GIS tools were  used for the LULC classification detection and shown 

their maps.The RUSLE parameters were analyzed and overlain using raster calculator  in Arc-GIS 

10.3 environment to estimate erosion rate and map erosion risk  areas.The result showed that both 

cropland and human settlements had expanded with 4,376 ha and 7,212 ha .But the expansion is 

not continuous and the waterbody increased by 1,425 ha over the period.On the other hand, both 

forestland and grasslands were reduced greatly at varying rates of change per annum.They were 

reduced by 3,992 ha and 9,022 ha over the period of study.The result showed that the soil losses  

from less than 10t/ha/yr to more than 100t/ha/yr in the steep slope areas of the study area.The 

estimated soil loss for the study area ranges from the  zero to 143t/ha/yr with the mean annual soil 

loss of 18.63t/ha/yr.It was also divided into different sub-watersheds and five erosion classes were 

categorized.The risk areas were prioritized for soil conservation  interventions. In this study, the 

expanded in cropland, human settlement and water body areas, while both forest land and 

grasslands were reduced at largely.The RUSLE model factors showed as the soil loss rate of the 

study area was ranged from zero to 143 t/ha/yr with the mean annual soil rate of 18.63t/ha/yr.  

Therefore, land use and land cover changes and their impacts on soil erosion are very vital to 

sustain and plan appropriate for soil conservation strategies due to the land use. 

 

 

 

 

 

 

Keywords:-LULCCs; soil erosion; GIS, RS and RUSLE Models, Arjo Dedessa Sub-Watershed.
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CHAPTER ONE: INTRODUCTION 

1.1. Background of the Study 

Land is one of the most important natural resources, as life and various developmental activities are 

based on the land (George et al., 2016). According to Ghosh and Porchelvan, (2017) now a days land use 

and land cover change analysis becomes a fundamental component in understanding the relationship 

between human being and natural environment. The increasing investigation of LULCC helps worldwide 

in managing natural resources. As Lambin et al., (2001) stated that land use/land cover change is a 

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

factors driving LULCC involves the growing in human population and population response to economic 

opportunities (Lambin et al., 2001 as cited in Chaubey et al., 2011).  

Today, environmental changes including the impact of land use and land cover change and their impacts 

on natural resources have gained increased attention at global level continously. Land use/land cover 

change is one of the most ecological issues/environmental problems and challenges, which strongly 

influence the processes of deforestation, urbanization, overgrazing and agricultural expansions. 

LULCC is a major issue of concern with regards to change in the global environment. The rapid 

population growth and expansion of urban centers, scarcity of land, the need for more production and 

changing technologies are among the numerous drivers of LULCC in the world today.On the other hand, 

LULCCs as mentioned by Cheruto et al., (2016) respond to socio-economic, political, cultural, 

demographic and environmental conditions and forces which are largely characterized by high human 

populations. So, LULCC has become one of the major concerns of researchers and decision makers 

around the world nowadays. The widespread, accelerating and significant processes of LULC dynamics 

are the most important impelled by human actions and at the same time resulting to changes that impact 

human livelihood as Cheruto et al., (2016) and modify the availability of different important resources 

including vegetation, soil, water, and others. 

As indicated by different researchers, LULCC is a wide spread and accelerating process, mainly driven 

by natural phenomena (like earth quakes, volvano eruptions etc) and human induces, which in turn drive 

changes that would negative impact on natural ecosystem (Ruiz-Luna and Berlanga- Robles, 2003; 

Turner and Ruscher, 2004) and Rawat and Kumar, (2015).According to Meshesha et al., (2016) in the 

21 century land cover dynamics have the global concern with the dramatic implication for human 

survival. Land cover change is the change in the physical as well as biological characteristics of land 



    

2 

 

which is attributable to management including conversion of grazing and forest land into farming land, 

pollution and land degradation, removal of vegetation, and conversion to non- agricultural uses (Quentin 

et al., 2006; Prakasam 2010; Shiferaw 2011 ,and  Meshesha, 2016). 

As stated by Minale et al., (2011) as pointed out that related population pressure found to be negative 

result on land use change. Soil erosion, land degradation, destruction of habitat and biodiversity; loss of 

endemic species due to out migration are resulted from land use dynamics (Meyer and Turner, 1992). 

There was mis-management of natural resources such as: overgrazing, deforestation and expansion of 

agriculture into the marginal land used for agriculture and as well as steep slope for the survival of their 

livelihoods (Grepperud 1996; Minale and Rao 2012; Amare 2013; Asres et al., 2016). Intense pressure 

on agricultural land, forest land and the availability of fuel wood in the sounding area in Ethiopia is the 

result of spatial and demographic changes; it exerts massive pressure on land use, agricultural 

productivity, and the use of ecosystem (Minale and Rao, 2011). 

Hence, in most parts of the world, particularly in developing countries agriculture is the livelihoods of 

the population in turn primarily the most driver of land use change. In Ethiopia, agriculture is the 

backbone of the country‟s economy where its production is highly dependent on natural resources 

(Aklilu and Graaff, 2007 and Ayalew, 2015). According to Mitiku et al.,(2002) land degradation is a 

major cause of poverty in Ethiopia and  the degradation mainly manifests itself in terms of lands where 

the soil has either been eroded away and/or whose nutrients have been taken out to exhaustion without 

any replenishment. Soil erosion by water and its associated effects are recognized to be severe threats to 

the national economy of the country and mainly occur in the highlands of the country (Hurni, and 

Sutcliffe, 1993; Tamene, 2005).  

Similarly, Soil erosion by water is one of the major factors affecting sustainability of agricultural 

production in Ethiopia and it is one of the biggest problems resulting in both on-site and off-site effects. 

The direct on-site effect is related to farming practices (Hurni, 1993 as cited in Sisheber et al., 2017) 

which is often linked to loss of agricultural soil by runoff. Annually, Ethiopia losses over 1,493 million 

tons of top soil from the highlands due to erosion, which could add about 1.5 million tons of grain to the 

country‟s harvest (Hurni, 1993; Lulseged et al., 2008; Yitbarek et al., 2012; Erkossa et al., 2015). 

Further, about 43 % (537,000km
2
) of the total highland areas of Ethiopia are highly affected by soil 

erosion with an estimated average of 20t/ha/yr and measured amounts of more than 300t/ha/yr on 

specific plots (Hurni, 1990; Paulos, 2001; USAID CRSPT, 2000). As stated by Dimyati et al., (1996) 

cited as by Rawat and Kumar, (2015) land use/cover are two separate terminologies which are often 
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used interchangeably. Land cover refers to the physical characteristics of earth‟s surface, captured in the 

distribution of vegetation, water, soil and other physical features of the land, including those created 

solely by human activities like settlements. While land-use refers to the way in which land has been used 

by humans and their habitat, usually with inflection on the functional person of land for different 

economic activities. 

Both LU and LC are two fundamentals describing the terrestrial environment in connection with natural 

and human activities, and the interrelated term of LULC includes LU and LC analysis of change is 

prime importance to understand in many social, economic and environmental problems Mifta et 

al.,(2017).Thus, GIS and RS have proved to be useful tools for assessing the spatio-temporal dynamics 

of LULC and information about change is required for up-dating LULC maps and the management of 

natural resources Mifta et al.,(2017) and it is also very crucial to have continual, historical and precise 

information on LULCCs of the earth‟s surface for any kind of sustainable development program in 

which LULC serves as one of the major input criteria. And also the modeling of LULCC is important 

with respect to the prediction of soil erosion and degradation. So, in Arjo Dedessa Sub-Watershed,the  

impacts LULCC has been one of the most important issues on natural resources and also their impacts 

on rural agricultural areas.Particularly,nowadays the establishment of Arjo Dedessa Sugare Cane 

Plantation in the area is one of critical issues for the destructions of  forestland and grasslands.The 

prediction of erosion and /or degradation typically involved the use of empirical models such as USLE 

Wischmeier and Smith, (1978) and it was later developed RUSLE Renard et al., (1997). RUSLE is one 

of the most commonly applied models to estimate soil erosion (Renard et al., 1997 and Leh et al, .2011). 

Therefore, in this study, RUSLE model is used to estimate soil loss for Arjo-Dedessa Sub-Watershed 

and all factors map of the models are integrated in GIS environment.It is to be integrated with GIS to 

determine all parameters of these models for natural resources management and conservation response is 

very essential. 
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1.2. Statement of the problem 

Arjo Dedessa District is one of the rural Woderas of Oromia Regional State which is found in the western 

part of Ethiopia that inherited the physical and socio-economic situations prevailing in the country and 

which is characterized by acute  soil erosion that affects the lives of the farming community.The Woreda 

is also known for its undulating to rolling plains and valleys, subsistence agriculture, significant 

deforestation, overgrazingland and the area has considerably soil loss by water and is among the known 

woredas in the country for its accelerated expanding degraded land (Geremew Bayata et al.,1998). 

They have been the rapidly increasing the demands of population on the land use is highly influenced on 

the land degradation and soil erosions. The interest and demands of the woreda communities on the use 

of land is the extensively increasing from time to time in area and as a result, the forestland and grassland 

areas volume is now gradual diminished and also which is one of the most serious impacts on the loss of 

different biodiversities.Currently,the intensity and rate of change in the land use to exceed the present 

capacities of a lot of individual societies are highly dangers particularly,on the land uses and is  one of 

major problems for the  soil losses. Hence, the population growth, agricultural expansion, human 

settlement, deforestations, overgrazing, land fragmentation, , improper land management, heavy rainfall 

and undulating plains and valleys  of the study area is the largest part of the district‟s land surface  is 

exposed to seriously soil erosion by water. 

Therefore, this study is important to make temporal access of land use and land cover changes and its 

implication to the soil resources of the area under investigation.Thus, this research has a vital 

contribution in addressing the main drivers of land use and land cover changes and its impacts on soil 

erosion as well as on agricultural productivity in relation to the socio-economic set up of the study area 

by using Geographic Information System (GIS), Remote Sensing (RS) and Revised Universal Soil Loss 

Equation (RUSLE) models. 

1.3. Research Objectives 

1.3.1. General Objective 

The  overall  objective of this study  is  to  assess  the impact of land use and  land cover changes  on soil 

erosion risks in agricultural  areas in Arjo-Dedessa  sub-watershed , over the  last  two decades of  

periods between 1997-2017 by  using integrating Geographic Information System (GIS), Remote Sensing 

(RS) techniques and  Revised Universal Soil Loss Equation (RUSLE) Models. 
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1.3.2. Specific Objectives 

    The Specific objectives   of this research were stated as below; 

1)   To detection the land use/land cover changes in the sub-watersheds over the specified time periods 

(1997-2017). 

2)   To assess and analysis the impact of temporal land use and land cover change for the last 3 decades 

on soil erosion. 

3) To estimate the average annual soil loss of the sub-watersheds by using RUSLE model. 

4) To prioritize areas within the sub-watersheds that needs urgent intervention of protection and    

conservation practice. 

1.4. Research Questions 

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

1)  What is the change in LULC occurs in the sub-watersheds during the period of 1997-2017? 

2)  What is the mean annual rate of soil loss rate inthe Arjo -Dedessa sub-Watershed? 

3)  Where is the area of most severe accelerate soil erosion occur? 

1.5. Scope of the study 

The study covered only the impact of land use and land cover status of the study area from 1997-2017 

within the years of 1997, 2007 and 2017 as the period/date land use/land cover changes(LULCCs) 

between the years, and its impacts on soil erosion over the last past of 20 years in the study area. The 

study was covered  the whole sub-watershed of Arjo-Dedessa  river catchments which delineated to  the 

Dedessa Rivers, due to  the impacts of land use /land cover change on soil erosion by using geographic 

information system, remote sensing techniques and revised universal soil loss equation models and the 

remote sensing  satellite data of 1997, 2007 and 2017 periods  are implemented. 

1.6. Significance of the study 

The most significant element in the process of economic development of any country involves 

appropriate land resource management. Ethiopia is primarily based on agriculture and hence adequate 

and sustainable agricultural production depends on the appropriate land resource management.The land 

use and land cover change within the study area has scientific and developmental importance for the 

future. The researcher believes this project will provide base line information on issues of land use and 

land cover change and dynamics in relation to vegetation cover change in the study area. Basically, such 

information is vital for comparing the past and present situation and predicts the future trends of the 
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LU/LC change and expanding such method of protecting the soil degradation and expanding such 

techniques to Arjo Dedessa Sub-Watershed in Western Ethiopia. 

This study is also significant to understand the situation of land use/land cover and soil resource in the 

Sub-Watershed and helps to develop conservation strategies for future sustainable land use strategies. 

The result of the study is assumed to be significant for the land use and land administrative managers, 

policy and decision makers at different levels; agriculture and rural development officers and agents at 

the District and/or other levels, researchers and other concerned bodies to make land resource analysis. 

This study is therefore, community of Arjo-Dedessa benefit primarily and furthermore, policy makers, 

development planners, local land managers and concerned bodies benefit a lot from this project. 

1.7. Structure of the Thesis 

This thesis is organized into five chapters. Chapter one deals with the background of the study, 

statement of the problem, research objectives, research questions, scope of the study, significance of the 

study, limitation of study and structure of the thesis. Chapter two   concerns review related literature.  

Chapter three deals methodological and data analysis procedures including the study area description 

were presented. The fourth chapter represents the results and discussion of the study. The fifth chapter 

was the last and it deals about the conclusion and recommendations of the study area. 
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CHAPTER TWO: LITERATURE REVIEW 

This chapter presents the basic concepts and meanings of land use/land cover changes, revised universal 

soil loss equation, remote-sensing and geographic information system, soil erosion and also the degree of 

erosions interms of global perspectives, in Africa as well as in Ethiopia, land use/land cover change 

classification, accuracy assessment and the others  wereinvolved. Further more, it tries to explore the 

findings of relevant studies that have been studied previously in different areas in Ethiopia particularly, 

related to land use/land cover changes and its impacts on soil erosion, due to this, environmental issues 

like agricultural production declines, climate changes, impact on ecosystem and others were conducted. 

2.1. Concepts and Definition of Land Use and Land Cover Changes 

Land comprises the physical environment, such as climate, relief, soil, hydrology and vegetation, to the 

extent that these influence potential for land use. Land use refers to the manner in which human beings 

employ the land and its resources for different activities. Land use involves the management and 

modification of natural environment or wilderness into built environment, such as settlements and sem-

natural habitats such as arable as mentioned by (Ratnaparkhi, Nagne and Gawali, 2016) one of the prime 

pre-requisites for land use control and management is information on the existing land use patterns and 

changes in land use through time. 

Land cover refers to the physical and biological cover over the surface of land, including water, 

vegetation, and bare land, soil, and/or artificial structures.According to Ratnaparkhi et al., (2016) land 

cover stated as also implies the physical/natural state of the earth‟s surface and the manner in which land 

use /land cover (involving all forms of physical development) or human activities on the land is varied 

over time defines the concept of land use change. 

LULC is a dynamic and complex process that can be worsened by a number of human activities. As 

stated by (lambin et al., 2001 as cited in Chaubey et al., 2011) LULCC as one of the main driving forces 

of global environmental change is central to the sustainable development debate. LULCCs have impacts 

on a wide range of environmental and landscape attributes such as, the quality of water, land, air 

resources, ecosystem processes and function, and the climate system itself through greenhouse gas 

fluxes and surface albedo effects (Phukan, Thakurian, and Saikia, 2013). However, now a 

daylanduse/landcover change has been an important research field and it is the most sensitive indicators 

of the interactions between human activities and their natural environment. As indicated by 

Alkharabsheh et al., (2013) natural and human induced on LULCC has significantly impacts on regional 
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soil degradation, including soil  erosion, soil acidification ,nutrient leaching and organic matter 

depletion, and in recent years  a number of studies have been carried out to estimate the potential effects 

of LULCC on soil erosion at different spatio-temporal scales. 

Land use/land cover is a consequence of geographic and socio-economic factors and their use by man 

for various activities in space and time. The land is a valuable resource; it is damaged due to different 

human activities such as urbanization, industrial development, agricultural expansion and infrastructural 

development.Landuse/land cover changes also have an impact on hydrology such as infiltration, 

evaporation and runoff (Jamal Mohamed  et al.,2014 as cited in  Madhu et al., 2017).The impact of 

LULCC is the most important of the land surface changes in many parts of the developing country has 

been that of man‟s activities, especially overgrazing ,farming, bush burning, wood cutting and other 

activities such as road construction etc,(Baltimore,1987  and  Ku et al.,2017). 

2.2. GIS and RS Application on Land Use and Land Cover Change Studies 

Geographic information system and remote sensing are well-established information technologies, and 

their applications in land and natural resources management are nowdays extensively recognized.In this, 

the current technologies such as GIS and RS provide a value effectiveand accurate alternative to 

understanding landscape dynamics. According to Rimal (2011) stated as the applications of GIS and RS 

in digital change detection techniques based on multi-temporal and multi-spectral remotely sensed data 

have demonstrated a great potential as means to understanding landscape dynamics such as;detect, 

identify, map and monitor various in land use/land cover patterns over time ,irrespective of the causal 

factors. Recent improvements in satellite image quality and availability have made it possible to perform 

image analysis at much larger scale than in the past and GIS has huge possible as an environment for the 

conception of dynamic models of physical environmental processes. RS and GIS are power tools to 

derive accurate and timely information on the spatial distribution of LULCCs over large areas Gawali et 

al., (2016). GIS provides a flexible environment for collecting, storing, displaying and analyzing digital 

data necessary for change detection while RS imagery is the most important data resource of GIS and 

the satellite imagery is used for recognition of synoptic data of earth‟s surface Gawali et al., (2016). 

2.2.1. Remote Sensing 

Remote sensing delivers a crucial source of real time data related to land use/land cover change, soil 

erosion and land resource features. According to Ku et al., (2017) stated that, remote sensing can be 

defined as any process whereby information is gathered about an object, area, or phenomena without 

being in physical contact with it.RS is the science and art of obtaining information about an object, 
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anarea, or phenomena through the analysis of data acquired by a device that is not in contact with the 

object, the area and/or phenomena under investigation (Lille and Kiefer, 2004). 

Remote sensing is the acquisition of information about an object phenomenon without making physical 

contact with the object and thus in contact to on site observation. According to Maheswari,(2017) 

indicated as in modern usage the term generally refers to the use of aerial sensor technologies to detect 

and classify objects on earth by means of procreated signals.RS can be defined as any process whereby 

information is gatheredabout an object, area, or phenomenon without being in physical contact with 

it.Giventhisrelatively    overall definition, the term has come to be associated more specifically with the 

gauging of interactions between earth surface materials and electromagnetic energy. 

2.2.2. Geographic Information System 

Geographic information system has emerged as aninfluential tool for handling, analyzing and managing 

spatial and non-spatial geo referenced data for the preparation and visualization of input and output Geo 

data analysis and also the use of GIS techniques has a capability of erosionmodeling and the impact of 

land use/land cover change on soil erosion. GIS can beused to scale up to regional levels to classifying 

the land use and also quantify the differences in soil loss as well as it estimates the erosion rates at 

different scale of data layer used in the modeling processes. 

According to Ku et al., (2017) it is a computer used for capturing, storing, checking, displaying data 

related to positions on earth‟s surface and similarly,according to  Maheswari et al., (2017) studied as it  

is  a computer system capable of assembling, storing and manipulating, analyzing and displaying 

geographically referenced information. And furthermore, this system contains both data identified 

according to their location, geographic and non-geographic data. 

GIS by definition is a technology designed to: capture, store, manipulate, analyze, and visualize the 

diverse sets of referenced data that are required to support accurate modeling of the earth‟s 

environmental processes. As indicated by (Michael F, et al., 1996 as cited in Ruishe et al., 2014) showed 

that the links between GIS that capture this data and simulation modeling offer tremendous possibilities 

for building multi-purpose support systems for managing the environment. In addition to this with the 

development of GIS, RS and GPS, it has been used to set up soil and water erosion assessment system 

for erosion monitoring, forecasting and rapid investigation. Thus, at present the product from the 

Environmental System Research Institute (ESRI) is very popular, such as ArcGIS, ArcSDE and Arc 

IMS.Therefore, in this study, the integration of GIS and RS has the powerful tool in the assessment of 
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land use/land cover dynamics impacts on soil erosion at various times and to quantify the potential 

erosion risks in the study areas. 

2.3. Soil Erosion 

Soil erosion is one of the most commonly land degradation in the worldwide, which is linked due to 

different hydrological factors, such as water , wind etc.It is one of the significant processes that cause 

soil damage, while erosion is simply the movement of materials from one place to another by certain 

media such as running water, rainfall, winds, etc. According to (S.K.Jain, et al., 2001 as citedin Sahu et 

al., 2017) soil erosion is a complex dynamic process which includes detachment, transport and 

subsequently deposition.Soil erosion by water as currently as one of the most significant soil 

degradation processes globally Pimentel et al., (1995). Soil erosion is a serious risk to global agricultural 

sustainability because soil resources are finite on a human time scale.  

According to Vanwalleghem et al., (2017) showed that sustainable agriculture depends on among many 

other issues, on how efficiently it can use the natural resources, particularly soil and water. In a recent 

review, Sposito, (2013)explained how man‟s use of soil and natural resources in their quest to face the 

food demand of the world population approaches the limits of three main constraints; such as land use, 

water use and ability to produce crops.Soil erosion is the major agricultural and environmental problem 

for human being. For instance, it is the removal of upper layer of the earth by the action of water, wind 

and many other processes like tillage. At present time it is the concern of all scientist and researchers to 

see that proper action should be taken at the field level to avoid the consequences of soil erosion 

problems Prasad et al., (2016).  

2.3.1. Soil Erosion in Ethiopia 

Soil erosion and land degradation is a major watershed and sub-watershed problem in many developing 

countries, including Ethiopia. Because of the rugged terrains or the topographic area, the rates of soil 

erosion and land degradation in Ethiopia are high. For more than 34% of the land area of the Ethiopia, 

the soil depth is already 35cm as described by (SCRP, 1996 as cited in Case et al., 2017). In Ethiopia, 

soil loss due to water erosion is serious on economic and environmental problems Alemu et al., (2013). 

Soil erosion in the form of soil degradation is a serious and continuous problem all over the world, 

particularly in the developing countries involving Ethiopia. According to Amsalu and Mengaw, (2014) 

indicates, soil erosion is the direct result of the mis-management of the soil by man in his effort to obtain 

a living from it. Different studies reported that cultivation without using specific control techniques and 

unplanned land use, like uncontrolled urban development, deforestation and unproperly-agricultural 



    

11 

 

practices are key factors of soil erosion. It is clearly evident that the ultimate cause of erosion in human 

himself contributing about 60%-80% of all soil erosion and soil degradation (McNeill, 2000 as cited in 

Amsalu and Mengaw, 2014). 

Due to uncontrolled and un manageable inference of people to the land,worldwide, 80% of agricultural 

land suffers from moderate to soil erosion and consequently around 65% of the soil in sub-Saharan 

Africa is said to have undergone degradation (Loulseged and McCartney, 2000 and  Amsalu and 

Mengaw, 2014). In Ethiopia, agriculture is a long history of activity with a high level population 

pressure and exploitive nature of agricultural practices has led to existing depletion of vegetation covers 

and over-exploitation of land resources. In this case, it leads consequently, to high soil erosion mainly 

on cultivated and grazing lands. Although, at country level; total soil loss by erosion from all land is 

estimated at almost 1.5 billion tons per years and on average 42 tons per hectare, of which 45% 

originates from cropland alone. But, in the highlands of Ethiopia, the annual soil loss reaches upto 200-

300 ton per hectare, making the total loss of 23,400 million ton per year Amsalu and Mengaw, (2014). 

The long-term average soil loss rates from cultivated plots are also the highest among nation wide sites. 

Accordingly, asmentionedto the above, similar to the study area has been severely affected by water 

erosion. Because of that the areal coverage of the study area has the diverse of topography/undulating 

land forms and high amount of rainfall receivesare one of the major factors for soil erosion by water in 

Arjo Dedessa Woreda sub-Watershed. 

2.4. Factors Affecting Soil Erosion 

Soil erosion is caused both by natural factors and human activities, mainly by the mis-management of the 

soil by human beings such as cultivation of steep slope areas (with slopes greater than 50%), 

deforestation and improper agricultural practice Gustafson, (2005). According to McNeill, (2000) stated 

that human activities contribute for about 60%-80% of all soil erosion and soil degradation. In general; 

there are five primary types of factors that affected soil erosion. Such as climatic factor, soil factor, 

topography, land use/cover and agricultural support practice. According to Costick, (1996) stated as these 

factors are dependent on each other, as geology affects topography, which can influence climate and the 

like. 

2.5. RUSLE Model 

The RUSLE Model: - is an erosion model measured to predict the long term average annual soil loss 

caused by runoff from specific field slopes in specified cropping and management systems including 

rangeland (Alkharabsheh, Alexandridis, Bilas, Misopolinos and Silleos, 2013). Recently, RUSLE is the 
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most extensively used model. As indicated by Mill Ward and Mersey, (1999) RUSLE model has 

advantages because its data requirements are not too complex, it is relatively easy to understand, it is 

compatible with GIS environment and is also used in conjunction with raster based GIS environment. 

The RUSLE model groups are many influences on the erosion process into five categories such as 

climate factors, soil types, topography, land cover management and conservation practices are the main 

factors considered in the modeling processes. The product of these factor values gives the expected soil 

loss in t/ha/yr, depending on the dimensions used in the climate and soil factor (Renard et al., 1997 as 

cited in Mengaw et al., 2014). Thus, the RUSLE model parameters are used for computing the expected 

annual average erosion through the following equation developed by Renard et al., (1997). 

                       A=RxKxLxSxCxP---------------------------------------- (1) 

Where; A is the mean annual soil loss in tones per/hectare/year, R is the Rain fall erosivity factor, K is 

the Soil erodability factor, S is the Slope steepness, L is the Slope length, C is  the Cover/crop 

management factor and P is  the Conservation practice factor. 

2.6. Remote Sensing and GIS Applicationin Soil Erosion Assessment 

Application of GIS in the case of soil erosion assessment became a very essential factor in soil erosion 

studies and consequently in the development of appropriate soil conservation strategies. There are 

several GIS base models used to estimate soil loss; including Distributed Soil Erosion Model (DSEM), 

Modified USLE, Gully Surface Growth and Gully Head Advance, etc. Hence, in this study, the most 

common method for soil erosion assessment is the use of USLE (Desmet P J.J and G.Govers, 1996) and 

which was later revised to RUSLE by Renard et al., (1997) it is one of the most commonly applied 

models to estimate soil erosion. As Sohan Wijesekera and Lal, (2001) indicated  as the modeling of 

USLE in a raster GIS using cell gradient and aspect for slope length factor computations resulted in very 

satisfactory outputs and thus, indicating the potential of GIS model for planning purposes. The 

integration of existing soil erosion models, field data and data provided by RS technologies through the 

use of GIS, appears to be an asset to further exploit. Reclassification is consistent with the USLE models 

role as a conservation management tool, where relative comparisons among areas are more significant 

than any assessment of absolute soil loss in a particular location. 

Todays exactness farming equipment based on GPS enable land owners togather spatially distributed 

data that has the potential to be used in addition to common sources of topographical information 

(Shougang, Na, and Ruishe, 2014).There are a number of parametric models have been developed to 

predict soil erosion at drainage basins. While RS technique makes it possible to measure hydrological 
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parameters on spatial scales with GIS integrates the spatial analytical functionality for spatially 

distributed data. Some of the inputs of the model such as cover factor and to a lesser extent supporting 

conservation practice factor and soil erodability factor can also be successfully derived from remote 

sensed data. According to Ruishe et al., (2014) stated that the advance of GIS provides a method and 

tool that can be used to help solve the problems with use of RS and GPS for satellite image processing 

and in this the use of GIS for data capture, result analysis, data storing and model forecastingis more 

applicable in soil erosion assessment. 

2.7. Remote Sensing Data Analysis in Land Use and Land Cover Changes 

Remote sensing (RS) is the science and art of obtaining about an object, an area or a phenomena through 

analysis of data acquired by device that is not in contact with the object, the area or phenomena under 

investigation by (Lille and Kiefer, 2004).Remote sensing   provides a large variety and amount of data 

about the earth surface for detailed analysis and change detection with the help of various space borne 

and airborne sensors. It presents the powerful capabilities for understanding and managing the earth‟s 

natural resources. RS have been proven to be a very useful tool for land use and land cover change 

detection. 

Further more, remotely sensed satellite images provide valuable data sets that can be used to analyze, 

and monitor changes in ecosystems through change detection. Several studies have investigated the 

ability of satellite imagery, such as Landsat, MSS, TM and ETM+, OLI-TIRS, etc have to perform 

environmental change analysis over time. The most commonly used in remote sensing datafor the 

extraction of earth‟s surface feature for the classification of land use/land cover changes are; Landsat, 

SPOT, Radar,  Aerial photography, IKONOS, MODIS, AVHRR, etc are more applicable. 

2.7.1. Accuracy Assessment 

According to different scholars (Abu baker et al. 2013; Tilahun and Teferi, 2015) indicated as accuracy 

assessment or corroboration is an essential step in the processing of remote sensing data which 

determines the information values of the resulting data to a user. In thematic mapping from remotely 

sensed data, the term accuracy is used typically to express the degree of „correctness‟ of a map or 

classification Foody, (2001). A thematic map derived with a classification may be considered accurate if 

it provides an unbiased representation of land use/land cover of the region it portrays. Therefore, in 

classification accuracy is typically taken to mean the degree to which the derived image classification 

agrees with reality or conforms to the „truth‟. A set of reference pixels representing geographic points on 

the classified image required for the accuracy assessment. Randomly selected reference pixels eliminate 
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the possibility of bias as indicated by Congalton, (1991). According to Lu, et al., (2007) the most 

common accuracy assessment elements include overall accuracy, producers, users and kappa coefficient. 

And as well as accuracy assessment is an essential and crucial part of studying image classification as 

LULCC detection in order to understand and estimate the changes accurately. It reveals the extent of 

correspondence between what is on the ground and classification results. According to Cheruto et al., 

(2016) it is important to be able to derive accuracy for individual classification if it the resulting data are 

to be useful in change detection analysis. 

2.8. Different Studies Related to Land Use and Land Cover Changes in Ethiopia 

In Ethiopia different numbers of studies have been conducted in different scholars on land use/land cover 

changes and its impacts on soil erosion in many parts of the country, particularly in the highlands of the 

northern part of the country. One of the most serious and critical problems soil erosion due to land 

use/land cover changes are agricultural practices in many of developing world, including Ethiopia. Land 

use change is driven by natural phenomena and anthropogenic activities, which in turn drives changes 

that would impact the ecosystem (Gol et al.,2010; Rahdary et al., 2008 and  Kahsay, 2004) indicates 

agricultural land expansion and the ensuring land degradation and land use change. It is one of the 

negative impacts of land use change is the loss of fertile top soil that has multifaceted implication. 

According to (Mulugeta, 2004; Abate, 2010; Amanuel Abate, 2014 and Feyissa, 2015) the agricultural 

sector in Ethiopia is increasingly being confronted with the pressure from a rapidly growing population 

and diminishing natural resources. Agriculture faces the challenge of providing food for a growing 

population. Land use and land cover changes and socio-economic dynamics have a strong relationship as 

indicated by (Solomon, 1994; Kebrom, 1999 and Melese, 2016) spatial and demographic changes in 

Ethiopia have an acute impact on agricultural land and the supply and amount of fuel in the surrounding 

areas. Generally, land use/land cover changes are significantly impacted on crop production and soil 

degradation, forest resources degradation, loss of biodiversity, hydrological cycle, climate change and 

also land degradation and soil erosion, and others are the main impacts of environmental/ecological/ 

problems at global level, especial in the developingworlds like African Countries, and also involving 

Ethiopia is high significantly influenced. 
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CHAPTER 3: MATERIALS AND METHODS 

3.1. Description of the Study Area 

3.1.1. Geographical Location 

Arjo Dedessa District is found in East Wellega Zone of Oromia Regional State, western part of Ethiopia 

which is bounded with latitude of 8
0
33‟0‟‟-8

0
55‟0‟‟N and longitude of 36

0
22‟0‟‟-36

0
44‟0‟‟ E along 

Nekemte to Bedele main road. It is also located west of Addis Ababa at the distance of 379 km and 48km 

from the zonal capital city of Nekemte Town. Arjo Dedessa is one of the 17 districts and one city town in 

East Wellega zone, which is located in the southern part of the zone.The numbers under the legends  

shows that the different sub-watersheds which are found in the study area and the location map of the 

study area is shown in the following figure 1. 

 

Figure 1: Location Map of the Study Area. 

According to new structures, Arjo Dedessa has 21 kebeles and two administrative urban centers, with a 

total area of 75,812 square kilometers. The capital city of this district is known as Arjo Town. This 

district occupies nearly 3.05% of the zone‟s total areas. The woreda shares common boundaries with 
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Nunu Kumba, Leka Dulecha, Guto Wayu, Buno Bedele/Ilu Aba Bora zone (woredas) in East and South, 

North and North West, North, West and south west respectively.  

3.1.2. Climate 

Climate, the long term effect of sun‟s radiation on the rotating earth has varied surface and atmosphere. 

It can be understood most easily in terms of annual or seasonal averages of temperature and 

precipitation. Since most of the district is situated an elevation of greater 1,200m.a.s.l. Because of this, 

the climatic type of the study area is mainly characterized as tropical and sub-tropical climate region. 

The majority of the area is characterized by humid tropical climate with heavy rainfall and most of the 

total annual rainfall is received during one rainy season which is called kiremt/summary. The mean 

annual precipitation of Arjo Dedessa Sub-Watershed was 2,923mm and the lowest and the highest mean 

annual monthly rainfall was recorded in the months of January (41.3mm) and July (512.7mm) 

respectively ( figure 2). The minimum and maximum temperature in the study area was 8.9
0
C and 

26.1
0
C respectively. The area experiences the main rainy season‟kiremt‟ which commences in June and 

extends to September (figure 2). 

3.1.2.1. Rain Fall 

The total means annual rainfalls based on 20 years records from 1997-2017 was 2,923mm.Even though, 

the intensity varies almost months receives rainfalls. From March to October are months with high 

rainfall.However, the lowest mean monthly rainfall (41.3mm) which was recorded in the month of 

January while the highest mean rainfall (512.7mm recorded in July and the mean average monthly 

rainfall was 243.6mm.From the (figure 2) as showed that the rainfall in the study area is unimodal with 

monthly rainfall rising progressively from March to a peak at August andthen, descends gradually to the 

month of December. Hence, the months from March to October are the time of the area receives more 

(91.85%) of the total rains of the study area. 
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Figure 2: The Graphy of the Monthly Rainfall Distribution Shown at Arjo Dedessa Station. 

Accordingly, as obtained  to the  rainfall data from the National Metrological Agency (NMA,2018), in 

addtition to the  above  rainfall data, the rainfall distribution recorded over 20 year periods showed 

variations that ranges from 700.5mm in 2014 to 2766.5mm in 2007  as showed in  figure 3. 
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Figure 3:  The Annual Rainfall Distribution and Erosivity Trend at Arjo Dedessa Station. 

3.1.2.2. Temperature 

The temperature data for the years from 1987-2017 indicated that the temperature of the study area 

ranges from 8.9
0
C to 26.1

0
C and the total mean annual average temperature was approximately 19.05

0
C. 

The hottest and coldest months were February (26.1
0
C and July 8.9

0
C), and also the highest and lowest 

mean annual monthly temperature was recorded in the months of December (32
0
C) and July (20.5

0
C)  

respectively as indicates as in below figure. 
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                   Figure 4: Showed the Mean Monthly Temperatures at Arjo Dedessa (1987-2017). 

3.1.3. Altitude and Drainages 

Regarding the topographic features of the district, it is characterized by undulating plains and valleys 

with different proportion of up and down section. According to the agro-climatic classification of 

Ethiopia described by (MoA and RDE et al., 2005 as cited in Feyissa et al., 2015) the landform/relief of 

the study area can be divided into three major physiographic entities based on their elevation.The 

lowlands with <1,500m a.s.l, mid-altitude with 1,500-2,300 m.a.s.l and highlands with >2,300m a.s.l 

(with 30%, 58% and 12%) coverage‟s respectively (from figure 5). With the exception of areas along the 

Dedessa river valley, most of the land mass of the district has higher altitudes, especially the landform 

areas surrounding Arjo town has an elevation of greater than 2,000m.a.s.l.  

 

The altitudinal range of the district varies from 1,260 to 2,700m.a.s.l. However, with exception of Gindo 

and Mod Mountain, which have an altitude of 1,940 meters and there is no prominent maximum 

mountain in the district.In the district, there are many rivers that continuously drain throughout the year, 

namely; Nagesso, Asendabo, Kumbabo, Kurufa, Raka, Abayi, Chancho, Gobu, Bole, Chenew, Haro and 

etc, with high volume and consistent flows. Although, as mentioned to the above rivers; there are some 

streams that flowing as tributary to the major rivers such as Samsa, Tiksa, Sheto, Gerba and the others. 
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Figure 5: The Agro-Ecological Zone of Arjo Dedessa District. 

In addition to the above datas according to a survey of the land in the Woreda shows that 59.8% is 

arable or cultivable, 9.6% pasture, 8.4% forest and the remaining 22.2% is considered as  Swampy,  

mountainous or other wise unusable are shown   below. 
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Figure 6: Indicated as the Percentages of Land Functions at Arjo Dedessa Woreda. 

3.1.4. Soil Types 

Arjo Dedessa processes different soil types associated with the geomorphology and geology of the area. 

Soils of moderately stream dissected plateaus with flat to gently undulation are deep to very deep, well 

drained, clay loam to clay textured soils. As stated by (Geremew et al., 1998 as cited in Feyissa et al., 

2015) most areas of Dedessa valley and foot slopes of Imbatu ridge have silty clay loam, gravely clay 

and sandy loam soils. According to the extracted digital soil data obtained from the Oromia Water works 

Design and Supervision Enterprise, the study area has six major soil classes based on FAO/UNESCO 
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soil classification systems. They are Acrisols, Cambisols, Leptosols, Lixisols, Nitisols, and Vertisols. 

Among of these concerning the soil of the district, there are two dominant types of soils in the area. In 

These six major types of soils in the study, the most dominant soil is covered by Nitisols.  Nitisols 

covers most parts of the district, which has a good for agricultural production potential. Whereas 

Acrisols, which occur mostly on the sloping terrain areas which has less for agricultural potential, such 

types of soil is mainly found along Dedessa river valley areas, bordering to the west Wellega Zone.  

3.2. Land Use and Land Cover 

From the relatively present, (2017 year) Landsat image data, the land use/land cover of the area possesses 

categorized into five types/units. Such as cropland, forestland, grassland, water body and human 

settlement areas (figure 15).The lowlands around Dedessa Rivers are covered with revering/venerating/ 

forests, sparse vegetation and different woody grasses. Various patches of the highlands are largely 

covered with man made and very little natural vegetations of variety species. During, the study area, they 

are very scarceremnants of the original natural vegetations are mostly found in few pouches/pockets/ of 

Dedessa Valley. Thus, the distribution of tree species different from place to place in the Woreda and the 

vegetation of the area compose some of scattered trees, bushes and shrub species are found over the 

highland areas. 

3.3. Socio-Economic Structure of Arjo-Dedessa Woreda 

3.3.1. Population Size and Distribution 

According to the population and housing census conducted by central statically agency (CSA) in the year 

of 2007 and the Oromia planning and Economic Development Commission projection in 2018, the total 

population of the Woreda is 120,714. From this figure, the total number of the male population is 58,873 

and out of this, the female population is 61,841 respectively. The total   number of rural population is 

105,656 (for male 51,446, and for female 54,211) respectively. Although, the urban population size 

15,057, out of this population size, the figures of male and female are 7,427 and 7,630 

respectively.Therefore, around 87.5% of the total population of the district is living in rural areas, 

whereas their occupation is mainly depend on agriculture, the remaining is living urban areas (12.5%). 

The total population density of the Woreda is 1,592.28 populations per square kilometer and the total 

demographic population data   of study area is shown in the following table. 
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Table 1: Shown the Population Data of Arjo Dedessa District. 

S/No Urban Population Rural Population Total Population 

1. Total  Male Female Total  Male Female Total  Male Female 

2. 15,057  7,427      7,630  105,656  51,446  54,211  120,714  58,873  61,841  

In % 12.5% 6.2% 6.3% 87.5% 42.6% 44.9% 100% 48.8% 51.2% 

Source: (CSA, 2007 & OPEDC, 2018) 
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Figure 7: The Graphy of Population Data for Arjo Dedessa Woreda. 

3.3.2. Economic Activity 

The economic activity in this woreda, agriculture is the main dominant sector and biggest employer of 

the economically active population in the Woreda (more than 85% of the total population is depending 

on this sector). The farming system in the Woreda is a mixed agricultural type (grain crop and livestock 

production). Agriculture in the Woreda is characterized by extremely small holdings that are private 
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farmers and dispersed cropland holdings. The livelihood of the community is depending on mixed 

farming system, which crop production and animal rearing is the main economic activity. The  highest 

sources of livelihood which accounts about 97% of population is depend on agriculture and the rest of 

population who lives in town engage in small trade and daily laborer. 

3.4. Data Sources: 

There are two cagetories of datas were used to collect.They are primary and secondary data sources.The 

primary sources were collected during  the study of field working and management practice conservation 

to prevent  soil erosion.While  the secondary sources were collected/obtained from different sources.Such 

as:-satellite images,rainfall and temperature data from NMA,soil types from OWWDSE,etc. 

3.4.1. Primary Data Sources 

The primary data sources were collected as the study during the field working/observation and 

management practices to prevent soil erosion. The primary sources were also collected from different stake 

holders /communities and from government offices that was used for this study area interms of 

interviewing to across check within the results of image classifications and to predict the trends of the past 

to the present situations Arjo Dedessa Sub-Watershed. 

3.4.2. Secondary Data Sources 

The secondary data sources were obtained from different data sources.Such as those described below and 

the others were used. 

1) Satellite images of Landsat-5 (18 February, 1997), Landsat-7 (10 March, 2007) and Landsat-8 (08 

January, 2017) for path 170 and row 054. Multiple bands were acquired from website of United States 

Geological Survey (USGS)–earth explorer. usgs.gov.downloaded. 

2) Rainfall data (1997-2017) obtained from the National Metrological Agency (NMA). 

3) The temperature data from 1987-2017 for 30 years also obtained from NMA. 

4) Geological and soil type map of Arjo-Dedessa from the Oromia Water Works Design and Supervision 

Enterprise. Different published journals, and related to researches conducted from different studies were 

used and the others. 

3.4.2.1. Rainfall Data 

The rainfall data were collected from the National Metrological Agency (NMA) of Arjo and nearest 

stations for Arjo surrounding stations.  For this study, the long-term records of the ten stations (such as 

Arjo, Bedele, Arb-Gebeya, Getema, Nekemte, Kone, Atnago, Sibu-sire, Bilo-boshe and Agaro) worked 

by NMA were taken as the basis for this study to generating erosivity factor maps. The mean annual 
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rainfall is interpolated from these ten stations in Arc-GIS environment by the spatial analyst tools and 

then, the analysis is done by using the raster data model to shown the R-factor map of the study area. 

3.4.2.2. Soil type Data 

The soil data for this study was obtained from Oromia Water Works Design and Supervision Enterprise. 

In this,1:250,000 scale of soil raster shape file data was changed in vector formata and the high 

resolution data provides better information about the soil types in the study area. The soil feature map of 

the study area was by obtained by clipping of the Oromia spatial zone soil map with the study sub-

watershed in the Arc-GIS environment. So, a soil map based on vector format data was used to estimate 

the soil erodability in RUSLE models. For this study, erodability value (K-factor) is assigned for each of 

the six soil types.Such as; Acrisols, Cambisols, Leptosols, Lixisols, Nitisols and Vertisols based on their 

colors (Hurni, 1985; Hellden, 1987 and Minale et al., 2016). 

3.4.2.3. Digital Elevation Model (DEM) Data 

A Digital Elevation Model (DEM) for the study area at resolution of 30m by 30m was downloaded from 

the United States Geological Surveys (USGS) website (http://www.earthexplorer.usgs.gov/).The DEM 

was used for automatic delineation of the catchment and also to define the stream network and 

determine sub-basin parameters such as a slope, according to Anaba et al., (2017). ASTER (Advanced 

Space-borne Thermal Emission and Reflection Radiometer) and Digital Elevation Model (DEM) was 

used.  So, in this, 30m by 30m spatial resolution DEM was imported to Arc-GIS environment to produce 

in projected coordinate system of UTM zone of 37 N, WGS84. Each of DEM grid cell contains a value 

corresponding to its actual elevation across the landscape in the actual world. Therefore, in this study, 

DEM serves as the primary input for calculating the slope length and slope steepness factors and   help 

to generate the slope map of the study area. 

3.4.2.4. Land Use and Land Cover Data 

Land use and land cover maps of 1997, 2007 and 2017 were used in this study. These images were 

obtained by visual interpretation of remotely sensed images retrieved from USGS TM, ETM+ and OLI-

TIRS satellites (http://www.earthexplorer.usgs.gov/) in path 170 and row 054 at spatial resolution of 30 

by 30m. These images were classified into five types of land use /land cover changes, such as: - 

cropland, forestland, grassland, water body, and human settlement areas. Land use/land cover types in 

according to Anaba et al., (2017) level I generalized classification system using maximum likelihood 

supervised classification tool in Arc-GIS. 

 

http://www.earthexplorer.usgs.gov/
http://www.earthexplorer.usgs.gov/
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Table 2: Satellite Images Used for LULC Changes Analysis and Their Charateristics for the Study. 

Satellite  

Images 

Periods Path Row Sensor Spatial 

Reso/n(M) 

No.of 

Bands 

Date of  

Acquisition 

Cloud 

Cover 

Sources 

Landsat-5 1997 170 054 TM 30X30 2,3,4 18 Febr,1997 0 USGS 

Landsa-7 2007 170 054 ETM+ 30X30 2,3,4 10 Mar,2007 0 USGS 

Landsat-8 2017 170 054 OLI-TIRS 30X30 2,3,4 08 Jan,2017 0 USGS 

3.4.3. Field Observation 

By using GPS reading from the major land use/land cover (LULC) classes for supervised classification 

on the field survey, a general data on the physical condition of the area such as cropland, forestland, 

grassland, water body, and human settlement land areas and also soil types of the study area was 

observed. In addition to this, informal interviewing of the local community, Arjo Woreda Agricultural 

and Natural Resource Management Office, Rural Development Agents, and the Rural Land 

Administration and Use Office would have provide important information about the trends of the past 

and present conditions/situations of the study area. 

3.5. Methodology 

3.5.1. Satellite Images 

According to Abburu and Babu Golla, (2015) stated as satellite images are rich and plays a vital role in 

providing geographical information. Satellite and remote sensing images provides quantitative and 

qualitative information that reduces complexity of field work study time Abburu et al., (2015). There is 

a strong need of effective and efficient mechanisms to extract and interpret valuable information from 

massive satellite images. Satellite image classification is a powerful technique to extract information 

from large number of satellite images. 

Therefore, for this study, landsat imageries of TM, ETM+ and OLI-TIRS have been used. For making of 

land use/land cover map of study area in the periods of 1997, 2007 and 2017 based on supervised image 

classification techniques and formative the land use/land cover changes by using statistical detection 

method. Moreover, in order to view and differentiate the surface features clearly, all the input satellite 

images were composed showed by RGB (Red, Green and Blue) color composition. 

3.5.2. Geographic Information Systems 

Geographic information system provides efficient methods for analysis of LULC issues and tools for 

land use planning and modeling made possible to study, the changes in land cover in less time, at low 

cost with better accuracy Khan and Jhariya, (2016). Application of GIS for this study was to delineating 
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Google Earth Maps and derivation of catchment physiographic characteristics by using spatial 

overlaying techniques and thematic database queries. Acquired Multi-temporal (1997, 2007 and 2017); 

satellite imageries of the study have been imported to ERDAS 14 image processing software. Image 

processing and classification techniques were applied on the raw imageries.Over the last 20 years study 

of the classified images have been used in extraction of information on the land cover condition and 

statistical qualification of changes by using multi-temporal GIS analysis.  Application of RUSLE model 

in a GIS environment was done after some modification in calculation of specific factors like rainfall 

(R), LULC map, soil (K) and others were the results of the studies. Finally, individual GIS files were 

built for each factor in the RUSLE and combined by cell-grid modeling procedures in GIS software to 

predict soil loss in a spatial domain. 

3.5.3. Land Use and Land Cover Classification 

Different land use and land cover classification systems are continuing. However; they have been no 

international recognized and designated as a standard because, they have lack in fulfilling those 

requirements and different perspectives in the classification processes. According to (USGS, in 1970s 

and FAO, 1980s) is one of the most significant classification systems and in this study follows its basic 

concepts on major land use/land cover (LULC) mapping labors/efforts. In this, land use and land cover 

change classification is based on the available satellite images of the study area. The classification of 

satellite imageries is to categorize pixels on an image into LULC categories. The landsat TM, ETM+ 

and OLI-TIRS images were undergone to pre-processing, processing, and post processing stages and to 

ultimately get the land use and land cover maps of the study area for the three time periods of 1997, 

2007 and 2017 respectively. Generally, the most significant procedures that are used in this study were 

shownin the following flow charts. 
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Figure 8: Procedures of Land useandLand cover Classifications. 

3.5.3.1. Image Pre-Processing and Classification  

Pre-processing of satellite images before detection of changes is a very vital procedure and has a unique 

aim of building a more direct association between the biophysical phenomena on the ground and the 

acquired data Cheruto at el., (2016). The data were pre-processed in ERDAS imagine 14 for geo-

referencing, Mosaic king and sub-setting of images on the basis area interest.  The main objective of 
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image classification is to place all pixels in an image in to LULC classes in order to draw out useful 

thematic information. Image classification was done in order to assign different spectral signatures from 

landsat datasets to different land use/land cover (LULC).This was done on the basis of reflectance 

characteristics of the different land use/land cover (LULC) types. 

Hence, landsat satellite imagery data received from satellites need to be corrected before used. Landsat 

images of (TM, 1997, ETM
+
, 2007 and OLI-TIRS 2017) were used and the satellite images of each band 

in each years of (1997, 2007 and 2017) have been pixel in ERDAS 14 within interpreter main icon 

utilities with layer stacked function.Then, from the stacked satellite image the study area, images have 

been extracted by clipping the Area of Interest (AOI) layer of the study area/boundary/ shape file from 

Geographic Information System in Arc-GIS 10.3 software. 

3.5.3.2. Image Restoration 

Prior to use and classification of any image data received from satellites, atmosphere effects and 

geometric distortions should be removed and corrected. Otherwise, before actual image classification in 

this study, a geometric correction was applied.  Further more, in order to be able to work in a GIS 

environment similar overlaying maps the images must be linked to co-ordinate systems and a projection 

of the globe. In this study, the images  for the years of (TM, 1997, ETM+, 2007 and OLI-TIRS 2017) 

have been geo-referenced  using the available to google earth, google map and topographic map to UTM  

projection type WGS84 spheroid and in the northern hemisphere direction 37 zone. 

3.5.3.3. Image Enhancement 

Image enhancement improves the quality (clarity) of images for human viewing. An image enhancement 

technique helps to improve the appearance of the image to assist visual interpretation and analysis. 

Landsat images have DN value from 0-255 in different bands, but the satellite sensor can record this 

intensity within a shorter spectral range (Sabin‟s et al., 1997 as cited in Mukhtar, 2016).  

A number of methods can be applied to perform image enhancement. In order to improve the 

visualization of the images for prospected classification different false and true color composite   in the 

order of Red, Green, and Blue (RGB) were produced for different LULCC feature identification and 

training site selection for supervised classification. Thus, to have  the same resolution in  all periods  of 

image re-sampling was done using spatial re-sampling algorithm in ENVI.5.0 software by doing this, the 

spatial resolution 30mx30m of all images, which is  essential to perform change detection. 
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3.5.3.4. Image Classification 

Image classification is an important process for quantifying the location, extent and trends of LULC. 

Since in the mid-1960s, humans have been able to extract land use/land cover and physical information 

direct from RS data using digital computers and specially purpose image classification algorithms 

Jensen et al., (2009). The main target of these operations was to replace visual analysis of the image data 

by quantitative techniques of automatization of identification of the features in the image.The analysis of 

multi-spectral image data involves the application of statistical based decision rules for determining the 

land use/land cover (LULC) of each pixel in an image (Lille sand et al.,2008). 

The general, objective of image classification is to automatically categorize all pixels in an image into 

land cover classes or themes. Based on (SHORT, 1982 and Rahman, 1991) stated as the basis for the 

classification of the cover type is the correlation of different categories of interest with statistically 

separable groups of data as defined by their spectral properties in the multi-dimensional space. 

Accordingly, in the study area, the land use/land cover change was based on the periods of (1997, 2007 

and 2017); satellite images and field observations were used. So, satellite image classification can be 

done based on the classification techniques of applying supervised classification by maximum likelihood 

used for Interest of Area (IOA). 

3.5.3.4.1. Supervised Classification 

In supervised classification; training areas are manually digitized for each class. Based on prior 

knowledge of the study area and the use of Google earth, Google maps and topographic map as 

references into five land use/land cover classes are classified in the study area for the three satellite 

images of 1997, 2007 and 2017. These land use/land cover classes, such as; cropland, forestland, 

grassland, water body, and human settlements. Based on these training points supervised classification 

was performed by applying maximum likelihood classified algorithm using ENV.I.5.0. According to 

(Lille sand, 2000) and also stated by Mukhtar, (2016) shown as there are three basic steps in supervised 

classification namely; the training stage, the classification stage and the output stage. However, in this 

study, training areas were acquired with the use of polygon creation and region growing tools in Area of 

Interest (AOI).  

Then, after ground truth data and Satellite images from USGS are very essential to prove the land 

use/land cover classification. This classification was used to define the original pixels that contain 

similar spectral classes representing certain land cover classes. The Visual interpretation and the 

guidance of Google earth, Google map and topographic map were used to classify the images for the 
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years of 1997, 2007 and 2017 classes. Correspondingly, ninty seven (97) corrected samples were 

implemented/assigned (cropland 34, forestland 11, grassland 19, settlements 23 and water body10), 

representative points have been believed to represent the various land cover classes in 2017 were  

marked on  November 10-25/2018 using GARMIN GPS 60H and Sony digital camera during the field 

observation. These points were used to sample representative signatures for various land use/land cover 

types were identified during the field visit and soundtrack/recording its location in the study area. In 

general, the major land use/land cover classes in the Arjo Dedessa Sub-watershed were described in the 

following table. 

Table 3: LULC Categories in the Arjo Dedessa Sub-Watershed and their Descriptions. 

 

3.5.4. Accuracy Assessment 

Accuracy assessment is an important and crucial part of studying image classification and thus, LULCC 

detection in order to understand and estimate the changes accurately Cheruto et al., (2016). It reveals the 

extent of correspondence between what is on the ground and classification results. Based on Cheruto et 

al., (2016) it is essential to be able to derive accuracy for individual classification if the resulting data are 

to be useful in change detection analysis. In this study, accuracy assessments were done for the Landsat-

LULC Classes Descriptions 

Cropland/ 

cultivated land: 

Areas allocated to rain fed and irrigated cultivation, involving fallow plots, 

cultivated land mixed with some bushes, trees and the scattered rural settlements 

in included within the cultivated fields. 

Forest land: Areas covered by trees forming closed or nearly closed 

canopies;Forest;plantation forest; Dense ( which is 50-85% crown cover) and 

man-made plantations 

Grassland: Areas of land where small grasses are the predominant natural vegetation which 

is usually used for grazing. 

Water body: Areas covered by man-made small dams, seasonal water bodies and permanent 

water bodies. 

Human 

settlement areas: 

Areas in both urban and rural ( Arjo town ,rural  settlements and now a new 

established small city around Dedessa River /Arjo Dedessa Sugar Cane 

plantations and/or more than 85% of rural settlements are depend on agricultural 

economic activity. 
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5 for TM 1997, Landsat-7 for ETM+ 2007 and Land sat-8 OLI-TIRS 2017 satellite images for which the 

ground truth data likely equates. The overall accuracy assessments were calculated by dividing the sum 

of the correctly classified sample units by the total number of sample units. 

Then, the ground truth data were used in the maximum likelihood report as the independent data set 

from which the classification accuracy was compared and accuracy is importantly for the measure of 

how many ground truth pixels were classified correctly. Hence, the overall accuracy assessment for the 

Landsat image of 2017 was 91.51%, which has been achieved with a kappa coefficient of 0.89 and an 

overall ccurcy for the Landsat image of 2007 was 85.06% with 0.87 Kappa Cofficients. While that of the 

satellite image for 1997 was 81.10%, with 0.83 Kappa Cofficients respectively. The overall accuracy 

assessment is alike average with the accuracy of each wheighted by the proportion of test samples for 

that class in the total training. In general, the overall accuracy assessment is a further accurate 

approximation of accuracy. According to Viera and Garrett, (2005), the interpretation of Kappa 

cofficient statistic ranges description :-< 0 less than chance agreement, 0.01-0.20 slight agreement, 0.21-

0.40 fair agreement, 0.41-0.60 moderate agreement, 0.61-0.80 substantial agreement and 0.81-0.99 

almost perfect agreements. Within this augmentation, the minimum level of accuracy in the 

identification of land cover categories from remote sensor data should be at least 80% (Lilesand and 

Kiefer, 2000). Therefore, the image classification accuracy of the study area was encounters/meets to 

these requirements are strong agreement. 
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Table 4: Showed the Overall Accuracy Assessment and Kappa Cofficient Statistics. 

LULC Classified Crop 

Land 

ForestL

and 

Grass

Land 

Hu/Settle

ments 

Water 

bodies 

Total

Row 

Correct 

Sampled 

 

Users 

Cropland 34 0 0 4 0 38 34 90 

Forestland 0 11 0 0 1 12 11 92 

Grassland 0 0 19 0 0 19 19 100 

Hu/Settlements 1 1 0 23 0 25 23 92 

Water bodies 0 0 2 0 10 12 10 83.3 

Total Column 35 12 21 27 11 106 97 - 

Producers 97.1 92 91 85.2 91 --- - - 

Overall Accuracy 92 

Kappa Cofficient 0.89 

3.5.5. Land Use and Land Cover Dynamics 

The study area has been defined to have five land use/land cover categories based on the supplemented 

with field observations and all the land use/land cover dynamics in the sub-watershed were classified into 

various land use/land cover classes.  The land use/land cover dynamics involves; cropland, forestland, 

grassland, human settlements and waterbody for the years of 1997, 2007 and 2017 respectively. Land 

use/land cover change detection is the process of identifying differences in the state of an object or 

phenomenon by observing it at different times. The major changes of the LULC classes over the two 

periods were taking over based on change similarity of each class.  

3.6. Data Analysis and Interpretations 

3.6.1. Data Analysis 

3.6.2. Land Use and Land Cover Data Analysis 

The major information/knowledge of land use/land cover types of the study areas were classified at 

different time periods has been extracted from landsat satellite imageries for the years of (1997, 2007 

and 2017) and the RUSLE model factor parameters were used to data analysis and interpretations for 

soil loss erosivity and generating the map factors of each parameters were implemented in this study 

area. 
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3.7. The Revised Universal Soil Loss Equation (RUSLE) Model 

 The RUSLE model is the method, most widely used around the world to predict long-term rates of inter-

rill and rill erosion from field or farm size units subject to different management practices.Based on 

(Wischmeier and Smith ,1978 and Renard et al., 1997 as cited in Taye et al,. 2017) the USLE and its 

successor RUSLE is an empirical soil erosion model used to estimate the long-term annual average soil 

loss rate due to sheet and rill erosion from a certain area with specific slope attributes, land use and land 

management combinations. 

There are many models to estimate soil erosion and to develop optimal soil erosion management plans 

such as; USLE/RUSLE, Water Erosion Prediction Project (WEPP), Soil and Water Assessment Tool 

(SWAT), etc, which were used in the regional scale assessment. The models have their own 

characteristics and application. According to Prasannakumar et al., (2012) stated as USLE/RUSLE is the 

dominant model to soil erosion prediction throughout the world because of its convenience in 

application and capability with GIS scopes. Thus, RUSLE model is the most widely applicable for the 

soil erosion model for calculating the annual soil loss. Hence, RUSLE was used to calculate the annual 

soil loss for my study area. In this RUSLE, it is need to find out the five factors. Such as; rainfall factor 

(R),soil erodability (K),slope length and slope steepness factors (LS),crop and management factor 

(C),and support practice factor (P).Therefore,the annual soil loss in the study area was calculated by 

using the following equation which was  developed by Wischmeier and Smith,(1978) and later revised  

by  Renard et al.,(1997). 

                            A=RxKxLSxCxP---------------------------------------- (2) 

                            Where; A=Average Annual Soil Loss (tons /ha/year) 

R=Rainfall Erosivity Factor 

K=Soil Erodability Factor 

LS=Slope Length and Slope Steepness Factor 

C=Crop/Cover Management Factor 

P=Conservation Practice Factor 

Generally, the methodology for soil erosion/soil losses/estimation is shown in figure (9). These 

parameters of RUSLE models were integrated separately in Arc-GIS 10.3 in order to produce erosion 

map. The raster maps of R, K, LS, C and P were prepared and soil loss rate (ton/ha/year/ was calculated 

by modeling RUSLE based raster calculation. Soil erosion rate with respect to each land use types were 

also calculated to differentiate the vulnerable area from conservation point of view. The basic 

methodological approach followed in the RUSLE has been detailed in the following simplified flow chart. 
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Figure 9: Methods of Soil Loss Calculation. 

3.7.1. Soil Erosion Analysis Using RUSLE Model 

Soil erosion, in washing out the cultivated earth layer with its nutrient and organic matter content 

downhill or further into rivers, is deliberated as a main agent of soil degradation. In the study area, the 

state and frequencyof soil erosion has been assessed using RUSLE model. Although, the model estimates 

soil loss from inter-linked parameters, produced from climate, soil, topography, land cover and 

management practices and GIS has been employed to generate and integrate the parameters using the 

principles of the model.  
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3.7.2. The Factors for the RUSLE Parameter Models 

The factors   of the RUSLE parameter models were stated by different scholars (Renard et al.,1997 as 

cited in Tadesse et al., 2017) the following five parameters were used in the RUSLE model to estimate 

soil loss; such as Rainfall erosivity (R), Soil erodability (K), Slope length and Slope steepness (LS), 

Cover management factor (C), and Conservation practice factor (P). Therefore, its application in 

Ethiopian conditions requires the modification of some of the factors. As Hurni, (1985) modified the 

model to the Ethiopian conditions by modifying some of the factors to the actual situation of the country. 

Thus, in this study, these modified factors were generated and detail described in below. 

3.7.2.1. Rainfall Erosivity Factor (R-Factor) 

The rainfall erosivity factor (R) can be defined as aggregate measurement of the amounts and intensities 

of individual rain storms over the year and is related to total rainfall (Hudson and Wenner, 1981 and 

Development et al., 2013). The rainfall erosivity factor (R) was determined from rainfall intensity data 

obtained from the National Metrological Agency (NMA). Based on (Renardet al., 1997 as cited in Bhat et 

al., 2017) the R-factor is the ability of rainfall and runoff to detach and transport soil at a particular area. 

R-factor is the quantitative expression of the erosivity of local average annual precipitation and runoff 

causing soil erosion. Though, there are a number of ways of analyzing the rainfall erosivity depending on 

the local conditions of the places (country). However, the values of R-factor for this study was estimated 

according to the equation adopted by (Hurni 1985, as cited in Ayalew et al., 2015), for Ethiopian 

conditions. 

R= -8.12+ (0.652xP) ---------------------------------------------- (3) 

Where; R is the Rainfall ErosivityFactors, and P is the Mean Annual Rainfall in Millimeter per Year 

(mm/yr). 

To compute R-factor, the mean annual rainfall of  over 20 years were collected from ten metrological 

stations, which were obtained from the  National Metrological Agency (Such as:- Arjo, Bedele ,Arb-

Gebeya, Getema, Nekemte, Kone, Atnago, Sibu-sire ,Bilo-boshe and Agaro) over 20 years (1997-2017) 

were considered to calculate the R-factor (table 5). Accordingly, the long-term records of rainfall for the 

study area, and the mean annual rainfall data of the ten stations over 20 years were deliberated to 

compute the R-factors. After calculating the average 20 years of rainfall for each station, the R-factor was 

computed using the above formula and converted into raster surface using IDW (Inverse Distance 

Weighted) interpolation methods in Arc-GIS 10.3 software (figure 10).It is relatively worthy to recognize 

the annual rainfall distribution over the area. General, summer months are the periods of maximum 
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rainfall and hence, the amounts of rainfall in these months are quite significantly, in understanding the 

phenomena of erosivity. 

Table 5: R-Factors Values of the Rainfall Stations. 

S/No  

Name of Stations 

          Location Altitude 

(M) 

Mean Rainfall(P) 

from1997-

2017years(mm) 

 

R-Factor 

Longitude Latitude 

1. Arjo 36.5 8.75 2565 2923.0 1634.606 

2. Bedelle 36.35 8.45 2011 2,478.8 1384.97 

3. ArbGebeya 36.75 9.05 1860 1,623.0 904.006 

4. Getema 36.5 8.9 2110 1,702.5 948.7 

5. Nekemte 36.55 9.083 2080 2,762.4 1544.35 

6. Kone 36.283 8.683 2000 3,025.8 1692.4 

7. Atnago 36.65 8.3 1847 2,676.35 1495.98 

8. Sibu-Sire 36.86 9.01 1826 1,692.0 942.8 

9. Bilo-boshe 36.783 9.25 1726 1,988.5 1109.42 

10. Agaro 36.65 7.85 1666 2,386.95 1333.4 

Source: (NMA, 2018) 

Then, the calculated R-Factor for each station has been converted to raster surface by using Arc-GIS 

10.3. Geo-statistical IDW, interpolation techniques. Hence, in addition to Arjo station, the other nine 

stations (Such as:- Bedele, Arb-Gebeya, Getema, Nekemte, Kone, Atnago, Sibu-sire, Bilo-boshe and 

Agaro) representative meteorological stations were used to in order to computed R-factor values of  my 

study areas. Therefore, erosivity factor value was interpolated through annual rainfall data from each 

meteorological station. Accordingly, based on the R-factor map of the study area was generated with the 

R-value ranges from 1121.28 to 1,685.82 (figure 10). 
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Figure 10: R-Factor Erosivity Raster Map of the Study Area. 

3.7.2.2. Soil Erodability Factor (K) 

Soil erodability factor (K) expresses the soil susceptibility to detachment and transport of soil particles 

(grains or crumbs), under an amount and rate of runoff for a specific rainfall, measured under standard 

plot Wordofa et al., (2013). Erodability of a soil is a measure of its resistance to the detachment and 

transport by rainfall and runoff by water erosion. It depends mainly on the texture of the soil and the 

erodability varies with soil a property which involves texture, aggregate, stability, shear strength, 

infiltration capacity, organic matter and chemical contents of the soil is also the contributor of factors. 

According to (Tsegaye Berkineh, 2007 and Feyissa,2015) the K-factor is estimated based on erodability 
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index, which is the mean annual soil loss per area of rain for standard condition of bare soil, recently 

tilled up without any conservation on slope gradient of 9
0
 and slope length of 12m. 

Estimated the K-factor values for soil types from the experiment conducted on some research centers in 

Ethiopia (Hurni, 1985 as cited in Krauer, 1988). For undetermined soil types and soil colors were proved 

to be used to estimate the values. As Geremew Bayeta et al., (1998) conducted that it is because soil 

colors have long been the best known characteristics and easily identifiable part of the soil properties 

since they show mainly the kind, amount and distribution of organic matter and mineral substances of 

the soil. Further more, in this study, the erodability of soils used as by Hurni, (1985) in adaption to 

Ethiopian condition deliberates the soil color to have relation with erodability even though others 

consider soil texture and structure in order to determine the value of soil erodability factors. 

Therefore, the soil erodability (K) factor for this study was based on Hurni, (1985) for Ethiopian 

conditions and the color of the soil assigned with soil erodability factor.Based on this, the K-factor 

values for the six soil types of the study area have been assigned (table 7). Following the assignment 

procedure, the K-factor map of the study area has been converted to raster using the K-values field with 

a grid cell size of 30m resolution (figure 11). Thus, the vector format of Arjo-Dedessa soil map was 

dissolved with vector water body map. The original vector format soil map was converted into grid 

raster format. The grid format was then, reclassified based on k-factor value for each soil class in Arc 

GIS 10.3 using reclassification geo processing tools. Accordingly, to provided that the reclassification of 

the raster soil map was done according to the soil color class given by (Hurni, 1985 as cited in Minale et 

al., 2016) which was described in (table 6). 

In generally, according to the soil data obtained from the Oromia Water Works Design Supevsion and 

Interprise, in the study area soil types classifications were six major soil types. The major soil types are 

Acrisols, Cambisols, Lixisols, Nitisols, Leptosols and Vertisols. Based on soil color and its K value, the 

grid dataset was reclassified based on K-values adopted by Hurni, (1985). 
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Table 6: Soil Color and Its Value to Estimate Soil Erodibility. 

Soil Color Black Brown Red Yellow 

K-Values 0.15 0.2 0.25 0.3 

Source: (Hurni, 1985) 

       Table 7: Major Soil Types of the Study Area with Their Colors and K-Factor Values. 

 

S/No Soil type Area 

Coverage 

Percent 

(%) 

Soil  color K- Values/ 

Erodability 

Hectare (Ha) 

1 Acrisols 8,822.81 18.1 Red 0.25 

2 Cambisols 6,365.75 12 Brown 0.2 

3 Leptosols 27,319.00 7 Brown 0.2 

4  Lixisols 2,013.98 5.2 Red 0.25 

5  Nitisols 2,907.41 51.40 Red 0.25 

6 Vertisols 3,322.45 7 Black 0.15 

Grand Total Areas 50,751.40 100    ---- ---- 

 

Then, as shown from the above (table 7) ,the k-values of the study area  was summarized depending on 

the soil color and K-values based on Hurni, (1985) which was  used for the sub-watershed ranges from 

0.15-0.25. Finally, the major soil types and the k-factor map of the study area for the sub-watershed 

were produced using Inverse Distance Weight (IDW) interpolation techniques (figure 11). 
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Figure 11: Shown the K-Factor Erosivity Map of the Study Area. 

3.7.2.3. Slope Length and  Slope Steepness (LS) Factors 

The (LS) factor expresses the effect of local topography on soil erosion rates, combining effects of 

slope length (L) and slope steepness (S) (Wordofa et al., 2013). The effect of topography on soil 

erosion is accounted for slope length (L) and slope steepness /gradient(S) which in combination of LS 

factor in RUSLE. Hence, LS is the predicted ratio of soil loss per unit area from a field slope from a 

22.13m long, 9 % (5.16
0
) slope under otherwise identical conditions. The Digital Elevation Model 

(DEM) with a resolution of 30m was used to calculate L and S parameters. The flow accumulation and 
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slope steepness was computed from the DEM using Arc-GIS. Flow accumulation  and slope maps was 

multiplied by using “spatial Analysis Tool Map Algebra Raster calculation” in Arc-GIS environment  

to calculate  and  to produce map of the slope length (LS factors) which was developed by Wischmeier 

and Smith,(1978). 

Accordingly, in the study area, the slope length and slope steepness can be used in a single index, 

which expresses the ratio of soil loss as defined by Wischmeier and Smith, (1978) in equation 4. 

                          LS=(L/22.13)
m

(0.065+0.045xS+0.0065S
2
)---------------------------------(4) 

Where; L=Slope length (M) and S=Slope gradient (%). 

The slope percentage layer was derived from digital elevation model (DEM) of the study area and slope 

length was assumed to be fixed as 20m for each pixel.  

The L and S values is calculated by using equation (5 and 6), Flow Accumulation was derived from the 

DEM after conducting fill and flow direction processes in Arc-GIS 10.3. 

          L= (Flow accumulation *Cell Value/22.13)
 m

 ------------------------- (5) 

          S= (0.065+0.045xS+0.0065S
2
) ------------------------------------------ (6) 

 Then, by substituting L values, LS equation will be: 

LS= (Flow Accumulation* Cell value/22.13)
 m

 (0.065+0.045S+0.0065S
2
) ------------ (7). 

Additionally, slope (%) also directly derived from the DEM using Arc-GIS. Hence, depending on the 

slope gradients, the map of the study area was produced (figure 12). Thus, the value of „m‟ varies from 

(0.5-0.9) depending on the slope as shown in below (table 8). 

Table 8: Shown as the Values of „M‟ for Diffferent Slope Gradients. 

S/No Slope Gradients Value of M 

1. 0-5 0.5 

2. 5-15 0.6 

3. 15-30 0.7 

4. 30-45 0.8 

5. >45 0.9 
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Figure 12: Shown the LS-Factor Map of the Study Area. 

3.7.2.4. Crop Management Factor (C-Factor) 

Crop management factor (C-factor) expresses the effect of cropping and management practices on the 

soil erosion rate. The cover management (C-factor) is the ratio of soil loss from the land with vegetation 

to continuous unplanted (Wischmeier and Smith, 1978 as cited in Zerihun et al., 2018). It expresses the 

protection of soil by cover-type and density and thus, C is a relation between erosion on bare soil and 

erosion observed under a cropping system. The factor combines plant cover, the level of its production 

and the associated cropping techniques. The crop cover factor „C‟ measures the combined effect of all the 

interrelated cover management variables Wischmeier and Smith, (1978) and land cover has a strong 

impact on protecting soil from water erosion. 

In this, for all  the study periods of the LULC of the study area was classified into 5 major categories  

based on land sat imageries of (TM, ETM+ and OLI-TIRS imageries of (1997, 2007 and 2017) with Path 
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(170) and Row (054) by using supervised classification techniques. Then, the classified images have been 

changed into vector format. After changing the classified raster data to vector, a corresponding C-value 

was assigned to each of land use classes based on (Hurni, 1985) projected to Ethiopian conditions (table 

9) by using reclassify method of Arc-GIS environment. 

Table 9: LULC Classes, Their Distribution and C-Values for Arjo Dedessa Sub-Watershed. 

S/No LULC C-Values Area 

(Hectare) 

% References 

1. Cropland 0.15 27,258.76 53.71 Hurni (1985); Tadesse & Abebe, (2014); 

Prasannakumar et al., (2012) and Legass 

et al., 2018). 

2. Forest land 0.001 5,646.65 11.13 Hurni(1985a;1985b) 

3. Grassland 0.01 8,049.51 15.86 Hurni (1985); Tadesse & Abebe, (2014); 

Prasannakumar et al., (2012) and Legass 

et al., (2018). 

4. Human settlements 0.03 7,426.60 14.63 SWCS, (2003) 

 

5. Water body 0.00 2,369.88 4.67 Wischmeier & Smith, (1978); Morgan, 

(2005) and Erdogan et al., (2006). 

Total Areas ------- 50,751.40 100.00  

However, as well  comprehend  the crop/cover management  spatially the cultivated  entity  differs yearly  

and   also the situation of the C-values were also changed based on the suggested  numeral by  different 

researchers  corresponding to many  crop cover types. According to the data obtained from Arjo Woreda 

Agriculture and Natural Resource Management Office extension group, the cultivated land is highly   

covered by cereals more than (85%) and pulses (15%), which includes; Teff, Barley, Wheat, Bean, Pean, 

Maize, Surgoum, Nut, and the others were in the final study period (2017) of this study area.  For those 

cover crops and another LULC types have been similar coverage trend the past to present time and the 

corresponding to „C‟factor values were taken for this study as determined by (Hurni, 1985) for this study. 

Therefore, as indicated above a land cover map (C-Factor ) was produced (figure 13) from LANDSAT 

imageries of the study period which is one of the best sensitive factors in analyzing the soil loss rates of  

RUSLE model in the study area with the  C-factor ranges from 0.00  to 0.15.  
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Figure 13: Shown the C-Factor Values and Map of the Study Area. 

3.7.2.5. Conservation Practice Factor (P-Factor) 

The Conservation practice factor (P-factors) in RUSLE model expresses the effect of conservation 

practices that reduce the amount and rate of water runoff, which reduce erosion. It is the ratio of soil loss 

with specific support practice on crop-lands to the corresponding loss with slope parallel tillage Wordofa 

et al., (2013). It includes different types of agricultural management practices like strip cropping, 

contouring and terracing. A “P factor” map was derived from the land use/cover type maps and each 

value of P was assigned to each land use/cover type and slope.As stated by (Swischmeier and Smith, 

1978 as cited in Zerihunet al., 2018) P-factor is the ratio of soil loss after doing a conservation practice to 

soil loss for up and down slope in straight row cultivation and which was used to understand the 

conservation practices in the study area. 

P-factor value estimations were made by different researchers at different locations. It depends on the 

type of conservation measures implemented and requires mapping of conserved for it to be quantified. 
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The p-value ranges from 0 to 1 depending on the soil management activities employed in the specific plot 

of land only. Unlike agricultural lands, other land uses, were found with no any control practice measures 

and hence, p-values were assumed as one. According to (Hurni, 1985 as cited in Krauer, 1988) adapted 

and assigned the p-values to calculate the highlands of Ethiopia. Based on this, different researches have 

been conducted in Ethiopia and also estimated the soil losses. The estimation of the p-factor values for 

the study area was carried out taking into account the local management practices found during the field 

survey. I was observed that, in almost all the highland and mid-altitude areas, farmers plough their farm 

lands in different directions with traditional ox drawn sub-soil ploughs penetrates into and scratches the 

soil many times before broadcasting the seed. However, over these areas, where intensive and moderate 

cultivations were taking place the prevention of erosion and runoff on crop fields across varied slopes has 

been recognized through construction of furrows, water ways, some graded bunds and contour ploughing. 

So, in the study area, a corresponding P-value was assigned to each land use type using the reclass 

method Arc-GIS.Thus, Considering these practices, the 5 class image data has been assigned with P-

factor values (table 10) based on the estimation made by (Wischmeier and Smith, 1978 as cited in 

Zerihun et al., 2018). After the essential raster-vector with 30m cell size conversions were made, the map 

has been showed (figure 14). 

Further more, the conservation practice factors are obtained by assessing the different supporting 

practices in the study sub-watershed and it is taken the weighted value for similar land use classes. The 

data related to conservation practices situations of the Arjo-Dedessa Sub-Watershed was collected during 

the field working through interviewed the local community in October and November, and also 

secondary data/information obtained from concerned government sectors particularly, both Arjo Woreda 

Agriculture and Natural Resource Management Office and the Rural Land Administration and Use 

Office. Concerning to this factor practice considers, any practice applied by local community/farmers to 

minimize the degree of erosion and soil loss amount deriving from water erosion processes.Among of 

this ,it involves a variety of agricultural management activities/practices such as planting along contour 

lines(contouring), tillage,grass strips along the contours(strip cropping), terracing, tree lines planted along 

agricultural lands, stone check dams  and others. During the field observation/visit/ of the study area, they 

were different conservation practices were implemented. It includes contour ploughing, strip cropping, 

bunds/soil and stone/ and the others were on cultivated land and hillside terraces, cutoff drain and other 

practices on  other LULC  types that result in the storage of soil moisture and reduction of runoff  speed. 

However, the area of these conservation practices in the study area was too much limited. That means the 

majority of the local community/farmers were still now used to the traditional practices. But recently, the 
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government has been initiated to environmental conservation (plantation, soil and water conservation 

activity programes) in the entire of sub-watershed in Woreda are exercised by the local community 

annually starting from 2004 E.C. Similarly, these conservation activities are also doing by Non-

Governmental Organizations for the areas were highly impacted by erosion to repair and to sustain land 

resources in the extended to restoration in runway. Accordingly, the P-factor map of the study area varies 

from 0.7 to 0.95 as shown in the following (table 10 and figure 14) 

      Table 10: Land use/Land Cover and the Associated Conservation Practice (P) Factor Values. 

 

 

 

 

 

 

 

                                          Figure 14: Shown the P-Factor Map of the Study Area. 

Land Use/Land Cover  Type  Proposed P-Factor values 

Cropland  0.9 

Forest land  0.8 

Grassland  0.7 

Human Settlements 0.95 

Water bodies 0.8 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1. Land Use and Land Cover Change Classification Map 

From the  satellate imageries/landsat image data for the three periods of 1997, 2007 and 2017 and their 

impacts/changes in areal coverages were analyzed.The landsat image data classifications and their maps  

of the three decades  for the years of  1997,2007 and 2017 were described as follows;  

4.1.1. Land Use and Land Cover Types of 1997 

The major land use/land cover classes of 1997 were classified as cropland, forestland, grassland, human 

settlements and water bodies. As indicated in the (table 11), the greatest share of land use/land cover 

from all classified land use/land cover is cropland, which covers an area of 22,883 hectares and it 

contributes 45%. It indicates that, the District is known for its excess producing woreda from among of 

the districts in the East Wellega Zone.Grassland and forestland cover areal size of 17,071 hectare (34%) 

and 9,638 hectare (19%) respectively. While the water bodies and human settlement areas cover areal 

size of 945 hectare (2%) and 214 hectare (0.42%). From these types classification, the least areal 

coverage is covered by human settlements, which was only 214 hectare (0.42%) from the total size of the 

woreda sub-watershed. The reason for small percentage of human settlement is as in the case for the 

western part of Oromia Region, Arjo Dedessa District was during this, period there is a little immigration 

and low natural rate of population growths. 

Table 11: Land use/land cover types of 1997. 

S/No Land use/Land cover Classes Area in hectare Percentage (%) 

1.  Cropland 22,883 45 

2.  Forestland 9,638 19 

3.  Grassland 17,071 34 

4.  Human Settlements 214 0.42 

5.  Water bodies 945 2 

Total Areas 50,751.40 100.00 
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Figure 15: Pie Chart Showing the Land use/Land covers Area Percentage for theYearof 1997. 

 

 

Figure 16: Map Showing the Land use/Land cover Classes for the Year of 1997. 
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4.1.2. Land Use and Land Cover Types of 2007 

In this classification, the major land use/land cover classes of 2007 includes cropland, forestland, 

grassland waterbodies and as well as human settlement areas.As indicated in the (table 12), the greatest  

share of land use/land cover from all classified land use/land cover is also cropland, which covers an area 

of 18,487 hectare (36%). This refers to the woreda is also common for its surplus producing woreda from 

the 17 District‟s of East Wellega Zone. Grassland, human settlements and forestland cover areal size of 

13,024 hetcare (26%), 9,835 hectare (19%) and 6,300 hectare (12%) respectively. The least areal 

coverage is covered by waterbodies, which was only 3,106 hectare (6%) from all the total size of the 

woreda sub-watershed. However, both the forestland and grassland, land use/land cover areas were 

declined when compared to the classifications of 1997. The basic reason for the decreasement of in the 

forestland and grassland coverages in the 2007 as compared to 1997 is due the increarement of human 

settlement areas and the expansions of agricultural/cultivated lands are the main reasons.Also the 

establishment of „Arjo Dedessa Sugare Cane Plantation‟ is  the other main factors of declined in natural 

vegetations. 

                                            Table 12: Land use/land cover types of 2007. 

S/No Land use/Land cover Classes      Area in hectare  Percentage (%) 

1.  Cropland 18,487       36  

2.  Forestland 6,300       12  

3.  Grassland 13,024       26  

4.  Human Settlements 9,835       19  

5.  Water bodies 3,106         6  

Total Areas 50,751.40 100.00  
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Figure 17: Pie Chart Showing the Land use/Land covers Areas Pencentage for the Year of 2007. 

 

 

Figure 18:  Map Showing the Land Use/Land Cover Classes for the Year of 2007. 
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4.1.3. Land Use and Land Cover Classes of 2017 

The recently, satellite image classification of the land use/land cover classes for the 2017 was similar to 

the two periods of the satellite image datas. These major land use/land cover types of 2017 include 

cropland, forestland, grassland, human settlements and waterbodies. As indicated in the (table 13), the the 

largest part of the land use/land cover from all the classified land use/land cover is cropland, which 

covers an area of 27,259 hectare (54%). Hence, the woreda is also known continously for its surplus 

producing from out of the 17 districts in the East Wollega Zone. Accordinly, the largest part   of the 

economic activity of the study area is dependent on agriculture. The grass land and human settlements 

land cover areal size of 8,050 hectare (16%) and 7,427 hectare (15%) respectively. Eventhough, both 

forestland and water bodies were the least areal coveraged by 5,647 hectare (11%) and 2,370 hectare 

(5%). In this classified land use/land cover areal size both forestland and grassland are continuously 

declined. The basic reason for the decreasement in both forest and grassland coverages in 2017 as 

compared to both 1997 and 2007 are due to the natural rates of population growth and agricultural 

expansions.As well as the Arjo Dedessa Sugar Cane Plantation foundation is now the most influences on 

native natural vegetations recently. 

Table 13: Land use/Land covers Types of 2017. 

S/No Land use/Land cover Classes Area in hectare Percentage (%) 

1.  Cropland 27,259 54 

2.  Forestland 5,647 11 

3.  Grassland 8,050 16 

4.  Human Settlements 7,427 15 

5.  Water bodies 2,370 5 

Total Areas 50,751.40 100.00 
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Figure 19: Pie Chart Showing the Landuse/Landcover Areas Pencentage for the Year of 2017. 

 

 

Figure 20: Shown the Map of the Land use/Land cover Types for the Year of 2017. 
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    4.2. Land Use and Land Cover Change 

In  the study area/Arjo Dedessa Sub-Watershed/, the temporal and areal dynamics of the various land 

use/land cover categories across the period of 1997-2017 have been analyzed.By analyzing the change at 

different times help in determining the causal factors, the level of the change and the respective managing 

techniques. For this purpose, satellite images of 1997, 2007 and 2017 have been considered. The whole 

time range has been segmented into two categories; that means the period among the decades of 1997-

2007 and 2007-2017. And finally, the overall changes between (1997-2017) have been assessed. The rate 

changes in this area from the initial to the final situation of each land use/land cover category over the 

specified period of time across the study periods have been analyzed based on the statistical data derived 

from the satellite images .Hence, those tables of 14, 15 and 16 display the areal distribution of each land 

use/land cover categories that have undergone conservation and change from one category to the others.  

4.2. 1. Land Use and Land Cover Changes between the Years of 1997-2007 

The land use/land cover, between 1997-2007 (table 14) human settlements as showed the highest 

changes; where the first one increased in 9,620 hectare with 962 ha/yr mean rate of change; however, 

cropland, grassland and forestlands were also showed significant changes in that the earlier three have 

been decreased with the negatives of (4,395 hectare with 440ha/yr, 3,339 hectare with 334 ha/yr and 

4,047 hectare with 405 ha/yr negative rate of changes) respectively. For this emphasis, waterbodies in 

this period showed some degree of expansion (2,161 hactare and the rate of expansion over the period has 

been estimated as 216 ha/yr) which is the higher rate of change relatively. 

Table 14: Land use/Land covers Changes in 1997 and 2007 Years. 

S/No 

 

Land use/Land 

cover Type 

1997 2007 Average Rate of 

Change (Ha/Yr) 
Area( Ha) % Area( Ha) % 

1. Cropland 22,883 45 18,487 36 -440 

2. Forestland 9,638 19 6,300 12 -334 

3. Grassland 17,071 34 13,024 26 -405 

4. Human Settlements 214 0.4 9,835 19 +962 

5. Water bodies 945 2 3,106 6 +216 

Total areas 50,751 100 50,751 100 ---------- 
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4.2.2. Land Use and Land Cover Changes Between 2007-2017 

In this, period obviously showed that the huge land conversion and magnified the state of human 

intervention on the natural environment. Within the  equal time interval with that of the previous study 

period, the amount of cropland has been increased (with 8,771 hectare, with 877ha/yr as compared to 

negative 4,395 hectare in the previous study with  the negative 440 ha/yr rate of change/average rate. 

Large patches of natural vegetation involving the native forest and grasslands have been highly degraded 

and or either converted/transformed into farmlands and other purposes.That means, when compared to 

the previous study, they were drastrically diminished (decreased within the 653 hectare, 4,975 hectare 

with 65 ha/yr and 497 ha/yr) respectively.  In these intervals only cropland area has been increased 

extremely when compared to the previous period. As indicated in (table 15), both human settlements and 

waterbodies have been changed in negatives when compared to the previous periods with (2,408 hectare 

with 241ha/yr and 736 hectare with 74 ha/yr) respectively (table 15). 

Table 15: Land use/Land covers Changes in 2007 and 2017 Years of Image Data. 

 

4.2.3. Land Use and Land Cover Changes Between 1997-2017 

From all these classifications, considering the over all the study period, a remarkable increase in the 

areal size of cropland has been obvious; from 22,883 hectare (45%) in 1997 to 27,259 hectare (54%) in 

2017 with 4,376 hectare with 219 ha/yr) variation across over 20 years. Although, human settlement 

area has been showed relatively the highest increament in coverage (as increased in 7,212 hectare with 

S/No LULC Classes 2007 2017 Average Rate of 

Change (Ha/Yr) 
Area( Ha) % Area( Ha) % 

1.  Cropland 18,487 36 27,259 54 +877 

2.  Forestland 6,300 12 5,647 11 -653 

3.  Grassland 13,024 26 8,050 16 -4,975 

4.  Human Settlements 9,835 19 7,427 15 -2,408 

5.  Water bodies 3,106 6 2,370 5 -736 

Total areas 50,751 100 50,751 100 ------------- 
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361 ha/yr and waterbody is also relatively increased with 1,425 hectare in with 71ha/yr), whereas the 

natural vegetations of grassland and forestlands were diminished at a greater rates (9,022 hectare and 

3,992 hectare within 451 ha/yr and 200 ha/yr respectively). These results showed that in the study area, 

there is due to in natural increasement of population growth and agricultural expansion is one of the 

major serious impacts on the natural vegetation particularly, the destructions of the forestlands for the 

purposes of timber, wood, charcoal and the demands of landuse for as the agricultural expansions. As a 

result, as indicated from the (table 16), the trend and magnitudes of the years at the initial to the final 

(between years of 1997-2017), human settlements, croplands/cultivated lands and water bodies were 

highly significant changes while both forestland and grasslands were diminished at higher rate of 

changes continuously. 

           Table 16: Statistical summary of LULC Changes from 1997-2017 Years Image Data. 

 

S/No 

Landuse/landcover 

Types 

1997        2017 Average Rate of 

Change (Ha/Yr) 
Area( Ha) % Area( Ha) % 

1. Cropland 22,883 45 27,259 54 +219 

2. Forestland 9,638 19 5,647 11 -200 

3. Grassland 17,071 34 8,050 16 -451 

4. Human Settlements 214 0.42 7,427 15 +361 

5. Water bodies 945 2 2,370 5 +71 

Total areas 50,751 100 50,751 100 ------- 

Therefore, the trends of Land use and Land cover types of the study area between the years of 1997 to 

2017 were described the following (table 17). 
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Table 17: The Trends and Magnitude of the LULCCs from 1997 to 2017 Years of Image Data. 

L
U

L
C

 C
la

ss
es

 Landuse/Land Cover Area Coverage (In ha) 

and Percentage (%) 

Changes in Land Use/Land Cover (In 

hectare) 

1997 2007 2017 1997-2007 2007-2017 1997-2017 

Area % Area % Area % (In Ha) (In Ha) (In Ha) In % 

CL 22,883 45 18,487 36 27,259 54 -4,395 8,771 4,376 9 

FL 9,638 19 6,300 12 5,647 11 -3,339 -653 -3,992 -8 

GL 17,071 34 13,024 26 8,050 16 -4,047 -4,975 -9,022 -18 

HS 214 0.42 9,835 19 7,427 15 9,620 -2,408 7,212 14 

WB 945 2 3,106 6 2,370 5 2,161 -736 1,425 3 

Total 

Areas 

50,751 100 50,751 100 50,751 100 ------- ------- ------- ----- 

Thus, in the study of the Arjo Dedessa sub-watershed, cropland accounts for the largest land use that 

followed by human settlements. The proportion and degree of total area covered by crop/cultivated land 

accounted for 22,883 hectare (45%), 18,487 hectare (36%) and 27,259 hectare (54%) for the years of 

1997, 2007 and 2017 respectively. However, cropland gradual increased in 1997, but declined in 2007 

and other than a stable expansion of cultivated land/agriculture. In general, the five land use/land cover 

(LULC) types and their distributions in the Arjo Dedessa Sub-Watershed are presented for the years of 

1997, 2007 and 2017 as shown in below (figure 21). 
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Figure 21: LULC Distributions in the Sub-Watershed for the Years of 1997, 2007 and 2017. 

Therefore, in the study of this area, the conversion of agricultural expansion (the cropland increased from 

45% in 1997 to 54% in 2017) and the expanded land conversion went into open grazing land, but this 

change was compensated from other LULC, partly through forestland. The area could potentially, be 

cultivated and was already under cultivation as a result, there was a scarcity of new land for expansion. 

Due to, the population pressure is considered to be one of the major driving forces for LULC dynamics in 

the western part of Ethiopia and recently, the declining productivity has been contributed the largest to 

the expansion of cultivated land in an effort to compensate lost yields. 

Waterbody was also the higher LULC type which was 2%, 6% and 5% for the years of 1997, 2007 and 

2017 respectively.The most important for the expansions of the waterbody in the study area is due to the 

results of Dedessa River Dam Constructions for the purpose of Arjo Dedessa Sugar Cane Plantation is 

the most reason for the waterbody is increased from all the LULC classification from 1997-2017. It was 

cleared out by 945 hectare and 2,370 hectare years between 1997 and 2017.Eventhough, in addition to 

the increased demand for agricultural land, overgrazing, and removal forestlands for the purpose of fuel 
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wood, charcoal, and timbers which can be expected from the increased human populations and 

livestocks, were apparently the causes for changes in the area coverage of waterbodies. 

However, the LULC types for both forestland and grassland were also affected by the loss of their entire 

cover from 19% and 34% in 1997 to 11% and 16% in 2017 respectively. This considerable,the changes 

were observed in human settlements as they progressively increased from 214 hectare and 0.42%  in 

1997 to 7,427 hectare and 15% in 2017 respectively. Especially, the human settlement size and their 

position have significantly changed over the period of studied. This is due,to there was some increase in 

the areas of the study, actually through both natural population/birth rates and settled peoples from Harar 

to that of the area is one of the most significant changes of  the land use. 

4.3. Rate of Erosion and Erosion Risks 

Soil erosion is a danger traditionally associated with agriculture and is determined to have a long term 

impact on soil productivity and sustainable agriculture. Soil erosion has also a wide significant influence 

on other land use categories and to the environmental problems at global and national levels in 

generally. 

4.3.1. Rate of  Soil Loss and Erosion Risk Areas 

The annual soil erosion rate ranges in the study area was from less than 10t/ha/year in plain areas to more 

than 100t/ha/year in the rising and undulating terrains of the sub-watershed. Accordingly, as can be 

indicated from the statistics and map out put of the cell multiplied parameter layers for the study has 

significant levels of soil loss that vary from zero (0.0 t/ha/yr at the lowest to 143 t/ha/yr,which is the highest 

erosion and the mean annual soil loss  is 18.63t/ha/yr. Based on the severity classes, the result showed that 

the sub-watershed rate of soil losses as indicated from (table 18 and figure 22), the low/slight risk areas 

(7%) with a rate of less than 10t/ha/yr ,which is the lower  rate of soil loss  in the study area. Whereas the 

remaining areas are categorized as modera te risks areas (24%) with a rate of 10-50t/ha/year, high risk areas 

(33%) with a rate of 50-100 t/ha/year, and very high risk areas (36%) with a rate of greater than 100 

t/ha/year respectively. Therefore, in the study of Arjo Dedessa Sub-Watershed, the huge number of soil 

losses annual. Hence, the total annual soil loss in the study area was an estimated around 1,274,239 tons 

from an areas of 50,751.40 hectares (table 18) and with the mean/average annual soil loss for the whole sub-

watershed was 18.63t/ha/yr. 
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Table 18: Annual Soil loss rates and severity classes with their conservation priorities of Arjo-

Dedessa Sub-Watershed. 

Rate of soil 

loss(T/ha/yr) 

Severity 

Classes 

Conservation  

Priorities 

Area Coverage Annual Soil Loss 

Hectare (Ha) % In Tons In % 

<10 Low or slight IV       20,092.00  40 95,502 7 

 10-50 Moderate III       14,174.00  28 304,572 24 

50-100 High II         9,356.00  18 421,629 33 

>100 very high I         7,129.00  14 452,537 36 

Total           50,751 100 1,274,239 100 

 

 

Figure 22: Soil Erosion Severity Map of the Sub-Watersheds. 
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4.3.2. Soil Erosion Rates in Different Sub-Watersheds 

The total sub-watershed was sub-divided into 20 major different sub-watersheds depending on their 

drainage patterns (table 19) in order to indentify the critical areas of the soil erosion within the sub-

watershed.The orders of sub-division of the different sub-watersheds have been described on the basis of 

the mean soil loss t/ha/yr. As indicated to the results, they have been observed that the very high soil loss 

in the upper-stream mountainous and in the hill parts of the sub-watershed of the study area. 

Accordingly,the mean soil loss t/ha/yr, as indicated from the (table 19) out of the twenty sub-divisions of 

the different sub-watersheds were 03, 02, 06, 01, 09, 12, 14, 15, 05 and 11 have been experience above 

the annual average soil loss rates (77.2, 65.8, 62.4, 58.1, 57.7, 53.6, 46.25, 43.12 ,39.61, and 32.4  t/ha/yr 

respectively)  for  the whole/entire of sub-watershed due to the result of the  high contribution from  C 

and P factors. The result showed that very high soil losses (53.6-77.2t/ha/yr) are observed in the upper 

north eastern, eastern and south eastern part of the sub-watershed. These different sub-

watersheds/divisions are also found in  the middle part of the sub-watershed.Relativly the lowest mean 

annual soil loss rate (7.6t/ha/yr) is observed in sub-watershed 18  which is located in the lower reach 

(Western part of the sub-watersheds which is found along Dedessa River) of the sub-watershed. Around 

50% of the sub-divisions for the different sub-watersheds fall in below the annual average soil loss of the 

entire of the sub-watershed (that means less than 29.4t/ha/yr). Similarly, on the basis of the annual soil 

losses rate of the sub-divisions from 32.4-77.2 t/ha/yr were found to  be the highest soil erosion risk areas 

in the sub-wateshed.Thus, considering the annual soil loss from each sub-watershed division,it is feasible 

to install priorities through that the sub-division of the sub-wateshed that comes first is given the top-

most priority for developing/evolving the management plan to diminish the soil loss and nutrient losses 

of the study area sub-watershed. In general, the result showed that upper north eastern, eastern and south 

eastern parts of the sub-watershed experiences very high generation of soil loss and southern part of the 

sub-watershed is also characterized by high level of soil loss.These indicate high soil erosion in the upper 

part expected to produce high sedimentation deposition in the lower slope parts of the Arjo Dedessa river 

areas. 
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Table 19: Ranked Different Sub-Watersheds Based on Their Potential Soil Loss. 

 

4.3.3. The Prioritization of Erosion Risk Areas for Management Intervention 

In this study, Prioritization of the sub-watershed was done on the basis of the average annual soil loss and 

the estimated values of sub-watershed soil loss are classified on the basis of the rate soil loss severities. 

Hence, based on the estimated rates of erosion, Arjo Dedessa sub-watershed is classified and ranked into 

four priority classes as shown in (table 18 and figure 22). The total area experiencing soil erosion rate 

from <10 (IV) t/ha/yr is 20,092 hectare, which covers 40% of the entire sub-watershed. But, this area 

accounts for 7% of the total soil loss. However, the different priority areas contribute different to the total 

S/No Major Sub- 

watersheds 

Area Coverages Ranges of Soil 

Loss(t/ha/yr) 

Mean 

(t/ha/y) 

Total 

(tons) 

Order of 

Ranks. Hectares In % 

1. 03 2501.06 1.32 0.00-314.00 77.2 7,291.50 1
st
 

2. 02 4020.9 2.12 0.00-259.89 65.8 6,415.10 2
nd

 

3. 06 2279.54 1.2 0.00-167.50 62.4 6,363.90 3
rd

 

4. 01 1090.8 0.57 0.02-184.72 58.1 4,193.70 4
th

 

5. 09 7602.77 4.01 0.03-162.90 57.7 2,530.40 5
th

 

6. 12 16855.75 8.88 0.02-114.98 53.6 2,428.30 6
th

 

7. 14 18109.3 9.54 0.01-116.47 46.25 2,043.40 7
th

 

8. 15 19483.2 10.27 0.01-111.98 43.12 1,132.90 8
th

 

9. 05 1514.43 0.8 0.00-94.96 39.61 810.8 9
th

 

10. 11 15820.46 8.34 0.02-204.61 32.4 686.3 10
th

 

11. 04 737.02 0.39 0.00-195.96 29.4 282.3 11
th

 

12. 10 1723.17 0.91 0.01-231.65 25.7 251.2 12
th

 

13. 07 1625.6 0.86 0.01-120.40 23.01 195.6 13
th

 

14. 17 14632.8 7.71 0.02-89.48 19.6 186.5 14
th

 

15. 13 20161.5 10.63 0.02-112.97 16.21 158.7 15
th

 

16. 20 13423.4 7.07 0.01-79.98 15.02 158.7 16
th

 

17. 16 15334.8 8.08 0.01-97.48 13.4 139.8 17
th

 

18. 08 2414.3 1.27 0.01-173.91 11.05 131 18
th

 

19. 19 16526.2 8.71 0.01-93.65 9.3 129.8 19
th

 

20. 18 13890.97 7.32 0.03-73.97 7.6 89.9 20
th
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erosion rates. As a result,priority class I covers only 7,129 hectare of the entire sub-watershed and it 

accounts about 36% of the total soil loss.while both priority classes II and III joined cover  only  about 

23,530 hectare, which covers 46% of the area ,but it contributed 57% of the  total soil loss in the sub-

watershed area.For instance,the priority class IV cover the percentages of an area only (40%), 

eventhough it contributes the lower percentages (7%) soil loss within this sub-watershed ( table 18 and 

figure 20). 

Accordingly, in addition to my result, when compared to with the related results, there were various 

scholars/researchers use different soil loss severity classes universal/worldwide/ depending on the 

purpose of the study and geographical context of the study (Legass et al., 2018). Eventhough, the current 

study was employed to FAO/UNDP, (1984) soil removal and erosion risk prioritization mapping scale to 

the Ethiopian highlands to effectively imagine the spatial distributions of erosion hotspots in the study 

area (figure 22). Several classifications based on  soil loss or soil removal have been reported in the 

literature for sheet and rill erosion.Low erosion level was defined for soil loss rates <10t ha-1 year-

1,whereas very high erosion was established as that occurring at rates>200t ha-1 year-1(Hernando and 

Romana 2015).Thus, the raster layers were collapsed into four  major soil erosion  rates/severity classes, 

such as very  high (>100t ha-1 year-1),high (50-100 t ha-1 year-1),  moderate (10-50 t ha-1year-1) and  

low/slight (<10t ha-1 year-1) was used as  a reference of this study. 

Therefore, in this study area, the average annual soil loss rate estimated for the entire sub-watershed was 

18.63t/ha/yr. The result also agrees with similar findings reported by Hurni, (1985) for the Ethiopian 

condition range from (2-18 t/ha/yr). Likewise the average annual soil loss of the study was closed to the 

findings of 26 t/ha/yr  in Wondo Genet watershed , which was reported/conducted  as by  Sisay et 

al.,(2014) and also  according to Mekuria et al.,(2017) conducted in Melaka Watershed; the average soil 

loss rate was 19.5Mg ha-1year-1 in 2010 and 12.4Mgha-1year-1 in 2015. Similarly, as studied by 

Gashaw, Tulu and Argaw, (2017) conducted in Geleda Watershed Blue Nile Basin reported as 23.7t/ha/yr 

which is relatively closed to the estimation of the study area.  Although, the soil erosion risk in Jabi 

Tehinan Woreda, conducted by Amsalu and Mengaw, (2014) stated as the mean annual soil loss was 

30.6t/ha/yr and the estimation soil loss rate conducted by Gelagay and Minale, (2016) in Koga 

Watershed, North Western Ethiopia was 47.4t/ha/yr, which is more highly severity erosion than my study 

area. Unlikely, the mean annual soil loss rate has increased 16 % which was from 49 to 57t/ha/yr in North 

western highlands of Ethiopia as reported by (Leggass et al., 2018).   

Thus, based on  different scholars/researchers  conducted in different parts of the Ethiopian highlands 

particularly, northern and north western parts of the counry has found to be different results due to land 
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use and also depend on the topograph of the areas. However, the impact changes of land use/land cover 

and management on the output of soil loss was almost high, particularly, land use/land cover (LULC) 

type with terrain slope, and soil characteristics. For this reason, the high reduction of forest and grassland 

areas and substituted dominantly by cropland and human settlement land areas from overall 1997-2017 

periods which diminished the purpose of the land, has led the dramatic rise of soil loss in the sub-

watershed which can be negatively impacted to the top soil productive. 

In generally, the potential mean annual soil loss rate found in the study area was higher than the 

maximum tolerable soil loss rate of 16 t/ha/yr. Infact this result, shows that how far soil erosion is a 

seriously menace/danger to the Arjo-Dedessa Sub-Watershed and as a result of high erosion risk on 

agricultural productivity and production is largely influenced due to the impacts of land use/land cover 

changes and also different biodiversities are declined from time to time in the study area. 
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 CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

5.1.Conclusion 

Based on the overall of the project works, it is possible to conclude the following points. 

Land use and land cover change (LULCC) is the result of the long time process of natural and 

anthropogenic activities that has been practiced on the land. GIS and remote sensing are the best tools 

that support to generate the relevant land use/land cover change in the sub-watershed.This paper aims 

investigating the land use/land cover changes occurred in Arjo Dedessa Sub-Watershed between 1997 

and 2017 using remote sensing and GIS. Land use and land cover change detection method used in this 

project was post classification Comparison which is very important in knowing from the past to present 

LULC changes have a wide range of consequences at spatial and temporal scales. Because of these 

effects and influences it has become one of the major problems for environmental change as well as 

natural resource management. Identifying the complex interaction between changes and its drivers over 

space and time is important to predict future developments, set decision making mechanisms and 

construct alternative predictions/scenarios.  

The land use/land cover changes (LULCCs) were analyzed according to the satellite images of three 

decades. The main change observed for the time periods of 1997-2017 was that the area of cropland , 

human settlement  and water body areas were increased approximately 4,376 hectare,7,212hectare and 

1,425 hectare respectively. On the other hand, both forestland and grasslands were decreased 

approximately 3,992 hectare and 9,022 hectare over the period of study from the total area in Arjo 

Dedessa sub –watershed was performed in the area. The basic reason for the increment of water body 

coverage in Arjo Dedessa is due to the constructions of Dedessa River Dams program carried out by the 

government for the functions of Arjo Dedessa Sugar Cane Plantations.Accordingly more land brought 

under cropland and human Settlement. The project output stated that increase in cropland and human 

settlement coverage of the Woreda resulted population pressure on land and there is good government 

policies for encourage reforestation Programme on the natural resources. Results of the analysis on the 

rate of soil loss from the land use /land cover in the sub-watershed also revealed that the transition of 

other LULC categories to cropland and human settlement was the most acute, while the forest and 

grassland was the most effective barrier/fence to soil loss.  

Generally, geographic information system and remote sensing analysis enables for sustainable 

managements of land use/land cover change (LULCC) planning, wise decision making, monitoring of the 

land use development program and policy implications. Further more, land use/land cover is very 
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dynamic in nature and has to be monitored at regular intervals for sustainable development thus it has 

become a central component in current strategies for managing natural resources.  

5.2. Recommendations 

Based on the results of the study area is the following points outlined as recommendations; 

 Replantation/reforestation and soil conservation in the study area will be carried out with full 

participation for local community benefits to restore the degraded areas. 

 Land use/land cover changes in the study area should be assessed and monitored by  the efforts of the 

Rural Land Admnistration and Used Office for  natural resource conservation by using the modern 

technologies like GIS and Remote sensing at timely. 

 They should be based on the local knowledge of soil conservation techniques within the collaboration 

of Agricultural and Natural Resource Management Office into increase the soil conservation strategy. 

 Every body (local society, government and non-government/ should be responsible to conserve and 

fight the degraded environment for the existences of natural resources to sustainability. 

 Sustainability of natural resources should be accomplished through increasing create awareness on land 

resources management and in addition to make the highly participation of womens in the environmental 

protections. 

 Alternative energy resources like bio-gas may be available in the area to replace the fire wood and 

charcoal uses and also reducing the back-wardness of forest destruction/tree cutting. 

 They should be responsible and operational institutions, laws and policies to be implemented   for the 

protection of natural resources and encourage to sustainable and wisely use their resources. 

 Therefore, community in the study areas should be responsible to keep and protect our natural 

resources and wisely used shall be to minimize the high destruction of natural environment to make 

sustain and plan appropriate for conservation of resource strategies measured based on the given 

magnitude enviable is to be blessed. 
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Annex I: Monthly Rainfall Data Factors for 10 Stations of the Study Area and Near by Studying 

Areas over 20 years from (1997-2017). 

S/No Name of Stations           Location Altitude 

(M) 

Mean Rainfall(P) from 

1997-2017years(mm) 

 

R-Factor 
Longitude Latitude 

1. Arjo 36.5 8.75 2565 2923.0 1634.606 

2. Bedele 36.35 8.45 2011 2,478.8 1384.97 

3. Arb-Gebeya 36.75 9.05 1860 1,623.0 904.006 

4. Getema 36.5 8.9 2110 1,702.5 948.7 

5. Nekemte 36.55 9.083 2080 2,762.4 1544.35 

6. Kone 36.283 8.683 2000 3,025.8 1692.4 

7. Atnago 36.65 8.3 1847 2,676.35 1495.98 

8. Sibu-Sire 36.86 9.01 1826 1,692.0 942.8 

9. Bilo-boshe 36.783 9.25 1726 1,988.5 1109.42 

10. Agaro 36.65 7.85 1666 2,386.95 1333.4 

 

Annex II: Monthly Temperature Data at Arjo Dedessa Station   for 30 years from (1987-2017). 
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Annex III: The Universal Soil Loss Equation (USLE) Adapted by Hurnifor Ethiopian Conditions by the 

following equations: A=R*K*L*S*C*P (Tons per ha per year) 

1.R:Rainfall Erosivity 

Annual Rainfall (MM) 100 200 400 800 1200 1600 2000 2400 

Annual R Factor (R) 48 104 217 441 666 890 1115 1340 

2.K:Soil Erodability 

Soil Color Black Brown Red Yellow 

Factor K 0.15 0.20 0.25 0.30 

3.L:Slope Length 

Length (M) 5 10 20 40 80 160 240 320 

Factor L 0.5 0.7 1.0 1.4 1.9 2.7 3.2 3.8 

4.S: Slope Gradient 

Slope (%) 5 10 15 20 30 40 50 60 

Factor S 0.4 1.0 1.6 2.2 3.0 3.8 4.3 4.8 

5.Land Cover 

Dense Forest: 0.001 Dense Grass: 0.01 

Other Forest: See Grass Degraded Grass: 0.05 

Badlands Hard: 0.05 Fallow Hard: 0.05 

Badlands Soft: 0.40 Fallow Ploughed: 0.60 

Sorghum Maize: 0.10 Ethiopian  Teff: 0.25 

Cereals, Pulses: 0.15 Ethiopian Fallow: 1.00 

6.P: Management Factor 

Ploughing Up and Down: 1.00 Ploughing on Contour: 0.90 

Strip Cropping: 0.80 Intercropping: 0.80 

Applying Mulch: 0.60 Dense Intercropping 0.70 

Stone Cover  80%: 0.50 - - 

Stone Cover 40%: 0.80 - - 

Source: (Hurni, 1985 and Hellden, 1987). 
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Annex IV: Image Classification and Interpretation Ground Truth of GPS Points in the sub-watershed. 

S/No LULC 

Classes 

X Y Elevation 

(M) 

1.  CL 224086 965689 2172 

2.  CL 223787 966044 2256 

3.  CL 223829 965471 2266 

4.  CL 223269 965458 2230 

5.  CL 222769 966062 2262 

6.  CL 222816 966821 2322 

7.  CL 223896 966444 2306 

8.  CL 224359 965580 2309 

9.  CL 224812 965159 2311 

10.  CL 225539 964087 2319 

11.  CL 223777 964774 2196 

12.  CL 225781 966499 2438 

13.  CL 224557 967269 2470 

14.  CL 224318 966287 2330 

15.  CL 223894 970429 2430 

16.  CL 222757 971692 2390 

17.  CL 224115 968395 2475 

18.  CL 224068 968696 2445 

19.  CL 223728 968367 2440 

20.  CL 223303 967750 2426 

21.  CL 223923 966086 2289 

22.  CL 224665 966981 2476 

23.  CL 225303 966067 2371 

24.  CL 225949 965499 2438 

25.  CL 226491 964821 2450 

26.  CL 227032 963574 2452 

27.  CL 227296 962803 2421 

28.  CL 228314 961722 2431 

29.  CL 228263 961205 2407 

30.  CL 225772 964990 2374 

31.  CL 225487 964806 2328 

32.  CL 224946 969137 2505 

33.  CL 223297 966405 2226 

34.  CL 224025 966747 2325 

S/No LULC 

Classes 

X Y Elevation 

(M) 

35.  FL 224006 965945 2214 

36.  FL 223031 966512 2286 

37.  FL 225442 964080 2304 

38.  FL 225927 966107 2429 

39.  FL 222801 9671707 2406 

40.  FL 223484 970811 2426 

41.  FL 223673 968191 2425 

42.  FL 225938 965509 2440 

43.  FL 228231 961958 2424 

44.  FL 224705 968968 2473 

45.  FL 224133 966892 2354 

46.  GL 223995 966034 2215 

47.  GL 223620 965377 2244 

48.  GL 222665 966182 2266 

49.  GL 223555 967098 2421 

50.  GL 223990 966177 2295 

51.  GL 224606 964882 2298 

52.  GL 224028 965322 2199 

53.  GL 224804 967544 2467 

54.  GL 224081 967337 2448 

55.  GL 224216 965912 2313 

56.  GL 223911 970409 2432 

57.  GL 224152 968433 2475 

58.  GL 223375 967875 2433 

59.  GL 225236 967636 2451 

60.  GL 224913 966070 2350 

61.  GL 226828 964085 2437 

62.  GL 228291 961773 2423 

63.  GL 225900 964935 2406 

64.  GL 224046 966788 2334 

65.  Hu/S 222634 972319 2438 

66.  Hu/S 224175 969977 2491 

67.  Hu/S 224868 968845 2496 

68.  Hu/S 224574 968240 2505 
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69.  Hu/S 224712 968607 2473 

70.  Hu/S 225019 969013 2488 

71.  Hu/S 224866 967883 2466 

72.  Hu/S 225477 967286 2463 

73.  Hu/S 225217 967476 2448 

74.    Hu/S 224627 967849 2493 

75.  Hu/S 228123 961978 2424 

76.  Hu/S 224573 967988 2491 

77.  Hu/S 224185 967572 2325 

78.  Hu/S 224629 967937 2500 

79.  Hu/S 224641 968412 2506 

80.  Hu/S 224708 968795 2499 

81.  Hu/S 224774 969186 2481 

82.  Hu/S 224625 969418 2468 

83.  Hu/S 224269 969536 2485 

84.  Hu/S 224762 969518 2490 

85.  Hu/S 224892 969443 2489 

86.  Hu/S 224942 969049 2505 

87.  Hu/S 223306 966350 2213 

88.  WB 224061 966018 2195 

89.  WB 223562 965368 2233 

90.  WB 223044 966037 2248 

91.  WB 223913 966617 2302 

92.  WB 223989 966254 2283 

93.  WB 224429 965485 2281 

94.  WB 224656 964940 2291 

95.  WB 225039 964306 2281 

96.  WB 225430 964061 2301 

97.  WB 224033 965250 2197 

               Note:                  

               CL:Cropland 

               FL:Forestlad   

               GL:Grassland 

               HU/S:Human settlement Areas 

              WB: water body. 


