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ABSTRACT 

An accurate and up-to-date knowledge of landuse/landcover features and their relative risk for 

environmental hazards represents the foundation for effective sustainable land resource 

management. It guides local managers in managing land resources in a more sustainable 

manner and to implement conservation measures. Hence, this study attempted to identify and 

quantify the major landuse/landcover changes over the past 32 years (1973-2005) using Remote 

Sensing and GIS techniques as well as to produce potential soil erosion risk map and to estimate 

the rate of soil erosion using the Revised Universal Soil Loss Equation (RUSLE) in combination 

with Remote Sensing and GIS in Antsokia-gemza Woreda. In line with this, three satellite 

imageries (Landsat MSS 1973, Landsat TM 1986, and Landsat ETM+ 2000) have been utilized 

for the change detection analysis; and 15years rainfall data, soil map (FAO, 1996), topography 

map (SRTM) and landcover map of the year 2005 have been considered for soil erosion risk 

analysis. As a result, landuse/landcover map of 1973, 1986, 2005, and potential soil erosion risk 

map of the study area was generated. The results showed that during the last 32 years 3 major 

changes have been observed, forest cover and wetland resource significantly decreased at a rate 

of (0.93 km2/yr) and (0.53 km2/yr) respectively; on the other hand cultivated land and bare land 

has shown increment in size at a rate of (0.98 km2/yr) and (1.32 km2/yr) respectively; and 

settlement and urbanization has intensified. Concerning the soil erosion risk analysis the woreda 

exhibited soil erosion between 0.019 to 327.011 ton ha-1 yr-1, with 32.86 ton ha-1 yr-1 of mean 

annual rate of soil loss which has shown the woreda is prone to rainfall erosion. Particularly the 

steeper slopes in the mid-highland area is highly susceptible to erosion. Therefore, detail 

assessment based landuse/landscover plan and management, soil and water conservation 

practices are some of the appropriate interventions recommended.  

 

Key Words: Landuse/Landcover, Dynamics, Soil erosion Risk, GIS, Remote Sensing, USLE
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1. INTRODUCTION 

1.1. Background 

An accurate knowledge of landuse/landcover features and their relative risk for 

environmental hazards represents the foundation for effective sustainable land resource 

management. Most of the earth's surface is already modified, except those areas that are 

peripheral in location or are fairly inaccessible (Turner et al., 1994). It is only about 25 

percent of the land that remains nearly unchanged. According to Ringrose et al., (1997) 

landuse/landcover change in Africa is currently accelerating and causing widespread 

environmental problems and thus needs to be studied and mapped. This is important because 

the changing pattern of landuse/landcover reflect changing economic and social conditions. 

Moreover, identification of potential areas of environmental hazards for appropriate 

management interventions to tackle the major causative factors at their specific locations is, 

therefore, imperative from an economic, management and sustainability point of view. 

Especially, generating accurate environmental risk maps in GIS environment is very 

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

prevention techniques. Otherwise, mismanagement, neglect and exploitation can ruin the 

scarce and fragile resource and become a threat to human survival (Lal, 1995).  

 

Ethiopia is situated in the Horn of Africa where agriculture had always played a central role 

in the country’s economy. Agriculture accounts for 46.3% of the GDP, 83.9% of exports, 

and 80% of the labour force of the country (CSA, 2005). Agriculture and human settlement 

represented long history and intensive particularly in the highlands of Ethiopia due to the 

prevalence of favorable climatic and ecological conditions i.e. sufficient rainfall, moderate 

temperature, and well developed soils. This long history of agriculture along with high 

population pressure in the highlands brought unsustainability of agriculture practices and 

utmost depletion of the scarce natural resources. As a consequence, Ethiopia has shown 

considerable LULC changes during the second half of the 20th century (Gete, 2000; 

Solomon 1994; Kebrom & Hedlund, 2000). For instance, the natural high forests that used to 

cover about 40 % of the highlands have been converted to cultivated land and reduced to 2.7 

% in less than a century (IUCN, 1990). 
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A number of studies indicated that deforestation and encroachment of cultivation into 

marginal areas were the main causes of landuse/landcover change and land degradation in 

the highlands of Ethiopia (Gete, 2000; Solomon 1994; Kebrom & Hedlund, 2000). Due to 

population pressure agricultural practices in many parts of Ethiopian highlands have, more 

recently, expanded to the more difficult terrain such as to steeper slopes and swampy plains 

and traditionally untapped part of the environment. This has in turn created pressure on land, 

vegetation and water resources (Hurni, 1985). Consequently, the highlands of the country in 

particular the Northern highlands are highly degraded (EI-Swaify and Hurni, 1996) and 

amongst those with high rate of nutrient depletion in sub-Saharan Africa (Stoorvogel et al., 

1993). Such loss and depletion of soils and plant biodiversity are recognized to be the two 

most important forms of environmental degradation in rural Ethiopia (EFA 1994, cited in 

Muluneh, 2003).  

 

Land degradation in the form of Soil erosion and nutrient depletion are the most significant 

ecological restrictions to sustainable agricultural production, mainly under subsistence 

agricultural system like Amhara Region where the study area is found (Gete, 2000). 

Moreover, apart from several socioeconomic and technical factors, the extent of land 

degradation in the Northern highlands has already passed the threshold level in such a way 

that restoration is no longer feasible (Constable and Belshaw, 1989). The unsustainable 

agricultural activities, mountainous and hilly topography, torrential rainfall, deforestation, 

absence of clear protective policies and regulations are identified as the major causes for the 

steadily increment of land degradation, which is the most destructive process in the highland 

areas (Feoli et al., 2002; Million, 2002; Markos, 1997).  

 

Antsokia-Gemza Woreda is relatively densely populated and sustainability of agriculture is 

the key concern. It constitutes one of the oldest settlement and cultivation zones in Ethiopia. 

The topography of the area exhibits distinct variation and contains flat low – lying plains 

surrounded by steep hills and rugged land features. Due to its physical feature and man 

intervention in clearing the vegetation cover for farming, fuel and construction land has been 

growing subject to sever degradation and excessive soil erosion which brings about a 

recurring drought in the area (Selam, 2001; WVE, 1999).  
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1.2. Statements of the problem 

Landuse/landcover information are important for several planning and management 

activities concerned with the surface of the earth because it constitutes key environmental 

information for many scientific, resource management and policy purposes, as well as for a 

range of human activities. It is generally argued that the Ethiopian highlands are highly 

degraded due to rapid changes in landuse/landcover, population density and soil 

degradation; yet there is very little spatial and quantitative data base that can substantiate 

these arguments (Hurni, 1993).  

 

In Ethiopia, the majority of the rural population livelihood depends on agriculture. 

Therefore, land is a critical resource. However, land degradation caused by soil erosion, 

overgrazing, deforestation and poor agricultural practices are undermining the very 

resources on which rural households depend for their survival (Hurni, 1993). Likewise, 

according to ARDO of Antsokia_Gemza woreda agriculture is the means of survival for 

more than 95% of population living in the area. It is also considered to be the potential way 

of social as well as economic transformation. However, the lack of vegetation covers along 

the steep slops and the high slope gradient coupled with high erosive rain is exposing the 

area to high rates of soil erosion and loss of soil fertility (Selam, 2001). Furthermore, as a 

consequence of continuous land degradation due to sever soil erosion more agricultural land 

is being lost, which is seriously affecting the livelihoods of the farming community in the 

area. If the current trends in soil erosion in particular and land degradation in general persist 

in the study Woreda, the farmers’ agricultural production will decline which consequently 

make the people to be food insecured. Moreover, the life supporting system may be 

deteriorated and eventually reach in an irreversible condition.   

 

Despite the aforementioned problems, the evaluation of challenges of landuse/landcover 

changes and risk of potential soil erosion within the study woreda has not attracted sufficient 

scientific attention in the study area. Therefore, assessment and analysis of 

landuse/landcover changes and identification of potential soil erosion risk areas in the 

Woreda is a timely issue for appropriate management interventions to tackle the major 

causative factors at their specific locations.  
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1.3. Objectives  

1.3.1. General objective 

The main objective of this research is to examine the landuse/landcover dynamics and to 

analyze the potential soil erosion risk in the study area for effective and sustainable land 

management. 

1.3.2. Specific Objectives 

 To Analyze and quantify the landuse/landcover change over the past thirty two years 

(1973-2005). 

 To asses the landuse/landcover dynamics of the study area over the study period. 

 To estimate the rate of potential soil loss and to map potential soil erosion risk areas 

that need urgent intervention of protection and conservation programs using USLE 

model.  

1.4. Significance of the Study  

Sever land degradation and excessive soil erosion is responsible for the recurring drought in 

Antsokia-Gemza woreda. However, the evaluation of challenges of LULC changes and risk 

of soil erosion within the study woreda has not attracted sufficient scientific attention. 

Therefore, this study will provide base-line information on issues on LULC changes and 

dynamics in relation to the biophysical set up of the study area. It will also provide first-

hand information on spatial extent of risks of soil erosion. Basically, such information is 

vital for establishing the past and present conditions and predicting the future trends of the 

landuse/landcover and the physical environment in the woreda.  Therefore, the findings from 

this study will primarily benefit the Woreda land managers and NGOs which have 

implemented land resource management programs in the woreda, as it evaluates the impact 

of their program on the well-being of land and will suggest some key issues for further 

redesign. Furthermore, policy-makers, development planners, local land-mangers, concerned 

NGOs and any responsible bodies which can start water and soil conservation programs will 

be simply equipped to take appropriate decisions.  
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1.5. Scope and Limitation of the Study  

This study is, actually a local level study and thus focuses mainly on issues related with 

LULC and SER within the area. The potential soil erosion map did not consider gully 

erosion. Concerning constraints, this study also had some limitations. Among the significant 

constraints getting the most recent landsat images and even images taken in similar periods 

of the considered years was difficult. Moreover, to maximize the representativeness of the 

result of the soil erosion risk map relatively dense metrological stations were required to 

spatially represent rainfall over the study area, but only 3 stations were available within and 

around the study area and all are considered. Moreover, the soil map developed by FAO 

(1996) with (1:1000000) scale was considered in this study, which is too rough to classify 

and characterize the soil deeply. Finance and time were identified as real constraints in 

assessing the study area fully, buying appropriate imageries. 
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2. LITERATURE REVIEW 

2.1. Landuse/Landcover Change and the Environment  

2.1.1. Landuse/Landcover Concepts and Links 
 
Land is one of our most precious assets, and its use is versatile. A technical and commonly 

accepted definition of land, as given by the UN’s Food and Agriculture Organization (FAO), 

is:  an area of the earth’s surface, the characteristics of which embrace all reasonably stable, 

or predictably cyclic attributes of the biosphere vertically above and below this area 

including those of the atmosphere, the soil and underlying geology, the hydrology, the plant 

and animal populations, and the results of past and present human activity, to the extent that 

these attributes exert a significant influence on present and future uses of the land by man. It 

represents surface and space; it provides food, it filters and stores water; and it is a basis for 

urban and industrial development, leisure, and a wide range of social activities. 

 
Every parcel of land on the Earth’s surface is unique in the cover it possesses and on the 

way it is used. Landuse/landcover are distinct yet closely linked characteristics of the 

Earth’s surface. Landcover as defined by (FAO, 2000) is "the observed biophysical cover on 

the earth’s Surface." and landuse as “the arrangements, activities and inputs that people 

under-take on a certain landcover type". Landuse differs from landcover because of the 

intentional role of people to adapt the natural landcover to their benefit. The landuse entails 

both the manner in which the biophysical attributes of the land are manipulated, and the 

intent underlying that manipulation, namely, the purpose for which the land is used. 

 

Landuse affects landcover and changes in landcover affect landuse as well. The natural 

landcover is generally a good expression of the soil and vegetation pattern that goes with the 

natural environment. However, changes in the nature of landuse activities often results in 

landcover changes, which are categorized into two types: modification and conversion. 

Modification is a change of condition within a cover type in which significant change in 

landcover can occur within these patterns of landcover change. Conversion is a change from 

one cover type to another (Turner and Meyer, 1994).  
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The manipulation of the land is also affected by the type and extent of the cover it possesses. 

Landuse changes can move in two directions: either, in the negative sense, leading to land 

degradation and loss of (production) potential, or, in the positive sense, resulting in a higher 

value or potential. Furthermore, Land-use is an abstract concept, constituting a mix of social, 

cultural, economic and policy factors, which have little physical importance with respect to 

reflectance properties. Hence, landuse cannot be measured directly by remote sensing, but 

rather requires visual interpretation or sophisticated image processing and spatial pattern 

analyses to derive landuse from aggregate land-cover information and other ancillary data.  

2.1.2. Major Causes of Landuse/Landcover Change 
 
Landuse is never static; it constantly changes in response to the dynamic interaction between 

underlying drivers and proximate causes (Lambin and Geist, 2003). Globally, landcover 

today is altered principally by direct human use, such as: agriculture and livestock raising, 

forest harvesting and management, and urban and suburban construction and development 

(Meyer, 1995). Besides, natural events such as weather, flooding, fire, climate fluctuations, 

and ecosystem dynamics may also initiate modifications upon landcover. However, recently 

human activities and social factors were recognized to have a paramount importance for 

understanding of land-use and land-cover change. More specifically, it is land clearing for 

agriculture that has been the most significant process by far and is a process that continues 

today (Blair and Dockray, 2004).  

 

Generally, the causes of landuse/landcover change can be categorized in to: proximate 

driving forces and underlying driving forces. Proximate (direct) causes are immediate 

actions of local people in order to fulfill their needs from the use of the land (Geist and 

Lambin, 2002). These causes include agricultural expansion, wood extraction, infrastructure 

expansion and others that change the physical state of landcover (Turner and Meyer, 1994). 

It operates at the local level (individual farms, householders, or communities). Where as, 

underlying (indirect or root) driving forces are fundamental socio-economic and political 

processes that push proximate causes into immediate action on landuse/landcover (Geist and 

Lambin, 2002). Underlying driving forces, i.e. including demographic pressure, economic 

status, technological and institutional factors, influence landuse/landcover in combination 
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rather than as single causations (Turner and Meyer, 1994). Unlike with the proximate 

causes, it operates at regional and national levels such as districts, provinces, or countries.  

2.1.3. Major Environmental Consequences of Landuse/Landcover Changes  
 
Landuse/landcover change (LULCC) is increasingly recognized as an important driver of 

environmental change on all spatial and temporal scales (Turner and Meyer., 1994). It 

contributes significantly to earth atmosphere interaction, forest fragmentation, and 

biodiversity loss. Changes in landcover by landuse do not necessarily imply a degradation of 

the land. However, many shifting landuse patterns, driven by a variety of social causes, 

result in landcover changes that affect biodiversity, water and radiation budgets, trace gas 

emissions and other processes that, cumulatively, affect global climate and biosphere 

(Turner and Meyer, 1994). Generally, LULC change has major impacts on biodiversity, 

earth climate, and hydrology. 

2.1.3.1. Impact of Landuse/Landcover Change on Biodiversity 

 
‘Biodiversity’ describes the interrelated existence of the diverse life on earth – animals and 

plants. It boosts ecosystem productivity whereby every species, no matter how big or small, 

have an important productivity role to play. However, human activity is vastly altering the 

Earth’s biodiversity. The loss of biodiversity due to land-use and land-cover changes takes 

place at multiple levels (landscape, ecosystem and species), and in multiple dimensions 

(structure and function) (Turner et al., 1995). A major impact of land-use and land-cover is 

on biotic resources. For instance, the annual loss of plant species in tropical Africa is as high 

as 27,000. Moreover, about 29 percent of the world land surface was originally under forest 

cover. Presently, however, it is only a fifth of this original which remains undisturbed (FAO, 

2001). The loss of plant biodiversity may lead to the decline of ecosystem integrity and loss 

of plant genetic resources. Such changes have considerable consequences for the health and 

resilience of ecosystems and for human welfare.  

2.1.3.2. Impact of Landuse/Landcover Change on Climate 

 
The land surface is an important part of the climate system. Thus, change in LULC also 

contributes to climate change through a variety of processes locally, regionally and globally. 
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These include the growth or degradation of surface vegetation, which produces changes in 

the global atmospheric concentration of carbon dioxide; and changes in the land surface, 

which affect regional and global climate by producing changes in the surface energy 

budgets. Changes in the land surface have affected local and regional climates (Henderson-

Sellers, 1995), and it is increasingly clear that some changes in the land surface can have 

significant impacts on the climate in distant parts of the Earth. For example, it has been long 

appreciated that changes in forest cover in the Amazon Basin affect the flux of moisture to 

the atmosphere, regional convection, and hence regional rainfall. Recently, Avissar (1996) 

has shown that these changes in forest cover have consequences far beyond the Amazon 

Basin. Besides, he conformed that fragmentation of the landscape can affect convective flow 

regimes and rainfall patterns locally and globally. Land surface changes on the order of 10 

km on a side can cause changes in the local pattern of rainfall.  

2.1.3.3. Impact of Landuse/Landcover Change on Hydrology 

 
Landuse/landcover characteristics and the hydrologic cycle have many connections. The 

type of landcover, obviously, can affect both rate of infiltration and runoff amount by 

following the coming of precipitation. According to Meyer and Turner (1995), both surface 

and ground water flows are significantly affected by type of landcover. For example, forest 

canopy and leaf litter help to reduce the erosive action of rain drops. On the other hand, the 

formation of sheet, rill and/or gully erosion are common in areas where ground cover is 

insufficient. Impacts of LULC change on atmospheric components of the hydrologic cycle 

are increasingly recognized (Bonan, 1997).  

 

Conversion of agricultural, forest, grass, and wetlands to urban areas usually comes with a 

vast increase in impervious surface, which can alter the natural hydrologic condition within 

a watershed. It is well understood that the outcome of this alteration is typically reflected in 

increases in the volume and rate of surface runoff and decreases in ground water recharge 

and base flow (Andersen, 1970), which eventually lead to larger and more frequent incidents 

of local flooding reduced residential and municipal water supplies, and decreased base flow 

into stream channels during dry weather (Harbor, 1994). Other impacts associated with 

change of discharge behavior due to urbanization include increased lake and wetlands water 
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levels, modified watershed water balance and increased erosion of river channel beds and 

banks (Doyle et al., 2000). 

2.2. Land Degradation 

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

studies defined land degradation in different ways. It is defined as a decline in the 

productive capacity of the land in relation to actual or possible uses land hence a problem to 

those who use the land (Berry, 2003 cited in Kumela 2007). All definitions of land 

degradation can be included under three categories namely physical (include water and wind 

erosion, crusting and sealing, compaction, water logging and reduced infiltration), chemical 

(acidification, salinization, nutrient depletion, pollution) and biological degradation (soil 

organic matter decline, biomass burning and depletion of vegetation cover and soil fauna) 

(FAO, 2001).  

 

Accelerated land degradation, on the other hand, is a biophysical process driven by 

socioeconomic and political causes. High population density is not necessarily related to 

land degradation but what people do to the land determines the extent and magnitude of 

degradation. Causes of land degradation are the agents that determine the rate of 

degradation. These are biophysical (landuse and land management, including deforestation 

and tillage methods), socioeconomic (e.g. land tenure, marketing, institutional support, 

income and human health), and political (e.g. incentives, political stability) forces that 

influence the effectiveness of processes and factors of land degradation. However, 

environmental degradation from human pressure and landuse has become a major problem 

worldwide but the effects are felt more in the developing countries than in the developed 

countries because of the high population growth rate and the associated rapid depletion of 

natural resources.  

 

As EFAP (1994) pointed out that severity of land degradation usually depends on the 

severity of soil erosion. Because, soil erosion mainly caused by high-intensity of rain storms 

and aggravated by rugged geomorphic features, steep slopes, and barren land surfaces is the 

main cause of land degradation. The wide spread practices of burning dung, burning crop 
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residues for fuel and for seed bed preparation under state farm conditions, burning of forests 

and range lands, deforestation for cultivation, fuel wood and construction materials, as well 

as poor farming practices particularly in the areas practicing cereal mono-culture farming 

system and cultivation of steep slopes, increase the susceptibility of the land resources to 

land degradation supplemented by soil erosion in dry sub-humid and semi-arid areas. 

Therefore, exploring the status of erosion imitated by intensive rain in relation to the 

biophysical setups has a paramount importance in dealing land degradation. 

2.2.1. Soil Erosion 
 

Soil degradation describes a decline in the soil quality encompassing the deterioration in 

physical, chemical, and biological attributes, which commonly manifest itself through soil 

erosion, soil fertility depletion, soil compaction and soil pollution (Alemneh et al., 1997). In 

the 1980s intensified concern about soil degradation and damage to the environment resulted 

in the drafting of FAO’s World Soil Charter in 1981, and of UNEP’s World Soil 

Conservation Strategy in 1982 (FAO, 1981 and UNEP 1982). Soil erosion specifically is one 

form of soil degradation, which  is the wearing away of the land surface by physical forces 

such as rainfall, flowing water, wind, ice, temperature change, gravity or other natural or 

anthropogenic agents that abrade, detach and remove  soil or geological material from one 

point on the earth's surface to be deposited elsewhere’. Soil erosion is normally a natural 

process occurring over geological timescales; but where (and when) the natural rate has been 

significantly increased by anthropogenic activity accelerated soil erosion become a process 

of degradation and thus an identifiable threat to soil. 

 

According to Johnson and Lewis (1995), the most ubiquitous cause contributing to 

agricultural land degradation was soil erosion.  Soil erosion may be a slow process that 

continues relatively unnoticed, or it may occur at an alarming rate causing serious loss of 

topsoil. The impacts of soil erosion have major implications for society from an economic, 

social and environmental perspective. It has ecological and economic impacts at scales 

ranging from the field, where nutrient depletion, degraded soil structure and lost organic 

matter affect farm livelihoods (Morgan, 1995), to the watershed and nation, where sediment 

and nutrient loads alter water quality and storage, and adversely affect ecosystem function 
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(Clark, 1987). Smaling (1993) has showed the significance of erosion in soil functional 

degradation throughout sub-Saharan Africa at these varied scales.  

 

The link between soil erosion and agricultural yields has been cited (Lal, 1995), with most 

attention paid to nutrient limitation. For example, (Tamire, 1995) stated that associated with 

the soil movement there is a loss of organic matter, nitrogen, phosphorus, potassium and 

other essential plant nutrients. The organic matter loss associated with the removal of 

surface soil and ranges from 15-100 kg/ha/year, which amounts to 1.17-7.8 million ton of 

organic matter lost per year from 78 million hectare of cultivated and grazing lands of 

Ethiopia. The loss of soil from farmland may be reflected in reduced crop production 

potential, lower surface water quality and damaged drainage networks. Though some local 

success in controlling and reversing soil degradation has been documented (Tiffen et al., 

1994), the soil resource continues to decline regionally (Sanchez et al., 1997), alarmingly so 

in areas (Oostwoud and Bryan, 2001). 

2.2.1.1. Mechanisms and Processes of Soil Erosion  

 
Soil erosion is a two-phase process consisting of the detachment of individual soil particles 

from the soil mass and their transport by erosive agents such as running water and wind. 

When sufficient energy is no longer available to transport the particles, a third phase, 

deposition, occurs (Morgan, 1995). According to (Horton, 1945), if rainfall intensity is less 

than the infiltration capacity of the soil no surface runoff occurs and the infiltration rate 

equals the rainfall intensity. If the rainfall intensity exceeds the infiltration capacity, the 

infiltration rate equals the infiltration capacity and the excess rain forms surface runoff. As a 

mechanism for generating runoff, however, comparison of rainfall intensity and infiltration 

capacity does not always hold (Morgan et al. 1986). 

 

When runoff is sufficiently powerful, it picks up soil and carries it down slope, cutting small 

channels, or rills, in the fields. Where soil is shallow, severe erosion leads to complete 

removal of the soil and exposure of bedrock. Where soil is deep, the rills can grow into 

gullies which are too deep to plough over, and break fields into inconvenient fragments 

(Morgan, 19955). Soil is also eroded from the areas between rills and gullies, removing the 
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topsoil which has the best structure, and most of the organic matter and nutrients. Once 

runoff is initiated on a cultivated field, various forms of erosion are likely to occur, showing 

various combinations in space and time: sheet hillslope erosion, parallel linear erosion and 

gully erosion. 

2.2.1.2. Major Factors Affecting Soil Erosion 

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

major factors affect soil erosion: climate, soil, topography, and landuse (USDA, 2008). 

Rainfall drives erosion according to its intensity (how hard it rains) and amount (how much 

it rains). It is closely related to rainfall partly through the detaching power of raindrops 

striking the soil surface and partly through the contribution of rain to runoff (Morgan, 1995). 

This applies particularly to erosion by overland flow and rills, for which intensity is 

generally considered to be the most important rainfall characteristic. Erodibility defines the 

resistance of the soil to both detachment and transport. Erodibility varies with soil texture, 

aggregate stability, shear strength, infiltration capacity and organic and chemical content 

(Morgan, 1995). The silt and clay content determines soil erodibility. Slope length steepness 

and shape, on the other hand, are the topographic characteristics that most affect erosion and 

deposition. Erosion would normally be expected to increase with increases in slope 

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

surface runoff (Morgan, 1995). Finally, landuse is the single most important factor affecting 

soil erosion and it is strongly enhanced by the human activities. Ground cover provides a 

significant moderating impact on dissipating the energy supplied agents of soil erosion 

(Morgan, 1995).  

2.2.2. Land Degradation in Ethiopia 
 
Land degradation may be the most serious environmental problem requiring prompt 

attention in sub-Saharan Africa (SSA) (Stoorvogel and Smaling, 1990).  The causes of land 

degradation are complex and have diverse nature and dimensions, depending on peculiarities 

of different countries, influenced as it is by a combination of natural and socio-economic-

cultural factors. In Ethiopia, the heavy reliance of some 85 percent of the growing 

population on an exploitative kind of subsistence agriculture is a major reason behind the 
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current state of land degradation. Moreover, land degradation is a long-term process in 

which the effect and steady expansion is hardly noticed until it manifests itself with 

disastrous drought and famine.  

 

In the Ethiopian context, the simultaneous increase in both human and livestock population 

brings about the depletion of biological resources. The increase of human population has 

resulted in an increase in cropland at the expense of traditional grazing areas such as bush 

lands, rangeland and forests (Hoekstra et al., 1990). This has induced overgrazing and soil 

erosion, which eventually led to land degradation. In addition, in most areas of Ethiopia an 

improvement in accessibility is mentioned to be one of the causes in landuse/landcover 

change. Muluneh (1994) for instance, has evidenced the change of cropping pattern of 

Sebeta-Bet-Gurage from enset (Ensete ventricosum) and cereals to cash crop due to the 

improvement of motorized transport and proximity to Addis Ababa. This problem has 

occurred beyond the limit of the land particularly in the highlands because vegetation and 

soils of these areas have been affected strongly (Kahsay, 2004).  

 

Soil erosion by water and its associated effects are recognized to be severe threats to the 

national economy of Ethiopia (Hurni, 1993). He estimates that soil loss due to erosion in 

Ethiopia amounts to 1493 million tons per year, of which about 42 tons/ha/y is estimated to 

have come from cultivated fields. This is far greater than the tolerable soil loss as well as the 

annual rate of soil formation in the country. Soil erosion is thus the most immediate 

environmental problem facing Ethiopia. The loss of soil and the deterioration in fertility, 

moisture storage capacity, and structure of the remaining soils all reduce the country’s 

agricultural productivity. Soil erosion is greatest on cultivated land, where the average 

annual loss is 42 tons/ha, compared with five tons/ha from pastures. As a result, nearly half 

the soil loss comes from land under cultivation, even though these lands cover only 13 

percent of the country. Not surprisingly, the highest average rates of soil loss are from 

formerly cultivated lands that are currently unproductive because of degradation and little 

protective vegetative cover (Hurni, 1990). 
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In the wake of the 1985 famine, the Ethiopian government launched an ambitious program 

of soil and water conservation supported by donors and non-government organizations and 

backed up by the largest food for- work (FFW) program in Africa. However, the lack of 

participation of farmers in the planning, design and implementation process (top-down 

approach), inappropriateness of the technologies, limited availability of resources to the 

farmers, institutional and organizational problems, neglect of the indigenous knowledge of 

the community and other economic viability and technical viability problems has led to the 

failure of the introduced structures (Berhanu, 1999). The majority of farmers have been 

reported to have removed totally or partially conservation structures constructed on their 

plots (Shiferaw and Holden, 1998).  

2.2.2.1. Soil Erosion in the Northern Ethiopian Highlands  

 
The Ethiopian highlands are the centre of the economic activity of the country with over 85 

percent of the country’s population and 75 percent of livestock and they are the source of 

many of the country’s major rivers (including the Blue Nile). These highlands occupy 

approximately 45 percent of the total land area of the country. Despite their importance, 

Ethiopian highlands are one of the largest areas of ecological degradation in Africa. Soil 

erosion is the main challenge in these highlands about 50 percent is significantly eroded, 25 

percent seriously eroded and 5 percent has lost the ability to produce food. Only 20 percent 

of the highlands are estimated to have a minor problem of erosion (EHRS, 1984).  

 

Due to this fact, the Ethiopian high lands presently constitute one of the most degraded lands 

in Africa. Compared to other areas highland areas of the country, the rate is very high in the 

central and Northern highlands, indicating erosive cropping practices on steep slopes 

(Constable and Belshaw, 1989). If the current rate of erosion continues, some 18 % of the 

areas in these highlands will become completely unsuitable for cropping.  This long-term 

affect of soil loss (unless effectively controlled) on the ecological balance and survival of a 

society is often not captured by cost estimates of soil erosion based only on production value 

for certain years. This ecological degradation threatens not only millions of Ethiopians 

today, but more millions of Ethiopians as yet to come. Furthermore, deforestation, over 

cultivation, overgrazing, over population, topographic nature of the area as well as rural 
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development policies are delineated the major cause for serious soil erosion resulted in land 

degradation in the Ethiopian high lands (Solomon Abate, 1994; Markos Ezra, 1997). 

 

2.3. LULC Change Detection and Soil Erosion Risk Mapping 

2.3.1. Remote Sensing and GIS in Landuse/landcover Change Detection 

2.3.1.1. Digital Image Processing 

 
Digital image processing operations includes image rectification and restoration 

(preprocessing), image enhancement and image classification. Preprocessing is aimed to 

correct distorted or degraded data to create a more faithful representation of the original 

scene. This typically involves the initial processing of raw image data to correct for 

geometric distortions, to calibrate the data radiometrically, and to eliminate noise present in 

the data. Image enhancement is a procedure applied to image data in order to more 

effectively display or record the data for subsequent visual interpretation. Subtle variations 

in input image data values would now be displayed in output tones that would be more 

readily distinguished by the interpreter. Light tone areas would appear lighter and dark areas 

would appear darker. 

2.3.1.2. Image Classification 

Digital image classification is the process of assigning pixels to classes (Jensen, 1996). 

Usually, each pixel is treated as an individual unit composed of values in several spectral 

bands. It is divided into supervised and unsupervised classification. 

 

a) Unsupervised classification 

Unsupervised classification uses statistical clustering techniques to combine pixels into 

groups (classes) according to the degree of similarity of their brightness value in each 

spectral band. The analyst should understand the spectral characteristics of the terrain in the 

area of   study well enough to properly label certain clusters into a specific information class 

(landcover type). In this process many spectral classes can be assigned to a few landcover 

types (Jensen, 1996).  
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b) Supervised classification 

Supervised classification is the process of using a known identity of specific sites (through a 

combination of fieldwork, analysis of aerial photography, maps, and personal experience) in 

the remotely sensed data, which represent homogenous examples of landcover types to 

classify the remainder of the image. These areas are commonly referred to as training sites 

(Jensen, 1996). The maximum likelihood classifier is one of the most popular methods of 

classification in remote sensing. This classifier assigns a pixel with maximum likelihood 

into a corresponding class. 

 

Selecting the appropriate bands to use in the color image on the other hand does have a huge 

impact on which features can be seen in a particular image during classification. The (table 

2.1) explains the features of the Landsat Thematic Mapper bands and how they are used for 

detecting different features. 

 

Table 2. 1 Landsat image spectral bands and their reflectance. 

Band Band Name Application 

0.45 – 0.56 Blue Soil and vegetation discrimination 

0.52 – 0.66 Green Vegetation mapping and cultural/urban features 

0.63 – 0.69 Red Vegetated and non-vegetated mapping 

0.76 – 0.90 NIR  Delineation of water body 
 Soil moisture discrimination 

1.55 – 1.75 MIR  Vegetation moisture discrimination 
 Soil moisture discrimination 

10.4 – 12.5 TIR  Vegetation and soil moisture analysis 
 Thermal mapping 

2.08 – 2.35 NIR  Discrimination of mineral and rocks 
 Vegetation moisture analysis 

                          Adapted from   http://biodiversityinformatics.amnh.org 

2.3.1.3. Accuracy Analysis 

 
During classification to what extent the produced classification is compatible with what 

actually exists in reality is fundamental and should be incorporated as part of the 

classification process. The accuracy procedures involve the production of references or facts 
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from the field that evaluate the produced classification. These references may be produced 

from maps, aerial photos or visits to the field with help from the GPS system and may be 

represented by points or areas. This comparison produces an error matrix that is the basis for 

the accuracy verification process (Congalton, 1991). He also suggests that, for 

classifications that have few classes, less than ten use from 50 to 60 reference points for the 

accuracy production. These points’ proportion may be differentiated due to the volume of 

area occupied by a certain class.  

 

In addition to the producer and user accuracy indices, there are other indices produced from 

the error matrix that involve more complex mathematical operations such as probabilities. 

One of these indices is called Kappa Statistic and it enables a generalization of information 

that allows us to compare classifications produced from different images. According to 

(Lilesand and Kiefer, 2000) the minimum level of accuracy in the identification of landcover 

categories from remote sensor data should be at least 80 %.   

2.3.1.4. Change Detection Methods 

 
Change detection is the process of identifying differences in the state of an object or 

phenomenon by observing it at different times (Bottomley, 1998). It is useful in landuse 

change analysis, assessment of deforestation, and other environmental changes (Bottomley, 

1998). Many change detection methods have been developed and used for various 

applications. They can be broadly divided into: post-classification and spectral change 

detection approaches (Singh, 1989). 

 

a) Post-Classification Approach 

Post classification is among the most widely applied techniques for change detection 

purpose. Numerous studies have been carried out using post-classification approach. In post 

classification change detection approach two images from different dates are classified and 

labeled. The area of change is then extracted through the direct comparison of the 

classification results. Main advantages of post-classification include: detailed “from – to” 

information (Chen, 2000). It bypasses the difficulties associated with the analysis of images 

acquired at different times of year or sensor. The main disadvantage of the post-
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classification approach is the dependency of the landcover change results on the individual 

classification accuracies (Chen, 2000). Therefore, it is imperative that the individual 

classification be as accurate as possible. 

 

b) Spectral Change Detection Approach 

According to Chen (2000), a large number of techniques are in the spectral change 

identification category. Spectral change detection techniques rely on the principle that 

landcover changes result in persistent changes in spectral signature of the affected land 

surface. These techniques involve the transformation of the two original images into a new 

single band or multiband image, in which the area of spectral change is highlighted. Most of 

the spectral change detection techniques are based on some type of image differencing or 

image ratioing. The advantage of spectral change detection techniques is that they are based 

on the detection of physical changes between image dates. This avoids the errors introduced 

in post-classification change detection where inaccuracies in the landcover classification are 

propagated into landcover change analysis. However, the greatest challenge to the successful 

application of these techniques is the discrimination of “change” and “no change” pixels. 

For spectral change detection, an accurate image coregistration is crucial. 

2.3.2. Soil Erosion Risk Analysis 
 
Erosion risk assessment using modeling is one of the bases in developing effective soil and 

water conservation plans to reduce soil erosion or level of land degradation. Since all 

landscape positions are not equally sensitive to erosion, the spatial distribution of soil 

erosion risk is more important than in absolute values of soil erosion loss. Especially 

countries like Ethiopia, where the agricultural activity is believed to be the base for a means 

of developing way, we should be concerned and closely observe the outcome of the 

interaction of this activity to its environmental impact related to land degradation.  

2.4.2.1. USLE in Soil Erosion Risk Mapping 

 
Estimation of soil erosion loss is often difficult due to the complex interplay of many 

factors, such as climate, landcover, soil, topography, and human activities. In addition to the 

biophysical parameters, social, economic, and political components also influence soil 
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erosion (Ananda and Herath, 2003). A large variety of models can be found in the literature 

that could be used in soil erosion risk assessment. As compiled and cited by (Mekuria, 2005) 

the current soil erosion assessment methods can be grouped into three main approaches: a 

plot experiment that provides net soil loss for bare soil or particular soil crop combinations 

on cultivated fields (Hurni, 1985; Herweg, 1999), a field survey that involves the 

measurement of visible soil erosion features such as rills and gullies (Whitlow, 1986), and 

erosion modeling that involves the use of empirically derived equations or process based 

models (Wischmeier and Smith, 1978; Hellden, 1987).  

 

The main criteria in order to choose the models include: the purpose of use, the available 

data, the available time, and the cost. Most erosion models have been designed to predict 

point soil loss, because they were developed on a field scale. These models cannot estimate 

accurate soil erosion loss values when they are applied over large geographic scales. 

Besides, most models have been developed to predict a specific type of soil erosion (e.g. rill-

, inter-rill erosion, and gully erosion, etc). As a result, a model cannot perform well in an 

area where the dominant type of erosion is not the one for which the model was designed 

(Hellden, 1987). 

 

Empirical models are frequently used in preference to complex physically based models as 

they can be implemented in situations with limited data and parameter inputs, particularly as 

a first step in identifying sources and rate of soil loss (Merritt et al., 2003). However, such 

models cannot be directly applied to environments other than those for which they were 

developed, and extrapolation of results from larger-scale plot-level to small-scale watershed 

level application is difficult. It is, therefore, necessary to identify models that are not very 

much simplified and under-represent the physical basis or not too complicated and very 

expensive to implement.  

 

With all the limitations the Universal Soil Loss Equation (USLE), which was originally 

developed by Wischmeier and Smith in 1978 and later modified by Renard in 1997, has 

been the most widely used empirical model for assessing and in predicting the sheet and rill 

soil erosion. A Revised Universal Soil Loss Equation (RUSLE) followed the same formula 
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as USLE, but got several improvements in the determining factors and a broader application 

to different situations, including forests, rangelands and disturbed areas compared to USLE. 

The RUSLE represents how climate, soil, topography, and landuse affect rill and interrill 

soil erosion caused by raindrop impact and surface runoff (Renard et al., 1997). It does not 

estimate gully or stream-channel erosion. Moreover, it has been extensively used to estimate 

soil erosion loss, to assess soil erosion risk, and to guide development and conservation 

plans in order to control erosion under different land-cover conditions (Millward and 

Mersey, 1999; Boggs et al., 2001).  

2.4.2.2. Remote Sensing and GIS in Soil Erosion Risk Mapping 

 
The use of remote sensing and geographical information system (GIS) techniques makes soil 

erosion estimation and its spatial distribution feasible with reasonable costs and better 

accuracy in larger areas (Millward and Mersey, 1999). Besides, Wilson and Lorang (2000) 

reviewed the applications of GIS in estimating soil erosion, discussed the difficulty and 

limitations of previous research and identified that GIS provided tremendous potential for 

improving soil erosion estimation.  

 

Remote sensing and GIS with USLE have been used and showed its efficiency by different 

researchers in estimating rate of soil erosion and in mapping erosion risk areas. For example, 

Millward and Mersey (1999) indicated the potential of using a combination of remote 

sensing, GIS, and RUSLE in estimating soil erosion loss on a cell-by-cell basis. Besides, 

(Boggs et al, 2001) assessed soil erosion risk based on a simplified version of RUSLE using 

digital elevation model (DEM) data and land-units maps. Moreover, (Bartsch et al, 2002) 

used GIS techniques to interpolate RUSLE parameters for sample plots to determine the soil 

erosion risk at Camp Wiliams, Utah; and (Wang et al, 2003) also used a sample ground 

dataset, Thematic Mapper (TM) images, and DEM data to predict soil erosion loss through 

geostatistical methods. They all conformed that the use of remote sensing and geographic 

information system (GIS) techniques with USLE makes estimating soil erosion and mapping 

its spatial distribution feasible.  
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3. MATERIALS AND METHODES 

3.1. Description of the Study Area 

3.1.1. Geographical Location 
 
Antsokia-Gemza is one of the 24 rural Woredas' of Northern Shewa Administrative Zone, 

located 350 kms Northeast of Addis Ababa (Selam, 2001). The Woreda is bordered on the 

South by Efratana Gidim Woreda, on the West by Geshe Rabel Woreda, and on the North 

and East by the Oromia Zone. The geographic location of the Woreda extends from 

10o44’15’’N to 10o73’43’’N Longitude and 39o68’’82’ E to 39o92’48’’E Latitude covering a 

total area of about 372.27 km2 (figure 3.1). The Woreda has fifteen Peasant Associations. 

Mekoy is a Woreda center (capital) having 2 Kebeles and 12 kms away from Addis Ababa-

Dessie main road.  

 

    

Figure 3. 1 Location map of the study area. 
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3.1.2. Climate  

The Woreda lies on the west part of Ethiopian rift valley within the watershed of Borkenna 

River, one of the main tributaries of Awash River. Its mean annual precipitation is 800-

1200mm with a mean annual temperature between 19.10oC and 25.23oC (figure 3.2) (WVE, 

2006). The area experiences bi - modal rainfall. Nonetheless, the shorter rainy season ‘belg’ 

is inconsistent at the onset, distribution and amount. Under normal situations the shorter 

rainy season ‘belg’ starts in January and extends to mid – May whereas the main rainy 

season ‘meher’ commences in June that extends to September (WVE, 2006).  

 

 

 Figure 3. 2 Climatic diagram of the study area. 

3.1.3. Topography and Soils   
 
Topography of the area exhibits distinct variation and contains flat low – lying plains 

surrounded by steep hills and rugged land features and altitude ranges from 1409masl to the 

West and 3548 masl to the East part of the area (figure 3.3). The area experiences the three 

agro ecological zones. The nature of the topographical features has made the area very liable 

to heavy gully formation and extensive soil erosion. The soil for the study area includes 

predominantly liptosols and vertisols, where the liptosols dominates the western elevated 

region and the vertisols occupies the Eastern low land and relatively plane areas of the 

Woreda. Besides some North Eastern portion of the study area has exhibited marsh land, 

even though the area coverage of the marsh land is continuously reducing. 
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Figure 3. 3. DEM of the study area. 

 

3.1.4. Hydrology 
 
Almost all the Kebele associations have most of its parts situated at the foot of the Sirak 

mountain chain.  The mountain belt is an extension of the western escarpment of the great 

African Rift Valley system. These Mountains are important water source like a tower that 

supports the life of thousands of people living in the adjacent lowland areas. There are a 

significant number of springs originate within the mountain. These join to form four major 

rivers including (Dargie, Sala and Gudaber) all the rivers drain to the Borekena River. In 

addition, the water for the lowlands originates from the upper Mountains. These rivers and 

springs are the only sources of perennial water for lowlands of the east and southeast of the 

Woreda, in which significant number of peoples depend for their livelihoods.   
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3.1.5. Population and Socio-economic Activities 
 
Based on information from the 2009 report of Central Statistical Agency, the Woreda has a 

total population of 83,825, of whom 41,675 are men and 42,150 are women; 14,230 or 

16.97% of its population are urban dwellers. Antsokia-Gemza has an estimated population 

density of 217.1 people per square kilometer. According to the information obtained from 

the Woreda Agriculture and Rural Development Office, agriculture is the predominant 

source of the community’s livelihood. Major crops grown in the study area include Teff, 

Wheat, Barley, Maize and Sorghum. Fruit and vegetable production is also a familiar 

farming activity that generates additional income for considerable number of farmers.  In 

this respect, animal rearing is an integral part and common practice of the community in the 

Woreda. They also earn some income from the sale of livestock and livestock products such 

as hides and skins, honey, milk products and egg.  

3.1.6. Landuse and Major Environmental Hazards  
 

According to Antsokia Gemza Woreda Agricultural Development Office, the Woreda is 

endowed with significant natural resources suitable for agricultural production specially the 

low-lying plain and the mid land areas where appreciable water resources (perennial rivers, 

springs and under ground water) could be used for the development of small and medium 

scale irrigation schemes. Moreover, the bi-modal rainfall nature with high precipitation 

boosts the recharge of the ground water, which is excessively abundant in the low-lying 

areas at shallower depth. Moreover, the agro-ecological zone in which the Woreda is located 

is generally favorable for the production of a range of crop types (cereal and horticultural 

crops) both tropical and temperate types in nature. Regarding landuse pattern, out of the 

total land area 35.8% is cultivated, 2.7% is grazing, 9.6% forest & bush land. Currently, 

19.8% of the total land is unproductive and 30.5% is non utilizable land (table 3.1). 

Regarding livestock there is a huge potential that the community can earn income from 

animal product and by-products.  

 

Furthermore, the Woreda is characterized by very high mountain areas and very rugged 

topography, which hampers accessibility. Almost all the Kebele associations have most of 
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its part situated at the foot of the Sirak mountain chain surrounded by two rivers (Dargie and 

Gudaber). The mountain belt is an extension of the western escarpment of the great African 

Rift Valley system and is highly susceptible to landslide. Moreover, the upper plateau is 

extensively denuded hence; erosion is traumatic, which in turn ravages the lives of the low-

lying communities. Farmland of significant size has been marginalized year after year in the 

valley. The topography of the area aggravates the run off while the near zero slope in the 

valley plain stagnates the water and causes water logging & fill the farm land with boulders. 

In general, natural resource degradation, soil erosion and soil fertility loss are the top most 

and alarming problems identified.  

Table 3. 1 Land Use Pattern of Antsokia-Gemza Woreda. 

No. Land Use Pattern Area (ha) % Of 
Total 

1. Cultivated land 21303 35.8 

2. Annual crops 20453 (34.4) 

3. Perennial crops 850 (1.4) 

4. Grazing land 1602 2.7 

5. Forest & bush land 5714 9.6 

6. Currently unutilizable land 18125 30.5 

7. Currently unproductive land 11774.87 19.8 

8. Others 982.13 1.7 

Total area 59501 100 
 (Source: Antsokia-Gemza Woreda Office of Admenstration, 2000/01) 

 

3.2. Data and Materials Used 

Different researchers have used the satellite imageries for classification of landscapes for 

different applications. For instance, Lillesand et al. (1995) and Wolter et al. (2005) have 

showed the importance of the multi-temporal images for land classification. The landsat 

imageries have been available since 1972. It has been continuing providing images of the 

earth surface with three primary sensors (MSS, TM and ETM+). The collection of landsat 

imageries has been available through GLCF, which are multi-temporal, multi-spectral and 

multi-resolutions appropriate for Landuse/landcover analysis.  
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The LANDSAT Program has operated continuously since LANDSAT 1 (then the Earth 

Resources Technology Satellite (ERTS) 1) was launched on July 23, 1972. The temporal 

extent of the collection, the characteristics and quantity of LANDSAT data, and the ability 

to collect new data directly comparable to that in the archive, make LANDSAT data a 

unique resource, one used extensively to address a broad range of issues in earth science, 

global change science, and monitoring and assessing land and coastal zone resources. 

 

The main purpose of this assessment was quantifying the landuse /landcover change of the 

study area and evaluating the dynamics between the different LULC classes. Moreover, the 

potential erosion risk of the area was also evaluated. To quantify the magnitude and rate of 

the change as well as the dynamics of major landuse/landcover types in the study area three 

orthorectified satellite imageries of 1973(MSS), 1986(TM) and 2005(ETM +) were used 

from different sources. The 1973(MSS) was obtained from the GIS laboratory of Addis 

Ababa University and both 1986(TM) and 2005(ETM+) were downloaded from GLCF 

website (Table3.2).  

 

Table3. 2 Satellite Images used in the study. 

No Sensor Path-Row Date of Acquisition Spatial Resolution (m) 

1 MSS 180-53 30/01/1973 57x57 

2 TM 168-53 26/03/1986 28.5x28.5 

3 ETM + 168-53 30/01/2005 28.5x28.5 

 

Topographic map of scale (1:50,000) was taken from Ethiopia Mapping Agency to support 

the supervised classification and to assure the rectification of imageries. Garmin GPS were 

also employed to collect Ground Control Points (GCPs) to aid different steps of image 

processing and classification for change detection. Digital soil map of FAO (1986) 

(1:1000000 scale) to develop the soil map and DEM (SRTM) image of 90m resolution to 

produce the slope length map were used in soil erosion risk analysis. Furthermore, 15 years 

mean annual rainfall data from three rain gage stations to extract the R-map and the 2005 

classified map of the study area to drive the cover map were used for soil erosion risk 

analysis. 
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3.3. Methods 

3.3.1. Landuse/landcover Change and Dynamics  
 
Multi-temporal (1973, 1986 and 2005) satellite imageries of the study area have been imported 

to ERDAS 9.1 image processing software. Image pre-processing, enhancement, classification 

were applied on the raw image. The classified images have been used in the extraction of 

information on landcover condition and quantification of changes over the last three decades 

using multi temporal GIS analysis. The landcover conditions of the three different periods 

(1973, 1986 and 2005) have been compared and change has been detected by post classification 

comparison method. Finally, changes and dynamics in LULC have been quantified, and rate 

and structure of change has been evaluated (figure 3.4).  

 

 

Figure 3. 4 Flow chart of the Landuse/landcover change and dynamics analysis. 
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3.3.2. Soil Erosion Risk Mapping  
 
The methodology used in this study was the implementation of the Universal Soil Loss 

Equation (USLE) in a raster GIS environment (or grid-based approach) after some 

modifications in the calculation of specific factors obtained from meteorological stations; 

soil surveys; topographic maps (SRTM); Landuse and Landcover maps; and results of other 

related studies. Individual GIS files were built for each factor in the USLE and combined by 

cell-grid modeling procedures in GIS software to predict soil loss in a spatial domain. They 

were multiplied together for calculating the final risk map (figure 3.5). For a grid-based 

approach the scale of application is related to the cell size of the produced maps. In this 

research, a cell size or pixel was 92 m. Consequently, the mapping unit of the results was of 

the same resolution. 

 

 

Figure 3. 5 Flow chart of erosion risk mapping. 
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3.4. Landuse/landcover change Detection 

3.4.1. Landuse/landcover Class Determination and Training Site Selection  

Since ground truthing is an essential tool to know the location of a specific characteristics of 

the study area field data collection was conducted in April 2010. Unsupervised classification 

was employed on the landsat images of 2005 prior to the field trip. It provided the general 

overview of the study area. Based on the results of unsupervised classification sample 

training sites and dominant LULC classes were selected. In addition to the unsupervised 

classification, experts and farmers have been interviewed to have a better understanding of 

the major land features to decide on the kind and number of LULC classes. Hence, different 

LULC classes, such as forest, shrub land, bare land, settlement, grazing land, cultivated 

land, wetland, and water bodies (Rivers) were identified and their coordinates were recorded 

with a Garmin GPS device to support the accuracy analysis of classified images. In addition 

to ground control points photographs of the different ground features have been taken using 

digital camera and topographic map of the area was taken from EMA and considered as the 

main subordinate tool for supervised classification. 

3.4.2. Image Pre-processing 

Preprocessing of satellite images has been done to create more faithful representation of the 

original scene. The 1973 image has got a stripe problem in its third band which can not be 

enhanced in any enhancement mechanisms including furrier analyses. To cope up with the 

problem band correlation analysis has been performed and a 96% band correlation has been 

identified between the third and the forth band, which allowed the use of the forth band as a 

substitution for the third band. Finally, the third band was excluded and classification was 

done by using the remaining bands (4,2,1). The satellite images of each band in each year 

(1973, 1986 and 2005) have been stacked in ERDAS 9.1 within interpreter main icon 

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

image has been extracted by clipping the AOI layer of Antsokia-Gemza shape file from 

Ethio GIS in ArcGIS 9.3 software.  
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3.4.3. True and False Color Composite Image Preparation 

To improve the visualization the image for the prospected classification different false color 

composite were produced in addition to the true color composite. The application of each 

color composite for different Landuse/landcover features identification and training site 

selection for supervised classification were used according to (table 3.3). In this study 

different false color composite including (5,4,1); (7,4,2); (4,3,2); (7,4,1) and (4,2,1) and true 

color composite (3,2,1) in the order of RGB respectively were employed (figure 3.6).   

 

 

 
 
Figure 3. 6 Different landsat band combinations. 
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Table 3. 3 Basic band combinations for Landsat Image. 

Band 

Combination 

Properties 

3,2,1 RGB This color composite is as close to true color that we can get with a 
Landsat ETM image. It is also useful for studying aquatic habitats.  

4,3,2, RGB This has similar qualities to the image with bands 3,2,1 however, since 
this includes the near infrared channel (band 4) land water boundaries 
are clearer and different types of vegetation are more apparent.  

4,5,3 RGB  Different vegetation types can be more clearly defined and the 
land/water interface is very clear. Variations in moisture content are 
evident with this set of bands.  

7,4,2 RGB This has similar properties to the 4,5,3 band combination with the 
biggest difference being that vegetation is green.  

5,4,1 RGB This band combination has similar properties to the 7,4,2 combination, 
however it is better suited in visualizing agricultural vegetation. 

              Adapted from http://gif.berkeley.edu 

 

3.4.4. Image Transformation and Classification 

In this study supervised classification was carried out for the three multi-temporal images 

(Landsat MSS, TM and ETM+) based on different false color composites. The different 

temporal images were cross-referenced with ground truth, topographic map and other 

ancillary data to make the classification as accurate as possible. A nonparametric signature 

was used based on an AOI that define the specific feature on the image file being classified. 

The classification has been done repeatedly to make the classification as accurate as 

possible.  

3.4.5. Accuracy Assessment  
 
To asses the classification accuracy, confusion matrix was employed. The confusion/error 

matrix consists of rows and columns. The rows represent the classification values and the 

column represents facts from the field. The diagonal line of the error matrix represents the 

number of pixels that were correctly classified. The overall accuracy index is produced by 

dividing all the pixels correctly classified by the total number of pixels in the matrix. The 

producer accuracy index is produced by dividing the number of correctly classified pixels 

that belong to a class by the sum of the values of the column of the same class. The user 
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accuracy index is produced by dividing the total number of correctly classified pixels that 

belong to a class by the sum of the values of the rows of the same class (table 3.4). 
 

Table 3. 4 The overall classification accuracy and Kappa statistics 

 
Class Name 

 Reference Classified Number Producers Users 

    Totals     Totals Correct  Accuracy Accuracy 

Settlement 9 12 9 100.00% 75.00%

Forest 13 12 11 84.62% 91.67%

Wetland 12 12 10 83.33% 83.33%

Grazing Land 11 12 10 90.91% 83.33%

Cultivated Land 14 12 11 78.57% 91.67%

Shrub Land 12 12 10 83.33% 83.33%

Bare Land 13 12 11 84.62% 91.67%

Totals 84 84 72   

Overall Classification Accuracy =     85.71% 

Overall Kappa Statistics = 0.84  

 
The confusion matrix (table 3.4) was generated by giving the ground truth points from 

different sources including collected points and topographic map in to the ERDAS 9.1 

software with interpreter main icon and utilities and finally with accuracy assessment 

functions.  

 

Finally, overall classification accuracy of 85.71 and overall Kappa statistics of 0.84 was 

achieved, which is feasible for further application. The reasons for the errors may include 

the similarity of reflectance of settlement, cultivated areas and bare lands. Moreover, there is 

also an error in the classification of areas covered by forest, shrub land and grazing land due 

to the reflectance proximity. Eventually, the fast landuse/landcover dynamic nature of the 

area may introduce the classification error. 

3.4.6. Landuse/Landcover Change Detection  

The landuse/landcover map of the three periods (1973, 1986 and 2005) was generated from 

the satellite imageries using a supervised maximum likelihood classification. In order to 

study the landcover structural changes in the study area land cover change rate and 

landuse/landcover conversion matrix were employed.  
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The landcover map of the three periods was analyzed based on rate of change. It provided 

the information on the trend of conversation in terms of time. But this comparison did not 

provide information about which LULC goes to where; or the contribution of each LULC 

class for the change in spatial extent of the other. Thus, to understand the LULC dynamics 

in the study Woreda change comparison matrix was employed and analyzed for each period. 

The LULC conversion matrix analysis was conducted and conversion comparison map 

prepared for (1973 and 1986), (1986 and 2005) and 1973 and 2005), in such a way that the 

columns represented year of destination and the rows represented year of source. Moreover, 

to make the result more explanatory corresponding tables and figures were prepared. 

 

3.5. Soil Erosion Risk Analysis  

The Universal Soil Loss Equation (USLE) developed by Wischmeier and Smith (1978) and 

latter modified by (Renard et al., 1997), is the most frequently used empirical soil erosion 

model worldwide. It has been extensively used to estimate soil erosion, to assess soil erosion 

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

different land-cover conditions. The equation estimates sheet and rill erosion, where forest 

management and agricultural activities expose the soil surface to rainfall impact and runoff. 

However, it does not estimate gully, landslide or soil creep erosion.  

 

The USLE is expressed as: 

A= LS *R *K* C* P……….. (1) 

Where:     A is the soil loss in t/ha over a period selected for R, usually a yearly basis;  

R is the rainfall-runoff erosivity factor in MJ mm/(ha h);  

K is the soil erodibility factor (t h/(MJ mm)); 

L is the slope length factor;  

S is the slope steepness factor;  

C is the cover and management factor; and  

P is the conservation practices factor.  
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For Ethiopian conditions, the applicability of the USLE model was studied by Hurni under 

Soil Conservation Research Program (SCRP) (Hurni, 1985). Based on his research findings, 

Hurni gave modified values of parameters used for the computation of annual soil loss rate 

in small plots (Appendex A). It is this latter version in combination with other studies, which 

was employed in this study. The model encompasses six parameters, which are directly 

linked to variables (climate, topography, vegetation cover, management practices) that 

potentially affect soil erosion. Because this study focuses on the evaluation of potential soil 

erosion risk analysis the soil erosion risk (SER) was developed based on the factors R, K, 

LS, C and P factors in a simplified equation:  

 

SER = R *K* LS *C*P ……….. (2) 

3.5.1. Parameterization of the RUSLE Model 

To identify the spatial pattern of potential soil erosion in the study area, all the considered 

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

recommendations of Hurni (1985) to Ethiopian context and other related studies.  

3.5.1.1. Rainfall Erosivity (R) Factor 

The rainfall erosivity (R-factor) is a property of rainfall that can quantitatively evaluate the 

potential capacity of rain to cause erosion in given circumstances. It measures the combined 

effect of rainfall and its associated runoff. The energy of a given storm depends upon all the 

intensities at which the rain occurred and the amount of precipitation that is associated with 

each particular intensity value. Within the USLE, rainfall erosivity is estimated using the 

EI30 measurement (Renard et al., 1997).  However, rainfall kinetic energy and intensity data 

are not available in most cases. Therefore, the erosivity factor R was calculated according to 

the equation given by Hurni (1985), derived from a spatial regression analysis (Hellden, 

1987) for Ethiopian conditions, The model adapted by Hurni for Ethiopian conditions is 

based on the available mean annual rainfall data (P) where 

R = - 8. 1 2 + (0. 5 6 2 x P) . . . ……..... . (3)  

 

Actually, some literatures did not consider rainfall as a parameter in soil erosion risk 

mapping by assuming that same climatic conditions existed over the area considered. But it 
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is extremely misleading if we consider Antsokia Gemza Woreda, which exhibits diverse 

topography and variations in altitude. The altitude of the Woreda varies between 1409m and 

3548masl with a range of above 2100m, which has made the distribution and amount of 

rainfall to be varied widely both in spatial and temporal terms across the area. So it is 

relevant to consider the distribution of rainfall when making a variety of decisions, including 

those related to soil erosion risk analysis. As a result, the average rainfall factor (P) was 

calculated by interpolating the rainfall data over the study area. 

 

In this study, historic rainfall data of 15years (1990-2004) was collected from three rain 

gage stations located in (Majete, Kemisie and Rabel) towns. The former town is found 

within the study area and represented the mid-altitude zone of the area, while the latter two 

are found outside the study area representing the low-altitude and high-altitude zone 

respectively (table 3.4) (figure 3.7).  

 

 

Figure 3. 7 Rain gauge stations map. 
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Table 3. 5 Rain Gauge Stations considered inside and around the study area. 

 

 

NO 

 

Rain gage 

Station 

Location  

 

Altitude 

Av. annual 

rainfall 

(mm) 

Erosivity 

(R) X(Longtude) Y(Latitude) 

1 Kemissie  10071’62”  39086’60” 1445mal 1013.72 561.59 

2 Majete  10049’45”  39086’52” 1705mal 1099.09 609.57 

3 Rabel  10052’00”  39060’90” 2747mal 892 493.184 

 
 

After the corresponding mean annual rainfall was assigned to each altitude classes, the R-

value was calculated from the rainfall map with a cell size of 92 x 92 meter using raster 

calculator function of ArcGIS(figure 3.8). 

  

 

Figure 3. 8 (a) Rainfall map and (b) R factor map. 
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3.5.1.2. Soil Erodibility (K) Factor 

 
The Soil Erodibility (K-factor) refers to the liability of the soil to “suffer” erosion due to the 

forces causing detachment and transport of soil particles.  Erodibility varies with soil 

texture, aggregate stability, shear strength, infiltration capacity and organic matter and 

chemical content of the soil (Morgan, 1995). The erodibility factor, K value is ease with 

which a soil can be eroded. In the USLE model the ‘K’ factor is determined from the soil-

erodibility nomograph from values of percent of silt and very fine sand; percent of organic 

matter content; topsoil structure grade; and permeability grade. Though in reality, especially 

at local level, these data are often difficult to find and may not be suitable for extrapolation 

from one area to another. For these reasons Hurni (1985) derived K values based on easily 

observable soil colors. Then these K values were assigned for both soil types, which were 

identified according to FAO (1996) classification.  The resulting shape file was changed to 

grid file to raster with a cell size of 92 x 92 meters (figure3.9).  

 

 

Figure3. 9 (a) soil map and (b) K factor map. 
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3.5.1.3. Slope Length (LS) Factor 

 

Slope length is the distance from the point of origin of overland flow to the point where 

either the slope decrease enough that deposition begins or the runoff water enters a well 

defined channel. Slope length-gradient factor is one of the main required in the USLE. It 

characterizes the effect of topography on erosion. Erosion is influenced both by the slope 

gradient and length of the slope, the potential erosion on uniform slopes increasing as these 

parameters increase. On steep and long slopes the down slope splash by rainfall is higher, 

and water movement is faster, resulting in a higher kinetic energy of water to erode the soils. 

The new RUSLE equation has major changes in way that LS values are calculated as 

follows: 

 

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

runoff was channelled in to rills and gullies; rill erosion is a major component in 

the RUSLE 

 

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

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

would be slower and runoff, which causes erosion, would be greater 

 

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

being applied only to those areas with net erosion 

 

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

been rectified in the RUSLE. 

 

For the current study, the slope gradient was determined from the Digital Elevation Model 

(DEM) resolution (90m). Ascertaining the dominant slope length was difficult because of 

the need to separate each segment of slope, and the possibility of not being able to identify 

shorter and flat slopes. Therefore slope length was combined with slope gradient using 

factors determined by SCRP for Ethiopian conditions as set out in (table 3.6) below. 
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Table 3. 6 Combined slope length and gradient factor 

Slope Gradient % LS factor 

<2 0.19 

2-4 0.38 

4-6 0.66 

6-8 1.14 

8-13 1.90 

13-25 3.80 

25-40 6.08 

40-55 7.98 

55-100 10.45 

>100 19.00 

 

Finally, the slope gradient (in percent) of the study area was produced from DEM of finer 

resolution of 90m. Then the slope length value was assigned to each slope class and the LS 

map was derived (figure 3.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3. 10 (a) Slope map and (b) LS factor map. 
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3.5.1.4. Landuse/Landcover (C) Factor 

The C-factor is defined as the ratio of soil loss from land with specific vegetation to the 

corresponding soil loss from continuous fallow with the same rainfall (Wischmeier and 

Smith, 1978). The type of Landcover (crop type) and tillage make the greatest difference in 

the amount of erosion that occurs in a given area. For this reason up-to-date (2005) and 

accurate landuse/landcover map was used for analyzing the C-value.  Remotely sensed data 

have been used to estimate the C factor distribution based on land-cover classification 

results (Millward and Mersey, 1999), assuming that the same landcovers have the same C 

factor values. The Landuse/landcover map of 2005, which is derived from of Landsat ETM+ 

satellite data used to generate the cover factor for USLE model. After getting the classified 

image format has been changed in to vector format and the corresponding C-value which 

was obtained from Hurni (1985) was assigned and c factor map was produced (figure 3.11). 

 

 

 
Figure 3. 11  (a) LULC map of 2005 and (b) C factor map. 
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3.5.1.5. Management (Support) Practice (P) Factor 

The management practice factor P indicates the effect of conservation practices on soil 

erosion, wherein the land that has adequate conservation interventions. Specific cultivation 

practices affect erosion by modifying the flow pattern and direction of runoff and by 

reducing the amount of runoff (Renard and Foster, 1983). Hurni gives parameters for 

different land management practices on cultivated land though these are more suited to 

small-scale mapping than regional or basin-wide erosion hazard assessment since areas with 

different land management practices such as contour ploughing or strip cropping cannot be 

mapped out at this scale. Hurni used a parameter of 1.0 on all cultivated land as the worst 

case scenario and WBISPP used 0.12 on all uncultivated land.  This study has therefore used 

these two parameters for land support practice mapping. As a result the classified LULC 

map format has been changed in to vector format and the corresponding p values were 

assigned to each landuse/landcover classes and the p factor map was produced (figure 3.12). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 3. 12 (a) LULC map of 2005 (b) P factor map 
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4. RESULTS AND DISCUSSION 

4.1. Landuse/Landcover Change  
 
There are six major landuse/landcover classes for both 1973 and 1986 including cultivated 

land, grazing land, shrub land, forest, wetland and bare land. On the other hand there are 

seven major landuse/landcover classes for the year 2005 adding settlement (Table 4.1). The 

landuse/landcover changes of the study Woreda are discussed below with cover change 

comparisons of each landuse/landcover type over the study years. 
 

Table 4. 1 Change of the landuse/landcover classes for the three years. 

 

The LULC in the study Woreda have undergone significant modifications and conversions 

over the study years (figure 4.1). In 1973, cultivated land and bare land constituted a 

relatively large proportion (37.54 %) and (14.04 %) of the area. Besides, a relatively 

considerable amount of the area was covered by natural forest (9.77 %), grazing land 

(8.88%) and wetland (5.94%). These conditions were considered as a baseline for change 

detection over the study years (figure 4.2). 

 

In (1986) after 13 years, the forest land dramatically declined to 5.98 %. Despite its relative 

large size, cultivated land increased to 43.49%. Grazing land, wetland, and shrub land has 

shown a relatively small decline; while bare land has experienced a small increment during 

S. 

No. 

Landcover 

Class 

1973 1986 2005 

Area   

( km2) 

 

% 

Area 

(  km2) 

 

% 

Area 

(  km2) 

 

% 

1 Settlement -- -- -- -- 2.12 0.57

3 Forest 36.36 9.77 22.25 5.98 6.51 1.75

4 Bare Land 52.28 14.04 56.87 15.28 96.64 25.96

5 Wetland 22.11 5.94 15.23 4.09 5.15 1.38

6 Grazing Land 33.07 8.88 29.22 7.85 20.90 5.61

7 Cultivated Land 139.76 37.54 161.88 43.49 165.73 44.53

8 Shrub Land 88.69 23.82 86.74 23.31 75.17 20.19

 Total 372.27 100.00 372.19 100.00 372.21 100.00
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this period. Relatively the change in the area coverage of the different landuse/landcover 

classes during this period was slow (figure 4.3). Even though there was a continuous 

dynamics among them (figure 4.1). 
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Figure 4. 1 Landuse/landcover classes of the three years 
 

After 32 years in (2005), the forest land and the wet land dramatically declined to 1.75% and 

1.38% respectively. On the other hand cultivated land and bare land increased to 44.53% 

and 25.96% respectively (figure 4.1). Grazing land and shrub land have also shown a 

relatively small change in size. Settlement has been considered as a new class during this 

year (figure 4.4). This is because the settlement trend was too fragmented; even major 

settlement areas were cottages which have the same reflectance with cultivated land and 

bare land, and the settlement pattern was set-apart which made the isolation difficult in the 

years 1973 and 1986. Generally, the change in the second period (1986-2005) was much 

significant compared with the first.  

 

Generally, the following major important changes were observed in the period considered. 

Firstly, deforestation in all areas especially on the upper slopes has been occurred. Secondly, 

the wetland in the low and mid-highland areas has been converted to other land cover 

classes particularly to bare land and grazing land. Thirdly, cultivated land and bare land has 
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been found to be expanded and intensified. Moreover, urbanized settlements have also 

showed increment.  

 

Most studies indicated that in the Northern highlands, where the study area is found, due to 

high population growth coupled with serious land degradation and low productivity of steep 

slopes and marginal lands such as water logged plateaux and basins were brought under 

cultivation; and vast areas of forest and woodland were cleared (Markos Ezra, 1997 and 

Kebrom et al, 2000). Solomon (1994) also indicated that land-use and land-cover changes 

and socioeconomic dynamics have a strong relationship; as population increases the need for 

cultivated land, grazing land, fuel wood; settlement areas also increase to meet the growing 

demand for food and energy, and livestock population. The results of this study have also 

found to be consistent with the above findings.  

 

 

 

 

 
Figure 4. 2 Landuse/Landcover map of 1973 
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Figure 4. 3  Landuse/landcover map of 1986 
 
 

 
Figure 4.4 Landuse/landcover map of 2005 
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4.1.1. Rate of Landuse/Landcover Change 

The study period comprises 32 years (1973-2005). It was divided in to two periods having 

13 years (1973-1986) and 19 years (1986-2005), which enables to study the change and the 

dynamics twice. Knowing the rate of change of each landuse/landcover class can provide the 

information on the trend of conversion in terms of time. It also allows us to make a 

comparison among the different classes and to model the state of the LULC classes in time 

bases. As a result the landuse/landcover map of the three periods was analyzed based on rate 

of change.  

 

The rate of change was discussed by comparing the rate of change of each LULC classes 

over the periods considered. As indicated in (Table 4.2 and figure 4.5), both cultivated land 

and bare land have exhibited a positive rate of change for both study periods (1973 to 1986) 

and (1986 to 2005). Cultivated land exhibited the highest rate of change (1.70 km2 yr-1) in 

the first period (1973 to 1986), where as bare land showed the highest rate of change (2.09 

km2 yr-1) in the second period (1986 to 2005).  

 

Table 4. 2 Rate of landuse/landcover change 

Landuse/ 
Landcover 

Class 

1973 to 1986 1986 to 2005 1973 to 2005 

Area 
change 
( km2) 

Rate of  
change 

( km2/yr) 

Area 
change  
( km2) 

Rate of  
change 

( km2/yr) 

Area 
change  
( km2) 

Rate of  
change 

( km2/yr) 

Settlement -- -- 2.12 0.11 2.12 0.07

Forest -14.11 -1.09 -15.74 -0.83 -29.85 -0.93

Bare Land 4.60 0.35 39.77 2.09 44.37 1.39

Wetland -6.89 -0.53 -10.08 -0.53 -16.97 -0.53

Grazing Land -3.85 -0.30 -8.32 -0.44 -12.17 -0.38

Cultivated Land 22.12 1.70 3.85 0.20 25.97 0.81

Shrub Land -1.95 -0.15 -11.57 -0.61 -13.52 -0.42

 

On the contrary, forest land, wetland, shrub land and grazing land experienced a negative 

change in both periods. Forest land showed the highest rate of reduction (-1.09  km2 yr-1) 

and (-0.83  km2 yr-1) in first period and second period respectively, where as the remaining 
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classes experienced the higher rate of reduction in the second study period than the first 

study periods. Wetland has recorded the same rate of reduction in both periods (-0.53 km2 

yr-1). Generally, bare land is found to have the highest rate of change over the study period. 
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Figure 4. 5 The rate of landuse/landcover change for the three periods 
 

4.2. Landuse/Landcover Dynamics  

The general view of the major changes of the landuse/landcover classes over the two periods 

was discussed based on change comparison of each class. But this comparison did not 

provide information about which landuse/landcover class goes to where; or the contribution 

of each for the change in spatial extent of the other. Thus, to understand the LULC dynamics 

in the study Woreda change comparison matrix was employed and analyzed for each period 

and for the whole study period.  

The landuse/landcover conversion matrix used to analyze the source and destination of each 

cover type within the considered study period. The conversion matrix analysis was 

conducted in ENVI4.3 software and conversion comparison map prepared for (1973 and 

1986), (1986 and 2005) and 1973 and 2005), in such a way that the columns represented 

year of source and the rows represented year of destination. Finally, to make the result more 

explanatory corresponding tables and figures were prepared using Microsoft excel sheet. 
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4.2.1. Landuse/Landcover Change Matrix for 1973 and 1986 

The landuse/landcover change matrix of (1973 – 1986), for Antsokia-Gemza Woreda is 

presented in (table 4.3 and figure 4.6). The result showed that during the indicated period 

there was a significant landuse/landcover dynamics.  A considerable amount (26.22 km2) of 

the forest cover has changed to different landuse/landcover classes including cultivated land 

(13.24 km2), bare land (3.02 km2) and shrub land (8.72 km2), which has resulted in overall 

reduction in the amount of forest cover.  

Table 4. 3 Landuse/landcover conversion matrix for 1973 and 1986 

   1         9        7        3 
 
 
   Forest  

Bare 
Land Wetland

Grazing  
Land 

Cultivated 
Land 

Shrub  
Land  

Raw  
Total 

 
1 
 
9 
 
8 
 
6 

Forest Land 10.04 0.44 0.26 0.90 4.15 6.07 21.86

Bare Land 3.02 12.06 2.12 8.51 17.36 12.25 55.31

Wetland 0.06 3.06 3.45 1.82 4.66 1.97 15.02

Grazing Land 0.82 3.19 5.21 4.15 7.98 7.19 28.54

Cultivated Land 13.24 27.75 5.68 7.43 80.36 24.33 158.79

Shrub Land 8.72 4.52 4.74 9.35 23.30 36.17 86.81
 Column Total 36.36 52.28 22.06 33.06 139.76 88.67 
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Figure 4. 6 Landuse/landcover comparison matrix for 1973 and 1986. 
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In a similar manner, (28.91 km2) amount of the grazing land has changed in to other forms 

of landuse/landcover types particularly to cultivated land (7.43 km2) and bare land (8.51 

km2). (18.61 km2) of the wetland has been changed in to cultivated land, grazing land, bare 

land and shrub land. Much portion (5.21 km2) of the wet land has changed to grazing land. 

On the other hand cultivated land, which cover an area of 139.76 km2 (37.54%) of land 

during 1973 has exhibited a net increment to 161.88 km2 (43.49%) of the total Woreda size 

in 1986. The matrix result has shown that cultivated land has acquired additional land area 

from bare land (27.75 km2), shrub land (24.33 km2), forest (13.24 km2), wetland (5.66 km2) 

and grazing land (7.43 km2) during this period. On the reverse, significant amount of 

cultivated land has also changed to shrub land (23.3 km2), bare land (17.36 km2) and grazing 

land (7.98 km2). 

4.2.2. Landuse/Landcover Change Matrix for 1986 and 2005 

As clearly shown in (table 4.4 and figure 4.7), in the period 1986-2005 there was a 

significant dynamics among the LULC classes. In this period cultivated land has also shown 

a net increment of 3.85 km2 in size. However, a considerable (77.96 km2) amount of 

cultivated land of the first period has changed to other classes including bare land, shrub 

land and grazing land during this period (1986-2005). 

 
Table 4. 4 Landuse/landcover conversion matrix for 1986 and 2005 

    1       9         8          6 
    

Forest  
Bare 
Land Wetland 

Grazing  
Land 

Cultivated 
 Land 

Shrub 
Land  

Row 
Total   

2 
 
0 
 
0 
 
5  
  

Settlement 0.04 0.03 0.12 0.26 1.22 0.44 2.11

Forest Land 1.70 0.27 0.06 0.21 1.50 2.74 6.48

Bare Land 1.08 27.27 3.52 5.26 47.65 11.33 96.11

Wetland 0.04 0.41 1.14 1.40 0.88 1.28 5.14

Grazing Land 0.48 1.07 1.97 5.33 3.27 8.79 20.92

Cultivated Land 4.62 21.33 7.21 11.93 83.92 36.44 165.46

Shrub Land 14.29 6.33 1.03 4.64 22.99 25.62 74.89
 Column Total 22.25 56.87 15.23 29.22 161.88 86.74 

 

On the other hand the forest and the wetland of the area have shown a dramatic reduction to 

6.51 km2 and 5.15 km2 respectively. About 14.29 km2 of the forest cover in second period 
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has changed to shrub land. Similarly above 3.52 km2 area of the wetland has converted to 

bare land.  The grazing land has also actively involved in the dynamics in both ways, in 

which 11.93 km2, 5.26 km2, and 4.64 km2 grazing land has changed to cultivated land, bare 

land, and shrub land respectively. On the reverse, a considerable amount of the shrub land 

(8.79 km2) has changed to grazing land. This depicts that there was a continuous shifting 

between the classes in the periods considered (figure 4.7). 

 

0.00

10.00
20.00

30.00
40.00

50.00
60.00

70.00
80.00

90.00

Settelment Forest BareLand Wetland Grazing
Land

Cultivated
Land

Shrub Land

LULC classs

A
re

a 
(k

m
2)

Forest Bare Land Wetland Grazing Land Cultivated Land Shrub Land
 

Figure 4. 7 Landuse/landcover comparison matrix for 1986 and 2005. 
 

4.2.3. Landuse/Landcover Change Matrix for 1973 and 2005 

In 1973, cultivated land and bare land constituted a relatively large proportion (37.54%) and 

(14.04%) of the area. Besides, a relatively considerable amount of the area was covered by 

natural forest (9.77 %), grazing land (8.88%) and wetland (5.94%).These conditions are 

indicators of relatively healthy ecosystem during this period. After 32 years in (2005), the 

forest land, and the wetland dramatically declined to 1.75% and 1.38% respectively. Despite 

their relative large size, cultivated land and bare land increased to 44.53% and 25.96%. 

Grazing land and shrub land have also shown a relatively small change in size. Moreover, 

settlement has emerged as a new class in 2005.  
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After three decades (in 2005), the LULC in the woreda has undergone fast dynamics 

reflected in the exchange of area coverage between LULC classes. In the overall study 

period 25.01 km2 of the bare land, 37.33 km2 of the shrub land, 11.83 km2 of the grazing 

land, 7.3 km2 of the forest, and 7.28 km2 of the wetland of the area was already converted to 

cultivated land. On the contrary a significant amount of the cultivated land has changed to 

bare land and shrub land. In general cultivated land has got a net increment in size, despite 

the dynamics (table 4.5 and figure 4.8).  

         Table 4. 5 Landuse/landcover conversion matrix for 1973 and 2005 
 

  1       9          7          3 

  Forest 
Bare 
Land Wetland

Grazing 
Land 

Cultivated 
Land 

Shrub 
Land 

Row 
Total 

 2 
 
 0 
 
 0 
 
 5 

Settlement 0.007 0.317 0.306 0.104 1.001 0.266 2.116

Forest 1.487 0.166 0.068 0.137 2.11 2.48 6.448

Bare Land 3.804 21.902 5.184 7.294 41.058 12.791 93.217

Wetland 0.068 0.594 1.368 1.339 0.655 1.019 5.057

Grazing Land 0.558 0.976 4.651 5.159 2.891 6.21 20.503

Cultivated Land 7.348 25.013 7.286 11.833 73.284 37.325 162.907

Shrub Land 23.584 1.807 2.556 6.332 11.876 27.724 73.926
   Column total 36.989 50.948 21.498 32.277 133.103 88.071 
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Figure 4. 8 Landuse/landcover conversion matrix for 1973 and 2005 
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Furthermore, the wetland has dried up and converted to grazing land, cultivated land, and 

bare land with 4.65 km2, 7.29 km2 and 5.18 km2 respectively. The forest coverage of the 

study woreda has dramatically decreased and only 6.51km2 has survived. The forest 

coverage during (1973) has converted to shrub land (23.58 km2), cultivated land (7.35 km2) 

and bare land (3.80 km2). The shrub land has shown relatively a small change in area 

coverage, even though it strongly involved in the dynamics. 

 

Generally, from the result it was observed that the area has been in a continuous and active 

landuse/landcover dynamics. The reasons behind these situations were probably related to 

absence of clear cut and integrated landuse/landcover and management policies and 

dynamicity in the socio-economic conditions of the area. This was also confirmed in other 

studies, for instance, the main causes according to  (Million, 2000) showed that the lack of 

appropriate landuse and forest policies and the absence of corresponding laws are 

responsible for decline of forests in the Northern highlands of Ethiopia. On the contrary, 

land tenure systems and government policies have also been realized as the main causes 

behind the dynamics (Million, 2000; Solomon, 1994). 

 

4.3. Evaluation of the Soil Erosion Risk 

In this research, the USLE soil erosion model with Geographic Information System was 

applied to map soil erosion risk areas and predict amount of potential annual rate of erosion 

in Antsokia-Gemaza Woreda. The considered erosion factors were combined with 

Geographic Information System (GIS) to identify current erosion risk areas. 

 

In this study five parameters, derived from different data sources such as DEM (SRTM), soil 

map, climate (rainfall data), and remotely sensed data were used in the RUSLE. The 

different data sources may have different data formats, projections, data quality, and spatial 

resolution. The use of GIS provided the tools to manage and analyze these data. Each layer 

was organized in a grid format with a cell size of 92 x 92 meters. The layers were combined 

by multiplying each cell of identical position from all existing surface information based on 

the relationship defined by the USLE model. Including the no data cells there are 281 rows 
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and 349 columns. Hence, by multiplying the five parameters using raster calculator in 

ArcGIS environment the final map that shows the potential annual soil loss of the Woreda 

was produced (figure 4.9). Moreover, the statistic tool has been used to calculate the amount 

of the soil loss potential and to classify the level of the soil loss potential in the study area as 

shown in (table 4.6). The map of erosion risk with the specified levels is also presented in 

(figure 4.10). 

 

 

  

 
Figure 4. 9 R(A), K(B), LS(C), C(D) and P(E) factors map and soil erosion map 
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The product of each parameter gave annual soil loss per hectare per year at pixel level. The 

final potential erosion result for the Woreda showed that the value ranges from 0.019 to 

327.01 tonha-1yr-1 where as the mean soil loss rate is 32.86 ton ha-1yr-1; which is much 

greater than the tolerable level. For the sake of simplifying the comparison, the potential soil 

erosion of the study Woreda have been divided in to four levels, i.e., potential soil loss less 

than 10 tone/hectare/year, between 10 and 20 tone/hectare/year; between 20 and 50 tonha-

1yr-1; and above 150 tonha-1yr-1, and the area coverage and relative percent of each class has 

been derived from the soil erosion map of the study Woreda. 

    
Table 4. 6 Numeric range, area coverage, and percent of the potential soil loss classes. 

Soil Erosion Risk 

Class 

Numeric Range of soil loss 

potential (ton/ha/year) 

 

Area ( km2) 

 

% total 

None to slight <10 163.68 44.11

low 10-20 44.10 11.88

moderate 20-50 62.27 16.78

high >50 101.01 25.22

  371.06 100.00

 

 
The soil erosion risk map (Figure 4.10) showed the spatial overview of the soil loss potential 

in the study area. It indicated that the Woreda is potentially prone to soil erosion risk. 

According to (table4.6) about 163.68 km2 (44.11%) of the area predominantly the lower and 

plain area has a potential soil erosion of less than 10 t/ha/yr, which is relatively weak erosion 

risk zone. Where as the western part, which is characterized by high steep slope has shown 

medium to high erosion risk. Particularly the mid-highland region of the area, where rainfall 

and the slope gradient is relatively high has the highest potential erosion risk. Generally, a 

very large (101.01 km2) area has potential soil erosion risk above 50 tonha-1yr-1, which is 

considered to be high erosion risk zone in a relative sense. The remaining (11.88%) and 

62.27 km2 (16.78%) are found under low to medium soil erosion risk zones.  
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Figure4. 10 Soil erosion risk map of Antokia_Gemza Woreda  
 
Soil erosion is recognized as one of the most serious soil degradation processes on the 

territory of Northern highlands of Ethiopia, where the study area is found. Various studies 

showed that soil erosion which is the major cause of soil degradation in the Ethiopian high 

lands is initiated and aggravated in particular by deforestation, over cultivation, overgrazing, 

over population as well as rural development policies (Solomon Abate, 1994; and Markos 

Ezra, 1997). Furthermore, Feoli et al. (2002) pointed out that the past and present 

agricultural activities, mountainous and hilly topography, torrential rainfall, and low degree 

of vegetative cover have been the major causes and aggravating factors of the destructive 

soil erosion in the highland areas of Ethiopia.  
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Similarly, from the results of the study it has been also observed that there is greater 

similarity between Soil Erosion Risk potential map with Slope Length map and Rainfall 

Erosivity map. Therefore, the LS factor and the R factor, here probably are critical factors 

that are responsible for high potential soil erosion in the study area. This is, particularly due 

to the mountainous topography of the area and the high torrential rainfall. A significant 

portion of the area is composed of a slope gradient greater than 100%. The mean slope 

gradient of the whole Woreda is 27.94% and the maximum reaches 189.97% in the mid-

highland areas. The predominance of steep slope areas of the study woreda, particularly in 

the mid-highland and highland areas seems to be potentially prone to sever potential soil 

erosion.  

 

Furthermore, the rainfall and runoff factors were found to the other factors determine the 

loss of soil in the study area. The Woreda has experienced a mean annual rainfall between 

800mm-1200mm over the entire area. The mean annual rainfall of the mid-highland areas of 

the Woreda is found to be the highest relative with the others. Therefore, the rain fall and 

runoff factors in the mid-highland part of the study area were also found to be responsible 

for the severity of the potential soil erosion. Generally, the major potential soil erosion risk 

zone lies in the mid-highland areas where a significant amount of cultivated land is found. 

This may put the Woreda potentially under soil erosion risk.  
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

An accurate knowledge of landuse/landcover features and their relative environmental risks 

is important for effective and sustainable land resource management. Though the Antsokia-

Gemza Woreda is potentially rich in natural resource, it is at very high risk due to land 

degradation caused by continuous unsustainable landuse/landcover practices aggravated by 

continuous deforestation and soil erosion. Now more than ever, knowledge of the trends of 

landuse/landcover change and dynamics and the process of soil erosion, their causes, and 

their impact on such fragile environment must be a priority issue in order to devise effective 

control mechanisms and suitable land management practices.  

 

The finding of the landuse/landcover change and dynamics in the Antsokia-gemza Woreda 

over the last three decades showed that cultivated land at a rate of 0.92 km2 per annum, bare 

land at a rate of 1.32 km2 per annum and urbanized settlements at a rate of 0.07 km2 per 

annum have been found to be expanded and intensified at the expense of forests, wetlands, 

shrub lands and grazing lands.  On the contrary, farmland of significant size has been 

marginalized year after year in the study area due to the high slope gradient that can reach 

189% coupled with poor trend of soil and water conservation practices. Generally, demand 

for additional land for farming, wood for fuel and construction due to rapid growth of 

population and urbanization has resulted in deforestation at a rate of 0.93 km2 per annum and 

reduction of the wetland at the rate of 0.53 km2 per annum in the study area. 

 

Furthermore, the result of the study revealed that the area is potentially prone to soil erosion. 

The mean annual rate of soil loss in the woreda is 32.86 t ha-1 yr-1, which is very huge to 

degrade the area. The highest degree of (above 50 t ha-1 yr-1) of the soil loss is appearing in 

the upstream. These levels of soil loss belong to 27.22% of the total area. The mountainous 

topography of the area coupled with high mean annual rainfall was found to be the main 

responsible factors for the severity of soil erosion in the area. As a result, unless some 

conservation measures are not taken timely it would seriously damage the food security of 

the farming community, and the sustainability of agriculture in the Woreda.  
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5.2. Recommendations 

The findings of the study showed that the study area was under continuous 

landuse/landcover dynamics. Moreover, the study area is prone to soil erosion. These may 

resulted in land degradation that can put the sustainability of agriculture of the area at risk in 

a long run. As a result, the following recommendations were forwarded depending on the 

findings of the study 

   

 The results of the study have significant advantage for the study area as it is the most 

important base line data in resource allocation and natural resource conservation. 

Therefore, responsible bodies including land managers, and others which have 

interest in related issues should incorporate it during landuse planning and soil and 

water resource conservation and management practices. 

 

 The findings of this particular research suggest that land degradation in the steeper 

slopes is severe which need urgent land rehabilitation intervention such as 

afforestation programs, terracing and other remedial solutions for the Woreda.  

 

 Soil erosion is a potential problem, mainly because of the mountainous nature and 

high mean annual rainfall, which expose the soil as a whole susceptible to erosion. 

Basically, man may not modify rainfall erosivity and soil erodibility factors. 

However, as slope gradient and slope length factor is dominant in the magnitude of 

potential soil erosion in the area, it is possible to modify them through soil 

conservation practices at a small scale of agricultural lands with detailed field 

assessment.  

 

 Creating awareness among the society concerning optimum use of natural resources, 

conservation systems, driving forces including population pressure and their 

respective benefits is vital for sustainable land resource management. Therefore, the 

local managers and responsible sectors in the Woreda should give emphasis in 

participation of the local communities in conservation activities and decision 

making.  
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Appendix 

Rainfall data of Majete, Kemisie and Rabel 

Town Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Year 
Total 

M
ajete 

1990 48.3 144.9 134.1 141 0 0 203.8 182 157.9 6.3 0 0 1018.6

1991 8.6 114.1  0 31.8 0 0 224.4 169.7 123.1 35.8 0 18.5 726

1992 82.3 39.9 35.7 30.2 0 0 244.3 88.7 173.1 101.7 26.2 822.1

1993 127 48.6  0 187 191.7 0 205.3 166.1 99.7 66.5 0 0 1091.1

1994 0 4.6  0 0 12.3 23.6 240.7 354.5 160.7 7.1 0 2.2 805.7

1995 0 87.3 46.8 151 0 0 354.6 355.6 130.8 26.1 0 74.9 1226.8

1996 41.2 0 163.3 121 120.4 57 299.3 379 101.9 8.9 53.1 1344.9

1997 41 0 129.7 69.4 7.9 53.6 222.4 261 56.9 270.3 143.9 0 1256.1

1998 108 91.8 59.7 122 74.3 9 464.8 373.8 127.2 62.7 2.3 0 1495.2

1999 94.9 0.3 35.6 91.3 22.9 10 438.6 504.9 148.5 202.3 5.6 0.3 1555.2

2000 0 0  0 85.1 77.5 12.2 318 412.7 133.5 51.3 103.3 53.5 1247.1

2001 13.9 1.5 164.2 14.4 96.6 11 450.8 241.3 105.9 11.2 8 1.8 1120.6

2002 106 6.8 60.4 105 31.4 26.8 257.5 311.2 99.4 7.4 2.6 163.1 1177.9

2003 62.9 31.7 82.7 99.7 0 0 254.1 250.6 181.1 3 3.9 61.1 1030.8

2004 28.5 69.9 103.7 97.6 5.9 47.5 199.9 259.4 118.9 40.4 59.1 29.2 1060

2005 53.3 0 144.4 98 113.9 39.9 228.6 229.3 170.3 9.5 61.6 0 1148.8

K
em

isie 

1990  0  0 69.2 217 64.6 227.9 312.9 151.1 22.3 0 0 1064.5

1991  0 38.5 39.9 158 41.3 133 192.8 311.1 226.9 3.1 0 0 1144.1

1992  0 45.4 90.9 87.1 137.6 2.2 16.1 257.8 90.3 16.4 0 36.4 780.2

1993 0.1 133.7 0.4 154 0 17 305.8 422.5 229.9 25.4 0 0 1288.8

1994 32.8 27.6 187.4 11.1 0 11.2 154.6 192.5 31.7 63.5 0 0 712.4

1995 22 110 54 0 25 0 199 108.5 153.1  0 0 0 671.6

1996  0  0 53.4 17.9 66.8 8.5 0 0 125.7  0 0 0 272.3

1997 112  0 12.4 42.5 12.5 0 166 200 36.3 9.9 12.4 12.1 616.3

1998  0 25.6 5 286 202.4 3.4 194.8 212.6 100.7 98 0 0 1128.1

1999  0 71.4 118.9 194 46.2 57.9 377.4 336.7 125.8  0 0 85.9 1414

2000 60.2  0 161.8 53 201.7 42.4 248.2 490.9 110.4  0 84.6 0 1453.2

2001 50.9  0 61 81.9 5.3 87.4 364.1 184.5 33.3 151.5 160.7 0 1180.6

2002 30.5 22.6 44.5 62.5 56.9 2.2 480.3 249.6 95.2 92.1 0 0 1136.4

2003 51.8  0 21.9 20.5 10.6 451 313.5 78 207.1 18.6 2.6 1175.6

2004  0  0  0 82.4 95.5 8.6 303.3 468.3 181.8 51.6 30.5 27.6 1249.6

2005 6.9 30.3 76.7 117 0 15.9 151.2 287.1 193.6  0 12.1 34.9 925.3

R
abel 

1990 0 97.9 124.1 132 0 0 187 162 132 0 0 0 835

1991 0 104.1 5.3 31.8 0 0 204.4 149.7 112.3 23.9 0 21.5 653

1992 0 39.9 35.7 0 26.2 0 0 184.5 68.7 124.3 101.7 28.2 609.2

1993 17 38.2 0 157 171.3 212.3 136.1 99.7 66.5 0 0 897.8

1994 20 6 13 0 0 21 188.7 274.9 143.4 9.1 11.2 0 687.3

1995 0 87.3 46.8 151 0 0 354.6 355.6 130.8 26.1 0 33.2 1185.1

1996 0 0 153.3 111 112.5 38 179.8 279 111.7 7.7 32.1 0 1024.9

1997 12 21 107.5 49.3 0 43.6 132.6 231 46.3 223.7 113.3 0 980.278

1998 78 92.8 45.6 112 63.3 0 374.6 323.9 117.8 72.3 0 0 1280.3

1999 35 0 54.6 71.3 21.3 0 371.3 323.6 156.1 188.9 7.6 0 1229.7

2000 0 23 31 73.2 69.3 0 312.3 375.4 121.2 33.4 78.5 35.3 1152.6

2001 0 6.2 123.4 12.1 43.6 26 432.2 290.3 23.8 0 0 10.7 968.3

2002 63.4 13.2 51.5 28.8 3.9 43.4 242.1 322.7 32.4 5.7 0 15.6 822.7

2003 21.9 21.8 43.4 56.6 3.2 56.5 306.5 250.2 74.4 0 2.2 38 874.7

2004 13.3 15.9 46.9 50.8 2.9 42.3 229 225.8 50.4 4 7.9 0 689.2

2005 38.6    112.1 231.7     0 382.4

Source: Ethiopia Metrology Agency 


