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ABSTRACT

LULC change is conversion of one cover type to another and/or modification a change

within one land use category and it is an undeniable global trend. This study was

conducted in Legedadi reservoir watershed in North Western Shoa Zone Aleltu and

Bereh district where there is high soil erosion which aggravated by LULC change. The

objectives of this study were to examine the LULC dynamics in the Lagedadi watershed

in the last three decades, to identify the main drivers of LULC change in the watershed,

to map the soil erosion risk and determine sedimentation to the reservoir and prioritize

land management intervention in the watershed. Three time series satellite imageries

(Landsat TM 1985, TM 1997, and ETM+ 2013) have been utilized for LULC change

analysis. The landcover map of the year 1997 and 2013 were used to produce the soil

erosion risk map. Rainfall data, soil data, DEM data and satellite images were used as

inputs to generate the RUSLE factor values. The research put together the Revised

Universal Soil Loss Equation (RUSLE) with a Geographic Information System (GIS) to

quantify the potential soil erosion risk. Raster calculator was used to interactively

calculate potential soil loss and prepare soil erosion risk map. The results indicate a

continuous and active LULC change at various spatial and temporal scales. In the last 28

years, settlement area and cultivated land were dramatically increased by 14.34 % and

18.3%, and on the other hand grazing land and bare land were reduced continuously by

25.74% and 18.47 % from 1985 to 2103 respectively. The potential annual soil loss of the

watershed ranges from 0-257.195 ton/ha/year in 1997 and 0.0 to 330.013ton/ha/year in

2013. The mean annual soil losses are 54.19 t/ha/yr in 1997 and 66.21 t/ha/yr in 2013.

The average annual soil loss from each sub-watersheds ranges from 34.57 to 89.19

t/ha/yr. Prioritizing sub-watersheds which are, first stage (B and A) and second stage (C

and D) need urgent solutions. Therefore, appropriate land use planning, physical

conservation mechanisms (Terracing and Contour ploughing) and biological

conservation (Afforestation and area closure) should be implemented.

Key Words: Legedadi Dam, Watershed, LULC Change, Soil erosion risk, RUSLE, GIS
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1. INTRODUCTION
1.1. BACKGROUND

Land use change is an undeniable and significant global, ecological trend. Land use and

land cover change (LUCC) is conversion of one cover type to another and modification a

change within one land use category (Meyer and Turner, 1994). According to (Schock,

2000), on-going LULC change is one of the three well-documented global changes in

addition to increasing concentrations of carbon dioxide in the atmosphere and

biochemistry alterations of the global nitrogen cycle. Land use land cover changes

associated with climatic and geomorphologic conditions of the area have an accelerating

impact on the land degradation. Natural as well as human-induced land use land cover

change (LULCC) has significant impacts on regional soil degradation, including soil

erosion, soil acidification, nutrient leaching, and organic matter depletion. In this regard

soil degradation is a serious environmental threat in Sub-Saharan Africa due to a highly

vulnerable soil-climate-ecosystem, extremely vulnerable agricultural society depending

on soil quality as a fundamental base for its livelihood and the linkage between soil

resources with landuse change (Roose, 1984).

The potential effects of land use/cover change resulting soil erosion and producing over

sediment on surface water source of reservoirs, which are loosing their capacity due to

sedimentation processes, and are therefore seriously threat on their performance. Soil

erosion is among the serious problems affecting the quality of water resources; soil and

land upon which man depends for their sustenance and proper management of those

resources is important to satisfy the current demand as well as to maintain sustainability.

The most essential natural resources of water for living species are limited in amount,
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scarce, and not spatially distributed in relation to the population needs. Deforestation,

agricultural activities, construction, mining, urban and industrial development, and similar

activities can have significant impact on the quantity and rate of surface runoff, and on

the rates of erosion and sediment transport that take place (Tadele Kssa, 2007).

LULC are highly changed especially in the developing countries which have agriculture

based economics and rapidly increasing populations. Most studies in Ethiopia indicate

that sheet and rill erosion by water and burning of cow dung and crop residue are the

major drivers of land degradation that affect land productivity (Hurni, 1993). Demands

for land are increasing as population increases because of the need land for their farming

and housing activities, and affect the natural resource coverage of the earth. Land use

planning and management are closely related to the sustainability of water resources as

changes of land use are linked with amount of water through relevant hydrological

processes (Guo et al, 2008).

The off-site effects of erosion such as reservoir sedimentation and water resources

pollution are usually more costly and severe than the on-site effects on land resources

(Phillips, 1989). Therefore, proper management of on-site effect of soil erosion could

reduce the risks and negative impacts of downstream water resources due to water

erosion. Tackling the onsite effects of soil erosion requires an understanding of the rates

of erosion processes as well as identification of the major controlling factors that enhance

or retard these processes.

The land and water resources of legedadi watershed are adversely affected by the rapidly

growing population and the rising demand for cultivated land combined with increasing
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built-up areas. Water quality in the Legedadi reservoir has deteriorated over the past

twenty years. Moreover, intensive cultivation of annual crops has caused serious erosion

problems in the area, resulting in soil fertility reduction (Tahal Consulting Engineers,

2000). This process has aggravated soil degradation in the area resulting in on-site soil

erosion and off-site heavy sedimentation. Upstream watershed management is among the

methods of reducing soil erosion and reservoir sedimentation, which is not yet done in

Legedadi watershed.

The off-site effects of soil erosion in Legedadi watershed have significant impact on the

reservoir. The sediment volume of the Legedadi reservoir increased by 2.1 MCM (million

cubic meters) in the 19 years passed since the previous bathymetric study of 1979. The

live storage capacity was reduced from 45.9 MCM in 1979 to 43.8 MCM in 1998 (Tahal

Consulting, 2000). The average annual siltation rate Legedadi Reservoir is 120,000 m3/yr

within 1979-2010 and 135,000 m3/yr within 1998-2010. These translate to an average

annual Dam volume reduction rate of 0.26%/yr for the period 1979-2010 and 0.31%/yr

for the period 1998-2010 (AAWSA, 2011).

Effective methods and mechanisms should be implemented to mitigate soil erosion from

LULC change impacts. Among them modeling soil erosion is one, which is the process of

mathematically describing soil particle detachment, transport, and deposition on land

surfaces, and to assessing soil loss for conservation planning, project planning,

understanding erosion processes and regulation.

Therefore, analyzing the impacts of LULC dynamics on soil erosion; which

cause/accelerate the problem and its consequent impacts on Legedadi reservoir, which is
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the main water supply of Addis Ababa City by using GIS and RUSLE model methods for

the natural resources management response of the watershed, is essential.

1.2. STATEMENT OF THE PROBLEM

Deforestation, overgrazing, and poor land management accelerated the rate of soil

erosion. In many developing countries, changes in land use are rapidly taking place and

the largest change in terms of land area, and arguably also in terms of water resource

impact arising from deforestation activities (Conway.D, 2000).  High intensity of rainfall

occurs in most parts of Ethiopia and the cultivated land has low cover, which can reduce

the impact of high intensity raindrop and runoff which can be slowed by soil cover.

The population density has various impacts on the natural resource bases of the Legedadi

watershed which are 23, 244 in 2000 and 38,314 in 2011 (Addis Ababa Water and

Sewage Authority, 2011). Deforestation, over cultivation with minimum conservation

practices, expansion of residential area including industrial activity in the watershed and

cultivation of upper catchment were contribute significant role in affecting the watershed

by soil erosion. Continuous LULC change has on-site soil erosion and create

sedimentation problem from off-site soil erosion that affect Legedadi reservoir.

According to Taye Aduna (2009) the community use inorganic fertilizer in order to

improve soil productivity which results increasing water pollution and extent of the water

treatment chemical within cost (60 mg/l to 120mg/l in dry season and 110mg/l to 200mg/l

in rainy season.

Researches were conducted on Legedadi reservoir on the problem of water quantity and

quality, climate change impact issue, sedimentation and land use area. However, these
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studies were done separately and not address the simultaneous impact of LULC change

on soil erosion problem on the reservoir. In addition to this, the study on soil erosion and

LULC change problems were done in a different way and long time ago, however;

recently LULC in the watershed are changing rapidly and important to do recent study on

LULC change impact on soil erosion potential, which is the main cause of reservoir

sedimentation. Therefore, the interconnected problems on Legedadi watershed resulted

in high sedimentation and short lifespan of the reservoir and important to study on such

issue to provide information that can be used for resources management in the watershed.

Generally; the concise problems of the study area are shown in Figure 1 below.

Figure 1.1: Study area problem diagram

SOIL EROSION AND LOW PRODUCTIVITY

Soil improvement by fertilizer and chemicalReservoir sedimentation

Reduce raw water qualityReduce raw water quantity

 Reduce reservoir active storage volume

 Increase raw water treatment cost

 expected life span of the dam in question

Increase Number of Landless and inputs for Urban Development

 Conversion of landcovers to  cultivated land and built-up area
 Urban encroachment  close to the reservoir
 Minimum watershed  management activity

RAPID POPULATION GROWTH AND URBANIZATION
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1.3. OBJECTIVES

1.3.1. General Objective

The overall objective of the study is to examine the impact of LULC Change on soil

erosion potential in Legedadi reservoir watershed, and its implication on sedimentation

problems.

1.3.2. Specific Objectives

 To examine the LULC change and dynamics in Lagedadi Reservoir Watershed in the

last 28 years;

 To evaluate the impact of LULC change in Legedadi reservoir watershed;

 To identify the main drivers of LULC change in the watershed;

 To estimate the average annual soil loss from the watershed and map the soil

erosion risk;

 To prioritize land management interventions in the watershed;

1.4. Research Questions

 What is the trend of LULC changes in the last 28 years in the study watershed?

 How does LULC change affect the soil resources within the catchments?

 Which land use type dominated in the watershed and its implication on soil erosion

impact of reservoir sedimentation?

 What land management practices be recommended for the watershed?
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1.5. Significance of the Study

The LULC change has significant impacts on natural resources, socioeconomic and

environmental systems, and important to study it. Therefore, the result of this study will

be important to:

 Understanding the types and impacts of LULC change as indicator for resource base

analysis and development of effective and appropriate response for sustainable

management of natural resources.

 Providing baseline information on how the land cover changes affect reservoir by

soil erosion and enable planners to formulate policies to minimize the undesirable

effects of future land cover changes.

 To suggest recommendation on activities to be implemented by different concerned

stakeholders to minimize the impacts.

 To initiate further study on the impacts of LULC change and soil erosion in the

watershed.

2. REVIEW OF LITERATURE

2.1. Concept and Definition of LULC Change

Land cover is the physical and biophysical cover over the surface of earth, including

distribution of vegetation, water, bare soil and artificial structures. Land use refers to the

intended use or management of the land cover type by human beings such as agriculture,

forestry and building construction. LULCC is commonly grouped in to two broad

categories: conversion (a change from one cover or use category to another e.g. from

forest to grassland) and modification (a change within one land use or land cover
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category (e.g. from rainfed cultivated area to irrigated cultivated area) due to changes in

its physical or functional attributes (Meyer and Turner, 1994).

These changes in land use and land cover systems have important environmental

consequences through their impacts on soil and water, biodiversity, and microclimate.

Land cover changes have been influenced by both the increase and decrease of a given

population (B.L. Turner and D.Skole, 1995). In most developing countries like Ethiopia

population growth has been a dominant cause of land use and land cover change than

other forces. The land use and land cover type can affect both the infiltration and runoff

amount by following the falling of precipitation. As indicated by Tadele Kassa (2007),

both surface runoff and ground water flow are significantly affected by types of land

cover. Thus, Surface runoff (mostly contributed directly from rainfall) and Ground water

flow (contributed from infiltrated water) are the two components of the stream flow.

Crops need less soil moisture than forests; therefore, the rainfall satisfies the shortage of

soil moisture in agricultural lands more quickly than in forests there by generating more

runoff when the area under agricultural land is extensive (Legesse D., and Vallet C.,

2003). It demonstrates that increment of crop lands and decreasing of forest coverage

leads to an increase in stream flow and more erosion can be found. Generally, the impacts

of LULC change on the natural resources depends on an understanding of the past land

use practices, current land use and land cover patterns, and projection of future LULC

change, as affected by combined factors including; population, economic development

and technology.
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2.2. Causes and Drivers, Model and Detection Methods LULC Change

2.2.1. Cause and Drivers of LULCC

Land use is being dynamically shaped under the influence and interaction of human

needs and environmental features and processes. Change in the use of land occurring at

various spatial and temporal levels. As said by Carlos (2009), these changes have at

certain times beneficial, and at other times detrimental impacts. Detrimental impacts of

land use change result are being the main cause of affecting the structure and functioning

of the earth system as well as the human well-being.

The analysis of land use change revolves around what are the drives/causes of land use?

and what are the environmental and socio-economic impacts of land use change?.

According to Briassoulis (2006) there are two main categories widely accepted drives:

biophysical and socio-economic drivers. The biophysical drivers include characteristic

and process of the natural environment such as: climate variation, landform and

geomorphic process, plant succession, soil types and process, drainage pattern etc. The

socio-economic drivers comprise demographic, social, economic, technological, market,

political and institutional factors and their processes. Environmental and socio-economic

interrelated impact of Land use change is the result of a complex web of interactions

between bio-physical and socioeconomic forces over space and time.

2.2.2. LULC Change Model

Dealing with this complexity for practical purposes (such as policy making and land

management for sustainable land use) is impossible without some simplification of the
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complex relationships to manageable and understandable dimensions. Hence, there is a

need for a model (land use change model) which expresses operationally the relationships

between the main factors of interest (B.L.Turner, 1995 and Briassoulis, 2006).

Land use change models are important to provide decision support in various decision

and policy making contexts, describe the spatial and temporal relationships between the

drivers and the resulting patterns of land uses and their changes, predict future

configurations of land use patterns under various scenarios of bio-physical (e.g. climatic)

and socio-economic change and as a an instrumental role in impact assessment of past or

future activities in the environmental and/or the socio-economic spheres (Briassoulis,

2006). Land use change models are used to prescribe optimum patterns of land use for

sustainable use of land resources and development.

According to Merritt et al. (2003) the dominant model design feature, solution technique,

and spatial and temporal levels of analysis LULC change the following major model

types are distinguished.

EMPIRICAL STATISTICAL MODELS: is a model involving in several statistical

variables (multivariate techniques) and regression models, which are mainly exploratory

tools and based on defining important factors through field observation, measurement and

statistical techniques.

STOCHASTIC MODELS: It is a model used as  mainly transition ( a period which

something undergoes a change and passes from one state ,stage, or activity, form, activity

to another) probability models.
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OPTIMIZATION MODELS: The linear programming models families, which are

prescriptive, models although they are used also as evaluation (assessment or calculation)

tools.

DYNAMIC PROCESS-BASED SIMULATION MODELS: Are models emphasize on

the interactions among all components forming a systems and attempt to imitate the run

of these process and follow their evolution, also condensing and aggregating complex

ecosystems into a small number of differential equations in a conventional manner.

CONCEPTUAL MODELS: Used to provide an indication of the qualitative and

quantitative effects of land use changes, without requiring large amount of spatially and

temporally distributed input data.

2.2.3. LULC Change Detection

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

phenomenon by observing and quantifying it at different times and  LULC change

detection is important for monitoring change of earth’s surface features to understand the

relationships and interactions between human and environment to a better management

and use of natural resources (Singh, 1989). In general, change detection involves the

application of multi-temporal datasets (mostly remotely sensed data) to quantitatively

analyze the temporal effects of the phenomenon. In a general overview of change

detection approaches can be characterized in two groups: Bi-temporal change detection is

a direct comparison, post-analysis comparison and uniform modeling and it measures

changes based on a simple ‘two-epoch’ time scale comparison (Jianya et al., 2008).

Temporal trajectory analysis is a time series analysis and the changes based on a
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‘continuous’ timescale, focusing both changes between dates and the progress of the

change over the period.

A good change detection research should provide; area change and change rate, spatial

distribution of changed types, change trajectories of land-cover types and accuracy

assessment of change detection results. Accuracies of change detection results depend on

the performance of the image processing and classification approach, availability of

good-quality true data, the complexity of landscape and the environment of the study

area, appropriate change detection methods and the analyst’s skills and experience as

well as knowledge and familiarity of the study area, time and cost restrictions (Lu et al.,

2004a)

2.3. GIS and Remote Sensing Application on LULCC Studies

Remote sensing (RS) is the science and art of obtaining information about an object, area,

or phenomenon through the analysis of data acquired by a device that is not in contact

with the object, area, or phenomenon under investigation. It provides a large amount of

data about the earth surface for detailed analysis and change detection with the help of

sensors. While, GIS is a computer-based system that can deal with virtually any type of

information about features that can be referenced by geographical location (Briassoulis,

2006). These systems are capable of handling both location and attribute data about such

features.

Land use and land cover is changing rapidly in most parts of the world. In this situation,

accurate, meaningful and availability of data is highly essential for planning and decision

making. As said by Stefanov (2001), in 1970’s satellite remote sensing techniques have
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started to be used as a modern tool to detect and monitor land cover change at various

scales with useful results. Both Remote sensing and GIS are being increasingly used in

combination spatial analysis. GIS databases are used to improve the extraction of relevant

information from remote sensing imagery and it make possible the analysis and mapping

of landscape patterns (Hualou et al., 2006). RS data provide periodic pictures of

geometric and thematic characteristics of terrain objects, improving our ability to detect

changes and update GIS databases and it can make available for scholars with valuable

multi-temporal data for monitoring land-use patterns and processes (Lambin, 2003).  RS

and GIS have been widely applied and recognized as powerful and effective tools in

detecting space and time dynamics of LULC.

Generally, application of remote sensing technology in mapping and studying of the land

use and land cover changes are; map and classify the land use and land cover, assess the

spatial arrangement of land use and land cover, allow analysis of time-series images used

to analyze landscape history, report and analyze results of inventories and also including

inputs to GIS and provide a basis for model building (Bawahidi, 2005).

2.4. Soil Erosion

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

water and wind and it involves the detachment, transport and deposition of soil particles

by the erosive forces (Renard, 1997). Soil erosion, soil loss, and sediment yield are terms

with distinct meanings in soil erosion processes. In this regard according to Mitchell and

Bubnezer (1980) soil erosion is the gross amount of soil moved by drop detachment or

runoff. Soil loss is the soil moved off a particular slope or field. Sediment yield is the soil

loss delivered to a point under evaluation.
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The main types of soil erosion by erosive agents, which causes the erosion are rill

erosion, sheet erosion and gully erosion. Sheet and rill erosion classification and

description are based on a concept of progressive erosion severity. Sheet erosion, which

is a uniform removal of soil from the surface, is assumed to be the first phase of the

erosion process, and sheet erosion rates are assumed to be low. As erosion becomes

increasingly sever, rill erosion is assumed to begin. Rill erosion progresses to gully

erosion, which produces deeply incised channels (Lal, R., 1994).

As Israel Tesema (2011), cited in Morgan (1995), the major factors affecting soil erosion

are climate, soil properties, topography and land use. These factors are not totally

independent, as geology affects topography, which can influence climate and soil types.

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

much it rains). Temperature and precipitation together determine the longevity of

biological materials like crop residue and applied mulch used to control erosion.

Soil types differ in their erodibility, thus the basic soil properties such as texture and

organic matter content provide an indication of erodibility. Slope length, steepness and

shape are the topographic characteristics that most affect erosion and deposition. Lastly,

land use is the single most important factor affecting soil erosion and it is strongly

enhanced by the human activities. Human disturbances, such as tillage activity, and

natural disturbances, such as severe weather dramatically increase erosion. Of these, the

vegetation and some disturbances, and, to a lesser extent, the soil and topography can be

managed to reduce erosion (Julien, 1998).
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Various practices which are used to control soil loss, including; cover-management

practices (vegetative, crop rotations, conservation tillage and applied mulch) and

supporting practices (contouring), vegetative strips and barriers (buffer strips, strip

cropping, fabric fence, gravel bags), runoff interceptors (terraces, diversions) and small

impoundments (sediment basins, impoundment terraces) (Hyeon .S.Kim and Pierre

Y.J.U., 2006).

2.4. 1.Global Perspective and Extent of Soil Erosion

Soil erosion is one of the most serious environmental problems in the world today, as it

threatens agricultural and natural environment. The estimated worldwide costs of soil

erosion are four hundred billion dollars per year, more than 70 dollars per person per year

(Pimentel, 1995). Sediment degrades water quality, and carries soil- adsorbed polluting

chemicals. Sediment deposition in irrigation canals, stream channels, reservoirs, water

conveyance structures, reduces their capacity and would require costly operation for

removal (Foster, 1988).

The world is loosing an estimated 23 billion tons of soil each year from croplands alone,

which is in excess of the soil formation rate. The present arable area of the world is being

about 15 billion he 5-7 million he of soil loss per year as a result of land degradation has

been put forward (Dudal, 1981). According to Ademasu Amare (2005), cited in EI-

Swaify (1994), indicated that water erosion had accounted for about 55% of the almost 2

billion ha of degraded soils in the world. Study on global soil loss has indicated that soil

loss rate in the United States is 16 t/ha/yr; in Europe it ranges between 10 – 20 t/ha/yr,

while in Asia, Africa and South America between 20 and 40 tons/ha/yr (Deore , 2005).
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For developing nations, soil erosion is among the most chronic environmental and

economic burdens. And many of these nations are in the tropics and in the drier zones.

Soil erosion is getting worse in sub- Saharan Africa; for example, it has increased 20 fold

in the last three decades as more and more people are forced to move out of the good

bottomlands to fragile hillside. More than one third of Africa is threatened with

desertification (Taffa Tulu, 1999).

2.4. 2.Soil Erosion in Ethiopia

Many scholars agree that land degradation mainly caused by soil erosion has been one of

the chronic problems in Ethiopia, which in turn is threatening agricultural productivity

and the very survival of the overwhelming majority of the rural population. The problem

of soil erosion has been a problem ever since land was first cultivated, and its

consequence occurs both on- site and off-site.

The recorded annual soil erosion in Ethiopia ranges from 16- 300 tons/ha/yr depending

mainly on the slope, land cover, and rainfall intensities (Helden, 1987). In Ethiopia, the

on-site impacts of soil erosion are most frequently studied, typically by estimating the

productivity losses as economic cost of soil erosion. Less well known and documented

are the off-site costs of soil erosion (Renard, 1997).

The Ethiopian Highland Reclamation Study (EHRS) estimated that the average annual

soil loss from arable land was 100 tons/ha and the average productivity loss on cropland

was 1.8 % (Constable, 1985). As a consequence of land degradation, the productive

capacity of the soils in Ethiopian highlands is reducing at a rate of 2-3% annually (Hurni,

1993). The north and northeastern highland parts of the country have seen the greatest
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damage to their soil resources due to soil degradation. These are also the most affected

parts of the country by famine due to degradation and recurrent drought. In this regard,

soil degradation certainly contributes to a higher vulnerability to famine. According to

(Hurni ,1986) has provided estimates of soil loss rates of 42, 8, 5,7,5 and 5 t/ha/yr, from

cropland land under perennial crops, grazing and browsing, productive land, currently

uncultivable land and wood and bush land, respectively. The maximum soil formation

rate for the whole of Ethiopia is estimated to be in the range of 2-22 ton/ha/yr (Hurni,

1983). However, this value seems too high as other studies indicate an average soil

formation rate of 1 ton/ha/year (Lal, 1994).

Soil loss tolerance is the maximum rate of soil erosion that still allows crop productivity

to be economically sustainable and is the foundation for soil conservation modeling

(Renard et al., 1997) and according to Hurni (1985) the tolerable soil loss level of

Ethiopian range between 2 to 18 tons ha-1 y-1.

In Legedadi Reservoir catchment have been facing serious soil erosion problem as based

on the siltation amount reached in to the reservoir. In this regard the master plan review

of Addis Ababa Dams (Geffersa, Legedadi and Dire) (2011) indicated that an average

annual siltation rate of 120,000 m3/yr in 1979-2010 and 135,000 m3/yr in 1998-2010.

These figures translate to an average annual Dam volume reduction rate of 0.26%/yr for

the period 1979-2010 and 0.31%/yr for the period 1998-2010. Therefore, it appears that

in later years the rate of siltation of the Legedadi reservoir has increased, something

which is consistent with the general context of developments in the catchment to what

concerns factors affecting soil erosion and sedimentation.
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2.5. Modeling, Remote Sensing and GIS Application in Soil Erosion

Assessment

2.5.1. Modeling

Modeling is a simplified depiction of a natural entity that in some way exhibits its

important features while eliminating or suppressing matters of irrelevant detail. In science

an essential attribute of a model is that it is quantitative, that yields a numerical value for

a feature of the natural entity, as a replacement for a measurement (Suru, 2010).

Models have long been used in soil loss management to guide decision making and

improve understanding of the system. It is essential that a model used in soil and water-

resources management be sufficiently accurate for its intended purpose. Because a model

is a simplified depiction of the natural system, its accuracy is subjected to question until

proven the acceptability of a model can only be determined by a confrontation with

observation (Carlos, 2009). Erosion models can provide a better understanding of natural

phenomena such as transport and deposition of sediment by overland flow and allow for

reasonable prediction and forecasting. Soil Erosion models allow users to ascertain

temporal trends, examine spatial variations, identify critical processes and explore the

possible impacts of remedial measures and the relative effectiveness of implementations

strategies for erosion and sedimentation controls (Baigorria and Romero, 2007).

As Carlos (2009), cited in Quinton (2004), a model of erosion and sedimentation process,

even the most complex one, is only a representation of reality; the full reality can never

be reached. Determining the input for soil-erosion is difficult because input parameters
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are vary in time and space, and some are difficult to measure. It induces a considerable

level of uncertainty.

Based on various ways including; space and time scale different models are available to

describe and predict soil erosion by water and associated sediment yield. Major

categorizations of models related to erosion are: Physical, Conceptual and Empirical

models.

EMPIRICAL MODELS: Are models based on defining factors through observation,

measurement, experimentation and statistical techniques relating erosion factors to soil

loss. It used in preference to more complex models as they can be implemented in a

situation with limited data and parameters input. They are particularly useful as a first

step in identifying the sources of sediments and predicting average annual soil loss

(Nearing, et al., 1990). USEL and RUSEL are empirical models which have a significant

role in estimating soil loss from agricultural land.

RUSEL MODEL: Together 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 (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 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 sheet and rill soil erosion caused by raindrop impact

and surface runoff (Renard, 1997). It does not estimate gully or stream-channel erosion.
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Moreover, it has been extensively used to estimate soil erosion loss, to assess soil erosion

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

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

PHYSICAL MODELS: Are intended to represent the essential mechanisms and

processes controlling erosion. These models represent a synthesis of the individual

components, which affect erosion, including the complex interactions between various

factors and their spatial and temporal variability. It provides the possibility to determine

or estimate spatial and temporal distribution of soil loss, deposition, and sediment yield

(Nearing, 1990). Water Erosion Prediction Project (WEPP) and Soil and Water

Assessment Tool (SWAT) are physical models used to evaluate soil erosion.

CONCEPTUALE MODELS: Models play an intermediary role between empirical and

physical based models. Conceptual models tend to include a general description of

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

would require detailed catchment information (Renschler, 1996).

2.5.2. Remote Sensing and GIS in Soil Erosion Assessment

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

detecting erosion features and obtaining erosion model input data (Petter, 1992). Remote

Sensing can facilitate studying the factors enhancing the process, such as soil type, slope

gradient, drainage, geology and land cover. Digital Elevation Model is one of the vital

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

and microwave remote sensing data (Pande et al., 1992).
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GIS have been used in various environmental applications since the 1970s; however,

extensive application of GIS to hydrologic and hydraulic modeling and flood mapping

and management did not begin until the early 1990s (De Roo, 1996). A GIS is an

arrangement of computer hardware, software, and geographic data that people interact

with to integrate, analyze, and visualize data; identify relationships, patterns, and trends;

and find solutions to problems. The system is designed to capture, store, update,

manipulate, analyze, and display studied data and used to perform analyses (ESRI, 2005).

GIS has the ability to represent elevation in terms of topographic surfaces and central to

geology of the surface analyses. GIS can be used to isolate and query the individual

variables to see the contribution of each variable on the predicted erosion potential and

this information can be used to design conservation planning (Lee, 2004).

GIS environment in soil erosion models have the possibility of rapidly producing input

data to simulate different scenarios and it provides an important systematical function of

performing time-consuming georeferencing and spatial overlays to develop the model

input data at various spatial scales. GIS in soil erosion model has significant role in order

to use very large catchments with many pixels and thus the catchment can be simulated

with more detail (De Roo, 1996). Additionally, modeling and visualization capabilities of

modern GIS offer fundamentally new tools to understand the processes and dynamics that

shape the physical, biological and chemical environment of watersheds. Mapping soil

erosion using GIS can easily identify areas that are at potential risk of extensive soil

erosion and provide information on the estimated value of soil loss at various locations in

the watershed (Shi et al., 2003).
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

3.1. 1. Geographical Location

Legedadi watershed Reservoir is located about 25 km far from east of Addis Ababa North

Western Shoa Zone in Aleltu and Bereh district (Figure 3.1), but Legedadi Reservoir is

administrated by Addis Ababa Water and Sewerage Authority.

Figure 3.1: Location of study area

The region is characterized by a range of volcanic mountains rising to elevations range

from 2398 to 3220 m.a.s.l.
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The catchment is bounded by latitude 9001'N – 9013' N and longitude 38o60' E - 39o07' E.

In general, this study watershed has a total area of 20318.1 ha. The Addis Ababa-Dessie

main asphalt road runs west to East direction across the central part of the reservoir

catchment and dry weather road cross the catchment area from South to North between

Legedadi and Dire reservoirs. Legedadi Reservoir was constructed in 1967 and one of the

three dams contributing as a surface water source for Addis Ababa city which others

includes, Geffersa Dam constructed in 1943 and Dire dam  in 1999.

3.1.2 Accessibility

Wide part of the study area is accessible by four-wheel drive vehicle; however, the

eastern part of the watershed is mountainous and steep terrain, and also in different part

of the catchment gulley shape eroded lands are considered as inaccessible. The Addis

Ababa-Dessie main asphalt road runs west to east direction across the central part of the

Legedadi Reservoir watershed area. Besides these, there are many walkways from

different villages that join Addis Ababa-Dessie main asphalt road on the catchment area

boundary. In addition to these, the newly introduced construction activity and quarry

areas create road access for four-wheel drive vehicle inside the watershed area. The

partial view of the study area in Northeast direction of the study watershed is presented in

the following picture.
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Picture 3.1: North –East direction partial view of the watershed

3.1.3. Climate

The area is located in the upper northwestern part of the awash basin. There are two

major seasonal patterns in the region of Addis Ababa. The weather is relatively cool in

the wet season of June to September when the main rain falls, while less rainy season of

October to May has warmer temperatures with easterly winds. Rainfall usually occurs in

the form of localized thunderstorms due to convective heating of the air masses during

the day and rapid cooling at night.

I) Temperature

The mean monthly temperature is between 16oC and 26oC throughout the year.

Temperature data is unavailable in some stations (Sendafa and Aleltu) but, based on the

other stations (Addis Ababa Observatory, Entoto, Sululta and Addis Ababa Bole) the
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minimum monthly average temperature registered is 16.1oC in the month of August and

the maximum monthly average temperature is 25.5oC in the month of February. In the

study area the hottest season extends from December to late March.

II) Rainfall

Legedadi Reservoir watershed characterized by Moist Dega agro-climatic Zones and the

rainfall is bimodal type, which is distributed into minimum rainy season occurring in the

months between October and May, and longer rainy season occurring between June and

September. Climatic Stations within and in the Proximity to the study area, there are

seven meteorological stations, these are Aleltu, Addis Ababa Bole, Addis Ababa

observatory, Sendafa, sululta, Muka Turi and Entoto. From the rainfall data of the

stations high rainy seasons are observed in July and August. The mean annual rainfall in

mm is 1119, 1142 and 1185. The main cause of the rainfall in this region is the southward

migrating Inter Tropical Convergence Zone (ITCZ) and westward propagating

disturbance from the Indian Ocean (Andualem Gessese 2008, cited in Zenaw et al.,

2000). The rainfall patterns in the catchment areas have a bimodal profile with strong

peaks in the summer months and minimum rainfalls in the winter season (Figure 3.2).
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Figure 3.2: Mean Monthly rainfall (mm) of Legedadi Dam watershed for 21 years

3.1.4. Hydrology

The Legedadi watershed has different sub-catchment which mainly includes; the Lege

Beri, Lege Sekoru, Lege Bolo and others. From these sub-catchments streams enter to

Legedadi reservoir through a common Course and some others merges several hundred

meters before entering Legedadi reservoir. Rainfall station in the catchments, operated by

the Hydrological Division of the Ministry of Water Resources (HDMWR), is located at

Legedadi Reservoir and in the Mutinicha catchment area (a watershed of the Akaki

River). However, this station has long periods without data and for this study rainfall data

were used from Sendafa and other six nearest stations.
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Hydrology (occurrence, distribution and movement of water) of Legedadi Reservoir is

determined based on Flow direction (water flow downhill starting from upslope area) and

Flow accumulation or deposition of water in lower slope site (Figure 3.3).

Figure 3.3: Flow direction and Flow Accumulation maps
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3.1.5. LULC and Socio-Economic Situation

Land in the Legedadi catchment area distributed by the government and local authorities

based on the farmers needs and recently land certification try to secure ownership right of

the land but, historical nature of land ownership of farmers creates some complication to

proceed according to government plan. Agriculture is the major source of income for the

community and recently various infrastructures development of Sendafa town crate

population migration in to the town.

Industrial and infrastructure expansions create employment opportunity for the people,

however; following this situation massive encroachments in the catchments have

seriously affected the vegetation and other natural resources in Legedadi Dam watershed.

As it is well understood, Vegetation in a watershed plays significant role in intercepting

raindrops, reducing surface runoff, and there by control erosion, maintain soil fertility

and regulate the microclimates. In the contrary in this watershed the natural vegetation

has been destroyed or altered by extensive cultivation and human settlements, even

though, recent vegetation cover is dominated only by Eucalyptus plantation.

The major land use types of the watershed are: Settlements, Forest (Eucalyptus

plantation), cultivated land, Grazing Land, Bare land and water bodies (Table 3.2). The

dominant landuse type is cultivated fields which located in the mid and lower slopes of

the mountains and hills, foot slopes, undulating plains, flat to almost flat plain valley

sides, and at part the edge of the perimeter of the reservoir. This cultivated field and other

landuse categories are not well protected from water erosion by any soil and water

conservation measures. The farming system of the watershed is mixed farming with

dominantly oxen plough cereal crop production and livestock rearing. According to
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Bereh Wereda Agriculture and Rural Development Office, almost all cultivated land of

the watershed is used for annual crops cultivation. The major crops grown in the

watershed includes Wheat, Barley, Oat, Teff and Beans, and Common Livestock species

raised cattle, horse, donkey, sheep and goat.

Picture 3.2.Newly Established villages continued from Sendafa town

3.1.6. Geology and Soil Types

According to the Ethiopian physiographic region division, the study area is situated in the

upper awash part of the rift valley system and adjoining the plateau lands of the central



30

high lands. The overall geomorphologic relief of the Legedadi watershed area is

characterized by plateau areas, escarpments with steep slope sections and infill zones

where sedimentary and colluvial sediments are deposited.  The dominant landscapes of

Legedadi Dam watershed area are flat, gently undulating plains and mountainous which

elevation range from 2398 to 3220 m.a.s l. (Figure 3.4).

Figure 3.4.Study area DEM
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According to FAO (1986) soil classification major soil types of the area are four types of

soils in the catchment. These soils are Vertisols, Leptosol, Luvisol and Cambisol.

Vertisol is the predominant soil type (Figure 3.5) which, is found in almost all parts of the

watershed.

Vertisols are soils having, after the upper 20 cm have been mixed, 30 percent or more

clay in all horizons to a depth of at least 50 cm. Vertisols have A (B) C-profiles; the A-

horizon comprises both the surface mulch (crust) and the underlying structured horizon

that changes only gradually with depth. Dry Vertisols have a very hard consistence; wet

Vertisols are very plastic and sticky.

Luvisols characterized a marked textural differentiation within the soil profile, with the

surface horizon being depleted of clay and with accumulation of clay in a subsurface

‘Argic’ horizon. Luvisols have typically a brown to dark brown surface horizon over a

reddish brown to strong brown or red argic subsurface horizon and exist on hilly part of

the study area.

Cambisols are soils with initial stage of soil formation or weakly developed soils relating

to their parent material and exist in all part of the watershed. Leptosols have continuous

hard rock within 25 cm from the soil surface; or a mollic horizon with a thickness

between 10 and 25 cm directly overlying material.

Leptosols are very shallow soils over hard rock material but also deeper soils that are

extremely gravelly or stony. They are found particularly in hilly to mountainous area in

Legedadi Reservoir watershed (Figure 3.5).
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Figure 3.5.Soil map of the study area
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3.2. DATA SOURCES

For this study various basic primary and secondary input data were collected from

different sources. For the land use/land cover analysis purpose, the freely available time

series Landsat satellite images were downloaded from USGS website. ASTER DEM,

Topomap of the study area (1:50000) purchased from Ethiopian mapping agency, Soil

map (shape file, 1:250,000) collected from Oromyia water works design and supervision

enterprise and rainfall from Metreological agency were used.

3.2.1. Rainfall Data

This data were collected from National Metrological Service Agency (NMSA) of

Sendafa and nearest station for Legadadi catchment.  Accordingly, the long-term records

of the seven stations (Aleltu, Addis Ababa Bole, Addis Ababa Observatory, Entoto,

Sululta, MukaTuri and Sendafa) operated by NMSA were taken as the basis for this study

to producing Erosivity Factor map. The annual rainfall is interpolated from these seven

stations in Arc-GIS environment by the spatial analyst tool. However; there were missed

(unrecorded) monthly Rainfall data in these stations. Therefore, all missed data were

filled by station average methods (Equation 3.1).

px = ∑ pi ..........................Equation (3.1)

Where; PX is the missing precipitation value for station X, n is the number of nearby

stations and P1, P2, … Pn are precipitation values at the adjacent stations for the same

period
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3.2.2. Soil Data

The soil data for this study was acquired from Oromia Water works Design and

Supervision Enterprise. This 1:250,000 scale of soil raster shape file data was changed in

vector format. This high resolution data provide better information about soil type in the

study watershed. The soil feature map of the study watershed was obtained by clipping

the Oromia Spatial zone soil map with the study watershed in the Arc GIS environment.

Thus, a soil map based on vector format data was used to estimate the soil Erodibility in

RUSEL. In this study, Erodibility value (K factor) is assigned for each of the four soil

types (Vertisols, Leptosol, Luvisol and Cambisol) based on their colors as indicated by

(Hurni, 1985).

3.2.3. Digital Elevation Model (DEM) Data

A Digital Elevation is a data bank that contains information about the topography of a

landscape (Bettinger & Wing, 2004). ASTER (Advanced Space borne Thermal Emission

and Reflection Radiometer) Global Digital Elevation Model (GDEM) was used for this

study and this 30m by 30m spatial resolution DEM was imported to Arc GIS

environment to project in projected coordinate system of UTM Zone 37 N, WGS84.

ASTER GDEM was developed by Japan Ministry of Economy, Trade, and Industry

together with United States National Aeronautics and Space Administration. Each DEM

grid cell contains a value corresponding to its actual elevation across the landscape in the

real world. In this study DEM serves as the primary input for calculating the Slope

Length and Slope Steepness factors (LS-factors) and to generate the slope map of the

study area.
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3.2.4. Landuse / Landcover

Multi-temporal Landsat imageries of TM (1985), TM (1997) and ETM+ (2013) data were

used to classify the land use and land cover map of the study watershed. The freely

available time series Landsat satellite images were downloaded from USGS website

(Table 3.1).

Table 3.1: Satellite Images used in the study

No Period Sensor Path- row Date of

acquisition

Spatial resolution (m)

1 1985 TM 168 – 054 Feb 19/2014 30*30

2 1997 TM 168 – 054 Feb 12/2014 30*30

3 2013 ETM + 168 – 054 Feb 21/2014 30*30

To facilitate classification of the images, ground truth points (a total of 80 points) from 6

land cover classes (i.e., 25 Cultivated land, 3 water body, 12 plantation forest, 15 Bare

land,11 Settlement, and 14  grazing land) were used. Half of the ground truth data were

used for training the supervised maximum likelihood classifier and the rest for accuracy

assessment. Season of LANDSAT imageries acquisition from USGS website was similar

to Ground truth data collection by GARMIN GPS 72H in order to avoid a seasonal

variation in vegetation pattern. The land use/land cover categories  information have been

recorded on check list  at the middle of LULC types with the maximum accuracy level

(3-3.35m) of GARMIN GPS to minimize the expected possible error from GPS and

increase level of LULC classification accuracy.
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3.2.5. Topographic Maps

In order to Visualizing the landscape of the whole study watershed two medium scale

topographic maps/sheets were purchased from Ethiopian Mapping agency and scanned

with 400 dots per inch (DPI). Both topographic maps have a scale of 1:50,000, Series

(ETH4), Edition 2 EMA 1982 of sheet 0938D4 and Edition 1 EMA 1986 of sheet

0939C3. These topographic maps had been colour-coded for different land covers which

includes; reservoir, road, Settlement, streams and forest area. The study watershed

boundary also delineated based on these topographic maps contour lines (represents a

ground elevation or vertical distance above a reference point such as sea level) and

contour interval (the difference in elevation between two adjacent contours). Starting

from the out let of the reservoir digitized the contour lines that encompass all

considerable tributary streams for the Dam and Legedadi reservoir watershed boundary

was delineated. Generally these topographic maps have good information about the

topographic features of the study watershed and the production of digitized data is based

on theses topographic maps. Throughout, Georeferencing the data integration and

compatibility with UTM projection, Zone 37 North and WGS 1984 Spheroid.

3.2.6. Field Observation

In addition to GPS reading from the major LULC class for supervise classification on the

field survey a general data on the physical condition of the area like on the vegetation

cover, land use type, topography, and soil color type of the study area were observed.

Informal Interviewing of the local community, Berhe woreda agricultural office and

AAWSA could provide very good information about the past condition of the study area.
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3.3. METHODOLOGY

RUSLE model in a GIS environment with a combination of various Factors and acquiring

available satellite images of three different periods by remote sensing techniques and

available satellite images were classified by ERDAS image processing software for

determining LULC changes on study area watershed were major methods tried to used

for accomplished this study.

3.3. 1. Satellite Images

According to Brandon and Bottomley (1998) in the past two decades data from Earth

sensing satellites have significant role in mapping the Earth’s features and infrastructure,

managing natural resources and studying environmental change. Among those, Landsat

instruments are important to showing continuous improvement in radiometric and

spectral property of images enabling better understanding of earth resources on the land

surface. The MSS and TM sensors primarily detected reflected radiation from the Earth's

surface in the visible and infrared (IR) wavelengths, but the TM sensor provides more

radiometric information than the MSS sensor.

For this study Landsat imageries of (TM and ETM+) have been used for: Making of land

use/land cover map of study area in the period of 1985, 1997 and 2013 based on

supervised image classification techniques and determining the land use land cover

changes by using statistical change detection method. In order to view and discriminate

the surface features clearly, all the input satellite images were composed using the RGB

(Red, Green and Blue) color composition.
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3.3. 2.Geographic Information System

Application of GIS for this study was to digitizing topographic maps and derivation of

catchment physiographic characteristics by using spatial overlaying techniques and

thematic database queries. Acquired Multi-temporal (1985, 1997 and 2013) satellite

imageries of the study area have been imported to ERDAS 9.2 image processing

software. Image processing and classification techniques were applied on the raw

imageries. The classified images have been used in the extraction of information on

landcover condition and statistical quantification of changes over the last twenty eight

years study period by using multi temporal GIS analysis.

The application of RUSEL model in a GIS environment was done after some

modification in calculation of specific factors were obtained from metrological station

(R), Landsat imageries (LULC map), soil (K) and results of other studies.  Individual GIS

files were built for each factor in the RUSLE and combined by cell-grid modeling

procedures in GIS software to predict soil loss in a spatial domain.

3.3.3. LULC Classification

Different land use and land cover classification systems are ongoing, however; none has

been internationally recognized and selected as a standard because they lack in fulfilling

those requirements and different perspectives in the classification process, and the

process  itself tends to be subjective, even when an objective numerical approach is used

(USGS,1976).  In addition to (FAO) in 1980s, USGS in 1970s is one of the most

important classification systems and this study follows its basic concepts on major LULC

mapping efforts. LULC classification is based on the available satellite images of the
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study areas. Classification of satellite imageries is to categorize pixels on an image into

LULC categories. The landsat TM and ETM+ images undergone to pre-processing,

processing and post processing phases, to eventually get the LULC maps of the study

area for the three time periods. Generally, the most important procedures are shown

below in Figure 3.6.

Figure 3.6: Method of Landuse/landcover classification

LULC Maps

Image processing

Image Enhancement

Accuracy assessment

Unsupervise
d

SuperviseImage classification

Change Detection

Image restoration and Geometric
correction

Landsat 1985, 1997 and 2013

Image pre-processing
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3.3.3.1. Image Pre-processing

Digital Image Processing refers to the manipulation and interpretation of digital images,

by a computer system, to prepare an image for display and interpretation and/or to extract

useful information from the image. Thus, Landsat Satellite imagery Data received from

satellites need to be corrected before use. Landsat images of (TM 1985, TM 1997 and

ETM+ 2013) were used. The satellite images of each band in each year (1985, 1997 and

2013) have been stacked in ERDAS 9.2 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 Area of Interst (AOI) layer of the study area shape file from GIS

in ArcGIS 10.1 software. For each of them digital image pre-processing operations such

as image restoration, georeferencing and image enhancement have been done using

ERDAS Imagine 9.2 image processing software.

3.3.3.2. Image Restoration

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

effects and geometric distortions (changes in shape and position of objects with respect to

their true shape and position) should be removed and corrected. Likewise, before actual

image classification in this study geometric corrections (pre-processing techniques) were

applied. In order to be able to work in a GIS environment like overlaying maps the

images must be linked to a Co-ordinate system and a projection of the globe. In this study

the images (TM 1985, TM 1997 and ETM+ 2013) have been georeferenced using the

available topographic map to UTM projection type, WGS spheroid and in North direction

37 Zone.
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3.3.3.3. Image Enhancement

Image enhancement technique concerns the modification of an image to improve its

quality as perceived by a viewer. A number of methods can be applied to perform image

enhancement. The most suitable must be selected to achieve the best color of images for

visual interpretation. In order to improve the visualization the images for the prospected

classification different false and true color composite in the order of Red Blue Green

(RGB) were produced for different LULC features identification and training site

selection for supervised classification. Therefore, to have the same resolution in all

periods of image re-sampling was done using spatial re-sampling algorithm in ENVI 4.7

software by doing this the spatial resolution of all image becomes 30m by 30m which is

important to perform change detection.

3.3.3.4. Image Classification

The overall objective of classification is to categorize all pixels in a digital image into

one of several land cover classes. The LULC study of the catchment was made based on

1985, 1997, 2013 satellite images and field observations. Satellite image classification

can be done based two classification techniques namely supervised and unsupervised

classification.

A) Unsupervised classification

Unsupervised classification was used in the image classification before field work to

understand the general land cover classes of the study area.

In this type of classification, the computer produces spectral classes based on the Digital

Numbers (DN) without any direction from the user. It gives preliminary information on
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the potential spectral clusters to be assigned to thematic classes. Therefore, subsets of the

satellite data were first classified using unsupervised classification. Class assignment was

achieved through comparison of the classified image with field observation.

B) Supervised Classification

This method of classification unlike unsupervised ones needs a training points and the

analyst should have a prior knowledge of the study area in order to provide the software

with unique training classes since it was difficult to identify all the land cover classes

only by interpreting satellite images. Based on this training point’s supervised

classification was performed by applying maximum likelihood classifier algorithm using

ENVI 4.7 software. Eventually, six major LULC classes were extracted mainly; water

body, settlement, cultivated land, grazing land, bare land and forest.

Then after ground truth data and topographic maps are important to verify the LULC

classification. This classification was used to define the original pixels that contain

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

the guidance of topographic maps were used to classify 1985 and 1997 LULC classes.

Similarly, forty (cultivated land 11, bare land 7, Grazing land 9, plantation forest 7, water

body 1) representative points believed to represent the various land cover classes in 2013

were marked on February 12-19/2013 using GARMIN GPS 72H during the field visit.

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

categories identified during the field visit and recording its location in the study

watershed. Generally, major LULC classes in Legedadi Reservoir catchment were

determined in the following Table 3.2.



43

Table 3.2: General Descriptions of land cover categories of the study area

N
o

LULC
classes

Description of  Land cover type

1 Water body Areas under manmade Legedadi dam reservoir.

2 Settlement

area

These areas both in urban (Sendafa town and New established villages) and

Small rural residential places including trees in individual garden and on the

streets, commercial, industrial buildings and big and small size roads.

Recently this land covers type dominantly found in all watershed part.

3 Eucalyptus

plantation

Areas covered with relatively tall and dense Eucalyptus plantation trees that

have open and closed canopy cover. Land area that is covered with scattered

woods lots, areas Which covered with mainly shrubs and other remnant

small sized plant species.

4 Cultivated

land

Areas of land ploughed/prepared for growing various annual crops. This

category includes areas currently under crop, fallow and land under

preparation for cultivation.

5 Bare Land Area of land with in and around forests that have no vegetation cover,

degraded lands, bare ground and quarry/mine excavation areas. The category

of bare land denotes areas that are without any vegetation cover at the time

of satellite image acquisition.

6 Grazing land All areas of land used for open grazing and as well as in some extent kept for

grass production to make hay for livestock. It also includes grass dominated

non woody species and rooted herbaceous plants.

3.3.3.5. Accuracy Assessment

The result of image classification usually has some percentage of misclassification, due

to noise and unknown pixels. 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 assessment was done
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by using two techniques; one involved comparing the classified image with the land

cover classes shown on the topographic maps and the other used ground control points on

the field. For the first comparison, accuracy assessment on 1985 and 1997 classified

image were done through visual interpretation and the guidance of topographic maps. In

this regard twenty points were distributed randomly across the classified image and

topographic maps in both periods. The land covers class that had been assigned on

images and manually on maps, and resulted that 7 points from the total 10 points (70 %)

in 1985 and 8 points from the total 10 points (80%) in 1997 images were well matched

between both on images and topographic maps. Thus, the classification is feasible for

further application.

On the other hand for image 2013 using ground truth data as indicated by Jensen (1996),

accuracy assessment was done through comparing remote-sensing derived classification

and reference test data. It was checked for the signature values of classified images

calculating the error matrix in ENVI 4.7 software. The relationship of the sample sets is

summarized in an error (confusion) matrix. The confusion matrix is a table with the

columns represented the actual (ground truth from field verification) classes, and the

rows represent the classified (mapped) classes. The overall accuracy is weighted by the

number of sample in each class, i.e. the sum of all samples on the diagonal divided by the

total number of cells (14+6+5+5+2+8)/46 which is equal to 0.869 or 86.9 percent (Table

3.3). The kappa statistics calculation was the next steep; Kappa represents the agreement

between the classified LULC and the observed land use category.

The major cover classes within the study watershed are Water body, Eucalyptus

plantation, Grazing land, cultivated land, bare land and Settlement. For each of the
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classified cover type’s random sample points were established. Then, each random

sample points (40 points) visited in the field for the actual cover type verification (Table

3.3).

Table 3.3: The overall classification accuracy and kappa statistics

Class Name Cultivated
land

Settlement Grazing Forest Water body Bare land Row
Total

Cultivated land 14 0 1 0 0 1 16

Settlement 0 6 0 0 0 0 6

Grazing 1 0 5 1 0 1 8

Forest 0 0 0 5 0 0 5

Water body 0 0 0 0 2 0 2
Bare land 1 0 0 0 0 8 9

Column Total 16 6 6 6 2 10 46

The Kappa coefficient lies typically on a scale between 0 and 1, where the 1 indicates

complete agreement because it is often multiplied by 100 to give a percentage measure of

classification accuracy (100%). Generally, Kappa values characterized into three groups:

a value greater than 0.80 (80%) is strong agreement, a value between 0.40 and 0.80 (40 to

80%) be situated moderate agreement, and a value below 0.40 (40%) is poor agreement,

(Rahman et al., 2006) as cited by Lemlem Abraha (2007). Therefore, the overall

classification of 86.9 and overall kappa statics of 0.823 was achieved. The reasons for the

errors may include the similarity of reflectance between LULC classes and fast land

use/land cover dynamic nature of the study area.
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3.3.4. LANDUSE/LANDCOVER DYNAMICS

According to Lu D., (2004a) Change detection is the process of identifying differences in

the state of an object or phenomenon by observing it at different times. The major

changes of the LULC classes over the two periods were takeover based on change

comparison of each class. But this comparison did not provide information about which

LULC 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 watershed change

comparison matrix was employed and analyzed for the beginning (1985) and final years

(2013) of study period. The images in both periods independently classified and registerd

then compare them. The LULC 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 ENVI 4.7 software. Thus, the columns represented year of

initial and the rows represented year of final.

3.3. 5.RUSLE MODEL

The USLE is the method most widely used around the world to predict long-term rates of

interill and rill erosion from field or farm size units subject to different management

practices. RUSLE was developed to incorporate new research since the earlier USLE

publication in 1978 (Wischmeier and Smith, 1978). RUSLE is a science-based tool that

has been improved over the last several years. RUSLE is a computation method which

may be used for site evaluation and planning purposes and to aid in the decision process

of selecting erosion control measures. RUSEL estimate average annual soil loss from

agricultural activities and on construction activity with a certain adjustment. It only
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consider sheet and rill erosion but not for gully erosion, stream bank erosion, mass

wasting (landslides).

The underlying assumption in the RUSLE is that detachment and deposition are

controlled by the sediment content of the flow. The erosion material is not source limited,

but the erosion is limited by the carrying capacity of the flow. When the sediment load

reaches the carrying capacity of the flow, detachment can no longer occur. Sedimentation

must also occur during the receding portion of the hydrograph as the flow rate decreases.

The basic form of the RUSLE equation has remained the same as USLE but,

improvements in the determining factors and a broader application to different situations,

including forests, rangelands and disturbed areas compared to USLE. The control factors

of soil erosion are; climate, soils, vegetation cover, topography and management are

combined in the empirical Revised Universal Soil Loss Equation (Renard et al., 1997).

The RUSLE model was used for predicting long term average annual soil loss from the

study watershed after the six factors were estimated (Equation 3.2).

A (tons/ha/year) = R * K * L * S * C * P --------------Equation (3.2)

Where;

A = the average annual soil loss,

R = Rainfall and runoff erosivity factor,

K = Soil erodibility factor L = Length of slope factor, S = Degree of slope factor, C =

Cropping-management factor and P = Conservation practice/ erosion control practice

factor. The Procedures of RUSLE implementation in GIS environment are shown below

(Figure 3.7).
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Figure 3.7: Procedures of RUSLE implementation in GIS Environment
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The extent of erosion and sediment yield from watersheds are related to a complex

interaction between topography, geology, climate, soil, vegetation and various land use

developments activities. The USLE is the method most widely used around the world to

predict long-term rates of sheet and rill erosion from fields that subject to different

management practices. The basic form of the USLE equation has remained the same to

RUSEL but; several factors modifications have been changed in RUSLE. The RUSLE

estimates average soil loss for a given area as a function of six major factors (Equation

3.2) and the method used to generate each raster format input parameters in GIS

environment for RUSLE model  are explained below.
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3.3.6.1. Rainfall Erosivity Factor (R)

The soil loss is closely related to rainfall partly through the detaching power of raindrop

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

1994). Rainfall erosivity is the property of rainfall that can quantitatively evaluate the

potential capacity of rain to cause erosion in a given situations and given as the Product

(EI30) of the total energy of rainstorm (E) and the maximum 30 min intensity (I30)

(Wischmeier & Smith, 1958). EI is a statistical interaction term that reflects how total

kinetic energy and peak intensity are combined in each particular storm. The calculated

erosion potential for an individual storm is usually designated EI. The total annual R is

therefore the sum of the individual EI values for each rainfall storm event. The energy of

a rainfall storm is a function of the amount of rain and of all the storm’s intensity

components.

According to Renard et al. (1997) states that the numerical value used for R in RUSLE

must quantify the effect of raindrop impact and must also reflect the amount and rate of

runoff likely to be associated with the rain. Within the USLE, rainfall erosivity is

estimated using the EI30 measurement. However, rainfall kinetic energy and intensity

data were not available for this study. So, the erosivity R factor was calculated according

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

1987) for Ethiopian conditions (Equation 3.3). The model adapted by Hurni for Ethiopian

conditions is based on the available mean annual rainfall data.

R = - 8. 1 2 + (0. 5 6 2 x P) ……………………………………..Equation (3.3)

Where; P is mean annual rainfall in mm.
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R factor value was calculated by using the formula (Equation 3.3.) for the study

watershed by using seven metrological stations rain fall data (Entoto, Addis Ababa Bole,

Addis Ababa Observatory, Sendafa, Aleltu, Sululta and Muka Turi) with mean annual

rainfall of 21 years period were used. According to Wishmeier and Smith (1978)

recommended that at least 20 years of rainfall data be used to accommodate natural

climatic variation on a certain area. However, this formula is dose not account the

strength or greatness of the rain to cause erosion within specified period. The Name,

location, duration of available rainfall data, mean annual precipitation and erosivity value

of each of the metrological stations were used (Table 3.4).

Table.3.4: Location of Rain Gauge Stations in and around the Study Area

No Station

Name

Location Duration of

available data

Average

annual

rain fall

R-factor

value

Longitude Latitude Elevation From To

1 Aleltu 516383 1016947 2648 1993 2013 1120.95 621.85

2 Entoto 473907 1004831 2903 1993 2013 1313.41 730.01

3 Addis Ababa

observatory

472710 996727 2386 1993 2013 1289.86 716.78

4 Addis Ababa

bole

476590 993272 2354 1993 2013 1101.21 618.88

5 Sendafa 502651 1011388 2569 1993 2013 1176.97 653.33

6 Muka Turi 485268 1055973 2635 1994 2013 1050.74 582.39

7 Sululta 461654 1015144 2610 1991 2011 1298.28 721.51
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These average rainfall data for each metrological station have been analyzed in excel and

converted to shape file in Arc Catalogue. Kriging interpolation by ArcGIS 10.1 was done

to generate an estimated surface from these scattered set of point data into surface (Figure

3.8). The method of Interpolation used in this process was the Ordinary Kriging

interpolation method which is one of the tools in Arc GIS environment.

Figure 3.8: Meteorological Station and Interpolation result map

Therefore, in addition to sendafa six other (Addis Ababa bole, Addis Ababa Observatory,

Sululta, Entoto, Muka turi and Aleltu) surrounding representative meteorological station
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were used in order to compute R-Factor value. Thus, Erosivity factor value was

interpolated through annual rainfall data from each metrological station (Figure 3.8) and

R-factor map was produced (Figure 3.9).

Figure 3.9: Rainfall Erosivity (R-Factor) map
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3.3.6.2 Soil Erodability Factor (K)

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

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

rainfall input as measured under a standard condition  of bare soil, recently tilled up-and-

down with slope with no conservation practices and on a slope of 50 and 22 m length

(Morgan, 1994). Erodibility varies with soil properties which includes; texture, aggregate

stability, shear strength, infiltration capacity and organic matter and chemical content of

the soil.

The properties of soil (physical, chemical and mineralogical) and their interaction affect

the values of erodability factor. Thus, unlikely that a relatively few soil characteristics

will accurately describe K values for each soils. According to Wischmeier and Smith

(1978) the relationship between erodability (K-value) and soil type is soil erodibility

monograph. The monograph comprises five soil profile parameters (percent modified silt;

percent modified sand; percent organic matter; classes for structure and permeability).

The K value can be calculated with the use of soil monograph for soils where the silt

fraction does not exceed 70 percent and all the values of K influencing factors are

available. In fact especially at local level, these data are mostly difficult to find and may

not be appropriate for extrapolation from one area to another. Therefore, in this study the

erodibility of soils used as defined by Hurni (1985) in the adaptation of USLE to

Ethiopian considers the soil color to have relation with erodibility even though others

consider soil texture and structure in order to determine the value of soil erodibility

factor.
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Based on the information during study area observation (transact walking) the soil of the

area was differentiated in to four color categories by looking at its color on the field and

the soils of the study area contain four characteristics erodibility values. Different

scholars propose erodability (K) value based on soil color. Among those Hellden (1987)

developed a USLE for Ethiopian condition by adapting different sources and proposed

the K values of the soil based on their color and the value ranges from 0 to 1 and Hurni

(1985).

Thus, the soil erodibility (K) factor for this study was based on Hurni (1985) for

Ethiopian condition, the color of the soil assigned with soil erodability factor. Study area

Soil types, there colors and their Erodibility Value in (Table 3.5).

Soil type Eutric Cambisol Cromic Luvisol Eutric Vertisol Lithic Leptosol

Soil color Brownish Reddish Blackish Yellowish

Erodability

(K-Value)

0.2 0.25 0.15 0.3

Table 3.5: Study area Soil types, there colors and Erodibility Value

The value of the Factor ranges from 0.15 to 0.3. Higher Erodability value represents as

more susceptibility while lower value indicates less susceptibility to erosion. Based on

the proposed erodibility value different colors are digitized as different polygons and soil

color map was prepared. The color map converted to polygon and then the polygon is

reclassified to insert erodibility (K values) for the respective polygons and finally K map

was prepared (Figure 3.10).
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Figure 3.10: Soil Erodibility (K-Factor) Map

3.3.6.3. Slope Length and Steepness Factor (LS)

The topographic factor is a very important parameter in water soil erosion, since the

gravity force is playing a decisive role in surface runoff. The effect of topography on soil

erosion is accounted for by slope length ‘L’ and slope gradient ‘S’ which in combination
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LS factor in RUSEL. Slope length ‘L’ is the horizontal distance from the origin of

overland flow to the point where either the slope gradient decreases enough that

deposition begins or runoff becomes concentrated in a defined channel (Wischmeier and

Smith, 1978) and slope gradient ‘S’ mean the influence of slope gradient on erosion.

In erosion prediction both slope length ‘L’ and slope gradient ‘S’ can be evaluated

together and substantially affects sheet and rill erosion estimated by RUSLE. In general,

as slope length (L) increases, total soil erosion and soil erosion per unit area increase; due

to the progressive accumulation of runoff in the down slope direction and the slope

steepness (S) increases the velocity and erosivity of runoff increase.

Several methods of LS factor determination is developed with different GIS

professionals at different time. These includes; using the formula: LS = (flow

accumulation * DEM cell resolution/22.13)0.6 * (sin (slope * 0.01745)/0.09)1.3 and LS = λ

0.3/22.1/22.1)*(S/9)1.3. For this study calculating LS factor by using DEM after preparing

the flow direction and flow length map of the following formula (Equation 3) was used.

LS = (λ 0.3/22.1) * (S/9)1.3 ……………….. Equation (3.3)

LS = (pow (flow length, 0.3)/22.1) * pow (slope/9, 1.3)

Where; λ = Flow length, S = Slope in percent

In raster calculator two steps was followed:

Determination of (λ0.3) * (S/9)1.3

Division of the result of step one by 22.1

The LS value is considered to have values between 0.02 - 48 for Ethiopian condition

(Hurni, 1985) and the study area are ranging from 0 to 12.03.
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The basic input for generating an LS factor grid in GIS is a DEM dataset of suitable scale

that has been clipped to encompass the zone of interest, usually a topographically defined

catchment or watershed. Therefore, for this study the slope gradient in percent (Figure

3.11) was determined from ASTER digital elevation model (DEM) of 30 meter

resolution.

A) Slope Map in percent B) Classified Slope Map in Percent

Figure 3.11: Slope map of study area

Slope gradient (%) used to generating LS factor combined with slope length (m) and

slope steepness (S) produce LS factor as determined by SCRP for Ethiopian condition.
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Thus, producing the LS factor map (Figure 3.12) based on the value assigned to each

slope classes by SCRP for Ethiopian indicated as below (Table 3.6)

Table 3.6: LS factor value for each slope classes

Gradient

in percent

<2 2-4 4-6 6-8 8-13 13-25 25-40 40-55 55-100 >100

LS Factor

value

0.19 0.38 0.66 1.14 1.9 3.8 6.08 7.98 10.45 19

A)LS Factor map of study area                                 B)Classified LS Factor Map of the study area

Figure 3.12: LS factor Value Map
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3.3.6.4. Cover Management Factor (C)

The cover management factor (C) represents the effects of vegetation, management, and

erosion control practices on soil loss. The crop cover factor ‘C’ measures the combined

effect of all the interrelated cover and management variables (Wischmeier and Smith,

1978). Land Cover has a strong influence on protecting soil from water erosion.

In all study period the LULC of the study area was classified in to six major category

based on landsat (TM and ETM+) imageries of (1985, 1997 and 2013) path (168) Raw

(054) by using supervise classification technique. Then, the classified image has been

changed into vector format. After changing the classified raster data to vector, a

corresponding C-value was assigned to each land use classes based on (Hurni, 1985)

proposed to Ethiopian condition (Table 3.7) by using reclassify method of Arc GIS

environment.

LULC
Categories

Water
body

Cultivated
land

Settlement Grazing
land

Forest/Eucalyptus
Plantation

Bare
land

Proposed
C- value

- 0.18 0.05 0.05 0.02 0.05

Table 3.7: LULC Categories and the corresponding C-value

As well understand the cover management spatially the cultivated unit varies annually

and in similarly situation the C- values also changed based on the proposed figure by

different scholars corresponding to various crop cover type. According to the data from

Bereh Woreda Agricultural Office extension team the cultivated land covered by cereals

(87%) and pulses (13%) which includes; Wheat, Barley, Bean, Teff and others in the

final study period (2013) of this study. For those cover crops and other LULC categories
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have similar coverage tendency the past to present time and the corresponding ‘C’ factor

values was taken for this study as determined by (Hurni, 1985) for our case. Thus, as

indicated above a land cover map (C-Factor) was prepared (Figure 3.13) from

LANDSAT imageries of the study period which is one of the most sensitive factors in

analyzing the soil loss rates of the RUSLE model.

Figure 3.13: C- Factor Value map
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3.3.6.5. Management /Support Practice factor (P)

The Support Practice Factor (P) in RUSLE is the ratio of soil loss with a specific support

practice to the corresponding soil loss with straight row, up and down slope tillage. The P

factor accounts for control practices that reduce the erosion potential of the runoff by

their influence on drainage patterns, runoff concentration, runoff velocity and hydraulic

forces exerted by runoff on soil. Management factors are obtained by assessing the

different supporting practices in the study watershed and it is taken the weighted value

for similar land use types. The data related to management practices situations of

Legedadi Dam watershed was collected during the field visit through interview of local

community in February and March, and secondary information collected from concerned

government sectors mostly from Berhe Woreda agriculture office and AAWSA.

This factor considers any practice applied by humans to reduce erosion degree and soil

loss amount deriving from water erosion process. It includes a variety of agriculture

management activities such as tillage and planting along contour lines (contouring), fields

alternated to sod/grass strips along the contours (strip cropping), tree lines planted along

agricultural fields and terracing. During field visit of the study area different supported

practices were determined which includes; strip cropping, contour plauging, bunds (soil

and stone) on cultivated land and hillside terraces, cutoff drain and other practices on

other LULC categories that result in storage of soil moisture and reduction of runoff

velocity. The extents of these conservation practices in the study area were too limited or

unsatisfactory but, recently government initiated plantation and soil and water

conservation activity programmes in the whole catchment are exercised. Even though,
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these conservation activities are doing like campaign and in doubt to sustain in the long

run.

According to Hurni (1985) the value of P factor range between zero to one based on

parameters for different land management practices on cultivated land, which indicate

that decreasing the value of P from one to zero with good supporting practice and

increasing P value from zero to one in bad farming practice scenario like plauging up and

down slope direction of the land feature. Bearing in mind that the local support

/management practices for this factor values were assigned based on values proposed by

Hurni (1985) presented in table 3.8. The result of classified LULC map has been changed

in to vector format and followed from this corresponding P-factor values were assigned

to each of LULC categories, and eventually P factor map was produced (Figure 3.14).

Table 3.8: Land Use/Land Cover types and the corresponding P values

LULC

Categories

Water body Cultivated

land

Settlement Grazing

land

Eucalyptus

Plantation

Bare land

Proposed

P- value

- 0.9 0.63 0.63 0.53 0.73
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Figure 3.14: P -Factor Value Map
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4. RESULTS AND DISCUSSION

4.1. Landuse/landcover change

In this study there are six major LULC classes for three periods in 1985, 1997 and 2013

which includes; Water body (man made Dam reservoir), Cultivated  land, Settlement,

Grazing land ,Forest (Eucalyptus globules Plantation) and Bare land (Table 4.1). The

LULCC of the study area are discussed below with cover change comparisons of each

LULC type over the study years. In 1985, cultivated land (37.28%), bare land (23.57%)

and grazing land (31.05%) constituted large proportion of the study area. After 28 years

in 2013, cultivated land showed continuously increased to 11276.4 ha (by 18.3%) from

initial study period (1985), however; bare land and grazing land were decreased their

coverage by 18.47% and 25.74% within whole study period (28 yr) respectively.

No LULC Classes 1985 1997 2013

Area (ha) % Area (ha) % Area (ha) %

1 Water body 417.9 2.06 380.7 1.87 402.2 1.97

2 Cultivated  land 7574.9 37.28 8110.8 39.91 11276.4 55.58

3 Settlement 296.1 1.46 314.3 1.55 3212.8 15.80

4 Grazing land 6308.8 31.05 3921.2 19.14 1086.5 5.31

5 Eucalyptus
Plantation

931.2 4.58 4130.9 20.33 3302.9 16.24

6 Bare land 4789.2 23.57 3497.5 17.21 1037.3 5.10

Total
20318.1

100
20318.1

100
20318.1

100

Table 4.1: LULC classes changes over three periods
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Figure 4.1: LULC coverage (ha) of the study area in three period

Generally, from the result of this study a continuous and active LULC change was

observed at a variety of spatial and temporal scales; change is the alteration of the

physical character and various nutrient contents of the land. It could be both under the

influence of human and nature, resulting in various kinds of impacts on the watershed.

The daily activities of human being to secure social and economic needs interfere with

nature and the land features that makes the land use/cover dynamic. In this study showed

settlement area and cultivated land were dramatically increased by 14.34 % and 18.3%

within 28 years respectively. These area coverage increment indicated that various human

needs affect the Land covers and increase surface erosion in the watershed.
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Therefore, most important factor in the modification of the land cover and its conversion

is the human use component rather than the natural changes in the study area. The results

of this study coherent with the finding of Solomon Abate (1994), that he indicated LULC

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.

In Legedadi Dam watershed the area of grazing land and bare land were reduced

continuously. Spatially grazing land (open grass land) unit in the areas surrounding the

reservoir are being progressively converted into cropped lands. Soil loss from these

cropped lands is very serious and alarming both from the aspect of erosion and from the

loss of nutrients, which are essential for annual crop growth. These LULC change and

domination of cultivated land indicate a significant impact on reservoir sedimentation and

chemical contaminants resulting from the applied chemical fertilizers, which also

described in TAHAL Consulting (2000), four-fifths of the erosion in the highlands results

from crop fields.
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4.1.1. LULC Maps

A) Land use land cover map of 1985

Figure 4.2: Landuse/Landcover Map of 1985
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Figure 4.3: LULC Type and their area coverage (%) of 1985

In this period the dominated LULC Type in the whole watershed are cultivated land, bare

land and grazing land which cover 37.28%, 23.57% and 31.05% respectively. In the

contrary, settlement area is the smallest (1.46%) and forest coverage (4.5%) also has a

minimum portion from the total study area coverage. During this time the major part of

the country were facing dry climate and the community facing food insecurity. According

to the elder, in this study area at the time of 1985 (1977 Ethiopia calendar) there were

shortage of rainfall and the surface has low coverage and also minimum land

productivity. Therefore, the study watershed showed low vegetation cover with high bare

land and when the rain come the catchment affected by soil erosion.
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B) Landuse/ LandCover Map of 1997

Figure 4.4: Landuse/Landcover Map of 1997
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Figure 3.5: LULC Type and their area coverage (%) of 1997

In this period also cultivated land cover 39.91 % of the total watershed and forest covered

20.33%. In this period forest (Eucalyptus plantation and other woodlots) has been

increased by 15.83% within 12 years period from 1985 to 1997. This increment comes

from increasing community participation in plantation and other natural resource

conservation activity next to government extension service and moderate climate

(spatially enough rainfall) in the watershed. Somehow; bare land (17.03%) and grazing

land (19.14%) were decrease their area compared from 1985 period.
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In this period also cultivated land cover 39.91 % of the total watershed and forest covered

20.33%. In this period forest (Eucalyptus plantation and other woodlots) has been
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conservation activity next to government extension service and moderate climate
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C) Landuse/ LandCover Map of 2013

Figure 4.6: Landuse/Landcover Map of 2013
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Figure 4.7: LULC Type and their area coverage (%) of 2013

In this period cultivated land cover more than half of the study watershed areas (55.58%)

and forest area also have 16.24% coverage but, settlement area increased in alarming rate

which cover 15.8% or totally after 28 years gap it increased by 14.34%. Bare land (5.1%)

and grazing land (5.31%) were continuously decreased their area from time to time.

4.1.2. Rate of LULC Changes

The study period encompass 28 years (1985-2013). It was divided in to two periods

having 12years (1985-1997) and 16 years (1997-2013), which enables to study the

change and the dynamics twice. Knowing the rate of change of each LULC class can

provide the information on the trend of conversion in terms of time. It also allows us to
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make a comparison among the different classes and to model the state of the LULC

classes in time bases.

LULC

category

1985 to 1997 1997 to 2013 1985 to 2013

Area

Change(ha)

Rate of

Change

(ha/yr)

Area

Change

(ha)

Rate of

Change

(ha/yr)

Area

Change

(ha)

Rate of

Change

(ha/yr)

Water body -37.20 -3.10 21.5 1.34 -15.7 -0.56

Cultivated  land 535.9 44.65 3165.6 197.85 3701.5 132.19

Settlement 18.20 1.52 2898.5 181.15 2916.7 104.17

Grazing land -2387.6 -198.6 -2834.7 -177.16 -5222.3 -186.51

Forest 3199.70 266.64 -828 -51.75 2371.7 84.70

Bare land -1329 -110.75 -2422.9 -151.43 -3752.3 -134.01

Table 4.2: rate of LULC Changes in three period

Figure 4.8: Rate of LULC Change (ha/yr)
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In Legedadi Reservoir watershed only cultivated land and settlement experienced a

positive change in all the study periods. Thus, cultivated land showed highest positive

rate of change (197.85 ha/yr) within 16 years (1997 to 2013) and as the same time

settlement area also demonstrate 181.15 ha/yr rate of change (Table 4.2). The highest

negative rate of change (-198.6 ha/yr) was observed on Grazing land in (1985 to 1997)

and bare land also showed continuous negative rate of change. On the other hand forest

and reservoir area showed both positive and negative rate of change over the study

period.

4.1.3. LULC Dynamics

Thus, to comprehend the LULC change aspects in the study watershed change

comparison matrix was employed and analyzed based differencing both 1985 and 2013

images. Change detection matrix was prepared and LULC dynamics presented below in

Table 4.3.

4.1.3.1. LULC CHANGE MATRIX FOR 1985 and 2013

The result showed that during the indicated period there was a significant LULC

dynamics in Legedadi reservoir watershed presented below in Table 4.3 and Figure 4.9.

The matrix result have shown that 1922.5 ha cultivated land, 824.2 ha plantation Forest,

5865.9 ha grazing land, 4587.5 ha bare land, 39.6 ha settlement and 18.7 ha of water

body were changed one to another. Based on these result the largest area of grazing land

was changed to other LULC classes and the least one is water body.
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Table 4. 3: LULC conversion matrixes (1985 - 2013)

Initial year (1985)

Water
body

Cultivated
land

Settlement
land

Grazing
land

Plantation
Forest

Bare
land

Row
Total

Final
year
(2013)

Water
body

399.2 0.7 0.0 0.4 1.8 0.1 402.2

Cultivated
land

9.3 5652.4 12.9 3080.5 387.1 2134.2 11276.4

Settlement 0.9 711.5 256.5 1509.4 276.1 458.4 3212.8

Grazing
land

4.2 443.9 4.3 442.9 53.4 137.8 1086.5

Forest 3.9 361.2 19.4 954.4 107.0 1857.0 3302.9

Bare land 0.4 405.2 3.0 321.2 105.8 202.2 1037.3

Column
Total

417.9 7574.9 296.1 6308.8 931.2 4789.2

Figure 4.9: LULC comparison matrix for 1985 and 2013
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The major portion of the study area is cultivated land which resulted 5624 hectare

additional land area was acquired from other LULC classes which includes; mainly from

plantation forest (387.1 ha), bare land (2134.2) and grazing land (3080.5ha). On the other

hand grazing land have been changed to other form of LULC category which are Water

body, cultivated land, Settlement, Forest and Bare land , and the extent these cover are

0.4 ha , 3080.5ha, 1509.4ha , 953.4 and 321.2ha respectively. Generally, in the study area

continuous area coverage increment/gained from other classes were observed on

cultivated land and settlement area but, bare land and grazing land indicated a continuous

area reduction.

4.2. Estimated soil loss from the watershed

RUSLE soil erosion model with Geographic Information System was applied to map soil

erosion and predict amount of potential annual soil loss in Legedadi reservoir watershed.

In this study various parameters, derived from different data sources such as DEM

(ASTER), 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. Therefore, by multiplying the six (R, K, LS, C and P) parameters using raster

calculator in ArcGIS environment the final map that shows the potential annual soil loss

of the study watershed was produced.

In current situation (in 2013) the product of each parameter gave the final potential

annual soil loss from entire Legedadi reservoir watershed showed that values ranges from

0.0 to 330.013 ton/ha/year (Fig. 4.10). The mean annual soil loss rate is 66.21
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ton/ha/year, which is greater than the loss tolerable level of Ethiopian range between 2 to

18 tons ha-1 y-1 (Hurni, 1985). This result indicates the study area is prone to high soil

erosion problem due to the dominated area coverage of cultivated land (55.58%) in the

watershed; substantial dynamics of LULC change and massive settlement encroachment

with minimum conservation/management practice are playing a great role among many

factors contributing in soil erosion.

Only by changing two parameter (cover management C-Factor and management/support

practice P-Factor) of RUSEL in 1997 resulted potential soil loss range from 0.0 to

257.195 ton/ha/year and mean annual soil loss is 54.19 ton/ha/year by assuming all other

factors (LS, R and K) are constant. Additionally, on this cultivated land the considerable

amount of rainfall (R factor) probably responsible for high potential soil erosion in the

study area. This result supported by (Taye Adugna, 2009), as indicated all the considered

variables increments can affect water quality by runoff but, land cover changes accounted

for an increase in runoff of about 3.4-49.9% without climate change.

The result of soil loss in Legedadi Reservoir watershed falls within the ranges of FAO

(1984) findings, which range between 1248 – 23400 million ton per year from 78 million

of hectare (equivalent to 16 to 300 t/ha/yr) of pasture, ranges and cultivated fields

throughout Ethiopia, except 8.07% of the study area in 2013. The potential soil loss map

of the study area is presented below in Figure 4.10
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A) Soil erosion map in 1997                                                  B) Soil erosion map in 2013

Figure 4.10: Soil Erosion maps of Legedadi Reservoir watershed in 1997 and 2103

In order to easy comparison of the watershed soil loss potential divided in to four severity

classes in a color scheme of green (low), blue (moderate), yellow (high) and red (very

high) on the map) presented below (Figure 4.11 ).
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A) soil loss severity class in 1997                                        B) soil loss severity class in 2013

Figure 4.11: soil loss severity classes in 1997 and 2013

In addition to color scheme on maps (Figure 4.11) study watershed  also divided in to

four soil erosion loss severity classes level with relative area coverage of each classes

(Table 4.4), which  indicated as very high class cover 4.33 % (>51ton/ha/yr), high level

cover 7.44% (26-50 ton/ha/yr), moderate 24.04% (11-25 ton/ha/yr) and low level cover

64.19% (0-10ton/ha/yr) of the total study watershed in 1997. However; in 2013, 8.07% of
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the watershed face very high class cover 8.07% (>51ton/ha/yr), high level cover 14.28%

(26-50 ton/ha/yr), moderate 29.595% (11-25 ton/ha/yr) and low level cover 48.06% (0-

10ton/ha/yr) of the total study area. Clearly this indicates the watershed affected by soil

erosion due to various factors of RUSEL.

NO Soil Erosion

Risk

Class

Numerical Range of Soil

Loss Potential (ton/ha/y)

Area coverage of soil loss

In 1997 In 2013

Ha (%) ha (%)

1 Very High 51 – 257.195 879.19 4.33

51-330.013 1639.33 8.07

2 High 26 – 50 1512.72 7.44 2902.35 14.28

3 Moderate 11 – 25 4881.93 24.04 6012.19 29.59

4 Low 0–10 13044.26 64.19 9764.23 48.06

Total 20318.1 100 20318.1 100

Table 4.4.: Area Coverage and amount of Soil Erosion Risk Classes in both period

These soil erosion loss severity classes’ classifications are based on various studies and

mainly by considering soil loss tolerable level 2-18 ton/ha/yr estimated for Ethiopia by

(Hurni, 1985). Soil loss tolerance refers to the maximum soil loss that can occur from a

given land without leading to degradation of the soil (Hurni, 1983). Based on this 22.35%

of the study watershed in 2013 need urgent conservations practice because it is

impossible to reclaim naturally. Because according to (Pimental ,1995),  nature takes

200–400 years to build up 1 cm of top soil but, 5225,713.729 tons (in 1997) and

6,705,237.135 tons (in 2013) of soil loss from the total watershed of Legedadi Reservoir.

The area coverage and relative percent of each class has been derived from the soil

erosion map of the study watershed.
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According to (Lambine, 2003), soil erosion in agricultural fields affects land productivity

in which each millimeters of cultivated soil loss could cost 10 kg of nitrogen and 2 kg of

phosphorus per ha and water bodies in the downstream. Thus, it is expected that various

chemicals be deposited in the Legedadi Dam reservoir. In order to take away these

AAWSA on average incurs 12.6 million birr/year for water treatment (AAWSA, 2011),

rather sound watershed management is better in coast as well as long term solution.

Additionally, based on (Lambine, 2003) indication, LULC changes occur throughout the

world and when aggregated can affect the functioning of the Earth’s system significantly

they are the primary source of soil degradation resulted in affecting down slope by

erosion and sedimentation. In this regard Legedadi catchment area have an average

annual sediment yield rate of 9.92 ton/ha as indicated by (TAHAL, 2000). In this study

can be concluding by considering the potential soil loss amount (1,101,037.839 tons in

1997 and 1,345,261.401 tons in 2013) from the total watershed Legedadi Reservoir

threaten by serious sedimentation problem.

The spatial locations of very high and high spot area for potential soil loss in the study

area revealed typically greater along the steeper slope banks of the watershed and on

cultivated land in north east of the reservoir. Spatially the significant role of cultivated

land for soil erosion showed by various studies which include (Solomon Abate, 1994),

indicate the major cause of soil degradation in the Ethiopian high lands is initiated and

aggravated on cultivated land with over populated area as well as rural development

policies.
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4.2.1. Erosion Rate by Sub-watershed

In order to determine which area of the watershed with high risk of erosion for

prioritization of current intervention, the study watershed is classified into six sub-

watershed based on their drainage pattern (Figure 4.6).

Figure 4.12: Sub-watersheds of the Legedadi Reservoir watershed
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The area of the sub-watersheds ranges between 1083.23 ha (SWS 3) and 4991.79 ha

(SWS 2). The soil loss values for each of the sub-watershed were extracted from 2013

soil loss map of the watershed and mean soil loss value for each subwatershed is recorded

(Table 4.5). Except SWS-6 and SWS-5, other (SWS-1, SWS -2, SWS -3 and SWS- 4)

sub-watersheds experience annual soil loss of more than the watershed’s average 66.21

ton/ha/year (Table 4.5).

level Sub watershed Area (ha) Area in
Percent

Ranges of Soil
lose (t/ha/yr)

Mean Soil
Loss (t/ha/yr)

1 SWS_1 2568.05 13.64 1.01-330.013 89.19

2 SWS_2 4991.79 24.56 1.01-319.12 81.21

3 SWS_3 1083.23 6.34 1.31-311.05 72.16

4 SWS_4 4691.14 23.08 1.41-293.23 63.48

6 SWS_6 3119.45 15.35 1.12-252.14 46.13

6 SWS_5 3462.19 17.03 0-266.13 34.57

Table 4.5: Soil loss from sub-watershed in 2013

4.2.3. Prioritization of Sub-watersheds Based on Potential Soil Loss

In this study, prioritization of sub-watersheds was done on the basis of average annual

soil loss. Estimated values of sub-watershed soil loss are classified on the basis of mean

and standard deviation. The distribution and severity of soil loss of each sub-watershed in

Legedadi reservoir watershed presented in Figure 4.13 and table 4.6.
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The average annual soil loss of all sub-watersheds (Table 4.5) clearly indicate that the

entire watershed requires implementation of different types biological and physical

conservation measures for a sustainable land use.

Figure 4.13:Sub-watershed Erosion level distribution of the study area
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Prioritization of sub-watersheds involves ranking of the different sub-watersheds

according to the severity classes by considering the amount of soil loss occurring.

Range of
Soil Loss
(t/ha/yr)

Priority
Classes

Soil loss
Severity
Classes

Sub

watersheds

Area % of total
soil loss

(ha) %
75-89.19 I Very high A and B 7559.84 37.2 44.06

65-75 II High C and D 5774.37 28.41 35.07

55-65 III moderate F 3119.45 15.35 12.12

34.57-55 IV low E 3462.19 17.03 8.93

Table 4-6: Soil loss Severity classes and Prioritization of sub-watersheds

The result showed that very high soil loses (75 – 89.19t/ha/yr) is observed in the upper

north western part of the watershed. Out of the six sub-watersheds, two sub-watersheds

(A and B) covering an area of 7559.84 ha and which accounts 37.2% of the total area

contributed 44.06% of the total soil loss. Sub-watersheds C and D covering an area of

5774.37 and accounts 28.41% fell under high soil erosion classes (65-75 t/ha/yr). The

sub-watersheds E and F are predicted to experience low to moderate soil loss together

cover about 6581.64 ha of the watershed area. In general, the result showed that upper

north western part of the watershed experience very high generation of soil loss and north

east part of the watershed is characterized by high level of soil loss. These indicate high

soil erosion in upper part expected to produce high sedimentation in lower slope part of

the Legedadi reservoir area.
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

As based on the objectives of the study which are to examine the LULC and dynamics in

the Lagedadi watershed for the past 28 years, to identify the main driving factors of

LULCC and to predict the average annual soil loss from the watershed, the result

indicates a continuous and active LULC change was observed at a variety of spatial and

temporal scales due to human use component rather than the natural changes in the study

area. In the study area based on the analysis of input data of LULCC six major LULC

classes were identified for each three study year. These include Water body, cultivated

land, Settlement land, Grazing land, Plantation Forest and Bare land.

LULC change in this study area showed that settlement area and cultivated land were

dramatically increased by 14.34 % and 18.3% within 28 years respectively, and on the

other hand grazing land and bare land were reduced continuously by 25.74% and 18.47 %

from 1985 to 2103 respectively. In addition to this cultivated land showed highest

positive rate of change (197.85 ha/yr) within 16 years (1997 to 2013) and as the same

time settlement area also demonstrate 181.15 ha/yr. The highest negative rate of change

(-198.6 ha/yr) was observed on grazing land in (1985 to 1997) and bare land also showed

continuous negative rate of change.

The LULC dynamics of Legedadi Dam watershed is indicated 1922.5 ha cultivated land,

824.2 ha plantation Forest, 5865.9 ha grazing land, 4587.5 ha bare land, 39.6 ha

settlement and 18.7 ha of water body were changed to one to another. The major portion
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of the study area is cultivated land which resulted 5624 hectare additional land covers

area was acquired from other LULC classes which includes; mainly from plantation

forest (387.1 ha), bare land (2134.2) and grazing land (3080.5ha).

On the other hand grazing land have been changed to other form of LULC category

which are Water body, cultivated land, Settlement, Forest and Bare land  , and the extent

these cover are 0.4ha , 3080.5ha, 1509.4ha , 953.4 and 321.2ha respectively. Spatially

grazing land (open grass land) unit in the areas surrounding the reservoir are being

progressively converted into cropped lands.  A considerable amount of the bare land has

changed to different LULC classes which includes; cultivated land (2134.2ha), settlement

area (458.4ha) and plantation forest land (1857.0 ha), which has resulted in overall

reduction in the amount of bare land.

RUSLE soil erosion model with Geographic Information System was applied to map soil

erosion and predict amount of potential annual soil loss in Legedadi reservoir watershed.

Thus, by considering various RUSLE parameters the potential annual soil loss from the

study area is range from 0-257.195 ton/ha/year in 1997 and 0.0 to 330.013ton/ha/year in

2013. This is equivalent to 1,101,037.839 tons in 1997 and 1,345,261.401 tons of soil

loss from the total watershed of Legedadi reservoir. The mean annual soil loss are 54.19

t/ha/yr in 1997 66.21 t/ha/yr in 2013.

The average annual soil loss from each sub-watersheds ranges from 34.57 to 89.19

t/ha/yr. Except SWS-6 and SWS-5, other (SWS-1, SWS -2, SWS -3 and SWS- 4) sub-

watersheds experience annual soil loss of more than the watershed’s average soil loss in

2013 (66.21 ton/ha/year). The result showed that two sub-watersheds (A and B) fell
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under very high soil erosion classes (75-89.19t/ha/yr) covering an area of 7559.84

(37.2%) which contributed 44.06% of the total soil loss. Sub-watersheds C and D

covering an area of 5774.37 and accounts 28.41% fell under high soil erosion classes (65-

75t/ha/yr).

When prioritizing for conservation intervention, sub-watersheds A and B can be

considered in the first stage and sub-watersheds C and D can be considered in the second

stage. The sub watersheds F and low E can be considered third and fourth for

conservation priorities. Generally, based on the potential extent of soil loss in study area

indicated serious soil erosion and sedimentation problem is exist on the reservoir and

need to implement sound catchment rehabilitation and conservation practices.

5.2. Recommendations

The findings of the study showed that the study area was under continuous LULC change

and prone to soil erosion problem.  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 and indicate in what extent the Legedadi reservoir watershed

threatened by LULC change together with high soil erosion.

In order to reduce soil erosion and sediment inflow to the reservoir should be implement

land management methods, particularly integrated watershed managements. Integrated

watershed management encompasses implementation of physical soil and water

conservation and biological conservation measures by focusing on prioritized sub-

watershed.
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Therefore, appropriate land use planning, physical conservation mechanisms (Terracing

and Contour ploughing) and biological conservation (Afforestation and area closure)

should be implemented.

AAWSA should be work towards increasing the capacity of the established watershed

management unit and strong support in charge of various soil and water conservation

measures on the catchment together with concerned body rather than incurring more cost

per year for chemical for water treatment.
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APPENDICES
Appendix 1: Long Year rainfall data for metrological Stations

Element: Monthly Rainfall (mm), Region: Shoa, Station: Aleltu

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 34.1 34.8 0 129.1 45.6 59.5 383.2 358.7 185.3 13.1 0 0

1994 10.8 0 31.3 51.4 33.9 114.8 254.1 376.8 98.8 0 10.4 0

1995 0 52.9 64.5 110.5 12.3 39.6 299.5 326 123.7 0 0 0.8

1996 66.4 0 99.1 37.6 113.9 158.9 312.9 371 42.5 0 2.8 0

1997 52.8 0 55.7 68.9 46 130.4 297.6 248.1 57.3 98.2 33.1 0

1998 24.9 20 15 20.5 45.6 117 363.4 379.5 300.1 59.6 0 0

1999 4.6 0 48.8 2.2 13 98.2 365.1 443.4 96.1 50.3 0 2

2000 0 0 11.1 17.5 53.8 68.2 276.3 482.2 123.6 7.4 10.5 4.3

2001 0 10.8 154.9 4.3 63.7 194.7 305.9 227.2 42.4 3 0 0.6

2002 32.4 12.8 111.4 8.3 35.8 73.2 200.4 341.4 109.4 2.2 0 5

2003 26.1 13 38.2 100.4 0 99.3 371.8 189.5 0 0 0 14.1

2004 10.2 2.9 16.1 193.5 4.3 99.3 309.8 265 98.9 32.5 4 0

2005 10.2 12 28.4 75 92.6 99.3 258.5 310.4 165.4 6.4 0 0

2006 20 16 16 23 47 99.3 360 370.8 298 56.8 0 0

2007 4.5 9 44 3 11 99.3 364.5 445 97 52 2 3

2008 2 0 12 17 54 99.3 278.2 484.3 122 56.1 9.6 5.1

2009 0 10.9 154.5 57.3 65.1 99.3 306.4 228.1 41 2 0 0.7

2010 31.2 13 112.1 6.7 36 99.3 201.6 342.1 112.7 0 2.3 4

2011 25.7 11.9 40.8 102 0 99.3 370.9 190.9 0 0 2 15.1

2012 10.2 3.3 17.6 194 5.3 99.3 308.7 264.3 99.1 30.5 5 4

2013 11.3 13.2 27 78.1 90.1 99.3 257 312.8 166.4 5.9 0 2
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Element: Monthly Rainfall (mm), Region: Shoa, Station: Entoto

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 15.3 44.6 5.7 147.5 49.0 123.3 266.1 407.6 183.2 28.7 0.0 0.0

1994 12.9 0.0 62.2 56.0 91.0 154.8 336.3 307.2 142.5 0.3 24.4 0.0

1995 0.0 96.3 29.7 186.1 83.7 98.0 297.0 222.1 133.7 5.0 0.2 22.7

1996 31.1 12.2 121.6 78.3 95.2 242.7 387.2 493.9 184.7 1.2 0.6 0.0

1997 21.2 0.0 18.6 77.3 27.4 77.2 256.3 240.8 89.3 88.3 90.0 0.2

1998 25.3 25.3 45.2 47.0 149.5 149.2 369.0 376.3 204.8 44.5 0.0 0.0

1999 15.8 6.3 34.9 25.4 37.0 127.7 283.1 280.3 105.0 58.0 0.2 0.0

2000 0.0 0.0 5.2 108.0 91.4 110.7 303.8 359.1 132.8 17.2 33.5 1.7

2001 20.6 5.5 147.5 29.8 141.7 164.3 285.6 321.4 92.5 52.4 0.0 1.8

2002 17.9 50.4 88.8 67.4 49.2 138.7 293.1 262.9 92.1 10.7 0.0 28.0

2003 5.2 47.7 57.1 117.3 13.9 188.0 370.8 248.9 141.1 0.0 6.3 25.6

2004 28.8 31.3 46.7 124.6 13.8 166.0 271.9 334.7 124.8 49.7 1.1 1.6

2005 8.3 11.4 42.8 98.6 143.9 106.4 241.8 339.3 134.4 19.6 8.2 0.0

2006 0.9 19.1 93.8 66.5 79.1 131.5 371.1 311.5 128.7 36.1 0.6 16.5

2007 38.6 16.2 36.4 52.1 106.4 246.7 272.1 322.6 87.0 16.4 0.0 0.0

2008 0.0 9.3 1.5 74.8 45.3 142.5 399.3 359.5 190.6 50.1 95.1 0.5

2009 20.7 4.5 65.1 61.3 58.6 86.5 298.2 295.3 79.9 30.0 2.1 48.5

2010 9.5 73.4 79.4 71.2 107.9 235.2 388.8 288.6 173.2 1.8 0.0 11.9

2011 0.0 0.0 50.3 51.7 180.8 185.5 237.9 289.2 203.7 16.0 73.5 11.6

2012 0.0 0.0 0.0 79.5 77.1 133.2 363.0 366.3 242.7 11.3 19.7 4.6

2013 12.2 59.8 59.8 128.8 82.1 164.6 364.3 462.2 189.1 64.3 10.7 0.2
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Element: Monthly Rainfall (mm), Region: Shoa, Station: Sendafa

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 4.3 105.2 0 118.7 70.8 137 457.2 353 158.4 13.7 0 0

1994 8.1 0 0 64.1 11 130.7 337.7 184.1 122 0 6.4 0

1995 0 11.4 106.2 116.7 42.4 22.5 230.8 388.8 122.8 0 0 0

1996 69.4 5.6 99.3 85 113.9 187.2 339.2 338.6 121.4 0 0 0

1997 44.5 0 29.4 60 44.8 149.7 303.8 251.1 84.7 72 34.6 0

1998 28.9 23.3 5.8 27 38.2 68.8 359.1 289.7 152 98.9 0 0

1999 0 1.2 56.3 11.8 25.4 144.7 441.6 365.2 96.5 79.6 0 0

2000 0 0 35.5 44 87.9 166 352.2 373.4 113.9 5 10 0

2001 0 35.3 154.1 9.2 134.9 149.5 335.5 276.8 27.4 9.8 0 0

2002 21.2 3.4 67.2 20.6 60.9 144.4 246.8 289.1 85.4 0 0 27.4

2003 75.5 0 29.7 122.9 1.7 120.6 304.4 373.4 122.4 0 0 19.7

2004 15.2 7.1 2.2 118.9 0 69.8 315 319 30.6 0 0 0

2005 24.5 22.3 12.3 136.1 150.2 57.7 381.3 282.9 73.3 34.6 0 0

2006 0 0 72.5 77.2 31.1 126.2 455.8 398.7 199.6 0 0 8

2007 38 16.4 8.2 92.9 24.2 162 288.8 343.4 114.1 0 0 2

2008 0 0 0 0 87.9 290.3 306.2 175.3 24.7 63.7 59.3 7.1

2009 19.9 4.5 65.1 59 58.6 86.5 298.2 295.3 79.9 28 3 48.7

2010 0 12.5 18.0 205.3 76.4 106.7 102.0 295.8 65.6 1.5 0.0 11.6

2011 0 7 41.5 71.5 136.7 86.8 216.8 328.6 122.7 4.0 32.4 6.7

2012 2.5 0.8 16.9 116.2 47.8 93.7 306.2 302.5 183.5 11.3 6.2 6.1

2013 9.3 3.4 41.4 44.7 62.7 274.7 374.6 449.0 80.1 35.1 14.1 12.0
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Element: Monthly Rainfall (mm), Region: Shoa, Station: Addis ababa observatory

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 10.8 67.2 16.1 157.9 97.2 208.3 274.0 426.5 243.3 62.1 0.0 4.5

1994 21.10 0.0 82.4 82.3 63.3 123.4 308.9 225.0 142.0 0.5 14.7 0.0

1995 0.0 69.0 41.5 174.4 68.2 102.9 190.2 314.9 136.1 0.0 0.0 13.2

1996 28.1 5.2 106.8 128.2 122.0 258.5 266.4 338.7 294.2 0.2 0.2 0.0

1997 39.2 0.0 24.5 51.3 38.5 104.0 272.6 194.3 113.8 62.4 50.3 1.5

1998 55.2 20.5 49.0 48.5 154.2 124.4 285.4 260.0 213.6 126.9 0.0 0.0

1999 2.9 0.3 28.8 16.3 23.8 119.6 345.9 305.3 88.4 75.4 0.0 0.0

2000 0.0 0.0 17.6 49.9 110.0 144.5 244.8 306.2 250.6 46.4 21.1 0.0

2001 0.0 12.2 210.8 25.0 168.0 216.2 428.0 246.4 131.7 13.7 0.0 0.0

2002 14.7 21.0 90.2 56.3 63.1 172.5 256.9 215.9 108.8 0.2 0.0 16.5

2003 10.5 53.3 62.6 99.3 20.2 151.8 291.8 233.3 193.3 0.8 1.5 54.9

2004 24.8 20.3 49.5 139.9 30.1 141.9 238.5 272.6 164.0 76.9 0.0 0.0

2005 45.9 51.6 83.2 160.9 133.7 179.8 246.0 315.2 162.5 21.6 4.4 0.0

2006 0.7 11.2 72.5 78.9 74.6 150.1 356.3 243.6 239.1 54.0 0.3 8.0

2007 51.3 19.1 59.8 73.8 120.1 170.9 261.8 381.2 147.6 24.8 0.0 0.0

2008 0.0 13.0 0.0 49.4 94.3 88.9 277.0 360.9 256.7 88.2 79.4 22.9

2009 21.3 2.7 28.4 80.6 58.9 82.6 349.9 388.3 112.7 45.8 4.4 65.0

2010 2.6 79.8 55.5 97.8 74.4 271.1 313.9 205.8 237.8 1.8 25.7 15.0

2011 14.1 13.1 44.3 22.8 66.1 182.0 180.9 340.8 146.0 0.0 42.3 0.0

2012 0.0 0.0 15.8 116.2 50.2 69.4 324.2 298.0 215.5 2.3 0.0 9.8

2013 4.4 0.0 16.0 92.3 85.0 153.2 317.8 285.3 83.2 35.1 48.0 9.0
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Element: Monthly Rainfall (mm), Region: Shoa, Station: Addis Ababa bole

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1993 11.7 52.1 11.6 168.3 91.5 157.2 209.5 291.7 190.1 24.1 0.0 0.0

1994 21.1 0.0 52.9 70.0 29.0 112.4 242.3 199.3 99.4 0.5 11.0 0.0

1995 0.0 81.3 73.1 133.3 95.9 77.4 165.5 256.9 97.0 0.0 0.0 29.3

1996 20.5 15.8 134.4 96.0 124.6 290.2 346.3 312.7 211.4 0.2 0.4 0.0

1997 29.1 0.0 22.1 66.8 44.8 128.0 257.0 160.7 94.7 58.6 15.3 0.0

1998 66.6 40.0 43.8 99.8 197.7 111.6 270.7 236.8 173.4 139.4 0.0 0.0

1999 4.4 0.0 35.0 17.8 30.5 104.6 294.0 270.5 62.8 127.1 0.0 0.0

2000 0.0 0.0 17.6 87.8 95.2 102.1 192.9 221.9 157.5 19.6 7.5 0.0

2001 0.0 10.3 174.3 14.8 116.7 166.0 289.4 207.3 113.3 10.6 0.0 0.0

2002 30.6 25.9 79.4 36.6 49.6 115.5 213.9 233.6 72.6 0.5 0.0 32.8

2003 4.8 28.5 48.9 111.5 18.0 111.0 204.3 238.4 130.2 4.6 0.0 33.3

2004 19.7 11.7 32.4 144.2 7.0 114.5 240.6 230.1 122.1 50.0 0.6 0.0

2005 55.4 14.1 41.8 116.2 164.6 159.1 174.3 248.0 77.6 25.8 7.2 0.0

2006 2.0 36.6 107.8 93.9 37.8 115.1 313.2 331.1 132.5 35.9 0.0 0.0

2007 9.9 21.3 61.1 86.8 134.0 157.6 191.3 305.4 130.9 37.2 0.1 5.0

2008 0.0 0.0 0.0 34.0 75.3 73.1 295.1 259.1 192.7 22.2 53.1 0.0

2009 40.9 0.0 12.4 46.1 52.0 77.5 238.2 269.5 86.1 42.4 2.0 79.9

2010 0.4 115.2 75.6 159.5 94.7 107.2 320.2 138.8 105.0 0.0 13.8 15.7

2011 9.9 13.6 27.9 62.0 86.0 148.0 183.1 296.5 141.3 0.0 11.9 0.0

2012 0.0 0.0 34.5 75.1 58.5 72.8 228.8 281.6 176.9 1.2 0.0 6.1

2013 13.2 0.0 63.5 114.4 78.5 101.4 157.6 270.2 129.7 35.1 18.2 5.8
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Element: Monthly Rainfall (mm), Region: Shoa, Station: Sululta

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1994 12.7 4.4 27.7 28.6 49.6 174.9 295.3 322.9 43.3 0.0 10.0 0.0

1995 6.4 17.9 37.3 169.9 112.0 174.2 383.3 249.1 48.0 0.0 7.2 12.7

1996 58.9 19.3 83.8 52.8 100.8 221.5 225.9 509.7 100.7 4.1 0.0 0.0

1997 8.7 0.0 18.4 53.5 56.2 64.4 291.8 290.1 48.8 55.1 63.6 0.0

1998 68.5 20.1 6.0 76.9 120.3 190.2 301.6 278.4 45.6 69.8 0.0 0.0

1999 24.2 12.9 28.5 16.0 46.9 189.4 400.7 443.0 146.8 78.7 0.0 0.0

2000 0.0 0.0 7.5 95.8 80.9 164.4 469.9 422.3 138.0 7.0 23.6 13.3

2001 3.6 0.5 164.2 45.3 107.3 166.7 336.8 215.4 79.3 5.1 0.0 0.0

2002 35.6 24.6 97.3 54.5 25.2 153.5 302.3 289.1 81.2 2.5 0.0 35.6

2003 4.1 14.0 32.7 87.0 6.5 162.9 365.4 343.1 139.7 2.0 0.0 8.9

2004 10.1 10.1 36.6 96.5 4.7 127.6 279.4 393.1 165.8 46.5 7.4 1.8

2005 9.6 3.5 33.3 73.9 17.9 41.7 257.7 250.2 155.3 24.3 13.7 0.0

2006 2.5 20.3 82.2 74.5 70.8 178.6 385.5 272.8 185.2 26.4 0.0 14.1

2007 38.6 5.8 41.3 37.0 111.6 244.2 299.2 371.4 120.5 5.7 4.7 0.0

2008 0.0 19.3 11.9 40.1 66.5 89.3 398.9 287.4 132.8 32.9 102.2 0.0

2009 24.3 23.3 5.2 13.2 56.7 126.5 361.5 272.1 121.9 25.5 0.0 0.0

2010 11.3 117.9 56.8 59.7 117.1 267.8 440.9 374.3 243 11 22.4 10.1

2011 2.6 5.3 73.8 79.6 119.4 228.4 321.9 375.5 180.8 0.8 13.6 0.0

2012 0 0 37.1 176.3 92.6 124.1 481.8 423.6 301.1 0.0 12.7 8

2013 6.2 28.5 29.1 59.5 51.3 153.9 252.5 340.4 208.5 0.0 4.3 7.3
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Element: Monthly Rainfall in mm,Region: Shoa, Station: Muka Turi

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1991 52.5 44.1 114.7 12.8 12.8 120.5 279.3 309.8 88.3 3.4 0.0 1.4

1992 58.7 50.5 93.5 73.2 20.5 63.7 278.9 202.4 122.0 50.8 13.4 8.2

1993 8.0 15.2 146.3 131.9 89.2 129.9 290.7 316.1 84.0 134.7 0.4 0.0

1994 3.3 0.0 87.8 37.7 15.6 69.6 241.8 266.5 94.9 0.0 4.9 0.0

1995 0.0 25.5 40.1 95.9 36.4 32.8 298.2 297.9 107.2 0.0 0.0 19.5

1996 67.6 32.8 27.3 44.4 46.6 163.3 213.2 314.5 90.6 0.0 6.8 1.4

1997 17.8 0.0 66.6 32.9 25.5 110.3 271.5 254.6 24.1 94.7 14.4 7.1

1998 7.0 39.3 41.6 4.2 99.0 56.0 301.7 200.4 121.9 66.0 3.1 0.0

1999 9.4 0.0 10.0 13.0 10.5 57.8 286.8 373.2 41.2 44.5 0.0 1.5

2000 0.0 0.0 14.6 84.1 45.1 50.1 239.1 336.1 35.3 41.5 3.9 0.0

2001 40.9 36.5 118.3 18.0 94.4 111.9 339.3 204.9 98.2 9.4 9.0 9.9

2002 51.1 21.4 64.7 27.8 41.3 84.2 245.4 230.3 78.4 0.0 0.0 40.2

2003 35.6 24.0 66.3 57.4 11.0 109.7 369.3 326.1 141.5 0.0 11.4 19.0

2004 34.1 6.4 34.8 100.3 12.3 121.0 252.3 266.5 124.4 24.6 0.0 2.1

2005 33.7 4.0 76.2 47.4 118.3 83.5 244.5 284.8 134.8 0.0 0.0 0.0

2006 5.4 36.7 119.0 59.3 44.2 128.1 386.0 205.3 102.3 14.7 2.4 4.0

2007 37.6 22.4 16.9 29.3 47.8 79.7 364.6 235.0 90.8 23.4 2.0 3.0

2008 50.1 21.4 64.9 30.8 51.3 86.2 247.4 220.3 76.4 0.0 1.3 30.2

2009 35.6 34.0 56.6 57.5 16.0 108.8 359.3 316.1 131.5 0.0 1.4 20.0

2010 32.1 6.3 41.4 100.3 19.3 141.0 242.3 267.5 131.0 23.4 2.1 0.0

2011 46.4 7.9 23.8 98.4 30.1 180.3 219.9 287.1 102.3 19.0 0.0 3.2
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Appendix 2: Climatic Stations in and Proximity to

Legedadi Dam watershed

No Station

Name

Location Duration of

available data

Mean annual

precipitation

R-factor

value

Longitude Latitude Elevation From To

1 Aleltu 516383 1016947 2648 1993 2013 1872.7 1040.6

2 Intoto 473907 1004831 2903 1993 2013 2172.8 1208.6

3 Addis ababa

observatory

472710 996727 2386 1993 2013 2149.2 1195.4

4 Addis ababa

bole

476590 993272 2354 1993 2013 1834.5 1022.8

5 Sendafa 502651 1011388 2569 1993 2013 1961.1 1094.0

6 Muka Turi 485268 1055973 2635 1994 2013 1748.6 974.5

7 Sululta 461654 1015144 2610 1991 2011 2045.8 1141.6
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Appendix 3: Soil loss Estimation Model Equation; A= R*K*L*S*C*P (tha/yr)

Where: A = Soil loss (tons/ha/year), R = Rainfall Erosivity, K = Soil erodibility,

L = Slope length, S =Slope gradient, C = Land cover, P = land management

The Universal Soil Loss Equation adapted for Ethiopian condition Presented in table
below:

R: Rainfall Erosivity

Rainfall (mm) 100 200 400 800 1200 1600 2000 2400

Factor R 48 104 217 441 665 890 1115 1340

K = Soil Erodibility factor
Soil color Black Brown Red Yellow

Factor K 0.15 0.20 0.25 0.30

L = Slope length

Length (m) 5 10 20 40 80 160 240 320

Factor L 0.5 0.7 1.0 1.4 1.9 2.7 3.2 3.8

S: Slope Gradient

Slope (%) 5 10 15 20 30 40 50 60

Factor S 0.4 1.0 1.6 2.2 3.0 3.8 4.3 4.8

C: Land Cover Factor

Cover Factor value cover Factor value cover Factor value
Dense forest --------0.001 Dense grass -----0.01 Other forest -----------0.02
Degraded grass -----0.05 Badlands hard …0.05 Fallow Hard -----------0.05
Badlands soft -------0.04 Fallow Ploughed...0.60 Sorghum, Maize -------0.10
Ethiopian Teff ------0.25 Cereals ………...0.18 Continuous fallow -----1.00
Pulses----------------0.15

P: Management
Land Management P Factor value Land Management P Factor value

Ploughing up and Down --------1.00                                   Ploughing on contour -------------0.90
Intercropping---------------------0.80 Dense Intercropping --------------0.70
Strip Cropping ------------------0.60                                    Applying Mulch ------------------- 0.50
Stone Cover (40%)--------------0.80 Stone Cover (80%) ---------------- 0.80

Source; Hurni (1985), Hellden (1987), Mekuria (2005)
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Appendix 4: GPS points in the watershed

No LULC
class
code

Location No LULC
Class
code

Location
x y Elevation x y Elevation

1 CL 496455 1003229 2461 33 BL 497730 1012202 2569
2 CL 502595 1013244 2602 34 BL 502052 1000881 2989
3 CL 501241 1013945 2684 35 BL 501749 1001741 3129
4 CL 503252 1012664 2560 36 BL 493732 1011108 2614
5 CL 499480 1014477 2668 37 BL 503657 1006446 2718
6 CL 497832 1012301 2560 38 BL 496674 1014238 1546
7 CL 502063 1000787 2980 39 BL 505117 1004588 2435
8 CL 501748 1001732 3121 40 PF 0498799 1006418 2471
9 CL 493738 1011107 2613 41 PF 0501777 1008534 2518
10 CL 503668 1006457 2710 42 PF 0498028 1009154 3126
11 CL 496663 1014227 1543 43 PF 0499668 1014533 2691
12 CL 505108 1004597 2449 44 PF 0500330 1014112 2710
13 CL 496048 1008962 2588 45 PF 0502742 1013093 2588
14 CL 501583 1015412 2674 46 PF 501586 1015423 2688
15 CL 501388 1004207 2867 47 PF 501379 1004219 2876
16 CL 495103 1011197 2508 48 PF 495114 1011296 2518
17 CL 498958 1012082 2455 49 PF 498850 1012091 2446
18 CL 497518 1009607 2398 50 PF 497517 1009618 2389
19 CL 503578 1003142 2459 51 PF 503470 1003153 2436
20 CL 500098 1010222 2890 52 WB 0496468 1003238 2466
21 CL 501418 1012742 2365 53 WB 0498057 1003861 2451
22 CL 499093 998402 2394 54 WB 0502575 1013253 2622
23 CL 497428 1000727 2954 55 GL 0498140 1007630 2812
24 CL 494923 1007057 2369 56 GL 0503829 1012815 2563
25 CL 499543 1013882 2361 57 GL 0497740 1003964 2650
26 BL 0498953 1004926 2463 58 GL 0500489 1005961 2870
27 BL 0499945 1005068 2485 59 GL 0498149 1007631 2512
28 BL 0498953 1004926 2463 60 GL 0503022 1012816 2567
29 BL 0499945 1005068 2485 61 GL 0503310 1012448 2530
30 BL 0501740 1014285 2703 62 GL 0497142 1003920 2469
31 BL 0501846 1013160 2630 63 GL 0497039 1003350 2457
32 BL 0501511 1013375 2661 64 GL 0500582 1005961 2518
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Continued… Appendix 4: GPS points in the watershed

No LULC

category

code

Location No Location

longitude latitude Elevation LULC

category

code

longitude latitude Elevation

65 GL 502586 1013235 2612 73 Set 0498466 1004193 2487

66 GL 501243 1013936 2673 74 Set 0501977 1010328 2533

67 GL 503261 1012663 2551 75 Set 0506241 1012374 2490

68 GL 499457 1014477 2668 76 Set 0502448 1013319 2607

69 GL 497837 1012302 2567 77 Set 0503222 1012063 2556

70 Set 0501978 1010326 2534 78 Set 0502442 1012522 2546

71 Set 0506250 1012365 2481 79 Set 0502940 1013418 2607

72 Set 0502459 1013328 2616 80 Set 0503125 1012164 2556

Where;

CL=Cultivated Land, GL=Grazing Land, BL=Bare Land, SET=Settlement, WB=Water

Body, PF=Plantation Forest


