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Abstract
Soil erosion is the deterioration of soil by the physical movement of soil particles from a given
site and a cause for land degradation. The study carried out an assessment of the extent of soil
erosion in Holeta watershed by delineating the micro watersheds and studying the perception of
the farmers on the impact of soil erosion on their socio-economic conditions. In order to achieve
an over view on the erosion status of the study area and to identify potential areas where
effective erosion protection measures might be useful, erosion risk assessment was carried out
using farmers’ perception, earth fill dams and RUSLE Model analysis. The multinomial logit
model was used to study the identification of major socioeconomic and physical factors
influencing soil erosion. The farmers perceive soil erosion and land degradation mainly by yield
variability, change in soil color and appearance, occurrence of stony and pebbles followed by
rill, sheet and gullies formation. To estimate a spatially explicit soil erosion risk in the study
area, Digital Elevation Model (DEM) and Landsat TM image were used with the RUSLE model.
The results of the study revealed that the total amount of potential soil loss in the Holeta
Watershed is about 16,417.30 tons per year. The erosion risk map of the studied watershed
revealed that 20.3 % of the area has low erosion risk status,55.9 % of area moderate and 23.8%
of the area high erosion risk status. The problem of environmental deterioration will become one
of the most serious problems in future. Based on the study results it was recommended that the
micro/sub-watersheds having large rate of erosion should be given first priority during the
introduction of intensive and well designed integrated watershed management interventions in
the study area.
Keywords: Soil Erosion risk; Farmers’ Perception; Earth fill dam, RUSLE; Holeta watershed,

xi

1. Introduction
1.1. Background
The problem of environmental deterioration has now become one of the most serious problems
confronting mankind (Taffa Tullu, 2002). Among these problems, land degradation, caused due
to natural phenomena and anthropogenic factors, was taking place in larger extent. Land is a
complex and dynamic combination of factors: geology, topography, hydrology, soils,
microclimates, and communities of plants and animals that are continuously interacting under
the influence of climate and of people‘s activities (Hudson, 1995). Land degradation is the
most notable phenomenon in Ethiopia (Ermias Aynekulu et al., 2006). There are multiple
interacting forces, which have caused and causing land degradation in Ethiopia (Berry, 2003).
Soil erosion as one of land degradation components, has a negative impact on agricultural
production, water quality and in general quality of life. Soil erosion is the process of detaching
and transporting soil particles, which is caused by water or wind or both of them (Morgan,
1995).
Soil erosion is the deterioration of soil by the physical movement of soil particles from a given
site. The main causes of soil erosion are weather, soil, vegetation, topography, geology, and
human beings (Tigting et al., 2008). The agents of soil erosion are water and wind. Soil
erosion by water is the process of particle detaching and particle transporting by flowing water
to downhill areas (Kunta, 2009). It is a persistent problem, which threatens the fragile
economies of many developing nations, especially those countries where the density of the
population is high and the carrying capacity of the land is being stretched to its limits (Bee,
1983).
Soil erosion as "soil cancer" is a complex process and its multiple obvious and hidden social
and environmental impacts are an increasing threat for the human existence (Ownegh, 2003).
This phenomenon with decreased soil fertility cause the destruction of natural ecosystems like
pastures, forest and agricultural ecosystems and soil erosion rate is a key index for the
assessment of land management strategies and sustainability of development programs of the
countries (Ownegh, 2003).
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The study of soil erosion patterns in the landscape and interactions among the major factors
that affect this process is essential, particularly in humid mountainous areas (Hoyos,
2005).This is due to their steep topography and frequent high rainfall amounts and intensities.
It is wise to design sound conservation measures, so as to address the problem of soil erosion.
Soil erosion is the most serious form of land degradation, in which its on-site and off-site
effects threaten the food security and the national economy of the country (Hurni, 1993;
Lulseged Tamene and Vlek, 2005).
Conservation and regeneration of natural resources in the mountains and highlands, although a
central issue, is just one of the factors for sustainable development (Hurni, 1988). Soil erosion
coupled with deforestation and inappropriate land management methods followed, the land has
been exposed to severe erosion. The various research centers focused on quantifying the runoff
and soil loss under different management and topographic conditions.
However, natural resources that were used for construction of small-scale irrigation
infrastructures lost due to peak flood were not quantified and explicitly elaborated to give full
information for technology designers. It does not take into account soil loss due to earth fill
dam washed away and construction areas. This did not have enough emphasis by researchers,
development agents and local farmers. Generally, in the many watersheds, soil erosion risks
were not assessed and quantified regarding to Earth fill dam destruction every year.

1.2. Statement of the problem
The highland of Ethiopia, which provides a living space for more than 90 % of the countries
Human population and for 75 % of livestock population of the country suffers from severe soil
erosion averaging 42 tons of soils per hectare per year on cultivated lands (Hurni, 1993). Most
of the soils show negative nutrient balance; and up to 2 % of total crop production is lost
annually due to soil erosion alone (Koppel, 1995).
There is an increased potential for irrigation at the central and major areas in the Holeta
watershed. More than 35% of the areas of the wereda are located in the study watershed.
Irrigation infrastructures that are weirs and canals were challenged by peak flood and as
consequence erosion threatened riverbank soil, masonry and earth fill dam in the watershed.
The volume of runoff in the study watershed increased from year to year. It affected various
irrigation infrastructures. There were different measures that local community undertook in
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order to mitigate flood problem. In the Holeta watershed, flood washed away the earth fill
dams every year. Irrigation users reconstructed every year the destroyed earth fill dam.
The losses of resources due to flood have high impacts on environment, economy and on the
society as whole.
There were hot debates between different scholars on the extent of soil erosion in the highland
of Ethiopia. Some claimed that some researches were over-estimating the soil loss and the
others claimed under-estimated (Berry, 2003).
The Holeta watershed affected as one of the highland of Ethiopian watersheds by soil erosion.
Therefore, assessing the status and extent of soil erosion risk in the study watershed is essential
to mitigate the cause effect of the problem. However, enough attention has not been given
to the current and future consequences of local resources depletion. Especially soil
excavation from nearby land use( pasture land) and transported for earth fills dam
construction and the extent of erosion risk in the coming decades in the specific
watershed.
Having these complex and interwoven socio-economic and biophysical problems, this
research designed to assess the extent of soil erosion risk as well as earth fill dams volume that
wash away and overall erosion in the watershed. It is designed to serve as the source of the
database for decision-making both from private and social perspectives that answer the
following questions:
1. What are the extents of soil erosion loss and risks at different slope zones in the Holeta
watershed?
2. What socio-economic factors determine a farmer‘s choice of land use systems that have
contribution for erosion risk?
Therefore, the study has a significant merit in the irrigation development and it has a great
contribution in the wereda Natural Resource development plan.

3

1.3. Objective
1.3.1. General objective
 The overall objective is to assess the extent of soil erosion in Holeta watershed by
delineating the micro watersheds, and study the perception of the farmers on the impact
of soil erosion on their socio-economic conditions.

1.3.2. Specific objectives: To estimate a spatially-explicit soil erosion risk in the watershed
 To quantify and analyses the soil loss due to flood from the earth fill dams
 To identify major socio-economic and physical drivers that triggers soil erosion
 To study and analyze the farmers‘ perception on soil erosion risk with the estimated
soil erosion model.

1.4. Significance of the study
The High-Land of Ethiopia deteriorated environmentally due to population density according
to many literature (FAO, 1986). Growing population pressure in the highland areas of rain fed
agriculture on a rapidly declining natural resource base has secured irrigated agriculture a
prominent position on the country‘s development agenda of the Federal Democratic Republic
of Ethiopia.

However, soil erosion risk did not get enough attention in regards to its extents

and effects in the plan of small-scale irrigation that may have caused unexpected problems in
the next decades. Though having this driving force, the overall purpose of the study is to
assess the extent of erosion as well as the loss of soil from traditionally constructed Earth fill
dam due to flood problem in the study watershed. It is used to avoid uncertainty dilemmas-how
to choose a course of action without adequate knowledge or data. It solves inadequate data
problem for land use study in the study wereda and development plan as well as decision
making.
In general, the study will have significant contribution in the mitigation of uncontrollable
erosion problem and its costly problem. In addition, it has opportunities to assist in planning
contingency plan, acquire technologies instead of earth fill dam to reduce soil loss that lost by
flood. The interventions will be in line with hydrological structural zones. The soil erosion risk
4

map was developed by the integration of Remote sensing and GIS application. Areas that are
at potential risk of extensive soil erosion and provide information on the estimated value of soil
loss. The technical gap of local experts in the development of integrated watershed and it is
importance as the database of erosion risk of the sub-watersheds and helps different
development plan.

1.5. Basic assumption
It is assumed that topographic, erosivity, erodibility and land use conditions within each cell
are uniform. The respondents tried to give real and genuine response for the survey
questionnaire. The measured data in the fields and collected data from the fields were relatively
real and systematically collected.

1.6. Scope and limitations of the study
Similar type of study had not been accomplished until now in the study wereda and hence
there was no Erosion Risk Map available that helps local watershed development plan. The
research experience in the study area would have significant role in the attainment of studydesigned objectives. Furthermore, because of watershed characteristics and its complexity, the
result of the study may have limitations to generalize and make them applicable to overall
country‘s watersheds. However, it may be useful as spring point for areas with similar context
to study them.

1.7. Structure of the Thesis
The thesis is organized into five chapters. Chapter 1 deals with the background, problem
statement, objectives, scope and limitation, significance of the study and organization of the
thesis. Chapter two reviews related literature. Methodological issues including the study area
description were

presented in chapter three. The fourth chapter presents the results and

discussions of the study. The final chapter includes conclusion and recommendations.
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2. Literature review
2.1. Water Erosion Aspect
This research was designed to assess the existing land use/ land cover change, the extent of
earth fill dams washed away and the perception of farmers regarding erosion risk in their
localities as well as in their livelihoods. Different literature paid attention on soil erosion
classifying into two based on agro-ecology, namely water erosion in humid and wind erosion
in arid. In this concept, this thesis explores the water erosion in the study area, because the
agro-ecology of the watershed is sub-humid area. Soil erosion by water is the most important
land degradation problem worldwide (Eswaran et al., 2001), although some authors question
soil, erosion affects global food security (Crosson, 1997; Lomborg, 2001). Soil erosion creates
strong environmental impacts and high economic costs by its effect on agricultural production,
infrastructure and water quality (Lal, 1998; Pimentel et al., 1995). Furthermore, erosion results
in emission of soil organic carbon to the atmosphere in the form of CO2 and CH4, causing
impact on global warming (Lal, 2004). Global warming in turn is expected to increase erosion
rates (Nearing et al., 2004).
A proper assessment of erosion problems is greatly dependent on their spatial, economic,
environmental, and cultural context

according to Warren, (2002) (cited in Vrieling, 2007).

Hence, that, every parcel of land on the Earth‘s surface is unique in the cover it possesses
(Meyer et al., 1999 cited in Zubair, 2006). Land use and land cover are distinct yet closely
linked characteristics of the Earth‘s surface. The land use classes of the study watershed would
be agriculture, Forest, Pasture, settlement, Barren land and Water bodies. While land cover
categories could be cropland, forest, seasonally swampy land, pasture, settlement areas are
among others.
―
The term land cover originally referred to the kind and state of vegetation, such as forest or
grass cover but it has broadened in subsequent usage to include other things such as human
structures, soil type, biodiversity, surface and ground water (Meyer, 1995).‘‘However, most
soil erosion researches were given emphasis on erosion and farmers‘ livelihoods, erosion and
economic but this research gave emphasis on three pillars. These pillars are surface soil erosion
by water, earth fill dams wash away and the farmers‘ perception on erosion risk in the
sustainable land use. The designed research was survey study and the tools that were used are
6

RUSLE Model with the integration of Remote Sensing and GIS, field survey and socioeconomic survey. The problem of environmental deterioration has now become one of the
most serious problems confronting mankind (Taffa Tullu, 2002). Therefore, sustainable land
use is now a days, a global agenda (Myers, 1993). Therefore, assessing the erosion risk of the
study watershed and forwarding possible amelioration measures will help the local
development plan as well as implementing bodies to prioritize erosion risk areas (eroded land)
with the assistance of this research output.

2.2. Definitions and concepts
2.2.1. Soil erosion
Definition of the term ‗soil erosion‘ is very diverse in the literature. The word erosion is
derived from the Latin word ‗erodere‘, meaning ‗to gnaw away‘. Erosion is a natural
geomorphic process occurring continually over the earth‘s surface (Saha, 2004). However, the
acceleration of this process through anthropogenic perturbations and poor land use can have
severe impacts on soil and environmental quality. Poor land use practices include
deforestation, overgrazing, unmanaged construction activity and road or trail building. Yet,
improved land use practices can limit erosion, using techniques like terrace building and tree
planting etc. Excessive erosion does cause problems, such as receiving water sedimentation,
ecosystem damage and outright loss of soil, which could result in partial or complete loss of its
productive capacity. ―
Soil erosion is a three-phase process consisting of the detachment of
individual soil particles from the soil mass and then transport by erosive agents such as running
water or wind. When sufficient energy is no longer available to transport the particles, a third
phase, deposition, occurs‖ (Morgan, 2005)
Soil erosion begins with detachment, which is caused by break down of aggregates by raindrop
impact, sheering or drag force of water. Detached particles are transported and deposited when
the velocity of water decreases by the effect of slope or ground cover (Ugyen, 2008). Soil
erosion can be defined as the detachment and translocation of soil particles by moving water or
wind from their original locations to new depositional areas.
Climatic characteristics, topography, soil properties, vegetation, and land management control
water erosion. Detachment of soil material is caused by raindrop impact and drag force of
running water. Detached particles are transported by overland flow (sheet or inter rill erosion)
7

and concentrated flow (rill erosion) and deposited when flow velocity decreases (Lal, 2001).
Gullies can develop as enlarged rills, but their genesis is generally more complex, involving
sub-surface flows and side-wall processes (Bocco, 1991).

2.2.2. Risk
Risk can be defined as .the probability of a hazard causing a potentially undesirable effect
(Handmer, 1995). Risks are evaluated by probability and are drawn from uncertainty and
likelihood. Risk is discussed in probabilistic terms because there is an uncertainty in the
outcome (Haynes and Cleaves 1999). Risk assessments identified in possible sources of
uncertainty as 1) inherent randomness (variability) of the world, 2) imperfect or incomplete
knowledge, 3) mistakes in execution of assessment activities (error), 4) statistical variation,
poor scientific background, disagreement among experts, and model uncertainty (Haynes and
Cleaves 1999, Byrd and Cothern 2000). According to Haynes and Cleaves (1999) uncertainty
is a condition of not knowing, which is part of human judgment. Risk assessments formalize
information for improved decision-making and also include uncertainty analysis (Vogt et al.
1997).

2.2.3. Soil Erosion Terminologies
There are confusions among soil erosion, soil depletion and soil degradation terms. Lal, (1990)
points out that confusion often arises over the relationship between these terms.
Soil erosion
Soil erosion refers to a loss in soil productivity due to: ―
Physical loss of topsoil, reduction in
rooting depth, removal of plant nutrients, and loss of water. Soil erosion is a quick Process.
Soil depletion
Soil depletion means loss or decline of fertility due to crop removal or removal of nutrients by
water passing through the soil profile. The soil depletion process is loss drastic and can be
easily remedied through cultural practices and by adding appropriate soil amendments.‖
Soil degradation
Soil erosion occurs in both temperate and tropical regions. Climate erosivity can be more acute
in many tropical areas, particularly where rainfall is concentrated in fewer, more intense
events. Soils in the tropics are often highly erodible and low structural stability. While certain
8

tropical soils are not particularly erodible in absence of human interference, they can still be
very susceptible to dramatic fertility decline (Hudson, 1971).
As climatic erosivity and soil erodibility are essentially given, land use and management
practices are the deciding factor in determining the extent of soil erosion and erosion induced
degradation (Eaton, 1996). The effect of soil erosion may be divided into two categories: onsite
and off-site effects. On-site effects consist essentially of reduced future agricultural
productivity. Off-site effects arise from the transport of soil sediment and run-off to another
location, such as another farm or a waterway. Based upon these, the emphasis of this study
considered the former category.
This study emphasizes the need to solicit farmers‘ perception and monitor their decision.
Around two decades before, Miranda (1992) has emphasized the importance of information
and perception of the productivity effects of erosion. Many farmers did not understand or are
failing to act on the on-site productivity effects caused by soil erosion according to Miranda.

2.2.4. Satellites and sensors applied in erosion research
Remote Sensing is defined as any process whereby information is gathered about an object,
area or phenomenon without being in contact with it. Given this rather general definition, the
term has come to be associated more specifically with the gauging of interactions between
earth surface materials and electromagnetic energy. A computer assisted system for the
acquisition, storage, analysis and display of geographic data (IDRISI 32 guide to GIS and
Image processing, vol. 1).
Remote sensing has been used for soil erosion research through aerial photo interpretation both
for detecting erosion features (e.g. Bergsma, 1974; Jones and Keech, 1966) and obtaining
model input data (e.g. Morgan and Napela, 1982; Stephens et al., 1985). Starting in 1972 with
the launch of Landsat-1, satellite imagery has become increasingly available to the scientific
community.
In the past four decades many studies have been published that fully or partially applied
satellite imagery for soil erosion assessment in many different ways. The objective of this
paper is to assess an overview of erosion risk in the study watershed with the assistance of the
tool applied for water erosion assessment using satellite remote sensing. It focuses on erosion
processes related to surface run-off and Earth fill dams. Although important sensor
9

development has taken place during the past years using airborne systems, which are of interest
to erosion research (e.g. laser altimetry, hyper spectral remote sensing), this paper focuses on
satellite-based applications as well as earth fill dams environmental impact and farmers‘
perception on soil erosion. Mainly peer reviewed journal articles were treated, with a few
exceptions. The review addresses (1) land use/ land cover change detection, (2) the assessment
of erosion extent and causal factors using RUSLE Model, and (3) data integration for erosion
mapping.

2.2.5. Land use/ Land Cover and Land Tenures
Land cover is the natural landscape recorded as surface components: forest, water, wetlands,
urban, etc. Land cover can be documented by analyzing spectral signatures of satellite and
aerial imagery. Land use is the documentation of human uses of the landscape: residential,
commercial, agricultural, etc. Satellite and Aerial imagery inferred but not explicitly derived
the land use. There is no spectral basis for land use determination in satellite imagery.
Land use is the manner in which human beings employ the land and its resources. Land cover
is implied to the physical or natural state of the Earth‘s surface. The right to ownership of land
is vested in the state and the Public that provided by the 1995 Constitution and proclamation
No. 456/2005. Hence, the land tenure system of Ethiopia is public according to Negatu (2002).

2.3. Water Erosion
Factors that affected soil erosion generally grouped into five primary types (Costick, 1996).
These are Climatic factor, Soil, topography, land use and agricultural support practice. Hence,
for sustainable land use program, the land cover is given the top priority (Berry, 2003).

2.3.1. Climatic factor: Rainfall
Rain is a type of precipitation, a result of the condensation of atmospheric water vapor that is
available on the earth's surface. Soil loss is closely related to rainfall through the combined
effect of detachment by raindrops striking the surface and by runoff (Mkhonta, 2000). The
ability of rainfall to cause erosion depends on characteristics such as rainfall energy and
rainfall intensity. The amount of rainfall governs the overall water balance and the relative
proportion that becomes runoff (Hagos, 1998). In the Holeta Watershed, there are two rainy
seasons. These are short rainy during ‗Belg‘ and long rainy during Summer. Erosion relies on
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two types of rainfall events; the short-lived intense storm, where the infiltration capacity of the
soil is exceeded and the prolonged storm of low intensity, which saturates the soil before
runoff really begins. In addition, the drop size distribution and its kinetic energy affect the
splash detachment of the soil particles. Big raindrops have high erosive power.

2.3.2. Soil
Soils differ in their resistance to erosion, which is a function of a range of soil properties such
as soil texture, structure, soil moisture, roughness, and organic matter content (Vrieling, 2007).
The susceptibility of soil to erosion agents is generally referred to as soil erodibility (Lal,
2001).
Soil classifications are often used to account for spatial differences in erodibility. Important
factors on the basis on which soils can be classified including soil properties, climate,
vegetation, topography, and lithology. Especially optical satellite imagery has been used for
soil mapping, mainly through visual delineation of soil patterns (Dwivedi, 2001). To use visual
interpretation techniques, detailed knowledge on the relationship between observable terrain
characteristics and the occurrence of soil units is required. Such knowledge can be formalized
in clear criteria, like those used for the creation of the Soils and Terrain digital databases
SOTER (Van Engelen and Wen, 1995; Van Lynden and Mantel, 2001). Soil classification by
visual interpretation of optical satellite imagery has been used to assess differences in soil
erodibility (Reusing et al., 2000; Sharma and Singh, 1995). The relation between soil classes
and erodibility was determined using equations of Wischmeier and Smith (1978).
The effect of soil on erosion is reflected through the resistance of soil to both detachment and
transport, defined through the soil erodibility factor (Morgan, 1995). The particle size plays an
important role in erosion process. Larger particles are more resistant to transportation as
greater force is required to move. However, soil with particle size less than 0.06 mm,
erodibility is limited due to cohesiveness properties. The particles that are less resistant to
erosion are therefore silt and fine sand (Petter, 1992). The soil texture also plays a greater role
on infiltration capacity, which depends on pore size and pore stability. Therefore, clay soils
have low infiltration capacity and produce more overland flow than soil consisting of coarser
material with higher infiltration capacity (Petter, 1992). The level of erosion will differ with
different soil series. A soil series is a naturally occurring entity on the landscape. Soil series
as established by the Land Development Department (LDD) are soils that are grouped together
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because of their similar Pedo-genesis, soil chemistry, and physical properties. These result in
soils, which perform similarly for land use purposes (Ugyen, 2008).
Topsoil characteristics influence the soil surface colour, and thus spectral reflectance curves.
Significant relationships were found between soil colours defined by the Munsell system and
optical satellite imagery (Escadafal, 1993; Singh et al., 2004). Various soil properties affect the
soil‘s spectral reflectance, such as soil texture, organic matter content, moisture content, iron
oxides and soil minerals (Barnes and Baker, 2000; Dwivedi, 2001; Escadafal, 1994). This can
be a limitation for the study of one particular property, but surface states may be classified
when one or more topsoil properties affect its spectral reflectance. These surface states can
then be related to run-off and erosion potential using field measurements (Gardner and Duffy,
1985).This paper considered soil colour for soil Erodibility Factor (K). The value of K ranges
from 0 to 1. Hellden (1987) developed a RUSLE/USLE for Ethiopian condition by adapting
different sources and proposed the K values of the soil based on their color ( Table 2.1).
Table 2. 1. Soil Erodability factor
Soil color
Black
K factor
0.15
Source: Hellden, 1987

Brown
0.2

Red
0.25

Yellow
0.3

However, the soil data of the study area were in their geomorphologic names not in their
color. An attempt was made to classify the soil types of the study area based on their color by
referring the FAO soil database. Besides Hellden (1987) soil color classification, in the study
area, two additional soil colors, white and gray, were found. Thus a value of 0.40 and 0.35
were given to these soil types respectively. Moreover, the basic soil data set was found in
vector format. After changing the vector format into grid, the grid data set was reclassified
based on K-value of for each soil class in ArcGIS 9.3

2.3.3. Topography
Mass movement is the down-slope movement of rock and sediments, mainly due to the force
of gravity and depends upon the steepness of slope. USLE prediction is best found to be more
representative in a gentle watershed area, where the action of gravity is not much. It has been
demonstrated that increase in slope length and slope steepness can produce higher overland
flow velocities and correspondingly higher erosion (Haan et al., 1994).
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To study the effect of topography on erosion, landforms have been discriminated based on
visual interpretation e.g. Landsat image composites (Khan et al., 2001; Mitchell, 1981).
However, current spatial erosion models nearly always require DEM input for the assessment
of slope characteristics. Traditionally such DEMs have been obtained from contour lines on
topographic maps, or less frequently from stereo aerial photography. Nowadays, various
options exist to extract good quality DEMs (vertical accuracy < 20-m) from satellite data, such
as stereo optical imagery provided by SPOT and ASTER (Toutin and Cheng, 2003) or SAR
imagery (Toutin and Gray, 2000). SAR interferometric processing of the Shuttle Radar
Topography Mission (SRTM) data provided readily available DEMs for land areas between 60
degrees northern and 57 degrees southern latitude (Rabus et al., 2003).
Few researchers have applied DEMs derived from satellite data for erosion studies. Khawlie et
al. (2002) calculated slope gradient from an ERS SAR interferometric DEM. Also ERS SAR
interferograms, an interferometric product obtained before the DEM construction step, have
been used directly for slope extraction (Liu et al., 2000). SPOT HRV derived DEMs were used
to aid visual interpretation of erosion features (Bishop and Shroder-Jr., 2001) and to extract
slope and topographic curvatures (Haboudane et al., 2002). Stereo-data of MOMS-2 allowed
DEM extraction and subsequent calculation of slope length and gradient (Reusing et al., 2000).

2.3. 4. Land use/land cover and agricultural support practices
The term vegetation means the land cover types of the study area. The agricultural land
use/cover and management factor reflects the effect of cropping and support practices on soil
erosion rates (Renard et al., 1997). As climatic erosivity and soil erodibility factors are
essentially uncontrollable; land use support practices are the deciding factors in determining
the extent of soil erosion, and erosion induced degradation. On a given plot of agricultural
land, erosion can vary from acute to almost nil depending on the cropping system. Vegetation
cover plays a crucial role as erosion is significantly reduced under thick cover. But in Ethiopia
forests in general have shrunk from coverage 90% of the highlands 5.6% in 2000 (Berry,2003).
In some cases a vicious cycle can arise, where erosion reduces soil productivity, resulting in
less crop cover and hence more erosion and so on (Hudson, 1971). In other words, generally
poor crop cover means that poorer farms may suffer from more severe erosion on their land,
resulting in less future production and even more erosion. As the protective canopy of the land
cover increases, the erosion hazard decreases (Mkhonta, 2000). It protects the soil against the
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action of raindrops, increases the power of infiltration and reduces the speed of surface runoff.
As long as the land cover is unbroken, despite great erosive rainfall or steep slope, the runoff
will still be maintained small. The surface runoff also depends on type of vegetation cover and
density. Land with good cover will always experience low amount of erosion. In agriculture, a
terrace is a leveled section of a hilly cultivated area, designed as a method of soil conservation
to slow or prevent the rapid surface runoff of irrigation water. Often such land is formed into
multiple terraces, giving a stepped appearance.
Soil cover in the form of crop plants, cover crops, mulches, or residues can protect soils from
wind and water erosion, enhance water infiltration, and help maintain or increase organic
matter. Practices that maintain soil cover include minimum tillage, cover cropping, managed
grazing, contour planting, strip cropping, crop rotation, control structures and diversions to
protect soils from water erosion by decreasing the effective slope length along a field.
Land use classification is often used to map vegetation types that differ in their effectiveness to
protect the soil. After classification, a qualitative ranking of vegetation types is made, or Cfactors are assigned from reported values in literature (e.g. Morgan, 1995; Wischmeier and
Smith, 1978). In most cases seasonal crop dynamics are accounted for within the classification,
because an average annual C-factor is assigned. For erosion studies, land use classification has
been performed with optical satellite systems through visual interpretation of image composites
(e.g. Khan et al., 2001; Mati et al., 2000; Sharma and Singh, 1995) or automated classification
approaches. The most common ones are unsupervised classification, in which pixels are
grouped according to their relative spectral similarity (e.g. Feoli et al., 2002; Jakubauskas et
al., 1992) and supervised classification, where pixels are allocated to predefined classes that
are generally established based on ground-truth data (e.g. Jürgens and Fander, 1993; Pelletier,
1985). The mentioned classification techniques can also be combined. Folly et al. (1996)
performed a visual interpretation of a Landsat TM composite to classify main cover types.
Subsequently a fine-tuning within each class was achieved with a supervised classification.
Several authors applied hybrid unsupervised-supervised approaches (e.g. Bhuyan et al., 2002;
Fraser et al., 1995; Vaidyanathan et al., 2002). Due to seasonal changes of some vegetation
classes, classification of multi-temporal imagery can improve the classification accuracy
(Müschen et al., 2001). Details on the accuracy assessment of land use classifications are given
by Foody (2002). Although SAR systems allow land use classification (e.g. Brisco and Brown,
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1998) and other classification approaches exist such as neural networks (e.g. Miller et al.,
1995), no studies were found in literature that relate this to erosion assessment.
Especially in agricultural areas, conservation practices such as contouring, strip cropping, or
terracing, reduce soil losses. The effectiveness of such practices is often analyzed with a
support practice factor (P-factor), defined as the ratio of soil loss with the practice applied and
up- and down slope cultivation (Wischmeier and Smith, 1978). P-values have been assigned to
land use classes that were derived from a classification of remote sensing imagery, using
literature values (Lee, 2004) or expert opinion (Bhuyan et al., 2002) for practices that
commonly occur for the land use class in the studied area.

2.4. Earth Fills Dam
“Earth-fill dam‖ means an earth-fill embankment dam wall primarily constructed of selected
excavated soil materials. Earth fill Dam is made by compacting excavated earth obtained from
a borrow area. Many farm dams and other earth-fill dams fail because of poor planning; poor
investigation; poor design; unsatisfactory sitting; faulty or poor construction practices; or, poor
or lack of maintenance after construction. Floods constitute one of the most destructive natural
hazards facing Ethiopia. Flooding occurs when abnormally high stream flow overtops the
natural or artificial banks of a watercourse (Hays, 1981). It is true that in the Holeta watershed,
there is traditional earth fill dams‘ destruction always during the rainy season. The loss of soils
was not paid due attention by local community as well as by development agents (DAs).

2.5. Farmers’ perception on soil erosion
Ethiopia is mainly an agrarian country, in which agriculture forms the main economic base and
provides employment to more than 85 % of the population (Sonneveld and Keyzer, 2003; cited
in Mekuria Argaw, 2005). Agriculture contributes more than 50 % of the GDP and generates
over 90 % of the overall export revenue and although often failing to meet the demand,
supplies food for the rapidly growing population of the country. Agricultural production is
majorly rain-fed. Smallholder subsistence farmers (98 %), whose productivity is very low
mainly due to severe soil degradation and policy disincentives (Eyasu Elias, 2002; cited in
Mekuria Argaw, 2005), dominate the sector. The current estimate based on the 2007 census of
the population is 73.9 million (> 80 % rural). These are residing in a total land area of
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1,100,850 km2 (Sonneveld and Keyzer, 2003; cited in Mekuria Argaw, 2005). Based upon this,
farmers took the highest portion on land administration. Therefore, the farmers‘ perception on
soil erosion has a significant role in the attainment of sustainable land use that designed in the
country.

2.6. Soil Loss extent Global, in Africa and in Ethiopia
Humankind adapts its environment to meet its demands (UNEP, 2005). Its interventions can be
radical, and may cause disequilibrium of the natural system. The search for a new dynamic
equilibrium implies the action of natural processes on the changed circumstances. These
processes frequently involve negative impacts on the valuable natural resources that humans
require for their living. Exponential growth of the human population during the last centuries in
combination with increasingly demanding consumption patterns is putting a strong pressure on
these resources (Cohen, 1995). Global awareness about the consequences of our conduct on the
environment is however rising.
Significant literature exists documenting the magnitude of the soil erosion problem. Pimentel
(1993) coalesces evidence from many regions of the world to state that between 30 and 50% of
the world‘s arable land is substantially impacted by soil loss. Soil loss is widely identified as a
threat to rural livelihoods (Lal, 1985; Kerr, 1997; Sanchez et al., 2003) and aquatic resources
(Ochumba, 1990; Crosson, 1986). Severe problems of soil degradation have been documented
worldwide. Spain (Meyer and Martinez-casasnovas, 1999), Southeast Asia (Pimental, 1993),
central and South America ( Alfsen et al.,1996), Australia (Drege, 1995) and Africa (Morgan,
1995, Lal,1985).
The problem is particularly severe in East Africa because of high population densities, fragile
soil, intense rainfall and limited soil subsidy. Severe erosion has been documented throughout
the area (Mati et al., 2000‘ Lufafa et al., 2002), resulting in serious depletion of soil functional
capacity (Zobisch et al., 1995, Smaling, 1993).
Clearly, the subsistence farmers who populate the region feel the effects of soil degradation
most acutely. The marked decrease in soil functional capacity that arises because of soil
erosion and subsistence agricultural yields has been widely cited (Lal, 1985). The magnitude of
this problem is still disputed (Crosson, 1986).
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In different studies, soil erosion is a serious Environmental problem in the High-lands of
Ethiopia causing a threat to sustainable agriculture. According to Ethiopia High Land
Reclamation Study (EHRS) FAO (1986), erosion rates

were estimated at 130 tons/ha/yr for

cropland and 35 tons/ha/yr averages for all land in the highlands. The average annual rate of
soil loss in Ethiopia is estimated to be 12 tons/hectare/year with losses as high as 300
tons/hectare/year (USAID, 2000). In the Ethiopian High Lands, in particular, soil erosion is a
major problem with an estimated loss of 16-50 ton/hectare/year (Abegaz Gizachew, 1995 cited
in Biniam, 2009). Reality is complex. From sample site(s), soil erosion extents were
generalized for the whole country or highland of Ethiopia. This may mislead decision makers
and development planners. The most erosive factors and human impacts were not uniform in
all areas. For instance, land cover and earth fill dam constructions are not equally
accomplished everywhere.
The Awash River Basin faces land degradation, high population density, natural water
degradation, and salinity and wetland degradation. In the high land part, deforestation and
sedimentation has increased in the past three decades. As more water is drawn from the river,
there could be drastic climate and ecological changes, which endanger the basin habitat and
human livelihood (Girma Tadesse 2004). In addition, the average annual soil loss is 200-300
t/ha or 20,000-30,000 t/km2 (PDRE, 1989). All those researches put emphases on general
issues that were not helpful for rehabilitation of soil degradation. However, these researches
did not depict that soil erosion risk with specific place and forward suitable management
practices that help development planners as well as implementers at grass root level. Because
in a given micro watershed, the physicals and biophysical aspects of the watershed are not
uniform.

2.7. Soil Erosion Models Description
Most erosion studies rely on physical sampling structures to enumerate soil movement as
Matthew investigated in 2003.The extremely limited variability in site and management
characteristics that can be assessed with these methods given limited research budgets
necessitates the use of models that can be extrapolated to a wider range of conditions. Models
of the soil loss process can be divided into physically based empirical approaches. An
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alternative to model application is local model development based on direct observation. Each
approach is outlined briefly as flows:Physical- based models:- typified by the Water Erosion Prediction Project (WEPP) (Foster and
Lane, 1987; Ascough et al, 1996), simulate the processes of sediment detachment, transport
and deposition using process equations based on continuity constraints by flowing water. The
WEPP model is a distributed parameter model, which allows spatial patterns of erosion and
deposition to be identified. This approach is suited for high temporal resolution studies in small
(<260ha) (Morgan, 1995) basins where sufficient data exist to estimate suitable values for all
model parameters. It is also crucial if estimates of sediment yield are to be made. The array of
physically-based models is substantial (Dietrich et al., 1993; Moore and Burch, 1986), but
most suffer from two drawbacks that limit their applicability for this study. First, as discussed,
model complexity and need for fine spatial resolution imposes limits for application to small
basins. Moreover, the need for high- resolution input data like rainfall, atmospheric conditions
limits application of WEPP to regions with substantial monitoring infrastructure. Second, they
are generally severely over- parameterized for watersheds where significant baseline data
collection has not been undertaken. Model accuracy is compromised when default settings
(generally empirically defined) are used as universal settings (Matthew, 2003).
Empirical models : they range in complexity, but share the characteristic that they are
developed for regions and can be applied to new regions only with considerable caution
(Morgan, 1995). The most widely used example of an empirical model is the Universal Soil
Loss Equation (USLE) (Wischmeier and Smith, 1978). The same factors (rainfall erosivity,
soil erodibility, slope, slope length and vegetation cover) are used in the Soil Loss Estimator
for Southern Africa (SLEMSA) (Elwell, 1981), an empirical counterpart to USLE design for
the specific conditions in the Southern Africa. The advantage of empirical models is that they
are conceptually simple and require data that, if unavailable, are relatively easy to collect or
estimate. There are several widely cited constraints (Morgan, 1995; Jetten et al., 1999). First,
as empirical models, their universal application is inadvisable without formal validation. In
particular, USLE was developed for the Midwestern U.S.A and application to Sub-Saharan
Africa(SSA) where climate, soil and cropping systems are different is of questionable utility(
Matthew,2003). Despite this constraint, USLE is widely applied around the globe (Chen, 1998;
Lufafa et al., 2002), usually without any formula ground validation protocol. Second, empirical
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models are capable of identifying where erosion occurs, but not where eroded material is
deposited because there are no physical constraints in the USLE model i.e. continuity
equations.
Limited equipment is necessary to provide categorical erosion models based on visual
designation, and each model can be developed for the specific region in which it is applied.
This allows specific insight into the effects of local land management on erosion risk, and aids
in understanding the kinds of intervention approaches that might provide protective effects.
This direct observation approach is the strategy used in this study.

2.7.1.. Land use/land covers Change Models
The study of patterns of land use change and development of models to forecast it has become
central to research in landscape ecology and National planning (Turner and Gardner, 1990).
Models have been developed to predict changes in water flows (Grove and Harbor,1997;
Miller et al, 2002; Calder et al, 1995; Niehoff et al, 2002); biota (Eva and Lambin, 2000;
Swenson and Franklin 2000); Urban agricultural growth (Batty and Longley 1989; Gilruth et
al, 1995); and soil degradation(Feoli et al, 2002; West and Wali 2002; Li and Reynolds,1997)
among many other applications. One particularly flexible model form makes use of Markov
transitional probability matrices (Flamm and Turner 1994; Howard et al, 1995; Li and
Reynolds 1997 cited in Matthew, 2003). These matrices, calibrated by comparing historical
and current land use maps, allow stochastic prediction of land use patterns in future landscapes.
Conditional transition probabilities can be manipulated to reflect of alternative land
management strategies, allowing future landscapes to be compared. This approach forms the
basis for scenario assessment.

2.7.2. Mathematical Models and Soil Erosion Models
The problem of soil erosion is major issue on agricultural productivity and yet the numbers of
contributing variables make the estimation more difficult and complex. Even though there are
several predicting models available, all are objective oriented, as no single prediction model
can suffice all needs. Therefore, for assessment of soil erosion, long-term inputs are required
for estimating long-term annual average soil loss. Several models were developed and
numerous are in the process of development and some of which are CREAMS, WEPP,
SLEMSA, EUROSEM, GUESS, USLE, RUSLE, RMMF and MUSLE etc. Most have been
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developed for agricultural areas and are designed to compare predicted annual rates of soil loss
from broad areas under various cropland and rangeland management techniques. All these
mathematical models can be differentiated either deterministic or stochastic model, based on
which different models were classified as shown in the Figure 2.1.

Figure 2. 1: Different mathematical models
Source: LDD, 2004
Deterministic Model:- A model for which there is only one possible answer for a given set of
inputs.
a. Empirical Model: a simplified representation of a system or phenomenon that is based on
experience or experimentation. Examples are SLEMSA, MUSLE, USLE, RUSLE etc...
b. Process Model: It can be either detailed or simplified mathematical models, which are based
on the representation of basic physiological processes. USLE can be an example.
c. Physical Model: It incorporates the laws of conservation of mass and energy (Petter, 1992),
where energy can change form but total energy remains the same. They are firmly based on the
understanding of the physics of erosion processes. Examples are CREAMS, ANSWERS,
EUROSEM, and AGNPS etc. These models were supposed to explain dynamics of
detachment, transport and deposition not like USLE or RUSLE.
II. Stochastic Model: - A model that recognizes that there could be a range of possible
outcomes for a given set of inputs, and expresses the likelihood of each Mathematical model
one happening as a probability. Example:- patients not responding to the same medication by
physician.
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a. Probabilistic Model:- A model that assigns a likelihood to events or data within a population,
as expressed by a ranked numerical value or an estimate of best case, worst case or most likely.
As an example of deterministic versus probabilistic models, consider the past and the future:
Nothing we can do can change the past, but everything we do influences and changes the
future, although the future has an element of uncertainty.
b. Time-series Model:- a time series is a sequence of data points, measured typically at
successive times, spaced at (often uniform) time intervals. Time series analysis comprises
methods that attempt to understand such time series, often either to understand the underlying
context of the data points (where did they come from? What generated them?) on the other
hand, to make predictions. Much of the research on erosion rates is directed towards supporting
or fitting these competing models. Since then many changes were proposed, but all models
revolve on a same concept of rainfall erosivity, soil erodibility, slope length, steepness, land
cover and management factors taken directly proportional to the rate of annual soil erosion
(Shohan and Lal, 2001).
In general, RUSLE-2 is a hydrological model, which is the second generation of RUSLE 1 and
uses a set of equations to compute erosion. It can be used on areas where mineral soil is
exposed to raindrop impact and surface overland flow produced by rainfall intensity exceeding
infiltration rate, commonly referred to as Horton overland flow. The strength of the USLE is its
empiricism, which is also its weakness. The USLE cannot be applied to the situations where
empirical data are not available for a specified field condition to derive appropriate factor
values. A sub-factor method that estimates values for the cover management factor(C) allows
RUSLE 1 to be applied to any land use. Process based equations were also added to estimate
the values for the support practice factor (P), which is not possible with the USLE. The hybrid
approach of starting with an empirical structure, then adding process-based equations where
empirical data were not adequate, greatly increases the power of RUSLE 1 over the USLE
(Jasmin and Ravichandran, 2006).
RUSLE 2 significantly expands on this hybrid approach by combining the best of empirically
based and process-based prediction technologies. RUSLE 2 is likely a better erosion prediction
technology that builds on the success of USLE and RUSLE 1. It uses a set of mathematical
equations to compute erosion. The erosion estimates are based on site specific condition which
allows erosion control practices to be tailored to each specific site. The four major factors that
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affect erosion are climate, inherent soil properties including soil erodibility, topography and
land use (Jasmin and Ravichandran, 2006).

2.8. Watershed management
To control water erosion, biophysical measures need to be implemented at the field, hill slope
or watershed scale. However, allocation of scarce conservation resources and development of
policies and regulations require erosion assessment at the regional scale. An important
limitation for this task is data availability and quality (Van Rompaey and Govers, 2002).
Remote sensing provides homogeneous data over large regions with a regular revisit capability,
and can therefore greatly contribute to regional erosion assessment (King and Delpont, 1993;
Siakeu and Oguchi, 2000).
The concept of watershed management originated from ―
Torrent Control‖ in European
countries. The work is mainly for flood and debris control of mountain streams and their
drainage basins. The emphasis has gradually been on managing the upstream areas or
watersheds for water benefits: water yields, water quality and flood prevention (Sheng,
2000).When watershed management was later extended to developing countries, the concept
and the nature of the work focused on land management, erosion control, as well as
sedimentation and flood control. In recent decades, greater attention has been given to the
watershed inhabitants and their environment. Thus, a new term of ―
integrated watershed
management‖ has emerged (Sheng, 2000). While the concept of watershed management has
evolved over time and by countries, policy makers and planners in developing countries often
feel confused about potential conflicting objectives of watershed management, soil
conservation and rural development. Misconceptions and ill- designed and implemented
programs have caused tremendous waste (Sheng, 2000). Structural measures can be employed
to protect steep slopes up to about 30 degrees and they are very effective in erosion control
(FAO, 1977; Wu, 1986). The right approach is not to stero type or predetermine the land
treatments. Rather, watershed mangers should devise a variety of effective treatments including
vegetation and structures for farmers to choose according to their cropping systems, interest,
resources, and land condition (Sheng, 2000).
Many watersheds in the humid tropics are already dominated with sheet erosion, rills, gullies,
and landslides. Natural disasters are also common in many watersheds of humid region.
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Expensive rehabilitation work is usually required. Integrated watershed management is a recent
concept developed in the 1970‘s. The main objective is to develop and sustain natural
resources in a watershed along with emphasizing human resources and their environment
(FAO, 1976; Eren, 1977). Watershed planners need to limit the integration to a certain degree.
For instance, it is acceptable to give priorities to agricultural development facilities such as
water harvesting, small-scale irrigation and other (Sheng, 2000). This research attempted to
caution earth fills dam and forward possible amelioration measure to reduce the existing
paradox. Many strategies were designed to mitigate soil erosion problems globally. Most
countries particularly those having significant areas with complex, mountainous and fragile
ecosystems have developed national watershed programs or projects. The concept of small
watershed based development practices was successful in China (Lakew Desta, et al., 2005).
Planning the development of watershed for Ethiopia started in the 1980‘s. Before these years,
conservation practices in Ethiopia were based on campaign that was top down approach, and
gave emphasis on Forest protection, soil and water conservation activities. These approaches
were not efficiently and effectively successful with respect to the designed goals throughout
the country. Community based participatory watershed development program was designed
and started in pilot projects and booming by the effort of None Governmental Organizations
(NGOs) such as GTZ and SOS Sahel (Lakew Desta, et al, 2005).
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3. Materials and Methods
3.1. Study Area Description
The study area, Holeta Watershed, is located in Welmera wereda , Oromiya Regional State.
Welmera is located at latitude

8o55‘N to 9o10‘ N, longitude 38o 25‘ E to 38o35‘ E and its

capital town is Holeta, (Fig.3.1). Welmera is found north of Sabata Hawas wereda, east of
Egere wereda and South of Ada‘a Berga wereda. The wereda, capital town is located 40 km
west of Addis Ababa. Holeta is the biggest river and the biggest watershed of Welmera
Wereda and one of the upper parts of Awash River Basin. The word ‗‘Holeta‘‘ is coined from
the Afaan Oromo word, and is derived from two words i.e. ‗Hoo and Lataa‘. According to
local elders, the meanings are as follows. ‗Hoo‘

means take and ‗Lataa‘ means

green

tree/grass leaf. Hence, Holeta means ‗take green leaf/ grass‘‘ it seems like modern day ―
giving flower‘‘ for somebody congratulating his/her honorability. The altitude of the Holeta
watershed ranges from 2063m above sea level ( a.s.l) to 3356m above sea level ( a.s.l ). The
total area of the study watershed is 408.21 km2.

Figure 3.1: Location map of the study area
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3.1.1. Climate
Agro- ecologically, the study area is classified into Highland (Dega) and midland (Weyina
Dega) that covers 61% and 39% of the total area respectively. The meteorological data for the
study was collected from six rainfall stations. Holeta rainfall station is found in the watershed
and five rainfall stations are out of the watershed (Addis Ababa (Tikur Anbassa), Teji, Kimoye,
Guranda Meta and Ginchi). The average annual rainfall varies from 795mm to 1300mm
(appendix 1).The mean annual rainfall from the year 1969 to 2006 is 1070mm (Appendix1).
The rainfall is bimodal in Dega part of the Wereda: short rains, Belg, from last weeks of
January to April; and long rains, Meher, from June to September. The rainfall is unimodal in
Weyina Dega part of the Wereda that is long rains, Meher, from June to September. The
average relative humidity is 58 % according to Holeta Bee Research Center (HBRC, 2002).
The annual mean temperature is 14oC with May being the hottest month. The mean highest
temperature in Holeta is 23.80C, with December the coldest month with an average lowest
temperature of 1.70 C (figure 3. 3 and appendix 1). However, Welmera receives high amount of
rainfall. The average highest rainfall of the study watershed is at July and August.

Figure 3.2: Mean monthly rainfall distribution in the Holeta watershed (1969-2006)
Source: National Meteorological Agency and Holeta Research Center (December, 2010).
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Figure 3.3: Mean monthly temperature in the Holeta watershed for the year 1969 to 2006.
Source: National Metrological Agency and Holeta Research Center (December, 2010)

3.1.2. Vegetation
The forest coverage of the Welmera Wereda is 8,917 ha (8.5%) of the total area of the
Wereda.

This forest coverage is high due to the existence of Suba state Forest, Managasha

Church and Monastery and Finfinnee area Forest Enterprise plantation Forest (WWAO, 2010).
There are some remnants of indigenous tree species such as Podocarpus gracilior, Juniperus
procera, Olea Africana, Croton macrostachyus and Acacia spp in the watershed. The dominant
cultivated Eucalyptus species are Eucalyptus globules and Eucalyptus camaldulensis. The
cultivated Eucalyptus mostly are used for construction and as an energy source in the wereda.
Now days it has become one of the cash crop in the wereda and a means of income source.
This pushes the farmers to unplanned harvesting of the plantation forest thereby reducing land
cover and having an effect on soil erosion on the area.

3.1.3. Geology, Soil and land use
The geology of the study area is younger volcanic of trachy-basalt, trachytes, ignimbrites and
tuff belonging to the Wechecha Mountain ranges (Yirga Tadesse, 2004). The dominant soil
groups of the study watershed are Orthic Nitosols, Cambsols and Orthic Vertisol from the field
observation. The Vertisol is heavy and sticky when wet and hard when dry. The existing land
use practices in the wetershed are not systematically studied. The major land use and land
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cover types of the watershed are agriculture land, forest, pastureland, settlement, water bodies
and barren land.
Table 3.1. Land use class types in the Wereda and their respective area coverage
Land use

Crop land
Forest land
Pasture/grazing land/bush land
Settlement ( Buildings)
Barren land
Water body

Area in (ha)
33,057
8,917
12,350
9,739
84
5,530

Area in(%)
30.30
8.17
11.32
8.92
0.08
5.07

Note: Holeta and Burayu towns‘ Administration areas are not included in this table.

Sources: Welmera wereda Agriculture office (December, 2010)

3.1.4. Farming system
As shown in table 3.1 above, agricultural lands are representing cropping area. During the main
rains, all crops grown in the wereda were planted on 33,057 hectares (30.30%). These are
Wheat (Triticum aestivum, L.), Barley (Hordeum vulgare L.), Teff (Eragrostis tef, L.),
Sorghum (Sorghum bicolor, L. (Moench.)), and different vegetables; with 19,325 households
benefitng from crop production.

Only 1,796 hectares is irrigated land from among the total

agricultural land. The type of irrigation is traditional irrigation. The numbers of beneficiaries
from irrigation sector (direct) are 7,184 households and 35,920 indirect. The dominant
vegetables grown in irrigated land are potatoes, tomatoes, onion, ensete( Ensete ventricosum ),
carrot, cabbage; and fruits such as Apple. The livestock sector comprises cattles, equines,
sheep and goats and poultry. Apiculture sector also supports farmers in income generation
(WWAO, 2010). Commercial agriculture as a farming system has only emerged very recently.
However, access to land and infrastructure as well as investment security are major promoters
to the growth of this system of production. Flower Agriculture is the biggest investment in the
wereda.

3.1.5. Human population
There are four major ethnic groups in the wereda. They are Oromo, Gurage, Walayita and
Amhara with Oromo ethnic group being dominant group in terms of population number. The
weredas‘ total population was 83,784, of which 42,086(50.23 %) are male and 41,698
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(49.77%) are female

(CSA, 2007). The total number of rural households is 19,325. Out of

these, 14,666 (75.89 %) are men and 4,659 (24.11 %) are women households (WWAO, 2010).

3.1.6. Livestock Resources and Animal Husbandry
Livestocks are an integral part of mixed farming in the Welmera wereda. Sheep and cattle
rearing are the dominant as shown below in table 3.2.
Table 3. 2. Wereda livestock population description
S/No
Animals in species
Population in number
1
Cattle
46,811
2
Sheep
101,450
3
Goat
14,399
4
Horse
7,528
5
Mule
215
6
Donkey
13,135
7
Hens
182,647
Sours: Welmera wereda Agriculture office (December, 2010)

3.1.7. Holeta Watershed Characteristic
The minimum and maximum elevation of the study area is about 2063 m and 3356 m, located
in the south and North respectively (Figure 3.4). The average elevation is 2445 m. The
majority of the slope class is in class 2 (slope angle range of 10 to 30%) and class 1 (slope
angle range of 0 to 10%) with 28.1% and 27.5%, respectively. The majority of the steep area
(more than 30% in slope angle) is around the north, northeast, northwest and southeast of the
study area.
i. Drainage area
The drainage area of the Holeta watershed is 40821ha lying in 60 micro/ sub-watersheds. It is
the upper part and 0.42 percent area of Awash Basin.
ii. Watershed Length
According to Horton, stream can be classified into different orders. Stream order is a way of
describing a stream by its position in the hierarchy of tributaries. First order streams have no
tributaries. Second order streams are streams whose tributaries are only first order streams. A
stream that is third order has only first and second order streams as its tributaries and so on.
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The length of streams in order 1 is 4 km, in order 2 is 25km, in order 3 is 107km and in
order 4 is (main stream) is 16 km. The total length of streams in the watershed is about 152 km
(table 3.3.).
iii. Watershed Slope
Flood magnitudes reflect the momentum of the runoff. Slope is an important factor in the
momentum. Both watershed and channel slope may be of interest (Mekuria Argaw , 2009).
The Holeta watershed slope is 0-66% and 8 % in average. Around 44% area of the watershed is
nearly steep slope land.

Figure 3.4. Digital Elevation Map
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iv. Watershed shape
Watershed has an infinite variety of shapes, and the shape supposedly reflects the way that
runoff will ‗‘ bunch up‘‘ at the outlet (Mekuria Argaw, 2009). The shape of Holeta watershed
is nearly elliptical.
Table 3.3: Morphological and Drainage Characteristics of Holeta Watershed
Area
Compactness
Form factor
Max height
Min height
Average height
(km2)
coefficient(*1)
(*2)
(m)
(m)
(m)
408.21
149.2
0.23
3356
2063
2445.5
Drainage
Horton Stream order (km) (*5)
Average of slope
density
(%)
1
2
3
4
5
(*4)
8
0.37
4
25
107
16
0
Length of
Average main
Time of
Length streams (km)
main
stream (%)
concentration
stream
(hr) (*3)
(km)
16
73
0.49
152
Note (*) (number)
(*1) Gravelius Equation [ Kc = 28P/A0.5 : area (km2),P: perimeter (km)]
(*2) Form Factor in Horton Equation [(F=A/L 2) A: area (km2),L:
Length(km)]
(*3)Kiripich Equation [Tc(hr) = 0.0003L 0.77*S -0.385); L: length of
stream (main)];S: Average of watershed slope (m/m)]
(*4) Drainage Density Equation[Dd = L/A: L: Length streams (km),A: area
(km2)]
(*5) Horton Stream Numbers
Sources:- Adapted from Safamanesh et al., 2006

v. Drainage density
The drainage density is the ratio of the total length of streams within the watershed to the total
area of the watershed (Mekuria Argaw, 2009). The drainage density of the Holeta watershed is
0.37 km/km2. The stream order is a measure of the degree of stream branching within a
watershed. Stream order of 1, 2, 3 and 4 has number of streams 30, 8, 2 and 1 respectively (
table 3.3 and figure 3.5).
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Figure 3.5: Drainage map

3.2 Methodology
3.2.1. Materials and Softwares
Materials that are crucial and determinant factors for the success of this research are GPS,
Compass, Topomap, Ruler, Digital camera, Munsell soil color chart, Tap meter, Remote
Sensing and GIS (LANDSAT, ERDAS, and ArcGIS, Archydro, and ENVI) .
Purpose of materials
As describe above these materials are very purposeful for the attainable of the aim of the
research on time and effectively. The purposes of materials are described in table 3.4.
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Table 3.4: Purpose and description of the materials and softwares used
1

Materials

1.1

GPS(Garmin GPS)

Purpose and Description
Used to identify site on the topo map
Used to indicate right direction, altitude. UTM

1.2

Compass

Used for direction location on field survey

1.3

Topomap

To delineate the watershed on the topomap
To prepare digitize and referenced
Prepare Ground Control point (GCP)

1.4

Munsell soil color

To investigate soil color

chart
1.5

Remote sensing

Used to assess land use land cover change dynamics

1.6

GIS

Used to develop land use land cover map, erosion risk,

1.7

Tap meter

Measure length, dimension of Earth fill dams

1.8

Digital Camera

Taking existing land use, earths fill dam and available things
pictures.

2

Different software

2.1

DEM

Watershed delineation of Holeta watershed
To generate slope length (L) and slope steepness( S)

2.2

ERDAS System

Geo referencing the toposheet, Subset, Land use/land cover etc

2.3

ARCGIS System

Color ramp and others

2.4

ARCMAP/Arc Catalog

Displaying and viewing Spatial Datasets in Arc Map

2.5

ArcHydro

Watershed ,and Micro/sub watersheds delineation,

2.6

ENVI

Change detection Matrix

2.7

3DEM

2.8

Arc Scene

DEM rasterizes
3D analysis

2.9

SPSS

For socio-economic and Multinomial Logit analysis

2.10

Word and Power point

Documentation and presentation

2.10

Excel

Data calculation, graph and for GPS data preparation
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3.2.2. Research Design, Data samples and data collection
The research type is Survey and the survey designs are as follows:a. Reconnaissance survey:
The reconnaissance surveys undertook using observational trip/ transect walk from up slope
zone to lower slope zone by identifying resources and erosion features. Soil textures and soil
color of the study watershed observed in the field by the assistance of feeling methods and
Munsell soil color chart respectively. The land use/ land cover change and causal factors of
erosion risks assessed and GPS data collected in the study watershed by physical features
observation like rill and gulley erosion remnants (figure3.7 and appendix 6).
b. Stream/ hydrological survey
The area of watershed subdivided into three hydrological structural zones. These zones are
upper zone (>30% slope) where there is assumed to be high stream embankment erosion risk,
middle zone (10-30% slope) where there is assumed to be relatively high erosion risk and more
earths fill dams destroyed and lower zone (≤10%) where there is assumed to be high erosion
risk.
c. Conduct House Hold survey and Sample size
The soil erosion risks‘ status assessed using satellite image interpretation. Based on assessment
result guidance, prioritize Peasant Administration (PA) that highly eroded area by through field
survey and ground truth. The highly eroded PAs listed and sample size decided based on
statistical formula.
Statistical considerations and data collection procedures, sample sizes are systematically
determined, by employing the Probability Proportional to Size (PPS) sampling method, in
order to avoid bias. Bias depends on the selection procedure, not on sample size.
The sample size of the study was determined according to Freund and Williams (1983)
formula. The following simple formula applied:n = Z2p (1-p)/d2 ------------------------------------------------1
Where:- n = required sample size
Z =Z statistic for a level of confidence at 95% (Standard value of 1.96),
P = expected prevalence or proportion of attribute, which is estimated at 96% due to the
fact that 96% of the rural population in the study Wereda are employed in farming Activities
(CSA, 2007)
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d = precision (in proportion of one; if 5%, d =0.05).
n = Z2p(1-p)/d2 = (1.96)2(.96) (.04)/(0.05)2= 59≈60. ---------------- 2
The sample sizes of sixty households are distributed over the six PAs that are equally
distributed between six PAs accounting for 10 farming households in each PA. A target of ten
(10) households and the six (50%) of PA sampled population was expected to participate in the
formal interview.
A 95% confidence level and an error margin of less than 5%, is considered representative, and
has statistical significance that facilitates the collection of information on socio-economic and
physical factors that influence on soil erosion under investigation and the making of valid
statistical inferences. Where simple random sampling is involved, the sample size was
calculated using a standard formula, according to Freund and William (1983). Simple random
sampling is the simplest form of probability sampling. Random numbers were chosen using a
random number lot.
From the lists of prioritized Peasant Administration, six Peasant Administrations were
randomly selected for socio-economic survey participation. These are Berffeta Tokofa, Elala
Gojo, Nanno Genet, Ulafoyata, Wajetu Wato Dalecha and Wechecha (figure 3.6)
Semi-structured questions prepared for the survey. A test survey was conducted and semistructured questions were adjusted. A list of farmers identified and collected from the
randomly selected Peasant Administration(PA). The selection criteria of interviewers were
based on assessment of satellite image erosion risk status and farmers‘ population in the study
watershed. The erosion risk areas in the watershed were classified by the satellite image
interpretation. The household‘s population distributions in the watershed are 33%, 50% and
17% in the upper zone, middle zone and lower zone respectively. The total number of
participants in the survey was 60. The numbers of Participants in each of slope zones were 20,
30 and 10 by from upper, middle and lower slope zones respectively.
There are different documents and documentation types in the Peasant Administrations. The
numbers of Households vary from document to document within a PA and among PAs. Tax
pay document is one type and common for all PAs. Tax pay documents were selected as
sources. The lists of taxpaying farmers were collected from PA administration. The minimum
and maximum page numbers of the tax pay document are10 and 13 respectively. From the
page number selected, identified who are the participants, and selected their ID Number. The
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selected page number of the tax pay documents was page 3. Odd ID numbers of participants
were selected from the selected page number of the document.
The enumerators were familiarized by giving orientation and working guidance on the
prepared questionnaire. The enumerators conducted socio-economic survey. The short lists of
the enumerators are shown in appendix 7.

Figure 3.6. Socio-economic Map

d. Earth fill Dams assessment
“Earth-fill dam‖ means an earth-fill embankment dam wall primarily constructed of selected
excavated soil materials. There are 15 Earth fill Dams in the study watershed. From the
existing earth fill dams, five (33%) were randomly selected. There is no earth fill dam
construction in Wechecha and Wajetu Wato Dalecha PAs.
The earth fill dams were identified and assessed in the different hydrological structural zones
(figure 3.7). The top and bottom of the earth fill dams‘ dimensions were measured; recorded
and raw data were collected. The mid area of the earth fill dams calculated by trapezoidal
formula, and the bottom, mid and top areas of the earth fill dams were calculated by
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trapezoidal formula. The volume of each earth fill dam was calculated using trapezoidal
formula.

Figure 3.7: Assessed Earth fill Dams Map in the Holeta watershed

3.2.3. Data and Resource
Secondary Data
Necessary secondary data for the study were collected from different sources that are available
and from different Organizations which work in the watershed. Some of the Organizations
are Welmera Wereda Agriculture office, Welmera Wereda land and Environmental protection
office, Holeta Agricultural Research Centre, Holeta Bee research Centre, National
Meteorological Agency, Ethiopian Mapping Authority and Ministry of Water and Energy.
These are the main sources of secondary data. Moreover, visits to other statistical offices,
agricultural Bureau, wereda extension centres and important person for the research were
undergone and consulted to collect the required data for the study.
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Complementary data were generated from relevant studies, especially from a research project
on community-based watershed resource management conducted by the Ministry of
Agriculture, Addis Ababa Ethiopia, and other studies conducted in the area.
i.

Primary Data

The nature of the study required detailed primary data and information from farmers on the
land use practices. The participants were disproportionate, stratified and randomly sampling
design was used to select a sample of 60 farmers for interviews.
Questionnaires, which focused on land use practices, inputs and outputs of the land use
systems as well as the socio-economic and institutional characteristics of the farmers, were
used in the interviews (Appendix 9). The respondents were the current farm operators; and the
heads of the farm households who made land use decisions. Farmers‘ perception assessment
was undertaken based on soil erosion risks conditions with data collectors.
Data sources
Multi-temporal satellite data used in this study included Landsat (TM) acquired in November,
1984 from free Global land Cover Facility(2003) and Spot, December, 2006 from Ethiopian
Mapping Authority (path 169, row 54). Field data collection was conducted in December 2010
– February 2011. Different LULC types, such as, Agricultural, Forest, Pastureland, water body,
settlement and Barren land/Open area/degraded/outcrop rock

were identified.

Random

coordinates from each land use collected with a Garmin GPS model 60 device (Appendix 3).
These data used as training samples for supervised classification of TM and Spot 5 data. A
detailed description of LULC classification performed using Maximum Likelihood (MLC) (Lu
et al., 2004). It involved the selection of samples of identified locations on the map, which
were checked in the field. In carrying field validation, GPS coordinates of 18 locations and
waypoints together with their respective cover classes were collected (Appendix 3). The
coordinates were geo-coded in the classified maps and then the classified map compared with
the actual field situation.
Rainfall data within the study area, from 1969 to 2006, were collected from National
Meteorological Agency and Holeta Agricultural Research Center.
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Holeta
Research
Center

National Meteorological Source
Agency
of
Organiz
ation

Table 3.5: Information of Meteorological data
Station
Addis
Ababa
(Tikur
Anbassa)
Ginchi
Gurand
Meta
Kimoye
Teji
Holeta

Station location
with respect to
Holeta Watershed
Outside(east)

Data year
1969 to 2006

Outside(west)
Outside(north)

1969 to 2006
1969 to 2006










Outside(west)
Outside(South)
Inside (center)

1980 to 2006
1974 to 2006













1974 To 2006

Meteorological data
Rainfall
Temperature (0C)
(mm)
Maximum Minimum




 Collected data
Topographic maps/Toposheet 1:50,000 scale, 20m contour interval, produced by Ethiopian
Mapping Authority. The data used in the study involve Remote Sensing imagery and
hydrologic data. Landsat Thematic Mapper (TM) image acquired in 1984 (bands 4, 3 and 2)
and DEM (University of Maryland, Global Land Cover Facility, 2003) and mosaic spot-2006
(scale of 1:100,000) obtained in 2006 from Ethiopian Mapping Authority. The photographs
and images were processed using ERDAS IMAGE, ArcGIS, and ENVI and excel softwares.
The topographic map (1:50, 000) also used to generate the composite images of 1984 and
2006, respectively, with identical projection coordinates (Transverse Mercator Projection) and
scale (1:50 000).
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3.3. Data analysis
3.3.1. Pre processing
Image data is in a form that can be used for classification. A number of processes were
involved and lumped. Typically, they are Image import, Image rectification, Image subset,
Data transform and Layer stack. Watershed delineation processed from DEM by ArcHydro
software. The Study area shape file was prepared from delineated watershed by converting
raster to vector. Satellite images and raster sub setting also performed by the assistance of the
shape file of the study area.

3.3.2. Image Classification
There were six LULC classes in the watershed and identified using satellite image
interpretation

as well as in the field. These are Agricultural land, forest, pasture land,

settlement, water body and barren land. Description of these land cover classes is presented in
table 3.6. Two dated Satellite images were compared using supervised classification in
maximum likelihood technique. In the supervised classification technique, two images with
different dates are independently classified. Accuracy assessment classifications are imperative
to insure precise change-detection results according to Jensen, (2004). Supervised
classification method was carried out using training areas and test data for accuracy
assessment. Maximum Likelihood Algorithm was employed to detect the land cover types in
ERDAS Imagine 9.3.
Table 3.6. Land cover classification scheme
S/No Land cover
classes
1.
Agriculture
2.
Settlement
3.
4.
5.
6.

Pasture
Forest
Barren
land/outcrop
rock
Water bodies

Description
It stands for field crops such as Wheat, Barley, Teff, Sorghum,
It stands for buildings, rural villages, Investment and campus
are classified together
It stands for Areas consisting of short vegetations
It stands for Areas with tree species cover
It stands for exposed rock without vegetation; land without
vegetation
It stands for Rivers and seasonally swampy areas
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3.4. Assessment of Erosion Risk
Landsat TM images and GIS analysis techniques are used for land degradation and erosion
mapping ( Szabo et al., 1998). One of the most important factors to determine soil erodibility is
the vegetation cover. The erosion risk decreases as plant intensity rises. Remote Sensing data
to determine vegetation cover and land use related to soil erosion was successfully applied by
Morgan, (1978) and Berney et al. (1997).

3.4.1. Land use/land covers change detection
There are most commonly used land change detection methods for erosion assessment. From
these methods, classification comparison of land covers statistics used in this research. This
method was adopted because the study sought to find out the quantitative changes in the areas
of the various land cover categories. Using the post-classification procedure, the area statistic
for each of the land cover classes was derived from the classifications of the images for each
date (1984 and 2006) separately, using functions in the ERDAS Imagine software. The areas
covered by each land cover type for the various periods were compared. The directions of the
changes (positive or negative) in each land cover type 1984 and 2006 were determined.
The LU/LC change area tabular showed in hectares and in percent for each year (1984 and
2006) against each of land cover types. The comparison of the LU/LC statistics assisted in
identifying the change in percent, trend and rate of change between 1984 and 2006. Percent
change to determine the trend of change calculated by dividing observed change by sum of
changes multiplied by 100
(Trend) percent change = observed change /Sum of change * 100------------------------------ 1
In obtaining annual rate of change, the change in percent divided by 100 and multiplied by the
number of study year 1984-2006 (23years). Markov Chain Analysis is a convenient tool for
modeling land use change when changes and processes in the landscape are difficult to
describe. A Markov process is one in which the future state of a system can be modeled purely
on the basis of the immediately preceding state. Markov chain analysis will describe land use
change from one period to another and use this as the basis to project future changes. This is
achieved by developing a transition probability matrix of land use change from time one to
time two, which shows the nature of change while still serving as the basis for projecting to a
later time period .The transition probability may be accurate on a per category basis, but there
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is no knowledge of the spatial distribution of occurrences within each land use category.
Hence, Cellular Automata (CA) was used to add spatial character to the model.
CA_ Markov uses the output from the Markov Chain Analysis particularly Transition Area file
to apply a contiguity filter to ―
grow out‖ land use from time two to a later time period. In
essence, the CA will develop a spatially explicit weighting more heavily areas that proximate
to existing land uses. This will ensure that land use change occurs proximate to existing like
land use classes, and not wholly random. Overlay operations which is the last method of the
three, identifies the actual location and magnitude of change although this was limited to the
built-up land.

3.4.2. RUSLE Model and its factors generation
To attain the primary objective of this research, Digital Elevation Model (DEM) and landsat
TM image are used with the RUSLE model. This method mainly consists of five steps as
shown in figure 3.8.
The five major component factors (rainfall pattern, soil type, topography, crop system, and
management practices) are used in RUSLE for computing the expected average annual erosion
through the following equation (Renard et al., 1997):
A = R. K. L.S. C. P ------------------------------------------ 1
Where: - A is the computed spatial average soil loss and temporal average soil loss per unit
area (t/ha /year),
R is the rainfall-runoff erosivity factor [MJ mm/(ha h year-1)],
K is the soil erodibility factor [t ha h/(ha MJ mm)],
L is the slope length factor,
S is the slope steepness factor,
C is the cover management factor, and
P is the conservation support practice factor.
L, S, C, and P are all dimensionless.
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Figure 3.8: Flowchart for creating a RUSLE-based erosion risk map
I. Rainfall Erosivity (R)
The numerical value used for R in RUSLE and USLE must quantify the effect of raindrop
impact and must also reflect the amount and rate of runoff likely to be associated with the rain
according to Renard, et al., 1997. Rainfall erosivity defined as the aggressiveness of the rain to
cause erosion (Lal, 1990). The most common rainfall erosivity index is the R- factor of
RUSLE (Renard et al., 1996). The R- factor is considered to be the most highly correlated
index to soil loss at many sites throughout the world (Aronica and Ferro 1997, Ferro et al.,
1991; Mikhailova et al., 1997; Renard and Freimund 1994; Yu and Rosewell 1996a, b).
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The R -factor for any given period obtained by summing for each rainstorm the product of total
storm energy (E).

Since pluviograph and detailed rainstorm data are rarely available at

standard meteorological stations, mean annual (Banasik and Goˆrski 1994; Renard and
Freimund 1994; Yu and Rosewell 1996c) and monthly rainfall amount (Ferro et al., 1991) have
often been used to estimate the R- factor for the USLE.
In an effort to estimate the R- factor using monthly and annual rainfall data, Renard and
Freimund (1994) proposed the use of both mean annual rainfall depth P and the previously
introduced by Arnoldus, (1980) modified Fournier index, F, which is defined as:
S F=

-------------------------------------------------- 2

Where pi, is the mean rainfall amount in mm for month i. According to Arnoldus, (1980) the F
index is a good approximation of R to which it is linearly correlated. Moreover, by using mean
annual rainfall data (Bergsma 1980; Bolinne et al., 1980; Gabriels et al., 1986). The F index is
strongly linearly correlated to the mean annual rainfall even in the case of seasonal variations
in precipitation according to Aronica and Ferro, (1997).
The adapted RUSLE (USLE) to Ethiopia
A (t/ha yr) = R.K.LS.C.P -----------------------------------------------------3
R = -8.12 +0.562* mean annual precipitation

----------------------------4

Hurni (1985), (Hellden (1987)
In general, the survey conducted to describe existing conditions of erosion risk by investigating
the causal factors such as land use land cover change and dynamics with GIS (spatial analyst to
interpolate to Raster to Spline, figure 3.9).
II. Soil Erodibility Factor (K) Index
The value of K ranges from 0 to 1. Hellden (1987) developed a USLE/RUSLE for Ethiopian
condition by adapting different sources and Proposed the K-values of the soil based on their
color.
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Figure 3.9: R-Factor Map
However, the soil data of the study area were in their geomorphologic names not in their
color. An attempt was made to classify the soil types of the study area based on their color by
referring the FAO soil database. The vector format of the FAo soil map was converting into
raster gride and reclassified into three soil colors. These three soil colors are Brown, Red and
Black and soil groups are Cambisols, Nitosols and Vertisols respectively. Hence, the K values
of the study area are three different soil color types as shown in table 3.7.
Table 3.7: Soil Erodibility Factor
Soil color
Black
Brown
K factor
0.15
0.2
Source:- adopted from Hellden, 1987

Red
0.25

Moreover, the basic soil data set was found in vector format in FAO soil map. After changing
the vector format into grid, the grid data set was reclassified based on K-value of each soil
class in ArcGIS 9.3(figure 3.10). The color of Vertisol, Cambisol and Nitosol is Black, Brown
and Red respectively.
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Figure 3.10: Soil map
III. Slope-length (L) and slope steepness (S) factors
The influence of topography on erosion is complex. Local slope gradient (S sub factor)
influences flow velocity and thus the rate of erosion. Slope length (L sub factor) is a concept to
describe the distance between the origin and termination of inter-rill processes; termination is
either the result of the initiation of depositional processes or the concentration of flow into rills
(Renard et al., 1997).
The L and S factors in RUSLE reflect the effect of topography on erosion. It has been
demonstrated that increases in slope length and slope steepness can produce higher overland
flow velocities and correspondingly higher erosion (Haan et al., 1994). The specific effects of
topography on soil erosion are estimated by the dimensionless LS factor as the product of the
slope length (L) and slope steepness (S) constituents converging onto a point of interest.
The Digital Elevation Model (DEM) of the study area with a cell size of 91 m was used for the
calculation of the LS factor. There are many formulas capable of calculating the L and S
factors.
In the new array-based framework that has been adopted( equation-7), the overall flow pathbased iterative slope-length accumulation and LS factor computation steps were performed
45

inside Arc- Info Grid. using the RUSLE Version2 (an AML) (Van Remortel et al., 2001). As a
result, each 91 m cell of the grid surface of each one of the watersheds assigned an LS value
(figure 3.12).
L = (pow([Flowacc] +91,([0.3] + 1)) - pow([Flowacc],[0.3] + 1)) / (pow(30,[0.3] + 2) * pow(22.13,[0.3]))---5

Slope Steepness (S)
Using Con toolset in ArcGIS 9.3, value of S was determined using the following expression:

S =Con(tan([slop] * 0.01745) < 0.09,(10.8 * sin([slop] * 0.01745) + 0.03),(16.8 * sin([slop] * 0.01745) - 0.5))----------------6

After determining the L and S for each grid cell, the LS factor was then determined by
multiplying the L and S values in ArcGIS 9.3 and a map of the LS factor produced.
LS = (

0.3

Where: λ is the slope length in meter (m),

s is the slope steepness.

Figure 3.11: LS factor Map
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IV. Cover Management factor (C)
The vegetation cover and management factor (C) represent the effect of cropping and
management practices in agricultural management, and the effect of ground, tree and grass
covers on reducing soil loss in non-agricultural situation. As the vegetation, cover increases,
the soil loss decreases. According to Benkobi et al., (1994) and Biesemans et al., (2000), the
vegetation cover factor together with slope steepness and length factors is most sensitive to soil
loss. In the USLE, the vegetation cover (C) factor is derived based on empirical equations with
measurements of ground cover, aerial cover, and minimum drip height (Wischmeier and Smith
1978). As the C factor ranges between zero and one, a value of 0 was assigned to a few pixels
with negative values and a value of 1 to pixels with value greater than 1.
V. Support practice P-factor
The P-factor is the ratio of soil loss with specific support practice to the corresponding loss
with up and down slope tillage. These practices proportionally affect erosion by modifying the
flow pattern, gradient, or direction of surface runoff and by reducing the amount and rate of
runoff. The P values are between 0 and 1. Because of a lack of information on practices
conservation tillage, adopting P = 1 (Ploughing up and down) over the study area for not
modify the final result(Appendix,2).
Table 3.8: P values for different support practices
Support practice
Ploughing up and down
Strip cropping
Applying mulch
Stone cover (90%)
Intercropping
Dense intercropping
Stone cover (40%)
Source: Hurni, 1985

P Factor
1.00
0.80
0.40
0.50
0.80
0.70
0.80

3.4.3. Earth Fill Dam Erosion Risk
The assessed earth fill dam dimensions measured.

The volume of the earth fill dams

Calculated using the trapezoidal formula and analyzed according to Taffa Tullu, (2002).
V= D (A+4B+C)/6----------------------------------------------------------------------------- 8
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Where V- earth fill dam volume, A is top area of the earth fill dam, B is mid area of the earth
fill dam, C is the bottom area of the earth fill dam and D is the depth of the earth fill dam.
Due to the collapse of earth fill dams by flood, soil loss was estimated by calculating mean
volume of five sampled earth fill dams. The average cross-sectional of the earth fill dams is
shown in figure 3.12.

Figure 3.12: The cross-section of Earth Fill Dam Map

3.4.4. Farmer’s Perception on Soil Erosion Risk
The methodological approach chosen for the empirical analysis of socio-economic and
physical factors that influence on soil erosion is an explorative, econometric one, based on time
series data. The multinomial logit model was chosen for this research. This model makes it
possible to study the identification of major socio-economic and physical features influencing
soil erosion in the context of individually farmer‘s specific data on multiple choice.
The dependent variables are assumed to be ranged from low occurrence (J) (low= 1, Medium=
2, and high = 3). Selected representative independent variables are included. Farmhouse hold
characteristics and land use management characteristics. The following model was applied to
compute the probability of occurrence of soil erosion (J) from selected socio- economic and
physical deriver variables.
P(Y=J) =

------------------------------------------------------ (3)

Where:
Y= is the observed outcome of erosion occurrence
Xi = are the independent variables and
Βj = are the estimated coefficients of unknown parameters
The relationship between the dependent variable and independent variables follows a logistic
curve. The logistic transformation of eq. (4) linear the model, so that the dependent variable of
the regression is continuous in the range of 3-4, as indicated by Eq. (4).
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ln(p/1+p) = β0 +β1x1 + - - -+ βkxi + € - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -(4)
The model assumes that the data are generated from a random sample. There is restriction on
the independent variables, except that they cannot be linearly related. To compute the model,
statistical package of the SPSS Version 19.0 has been used with a maximum likelihood
estimation procedure to find the best fitting set of coefficients. The explanatory factors X1, x2, - - Xi is assumed to be selected independent variables. € is the error due to the polluted
independent variables do not completely account for the variation in P. The parameter β0 is the
intercept and β1 - - - βk are the regression coefficients for the selected independent variables.

3. 4. Actual Erosion Risk
Firstly, soil erodibility, erosivity, and topography layers were overlapped by applying the
―
Raster Calculator‖ tool in the ―
Spatial Analyst‖ extension of Arc GIS v9.3 [ESRI, 2004] in
order to calculate the potential soil erosion risk of the study area. The potential soil erosion risk
is formulated as follows:
Potential Soil Erosion Risk Index=Soil Erodibility Index x Erosivity Index x Slope index (Y)-1
Then, the vegetation cover layer is combined with the potential soil erosion risk layer in Arc
GIS V 9.3 [ESRI, 2004] to generate actual soil erosion risk map. Finally, actual soil erosion
risk map is classified in to three classes; (1) low, (2) moderate, and (3) high, indicating the
specific places.
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4. Result and Discussion
4.1. Assessment of Soil Erosion
Satellite images were used in order to classify the land cover/ use of the study area. The
classes that have been recognized in order to classify Landsat TM for each year are forest,
agriculture land, pastureland, settlement, and water body and outcrop rock / barren land area.

4.1.1. Land use and Land Cover change Detection between 1984 and 2006
The most extensive land cover categories of the Holeta watershed are shown in table 4.1. In
1984, the land cover with highest area was agricultural land covering about 11,104.55 hectare
(27.2). Second is barren land covering about 8,305.45 hectares (20.3%). Pastureland covering
about 7,993.06 hectares (19.7%) and settlement covering about 4,751.86 hectares (11.6%) were
third and fourth respectively. Fifth, forestland covered 4,535.96 hectares (11.1%) and the final;
Water body covered 4,130.12 hectares (10.1%).
Table 4.1. Areas of Land use/ land cover (LU/LC) categories in the period (1984-2006)
1984
LU/LC
Categories
Area in (ha)
Area in (%)
Agricultural
Land
11,104.55
27.2
Pasture land
7,993.06
19.7
Forest
4,535.96
11.1
Settlement
4,751.86
11.6
Barren land
8,305.45
20.3
Water Bodies
4,130.12
10.1
Total
40,821
100
Source: Satellite images interoperated, 2011

Area in (ha)
20,932.62
2,777.1
2,074.48
1,0562.49
777.1
3,097.21
40,821

2006

Area in (%)
51.3
6.8
6.5
25.9
1.9
7.6
100

The area coverage‘s of barren land and pasture land were larger respectively next to
Agricultural land. There were different reasons as indicated by the local community planning.
The major reasons are as follows:-First, in the 1980‘s (during the Derg regime), most
youngsters were taken to war front.

Owning to this, some farmland remained fallow and

there were no agricultural land expansion. Second, the Vertisols (black cotton soils) areas were
not developed. These areas became barren lands or pastureland. And also, there were no
agricultural activities on the vertisol in the summer seasons due to its characteristics. Third,
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there were cultivation practices of vertisol from October to November in some pocket areas for
legumes that have been grown in less moisture. These areas are depicted as barren land,
because land covers of these were no vegetation cover as satellite image interpretation since it
was taken in November, 1984. Because of these reasons, the barren land and the pasture land
coverage were higher in its coverage next to Agricultural land.
In 2006, land cover changes were because of the following justifications. First, the number of
young people increased after the Derg government failed. The demand of farmland was
increased, due to this agricultural land expanded to satisfy the needs of the increased number of
farmers. This has been validated by the result of satellite data analysis. Agricultural land was
increased by 24.1 % (table 4.2). Second, accessibility of fertilizer and improved seeds has their
own contribution on agricultural land expansion, according to respondents reasoning. Third,
Vertisol development program, (Broad Base maker/Maresha-BBM) initiates farmers to change
the vertisol from barren and pasture lands to cultivated land. Because of these reasons, the area
of barren and pasture land have declined drastically in 2006.
The forest coverage also declined to 6.5% (table 4.1), but it is still greater than average forest
cover of Ethiopia. The Wereda

forest coverage is larger due to the existence of Suba state

forest, Finfinnee area forest development Enterprise (Eucalyptus Species which accounts for
more than 55% up to 1989 according to EFAP, (1994) and Managesha Monastery. But the
Forest development Enterprise plantation was converted into Flower-Agriculture Investment. It
was one of the possible causes for forest coverage decrease.
This has also led to increase in the settlement areas since investment areas were categorized
under settlement in the current study. The seasonal swampy areas also declined. This may be
due to two causes 1) Irrigation land expansion 2) Eucalyptus globules species plantation on the
swampy land by local farmers. The latter was purposely practiced to dry out the seasonal
swampy land for other purposes of land uses. The satellite image interpretation has depicted
seasonally swampy land cover change in the study watershed. Suba State Forest and Finfinne
area forest enterprise forest plantation were encroached by agriculture. Settlement land
expanded due to population increase in the rural area (figure 4.1).

51

Figure 4.1. Land use /land cover map of Holeta Watershed for year 1984 and 2006
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4.1.2. Land use and land cover rate of change
Agricultural land and settlement land uses and land covers increased by 24.1% and 14.3%
respectively (table 4.2). The rates of changes were 427.31 and 252.64 hectare per year in
Agriculture and settlement respectively (table 4.3 and fig 4.2). The rate of land cover change
was 80 ha per year or 3.93% decline of vegetation cover in the Holeta watershed that is the
same as the range of high land of Ethiopia Forest shrinkage according to Berry (2003).
Table 4.2: Land use/Land cover class and changes in the period (1984-2006)
Land use/land
cover class

1984

Agricultural
Land
Pasture land
Forest
Settlement
Barren land
Water Body
Total
NB: (-) indicates decreases

Year (ha)

2006

Area in (ha)

Area in (ha)

11,104.55
7,993.06
4,535.96
4,751.86
8,305.45
4,130.12
40,821

20,932.62
2,777.1
2,074.48
10,562.49
777.1
3,097.21
40,821

Changes 1984-2006
Change
Change Area in
Change Area
(ha)
in (%)
+9828.07
-5215.96
-1861.48
+5810.63
-7528.35
-1032.91

+ 24.1
- 12.8
-4.6
+14.2
-18.4
-2.5

(+) indicates increases

Source: Satellite images interoperated, 2011
Table 4.3: Land use and land cover class and changes Rate (1984-2006)
Land use/land
cover class
Agricultural
Land
Pasture land
Forest
Settlement
Barren land
Water Body

1984 (ha)
11,104.55
7,993.06
4,535.96
4,751.86
8,305.45
4,130.12

Year (ha)

Source: Satellite images interoperated, 2011

2006 (ha)

Rate of change
(ha/year)

20,932.62
2,777.1
2,074.48
10,562.49
777.1
3,097.21

+427.31
-226.78
-80.93
+252.64
-327.32
-44.91
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Figure 4.2: Land use/land cover change from 1984 to 2006

4.1.3. Causes of Land cover change
The major causes of land cover change in the study watershed were population growth,
settlement and intensive cultivation and agricultural land expansion. Population growth is
widely recognized as a key force behind environmental change, especially in developing
countries (Bee, 1983, FAO, 1986

and Cohen, 1995).

The population of Welmera Wereda was 83,874 in 2007 and in 1984; the population number
was 43,412 as indicated in figure 4.3. Population increased by 90% within 23 years. In
addition, since the leading economic activity of the community was agriculture, the increase in
population has important implications for the conversion of forest, pasture, seasonally swampy
area and barren land to agricultural land as well as settlement. Furthermore increase in
population also increase the settlement areas. The effect of the high increment in population
(especially Wechecha and Ula Foyeta mountain ranges) has clearly seen in the increase in
settlement (Rural villages). As satellite image (Figure 4.1) and the graph (figure4.2) above
revealed that the open areas of the 1984 changed in agricultural land and settlement in 2006
image scene. Moreover, lack of uniform land administration at the grass root, increased
farming activities and the existence of Juniperus procera in the watershed motivate some local
people for timber logging, which has contribution for the decline in vegetation cover. This is
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because of inadequate education according to survey results. The survey identified that the
people in the communities have not been educated enough concerning the physical interactions
between land use and hydrology (appendix 5).

Source: (CSA, 1989 and 2007)
Figure 4.3: Population increase in the Wereda over the years

4.1.4. Erosion prediction with RUSLE Model
The Rainfall factor (R) of the Holeta Watershed was 593.22 MJ/ha.mm/hr according to adapted
RUSLE/USLE in Ethiopia. The resulting soil erodibility map is presented in figure 4.6. The
map revealed that there is 20.3% of the total area falls under low erodibility, 55.9% under
moderete erodibility and 23.8% under high erodibility. Based upon these, the total amount of
potential soil loss in the Holeta Watershed is about 16,417.30 tons per year from an area of
408.21 km2 (table 4.4).
Landsat TM imagery was classified using maximum likelihood algorithm to determine
different land use categories within the study area. Erosion Risk Map is presented in figure 4.6.
The average measured stream flood of past 33 years revealed that the average peak stream
gauge flood of the Holeta watershed was 11.41m3 /s. A flood volume is 4.11ha.m as shown in
figure 4.4.
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Table 4.4: Soil loss Prediction

Slope
Zone
Low
Slope
Mid
slope
Upslope
Total
Mean

Rfactor
593.22

K-Factor
Soil color Value
Black
0.15

LSFactor
0.59

CFactor
0.1

P-Factor
1

Soil loss
(t/ha)
5.25

593.22

Reddish

o.25

1.86

0.15

1

41.38

593.22

Brown

o.2

5.47

0.6

0.9

350.45
397.08
132.36

Figure 4.4: The average stream gauge flood of Holeta watershed (1975-2008)
The hydrograph of the watershed was developed from the measured stream gauge. The Rfactor estimation and Stream flood gauge are significantly correlated at the 0.05 level.
The RUSLE Model estimated soil erosions in the watershed were similar with the measured
stream gauge in the rainy season but the gauge number in the watershed is one and it is located
at some sub watersheds. It is located on the cross intersection of Addis Ababa to Wellaga high
way and Holeta River (fig 3.1).
According to RUSLE model estimation, the soil losses from 0-10%, 10-30% and >30% slopes
are 5.25, 41.38 and 350.45 t/ha/year respectively. The average annual soil loss in the Holeta
watershed is 132.36t/ha/year. The estimated soil loss was agreed with the study of Awash
River Basin studies by PDRE,1989 which included an average annual soil loss is 200-300 t/ha
or 20,000-30,000 t/km2 .
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4.2. Earth fill Dam Environmental impact
There is an average of 7.5 t/earth fill dam soil loss due to wash away of earth fill dams by
water every year. Land covers change are the main causes for runoff volume increases.
Furthermore, the soil lost from the pasture land was not taken care of by irrigation users and
concerned expertise. The pasture lands were disturbed due to earth fill dam construction (plate
4 1). But it was less eroded than the erosion from the surface of land of one hectare per year as
the calculation revealed.

Plate 4. 1. Excavated Soil from pasture land in the study area.
Source: Field survey, January, 2011
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Plate 4. 2. Earth fill Dam (Dykes) in the study area
Source: Field survey, January, 2011
Table 4.5: The calculated area and volume of assessed earth fill dams
S/No
1
2
3
4
5

Specific
place
Guntuta-2
Markos
Holeta
Bobe
Chancho
Average

Top area (A)
in (m2)
6.89
6.80
66
8.4
6.1
15.70

Mid
area
(B) in ( m2)
8.75
13
59.4
5.9
4.3
15.23

Bottom area
(C) in (m2)
10.35
19.75
50.4
4.5
2.2
14.53

Side slope
(1:n)or(H:V)
0.5:1
0.6:1
0.7:1
0.5:1
0.5:1

Height(m)

Volume (m3)

0.85
0.87
2.75
1.25
1.3
1.17

7.4
11.39
162.25
34.2
4.25
43.9

Source: Field survey, January, 2011
As depicted above in table 4.5, the soil loss has been range between 0.07 cm per ha per year to
1.6 cm per ha per year due to the construction of one earth fill dam and it being washed away
by peak flood(appendix 11). The soil remaining on the excavated pastureland (site) was also
easily lost by erosion, since it has already been disturbed (Plate 4.1). According to PDRE
(1989) the average annual soil loss of Ethiopia is 200-300 t/ha or 20,000-30,000 t/km2. The
PDRE study result did not consider the soil loss from the earth fill dam. The results revealed
that the average annual soil loss in Holeta watershed is 132.36t/ha/year. In addition to the
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annual soil loss from the land surface by erosion, there was 112 t soil losses from 15 earths fill
dams that were constructed for irrigation purposes in the watershed. Most decision and plan on
soil conservation made by development planners were not taking into consideration factors like
soil loss due to the wash away of earth fills dam. Similarly, the soil losses due to earth fill dam
wash away by floods are also a recurring activity annually.

4.3. Farmers and Their Land Use
4.3.1. Demographic Characteristics
The selected demographic characteristics of farmers were presented in table 4.6. The family
size ranged from 3 to 8 people with an average of 6.4 and the household‘s equivalent labour
headcount was 3.72 (table 4.6).
The mean age of respondent farmers is about 45 years.

The farmers were low in their

educational level due to lack of educational opportunities. Some of farmer‘s attained their
education only through the Illiteracy Eradication Programmes offered mainly to illiterate adults
during the 1970‘s. Some farmers reported that they had finished the first three grades of
elementary education a long time ago and had forgotten what they had learnt and are unable to
read or write in their local language. They had now become illiterate, however every extension
manual was prepared by local language (Afaan Oromo). According to the respondents, poor
education level of these watershed farmers prevented them from taking advantage of new
knowledge and technologies.
The average number of wage labour days that a farmer household worked until 2007 was less
than 10 Eth. Birr. This indicated that the under-development of the labour market in the
community and there were no job opportunities that reduce human pressure on the land. During
slack periods of rain fed agricultural production, some farmers collect firewood and they were
making charcoal illegally from nearby forest. As nearby forests have already been exhausted,
they have to go farther. The next day they sell the collected firewood at the local market,
Holeta and Menagesha towns. This increases soil erosion since vegetation cover declines and
erosion intensity increases.

Because vegetation cover plays a crucial role as erosion is

significantly reduced under thick cover(Renard et al., 1997).
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Table 4.6: Selected Socio-economic Characteristics of Respondent Farmers
Characteristic of
respondents
0
Mean household size
Mean family labour
Mean age of the
respondents
Mean length of stay
(year)

Whole sample
(n=60)
1
6.4
(2.08)
3.72
(1.51)
44.91
(10.68)
18.63
(5.04)

Agriculture
(n=45)
2
5.98
(2.07)
3.58
(1.44)
42.64
(11.48)
14.33
(2.35)

Agriculture and
off farm(no=23)
3
5.57
(2.18)
3.11
(1.03)
40.96
(8.15)
20.1
(4.65)

Source: Field survey, 2011
Note: Standard deviation in parentheses
4.3.2. Income

Household income was defined in the survey as the sum of cash income from agricultural crops
and livestock from100% respondents, vegetables and forest products sales and non-farm
activities were 80% of respondents. It was found that the annual income level of respondent
households was very low, about thousand Eth. Birr and varied across individuals of
respondents.

A high proportion of about 100% of the income generated was from crop

production and animal production. Income from

forestry accounted for a small proportion.

This is because at present, few farmers have yet harvested their forest plantations and hence
income from forestry is expected to increase in the near future. Upland watershed respondents
had the lowest income levels. All of them are poor. Meanwhile, mid slope zone respondents
had the highest annual incomes, because there was irrigation potential. The majority of mid
zone respondents were more business-minded and lived in more advantageous locations
compared with the upland because of the natural resources access like water for irrigation.

4.3.3. Land Use
The socio-economic and topographical complexity of Holeta watershed determines the land
use patterns of farming households as presented in table 4.7. Although Holeta watershed is an
upland area with a low population density of about 50 people per km2, the cultivated land area
per household was found to be only 1.74 ha or 0.27 ha per capita. However, it would be noted
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that the actual landholding hectare may have been underestimated because a number of farmers
at mountain ranges illegally grew crops in conserved forests (Forest encroachment) and these
crop parcels were not reported and statistically was not accounted for. On the average, each
household had about four to five land parcels. Landholdings and number of parcels per
household were a little greater than the average for the whole samples as they practised fallow
cultivation.
Of the whole samples, more than two-thirds of household landholdings were used for wheat
and barley. Land use under Agro-forest accounted for a small proportion of household
landholders. Upland farmers cultivated both wheat and barley in only about one-half hectare
per household. This limited area coupled with the low wheat yield resulted in food shortage for
the commune. Wheat yield declineness also observed in Wereda Agricultural office report.

4.3.4. Multinomial Logit Model for Erosion Risk Table 4.7: Land holding characteristics of
the respondents
Land use system
Number of parcels
Total landholding
(ha)
Upland slope
barley(ha)
wheat (ha)
irrigation (ha

Whole sample
(n=60)
4.7
(1.89)
1.96
(0.76)
1.74
(0.83)
1.82
(0.72)
1.83
(0.76)

Agriculture
(n=37)
3.78
(1.18)
2.04
(0.76)
1.74
(0.83)
1.82
(0.72)
1.83
(0.76)

Agriculture and off
farm Both (no=23)
6.43
(1.75)
(0.76)
(0.76)
0
0
0
0
0
0

Source: Field survey, 2011
Note: Percentage of total in parentheses

Based up on farmers‘ characteristics that explained above, the most frequently mentioned soil
erosion indicators were soil becoming coarse and stony, followed by rill formation, dissection
of fields and gullies and topsoil removal (Appendix 6) .
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Selected

representative

independent

variables

and

soil

conservation

management

characteristics are farm household and Land use management Characteristics.
1. Farm household characteristics
From the sampled farmers, 18.3% of farmers have primary education, 11.7% of those have
secondary education, and 5% have high school education and nil of college / university
education. However, 75% of sampled farmers have no access to agricultural training. Due to
these, there were observable awareness problem on the natural conservation activities.
2. Land use management characteristics
In the Holeta watershed, the land is solely owned by the state and farmers as also mentioned by
Negatu et al, (2002). The Farmers have right only to cultivate on it and there is no obligation to
manage it. While, farmers are not willing to invest in erosion control measures other than doing
small farms‘ diversion ditches or erosion diversion ditch. There were small ditches in the Teff
farm land to protect sheet erosion on Nitosols in the up slope zone and drainage ditch in
Vertisol to avoid excess water from the farm land. On otherhand, the trend in land use has been
an expansion of agricultural land and a reduction in forest area including the Subba State forest
in the watershed. Currently, from 60 of the survey respondents, 100% of respondents was
working on agricultural land, 0% on forest land and 100% on grazing and bush land. The
consequence of these trends is thought to be an increase in the likelihood of severe soil erosion
in the past. According to the farmers‘ response, trend of changing number of tillage operation
is increasing indicating that the top soil depth is getting shallower due to continuous cultivation
and erosion.
The respondents explained their soil characteristics with their local terminology. The soil
texture of respondent farmers is sandy loam, sandy soils and silt soil according to 50%, 33.3%
and 16.7% according to respondents respectively. Therefore, most are sandy and sandy loam
soils and very sensitive to water erosion during rainy season (Morgan, 1995). In addition, trend
of using fertilizer amount is increasing year by year probably becauses of nutrient depletion by
erosion and practicing mono- cropping on the upland. According to type of crop management,
83.3% at mid slope and low slope of farmers are practicing weeding and crop rotation together,
16.7% are practicing weeding and fallowing currently. Application of farmyard manure (FYM)
and compost is less than 1% in entire the watershed.
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3. Socio-economic and physical derivers
Based on the erosion occurrence, major socio-economic and physical derivers that influence on
soil erosion risk from framers‘ perceptions and estimated regression equation are as follows;
Ln(p/1+p) = -77.463+11.077EDU +11.165 TLC +39.238CS+54.557TGL ...-0.465EFD + € --1
The independent variables that significantly influencing on Erosion Risk Occurrence in the
farmers‘ fields are:- Household Head Education (EDU) that is 0.000 and <0.05; type of Land
cover (TLC) that is 0.01 and < 0.05; Cropping systems (CS) that is 0.013 and <0.05; type of
Erosion (TOE) that is 0.038 and < 0.05; General Topography of Land (GTL) that is 0.00 and
< 0.05; Occurrence of soil Color changes (OSC)that is 0.000 and < 0.05, and occurrence of
Earth Fill Dam (EFD) that is 0.002 and, 0.05.
From the survey questionnaire, the local farmers were having the impact of the soil erosion, but
they did not take any conservation measures in their farmland as well as in their locality.
According to Miranda (1992) found that many farmers ―
did not understand or are failing to act
on the on-site productivity effects caused by soil erosion‖. Such results underline a crucial
information problem facing farmers.

4.4. Erosion Risk
4.4.1. Farmers’ Perception, Earth Fills Dam and RUSLE Model compare
Finally, to compare and explain the goodness of farmer‘s perception (identified factors) on soil
erosion risk with the estimated soil erosion (spatial data) for the sampled villages; the Root
Mean Square Error (RMSE) was used as a comparison measure. This error would be quantified
the relationship between observed and predicted values.
-------------------------------------------------------- (2)

Where: RMSE - Root Mean Square Error; Pi - the estimated value at sample I‘ Oi - the
observed value at sample I; n - Number of the observation. From the table 4.8, the total value
of Root Mean Square Error is 0.24 and it revealed that using RUSLE Model together with
farmers‘ perception erosion risk may improve the estimation and accuracy of the RUSLE
Model.
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Table 4.8. Comparing Farmers‘ Perception erosion risk, earth fills dam and RUSLE Model
erosion risk. Hydrologic structure Comparing Three Pillars:- Farmers‘ perception, earth fills
dam and RUSLE RMSE.
Table 4.8.Ccompare farmers‘ perception, earth fills dam and RUSLE Mode
Slope Zone
Up
slope(upland)
Mid slope
Low slope

Farmers‘
perception
o.33
0.50
0.17

Comparing Three Pillars
Earth fills dam
RUSLE
0

RMSE

0.05

0.16

0.58
0.30
0
0.65
Total Root Mean Square Error

0.01
0.07
0.24

4.4.2. Soil Erosion Risk
Depending upon the land use and landscape of the watershed, the soil erosion risks were
different. The erosion risk status increased as the forest covers decreased in the mountain
ranges. There are 60 micro/sub watersheds in the Holeta watershed. The status of micro/sub
watersheds erosion risk was different depending on vegetation cover (C) and topographic
factors (LS) as depicted in table 4.9. The wash away of Earth fill dams is an additional soil
loss in the middle zones as shown in figure 4.5 with reddish colour.

Figure 4.5: The soil loss in the different slope Zones
Note: Series 1 is Soil losses by RUSLE Model and series 2 is soil loss from wash away earth fill dam
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Figure 4.6: Sub-watershed/Micro watersheds of Holeta watershed
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Table 4.9: Erosion Risk Status and Rank
Rank

Micro/Sub watershed
(Code)

3

2,9,13,15,17,19,21,
22,45,46,49,52,54, 55, 56,
57, 58, 59, 60

2

3,4,5,6,7,8,10,11,12,16,20
,
23,28,29,30,31,32,33,35,3
6,37,38,39,40, 42,43,44,
47, 48,50,51
1,14,18,24,25,26,27,34,41
,53

1

Numbe
r of
Micro/
Sub
waters
hed

Soil loss
Area
(km2)

Area
(%)

Soil loss
(t/ha/yr)

Annual
soil
loss(ton
per area

Risk
class(per
unit area)

19

82.892

20.3

5.25

1,517.30

Low Erosion
Risk

31

228.12

55.9

41.38

3,597.99

Moderate
Erosion Risk

10

97.195

350.45

11,302.0.1

High
Erosion Risk

23.8

From table 4.9 above,the 23.8 % high erosion risk micro/sub-watersheds were highly risked.
The area is steep slope, and there is intensive crop cultivation. The local land and
Environmental Protection office still gave the first land certification for those farmers who are
plouhing on the steep slope. Like of slope land that is located from Wechecha primary school
to the south, the farmland slopes were greater than 45%. These activities are slso triggers the
erosion phenomena in the area. In this, most land use/land cover changed i.e. into farmland.
During the intensive rain, there was runoff at the foot of hill/mountain due to vegetation
coverage decline. This is also the cause of earth fill dams destruction and high soil loss in the
sub-watershed.
Table 4.10: Erosion Risk Status, Rank and amelioration measurement needs
Erosion Risk
Class
Low Erosion
Risk
Moderate
Erosion Risk
High
Erosion Risk

Area in (ha)
Area in (ha) Area in (%)
8289.2
20.3

Rank

Measurement need

3

Slope in
(%)
0-10

regular

22812.2

55.9

2

10-30

fast

9719.5

23.8

1

>30

Top Urgent
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Figure 4.7. Erosion Risk Map of the Holeta Watershed
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5. Conclusion and Recommendation
5.1. Conclusion
Application of RUSLE model with the integration of GIS helps watershed managers in
assessing and identifying erosion risk areas for undertaking required conservation measures.
According to the results obtained and discussed in chapter four above, the following
conclusions made.
Based on the RUSLE model, the total amount of potential soil loss in the Holeta Watershed is
about 16,417.30 tons per year from an area of 408.21 km2. The average annual soil loss of each
slope zone of the watershed ranges from 5.25 to 350.45t/ha/year. The mean annual soil loss of
the area is 132.36t/ha/year. The result showed that high soil loss (350.45t/ha/yr) was observed
in the upslope of Holeta Watershed.
Out of the 60 micro-watersheds, ten micro/ sub watersheds experience very high erosion rate
with high contribution from C and LS factors. Because the C and LS value changes but the
others remain constants. These Micro/sub watersheds are 1, 14, 18,24,25,26, 27, 34, 41, and
53 hydro ID.
Thirty-one micro/sub watersheds fell under moderate soil erosion (48.88t/ha/yr). Low soil loss
category (5.25t/ha/yr) includes 19 micro/sub watersheds, which are located in the lower reach
(southwestern and the central) part of the study area. This may be due to the low average
surface slope of less than 10% together with plain topography. About 83% of the microwatersheds fall below the annual average soil loss of the entire watersheds.
-The average soil loss from earth fills dam due to being washed away was 7.5 ton per earth fill
dam.
The rate of change of the land use/land cover in the Holeta watershed is 80 ha per year.
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5.2. Recommendation
The present study focus is on erosion risk assessment, based on selected model. Further studies
need to be done in order to assess the conservation measures required for each erosion category
classes. In addition, studies to assess the effects of pastureland excavated for earth fill dams‘
construction on grass- biomass and socioeconomic factors for critical area identified on the
basis of erosion risk should be carried out.
The micro-watersheds that fall under high and moderate category of erosion risk need
immediate attention in their order of soil erosion potential. Possible technologies that may
replace earth fills dam construction practices and mitigate the environmental impact will be
investigated and designed.
Therefore, for reducing further

land degradation, reclaiming the degraded areas and

improving the land productivity of the study watershed, and reducing their peak flood delivery
to lower and middle zones, micro/sub-watersheds having large rate of erosion should be given
first priority during the introduction of intensive and well designed

integrated watershed

management interventions in the study area.
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Appendixes
Appendixes1. Climate data of six stations for Rainfall (mm) and Max/Min
Temperature (0C) for three stations from 1969 to 2006

Rainfall (mm)

Climate

station
Kimoye
Teji
Guranda
Meta
Ginchi
Addis
Ababa(Obs)
Holeta

Jan
16.24
17.90

Feb
41.16
36.5

Mar
74.11
53.15

Apr
92.74
81.12

May
80.48
73.1

Jun
136.316
123.16

Jul
234.45
231.11

Aug
205.84
225.44

Sep
119.34
96.69

Oct
27.14
25.94

Nov
9.728
5.75

Dec
7.28
5.17

12.59
30.21

28.59
46.5

48.411
80.03

68.69
93.02

66.76
95.08

105.98
143.34

223.95
235.71

232.44
247.33

133.88
143.24

26.91
41.95

1.94
13.44

2.12
10.37

19.06
17.89

40.13
35

70.71
60.98

90.72
77.12

91.66
62.95

138.25
111.39

273.36
238.67

291.927
245.53

176.53
123

37.24
23.34

6.6
4.96

9.14
4.79

Maximum
Temperature
(0C)

station
Kimoye
Addis
Ababa(Obs)
Holeta

Minimum
Temperature
(0C)

Average Rainfall of 1969 to 2006 years is 1070mm

station
Kimoye
Addis
Ababa(Obs)
Holeta

Jan
21.49

Feb
21.49

Mar
21.49

Apr
21.49

May
21.49

Jun
21.49

Jul
21.49

Aug
21.49

Sep
21.49

Oct
21.49

Nov
21.49

Dec
21.49

24.03
24.26

25.08
24.14

25.22
25.28

24.92
24.74

25.25
25.69

23.63
23.13

21.25
21.02

21.17
20.33

21.93
21.32

23.11
22.79

23.33
23.58

23.46
24.23

Jan
7.97

Feb
9.07

Mar
10.54

Apr
10.8

May
10.15

Jun
10.7

Jul
10.41

Aug
10.43

Sep
9.57

Oct
7.77

Nov
6.74

Dec
6.46

9.3
9.21

10.68
8.13

12.27
13.11

12.8
13.13

13.03
14.67

12.08
11.34

12
10.23

12.2
7.67

11.84
7.12

10.49
6.54

8.63
1.71

8.06
1.7

Appendixes 2. The universal soil loss equation modified for Ethiopia
Equation A*R*K*S*P
1. R = Rainfall erosivity
Annual rainfall

100

Factor R

48

200 400
104

217

800

1600

2000

2400

441

666

890

1340

2. K = Soil factor
Soil colour

Black

Brown

Red

Yellow

Factor K

0.15

0.20

0.25

0.30

3. L = Slope length
Length (m)
Factor L

5

10

20

40

0.5

0.7

1.0 1.4

80

160

240

1.9

2.7

3.2

40

50

60

320
3.8

4. S = Slope gradient
Slope (%)

5

10

15

20

85

Factor S

0.4

1.0

1.6

2.2

3.0

4.3

4.8

5. C = Land cover
Dense forest

0.001

Dense grass

0.01

Other forest

0.01

Degraded grass

0.05

Bad land hard

0.05

Fallow hard

0.05

Bad land soft

0.04

Fallow ploughed

0.60

Sorghum, maize 0.10

Ethiopian teff

0.25

& pulse

Continuous fallow

1.00

0.15

6. P = Management factor
Ploughing up and down

1.00

Ploughing on contour

0.90

Strip cropping

0.80

Intercropping

0.80

Applying mulch

0.40

Dense intercropping

0.70

Stone cover (90%)

0.50

Stone cover (40%)

0.80

Source: Wishmir & Smith, 1957, Hurni, 1985
S Correlation, Hurni, 1985
K Values from Bomo & Seler, 1983, 1984 and Wegel, 1985
S Extrapolation, Hurni, 1982

Appendixes 3. Field data collected
S/No

Code

Coordinate
x

y

elevation

Soil

Soil

depth(cm)

Color

Land

Soil
stoniness

1

B2001

441890

996113

2585

150

brown

nil

2

B2002

450015

997394

2367

150

brown

nil

3

B2003

449561

996924

2319

150

brown

nil

Structure
granular
granular

Soil order
Nitosol
Nitosol

granular

use

types
Agriculture
Agriculture
Pasture

Nitosol

land

86

granular

Nitosol

settlement

4

B2004

450415

997039

2388

150

brown

nil

5

W001

454623

996904

2710

150

brown

nil

granular

Nitosol

Agriculture

6

W002

454744

995529

2729

150

brown

nil

granular

Nitosol

Agriculture

7

W003

454620

996981

2701

150

brown

nil

granular

Nitosol

Forest

8

Woo4

454741

995941

2753

150

brown

nil

granular

Pasture
Nitosol

granular
9

B1001

449016

996833

2302

150

red

nil

10

B1002

449454

996748

2310

150

red

nil

11

B1003

447410

997208

2272

150

Black

nil

12

B1004

448213

997901

2282

100

Red

nil

13

GB1001

431462

1017563

2102

10

Brown

Water
Nitosol

granular

Nitosol

granular

Cropout

Nitosol

compacted

rock

G1001

442455

1004535

2465

150

black

nil

15

G1002

443145

1002396

2434

150

black

nil

granular

16

K001

442626

1004562

2464

150

black

nil

17

Koo2

442621

1004586

2460

150

black

nil

18

K001

442626

1004562

2464

150

black

nil

land
settlement

land
Pasture

Black/Vertisol

land
Seasonal

Black/Vertisol
granular

Agriculture

Barren
Nitosol

granular
14

body

Pasture
Black/Vertisol

granular

land

Black/Vertisol

granular

swampy
Forest
Water

Black/Vertisol
granular

body
Pasture

Black/Vertisol

land

Appendix 4. Estimated Annual rainfall Erosivit
Fournier index(F)

87

Factor ( R ) (MJ/ha.mm/hr)
Rainfall Erosivity
F=∑i=112Pi2/P = 254.16
R = -8.12 + 0.562p= 593.22 MJ mm/ha hyear-1
Appendixes 5. Respondents family Educational status
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Appendix 6. Field pictures Gallery

Appendix 7. Participants of Interviewers
No

Name

Sex

profession

Education

1

Ato Abdissa Waltaji

M

DA

Degree

2

Ato Dhiba Mekuria

M

Teacher

Degree

3

Ato Feyera Gerbi

M

Land use Register in TTI
the wereda

89

Appendix 8: Error matrix
Reference Data
Classified Data

Settlement

Pasture la

Crop land

Barren land

Forest

Row Total

user

Settlement

847

7

23

12

231

1120

76

Pasture la

3

582

2

0

5

592

98

Crop land

15

3

942

0

0

960

98

Barren land

105

0

0

138

22

265

52

2

0

0

0

21694

21696

100

Column Total

972

592

967

150

21952

24633

98

Produer

87

98

97

92

99

Forest

Average = 87+98+97+92+99/6 =78.8%
Appendix 9: Household Survey Questionnaire
Questionnaire Serial No: ____________

year: - 2010/2011

 General Directions:Pay attention to those of codes assigned by different symbols.
From the given alternative numbers, circle the one that the respondents will select.
Write the additional ideas that the respondents specify in separated sheet or at the back
of questionnaire sheet with serial number.
Do not forgot, greeting the respondents with their understanding language.
Famer‘s perception on soil erosion risk and land degradation
Survey area: Region: Oromiya Zone: Finfinne area special zone Wereda: Welmera
Watershed: Holota sub watershed PA: _____ Village: _______Date of interview:
____Name of interviewer: ____
Name of head of House hold: _________ Sex: __ Age:___ ; Education ______
Respondent name ( if different from the head): ______ Sex: ___ Age: ___ ; Education ____
Part I. House holds‘ profile:A-Demography
N.B. Fill in the order of Head, Spouse, Children etc
90

7.Member‘s
Main activity
for ages> 8
(code c)

6. marital
status(Code
b)

5. Education:
Illiterate=0;lit
erate=1,2,31,
…

4. Sex:
Male=1;
female=2

3.Age(year)

2.
Relationship
to the head
Code a

1.Name(perm
anent HH
member)

ID Code

1
2
3

Code a: Spouse/Husband=1; Daughter/Son=2;father/Mother=3; sister/brother=4;Niece/nephew=5; grandchild=6;
grandparents=7; others (specify)=8; Code b: Single=1; married=2; Divorced=3; Code c: farm work=1;
Domestic work=2( in the house); off-farm work=3 (skilled& unskilled) 1*If the person is still studying,
put a mark‘s along with his grade.

8. For how long have you lived in this village? (Years)._____
Part II. Livelihood resources
Section A. Household Assets
1. Do you have radio=1; TV=2; News paper=3: Others (Specify)=4.( If select one of them, do
the next; if nil, leave the next)
1.1. Do you follow local meteorological information or warnings? Yes=1; No=2.
12. If yes, what do you usually do following the warnings? ---------------------13. Do you have model soil and water conservation practiced areas? Yes=1; No=2.
14. If yes, name them. ------------15. From your lists, what do you learn? ---------------------.

Type of
animals

number

16. Could you tell me what type and number of domestic animals you have?
17. Did you sell any animals in the last five years? Yes=2; which
type? No=2,next section
which

How many?

How much?

Why? (Code a)

Oxen/ Bulls
Cows
Calves
Sheep
Goats
Horses
91

Mules
Donkeys
Chicken
Hives

With
bees=
Withou
t bees=

Others(specif
y)
Code a: To pay for school=1; To pay for labor=2; To pay for tax=3; To buy grain food=4; to buy
inputs=5; to pay for mediation=6; To pay for resources conservation activities=7; others (specify).

Section B. Access to Financial Resources
5. Amount borrowed
loan?(b)

credit=3;
4.Reasons for
others=4
taking the

neighbors=1;Ban
3. Which year
didk=2;
you micro
borrow?

friends or

loan /Credits

2.Sources of

1. Did you take any loan in cash or in kind in the last five years/ yes=1; No=2; Ques. #7
6 .Is loan
paid back?
In

In

Amoun

cash

kind

t

Unit*

Yes=1
No=2

Code b: For resources conservation=1; For local business=2; For household consumptions=3; others=4
(specify). Local units: Kuna, Medabera kesha, Kubaya,Dawula, Tasa, isir/Hidha, Other
units(specify) Estimate of 1 local unit= ________ kg

7. Does anyone of household member has a bank account? Or Credit savings? Yes=1 No=2.
8. Did you give any kind of loan to others in the five years? Yes=1; No=2. If yes Goes to
Que.# 10,11,12 & 13
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much?

yes, how

living away?

Yes=1;No=2; If

1/2

from relatives

receive money

14. Did you

Yes=1; No=2.

13Is loan paid back?

Unit

Amount

In kind

In cash

12.Amount lent
cooperation=2

interest gain=1; for

giving the loan? For

11. Reasons for

you lend?

10. Which year did

9. did you have other sources of icomes? Out of your work.yes=1; No=2. If yes, Que. #14.

Amount (ETH. Birr)

2002
2001
2000
1999
1998

Section C. Access to Social Resources
1. Is any of your member of household a member of community based Organizations?
Yes=1; go to #2. No=2; 2..
2. In which of the following do they participate? Equb=1;Idir+2;Dabo=3;Senbete=4;

In

In

Others

tim

money

(specify)

( X)

(X)

1

5. How
much was
paid out to
you in the
last five
months

much?=2

How

month?=1

per

contribute

do you

many times

3. what was total
contribution in the last five
months?

4. How

HH member
ID code

others specify=5.

2

Section D. Access to Natural Resources
a. Tree species on your Farms
1. I would like to ask you questions about trees that grown in your farmland. Do you have tree
species in your farm land? Yes=1. Go to #2. No=2 ,go to #8.
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species?

major uses of the

think are the

7. What do you

a)

farmland? (code

trees in the

arrangement of

6. What is the

5.what age?

are there?

of each species

4.how many trees

natural?=2.

planted?=1 or

3.Are they

types of species?

2.What are the

Code a: Scattered=1; In lots=2; In lines=3.

8. Do you normally plant trees in your farmland? Yes=1; No=2.
9. If yes, where do you get the seedlings? From government nurseries=1; From NGOs=2 from
private nurseries=3; Own nurseries=4.
10. Do you have the right to use trees in your farmland? Yes=1; No=2.
11. Can you tell us the advantages of having trees in your farmland? 1. Soil fertility
improvement; 2. Fuel wood; 3. Fodder; 4. Shade; 5.Soil erosion protection; 6.Others
(specify)
12. what are the sources of fuel for the household? Fuel-Wood=1; cow dung=2; Charcoal=3;
Crop residues=4; kerosene=5.
13. Where do you get fuel – wood and Charcoal? From Own farmland=1; From nearby state
forest=2; from nearby community forest land=3; from market=4; others (specify)=5.
b. Forest
1. .Is there a forest in your Village currently? Yes=1; N0=2. ( If yes goto#5 or if no, goto
#2,3,4)
2. If no, was there a forest in the Village in the past time? Fill this table accordingly (X) mark
and reasons for deforestation #3. Impact followed #4
years

Yes

No

3.Why was the forest

4. What are the impacts of the

deforested?(Code a)

deforestation? (code b)

Five
Ten
Fifteen
Twenty
Thirty
Code a: population increase=1; agricultural land expand=2; building and infrastructure increase=3; for energy=4.
Others (specify)=5
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Code b: Runoff and erosion increase=1; soil fertility decrease=2; productivity in general decline=3; Chemical
fertilizer utilization increase=4; perennial Spring and streams discharges decrease and dry =5; others
(specify)=6

5. If yes, what type and how much forest? Natural and --------- ha, plantation and ------- ha (use
local units)
6. Who owns the forest? Government=1; Community=2; NGOs=3; Individuals=4; others
(specify)=5
7. What changes have you observed in the forest cover since the last ____ years? Fill the table
with (X) mark.
years

8. Natural forest

9. Natural

10.Plantation

11. Plantation

12. Natural

has disappeared

forest has

forest has

forest has

forest has

decreased

increased

decreased

increased

Five
Ten
Fifteen
Twenty
Thirty

13. Is there anything that you used to get but now lost due to the change in the forest cover?
Yes=1; No=2.
14. If yes, can you tell us what they are? ---------------------------------15. Has the change negatively affected your farmland and the upland in general? Yes=1; No=2.

(specify)

Others

fluctuated

Weather

dried

decreased or

Stream flow

has declined

Crop yield

created

and rills

More gullies

Five

increased

years

Run-off

16. If yes, can you mention some of the negative changes with time?

Ten
Fifteen
Twenty
Thirty

17. Why were the pastureland and Barren land coverage greater next to agricultural land?
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c. Water
1. Source of water for household and agriculture
source

Household

Livestock

consumption

consumption

Agricultural activities

River
Spring
Hand dug well/deep well
Rain
Water harvesting
Others (specify)

2. Are there changes in the water sources? Yes=1; No=2.
3. If yes, explain: -----------------------------Part III. Livelihood Activities
Section A: types of livelihood Activities
1. Types of livelihood activities you engaged in
Livelihood activities
Crop production

Before1986

Between 1986-2000

After 20001

Animal husbandry
Hand craft
Blacksmith
Daily laborer
Pottery
trade
selling firewood
Selling forest products
Others (specify)

Section B. Land holding, land use and Tenure
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1. I would like to ask you questions about all the land your household is using. Please
include all the land owned by you and land that is cultivated by you (even though it

10.What type of crops
are grown on the plots?
(major)

9.What is the slope of
the plot?( code e)

8. How is the fertility of
your farmland soil?(code
d)

7. How did you get the
farmland?(code c)

6. When was it
cultivated for the first
time (year)

5.when did you get the
farmland? (year)

4. ownership (code b)

3. What is the current
use of the plot? (code a)

Unit*

2.Plot
size

area

Enumerator‘s
identification note (crop
types)

Plot

belongs to others). What is the size of you farmland? Please list plot by plot.

1
2

Local units:-Timad=1; Gasha=2; kert=3;gemed=4; hectare=5; massa=6
Code a: Cultivated crop land=1; grazing land =2;woodlots/forest=3; Backyard garden=4;
Unusable=5; fallow=6; Others (specify)
Code b: own=1; Share cropped in=2; share cropped out=3; obtain as loan=4
Code c:inherited from parents=1; Allocated from the family=2; during redistribution=4; given
by local administration=5; purchased/leased=6; Clearing forest=7
Code d:- lem=1 lem-tef=2; tef=4
Code e:- Meda=1;degetama=2;Gedelama=3
11. Has land redistribution ever been done in your village? Yes=1; No=2,Goto 22
12. If yes, how many times? _________
13. Are there environmental problems in the villages after the redistribution? Yes=1; No=2.
14. When did the last redistribution take place?------- years
21.Was the
compensation enough
or satisfactory?
Yes=1;No=2

20. did you receive or
pay any
compensation for the
lost ? if yes, what
kind? ( code c)

19. What kind of
property or land
management and
conservation works
done on the farmland
(code b)

area

gained

Lost

17.What is the size
of land that was lost
or gained
Unit*

Plot No

16.

18.what was the land
used for? (code a)

15. Did you lose or gain any land during last distribution? Yes=1, go to #16; No=2, go to#21

Use above local unit similarly
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Code a:- Cultivated crop land=1; grazing land =2;woodlots/forest=3; Backyard garden=4; Unusable=5;
fallow=6; Others (specify). Code b:- Trees naturally grown=1; Trees planted by the household =2;
Stone terraces=3; Soil bands=4; grass strips=5; Gullies/rill stabilization=6; Others (specify)=7. Code c:
money=1; Substitute land=2; Others (specify)=3

22. have you done or are you currently doing any soil improvement or any soil and water
conservation work on your farmland? Yes=1; No=2.

2
3

4
5

ID

Yes

1

1

No

2

forever

1

No

2

2

2
3

4

When

Idea

where

1

Who 28. If yes. From
#26

27.has any your
family member
migrated to other
areas due to land
shortage?

26. How long do
you think all the
land you have
will remain
yours?

25. is the land
you have now
sufficient for the
household/
Yes

Until I Until
pass to next
my
redistri
children bution

1

I
D

I don‘t
know

Other Lack of The land It is I don‘t Reaso
reasons knowled taken by expensi have n(s)
(specify
ge
governm ve
any
)
ent
proble
sometime
m on
in the
my
future
farm
ID
land

23.

Right to Right to Right to Use for Use for Type 24.what type of
lease out transfer
sell specifie any
of right do you have
d
purpos right on your land?
purpose e

23.If no, what are your main reasons? Select your justification from below table

3

4

5

Part IV. Climate Change Hazards and Adaptations
Section A. Extreme weather events and coping Mechanisms
I would like to know weather related problems you have faced in your area and how you cope
up with these events?
1. Is there any weather related hazards in your area in the last 20 years? Yes=1 to #2;
No=2, go to #14
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measures? yes=1; No=2

or improvement after the

9.Did you see any change

these methods? (code e)

8..How did you learn

(year)

taking these measures?

7.when did you start

#10

Yes=1 code d; No=2,go to

adaptation measures?

6;.Did you take any

the causes? (code c)

5.What do you think are

the problem? (year)

4. whe n did you observe

you observe? (code b)

3.What the impacts did

(code a)

2.What is the problem?

Code a:- Drought=1; heavy rain=2; Flood=3; Strong wind=4; frost=5; heat waves=6; others (specify)
Code b:- Total crop loss=1; reduced yield=2; reduced seeding area=3; Delayed seeding time=4;
Delayed maturity =5; increased pest/disease=6; Others (specify)
Code c: Deforestation=1; Land degradation=2; absence of protection natural resources=3; I don‘t
know=4; others (specify)=5
Code d: Taking the loss ( No Action)=1; Less diversifying crops=2; late seeding=3; seeding short
season crops=4; Zero/minimum tillage=5; irrigation=6; multiple field location=7; Selection of
tolerate crops=8; others (specify)=9.
Code e: from parents (inherited) =1; from neighbors=2; from extension agents (training)=3; From
NGOs=4; From school=5; Others 9specify)=6.

10. If yes ,what are the changes or improvements in your farm land? Soil depth increase=1,
Crop production increase=2, Soil erosion problem decrease=3,earth fill dam destruction
situation decrease=4, Others (Specify)=5.
11. Why didn‘t you take measures? Lack of information=1; lack of finance=2; Lack of
labor=3; lack of efficient labor=4; Other reasons (specify)=5
12. Have you noticed the frequency of these events? Yes=1; No=2; if yes how often? Every
year=1; every 5 years=2; every 10years=3; if other (specify)=4
13. Do you think the problem is a result of the deforestation in your village? Yes=1, No=2
14. What do you think will happen to your farm in the next 10 years if you don‘t take any
adaption measures? I will lose total production from my land by erosion=1; Productivity
will decrease as a result of weather variability=2; Nothing more will happen=3; I don‘t
know=4; Others ( specify)=5.
15. Do you discuss climate change induced problems with your neighbors, local authorities,
extension agents or other community members? Yes=1; No=2.
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16. Have you ever participated in any climate change adaptation work initiated by the above
mentioned agents? Yes=1; No=2.
Section B. Soil erosion/ Sedimentation and protection
1. Is there any soil erosion / sedimentation problem in your farm? Yes=1, go to # 2; No=2, go
to # 12.
2. What are the problems? Erosion=1; Sedimentation=2; Earth fill dams loss=3.
3. What symptoms or indicators did you observe? Sheet erosion=1; Sediments in irrigation
canal and earth fill dams=2; Rill in the farms=3; Surface crusting=4; gullies in the
farms=5; others (specify)=6.
4. When did you observe the problem? (Year).
5. What do you think are the causes? Improper tillage=1; slope/ terrain=2; deforestation=3;
high rain fall=4; Absence of protection measures=5; others (specify)=6; I do not
know=7.
6. Did you take any protection measures? Yes=1; go to # 7; No=2 got o# 12
7. If yes, from parents( inherited)=1; From neighbors=2; From extension agents (training)=3;
from NGOs=4; From school=5; Others (specify)=6
8. When did you start taking these measures? ( year)------9. How did you learn these measures? From extension agents=1; From neighbors=2; From
school=3; others (specify).
10. Did you have seen any change or improvement after the measures? Yes=1; No=2.
11. Why do not take measures? It is costly=1; High labor demanding=2; I don‘t know how
=3; Other reasons (Specify).
12. What do you think will happen to your farm in the next 5- 10 years, if you do n‘t take
protection measures? I will loss portion of my land by erosion=1; productivity will
decrease as the result of top soil erosion=2; Nothing more will happen=3; I do n‘t
know=4; Others Specify)=5.
13. Do you think, earth fill dams wash away by run off? Yes=1 No=2.
14. If yes, do you observe soil loss? Yes=1; No=2.
15. Do you think, earth fill dams wash away by run off? Yes=1, go to # 16,No=2.
16. If yes, do you observe soil loss in this case? Yes=1, go to #17, No=2.
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17. From which type of the land and by what agent? From grazing land and excavated by
human for earth fill dams construction=1, From agricultural land and excavated by
human for earth fill dams construction=2, Forest land and excavated by human for earth
fill dams construction=3, From settlement land and excavated by human for earth fill
dams construction=4, 0thers (specify)=5
Section c. soil fertility decline and management
1. Is there any soil fertility problem in your farm? Yes=1; No=2.
2. On which soil depth? Shallow=1; medium=2; deep=3.
3. When did you realize the problem? (Year).
4. What indicators did you observe? Yield decline=1; Soil structure and color change=2;
increased income demand=3; others (specify)=4.
5. What management practices have you applied? Fallowing=1; Crop rotation=2; inter
cropping=3; manure=4; fertilizer=5; mulching=6; legume trees=7; others (specify)=8
6. How did you learn these methods? From parents (inherited)=1; from neighbors=2;
From extension agents(training)=3; from NGOs=4; from schools=5; others (specify).
7. Did you see any improvement? Yes=1; no=2.
Section D. Resources requirement for Adaptations
1. Is there any resource required at farm level to cope up with climate change? Yes=1, go
to #2; No=2.
2. What are the resources required? Land=1; Saving=2; Credit system=3;insuranc4;
efficient=5; Labor=6; Others (specify)=7.
3. Did you get these resources? Yes=1; No=2. If yes, go to #4.
4. From where did you get these resources? From government=1; NGOs=2; local
community based organizations (Idir, Mahiber, etc)=3; From parents=5; others
(specify)=6;No where=7
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Appendix 10a: Sub-watershed/Micro watersheds of Holeta watershed

Appendix 10b: From above annex11a corresponding area of the Micro/sub-watershed
Area of
Area of

Area of

Micro/Sub-

Micro/Sub-

Micro/Sub-

Micro/Sub-

Micro/Sub-

Micro/Sub-

watershed

watershed(Code)

watershed (ha)

watershed(Code)

watershed (ha)

watershed(Code)

(ha)

1

2019.465

21

410.965

41

1535.53

2

45.6

22

61.3

42

398.63

3

405.965

23

67.865

43

266.03

4

1468.165

24

451.265

44

248.43

5

7624.253

25

964.163

45

79.7

6

31.765

26

1009.27

46

163.63

7

512.565

27

676.965

47

694.03

8

1542.865

28

153.365

48

511.03

9

1751.765

29

328.765

49

42

10

322.865

30

332.965

50

737.63

11

458.865

31

126.565

51

1292.23
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12

599.765

32

29.265

52

428.93

13

1117.465

33

8.265

53

631.93

14

443.765

34

1010.26

54

1034.63

15

76.3

35

64.6

55

311.33

16

348.865

36

270.865

56

68

17

31.765

37

1452.27

57

933.93

18

976.9

38

452.965

58

728.33

19

13.4

39

1122.47

59

297.93

20

448.1625

40

489.865

60

692.33

Appendix 11: Raw data of the earth fill dams
Name of
River

Location
x

y

Top(m)
Elevation(

L

W

Mid(m)
H

L

W

Bottom(m)
H

L

W

Specific
H

place

0

Guntuta-

m)
Bobe

449275 996819

2302

7.66 .90 .85 7.29 1.20 .43 6.92 1.50

lamaffa
Markos

450737 997157

2625

Holeta

446031 999081

2395

9.32 .73 .87 8.28 1.57 .44 8.23 2.40
22

3

2.7

18

3.30

14

3.60

0

Markos

0

Holeta
River

Bobe

449729 999090

2317

8.4

1.0 0.8

7.4

0.8

0.6

6.4

0.7

0

Bobe

Chancho 450737 998075

2627

8.7

0.7 0.9

7.2

0.6

0.5

5.6

0.4

0

Chancho

NB: L=Length, W=width, H=Height
Source: Field survey, January, 2011
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