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Abstract: Loss of soil fertility in agricultural lands and sedimentation in lakes of central rift valley of Ethiopia are major
watershed problem threatening the agro economy in the area. To develop effective erosion control plans through implementing
appropriate soil conservation practices, runoff and sediment yield in Meki watershed was estimated and analyzed using the
SWAT model. The model showed the simulated mean annual surface runoff was 114.03mm and the mean annual streamflow
was 9.41m’/s. Similarly, mean annual sediment load of 13.12 t/ha enters to Lake Ziway. The model was calibrated and
validated on daily and monthly time step for flow and on monthly time step for sediment yield. The results of Nash Sutcliff
Efficiency of 0.71 on daily and 0.89 on monthly time steps for streamflow and its value of 0.80 on monthly time step for
sediment yield during calibration showed that there is a good match between measured and simulated data for both variables
on daily basis and very good match on monthly basis. The potential erosion source areas were identified. Likewise, 51.34% of

the watershed area was found to be potential erosion sources and priorized for erosion control plans.
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1. Introduction
1.1. General Background

Soil erosion is a major global soil degradation threat to
land, freshwater, and oceans [1]. In countries like Ethiopia
whose economy is highly based on agriculture, soil
degradation (the loss of nutrient-rich top soil) leads to loss of
soil quality and hence reduce crop yield. The severity of soil
erosion is caused due to the both of natural effects such as
aggressive climate, steep topography and erodible soil type
and human activities such as land clearing for agriculture and
particularly overgrazing, firewood stripping has resulted in a
rapid acceleration of soil erosion [2]. Sadly, this condition is
being escalated in Meki River watershed in particular and rift
valley lakes basin in general. Soil erosion and nutrient losses
are therefore recognized to be severe threats to the national
economy of Ethiopia and leads to food insecurity [3].

In order to tackle the problem of soil erosion, effective
watershed management at sub-basin level is crucial. Most
recently, watershed management is an approach followed by
the government of Ethiopia to reduce soil erosion in
particular and to reverse land degradation in general (4).
Reliable predictions of the quantity and rate of runoff from
land surface into streams, rivers and water bodies [5] and
assessing spatial and temporal variability of the magnitude
and intensity of sediment yield [6] are needed to support
decision makers in developing watershed management plans
for better soil and water conservation measures.

Therefore, this study is conducted to estimate runoff and
sediment yield, to determine the spatial variability of
sediment yield and to identify the most erosion prone sub-
watershed areas in Meki river watershed.

1.2. Statement of the Problem

Over the last two decades; the existing land and water
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resources system of central rift valley of Ethiopia was
adversely affected by the rapid growth of population,
deforestation and surface erosion. The Meki watershed is one
of the sub watersheds located in a such area under series
pressure of unsustainable socio-economic activities and
hence, under danger of degradation. This is due to sharply
increasing demands for farmlands associated with
dramatically increasing population in order to withstand the
usual chronic famine in the region. The enormous expansion
of agricultural land, especially on the higher and steeper parts
of the watershed has made the topmost soil more vulnerable
to erosion.

As the population of Ethiopia primarily depends on
agriculture to support their lives, the loss of fertile soil would
result in less production. This problem has been an acute
food insecurity in the region. The loss of soil is therefore can
be necessarily defined as the loss of food in country like
Ethiopia. Therefore, this research was addressed to model the
runoff and sediment yield to contribute a lot on the way
towards tackling the problem.

1.3. Objectives of the Study

The main objectives of this study are to predict runoff and
sediment yield and to prioritize the erosion prone areas in
Meki River watershed in order to support improvement of
basin management programs at the sub-basins level.

2. Materials and Methods
2.1. Description of Study Area

Meki River watershed is one of the northern part
tributaries of Ethiopian Rift Valley Lakes basin. The river
takes its rise from upstream of Gurage chained mountains in
Southern Nation Nationalities and peoples of Ethiopian
Regional State and ends emptying its flow to Lake Ziway in
Dugda district of Oromia regional state after traversing for a
length of 100km. It is located between 7°50'00"N to
8°28'00"N latitudes and 38°14'00"E to 38°54'00"E longitudes
(figure 1). The total catchment area upstream of the gauging
station near Meki town is estimated to be 2073.51 Km’.
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Figure 1. Location of study area.

2.2. Tools and Datasets Used

In order to achieve the intended goal of the study, the main
tools used to prepare input data for SWAT model are Arc GIS
10.4.1 software, Arc SWAT 2012 model database, PCSTAT
and DEWPOINT. SWAT-CUP model was used to calibrate
and validate the model outputs SWAT model to characterize
runoff and sediment yield of watershed are: spatial data
(Digital Elevation Model, Landuse Landcover and soil),

meteorological data and hydrology data.

2.2.1. Digital Elevation Model

Digital Elevation Model (DEM) with spatial resolution
of 12.5m x 12.5m was downloaded from Image courtesy
of the USGS Earth Explorer
(https://earthexplorer.usgs.gov/) website as SRTM 1
Arcsecond Global. It was used to delineate the watershed
and sub-watersheds as the drainage surfaces, stream
network and longest reaches on the basis of elevation.
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Meki River watershed has Minimum elevation of 1631m,
maximum elevation of 3612m and mean elevation of
2153.98m above mean sea level (figure 2A). Slope classes

of the study area (four classes) were also derived from the
DEM (figure 2B). The slope classes are required by SWAT
model for the sub-basins HRUs generation.
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Figure 2. A) DEM, B) Slope classes of Meki watershed.

2.2.2. LULC and Soil Data

The Land use and raster soil map of Meki watershed were
also collected from Ministry of Water, Irrigation and Energy
of Ethiopia. The watershed consists of eight major land
use/cover classes (figure 3A). The most dominant one is
Agricultural land (89.49%) followed by grassland (6.33%)

and Forest Cover (1.70%) respectively. There have been also
ten major soil groups identified in the study area based on
FAO soil classification system (figure 3B). Eutric Cambisols,
Eutric Vertisols and Chromic Luvisols are the most dominant
soil types and covers about 70.45% of the total area in
combination.
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Figure 3. 4) LULC, B) Soil classes of Meki watershed.
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2.2.3. Meteorological Data

Meteorological variables (rainfall, temperature, solar
radiation, wind speed and humidity) of six stations (table 1)
for period of (2001-2020) were acquired from the National
Meteorological Agency of Ethiopia. Solar radiation, relative
humidity, and wind speed data were available only for Bui
station. The SWAT weather generator model was used to fill
missed values in weather data of relative humidity, wind
speed and solar radiation.

Table 1. Details of weather monitoring stations in Meki Watershed.

Location (decimal degree)

Name Altitude (m) Class

Latitude Longitude
Bui 2054 1 8.33083 38.55444
Butajira 2000 111 8.15000 38.36667
Ejersalele 2057 v 8.24320 38.68600
Koshe 1878 v 8.00650 38.52530
Tora 2001 v 7.85550 38.42067
Meki 1662 I\ 8.15100 38.81700

2.2.4. Hydrological Data

Streamflow and suspended sediment data at the outlet of
the watershed near Meki town were collected from the
Ministry of Water, Irrigation and Energy (MoWIE) of
Ethiopia for period of 2001 to 2014. Due to the lack of
continuously recorded suspended sediment data, there is a
need to develop sediment rating curve by using the measured
sediment records as a function of the corresponding
streamflow values. The sediment rating curve is a widely
applicable technique for estimating the suspended sediment
load being transported by a river through signifying a
relationship between the stream discharge and sediment
concentration or load [7]. Relatively little scatter in field
measurements is observed when the sediment load is
controlled by the sediment transport capacity. This is due to
the fact that the bed material load directly depends on
discharge. In such cases, variations in sediment rating curves
are due to variability in water temperature, stream slope, bed
sediment size, particle size distribution, and measurement
eITOrS.

For capacity limited sediment transport, the general
relationship of suspended sediment rating curve often fits a
power law of the form:

Qs =ax wa (1)

Where @ is sediment concentration in t/day, Q,, is water
discharge (m’/s), a and b are coefficients usually obtained by
regression analysis.

However, the measured suspended sediment concentration
records collected from the MoWIE was in mg/l while, the
suspended sediment concentration in the general equation of
the rating curve was in t/day. Thus, the measured suspended
sediment concentration in mg/l were converted into sediment
load in t/day by using the following conversion formula:

§$=0.0864+Q, *C 2)
is sediment

where: S is sediment load in t/day, C

concentration in mg/l and 0.0864 is conversion factor.

Linear regression is a very important tool for the statistical
analysis of data. In this work the simple linear regression is
performed to estimate sediment discharge from stream flow
discharge. The simple linear Regression equation is given by
the following equation.

Yi = by + mx; 3)

Where; x; is the dependent variable in this case sediment
discharge, x; is the independent variable (water discharge), m
is the slope of the graph and b, is the intercept.

When we convert the above power function into this form
of linear Regression equation, the equation will become the
following one:

logQs = loga + blog(Q,) “4)

In this case m =b and b, =loga. The regression is
performed by estimating the unknown intercept and slope b,
and m from the given data. By analysis of the regression
function, values were obtained to be “a” =37.98 and ‘“b” =
1.68. From general relationship of suspended sediment rating
curve, the relationship of suspended sediment rating for this
particular study becomes:

Qs =37.98 % Q" ©)

The relationship is known as the suspended sediment
rating curve (figure 4). Using the rating curve equation
continuous time step suspended sediment load (t/day) values
were generated from the daily records of stream flow. The
results were converted to monthly time steps using pivot
table in excel sheet for calibration and validation.
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Figure 4. Sediment Rating Curve for Meki Watershed.

2.3. Rainfall Consistency Test

The consistency of rainfall records from weather
monitoring stations in study area was checked by double
mass curve method. To investigate whether there was
inconsistency for gauging stations in the catchment, groups
of four stations were chosen. The cumulative values of the



159 Aman Bunta and Brook Abate: Runoff and Sediment Yield Modeling of Meki River Watershed Using SWAT
Model in Rift Valley Lakes Basin, Ethiopia

doubtful stations were plotted against the cumulative average
group using Microsoft Excel spreadsheet in developing
double mass curve (figure 5).
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Figure 5. Rainfall consistency check of the selected stations.

2.4. Description of Arc SWAT

SWAT is a river basin, or watershed scale model developed
to predict the runoff, impact of land management practices on
water, sediment, and agricultural chemical yields in large,
complex watersheds with varying soils, land use, and
management conditions over long periods of time [8]. The
program is provided with an interface in ArcGIS for the
definition of watershed hydrologic features and storage as
well as the organization and manipulation of the related
spatial and tabular data [9].

SWAT model divides the catchment into numerous sub-
catchments, which are further divided into the elementary
hydrologic response units (HRUs) of homogenous land use,
vegetation and soil characteristics. The total runoff mainly
depends on the actual hydrologic condition of each land
cover soil type and slope present in the watershed.

2.5. Hydrological Components of SWAT Model

SWAT uses two separate components for the simulation of
watershed hydrologic cycle: the land phase and routing phase.
Hydrological components simulated in the land phase are
canopy storage, infiltration and soil moisture redistribution,
Evapotranspiration, lateral subsurface flow, surface runoff,
ponds and tributary channels return flow. In the land phase of
the hydrologic cycle, SWAT simulates the hydrological cycle
based on the water balance equation given as:

SW = SW, + Z(Rday - qurf —E, - Ws’eep - ng) (6)

Where, SW; is the final soil water content (mm), SWO is
the initial soil water content for day i (mm), t is the days, R,y
is the day precipitation (mm), Qg is the surface runoff (mm),
E, is the Evapotranspiration (mm), Wseep is the seepage
from the bottom soil layer (mm) and Q,, is the groundwater
flow on day i (mm).

2.5.1. Surface Runoff

SWAT offers two methods to estimate surface runoff: the
SCS curve number method [10] and the Green & Ampt
infiltration method [11]. In this study, the SCS curve number
method was used to estimate surface runoff from each HRU
using daily rainfall. It is based on the area’s hydrologic soil
group, land use, treatment and hydrologic condition. The
SCS curve number equation is (SCS, 1972):

Q _ (Rday_ Ia)z
surf (Rday—IatS)

)

Where Q.+ is the surface runoff, or rainfall excess
(mmH,0), Ry, is rainfall depth for the day (mmH,0), I, is
the initial abstraction loss (mmH,0), and S is retention
parameter (mmH,0). The retention parameter varies spatially
due to changes in soils, land use, management and slope and
temporally due to changes in soil water content. The
retention parameter is defined as:

S =254 (% - 10) (8)

Where CN is the curve number for the day. CN allows the
model to modify the moisture condition of the soil to
estimate the surface runoff. The initial abstractions, Ia, is
commonly approximated as 0.2S and by substituting the term
0.2S for Ia, equation (7) becomes:

_ (Rggy—025)?

Qsury = “Raay—085) )
2.5.2. Sediment Yield
The SWAT model uses the MUSLE to compute soil
erosion at HRU level. MUSLE is a modified version of the
Universal Soil Loss Equation (USLE) developed by [12].
USLE predicts average annual gross erosion as a function of
rainfall energy. In MUSLE, the rainfall energy factor is
replaced with a runoff factor. This improves the sediment
yield prediction, eliminates the need for delivery ratios and
allows the equation to be applied to individual storm events.
The Modified Universal Soil Loss Equation is:

Sed = 11.8.(Qs- qp- Anru)**®. (K. C.P.LS) ys 5. CFRG

(10)

Where Sed is the sediment yield on a given day (metric
tons), Qs is the surface runoff volume (mm H,O/ha), g, is peak
runoff rate (m3/s), Aj, 18 the area of the HRU (ha), K is USLE
soil erodibility factor C is USLE cover and management factor,
P is USLE support practice factor, LS is USLE topographic
factor and CFRG is coarse fragment factor.

2.6. Calibration and Validation of SWAT Model

The model was calibrated using the Sequential Uncertainty
Fitting (SUFI-2) algorithm of SWAT-CUP, an interface that
was developed for SWAT [13]. Observed Streamflow and
sediment data computed from rating curve for the years 2001
to 2014 were used in model calibration and validation. The
first two years (2001 to 2002) of the modeling period were
used as ‘warm-up’ period for the model to generate
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reasonable initial values. Data for the period 2003 to 2009
were used for calibration and the dataset of the years 2010 to
2014 were used for model validation.

2.7. Model Performance Evaluation

In this study, the goodness-of-fit between the simulated
and measured variables during both calibration and
validation periods were evaluated using the graphical and
statistical parameters such as Nash Sutcliff Efficiency (NSE),
Coefficient of determination (R?) and Percent bias (PBIAS).

The NSE determines the relative magnitude of the residual
variance compared to the measured data variance. NSE is
computed as shown in equation 11:

n 0. )2
NSE = 1 — 2:1(‘307.1‘3&1)]

2iL1(Q0,i=Q,)?

(11)

Where Q,; and Qs ; are the observed and simulated values

during model evaluation in respective time steps i, 50 is the
mean of observed data values during model evaluation and n
is the number of observations.

The value of NSE ranges between -0 and 1, with NSE = 1
being optimum value. Values between 0.6 and 1.0 are viewed
as acceptable levels of performance whereas negative values or
zero indicate that the mean observed value is a better predictor
than the simulated value indicating unacceptable performance.

The R* describes the proportion of variance in measured
data by the model. It indicates the linear relationship between
simulated and observed data and R? is computed as:

2 — [Z?=1(Qo,i_ag)(Qo.i_Qs,i )]2

R = =
2 1(Q0,i~Q4 )2(Qs,i—05 )2

(12)

Where 55 is the mean of simulated data values during
model evaluation. R* ranges from zero to one, with a value of
0 indicating no correlation and a value of 1 representing that
the predicted dispersion equals the measured dispersion [14].
Pbias (percentage of deviation) measures the average tendency
of the simulated values to be larger or smaller than the
observed values. PBIAS is computed as shown in equation 13:

PBIAS = [M £ 100

i1 Qoi (13)

where PBIAS is the deviation of data being evaluated, expressed
as a percentage. The optimum value of PBIAS is 0.0, with low
magnitude values indicating accurate model simulation. Positive
values indicate model underestimation bias, and negative values
indicate model overestimation bias [15].

3. Results and Discussion
3.1. Sensitivity Analysis

Global sensitivity analysis was performed to identify,
evaluate and rank parameters that have significant impact on
model outputs. The rank of sensitive parameters was
determined by using P values and t-state. The smaller the p-
value indicates the more sensitive parameter, whereas the

larger the p-value point toward the less sensitive for the given
watershed [16]. The wvalues close to zero has more
significance. The t-stat is the coefficient of a parameter
divided by its standard error. The larger, in absolute value of
t-stat, the more sensitive the parameter. The sensitive
parameters for Meki River watershed were identified
separately for stream flow and sediment yield (tables 2 and 3).
Curve number (CN2) and Average slope length (SLSUBBSN)
are the most sensitive parameters respectively for streamflow
and sediment calibration.

Table 2. Sensitivity rank of streamflow parameters.

Parameter Name t-Stat P-Value Rank
R _CN2.mgt -8.37878 0.00000 1
V_ALPHA BF.gw 3.65498 0.00033 2
V_SLSUBBSN.hru 3.15177 0.00189 3
R _SOL Z(..).sol 2.24674 0.02585 4
R_SOL _AWC (..).sol 1.24403 0.21508 5
V ESCO.bsn -1.10393 0.27107 6

Table 3. Sensitivity rank of sediments parameters.

Parameter Name t-Stat P-Value Rank
SLSUBBSN.hru 4.22878 0.00004 1
SPCON.bsn -3.62153 0.00038 2
EROS_EXPO.bsn -2.80285 0.00559 3
SPEXP.bsn -2.53854 0.01193 4
CH _COVl.rte 1.96602 0.05075 5
C FACTOR.bsn -1.40611 0.16132 6

The relationship of flow parameters sensitivity and
objective function of the model was presented by dotty plots
in SWAT CUP-SUFI2 algorithm. Dotty plots are plots of
parameter values vs objective function and, the main purpose
of these graphs is to show the distribution of the sampling
points of sensitive parameter. For Meki watershed, dotty
plots of the first four sensitive parameters are shown as an
illustrative example in figure 6. The X-axis represents ranges
of calibration parameters where, the Y-axis is values of
objective function (Nash-Sutcliffe Efficiency).

3.2. Model Calibration and Validation

3.2.1. Flow Calibration and Validation

Flow was the first output variable calibrated on daily and
monthly time-steps by utilizing a time series dataset from 1*
January of 2003 to 31% December of 2009. The values of
selected model parameters were iterated several times within
a reasonable range during calibration until satisfactory
agreement between observed and simulated streamflow was
obtained. During each iteration, priority was given to add and
adjust most sensitive model parameters so that acceptable
result could be obtained at minimum number of iterations.
Thus, the most sensitive parameter which was the runoff
curve number (CN) were adjusted within +20%. from the
tabulated curve numbers to reflect the conservation tillage
practices and soil residue cover conditions of the watershed.
Model validation for flow was done utilizing five years
measured flow data of the period from 1st January of 2010 to
31st December of 2014. The parameters used in calibration
and their fitted values are given in table 4.
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Figure 6. Dot plots showing most sensitive parameters identified during monthly calibration in Sufi-2 in SWAT-CUP.

Table 4. Calibration parameters and their fitted values.

Parameter Name Fitted Value Minimum value Maximum value Method of variation
CN2.mgt 0.07 -0.20 0.20 Relative

ALPHA BF.gw 0.18 0.00 1.00 Replacement
SLSUBBSN.hru 90.15 10.00 150.00 Replacement
ESCO.bsn 0.53 0.00 1.00 Replacement
SOL_Z(..).sol 0.17 -0.50 1.00 Relative

OV_N.hru 25.28 0.01 30.00 Replacement

SOL AWC(..).sol -0.07 -0.07 0.20 Relative

The results of statistical parameters used in model
evaluation for daily and monthly streamflow during both
calibration and validation periods were depicted in tables 5
and 6. The result showed that there is a good agreement
between measured and simulated daily flows and very good
agreement between measured and simulated monthly flows
during both calibration and validation. However, model
performance during calibration is higher than that for
validation. This agrees with the case study reported by [17]
which showed the calibration results are better match than
validation.

Table 5. Calibration and validation statistic for daily measured and
simulated streamflow.

Parameter Calibration Validation Remark
(2003-2009) (2010-2014)

R? 0.73 0.68 Very good

NSE 0.71 0.68 Very good

Ppias -21.80 13.30 Good

Table 6. Comparison of daily measured and simulated flows.

Average Flow (m’/s)

Period Measured Simulated
Calibrated (2003-2009) 8.93 10.88
Validated (2010-2014) 10.07 8.73

Table 7. Calibration and validation statistic for monthly measured and
simulated streamflow.

Parameter Calibration Validation (2009- Remark
(2002-2008) 2013)

R? 0.90 0.83 Very good

NSE 0.89 0.82 Very good

Ppias -6.5 -12.0 Good

Table 8. Comparison of monthly measured and simulated flows.

Average Flow (m’/s)

Period Measured Simulated
Calibrated (2003-2009) 8.93 9.51
Validated (2010-2014) 10.07 11.28
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Figures 7 to 12 are graphical and scatter plot representations
of the comparison of observed and simulated streamflow
values for both calibration and validation periods at flow
monitoring station. The graphical representations show that
there is good approach (similar pattern) between observed and
simulated flow. The Scatter plot between the observed and
simulated data for calibration as well as for validation period
has also showed that there is a good agreement between

observed and simulated data. However, the graph also reveals
there is small difference between the measured and the
simulated results. The small difference shows the uncertainty
of the model that can be occurred due to: error in
measurements of weather variables, conversion from point
precipitation into areal measurement and when the model
considers the influence of the ground water on the runoff-
rainfall relationship while the modeler may ignore this factor.
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Figure 7. Calibration results of daily measured and simulated flow (2003-2009).
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Figure 9. Calibration results of monthly measured and simulated flow (2003-2009).
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Figure 10. Validation results of monthly measured and simulated flow (2010-2014).

Figure 11. Scatter plot of daily Simulated versus observed flow during calibration and validation.

Figure 12. Scatter plot of monthly measured vs simulated flow during validation.

3.2.2. Sediment Yield Calibration and Validation

The model was also calibrated for total sediment yield
from Meki Watershed by utilizing a monthly time series
dataset from 1st January of 2003 to 31st December of 2009.
SWAT simulates total sediment load including bed load. It is
therefore necessary to include the bed load component on the
suspended load to have total sediment load for the model
calibration and validation. However, in most studies in
Ethiopia, the bedload component is frequently ignored due to
measurement constraints. In most rivers, bed load to
suspended load ranges from 10 to 30% [18]. Meki watershed
flow on gentle slope to moderately steep slope throughout its

course. Hence, bedload were assumed as 15% of the
suspended sediment load computed from the rating curve and
summed up to give total sediment load (treated as observed)
for model calibration.

For sediment calibration, five sensitive sediment
parameters were identified and their values were iterated
several times within a reasonable range during calibration
until satisfactory agreement between observed and simulated
sediment yield was obtained. Those are USLE P.mgt,
USLE K.mgt, SLSUBBSN.hru, EROS_EXPO.bsn,
CH_COVl.rte, CH_EQN.rte, SPCON.bsn, SPEXP.bsn and
C_FACTOR.bsn (table 9).
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Table 9. Calibration parameters and their fitted values.

Parameter Name Fitted Minimum Maximum Me?ho.d of
Value value value variation

SLSUBBSN.hru 47.4501  10.00000 150.0000 Replacement
EROS EXPO.bsn 1.51125  1.500000 3.000000 Replacement
CH _COVl.rte 0.40013  -0.05000 0.600000 Replacement
SPCON.bsn 0.00196  0.000100 0.010000 Replacement
SPEXP.bsn 1.10625  1.000000 1.500000 Replacement
C_FACTOR.bsn 0.19295  0.001000 0.450000 Replacement

(figures 13 and 14).

Table 10. Calibration and validation statistics for monthly measured and
simulated Sediment yield.

Parameter Calibrated Validated Remark

R? 0.82 0.76 Very good
Nse 0.80 0.73 Very good
Pgias -2.9 2.1 Very good

The sediment yield calibration and validation statistical
values (table 10) indicated that there is a very good match
between observed and simulated sediment yield. The
graphical representations of the comparison of observed
and simulated sediment yield results for both calibration
and validation periods also possess the similar patterns

Table 11. Comparison of monthly measured and simulated sediments during
calibration and validation.

Average Sediment Yield (t/month)

Period

Measured Simulated
Calibrated 97288.95 100,128.18
Validated 110530.75 108,212.95
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Figure 13. Calibration results of monthly measured and simulated sediment yield.
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Figure 14. Validation results of monthly measured and simulated flow.

3.3. Identification of Erosion Prone Sub-watershed

Implementation of soil conservation measures in the entire
basin at a time is difficult specially in developing countries
because of resource limitation. Hence, categorization of sub-
watersheds by erosion severity classes is imperative for
immediate intervention.

Different Authors have classified the soil erosion severity
into slightly varying classes. [19] classified 0 — 5 ton/ha/year
as very low, 5—10 ton/ha/year as low, 10—20 ton/ha/year as
medium and yield greater than 20 ton/ha/year as high. [20]
classified 0 — 11 ton/ha/year as low, 11-18 ton/ha/year as
medium, 18—-30 ton/ha/year as high and yield greater than 30
ton/ha/year as very high. In this study, the spatial distribution
of the annual average sediment yield from the seventeen sub-
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basins were classified into four erosion intensity classes (table
12) with a little modification of suggested values in [19, 20].

Table 12. Soil erosion intensity classification.

S.N Soil erosion (ton\ha\year) Erosion intensity class
1 0-5 Very low

2 5-11 Low

3 11-18 Medium

4 > 18 High

In Ethiopia, the soil loss class that can maintain the
economy and a high level of production ranges from 0 to 11
ton/ha/year [20]. Hence, for design and implementation of
appropriate conservation measures to reduce the onsite and
offsite impact of soil erosion in the watershed, six main
erosion source areas with annual average sediment yield
greater than 11ton/ha/year were prioritized. Likewise, sub-

basins 1, 2, 4, 12, 15 and 16 were identified as the areas
considerably prone to soil erosion problem and they need
effective control measurement in the watershed. The
maximum upland sediment yield was 35.52 metric ton per ha
of the watershed produced from sub-basin 15, landuse: AGRL,
soil: Fibric Histosols, whereas the minimum annual sediment
yield was 0.34ton/ha/yr and it was from sub-basin 10.

The amounts of sediment eroded from each sub watersheds
are found to be primarily influenced by the topography and
soil type than the existing surface runoff for the study area.
Soil erosion severity in the areas of higher altitudes with longer
and steeper slope as well as in the areas dominated by soil
types such as Fibric Histosols, Vertic Cambisols and Eutric
Vertisols is found to be more sever. High steeper slope cause
increased runoff velocity, and with this, the kinetic energy of
water causes more erosion.
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Figure 15. Spatial Distribution of annual sediment yield classes of Meki Watershed.

4. Conclusion

This study was conducted to characterize the Meki River
watershed in terms of spatial distribution of sediment yield in
order to prioritize the sub-basin areas which need watershed
management by using current SWAT model version 2012.
The model performance was evaluated using Standard
calibration and validation statistics. A very good agreement
between measured and simulated monthly streamflow and
sediment yield was obtained. The model over estimated
simulated flow by 6.5% and 12.0% in both calibration and
validation periods respectively yield in Meki River watershed.
A good performance of the model in the Validation period

indicates that the fitted parameters during calibration period
can be taken as a representative set of parameters for Meki
watershed. After model calibration and validation, hot spot
erosion areas were identified and priorized for
implementation Management Practices (MPs) to reduce the
onsite and offsite impact of soil erosion in the watershed.
From assessment of sediments spatial distribution, 51.34% of
the Meki watershed hilly and escarpment areas are found to
be the potential sources of erosion. Overall, SWAT model
performed well in simulating runoff and sediment yield on
daily and monthly basis at the watershed scale and thus can
be used as a planning tool for watershed management and
can bridge the gap of adequate information between
processes at the micro watershed and large watershed level.
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To apply appropriate conservation mechanism in reducing
the severe erosion, there is a need of further study to evaluate
the impact of different types of land management practices
on water, sediment, and agricultural chemical yields in
watershed. For instant, it is proposed to cover the identified
potential erosion sources with vegetation to deescalate
further degradation by erosion.
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