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Abstract: In the watershed, sediment yield spatially and temporarily variable due to the factors for instance land use land cover,
type of soil, rainfall distribution, topography and management practices. The main objective of this study was to evaluate spatial
and temporal variability of sediment yield on Bilate watershed using Soil and Water Assessment Tool (SWAT) model. Simulation
carried out using meteorological and spatial data by dividing watershed in to 23 sub basins with 174 Hydrologic Response Units
(HRUs). Model calibration period (2001-2010) and validation period (2011-2015) performed for monthly flow and sediment
data using Sequential Uncertainty Fitting (SUFI-2) within SWAT Calibration of Uncertainty Program (SWAT-CUP). Model
performance efficiency checked by coefficient of determination (R?), Nash-Sutcliffe model efficiency (Eys), and observation
Standard Deviation Ratio (RSR) and percent bias (PBIAS) indicating good performance of model evaluation. From 23 sub basins,
11 were categorized from moderate to very high (10-26 ton/ha/year) sediment yielding sub basins and selected for sediment
management scenarios. Scenarios result showed that average annual sediment yield reduction at entire watershed level after
application of grassed waterway, filter strips, terracing and contouring were 54.45%, 30.13%, 63.26% and 59.56% respectively.
Also, at treated sub basins level 68.04%, 38.41%, 80.58% and 77.42% of sediment reduction revealed after application of grassed
waterway, filter strips, terracing and contouring respectively. It concluded that sediment yield reduction applying terracing was
more effective than other conservation measures for affected sub basins.
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1. Introduction

Poor land use practices, inappropriate management systems
and deforestation have play a major role causing soil erosion;
land degradation, desertification and sedimentation problems
in the watershed [1]. Sediment yield has strong correlation
with soil type, land use/cover and slope of the watershed [2].
Effects of soil erosion in watershed especially on cultivated
land are reduction of cultivable soil depth, loss of soil fertility
and decrease of productivity, which finally may lead
potentially widespread food shortages [3]. Watershed
management, in its broader sense, considered an attempt to
reduce nutrient damages, surface-run-off and sediment yield
from watershed and to safeguard sustainable agricultural
production [4]. Thus, inclusive understanding of hydrological

processes in watershed considered as a precondition for
effective land and watershed management.

Sediment spatial variability analysis used for identification
of sediment prone areas in the catchment and sediment yield
reduction is possible by providing soil conservation measures
[5]. Different researchers have classified sediment reduction
methods into different categories for instance structural (check
dams and terracing), vegetative and agronomic (filter strips,
grassed waterways and reforestation) and management
(contouring and rotational grazing) are frequently used
sediment management practices [6, 7]. Spatial variaility of
sediment yield evaluation carried out with semi-distributed
models for instance SWAT and pixel-based model such as
WATEM/SEDEM [8, 9].

In order to manage sedimentation problem in the Bilate
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watershed and River, it is necessary to evaluate and understand
watershed sediment yield. Moreover, in the Bilate watershed
there was no study conducted previousely regarding to spatial
and teporal variability of sediment yield in sub basin scale.
Therefore, the purpose of this research study was to evaluate
the spatial and temporal variability of sediment yield, develop
sediment management scenarios for sediment prone areas and
compare the scenarios result using Soil and Water Assessment
Tool (SWAT model). SWAT model selected due to it is
physically based semi distributed watershed model and ability to
characterize complex watershed phenomena, simulate surface
runoff, sediment yield and sediment management practices [10].

2. Materials and Methods

2.1. Study Area Description

Bilate atershed is the sub-basin of the Rift Valley Lake
Basin and located in the southwestern part of Ethiopia. It
situated between 6°33°18” to 8°6°57” N latitudes and
37°47°14” to 38°20°14” E longitudes (Figure 1). Bilate River
drains from northern part of the Lake Abaya drainage basin.
The elevation of Bilate watershed ranges between 3359m a. m.
s. | in the northern and 1156m a. m. s. | in the south and
draiinage area of 5363 km” at the entrance of Lake Abaya.
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Figure 1. Location map of the Bilate watershed.

Average annual rainfall ranges from 1280-1339mm,
1061-1616mm and 769-956mm at upper, middle and lower
part of the Bilate watershed respectively [11]. The maximum

and minimum temperatures are 34.9°c and 30.2c respectively
[12]. In the watershed especially around Lake Abaya where
the Bilate River mouth exits, the maximum temperature
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exceeds 34.9°c in warm seasons and in the western highlands
like Mount Ambarocho freeze in most times of the year [12].
The main land use/ cover of Bilate watershed are intensively
and moderately cultivated land, grassland, shrub land,
marshlands, forest, urban areas and exposed surface [11].
Dominant soil includes Vertic andosols, Chromic luvisols,
orthic solonchaks, calcic xerosols, luvic phaeozems, pellic
vertisols, dystric nitosols, eutric regosols and mollic nitosols,
chromic vertisols, eutric nitosols, eutric fluvisols, calcic
fluvisols, Leptosols and calcaric fluvisols [13].

2.2. Methodology

2.2.1. Data Collection and Analysis

Hydrological data (River discharge) of 17 years collected
from Ministry of Water Irrigation and Energy. Meteorological
data (precipitation, relative humidity, temperature, wind speed,
sunshine hours) of 30 years collected from Ethiopia National
Meteorological Agency. There are few days of measured
sediment concentration data but long record of sediment data

2.2.3. Watershed Delineation

generated by developing sediment-rating curve.

The spatial data for instance Digital Elevation Model
(DEM), soil and land use land cover data were important in
watershed modeling. A 30 m x 30 m resolution of Bilate
watershed DEM downloaded from United States Geological
Survey (USGS), SRTM (Shuttle Radar Topography Mission)
web site http:/earthexplorer.usgs.gov/on 8 January 2019. Soil
data collected from Ethiopian Ministry of water, irrigation and
electricity (MoWIE) GIS department and the 2016 Rift valley
land use/cover map with a 30m spatial resolution collected
from Ministry of Agriculture (MoA). The collected data were
analyzed by different statistical analysis were presented by
means of graphs, figures and tables.

2.2.2. SWAT Model Inputs

SWAT model input data are soil map, land use/ cover map,
DEM, slope and weather data for simulation whereas river
discharge and sediment data are required for calibration and
validation purposes in SWAT-CUP.
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Figure 2. (a) Delineated Bilate Watershed, (b) Reclassified land use four letter code in SWAT; (c) Soil reclassified in SWAT database; (d) Reclassified slopes by

SWAT model.
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SWAT allows the user to delineate watershed and sub basins
using DEM to carry out advanced GIS functions to aid the user
in dividing watersheds into several hydrological connected sub
basins [10]. Delineation process includes five major steps:
Digital Elevation Model (DEM) setup, stream definition, outlet
and inlet definition, watershed outlet selection and definition
and calculation of sub basin parameters. The DEM of Bilate
watershed is loaded into Arc GIS 10.1 as grid format. Stream
network was defined for the whole DEM and number of sub
basins and stream network based on threshold area [14]. The
smaller threshold area gives more detail of the drainage network,
large numbers of sub basin and Hydrologic Response Unit
(HRU). Threshold area of 13,500ha was taken for this work.
The Bilate watershed outlet point manually added and selected
for delineation. Finally, the Bilate watershed delineated with
area of 5363km” and23 sub-basins Figure 2 (a).

Once watershed delineated, then HRU analysis takes place.
HRU analysis requires soil, land use/cover and slope data and
divides sub basin in to number of HRU with a unique soil, land
use/cover and slope combination. Produced HRU is crucial for
simulation of SWAT model; because it determines how much
the soil, land use and slope categorized will respond to
precipitation, infiltration, surface runoff and sediment yield
during the simulation. The soil land use and slope datasets
were imported overlaid and linked with SWAT2012 databases.
Delineated watershed and prepared land use were overlapped
100%. Land use map named into nine classes SWAT four-code
letter Figure 2 (b). Also, delineated watershed and soil map
overlapped 100% Figure 2 (c). Moreover, HRU analysis in
SWAT model contains divisions of HRUs by slope classes.
The slope discretization of watershed are 0-4, 4-8, 8-16
and >16% Figure 2 (d). To define the HRUs distribution there
are two methods: one can be assigning only single HRUs for
each sub basins considering the dominant soil, land use and
slope. The second way is by assigning multiple HRUs for
individual sub basins considering sensitivity of hydrologic
process based on a certain threshold values of soli, land use
and slope combinations. For this work, multiple HRUs
selected. In multiple HRU definition 10 percent soil, 5 percent
land use and 10 percent slope threshold used. Individual sub
basin can have one or more HRUs defined within it. Finally,
174 HRUs for 23 sub basins created.

2.2.4. SWAT Model Simulation

The default input database files built and the required
parameters values entered and edited manually then
simulation taken to generate output of SWAT model. The
simulated result cannot directly used for further analysis [15].
Therefore, the simulated result should evaluate through model
sensitivity analysis, calibration and validation.

2.2.5. Model Parameters Sensitivity Analysis, Calibration
and Validation

Modeler should be identifying sensitive parameters to allow
the possible reduction in number of parameters that must be
calibrated afterward reducing the computational time required
for model calibration [16]. Flow and sediment sensitivity
analysis performed by SWAT CUP using SUFI-2 algorithm.
Sensitivity analysis carried out for a period of twelve years,
which includes two years warm-up period (January 1, 1999 -
December 31, 2001) and ten years.

2.2.6. SWAT Model Performance Evaluation

SWAT model performance statistical measures includes
Nash-Sutcliffe modeling efficiency (Ens), coefficient of
determination (R”), percent bias (PBIAS) and Root mean
square error observation standard deviation ratio (RSR) which
were used to check the accuracy of river flow and sediment
calibration and validation. cenario shows without
consideration of management practices condition observed in
watershed. It used as a reference point to know the effects of
other scenarios sediment reduction results. Simulation of
sediment yield in SWAT model with application of grassed
waterway requires adjustment of grassed waterway
parameters like length (GWAT L), average slope (GWAT _S),
depth (GWAT D), manning’s roughness coefficient
(GWAT N), average width (GWAT W) and linear factor for
the channel sediment routing (GWAT _SPCON). Roughness
coefficient of 0.35 (recommended value by Arnold et al., 2012)
and average width of 30m was used. When slope length and
steepness increase, there is a soil loss and surface runoff
increase [13]. Terracing simulated in SWAT model by
adjusting terracing parameters such as curve number
(TERR_CN), slope length (TERR SL) and USLE practice
(TERR_P) factor.

Table 1. SWAT model performance evaluation criteria [17].

q 2 PBIAS
Rating R RSR i Flow Sediment
Very good 0.75 -1 0-0.50 0.75 -1 <10% <15%
Good 0.65-0.75 0.50 —0.60 0.65-0.75 10% - 15% 15% - 30%
Satisfactory 0.50 - 0.65 0.6-0.70 0.50 - 0.65 15% - 25% 30% - 55%
Unsatisfactory < 0.60 <0.70 <0.50 > 25% > 55%

For this study, appropriate curve number (TERR CN),
USLE practice (TERR_P) and 50% reduction of slope length
was set based on land use/cover, soil and slope. Introducing
filter strips on sediment prone sub basins can reduce sediment
yield as width of strips reduced and increasing the width of
strip beyond 30m [19]. In SWAT model filter strip parameters

such as flag for filter strips (VFSI), ratio of field area to filter
strip area (FILTER RATIO), fraction of HRU which drains to
most concentrated ten percent of the filter strip area
(FILTER_CON) and fraction of flow within the most
concentrated ten percent of filter strip which is fully
channelized (FILTER CH) were adjusted. Filter strips of 10m
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width used to simulate this conservation practice for all HRUs
of critical sub basins. Water breaks created after application of
contour that reduces the formation of gullies and rills [20].
Simulation of SWAT model with application of contour
carried out by adjusting USLE practice factor (CONT_P) and
curve number (CONT_CN).

2.2.7. Sediment Yield Reduction Operations in SWAT Model

In SWAT model, number of management operations, which
used to reduce runoff and sediment yield in the affected sub
basins. For this work, the sediment yield reduction methods
like terracing, contouring, filter strip, grassed waterway
selected and applied in SWAT model. Management practices
applied in the critical sediment prone areas were more
effective reduction of sediment yield than randomly assigning
the conservation measures [18]. In this study each sub basins

sediment yield identified and grouped depend on their
sediment rate (ton/ha/year). The sub basins having very high,
high and moderate sediment yield selected for sediment
reduction scenarios analysis.

For this study the developed scenarios includes grassed
waterway, filter strips, terracing and contouring. Baseline
calibration period (January 1, 2001 - December 31, 2010).

The sensitive parameters, which govern the watershed was
btained and ranked according to their sensitivity rank.
Calibration done by changing the model sensitive parameter
values until simulated results much with observed data. Model
validation carried out with independent set of measured flow
and sediment data (January 1, 2011- December 31, 2015)
without any further change of parameters.

Table 2. Summary of calibrated flow parameters.

Parameters Description Range value Calibration range Fitted values Rank
CN2 SCS runoff curve number 35-98 +25% 0.026 1
CANMX Maximum canopy storage 0-10 0-10 1.125 2
GWQMN g'zl;lc;ihold depth of water in the shallow aquifer for return flow to 0 -500 0-500 492261 3
ALPHA BF Alpha base flow recession constant 0-1 0-1 0.388 4
CH K2 Effective hydraulic conductive of main channel 0-150 0-150 98.502 5
ESCO Soil evaporation compensation factor 0-1 0-1 0.110 6
RCHRG_DP Deep aquifer percolation fraction 0-1 0-1 0.164 7
PPERCO Phosphorus percolation coefficient 10- 18 10 - 18 12.568 8
SMFMX Maximum melt rate for snow 0-10 0-10 7.532 9

3. Results and Discussions
3.1. Stream Flow Sensitivity Analysis

Depending on p-value and t-stat results obtained from
sensitivity analysis using SUFI-2, the ranks of parameters
assigned. P-value indicates significance of sensitivity and t-
stat provides the measure of parameter sensitivity [21]. Larger
t-stat in the absolute value means parameter is more sensitive
and p-value closer to zero means parameter has more
significance. Twenty parameters used to check sensitivity
analysis and the nine more influential flow parameters from
high to medium sensitive identified for further iterations in
calibration process.

3.2. Stream Flow Calibration and Validation

The objective of calibration process is to create agreement

among the simulated and observed value by changing
sensitive flow parameters in the recommended range.

Validation involves model run with unchanged flow
parameters, which adjusted during calibration process. The
flow calibration period (2001-2010) and validation period
(2011-2015) result showed that a very good performance with
R? of 0.83, Eng 0f 0.78, RSR 0f 0.44 and PBIAS of-13.3% for
calibration and also R* of 0.81, Exg 0f 0.74, RSR of 0.50 and
PBIAS of -14.6% for validation. Uncertainty measure of
SUFI-2 indicated that P-factor of 0.74 and R-factor of 0.48 for
calibration and P-factor of 0.72 and R-factor of 0.46 for
validation. It means that about 74% of data of calibration and
72% of data of validation was bracketed by 95PPU band with
a better strength of estimation (R-factor <1) for both cases.
This indicates SWAT model has acceptable level of
uncertainty for estimation of flow of Bilate watershed. Using
monthly observed and simulated result, hydrograph developed
for calibration and validation (Figure 3).
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Figure 3. Monthly observed and simulated hydrograph during calibration period (2001-2010) and validation period (2011-2015).
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Figure 3 showed that peak simulated and observed flow
occurs since August, 2010 and May, 2010 respectively. In
addition, the hydrographs indicated that model slightly
overestimated flow from watershed in most of the year and
underestimated in some years.
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Figure 4. Scatter plot of monthly observed and simulated flow.

From the scatter plot (Figure 4) it observed that more values
distributed above 45° (1:1) line and shows model slightly
overestimated the simulated flows.

3.3. Sediment Yield Sensitivity Analysis

Like flow, sediment sensitivity analysis applied to identify
sensitive parameters that influence the modeling of sediment
yield. Sediment sensitivity analysis carried out for 2 years
warm-up period 1999 to 2001 and 10 years calibration period
2001 to 2010. Through sensitivity analysis of sediment yield
seventeen sediment parameters were tested using SUFI-2 in
SWAT-CUP.

Sediment yield validation conducted with independent
sediment measured data for periods 2011 to 2015 without
further change of calibration fitted parameters. Based on
model performance evaluation criteria (Table 1), the sediment
simulation result indicated that very good model.

Based on the results obtained from sensitivity analysis,
ranks of sediment parameters assigned depending on p-value
and t-stat. Out of seventeen parameters, twelve were from
high to medium sensitive parameters identified for sediment
calibration process.

Table 3. Selected twelve sediment calibration parameters.

Parameters Description Range value Calibration range Fitted value Rank
CANMX Maximum canopy storage 0-10 0-10 1.973 1
CN2 SCS runoft curve number 35-98 +25% -0.102 2
SPCON Linear factor for channel sediment routing 0.01-0.0001 0.01-0.0001 0.002 3
SPEXP Exponent factor for channel sediment routing 0-1 0-1 0.706 4
CH_COV1 Channel erodibility factor 0-1 0-1 0.415 5
PHOSKD Phosphorus partitioning coefficient 100-200 100-200 182.924 6
USLE P USLE support practice factor 0-1 0-1 1.076 7
TIMP Snow pack temperature lag factor 0-1 0-1 1.038 8
GW_REVAP Groundwater revap coefficient 0.02-0.2 0.02-0.2 0.015 9
CH_COV2 Channel cover factor 0-1 0-1 0.292 10
SMTMP Snow melt base temperature 0-5 0-5 3.187 11
BIOMIX Biological mixing efficiency 0-1 0—1 -0.534 12

3.4. Sediment Yield Calibration and Validation

Sediment yield calibration carried out from 2001 to 2010 of
sediment data. Sediment yield calibration and parameters
adjustment continued iteratively until observed and simulated
sediment yield fitted. efficiency level with R? of 0.84, Exg of

0.78, PBIAS of 7.9% and RSR of 0.41 for calibration; R? of
0.81, Ens of 0.73, PBIAS of -9.4% and RSR of 0.50 for
validation. Uncertainty measures of SUFI-2 indicated that
p-factor of 0.72 and R-factor of 0.41 for calibration and
P-factor of 0.80 and R-factor of 0.45 for validation, which
shows acceptable level of uncertainty range.

==05PPU
4000000

= Simulated

Observed

3500000
3000000

Calibration |

Validation

2500000

2000000
1500000 -
1000000
500000
0

Sediment yield (ton/month)

Figure 5. Monthly observed and simulated sediment yield graph during calibration period (2001-2010) and validation period (2011-2015).
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From Figure 5 it was observed that peak simulated and
observed sediment yield occurs since August, 2010 and May,
2010 respectively. The sediment graph (Figure 5) also
indicated that model slightly overestimated sediment yield in
most of the year and underestimated in some years. This is the
same discussion with the flow hydrograph discussed in Figure
3because of the sediment yield is direct proportional to

generated erosion and flow in the river.

3.5. Spatial and Temporal Variability of Sediment Yield in

Watershed

Spatial and temporal variability of sediment yield in
watershed because of the factors for instance land use/cover,

type of soil, rainfall distribution, and topography and
management practices. Thus, in each sub basin the sediment
yield was not uniform.

3.5.1. Spatial Variability

To get mean annual sediment yield spatially with sub basins
level, SWAT model simulated annually for seventeen years
sediment data. Spatial variability of sediment yield for Bilate
watershed identified from the simulated sediment yield
(Figure 6). The result showed the range was between 1.07 to
25.59 tons/ha/year with average sediment yield of 9.99
ton/ha/year (Table 4).

Table 4. Mean annual sediment yield of each sub basin.

Sub basin Sediment Yield (ton/ha/yr.) Sub basin Sediment Yield (ton/ha/yr.) Sub basin Sediment Yield (ton/ha/yr.)
1 12.20 9 13.42 17 12.98

2 11.72 10 4.74 18 23.85

3 1.17 11 1.69 19 1.08

4 25.95 12 10.14 20 6.76

5 18.21 13 3.18 21 8.49

6 3.38 14 1.07 22 14.77

7 1.71 15 16.51 23 6.61

8 9.24 16 20.98

Spatial variability of sediment yield map (Figure 6) was
generated using mean annual sediment yield (Table 4) based
on sediment yield potential

From the total twenty three sub basins (Figure 6), eleven
sub basins producing sediment yield from very high to
moderate (10-26 ton/ha/year) and identified as sediment prone
areas. Out of eleven critical sub basins, three were very high
(20-26 ton/ha/year), two were high (15-20 ton/ha/year) and six
were moderately (10-15 ton/ha/year) sediment yielding sub
basins.

Mean sediment yield of eleven identified sediment prone
sub basins was 16.43 ton/ha/year and covers 55.6% of total

watershed area.
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Figure 6. Spatial variability of sediment yield map for the Bilate watershed.

3.5.2. Temporal Variability
Temporal variability of sediment yield highly correlated
with precipitation and surface runoff (Figure 7).

m Precipitation (mm) = Surface runoff (mm) = Sediment vield (t/ha)

o, Surface runo P )
=
£

Sedimenl yield (t/ha)
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g
s

Figure 7. Temporal variability of sediment yield relation to precipitation and
surface runoff.

From Figure 7 it was observed that high sediment observed
during the months of April, May, June, July, August and
September where as low sediment yield observed during
October, November, December, January, February and March.
The average temporal variable sediment yield was 4.89ton/ha.

3.6. Sediment Yield Reduction Methods

Once the sediment prone areas identified, then developing
sediment reduction methods for affected sub basins was take
place. In this study, four management operations (scenarios)
were developed and compared with baseline scenario.

3.6.1. Baseline Scenario

Baseline scenario assumed to reflect the current land
management practices without conservation measures. Each
scenario runs for the same simulation period (1999-2015) to
provide reliable basis for comparison of scenario results.
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3.6.2. Scenario I: Grassed Waterway

Introducing grassed waterways for the critical sediment
prone sub basins with width of 30m, reduced average annual
sediment yield from 16.43ton/ha/year to 5.25ton/ha/year

(68.04%) and at entire watershed level 9.99ton/ha/year to
4.55ton/ha/year (54.45%) reduced. In this scenario, all sediment
prone sub basins changed from the category of very high, high
and moderate to the low and very low sediment yielding.

Table 5. Summary of developed scenarios result for eleven affected sub basins.

Average annual sediment yield (ton/ha/yr.) reduction

Sediment source sub basins

Baseline condition

Grassed waterway  Filter strip Terracing Contouring
12 10.14 2.54 5.03 0.90 1.34
2 11.72 3.20 5.74 1.10 1.69
1 12.2 3.33 6.84 1.33 1.98
17 12.98 4.12 8.85 1.54 2.29
9 13.42 4.48 5.33 1.87 2.44
22 14.77 5.12 11.48 1.93 2.84
15 16.51 6.14 12.01 2.25 3.58
5 18.21 3.01 12.86 5.38 3.88
16 20.98 7.74 13.91 3.42 7.03
18 23.85 8.52 14.20 6.95 4.72
4 25.95 9.55 15.04 8.43 8.94
Average 16.43 5.25 10.12 3.19 3.71
Yage - 68.04% 38.41% 80.58% 77.42%

3.6.3. Scenario 1I: Filter Strip

Applying filter strips with 10m width for the eleven
sediment prone sub basins brought a slight reduction by38.41%
(16.43ton/ha/year to 10.12ton/ha/year). At entire watershed
level the reduction from 9.99ton/ha/year to 6.98ton/ha/year
(30.13%). After application of filter strips, sediment prone sub
basins changed from category of very high to high, high to
moderate and moderate to a category of low.

3.6.4. Scenario III: Terracing

Simulation of terracing for the sediment prone sub basins
significantly reduced sediment yield rate by 80.58%
(16.43ton/ha/year to 3.19ton/ha/year) at treated sub basin
level. In addition, at the entire watershed level, sediment yield
reduced from 9.99ton/year to 3.67ton/year (63.26%). After

application of terraces all sediment prone sub basins changed
to low and very low sediment yielding.

3.6.5. Scenario 1V: Contouring

Simulation of contouring for sediment prone sub basins reduced
sediment yield by 77.42% (16.43ton/ha/year to 3.71ton/ha/year) at
treated sub basins level. At entire watershed level, sediment yield
reduced by59.56% (9.99%ton/year to 4.04ton/ha/year). After
application of contours all sediment prone sub basins changed to
low and very low sediment contributing sub basins.

3.7. Comparison of Scenarios Result

After all scenarios result analyzed, it is expected to compare
and select best sediment reduction practice for affected sub
basins.

—_ m Temracing m Contouring Grassed waterway m Filter sirips B Baseline scenario
530
E
= 25
< 20
B 15
=
10
=
£ 5
=]
wl 0 -
12 2 1 17 9 22 15 5 16 18 4
Sub basins

Figure 8. Scenarios sediment yield reduction at treated sub basins level.

As shown in Figure 8, the sediment yield reduction after
application of grassed waterway, filter strip, terracing and
contouring were relatively consistent in all sub basins except

sub basins 5, 9, 16 and 18 respectively. In addition, from the
Figure 8 the contouring and grassed waterway are better.
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Table 6. Summary of scenarios result at treated sub basins level and entire watershed level.

Average annual sediment yield reduction at treated sub

basins level

Average annual sediment yield reduction at entire
watershed level

Scenarios = =
Sediment reduction

Sediment reduction (%)

N ¢ pr
Sediment reduction Sediment reduction (%)

(ton/ha/year) (ton/ha/year)
Baseline condition 16.43 - 9.99 -
Grassed waterway 5.25 68.04 4.55 54.45
Filter strips 10.12 38.41 6.98 30.13
Terracing 3.19 80.58 3.67 63.26
Contouring 3.71 77.42 4.04 59.56

As shown in Table 6, after simulation of terracing sediment
yield reduction at entire watershed level 63.26% (9.99
to3.67ton/ha/year) and at treated sub basins level 80.58%
(16.43 to 3.19ton/ha/year) observed. Sediment reduction at
sub basin 18 and 5 than the other scenarios respectively.
Terracing has best sediment reduction in all sub basins except
sub basins 5 and 18. Filter strip has least sediment reduction in
all sub basins.

Thus, terracing was relatively more sediment reduction
practices on the majority of the affected sub basins than the
other scenarios.

4. Conclusions

Rainfall runoff influenced soil erosion can expressively
cause significant environmental degradation, reduce the soil
fertility and productivity of cultivate land in watershed. In this
study, spatial and temporal variability of sediment yield
evaluation, identification of sediment prone areas, sediment
reduction scenarios and their result comparison carried out
using SWAT model. Based on watershed delineation,
catchment area was 5363km’. Overlaying land use, soil and
slope map performed to generate HRUs. Climate data from
January 1987 - December 2015 were inputs for SWAT model
simulation. The calibration and validation carried out from
January 2001 - December 2010 and January 2011 - December
2015 respectively on monthly basis of flow and sediment data
using automatic calibration with Sequential Uncertainty
Fitting (SUFI-2) in SWAT- CUP. SCS curve number (CN2),
threshold depth of water in the shallow aquifer for return flow
to occur (GWQMN), maximum canopy storage (CANMX)
and alpha base flow (ALPHA BF) were catchment
controlling flow parameters. During sediment calibration
maximum canopy storage (CANMX), SCS curve number
(CN2) and linear factor for channel sediment yield routing
(SPCON) were more catchment controlling sensitive sediment
parameters played major role in the calibration process for
sediment yield.

Model performance efficiency checked by Nash-Sutcliffe
model efficiency (Eys), coefficient of determination (R?),
percent bias (PBIAS) and observation standard deviation ratio
(RSR). Accordingly, the values of R% Eys, RSR and PBIAS
vary between 0.79 - 0.85, 0.72 - 0.78, 0.41 - 0.61 and -14.6 -
+11.6 respectively through calibration and validation for both
discharge and sediment yield. These stated results indicated
that model was soundly simulated the discharge and sediment
yield. Spatial variability of sediment yield distribution ranges

from 1.07 to 25.59 ton/ha/yr. About 55.6% of total watershed
area contributes average annual sediment yield rate of
16.43ton/ha/year and identified as sediment source areas.
Temporal variability of monthly average sediment yield was
4.65ton/ha. The developed scenarios result showed that
sediment yield reduction at entire watershed level after
application of filter strips, grassed waterway, terracing and
contouring were 30.13%,54.45% 63.26% and 59.56%
respectively. Also at treated sub basins level 38.41%, 68.04%,
80.58% and 77.42% of sediment yield reduction observed
after application of filter strips, grassed waterway, terracing
and contouring respectively. Thus, the result indicating that
terracing was relatively more sediment reduction practice than
other conservation measures on the majority of the affected
sub basins in Bilate watershed.
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