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Abstract 

Best management practices (BMP) in agriculture are the effective ways to 

reduce the agricultural non-point source pollution from their source area to the 

receiving water bodies. With appropriate utilization of Best Management 

Practice the impact from the sediment to the water bodies could be minimized. 

In this study, Hydrological model Soil and Water Assessment Tool (SWAT) is 

used in predicting monthly sediment yield and to suggest the best management 

practices to control sediment yield.  In this study fifteen years flow data is 

used for model calibration and validation, the Markhandeya watershed in 

Ghataprabha sub-basin is selected for the study. The BMPs incorporated for 

the simulation of model include filter strips, stream bank stabilization and 

check dams. The results will help in deciding suitable conservation practices 

to be implemented over the watershed to reduce sediment transport.  

Keywords: Best management practices, Soil and Water Assessment Tool 

(SWAT), Sediment yield, Filter strips, Stream bank stabilization, Check dams. 

 

1. INTRODUCTION 

Activity of agriculture is associated with the contamination of watershed including 

nutrients such as phosphorous and nitrogen. The amount of sediments, nutrients and 

pesticides can be reduced by BMPs (Bhatia et al., 2015). Best management practices 

is also called as Agricultural conservation practices, which are widely used as 

effective measures for preventing or minimizing pollution from nonpoint sources 

within agricultural watersheds (Randall 2012). Streams naturally erode the stream bed 

and banks as the water flows through the channel (Randall 2012). The amount of 
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sediment eroded and exported by a basin over a period of time is called as sediment 

yield. The effect from the sediment transport to water bodies and structures could be 

minimized by proper application of best management practices. Many watershed 

management programs have suggested modelling strategies for development and 

implementation of watershed management plans. These watershed models that 

simplify and simulate these complex processes are useful analysis tool for BMPs 

assessment and providing an estimation of their impact on soil erosion. (Arabi et al., 

2007). In this study, Soil and Water Assessment Tool (SWAT) is used for estimation 

of sediment yield for the catchment area. The main objective of the study is to 

evaluate the Best management practices such as filter strips, stream bank stabilization 

and check dams to control the sediment yield, by the SWAT hydrological model. 

 

2. STUDY AREA 

Markhandeya river watershed is located near the Belagavi district of Karnataka State 

which lies between the latitudes 15˚45ˈ and 16˚15ˈN and longitude 74˚15ˈ and 

74˚50ˈE (see figure.1).  Markhandeya River is one of the tributaries of river 

Ghataprabha which originates at Bailur village. The total length of the river is about 

66km, after that it joins Ghataprabha River near Gokak. This study area has 

hydrological catchment area around 1052km2. The dominating soil features in this 

basin are black soil, blend of black, clay, loam and clayey loam. Black soil occurs in 

shallow depth with moderately well drain and high permeability properties. Coarse 

black soil occurs very deep and covers low lying areas with poor drainage and low 

permeability. Soil types in the watershed are reclassified as sandy clay loam, clay 

loam and clay soils. Land uses in the watershed are slope farmland, forest, grass land 

and others. The relative humidity is generally high in the monsoon season and 

decreases in the post monsoon period. The winds are generally light and blow mainly 

from south west and west during the period from April to September. 

 

Figure 1: Study Area 
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3. METHODOLOGY 

In this study, SWAT has been used to carry out surface water modeling to determine 

the monthly discharge and sediment yield from the watershed. Below figure 2 and 3 

represents the work flow processes for SWAT to generate surface runoff and impact 

assessment of BMP scenarios on sediment yield.  

 

 

Figure 2: Work flow process for SWAT model simulation  

 

 

 

Figure 3: Work flow process for assessment of BMP scenarios using SWAT model 
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3.1. SWAT Model Inputs  

The most important step in any project is the reliable data. Various data required for 

this study were taken from  different sources and are described below. Different 

information required for setting up SWAT model. 

i. Digital Elevation Model: The DEM of 32m resolution for the study area 

(figure 4) was downloaded from CARTOSAT-1 ver. 3. The study area 

elevation varies from 480m to 980m.  

ii. Meteorological data: SWAT model requires the meteorological data like 

temperature, precipitation, solar radiation, relative humidity and wind speed. 

These data were collected from IMD (Indian Meteorological Department) 

from year 1990 to 2005.  

iii. Land use and Land cover data: LULC for the study area (figure 5) was 

taken from the University of Maryland Global Land Cover Facility.  

iv. Soil classes: Soil map (figure 6) for the study area obtained from the Food and 

Agricultural Organization (FAO).  

 

      

Figure 4: Digital Elevation Model        Figure 5: Land use Land cover Map 

 

 

Figure 6: Soil Map 
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3.2 Modelling Tool 

Soil and Water Assessment Tool is a physically based, semi distributed hydrological 

model that gives emphasis to surface processes (Arnold J. G. et al. 1998). SWAT 

simulates flow, sediment, crop growth and nutrient cycling. Therefore, it can be used 

to assess the prediction scenarios with the alternative input data like climate, land 

cover change and land use practices on runoff and sediment yields. It takes into 

account single watershed and breaks them into multiple sub-basins. 

In order to estimate the surface runoff in SWAT model, it uses SCS curve number 

(USDA Soil Conservation Service, 1972) or procedure. The surface runoff may be 

generated on daily, monthly and yearly wise depending on the user defined condition 

during SWAT run. For this purpose the following formulae (eq.1) is used-  
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 SWAT model uses the soil erosion algorithm Modified Universal Soil Loss Equation 

(MUSLE) (eq. 2) to estimate the total amount of sediment yield within a watershed.  

CFRGLSPCKareaqQsed USLEUSLEUSLEUSLEhrupeaksurf *****)**(8.11 56.0
…..(2) 

 

4. RESULT’S AND DISCUSSION 

4.1 Calibration and Validation of SWAT Model 

The SWAT model was calibrated and validated for the monthly discharge and 

sediment yield for Markhandeya watershed using observed data shown in figure 7. 

The model was calibrated from 1995 to 1999 and validated from 2000 to 2005. The 

following parameters are found sensitive during calibration shown in below Table 1. 

 

 

Figure 7: Average monthly discharge at Gokak Gauge station) 
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Table 1: Parameters used in calibration and their calibrated values 

 

Parameer Initial Value Calibrated Value 

CN_2 87 74 

GW_DELAY 31 40 

ALPHA_BF 0.048 0.45 

ESCO 0.95 1 

EPCO 1 1 

SURLAG 2 1 

SOL_AWC 0.16 0.175 

 

4.1.1 Calibration 

First step in manual calibration process is to run the model for the virgin condition 

with all the available data. Monthly discharge data was used for calibration. The 

discharge data for Gokak station obtained from WRIS web portal (http://www.india-

wris.nrsc.gov.in/HydroObservationStationApp.html). Figure 8 shows the comparision 

of simulated and observed dischrage during calibration, the R2 and NSE values are 

found to be 0.7245 and 0.645 respectively. Figure 9 shows the scattered plot of 

observed versus simulated during calibration. 

 

4.1.2 Validation 

Figure 10 shows the comparision of  simulated and observed dischrage during 

validation, the R2 and NSE values are found to be 0.6534 and 0.696. figure 11 shows 

the scattered plot of observed versus simulated during validation. 

    

Figure 8: Comparision of simulated and          Figure 9: Scattered plot of observed 

observed dischrage during  calibration.              versus simulated during  calibration  
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Figure 10: Comparision of simulated and     Figure 11: Scattered plot of 

observed observed dischrage during validation simulated during validation. 

 

Results for calibration and validation for the monthly discharge data of Gokak gauge 

station are shown in below table 2. Table 2 shows that R2 and NSE value are within 

the permissible limits (refer Moraisi et al., 2007 for details).  

 

Table 2. Results illustrating values for objective functions during the period of 

calibration and validation 

Objective Function Calibration Validation 

R2 0.7245 0.6534 

NSE 0.645 0.696 

 

Once the model is calibrated the 3 Best Management Practices are adapted to the 

watershed namely filter strips, stream bank stabilization, and check dams to evaluate 

changes on runoff, sediment transport. 

 

4.2 Adaptation of Best Management Practices in SWAT 

4.2.1 Filter strips: 

Filter strips were incorporated into the SWAT model and was simulated over the 

whole agricultural area of the watershed. The strip width adopted for the presented 

case are 2m, 3m, 5m and 6m. The decremented reduction in sediment yield for the 

each of the case is illustrated in the below figure 12, and the comparison is also made 

with respect to sediment yield with or without BMP. The percentage reduction in 

sediment yield due to the introduction of various filter widths are presented in the 

below figure 13. 
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Figure 12: Decreased Sediment Yield due to the implementation of Filter Strips of 

various widths and simulated for the year (1990 -2005) 

 

 

Figure 13. Percentage reduction in sediment yield due to the implementation of Filter 

strips of various width 

 

4.2.2 Stream Bank Stabilization: 

Stream bank stabilization was simulated at all the outlets of the watershed and the 

parameters that are changed in implementing stream bank stabilization are given 

below in table 3.   

Table 3.  Stream bank stabilization parameters 

Sl. No. Description Function Parameters  Values changed during 

calibration 

1 Stream Bank 

Stabilization 

Erosion Reduction CH_WCH_L 

CH_N2 

CH_EROD 

60 

40 

0.0014 

0.3 
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After changing all the above parameter there is a considerable reduction in sediment 

yield and the percentage reduction in average sediment yield due to the introduction 

of stream bank stabilization is illustrated in the below figure 14 and figure 15. 

 

Figure 14: Decreased Sediment Yield due to the implementation of Stream Bank 

Stabilization for the year (1990 -2005) 

 

 

Figure 15. Percentage reduction in sediment yield due to the implementation of 

Stream bank stabilization 

 

4.2.3 Check Dams: 

In this case, the introduction of check dam is been implemented in the form of ponds. 

The pond has been introduced in the sub-basin 1(figure 17) of the selected watershed. 

Since ponds tends to reduce sediment yield largely, introduction of pond in the 

present case results in a considerable reduction in average sediment yield and the 

location of pond  and the percentage reduction in average sediment yield due to 

introduction of check dams is been illustrated in the below figure 18. 
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Figure 17: Location of Pond in the Markhandeya watershed) 

 

Variation in sediment yield with respect to with BMP and without BMP is illustrated 

in the below figure 18. 

 

 

Figure 18: Percentage reduction in sediment yield due to the implementation check 

dams 

 

5. CONCLUSION 

On implementing filter strips as one of the BMP measure, it was found that there is a 

considerable decrease in sediment yield as the width of the filter strips is increased. It 

was found that by adopting filter strip of width 6m there is a reduction of 60.42% of 

sediment yield. The second BMP measure adopted was stream bank stabilization and 
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it was found that, the sediment yield can be reduced up to 54.66%. The third adopted 

BMP measure was check dams, it was found that a staggering of 75.44% reduction in 

sediment yield. Hence the implementation of check dam at proper scientific location 

in watershed is an important measure to arrest the sediment transport.  Incorporation 

of these measures can decrease sediment yield in the watershed, which necessities the 

maintaining the natural ecosystem. 
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