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บทคัดยอ 

แบบจําลองกายภาพ (SWAT) ถูกประยุกตในการคํานวณอัตราการไหลและตะกอนของลุมน้ําลําสนธ ิ โดย
แบบจําลอง SWAT ถูกทดสอบความเหมาะสมสําหรับลุมน้ําศึกษาจากการเปรียบเทียบขอมูลรายเดือนชวงระหวาง
ป พ.ศ. 2540-2545 และผลคํานวณจากแบบจําลองพบวาคาสัมประสิทธิ ์R2 และ ENs มีคาสูงกวา 0.6 ซึ่งแสดงให
เห็นวา ผลการคํานวณจากแบบจําลองใกลเคียงกับคาที่บันทึกและอยูในเกณฑที่ยอมรับไดสําหรับลุมน้ําศึกษา   
นอกจากนั้นพื้นที่ลุมน้ํายอยที่เสี่ยงตอการการกดักรอนถูกระบุโดยแบบจําลองจากคาเฉลี่ยของอัตราการผลิตตะกอน
ในชวงเวลาที่พิจารณา ผลจากแบบจําลองพบวา 16 ลุมน้ํายอยจากทั้งหมด 27 ลุมน้ํายอยของลุมน้ําลําสนธิมีระดับ
การกัดกรอนอยูในระดับเบาบาง แตทั้งนี้พบวาม ี 10 ลุมน้ํายอยที่มีระดับการกัดกรอนอยูในระดับรุนแรงมาก       
โดยสรุปจากการศึกษานี้พบวาแบบจําลอง SWAT สามารถประยุกตใชในการระบุและจัดลําดับการกัดกรอนของ   
ลุมน้ํายอยเพื่อนําผลคํานวณดังกลาวใชในการวางแผนการจัดการอนุรักษดินในพื้นที่ศึกษา 
 
คําสําคัญ : พื้นที่เสี่ยงตอการกัดกรอน  ปริมาณตะกอน  แบบจําลองกายภาพ 

 
ABSTRACT 

A physically-based distributed model was applied for flow and sediment discharge simulation of 
the Lam-Sonthi basin. The SWAT model was tested suitability for the study basin on monthly basis for 
the years 1997–2002. The results showed that the coefficient of determination (R2) and the Nash-
Sutcliffe coefficient (ENs) values were raised above 0.6. This indicated that the simulated data both flow 
and sediment discharge closely matched with their observed counterparts in the study area. Critical 
sub-watersheds were also identified on the basis of average annual sediment yield during the period. Of 
the 27 sub-watersheds, 16 subwatershed fell under slight soil loss group and one sub-watershed fell 
under high soil loss group of soil erosion classes, whereas ten sub-watersheds fell under very high 
erosion classes. The study revealed that the SWAT model could successfully be used for identifying and 
ranking critical sub watersheds for soil conservation purposes. 
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INTRODUCTION 
Soil erosion is universally recognized as a serious threat to environment resources facing the 

world today and many landscapes across the globe have been adversely affected. As the process is 
dominated by natural variability, predicting sedimentation rates is a challenging task for engineers.       
In recent years soil erosion and transported sediment has been predicted using erosion models without 
the need for time-consuming and costly experiments.  

One of the most commonly used erosion models is the “Soil and Water Assessment Tool” (SWAT); 
a physically based, semi-distributed parameter model with a robust hydrologic and pollution model. 
SWAT is a watershed scale model to predict the effects of land management on water, sediment, 
nutrients, pesticides, and agricultural chemicals in small to large complex basins (Neitsch et al., 2005). 

Applications of SWAT have expanded worldwide, but there is still little SWAT research on 
predicting sediment discharge in tropical countries like Thailand. In order to increase understanding 
about soil erosion in a tropical watershed this study focused on (1) testing the ability of the SWAT model 
in predicting flow and sediment discharge using environmental conditions typical to Thailand, and (2) to 
identify critical erosion risk areas in the study site.  
 

MATERIALS AND METHODS 
 
The Study Area and Data Collection 

The Lam-Sonthi River basin (348 km2) is a major tributary to the Pasak River in central Thailand 
(Fig.1). The topography is mountainous with steep slopes running along both sides of the watershed, 
while the middle and lower portions of the watershed are quite flat. The climate is tropical, and the mean 
annual precipitation of the area is 1134 mm.  

Agriculture accounts for 40% of land use in the area, with maize, fruit trees and rice being the 
most commonly grown crops. Forest covers approximately 59% of the watershed. The remaining 1% of 
land is made up of villages and bodies of water.   

The Lam Sonthi River Watershed was selected for this study because every year the watershed 
usually experiences flash floods and landslides. Agricultural areas within the watershed have expanded 
rapidly in recent years. During the wet season, huge volumes of water and soil particles are quickly 
routed downstream, resulting in great loss of life, injury, disease and damage to property. 

Meteorological data employed in this study was acquired from the Thai Meteorological 
Department (TMD). Hydrologic time-series data including runoff across the entire study area was 
acquired from the Royal Irrigation Department (RID). Information on soil and land use was obtained from 
the Land Development Department (LDD). Topographical maps at scales of 1:50,000 were procured 
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from the Royal Thai Survey Department (RTSD). Planting and harvest dates for crops were obtained 
from a local agent (The Provincial Agricultural Office). 

Like many other watersheds in developing countries, the quantity and quality of data available for 
use in this kind of study is scant. SWAT requires an extensive amount of data, all of which are in short 
supply for the Lam Sonthi River Basin. For example, information on water supplied by a small irrigation 
system within the area to irrigate fields was also unavailable.     
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Fig 1.  Area of study - Lam Sonthi River Watershed, Thailand. 

 
The SWAT model 

The hydrologic processes are calculated based on the water balance equation: 
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Where SWt is the final soil water content (mm), SW0 is the initial soil water content (mm), t is the 
time (days), Rday is the amount of precipitation on day i (mm), Qsurf is the amount of surface runoff on day 
i (mm), Ea is the amount of evapotranspiration on day i (mm), wseep is the amount of percolation and 
bypass flow exiting the soil profile bottom on day i (mm), and Qgw is the amount of return flow/baseflow 
on day i (mm). 

Soil erosion in SWAT is calculated using the MUSLE (Williams, 1975). Sediment in SWAT is 
calculated using the following equation: 

( ) CFRGLSPCKareaqQsed hrupeaksurf ⋅⋅⋅⋅⋅⋅⋅= 56.08.11  

Where sed is the sediment yield on a given day (metric tons), Qsur the surface runoff volume 
(mm/ha); qpeak the peak runoff rate (m3/s); areahru the area of HRU (ha); K the soil erodibility factor (0.013 
metric ton m2 hr/(m3-metric ton cm)); C the land cover and management factor; P support practice 
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factor; LS the topographic factor; and CFRG the coarse fragment factor. A full explanation of SWAT 
theories and structure is given by Neitsch et al. (2005).       
 
Model Built  

Daily precipitation and temperature data for 1997 through 2002 was reformatted into database 
files and prepared for use as SWAT input files. A Digital Elevation Model (DEM) then derived the 
topographic data. The study area was delineated based on surface topography provided by DEM.  

Digital land use data was processed to match the SWAT model code. Ten different categories of 
land use were used for SWAT processing. Fourteen types of soil were found in the study area. The data 
was then reclassified to match the SWAT formats in order to support the model’s requirements.  

The initial CN values were assigned based on the land use types and soil hydrologic groups. The 
PET was computed by using Hargreaves’ method. Several kinds of crops were assigned as vegetation 
input. The planting and harvest dates for these crops were also scheduled and used to build the SWAT 
management input. 
 
Model Calibration Procedures 

A traditional split-sample technique was conducted in this study. The relevant model parameters 
(Table 1) were manually adjusted within a range suggested by Neitsch et al. (2005) and until the 
predicted values were reasonably in line with that which had been observed.  

 
Table 1.   Adjusted variables for model calibration and validation. 

Notation Description SWAT range Adjusted 
value 

ADJ_PRK Peak rate adjustment factor for sediment routing in 
sub-basin 

1.00 Default 

PRF Peak rate adjustment factor for sediment routing in the 
channel 

1.00 Default 

USLE_C Land cover and management factor 0.001-0.5 0.001-0.5 
USLE_K Soil erodibility factor 0.00-0.65 0.11-0.27 
USLE_P Support practice factor 0.25-1.00 1.00 
SPCON Coefficient in sediment transport equation 0.0001-0.01 0.0001 
SPEXP Exponent in sediment transport equation - 1.00 
CH_EROD Channel erodibility factor -0.05 to 0.6 0.4 
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Performance Indicators 
Two criteria were used to assess monthly values simulated by SWAT. The first was coefficient of 

determination (R2) that is used for testing the linear relation between two variables. The Nash-Sutcliffe 
coefficient, ENS (1970) were also applied for testing the model efficiency. In this study, predicted monthly 
flows and sediment yields calibrated to match the observed ones were deemed satisfactory if R2 
reached above 0.6 and ENS > 0.5, as suggested by Santhi et al. (2001).   
 
Identification of critical sub-watersheds 

Critical sub-watersheds were identified and prioritized based on average annual sediment yield. 
These critical erosion areas were then grouped into erosion severity classes. According to LDD, 
degrees of soil loss have been categorized consisting of very slight (< 15 ton/ha/year), slight (15-30 
ton/ha/year), moderate (31-90 ton/ha/year), severe (91-125 ton/ha/year), and very severe (>125 
ton/ha/year). In this study, critical areas are defined as average sediment yield that rises above 90 
ton/ha/year. 
 

RESULTS AND DISCUSSION 
 
Summary of Flow Evaluation 

The results of hydrologic module indicated that the average monthly ET values were estimated to 
range between 38.20 and 79.84 mm for dry and wet months, respectively. These simulated values were 
acceptable when compared to previous studies on ET for this region. For statistical means, the values of 
both R2 and ENS were achieved above 0.70. Although some months of simulated flow were 
overestimated, most simulated flow was close to the observed flow both graphically and statistically 
(Fig. 2).  A complete detailed description of streamflow simulation in the study watershed was given by 
Phomcha et al. (2010). 
 
Sediment Calibration and Validation  

The initial and final values of the model parameters for calibration and validation procedures are 
shown in table 1, while table 2 shows the statistical indicators for both calibrations and validation. During 
the calibration period, simulated monthly sediment discharge reached the high values of both R2 (0.78) 
and ENs (0.79). The scatter plot for model calibration shows the uniform scatter of points above and 
below the 1:1 line for lower and higher rates of sediment discharge, but it generally plotted above the 
1:1 line for higher rates (Fig. 3a). During the validation period, the predicted peak sediment discharge 
value as well as times-to-peak quite closely matched the observed values, omitting the large 
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discrepancy for the year 2000. Scatter plots (Fig 3b) showing most of the points were evenly distributed 
above the 1:1 line (lower values), whereas some were plotted below (higher values). 

Overall, the prediction was satisfactorily plotted alongside the observed sediment line, except the 
jagged line of the maximum sediment during validation period. Similar simulation results have also been 
reported in several other studies on the SWAT model (Benaman et al., 2005; Santhi et al., 2001). 
 
Table 2.   Goodness-of-fit of monthly sediment discharge for model calibration and validation. 

Calibration (1997-1999) Validation (2000-2002) Statistical Test 
Observed Simulated Observed Simulated 

Average (tones)        3,397.9         4,894.1         6,705.5         4,806.8  
Max. peak (ton)      19,811.4       22,860.0      140,999.7       32,550.0  
Volume 103 (tones)     122.3      176.1      241.4      173.0  
R2 0.78 0.70 
ENS 0.79 0.91 
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Fig 2.   Scatter plots of flow model calibration (2a) and validation (2b). 
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Fig 3.   Scatter plots of sediment model calibration (3a) and validation (3b). 

 
In this study, there are several possible reasons for the model’s shortcomings. One possible 

reason may be the unavailability of some input dataset in the watershed, such as information on 
pertinent water use by small irrigation projects was also unavailable. The use of oversimplified SWAT 
algorithms to calculate both upland and in-stream erosion sediment is a second possible reason for 
discrepancies in this study. 
 
Identification and prioritization of critical sub-watersheds 

The results from the model simulation revealed that 16 out of the total 27 sub-watersheds fell into 
the category of very low priority which comprised 60% of the total area. Nonetheless, for the very high 
priority class, the model displayed that 10 sub-watersheds fell into this class, constituting approximately 
39% of the entire watershed (Fig. 4). The critical watersheds were mostly found in the lower portion of 
the study watershed. This may be due to the fact that the major land use in this area is intensively 
occupied by agriculture.  

Ten sub-watersheds (No. 19, 17, 13, 26, 24, 20, 25, 15, 21 and 16) were classified at the critical 
level. Among these sub-watersheds, sub-watershed number 19 produced the highest sediment yield. 
These sub-watersheds were strongly recommended to adopt appropriate soil conservation measures 
based on their critical level and topography. The remainder did not require soil conservation measures 
because they fell below the moderate priority class. 

 
CONCLUSIONS AND SUGGESTIONS 

This study has demonstrated the ability of the SWAT model to predict the sediment discharge and 
to identify critical erosion areas of the study watershed the conclusions could be drawn: 
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1. Based on the simulation results showed that the SWAT model satisfactorily predicted monthly flow 
and sediment discharge within an acceptable degree of accuracy, as evident from the statistical 
tests. The model can successfully be applied for targeting the critical sub-watersheds for 
developing suitable soil conservation practices. 

2. The SWAT model was applied to identify critical source areas of sediment in the Lam Sonthi 
watershed. The results indicated that, under the current situation, approximately 40% of the 
watershed (Ten sub-watersheds) fell into the critical soil loss class, while the others (60% of the 
watershed) were found to be slightly pertaining to sediment yield. Most of the sediments originated 
from agricultural land, especially corn land in the lower potion of the watershed. 
 
Based upon the results in this study, some suggestions can be made for future work. As critical sub-

watersheds to sediment yield in the study watershed were markedly met. These critical areas need to be 
identified in term of appropriate soil conservation measures for erosion control. Moreover, guidelines for 
the planning and management of soil erosion in the watershed based upon severe levels are also 
necessary for future work. 
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Fig 4.   Erosion hazard areas at the Lam-Sonthi watershed. 
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