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The climate change and insufficient data of the discharge and sediment yield in the catchment 

system are the main cause of the conflict amongst the consumers. The application of a semi-

distributed hydrologic model and geographic information system can be a solution to this conflict. 

This study implemented the SWAT model to estimate the discharge and sediment yield in the Huay 

Luang Catchment, Northeast of Thailand. The accuracy of the model was affirmed and compared 

with the data from the Kh103 observed station during 2008–2016 via SWAT-CUP. The study 

outcome suggested that the SWAT model provided favourable results compared to the observed data 

where R2, NSE, and PBIAS of the discharge were 0.79, 0.77, and -18.1% respectively and those of the 

sediment yield were 0.68, 0.65, and -22.7% respectively. Additionally, the quantitative analysis on 

22 sub-catchments as the spatial map derived from the Watershed Delineation indicated that both 

discharge and sediment yield during 2008–2011 were higher than the regular values by 35.9% and 

109.6% consecutively, whereas during 2012–2015 were lower than the regulars by 22.4% and 45.4%. 

In the raining season, more than 50% of the sub-catchments demonstrated 9–20 cubic meter per 

second of the discharge and 1,000–5,000 tons of the sediment yield, while during the drought 

season, both volumes in most of the catchments indicated less than 6 cubic meter per second and 

1,000 tons, respectively. These happened due to the changes of the rainfall each year. Hopefully, the 

result and spatial information from this study could be a great contribution to the water resource 

management and development in any catchment with insufficient data.  
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I. INTRODUCTION 

 
Nowadays, Thailand has launched a strategy to support the 

general economic development such as agriculture, industry, 

as well as the increasing number of the population; therefore, 

there is higher demand for the land use for cultivating to 

increase the product quantity and expanding the industrial 

estate and residence area. This demand has yielded several 

changes on the ground surface along with the rapidly growing 

rate of the land use (Faksomboon & Thangtham, 2017), e.g. 

the forest intrusion or changes of crop types (Roslee & Sharir, 

2019). It is critically expected that these problems would 

impact the hydrological system within the catchment areas; 

for example, during the raining season, the discharge 

following downwards the main stream and the sediment 

yields washed out from the ground surface would be changed 

so that the water quantity and quality was unfavourable for 

water resource management in catchment areas (Arnold et. 

al., 1998; Wuttichaikitcharoen & Babel, 2014; Ghani et al., 

2019) as well as decreasing the flow rate and increasing the 

contamination of raw water. As a consequence, the 

measurement and estimation of the discharge and sediment 

yields within the streams could be the important data for 

creating the water resource development plan. Still, there has 

been an obstruction in collecting and filing the data from the 

responsible organizations such as the Royal Irrigation 
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Department or the Department of Water Resources due to the 

problems in purchasing the advanced measurement tools or 

the insufficient budget for maintenance. Accordingly, the 

hydrological model could be another useful choice for the 

data analysis on the discharge and sediment yield at the gauge 

station with insufficient data or limited period of time for data 

recording. This model is also time-saving and cost-saving for 

the operation.  

In the past, analysis of discharge and sediment yield in 

catchment areas has been carried out using hydrologic 

models, which are available in various forms, such as VIC, 

TOPMODEL, HBV or MIKE-SHE, all of which are based on 

water balance principles (Nourani et. al., 2011; Lasen et. al., 

2014; Oubeidillah et. al., 2014; Ali et al., 2018;). However, 

each type of model will have different suitability depending 

on the purpose to be analyzed. For example, VIC is suitable 

for wetland areas and water management for agricultural 

areas (Devi et al., 2015). MIKE-SHE has a huge demand for 

importing physical data, which is a limitation for small river 

catchments that lack data (Devi et al., 2015). While sediment 

quantity studies using models such as GeoWEPP, SEDMODL 

or RUSLE (Maalim et. al., 2013; Parsakhoo et al., 2014; 

Ganasri & Ramesh, 2016) have a lot of basic operations or 

require limited specific data such as satellite imagery.  

Based on the literature review, each of the models has its 

distinctive feature that differently matches with specific 

objectives and usages and requires different types of input. 

Each also has its own method for parameter adjustment to 

provide the most favourable results. To do so, the model 

needs a huge number of the input and highly delicate data so 

it needs to work with a high-performing computer (Xia et al., 

2019) that match with the data calculation time. 

Unfortunately, some catchment contains insufficient input 

due to the lack of data, shortage of budget for digital file 

creation, as well as incomplete primary data. Besides, some 

forms of quantitative data from the model can be displayed as 

either numbers or graphs, so it may need more specific 

computer facilities to present the spatial data analysis. In case 

of the insufficient input, an engineer or researcher may use a 

hydrological model that can quickly calculate the data and 

present different types of data from a single calculation. They 

may apply it with GIS to obtain the hydroinformatics data 

(Vojinovic & Abbott, 2017) for the stakeholders to effectively 

solve the problematic water resources (Zardari et al., 2019). 

As a result, a hydrological model with upgraded functions and 

an ability to provide a favourable outcome for the catchment 

with limitations or incomplete data is considered necessary. 

Currently, the estimation of sediment and discharge in the 

regional catchment using the Semi-Distributed Model (SDM) 

is widely attractive because the results obtained from the 

model can reflect the hydrological changes according to the 

physical characteristics of the catchment area such as land 

use, area slope and the local climate. The SWAT model is one 

of the most widely semi-distributed hydrologic models in the 

world (Cai et al., 2012), which has been applied for the study, 

analysis, and evaluation of sediment and discharge problems 

in the catchment, such as predict the sediment yield and in 

small catchments that are affected by land use changes due to 

increased population and construction demand (Cai et. al., 

2012; Huang & Lo, 2015; Zuo et al., 2016), estimation of 

sedimentation from surface erosion (Son et al., 2015; Vidula 

& Sushma, 2017), simulated discharge in the case of 

catchments lacking gauge stations and spatial data (Mango et 

al., 2011). 

At this point, Huay Luang is a sub-catchment of Khong 

Catchment in the northeast of Thailand where the discharge 

coming along with the sediment yield has been a critical 

problem that negatively affects the water resource 

management. This varied the discharge efficiency and 

sediment yield is expected to affect the carrying capacity of 

the streams. Consequently, this research aimed to apply the 

SWAT model for data evaluation on the discharge and 

sediment yield in ungauged areas through classification as a 

sub-catchment that covers the Huay Luang Catchment. It was 

also expected that the methodology and outcome of this 

research would be another approach to support the 

responsible organization or person in deciding on the water 

resource development planning in any target catchments 

either at current state or in the future. 

 

II. MATERIALS AND METHOD 

 

A. Study Area 

 
For the target area, in this study, the Huay Luang Catchment 

is a sub-catchment of Khong Catchment in the northeast of 

Thailand covering about 3,350 km2 of area where the Huay 
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Luang River flows from the southwest to the northeast as 

presented in Figure 1(a). The annual average rainfall is 1,300 

mm. The rainfall data was taken from 7 raingauge stations 

separately located throughout the target catchment whereas 

the climate data was obtained from the Udon Thani Station 

located at the midst part of the catchment.  

The observed discharge and sediment yield were taken from 

the Kh103 Station located in the midst of the area were later 

compared with the result of the model. The majority of the 

population is engaged in agriculture using rainwater and 

irrigation systems. The most commonly planted crops are rice, 

cassava, sugarcane, and plantations. However, the problem of 

intrusion in the upstream areas, the expansion of 

communities near the water resource has expanded rapidly, 

changes in cultivation patterns and global climate change in 

the past 10 years are expected to directly affect the volume of 

discharge and sediment yield in the Huay Luang Catchment. 

 

B. SWAT Model 

 
The SWAT (Soil and Water Assessment Tool) (Arnold et al., 

1998) is a hydrological model developed for evaluating 

sediment change, discharge and water quality in rivers that 

are affected by climate and land use changes in the past, 

present and future forecasts (Mango et al., 2011). The model 

can divide processing at multiple catchments at various levels, 

such as creating sub-catchments in the main catchments, 

including calculations that show daily and monthly results 

and long period of time using water balance equations to be 

considered based on variables from the hydrological process, 

as illustrated in the Equation (1). 

( )t
t 0 day surf a seep qwi 1

SW SW R Q E W Q
=

= + − − − −           (1) 

where SWt is final soil water content (mm), SW0 is initial soil 

water content (mm), t is time (day), Rday is rainfall on Day i 

(mm), Qsurf is surface water content on Day i (mm). Ea is 

evapotranspiration content on Day i (mm), Wseep is 

underground seepage content on Day i (mm), and Qgw is 

underground water content flowing back to a stream on Day 

i (mm) (Sajikumar & Remya, 2015). 

Evaluation of sediment quantities using the SWAT model 

used imported soil data in the model and determining the 

physical properties of the soil as it affects the movement of 

water and air, which is important for water circulation in each 

hydrologic response unit. The important elements that affect 

sedimentation in various streams include: 1) the volume and 

the intensity of rainfall; 2) the characteristics of soil and rocks 

in the catchment; 3) the characteristics of the soil cover, for 

example, in case of the evergreen forest, there will be 

sediment less than the deciduous forest; 4) the type of land 

use, for example, if the area is always planted with ground 

cover plants, erosion rates will be reduced; 5) topographical 

conditions, such as if the slopes are very steep, the water will 

flow more likely to cause erosion and; 6) other elements such 

as size, shape and condition of use of the catchment. For the 

equation used to assess sediment quantity in the SWAT 

model, the model applied the Modified Universal Soil Loss 

Equation (MUSLE) (Petsountang & Jirakajonhkool, 2012) as 

exposed in Equation (2). 

( )
0.56

surf peakS 11.8 Q q K.LS.C.P=         (2) 

Where S is the total amount of sediment that flows out of the 

cathcment (metric tons), Qsurf is the amount of water (m3), 

qpeak is the maximum flow (m3 per second), K is the factor of 

soil erosion stability is specific to each layer of the soil, LS is 

the length and slope factor, C is the plant management factor, 

P is the control factor for the erosion of soil, 11.8 and 0.56 are 

the data constant values for each rainstorm applied to GIS. 

 

C. Data Collection 

 
The data collected and used with the SWAT model consisted 

of the Digital Elevation Model (DEM) with a resolution of 

30×30 m2, the soil types map, the land use map, the daily 

climate data consist of; rainfall, maximum and minimum 

temperatures, relative humidity, solar radiation, and wind 

speed, as well as the discharge and sediment yield from the 

Kh103 Station. Particularly, the land use data was surveyed 

in 2015 classified into 9 groups in which most of the land was 

used for rice field, sugarcane, cassava, generic agriculture, 

and urbanization area (see Figure 1(b)).  

The soil type data was assembled by the Land Development 

Department of Thailand in 2015, accordance with the soil 

classes of the SWAT model based on the Food and Agriculture 

Organization (FAO, 2006) textural classes including 5 soil 

groups: most of them were in Sandy loam, sandy loam clay 

(SL, SCL) and Clay (C) in north part (see Figure 1(c)). All of 

these data for input to the SWAT model and for the model 
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performance evaluation were presented clearly in Table 1. 

Table 1. Spatial data and observed discharge data for the 

SWAT model performance evaluation 

Data types Period Scale Source 

Spatial data (model input) 

DEM 2015 30×30 m 

LDD 
River map 2015 

1:50,000 Soil types 2015 

Land use  2015 

Climate 2008−2016 Daily TMD 

Observed sediment and discharge 

(model performance assessment) 

Kh103 2008−2016 Daily RID 

Remarks; 

LDD  :  Land Develop Department  

TMD  :  Thai Meteorological Department  

RID  :  Royal Irrigation Department  

 

D. Sub-Catchment Modeling and HRUs Analysis 

 
The study area, Huay Luang Catchment was defined from the 

DEM input used for the evaluation on the physical use types  

characteristics of the sub-catchment; meanwhile, the land 

and the soil types were defined by inserting the land use map 

and soil types map into the SWAT model so that they could 

be linked with the data from the study area. The 

determination of Hydrological Response Units (HRUs) (Cai 

et. al., 2012; Noh et al., 2019) was the stage to define the 

resolution of the catchment unit in which the sub-catchment 

normally contains different HRUs, e.g. those that were 

consistent with the types of land use and land cover, the soil 

groups, the land slope, etc.  

Regularly, these HRUs are diversified by each specific area 

as well as by the hydrological conditions based on the 

meteorological factors of each HRUs. Indeed, the HRUs 

determination had further impact on the model accuracy 

estimation during the sensitivity analysis of hydrological 

parameters. In term of the climate input, there were 5 key 

parameters including: 1) rainfall; 2) maximum and minimum 

temperatures; 3) relative humidity; 4) wind speed; and 5) 

solar radiation. These parameters were daily data that was 

presented in Table 1 arranged in a favourable order for the 

SWAT model. 

 

 

 

 

 

 

 

 
 (a) (b) (c) 

Figure 1.  Spatial data of the Huay Luang Catchment, (a) study area and DEM, (b) land use types map and (c) soil types map
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E. Model Calibration and Validation  
using SWAT-CUP 

 
The estimation on the SWAT model’s performance could be 

managed by calibration and validation (Abbaspour et al., 

2015) on the discharge and sediment yield derived from the 

model along with the sensitivity analysis via SWAT-CUP 

(SWAT Calibration and Uncertainty Procedure) (Djebou, 

2018; Faiza et al., 2018) on the hydrological parameters with 

an impact on the discharge and sediment yield. SWAT-CUP 

is designed to work with the SWAT model, which increases 

the efficiency, flexibility, and shorten the time period for 

sensitivity variable analysis when compared to previous 

techniques, such as manual correction by trial and error. The 

result of adjusting the sensitivity parameter obtained from 

SWAT-CUP will be a guideline or an appropriate solution for 

the calibration and validation between the calculation results 

from the SWAT model and data from the hydrological gauge 

station.  

The operation has the option of using 5 optimization 

techniques, which include: 1) Generalized Likelihood 

Uncertainty Estimation (GLUE); 2) Particle Swarm 

Optimization (PSO); 3) Parameter Solution (Parasol); 4) 

Mark Chain Monte Carlo (MCMC); and 5) Sequential 

Uncertainty Fitting (SUFI-2). For this study, we have 

considered using the SUFI-2 technique in operations. The 

strength of the SUFI-2 is that it requires the least amount of 

sensitivity parameters, but still provides the best results 

(Ayivi & Jha, 2018; Abbaspour et al., 2007), as well as 

showing the widest range of sensitivity parameter results 

compared to other techniques (Yang et al., 2008). After an 

optimum coefficient had been defined, it would replace the 

coefficient of a parameter in the SWAT model in order to 

make the calculated discharge and sediment yield close to the 

result from the gauge station the most. This data was taken 

from the Kh103 Station where the data was monthly recorded 

during January 2008−December 2016.  

Specifically, in this study, several statistical indexes were 

applied to affirm the model accuracy during calibration and 

validation procedures to test the goodness of fit between 

monthly observed and simulated values. These indexes were 

significant to examine and impose the exactitude of the 

SWAT model simulations. These indexes consist of; 

Coefficient of Determination (R2), Nash-Sutcliffe Efficiency 

coefficient (NSE), and Percent Bias (PBIAS) (Yang et al., 

2014), as described in Equations (3)−(5), respectively. The 

ordinary performance level for approved statistics in monthly 

time step of the model simulation can be divided into four 

levels (Zang et al., 2019) as explained in Table 2. 

 

2
n

i a i a2 i 1

n n2 2
i a i ai 1 i 1

(O O )(S S )
R

(O O ) (S S )

=

= =

 
− − 

=  
 − − 
 



 

 (3) 

 

n 2
i ii 1

n 2
i ai 1

(O S )
NSE 1

(O O )

=

=

−
= −

−




 (4) 

 

n
i ii 1

n
ii 1

(O S )
PBIAS 100

(O )

=

=

−
= 



 (5) 

Where i was the data order, n was number of total data, Oi 

was the data from gauge station at time i, Oa was the average 

of total data from gauge station, Si was the average of the data 

from simulated at time i, and Sa was the average of the data 

from simulated. 

Table 2. Ordinary performance levels for approved statistics in monthly time step 

Level R2 NSE 
PBIAS 

Discharge Sediment 

Very good 0.80 < R2 ≤ 1.00 0.75 < NSE ≤ 1.00 |PBIAS| < 10% |PBIAS| < 15% 

Good 0.70 < R2 ≤ 0.80 0.65 < NSE ≤ 0.75 10% ≤ |PBIAS| < 15% 15% ≤ |PBIAS| < 30% 

Satisfactory 0.60 < R2 ≤ 0.70 0.50 < NSE ≤ 0.65 15% ≤ |PBIAS| < 25% 30% ≤ |PBIAS| < 55% 

Unsatisfactory R2 ≤ 0.60 NSE ≤ 0.50 |PBIAS| ≥ 25% |PBIAS| ≥ 55% 
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III. RESULTS AND DISCUSSION 

 

A. Sensitivity Parameter Analysis 

 
The parameter sensitivity analysis was performed via SWAT-

CUP using SUFI-2 in which 500 calculation rounds were 

defined, as 8 and 4 parameters affecting the discharge and 

sediment yield were also prescribed respectively. The 

optimum outcome making the calculated result mostly 

similar to the discharge and sediment yield measured at the 

gauge station were described in Table 3. In terms of using 

SUFI-2 to analyze the order of sensitivity parameters, the 

basic principle of analysis was based on t-stat and P-value. 

When the results indicate the highest t-stat, the parameter 

has the best relationship (when + and – were excluded), 

whereas P-value shows the significance of sensitivity. If P-

value was close to zero, that parameter was most significant. 

The result from t-stat and P-value impacted the discharge and 

sediment yields based on the sensitivity order presented in 

Table 3.  

Both t-stat and P-value indicated that SOL_AWC and 

USLE_P were mostly related to the model’s sensitivity 

(Regular P-value <= 0.05). No.3–5 were the parameters 

related with the groundwater including GW_REVAP, 

GWQMN, and ALPHA_BF, and No.6–7 were the sediment-

related parameters including SPCON and SPEXP. The rest 

were ESCO, the parameter related to ground-surface 

infiltration, followed by No.9–10, the evaporation in shallow 

aquifer and groundwater parameters including REVAPMN 

and GW_DELAY. Finally, LAT_SED and CN2 are displayed 

in the No.11 and 12 positions.  

According to the parameter adjustment via SWAT-CUP, the 

analysis on the sensitivity parameter between the discharge-

related and sediment yield-related parameters indicated that 

the surface discharge (No.1: SOL_AWC) and the soil loss 

(No.2: USLE_P) were amongst the top influential parameters 

(Khalid, et al., 2016; Hosseini & Khaleghi, 2020) and this 

implied that the surface discharge directly had a significant 

relation with the sediment yield (Khelifa et al., 2017; Worku 

et al., 2017) connected through the variables related to the 

evaporation of the groundwater (No.3–5) and the sediment 

in the rivers (No.6-7), respectively. 

B. Model Calibration and Validation 

 
The complete data of discharge and sediment yield from the 

Kh103 Station between 2008−2016 is considered to be 

compared with the calculation results from the SWAT model. 

Due to the limitation of the data from the observed station is 

only 9 years (sediment yield has only 8 years-no recorded in 

2014), as well as the annual volume of discharge and 

sediment yield that has changed to the extreme during the 

considered period. Figure 2 shows the total annual volume 

data of both variables (recorded from the observed station) 

which indicates the year 2008−2011, and both variables have 

normal-high volume (in 2011 Thailand has the Great Flood 

event). On the contrary, between 2012−2016, both volumes 

were lower than average. To make it reasonable to calibrate 

between the model and the observed values, and to cover the 

fluctuate situation was described earlier. The selection of the 

calibration period is used during 2011−2016 (6 years) in order 

to cover between high and low volume events. While the 

validation will be between 2008−2010 (3 years) which covers 

the near normal and high volume. 

The calculated result from the SWAT model compared with 

the data at the Kh103 Station recorded during 2008−2016 

was shown in Table 4. The results of the model accuracy 

evaluation of both discharge and sediment yield have 

suggested that the overall values of R2 is within the criteria 

"good" (0.79 and 0.68), NSE is "good" (0.77 and 0.65) and 

PBIAS is "satisfactory" (discharge, -18.1%) and "good" 

(sediment yield, -22.7%). For compatibility between the 

model results and the actual observed values of discharge and 

sediment yield at the Kh103 Station, the monthly hydrograph 

is shown in Figure 3(a) and (b), respectively. The results 

indicated that the SWAT model can be applied to assess 

discharge and sediment yield for the Huay Luang Catchment 

with acceptable accuracy. 
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Table 3. Calibrated sensitivities parameters and fitted values using SUFI-2 from SWAT-CUP 

Rank Parameters Description 
Fitted 

Value 

Adjust 

Range 
t-stat P value 

1 V_SOL_AWC.sol 
Available water capacity of the 

soil layer 
0.595 0.0 – 1.0 2.71 0.00 

2 V_USLE_P.mgt USLE equation support (P) 0.00125 -0.2 – 0.2 -2.02 0.05 

3 V_GW_REVAP.gwt Groundwater "revap" coefficient 0.1325 0.02 – 0.2 -1.51 0.13 

4 V_GWQMN.gwt 

Treshold depth of water in the 

shallow aquifer required for 

return flow to occur  

4,733.75 4,250 – 5,000 -1.15 0.25 

5 V_ALPHA_BF.gwt Baseflow alpha factor  0.465 0.0 – 1.0 0.80 0.42 

6 V_SPCON.bsn 

Linear parameter for calculating 

the maximum amount of 

sediment that can be re-

entrained during channel 

sediment routing 

0.002228 
0.0001 – 

0.005 
0.59 0.56 

7 V_SPEXP.bsn 

Exponent parameter for 

calculating sediment 

reentrained in channel sediment 

routing 

1.655 1.0 – 2.0 0.39 0.69 

8 V_ESCO.hru Soil evaporation compensation 

factor 
0.115 0.0 – 1.0 0.37 0.70 

9 V_REVAPMN.gwt 

Threshold depth of water in the 

shallow aquifer for "revap" to 

occur  

372.5 0.0 – 500.0 -0.30 0.76 

10 V_GW_DELAY.gwt Groundwater delay  86.7 0.0 – 500.0 -0.26 0.79 

11 V_LAT_SED.hru 

Sediment concentration in 

lateral flow and groundwater 

flow 

98.5 0.00 – 100.0 0.16 0.86 

12 R_CN2.mgt SCS runoff curve number 0.142 -0.2 – 0.2 0.13 0.89 

 

 

Figure 2.  The total of annual volume of discharge and sediment yield during 2008−2016 from the Kh103 Station 
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(a)  

 
(b) 

Figure 3. Comparison of observed and simulation of (a) discharge and (b) sediment yield at monthly time scale

Table 4. Model performance results 

Range 
Assessment index 

R2 NSE PBIAS 

Discharge 

Calibration (2011−2016) 0.81 0.79 -22.8% 

Validation (2008−2010) 0.76 0.75 -13.1% 

Overall (2008-2016) 0.79 0.77 -18.1% 

Sediment yield 

Calibration (2011−2016) 0.64 0.60 -34.6% 

Validation (2008−2010) 0.73 0.72 -12.3% 

Overall (2008-2016) 0.68 0.65 -22.7% 

 
For the next step, the SWAT model that has been adjusted 

for accuracy in this calculation will be considered to assess 

the volume of discharge and sediment yield within the 22 sub-

catchments (divided by the watershed delineation process of 

the SWAT model). This evaluation can be carried out in the 

form of spatial maps, based on the range of colours and 

quantities to indicate changes in the volume of discharge and 

sediment yield of the sub-catchment areas and time series. 

 

C. Spatial Distribution of Discharge and Sediment 
Yield in Sub-catchment Level 

 
After the SWAT model had finished calibrating and validating 

the discharge and sediment yield at the observed station and 

gained the satisfactory results, both values from all 22 sub-

catchments after the watershed delineation were later 

summarized to define the annual averages and the input data 

for the ArcGIS that would be displayed as the spatial 

distribution map covering the Huay Laung Catchment during 

2008–2016 as well as the average during the dry season 

(November–May) and the wet season (June–October). 

Figure 4 and 5 show the annual averages of the discharge and 

sediment yield found in those sub-catchments. In the figures 

of each year, the monthly averages (bar graph) would be 

compared with the regular values (the blue dash line 

represented the discharge and the brown dash line 

represented the sediment yield). 

 
1. Discharge 

 
Regarding the annual discharge average, Figure 4 noted that 

during 2008–2011, the discharge was higher than the regular 

value by 35.9%−109.6% (the discharge average in the Huay 

Laung Catchment is approximately 81.4 CMS per year as 

shown in Figure 2). Exactly, most of the discharge averages 

from the sub-catchments in the northeast area and the north 

could be 9−20 CMS since the monthly averages in the raining 

season were higher than the regular value, especially in 2009 

and 2011 so that there was the Great Flood in the northeast 

and Thailand. On the contrary, during 2012−2015, it was 

found that the annual discharge averages from all sub-

catchments were lower than the regular value by 

22.4%−45.4%; this could be apparently observed in periods of 

2012−2013 and 2015 where the discharge averages from 

12−14 sub-catchments, mostly in the southern west, were only 

0−3 CMS, and 6−10 sub-catchments in the northeast were 3−6 

CMS. Notably, in 2016, the averages were slightly higher than 

the regular value by 5.4% where the discharge averages were 

merely 0−12 CMS. During the dry season from November to 

May, the averages were lower than 6 CMS, whereas, in the wet 

season from June to October, there was 10 sub-catchments 

where the averages were 9−20 CMS. In this regard, the sub-

catchments with high averages were mostly found in the 

northeast and the north areas since it was a lowland (most of 

the land was used as the rice field) and the outlet of the Huay 

Luang Catchment. Differently, the southern west was a steep 
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land covered with forest and widely used for growing 

sugarcane (see Figure 1(a) and Figure 1(b)) so that the 

discharge there have constantly been low (Sriworamas et al., 

2020) all year round. 

 
2. Sediment Yield 

 
Figure 5 presents the annual sediment yield averages in the 

Huay Luang Catchment during 2018−2016 which was 

16,817.8 tons per year when compared to the regular average 

(see Figure 2); therefore, there were 4 periods from 

2008−2011 when the sediment yield was 50% higher than the 

regular average; this was consistent with the discharge 

averages found in the same periods. The sub-catchments with 

high averages were mostly situated in the north and the 

northeast. Particularly in 2011 when the sediment yield 

average was much higher than the regular value by 172.7% 

(45,855 ton per year), it was found that 10 sub-catchments 

bears 2,000−6,000 tons of sediment yield or over 50% of the 

whole area and it was often found during the wet season 

lasting to the dry season or from August to December and the 

next January. Still, the sediment yield averages lower than 

the regular value could be found in 2012 (-37.5%) and 2015  

(-39.6%) where all the sediment yield averages in all sub-

catchments were lower than 1,000 tons. Additionally, the 

optimum average was found in 2014 where it was higher than 

the regular value by only 6.4%.   

When considering the averages by seasons, the sediment 

yield in the dry season did not exceed 1,000 tons in every sub-

catchment, whereas the averages in the wet season were from 

1,000−5,000 tons spreading through 13 sub-catchments. 

However, the sediment yield with average of 4,000−5,000 

tons were typically found at the northern outlet in main 

catchment, followed by the physical attribute of the area, 

where the sediment yield was naturally assembled at 

catchment outlet. On the other hands, in the upstream with 

the steep area, the sediment yield would be commonly low. 

Meanwhile, the moderate sediment yield average could be 

found in the midst of the catchment. In case of the sub-

catchments with high sediment yield averages, either the 

measurements or extra activities should be managed for 

surface water improvement, e.g. soil surface preservation, 

forest expansion, suitable crop selection, increasing dredging 

budget, etc. 

D. Analysis of Discharge and Sediment Yield within 
Sub-catchment Area 

 
Based on the findings from the previous section, the wet 

season is a period with the highest discharge and sediment 

yield, which is consistent with the results of studies in many 

areas (Zhang et. al., 2016; Azari et al., 2019) that might have 

some impact on the water resource management (particularly 

for the sediment yield management); therefore, in this study, 

magnitude of the discharge and sediment yield that has an 

impact on the sub-catchment area (Djebou, 2018) is 

determined by referring to the average in the wet season from 

2008−2016. The results of volume comparison in percentages 

are shown in Table 6 and Figure 6. The compared results in 

Figure 6(a) indicated that the annual discharge average 

during the wet season was 166.5 CMS and 38.4% of the sub-

catchments (No. 1, 2, 5, 7, 8, and 9) contained 12−20 CMS so 

that the total average was 77.2%. This mostly happened in the 

north and the northeast. Meanwhile, 39.3% of the sub-

catchments mostly covering the southern west and some 

parts of the north showed the average lower than 3 CMS that 

could roughly produce 4.7% of the discharge, whereas 

approximately 22.3% of the sub-catchments mostly in the 

central part of the area contained a moderate value of 6−12 

CMS. Hence, the total average was 18.1% of the total 

discharge in the wet season. 

As the annual sediment yield average during the same 

period was 49,768.9 tons. In this regard, the comparison 

between the area and the average was illustrated in Figure 

6(b). It indicated that the majority of 49.3% of the area 

showed the sediment yield averages from 2,000−4,000 tons 

or 64.1% of the total. The spatial distribution covered the 

central part spreading toward the upper and lower parts of 

the catchment. Besides, the minimum sediment yield of 

0−2,000 tons was found in 42.1% of the area and the total 

yield was 18.6%. Most of this case was basically found in the 

upstream in the south and the downstream in the north, 

meanwhile, the maximum of 4,000−5,000 tons were found in 

only 8.6% of the area, but it somehow produced 17.4% of the 

total sediment yield average which could be evidently seen at 

the northern outlet (Sub-catchment No.1 and 2). 
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Figure 4. Magnitude of annual discharge across the sub-catchments delineated within the Huay Luang Catchment 
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Figure 5.  Magnitude of annual sedient yield across the sub-basins delineated within the Huay Luang Catchment 
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Table 6. Evaluation of discharge and sediment yield of the sub-catchment attended in the catchment area during the wet 

season 

Range of 

volume 

Number of Sub-

catchments 

Corresponding area Total of volume 

Area 
Percentage 

of area 

Volume 

per year 

Percentage  

of volume 

Discharge (CMS) (km2) (%) (CMS) (%) 

0 - 3 11  1,315.7   39.3  7.9  4.7  

3 - 6 - - - - - 

6 - 9 1  370.3   11.0 7.7  4.6  

9 - 12 2  378.2   11.3  22.4  13.4  

12 - 15 2  212.4   6.3  29.5  17.7  

15 - 20 6  1,074.8   32.1  99.1  59.5 

Total 22  3,351.3   100.0   166.5   100.0  

Sediment yield (Tons) (km2) (%) (Tons) (%) 

0 – 1,000 6 781.0 2,809.4  23.3   5.6  

1,000 – 2,000 4 630.4 6,424.0  18.8   12.9  

2,000 – 3,000 5 915.8 13,838.0  27.3   27.8  

3,000 – 4,000 5 736.0 18,043.5  22.0   36.3  

4,000 – 5,000 2 288.1 8,654.0  8.6   17.4  

5,000 – 6,000 - - - - - 

Total 22  3,351.3   49,768.9   100.0   100.0  

 

 

(a) 

 
(b) 

Figure 6. Comparison of percentage between sub-catchment areas with (a) discharge and (b) sediment yield divided by 

quantity range in the wet season 
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By mainly analyzing the relationship and similarity 

between the area and both averages (discharge and sediment 

yield) found in the wet season, any sub-catchments all 

together producing the closet value or more than 50% of the 

total area could increase over 80% of the total discharge so 

the result from this study revealed that 49.7% of the sub-

catchments gave 90.6% of the total annual discharge average; 

meanwhile, 57.9% of the total area could produce 81.5% of 

the total sediment yield. Both values demonstrated the 

spatial distribution in which the sub-catchments with 

moderate and high averages were mainly located in the 

central part and the north of the main catchment. This 

assessment firmly indicated that more than 50% of the sub-

catchments within the Huay Luang Catchment had its 

potential to produce more than 90% of the discharge. Still, it 

also caused more than 80% of sediment yields. Accordingly, 

the discharge and sediment yield at the downstream should 

be managed systematically. 

 

IV. CONCLUSION 

 
When applying the SWAT model with spatial data for the 

discharge and sediment yield estimation in the Huay Laung 

Catchment, the data from the Kh103 Station during 

2008−2016 was calibrated and validated, and 12 sensitivity 

parameters with an impact on the discharge and sediment 

yields were analyzed by SWAT-CUP with SUFI-2 

optimization technique to define the optimal sensitivity 

parameters for the model modification and to gain similar 

result as the real values. During the calibration and validation 

periods, the monthly of R2 and NSE are respectively 0.79 and 

0.77 which were “good” for the discharge and 0.68 and 065 

which were “satisfactory” for the sediment yields. In term of 

PBIAS, both were proved to be lower than the observed, so 

they were negative. Namely, the discharge was -18.1% and the 

sediment yield was -22.7% which were “good” and 

“satisfactory” consecutively.  

The highlight of the SWAT model used in this study was a 

watershed delineation process that classifies the Huay Luang 

Catchment into several sub-catchments and the 22 sub-

catchments were studied. At this point, the difference in the 

discharge averages in those sub-catchments were in a range 

from 0.05−18.1 CMS per year while the sediment yield 

averages could be 0−4,136.8 tons per year. Besides, after 

considering the area size in the wet season with maximum 

discharge and sediment yield, more than 50% of the sub-

catchments area could produce 90% of the discharge and      

82% of sediment yields, respectively. Notably, these high 

averages were mostly found in the northeast and the north 

since it was the catchment outlet. This finding was very 

contributive to this study since it helped simulate the 

discharge and sediment yield averages and presented them as 

the spatial distribution processed through the Geographic 

Information System (GIS) in the ArcGIS. Hence, it was 

possible to observe a sensitive area without observed gauge 

station and with unknown data that may cause a problem for 

the responsible organization or stakeholders in managing the 

water resource around the main catchment. 

In summary, the research methodology and outcomes from 

the discharge and sediment yield evaluation using the SWAT 

model was expected to be greatly contributive to the making 

of future water resource management plan in both qualitative 

and quantitative approaches such as the assessment on the 

flood and drought risk, improvement of water quality for 

consumption, the environmental conservation for the Huay 

Luang Catchment or other regional catchments with similar 

physical features, as well as any catchments with insufficient 

measuring instrument and observed station for better 

performance through the sustainable collaboration amongst 

all related sector. 
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