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 Background: Changes in runoff will affect sediment input into rivers and coastal seas 

resulted changes in sediment cycling and transport. Moreover, high sediment loads can 

cause contamination and surroundings degradation in river systems such affects algal 
growth and river ecosystem. During the last forty years, numerical models have proven 

to be useful research tools in environmental studies. Objective: The integrated 

modelling is designed to simulate and assess catchment-scale land to appropriately 
quantify sediment and stream flow delivery to receiving waters. The study evaluated the 

performance and suitability of Soil and Water Assessment Tool (SWAT) model in 

assessing sediment loading and stream flow loading under Malaysian climate. Results: 
The SWAT was calibrated and both r2 and E value above 0.65. The simulation results 

based on 30 years of rainfall records indicate that average water quantity will not be 

significantly affected and suspended sediment and stream flow will increase. Urban 
areas were found to be the main contributors to of sedimentation. Conclusion: The 

simulation results showed that SWAT has the potential to be used as a valuable tool for 

planning and management of watersheds under Malaysian condition. The outputs from 
the research are used to encourage sustainable management practices more broadly in 

the catchment. With minimal modification, the methods developed are applicable 

elsewhere to address water quality declination. 
 

 

© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Nor Faiza Abd Rahman, Mohd Fozi Ali, Khairi Khalid, Junaidah Ariffin, Muhamad Radzali Mispan, A Framework 

for Integrated Stream flow and Sediment Yield Using SWAT in Langat Watershed. J. Appl. Sci. & Agric., 9(18): 156-162, 2014 

 

INTRODUCTION 

 

 Over the years a lot of catchments in Malaysia have experienced the increased sediment loading and water 

quality declination. In Malaysia, stream flow and sediment transport in river basin are not a popular topic among 

the researchers. Thus only few attempts have been carried out on understanding the river flow and sediment 

transport in river basin due to climate change. In this rapid changing world, it becomes important to understand 

any factors that will degrade the freshwater quality to ensure the sustainability of water resources. The study 

will design a modelling framework to simulate and assess catchment scale sediment and stream flow patterns to 

receiving waters.  

 The Langat River in Selangor will be used as a case study for describing the development of framework. 

Sediments loss from the ground can reduce the freshwater and marine ecosystems quality in terms of aquatic 

habitat and water quality (Ayub et. al, 2012).  The model is applicable for future prediction of climate change on 

stream flow and sediment. This system innovation is the integration of two separate modelling approaches to 

permit biophysical assessment. The outputs from this research should assist natural resource management 

agencies and policy makers to appropriately target critical areas, so that it will be cost effective in reducing 

sediment loads downstream. Changes in flow water, organic matter and other contaminants, and also river 

morphology indicated the changes in hydrological cycle. Further deterioration of river quality water will 

adversely affect the ability to provide vital ecosystem services and support of healthy aquatic life essential to the 

health of the overall river ecosystem. 

 However, the major impediment to progress in hydrological modeling and sediment deposition is not the 

inability to simulate physical processes mathematically, or to solve the resulting equations, but the inability to 

explicitly consider the spatial variation of model parameters. This task has always been one of the most time 



157                                                                       Dr. Mohd. Fozi Ali et al, 2014 

Journal of Applied Science and Agriculture, 9(18) Special 2014, Pages: 156-162 

consuming, and therefore costly, components of hydrologic research. Spatially distributed data and the ability to 

manipulate such data are essential for detailed hydrologic research. The need for integrating sediment and 

stream flow is well understood; the link itself, however, is weak at the operational level and is incompatible with 

the demands of modeling. Although hydrologic parameters can be generated within SWAT, the procedures are 

not sufficiently streamlined to be handled by non-specialists. These problems have become a major hurdle in the 

current effort to enhance the spatial capabilities of hydrologic research on sediment and stream flow. Currently, 

many sediment and stream flow data appropriate for water resources management are underutilized due to the 

absence of a bridge between the raw data and end users (Guzman et al, 2012).  SWAT subsurface modeling 

capabilities are limited, eva-transpiration estimation are limited to site data availability. Hydrologic modeling 

preparation is time consuming, data screening, segregation aggregation, interpolation, analysis and formatting. 

SWAT setup requires highly intense GIS data preparation carried out in ArcSWAT. Thus by integrating 

sediment and stream flow data, developing and analysis  task can be carry out in a shorter time frame. 

 This research will fill the gap of existing studies by exploring the processes tailored towards a user- friendly 

data entry and editing environment for the hydrologic model. As such, the understanding where the major 

stream flow and sediment sources are within the catchment is a vital step in understanding on managing these 

pollutants in the near future. Thus, the integrated approach between these two models is essential in order to 

understand the combine impact on water bodies due to climate change. These models try to represent the 

physical processes observed in the real world. By combining models, the impacts are more reliable and it will be 

an important tool to help management in decision making for mitigation impacts. Perhaps, by combining the 

models, new findings will help the local government to find a proper ways to reduce the combine negative 

impacts and can reduce the cost of measures. Using a Soil and Water Assessment Tool (SWAT) magnitude of 

sediment and stream flow can be quantified as well as able to generate and run scenarios to investigate the 

impact of climate change (Ali et al, 2013). 

 

Methodology: 

 Langat River basin is chosen as a study area due to its water quality declination and also the availability of 

data. Role of Langat River basin are providing raw water supply to approximately 1.3 million people in the area. 

There are two reservoirs (Semenyih and Hulu Langat) and 8 water treatment plants (4 of which operates 24 

hours), which provide clean water to the users after undergoing treatment. The status of Langat River Basin in 

downstream area is Class III to V due to many activities including urbanization in the area (Ayub et. al, 2012 

and Abd Rahman et. al, 2013). 

 Data sets of 30 years were used for this study. For model set up, 5 years data from 1981 to 1985 were used 

for model warm up. Data from 1986 to 1996 were used for model calibration and data from 2001 to 2005 were 

used for model validation. Those are the period which naturalized flow data are available. Flow data were 

gained from Department of Irrigation and Drainage Malaysia (DID). The stream flow stations are located at 

Hulu Lui and Kajang.  Hydrological data such as rainfall, water level and evaporation also gained from DID. 

The stations are distributed on the upper part of Langat catchment as shown in Fig. 1.  

 

 
 

Fig. 1: DID rainfall stations (DID,2014). 
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 Data of meteorological and hydrological such as rainfall, ground water and evaporation gained from the 

Department of Irrigation and Drainage Malaysia (DID) which are the stations are scattered in the upper part of 

the catchment area. The Federal Department of Town and Country Planning supplied Land use map for 

Peninsular Malaysia. Catchment map and survey map were attained from Department of Survey and mapping 

Malaysia (JUPEM). 

 The DID (Department of Irrigation) provided flow and sediment data at stream gauging stations, two were 

available in the watershed. The data is in daily increment from year 1981 until 2013. Table I summarizes the 

available gauging stations in the Langat River watershed.  

 
Table I: Gauging stations. 

Station ID Station Information 

Name Type Latitude(N) Longitude(E) 

2917401 Sg. Langat, Kajang Daily 020 59’ 40” 101047’10” 

3118445 Sg. Lui, Lg. Sg. Lui Daily 030 10’ 25” 101052’ 20” 

 

B. Soil Data: 

 Generally, in the whole Langat area In the study area, the soil is formed by granite and sandstone. It has 

been designated as a  steepland ‘serdang’ and lowland ‘Selangor-Kangkung’ soil series. The soil profiles in 

steep area at high elevation are always more than one metre. In the Langat  River catchment, the soil extends to 

more than two metres, granite boulders and core stones  can  be  seen  at  the  surface  particularly  within  the  

main  stream  and  its tributaries. There are four types of soil in,  upper part of Langat river basin. Table II 

discussed in detailed the existing soil in upper part of Langat River Basin.  

 
Table II: Soil distribution for upper part langat river basin (sources : doa). 

No Soil Name (Local) Soil Hydrologic Group Area(m2) % of Area 

1 Munchong-Seremban B 50701019 7.8.% 

2 Rengam-Jerangau D 182854795 28.2% 

3 Steepland B 368351308 56.8% 

4 Telemong-Akob-Local Alluvium A & C 41571530 6.4% 

5 Water W 4968061.918 0.8% 

 

C. Land Cover Data: 

 Land Cover Dataset for Langat river basin has been provided by JUPEM (Jabatan Ukur dan Pemetaan 

Malaysia). A 2010 version of Langat river basin land cover set is used for this simulation. The land use 

percentages are portions of the total area from each contributing subbasin and are not from the original land 

cover dataset but from the SWAT-processed HRUs as shown in Figure 2. This means any land use category 

covering less than 10% of the total subbasin area was not included in this distribution. Subbasin with gauging 

stations are located in the lower of the watershed, and the land use categories within these subbasin consist 

mainly of urban areas. 

 

 
 

Fig. 2: SWAT Land Cover Code Map. 

 

D. SWAT model setup: 

 The SWAT model approach applied to the case study area of Langat river basin. The steps are including 

watershed delineation and map overlay as shown in Fig. 3. Langat watershed and its sub-basins were delineated 

using a DEM in SWAT. The maximum drainage area thresholds for the upper part of Langat River Basin were 

around 320 km
2
. DEM determine the slope and flow direction, which is used to determine sub-basin outlets and 
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areas contributing discharge to the outlets. Iterations of the subbasin delineation were conducted based on 

Digital Elevation Model and divided the watershed into 27 subbasins. When a DID gauging station was 

available for calibration, an outlet was inserted manually. DEM is actually a gridded surface with elevation 

information and the DEM layer that has been created as from contour provided by Survey and  Mapping 

Department of Malaysia has been extract from topography map. This layer was used by the interface to 

delineate subbasins within the study area and estimates surfacial parameters such as area, slope and length of 

flow path for each HRU. Each subbasin was further subdivided called subbasin delineation and stream 

delineations shown in Figure 3. The main outlet for the whole catchment is identified also in Figure 4. SWAT 

divides a watershed into subwatershed and each subwatershed is connected through a stream channel and further 

divided into Hydrologic Response Unit (HRU). 

  

 
 

Fig. 3: SWAT model framework for Langat River Basin. 

 

 
 

Fig. 4: Watershed Delineation. 

 

 SWAT simulates hydrology and sediment at the HRU level. HRU is a unique combination of a soil and 

landuse type in subwatershed. Water and sediment from each HRU are summarized in each sub water shed and 

then routed through the stream network to the watershed outlet. Automatic subbasin delineation, based on given 

threshold areas and manual input of subbasin outlet, generated 27 subbasins. SWAT then divided each subbasin 

into more detailed HRUs. SWAT delineates HRUs with user-defined thresholds represented as percentages of 

each land use, soil type, and slope.  In this project, land use and soil type thresholds were set at 10%, meaning 

that any land use covering more than 10% of a subbasin was considered an HRU, and from that portion of land 

use, any soil type covering more than 10% was considered to be an HRU. These thresholds were chosen to 

avoid creating too many HRUs, which would make analyses too complicated and time-consuming for the model 
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process. Based on the thresholds selected, there were 193 HRUs in upper part of Langat River watershed. These 

HRUs can be used for analyses on a particular land use or soil type (Philip, 2012 and Susan and Neistch, 2009). 

 After HRU analysis, the process of overlaying maps in SWAT was carried. Thus, data table called look up 

tables were created. The purpose is to link the map to the SWAT2009.mdb that stored landuse, soil type and 

weather station information of the Langat river basin. To ensure the exact location of precipitation stations and 

weather stations (temperature, solar, humidity, wind) , location tables are prepared. Information in the location 

tables were latitude, longitude of each station and elevation data. There are eleven (11) precipitation stations 

introduced to the model and five (5), weather stations as shown in detail in Table III. 

 
Table III: Data type and source for upper part of langat river basin. 

No Data type No. of stations Data availability Source Resolution/Scale 

Spatial Temporal 

1 Rainfall 11 1981-2013 DID - Daily 

2 Climate 5 1981-2013 MMD - Daily 

3 Flows 2 1981-2013 DID - Daily 

4 DEM - 2006 Aster 30m x 30 m - 

5 Land use - 2010 DOA 1:25000 - 

6 Soil - 2010 DOA 1:25000 - 

7 Sediment Load 2 1981-2013 DID - Daily 

 

RESULTS AND DISCUSSIONS 

 

 Model calibration is the initial testing of a model and tuning it to reflect a set of field data. For this project, 

calibration results were considered moderately strong.  The simulated stream flow was significantly fit with the 

observed flow data pattern. The model was run for 1000 times simulation with 5 adjusted parameters and the 

result of coefficient of determination is R2 = 0.7. The parameters considered for this recalibration a CN2 (Initial 

SCS runoff curve number), ALPHA_BF (Subsurface water response), GW_DELAY (Subsurface water 

response), GWQMN (Threshold depth of water) and RCHRG_DP (Subsurface water response) as discussed in 

by Ali et. Al (2014) in his report. 

 The coefficient of determination (R
2
) was used to evaluate the model performance. R

2
 value ranges  from 0-

1, shows  the  correlation  between  the  observed  versus  the  simulated  values. If the R
2
 is less than or very 

close to zero, the model performance is considered unacceptable or poor. In contrast, if the values are equal to 

one, then the model prediction is considered perfect (Liem and Loi, 2012). The calculation of R
2
 is using 

Equation 1. The result of R
2
 is shown in Figure 5. 

 

        Equation 1 

 

 
 

Fig. 5: Coefficient of determination, R
2 

   

 Station Sg. Langat at Kajang has been selected for calibration due to it’s represent the whole upper part of 

Langat watershed. Calibration was conducted on monthly basis. Calibration and validation periods were 
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determined based on the stream flow data availability. A period of 5 years from 1981 to 1985 was used for 

model setup. The comparison of default simulation output with the observed discharge data of Kajang stream 

flow station showed an agreement between the observed and simulated discharge results as shown in Figure 6. 

 

 
 

Fig. 6: Trends of stream flow. 

 

 The trend of default simulation output with the observed sediment data of Kajang streamflow station 

showed an agreement between the observed and simulated sediment results. Fig. 7 shows trends of sediment for 

the year 1991 to 2000.  The simulated sediment was higher compared to the observed sediment. Fig. 8 shows 

trends of sediment from the year 2001 to 2010. Data in 2006 shows a high jump in the graph and this may due to 

major flood event in 2006.  Observation from 2007 onward is much more lower compared to previous years. 

The eroded soil from urbanization area always been carried away into the river due to high rainfall in rainy 

season. More than 1000 iteration has been carried out to get the fitted trend between the observed sediment and 

simulated sediment. The data shows consistency between observed and simulated values. 

 

 
 

Fig. 7: Trends of Sediment Year 1991 until Year 2000. 

 

 
 

Fig. 8: Trends of Sediment from Year  2001 to 2010. 
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Conclusion: 

 This paper has proof that Soil and Water Assessment Tool (SWAT) has successfully modelled stream flow 

and sediment of the upper part of Langat Catchment. From this study, the results obtained in calibration and 

validation is generally acceptable which R2 values range from 0.7 to 0.5 for flow parameters. Sediment of upper 

part of Langat River basin was successfully modeled by SWAT2009 model using Malaysian Climate. The 

capability of the model in predicting the stream flow and sediment using different data sets was successfully 

proven. 

 In many SWAT applications, additional fine-tuning of the calibration process especially on various 

parameters may be needed after scenario analysis is completed.  The most important part in modeling using 

SWAT is the parameters must be kept within realistic values that represent the actual watershed in defining the 

parameters to ensure the accuracy of the model itself. 

 A further direction of this study is to conduct a nutrient study on the respective study area. The next step in 

this research is to try and adjust calibration parameters for both sediment and nutrient so that the calibration 

factors can be applicable at different watershed in SWAT-Cup. The model can be used for long term and short-

term simulation and application in different areas of study.  
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