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INTRODUCTION
Modeling tools have changed the scientific framework for analysis of watershed systems,
from more descriptive to more quantitative addressing both spatial and temporal
dynamics. The Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998) was
developed to predict the effects of different management practices on water quantity and
quality, sediment yield and pollution loading in watersheds. This model has been used in
a wide range of applications around the world. Zhang et al. (2007), Gosain et al. (2006),
and Edmonds and Rosenberg (2005) have used this model to evaluate the impacts of
climate change on watershed hydrological condition. Calibration and uncertainty analysis
of the SW AT model has been well explored by Abbaspour et al. (2007), Anand et al.
(2007), and Bekele and Nicklow (2007). Due to enormous anthropogenic manipulations
on the natural systems of watershed, SWAT application for assessing the LUCC 1 and
BM:r2 impacts on watershed hydrological status and sustainable development is gaining
momentum worldwide (Lam et al., 2011; Yeven es and Mannaerts, 2011; Mishra et al.,
2007; Bracmort et al., 2006; Haverkamp et al., 2005). In recent decades, the Langat
Basin has experienced rapid development toward urbanization, industrialization and
intense agriculture. The Langat Basin is also a main source of drinking water for
surrounding areas, a source of hydropower and has an important role in flood mitigation
(Memarian et al., 2012a). This work was aimed at modeling the hydrological condition of
the Hulu Langat Basin (the most important upper catchment of the Langat Basin) using
SWAT.
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MATERIALS AND METHODS
Study Area
Hydrometeorologically, the Hulu Langat Basin is affected by two seasons of monsoon.
that is the Northeast (November to March) and the Southwest (May to September)
(Memarian et al. 2012b). Descriptions about this basin are given and illustrated in Figure
I and Table I.
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Figure 1: Geographic location and hydrological features of the Hulu Langat Basin
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Table 1: General information of the Hulu Langat Basin
Properties
Main River
Geographic Coordinate
Drainage Area (km 2)
Average Slope (%)
Max. Altitude (m)
Min. Altitude (m)
Ave. Altitude (m)
Ref. Hvdrometer Station
Annual Water Discharge (* 106 m3)
Annual Sediment Load (* 103 ton)
Annual Runoff (mm km- 2)
Annual Sediment Yield (ton km-2 )
Ref. Rainfall Station
Precioitation (mm)
Land Cover*

Langat
3°00'-3° 17'Nand
101° 44' - 101° 58' E
390-26
29.5
1480
36
278
Se. Laneat
289.64
146.6
742.16
375.65
UPM Serdane. Ke. Lui. Lde. Dominion
2453
Forest (54.6%), Cultivated Rubber
(15.6%), Orchards (2%), Urbanized
Area (15%), Horticulture and Crops,
Oil Palm, Lake and Mining Land

* Based on the 2006 land use map
Data set
Water discharge, sediment load and precipitation data from 1984 to 2008 recorded at Sg.
Langat hydrometer and rain gauge stations for this study were obtained from the
Department of Irrigation and Drainage (DID) of Malaysia. Land use maps and soil map
were obtained from the Soil Resource Management and Conservation Division,
Department of Agriculture, Malaysia. The Langat Dam in the Hulu Langat sub basin,
constructed in 1979, has a drainage catchment area of 41 km 2 and a reservoir capacity of
33 Mm 3 • Currently, there are five Water Treatment Plants (WTPs) within the study area
(Figure 1). The Sg. Lolo, Sg. Pangsoon, Sg. Langat, Sg. Serai, and Cheras Batu 11 WTPs
along the Langat River produce 0.41, 1.82, 386.4, 0.9 and 27 MLD3 of clean water,
respectively (Puncak Niaga Sdn. Bhd. 2008; Juahir 2009).
Mode/setup
In this study, the Hutu LaKgat Basin was subdivided into 32 sub basins and 647 HRUs.
Digital Elevation Model (DEM) was extracted from the contour lines in a scale of
1:50000 using the linear interpolation method. Digitized stream map extracted from the
topographic data was utilized to make a hydrographical network and to discretize the sub
basins. Water intake and reservoir locations along the Langat River were digitized and
used as the manually added outlets. Land use maps were reclassified into nine categories,
as follows:
1- AGLT: Agricultural activities in the Hulu Langat Basin, including horticulture
and cropland
3
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2- BSVG: Barren or sparsely vegetated lands, including bareland and sand/stone
mining activities
3- FRSE: Forest-evergreen
4- RNGE: Range, idle grassland
5- WETL: Wetlands comprising swamps and marshlands
6- OILP: Oil palm estate
7- RUBR: Rubber cultivation
8- URLT: Urban/built up area in the Hutu Langat Basin, mostly includes urban and
rural residential area
9- WATR: Water bodies
Soil map is comprised of the following categories:
1- LNGTMNGSBN: Munchong-Seremban soil series, with clay texture and 1296
mm soil depth that covers 3.6% of the basin area.
2- LNGTRNMJRU: Rengam-Jerangau soil series, with clay texture and 1370 mm
soil depth that covers 23% of the basin area.
3- LNGTTGABLA: Telemong-Akob-Local Alluvium soil series, with clay texture
and 966 mm soil depth that covers 7.34% of the basin area.
4- LNGTSTPLND: Steepland soils, with sandy clay loam texture and 600 mm soil
depth that covers 56.6% of the basin area.
5- Other classes consist of mining land (LNGTMINLND), urban land
(LNGTURBLND), and water bodies (LNGTWATBDY) that cover 9.4% of the
basin area.
After reclassifying the slope map in three categories, that is >5%, 5-12%, and > 12%, it
was overlaid with the land use and soil map to construct HRUs.
In this work, 24 years historical data of the weather stations UPM (Station ID: 44302)
and PJ (Station ID: 48648) were used to construct the Weather Generator Files (WGN).
The PCP files were constructed based on the precipitation records of UPM, Lui (Station
ID: 3118102), and Dominion (Station ID: 3018107) stations in the period 1984-2008.
Precipitation gauges were chosen so that they can have the greatest possible coverage
over the basin.
In reservoir simulation, target release was selected as a method to calculate the reservoir
outflow (Neitsch et al., 2011 ). According to the data obtained from NAHRIM 4 and
Puncak Niaga5, the Langat Rest""rvoir was simulated so that it can secure at least 30% of
the water requirement for downstream WTPs from November to April and 270 MLD
balancing capacity from May to October. A direct abstraction (0.41 MLD) from the
reservoir for Sungai Lolo WTP was also considered in reservoir simulation.
WUS (Water Use) file was written based on the water intake quantity for each sub basin.
Finally, SWAT simulation was done using 7 years as the warm up period.

4
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Base flow separation was performed using the recursive digital filter method (Lim et al.
2005; Eckhardt 2005).
Calibration and uncertainty procedure
The Sequential Uncertainty Fitting, Version 2 (SUFI-2) algorithm under SWAT-CUP6
interface was used for calibration and uncertainty analysis. Parameter uncertainty in
SUFI-2 accounts for all sources of uncertainties such as uncertainty in controlling
variables, conceptual model, parameters, and measured data. In this method, P-factor
represents the degree to which all uncertainties are accounted for and it is computed as
the percentage of measured data bracketed by the 95% prediction uncertainty (95PPU).
The 95PPU is calculated at the 2.5% and 97.5% levels of the cumulative distribution of
an output variable obtained through Latin hypercube sampling (Abbaspour 2011; Yang et
al. 2008; Abbaspour et al. 2007). The strength of a calibration/uncertainty analysis can
also be quantified by the D-Factor, which is the average thickness of the 95PPU band
divided by the standard deviation of measured data. Therefore, SUFI-2 tries to bracket
most of the measured data (large P-Factor, maximum 100%) with the smallest possible
value of D-Factor (minimum 0) (Abbaspour 2011; Yang et al. 2008; Abbaspour et al.
2007).

In this work, Nash-Sutcliffe (NS) coefficient (Nash and Sutcliffe 1970) was employed as
the objective function. The SUFI-2 was run using 23 and 8 parameters for water
discharge and sediment load calibration, respectively. Calibration and uncertainty
analysis was performed based on 83 records of the observed data during the periods
1997-2001 and 2005-2008. The period 2002-2004 with 36 measured records was used for
validation analysis. Simulation was started based on the 1997 land use map and updated
using the land use data of 2002 and 2006.
Sensitivity analysis
In SUFI-2, the parameter sens1t1v1ttes are determined using a multiple regression
technique that regresses the Latin Hypercube generated parameters against the objective
function values (Abbaspour 2011).

6
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RESULTS AND DISCUSSION

Sensitivity analysis was performed for thirty one hydrology and sediment related
parameters. Table 2 shows sensitive input parameters in water discharge and sediment
load calibration process. The range of variations for these parameters are based on a
listing provided in the SWAT manual (Neitsch et al. 2011) and the literature information.
Result of the global sensitivity analysis shows that the most sensitive parameters in river
flow simulation are those representing the groundwater recharge, surface runoff and soil
properties. In this study, the most sensitive parameter in water yield estimation is
'RCHRG_DP'. This parameter controls percolation from the root zone which recharges
deep aquifer (Neitsch et al. 2011). In addition to 'RCHRG_DP', 'CN2', 'SOL_AWC'
and 'ESCO' are the most sensitive parameters in water yield simulation. The 'CN2' has
an impressive role on surface runoff estimation. According to the calibration guideline
proposed by Arnold et al. (2011), soil available water capacity ('SOL_AWC') and soil
evaporation compensation factor ('ESCO') after 'CN2' are the second and third most
important parameters, respectively, in model calibration. The ranking of importance for
'CN2', 'SOL_AWC' and 'ESCO' in water yield simulation is evident in this study. The
parameters 'CH_KI' and 'CH_Nl' are more sensitive than 'CH_N2' (Table 2). This
result is also confirmed by another study in the Langat Basin (Ayub et al. 2009).
Based on the sensitivity analysis results, 'USLE_P' (especially for high slopes),
'ADJ PKR' and 'SPCON' are more effective on the sediment load estimation than the
other parameters as also found by Oeurng et al. (2011 ). There is usually a large amount
of uncertainty in slope length measurements by SWAT (Arnold et al. 20 I I), thus this
parameter was considered in sediment load calibration and showed a significant
sensitivity. ln this area, the most sensitive parameters in channel degradation/deposition
modeling were 'SPCON', 'SPEXP' and 'CH_EROD' as also concluded by Arnold et al.
(2011) and Oeurng et al. (2011). 'CN2', 'CH_N2', 'SOL_BD_SCL', 'ALPHA_BF',
'SOL_AWC_C', 'SOL_K_SCL', and 'CH_NI' were sensitive during both water
and sediment yield simulation.
Geological data of the Hulu Langat Basin7 indicates that the igneous rock (acid intrusive
rock) is a dominant geological formation in this area (about 90% of the basin area). This
type of rock is non-porous for water and the amount of deep percolation in this basin
must be low. Therefore, the optimized value for 'RCHRG_DP' seems reasonable.
Optimal values of the,,other parameters related to water flow simulation are reasonable;
however, it seems that there are some uncertainties in 'SOL_K_SCL' and 'CANMX'
parameters. The new range of 'SOL_K_SCL' and 'CANMX' proposed by SUFI-2 has
a high tendency toward lower values and their change toward higher values will reduce
the Nash-Sutcliffe efficiency value to lesser than 0.4. Therefore the best efficiency of
SW AT in water flow simulation is obtained using the above set of optimized parameters.
Optimal values of sediment-related parameters are also reasonable. Figure 3 illustrates
eight measured records with very high sediment load values, i.e. peak points during the
period 2006-2007 which resulted in SUFI-2 optimizing 'ADJ_PKR' toward higher
values. This could be a reason why 'ADJ_PKR' soared to 1.84 after optimization.
7

Available in digitized form from Universiti Putra Malaysia library
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Deep aquifer percolation fraction
Initial SCS runoff curve number for moisture condition II
Soil saturated hydraulic conductivity for SCL texture (mm/hr)
Soil moist bulk density for SCL texture (Mg/m 1)
Soil available water capacity for SCL texture (mm H2o/mm soil)
Maximum canopy storage (mm H2o)
Soil evaporation compensation factor
Soil saturated hydraulic conductivity for C texture (mm/hr)
Effective hydraulic conductivity in tributary channel alluvium (mm/hr)
Manning's n value for tributary channel
Moist soil albedo for C texture
Manning's n value for the main channel
Soil moist bulk density for C texture (Mg/m1)
Plant uptake compensation .factor
Baseflow alpha factor for bank storage (days)
Groundwater delay time (days)

v_RCHRG_DP.gw
r_CN2.mgt
r_SOL_K.sol __ SCL
r_SOL_BD.sol __ SCL
r_SOL_AWC.sol __ SCL

v CANMX.hru
v_ESCO.hru
r_SOL_K.sol __C
v_CH_KJ.sub
v CH NJ.sub
r_SOL_ALB.sol__C
v_CH_N2.rte
r_SOL_BD.sol __C
v_EPCO.hru
v_ALPHA_BF.gw
v_GW_DELAY.gw
v_ USLE_P .mgt_ _ l 2-9999

Description

Parameter

J

]

497

USLE equation support practice factor for the slopes> 12 %
Peak rate adjustment factor for sediment routing in the subbasin
v- ADJ- PKR.bsn
Linear parameter for calculating the maximum amount of sediment
v_SPCON.bsn
That can be reentrained during channel sediment routing
Average slope length (m)
r_SLSUBBSN.hru
fiE
v_ USLE_P.mgt_ _5- I 2
USLE equation support practice factor for the slopes 5-12 %
Channel erodibility factor
v_CH_EROD.rte
v_USLE_p.mgt_ _ 0-5
USLE equation support practice factor for the slopes < 5 %
Exponent parameter for calculating sediment reentrained in
v_SPEXP.bsn
channel sediment routing_
v_means the existing parameter value is to be replaced by a given value
r_means the existing parameter value is multiplied by {1+(a given value)}

1

~
:a

~

Hydrological
variable

{1+(0 .1125)}
0.14375
0.4473
0.1202

9.15-121.95
1

1.10525

0.006089

0.0001

0

0.198
1.84025

0.0235
{l+(-0.4155)}
{1+(-0.487)}
{1+(-0.0655)}
{1+(0.4715)}
0.95
0.480745
{1+(-0.147)}
10.825
0.138325
{ I+(0.12725)}
0.06795
{1+(0.0427)}
0.460945
0.6185
67.082497

Optimized value

1

0.048
31

0.05
55-92
20
1.4
0.15
0
0.95
10-15
0.5
0.014
0.03-0.035
0.014
1.5

Initial value

Table 2: Sensitivity ranking of para~ters used in simulation of water discharge and sediment load (ranked in descending order)

Calibration was performed based on measured data from the periods 1997-2001 and
2005-2008. These intervals cover two different conditions in terms of precipitation
amount and urban development. As determined by Memarian et al. (2012a), increasing
trend in rainfall time series is significant at UPM station, which corresponds to increasing
trends in water discharge and sediment load at Sg. Langat hydrometer station, especially
after 2004. Additionally, urban and built up acreage after 2002 reached the maximum
within the period I 997-2008 (Memarian et al., 2012a). Therefore, calibration of the
model in this study is based on these conditions, i.e. low and high flow regime (Figure 2
and Figure 3).
Water discharge calibration using SUFI-2 resulted in an NS efficiency of 0.59 and a
coefficient of determination (R2) of 0.62 (Table 3). Uncertainty analysis indicates that
58% of the measured data are bracketed by 95PPU and the D-Factor has a reasonable
value of 0.92 (Figure 2). D-Factor values smaller than one are desirable (Faramarzi et al.
2009). In sediment load calibration, as illustrated in Figure 3, the percentage of observed
data bracketed by 95PPU is too low, i.e. 0.33. Also, NS and R2 indicate a weak
calibration for SWAT in sediment load simulation (Table 3). As depicted in Figure 3, the
largest error in sediment load simulation is mainly associated with peak flow prediction
errors, as been observed by Rostamian et al. (2008) and Toloson and Shoemaker (2004).
The results of monthly water discharge validation are shown in Figure 4. In this work,
validation results are more satisfactory than the calibration results. Validation analysis,
presented in Table 3, demonstrates a hifh efficiency in water discharge estimation during
the period 2002-2004 (NS=0.82 and R =0.82). In this period, P-Factor and D-Factor are
0.67 and 0.69, respectively. This indicates a desirable certainty. Figure 5 shows that 50%
of the measured sediment load data are bracketed by 95PPU with an acceptable D-Factor
(0.64). During sediment load validation, NS of 0.56 and R2 of 0.66 indicate a good
simulation for this period (Table 3).
Calibration of SW AT in the Hulu Langat Basin is a challenging task due to the
uncertainties that are driven by process simplification, processes not accounted for by the
model, and processes in the basin that are unknown to the modeler (Memarian et al.
2012b; Abbaspour et al. 2007). In this basin, the main sources of uncertainties in water
discharge and sediment load simulation are given as follows:
1.
ii.
111.

1v.
v.

Reservoir operation and water use
Land use and soil map resolution
Variability of spatial rainfall distribution
Urban development, infrastructure construction and landslide impact
Process simplification by SW AT

Despite these uncertainties, model robustness for water discharge simulation during the
period of 1997-2008 is good. However, model robustness for sediment load simulation is
limited to the validation period 2002-2004.
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Table 3: Fitting metrics for water discharge and sediment load simulation
Simulation type

Period

NS

R:z

Water discharge

Calibration
Validation
Total
Calibration
Validation
Total

0.59
0.82
0.69
0.23
0.56
0.30

0.62
0.82
0.70
0.27
0.66
0.34

Sediment load

CONCLUSION
Water discharge calibration by SUFI-2 led to NS efficiency of 0.59 and R 2 of 0.62,
respectively. Uncertainty analysis showed that 58% of the measured data were bracketed
by 95PPU and the value of D-Factor was desirable in water flow simulation, i.e. 0.92. In
sediment load calibration, percentage of the observed data bracketed by 95PPU was too
small, i.e. 0.33. In addition, the fitting metrics NS and R 2 represented a weak calibration
for SWAT during the sediment load simulation. Validation analysis demonstrated a high
efficiency in water discharge estimation during the period 2002-2004 (NS, R2=0.82). In
this period, the P-Factor and the D-Factor were 0.67 and 0.69, respectively, which
showed a desirable level of certainty. During the validation period, 50% of the measured
sediment load data were bracketed by 95PPU and the D-Factor (0.64) was acceptable. NS
and R 2 were 0.56 and 0.66 for sediment load validation, which indicated a reliable
simulation in this period. Despite the available uncertainties, the model robustness for
water discharge simulation during the period 1997-2008 was good. However its
robustness for sediment load simulation was reliable only in the validation period (20022004).
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