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Application on One-at-a-Time Sensitivity Analysis of
Semi-Distributed Hydrological Model in Tropical
Watershed
K. Khalid, M. F. Ali, N. F. Abd Rahman, and M. R. Mispan
Modeling System (HEC-HMS) [1], Agricultural non-point
source
(AGNPS)
[2], Hydrological
Simulation
Program-Fortran (HSPF)[3], European hydrological system
(MIKE SHE) [4], and Soil Water Assessment Tool
(SWAT)[5].
It was reported that in Malaysia, the Stormwater
Management Model (SWMM) and Info Works Collection
System (CS) are among the most widely used software to
model drainage systems [6]. But many more hydrological
models were found in the literature have been utilized for the
watershed modeling study in the country. These included a
Hydrologic Engineering Centre-The Hydrologic Modeling
System (HEC-HMS) software [7]-[11]; followed was the
MIKE SHE models [12] and finally the most current model is
the Soil Water Assessment Tools (SWAT) software [13],
[14]. Among these models, the physically based distributed
model SWAT is well established for analyzing the impacts of
land management practices on water, sediment, and
agricultural chemical yields in large, complex watersheds
[15]. SWAT has been successfully used by researchers
around the world for distributed hydrologic modeling and
management of water resources in watersheds with various
climates and terrain characteristics. Comprehensive review
of SWAT model applications, calibrations and validations
are given by [16], [17]. SWAT has many parameters to be
calibrated on the stream flow, sediment and for other
environmental purposes. In order to calibrate a stream flow
alone, SWAT needs to consider about 26 related input
parameters [18]. The calibration of such a distributed
parameterized watershed model is beset with a few serious
issues that deserve the attention and careful consideration of
researchers, especially concerning uncertainty.
Langat River basin, a tropical river watershed in Malaysia
is chosen for the study in accessing the critical input
parameters of the SWAT model. Several studies have been
conducted on the basin related to water resources and
hydrological behavior of the basin. The basin became a first
watershed in the country is initiated towards implementing of
Integrated River Basin Management (IRBM) [19]. Many
researchers were studied on the hydrological processes of the
basin include a historical water discharges study [20]; the
impact of land used change on discharge and direct runoff
[21]-[24]; sustainable groundwater resources and
environmental management [25]; the flood hazard mapping
[26], [27]; the water supply [28], [29]; water quality [30] and
a river bed properties study of the river basin [31], [32]. The
most current in early 2014, the upper part of the basin was
experienced the ammonia pollution due to the effluent
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I. INTRODUCTION
The concept of watershed modeling is embedded in the
interrelationships of geospatial and hydro-meteorological
data and represented through mathematical abstractions. The
behaviour of each process is controlled by its own
characteristics as well as by its interaction with other
processes active in the catchment. The predominant
hydrologic processes include rainfall, interception,
evapo-transpiration, infiltration, surface runoff, percolation
and subsurface flow. These models vary from empirical
models to stochastic models of various kinds and finally to
the more recent distributed models. In recent years,
distributed watershed models have been increasingly used to
implement alternative management strategies in the areas of
water resource allocation, flood control, impact assessments
for land use and climate change, and pollution control. Many
of these models share a common base in their attempt to
incorporate the heterogeneity of the watershed and the spatial
distribution of topography, vegetation, land use, soil
characteristics, rainfall, and evaporation. Such models
include Hydrologic Engineering Centre-The Hydrologic
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(HRUs) that consist of specific land use, soil and slope
characteristics. The HRUs are used to describe the spatial
heterogeneity in terms of land cover, soil type and slope class
within a watershed [33]. The model estimates relevant
hydrologic components such as evapo-transpiration, surface
runoff and peak rate of runoff, groundwater flow and
sediment yield for each HRUs unit. SWAT is embedded in a
GIS interface. The hydrologic cycle simulated by SWAT is
based on the Water Balance Equation (1).

discharged by the nearby factories. The pollution was caused
for two months closure of two main water treatment plants.
During a dry season, government was implemented a water
rationing programme due to a major decrease water level of
dams in the state of Selangor including the Sungai Langat
dam. All these studies and information show the important
and a need of widespread sustainable water resources
management
in
the
Langat
River
basin.
Comprehensive watershed models are expected to be
effective tools to aid the sustainable management of land and
water resources in the Langat River basin. To successfully
apply hydrological models in practical water resource
investigations, careful calibration and prediction uncertainty
analysis are required. The study was used a Sequential
Uncertainty Fitting (SUFI-2) method in order to calibrate
parameters and analyze uncertainty, including performing
one-at-a-time sensitivity analysis of SWAT model.

t

SW t = SW O + ∑ (R day − Q surf − E a − W seep − Q qw )

(1)

i =1

In which, SWt is the final soil water content (mm water),
SWo is the initial soil water content in day i (mm water), t is
the time (days), Rday is the amount of precipitation in day i
(mm water), Qsurf is the amount of surface runoff in day i (mm
water), Ea is the amount of evapotranspiration in day i (mm
water), Wseep is the amount of water entering the vadose zone
from the soil profile in day i (mm water), and Qgw is the
amount of return flow in day i (mm water). To estimate
surface runoff two methods are available. These are the SCS
curve number procedure USDA Soil Conservation Service
[33] and the Green & Ampt infiltration method [34]. In this
study, the SCS curve number method was used to estimate
surface runoff. Hargreaves method was used for estimation
of potential evapo-transpiration (PET) [35]. The SCS curve
number is described by Equation (2).

II. STUDY AREA
Langat River basin occupies the south and south-eastern
parts of Selangor, and small portion of Negeri Sembilan and
Wilayah Persekutuan, Malaysia. The main stream of the
Langat River which stretches for 141km has a total
catchment area of 2271 km2 and lies within latitudes of
2o40’152”N to 3o 16’15”N and longitudes of 101o19’20”E to
102o1’10”E. The main tributary, Langat River flows from the
main range (Titiwangsa Range) at the Northeast of Hulu
Langat District in south-southwest direction and draining
into the Straits of Malacca as in Fig. 1. Topographically, this
basin can be divided into three geographic regions, i.e. the
mountainous area of the north, the undulating land in the
centre of the basin and the flat flood plain at the downstream
of Langat River. The upper part of the basin is selected as a
study area. The industrial sector is also minimal in the study
area. The average rainfall is about 2400mm, and the highest
months (April and November) show rainfall amount above
250mm, while the lowest is in June, about the average of
100mm.

Q surf

(R
=
(R

− 0 .2 S )

2

day
day

+ 0 .8 S )

(2)

In which, Qsurf is the accumulated runoff or rainfall excess
(mm), Rday is the rainfall depth for the day (mm), S is the
retention parameter (mm). The retention parameter is defined
by Equation (3).
⎛ 100
⎞
− 10 ⎟
S = 25 .4 ⎜
CN
⎝
⎠

(3)

The SCS curve number is a function of the soil’s
permeability, land used and antecedent soil water conditions.

IV. SWAT MODEL INPUT AND SETUPS
The spatially distributed data (GIS input) needed for the
ArcSWAT interface include the Digital Elevation Model
(DEM), soil data, land use and stream network layers. Data
on weather and observed stream flow were also used for
prediction of stream flow and calibration purposes. DEM was
derived mainly from a contour map of 20m interval in a shape
file format and a digital river network, which were provided
by Department of Survey and Mapping Malaysia (JUPEM).
The land used map of a study area was obtained from
Department of Agriculture, Malaysia. The land use map
needs to be reclassified according to the specific land cover
types such as type of crop, pasture and forest. The dominant
land used in the study area is a primary forest reserve
(64.80%), followed by rubber (18.04%), urban area (7.58%),
and orchard agriculture (3.69%).
The SWAT model requires different soil textural and
physicochemical properties such as soil texture, available

Fig. 1. Location of Langat River basin and its subbasins with
hydro-meteorological stations.

III. METHODS AND MATERIALS
SWAT (Soil Water Assessment Tool) is continuous time,
spatially distributed model designed to simulate water,
sediment, nutrient and pesticide transport at a catchment
scale on a daily time step. It uses hydrologic response units
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calibration and will end by following next five years data
validation processes. Only the results of a default streamflow
simulation outputs and details of one-at-a-time sensitivity
analysis using the SUFI-2 algorithm of input parameters were
reported in this paper.

water content, hydraulic conductivity, bulk density and
organic carbon content for different layers of each soil type.
These data were obtained from Department of Agriculture,
Malaysia. The majority of the study area is covered by a
steepland (64.8%) and followed by a Renggam-Jerangau soil
series (23.20%), Telemong-Akob-Local Alluvium (8.00%)
and Munchong-Seremban (3.24%). Fig. 2 shows the soil
types of the study area.

TABLE I: SELECTED INPUT PARAMETER OF SWAT MODEL
No.
1
2
3
4
5
6

Fig. 2. Soil type distribution maps in study area.

7

SWAT requires daily meteorological data that can either
be read from a measured data set or be generated by a weather
generator model. The weather variables used in this study are
daily precipitation, minimum and maximum air temperature
for the period 1999-2010. These data were obtained from the
Department of Irrigation and Drainage (DID) and
Department of Environment (DOE), Malaysia for stations
located within and around the watershed (Fig. 1). A weather
generator developed by [36] was used to fill the gaps due to
missing data. Daily river discharge values for Kajang
streamflow station were obtained from the Department of
Irrigation and Drainage (DID) Malaysia.
The model setup involved five steps: 1) data preparation; 2)
subbasin discretization: 3) HRU definition; 4) parameter
sensitivity analysis; 5) calibration and uncertainty. The
subbasin discretization only focused on the 305.3km2 upper
part of the Langat River basin as in Fig. 1. The parameter
sensitivity analysis was done using the ArcSWAT interface
for the whole catchment area [37]. Twelve hydrological
parameters were tested for one-at-a-time sensitivity analysis
for the simulation of the stream flow in the study area. Table I
shows the most frequent input parameters were used in the
calibration process of surface runoff and baseflow as been
reported in previous 64 selected SWAT watershed studies
[17]. The calibration and uncertainty analysis were
conducted using a Sequential Uncertainty Fitting (SUFI-2)
algorithm [38], [39].
After setting up the model, the default simulations of
stream flow using the default parameter values were
conducted in the Langat River basin for the calibration period.
The default simulation outputs were compared with the
observed streamflow. In this study the automatic calibration
was done after the model was manually calibrated and
reached to stage that the differences between observed and
simulated flows were minimized and shown improved
objective function values. The simulation was used 12 years
daily rainfall data with the first two years, starting from 1
January 1999 to 31 December 2000 were utilized for the
model warm-up, followed by next five years for model

8
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9
10

11
12

Input
Parameter
CN2

Description of Parameter

SCS runoff curve number
Manning's "n" value for
OV_N
overland flow
Available water capacity
AWC
of the soil layer (mm H2O
/mm soil)
Soil evaporation
ESCO
compensation factor
Plant uptake
EPCO
compensation factor
Surface runoff lag time
SURLAG
(days)
Baseflow alpha factor
ALPHA_BF
(days)
Groundwater "revap"
GW_REVAP
coefficient
GW_DELAY
Groundwater delay (days)
Threshold depth of water
in the shallow aquifer
GW_QMN
required for return flow to
occur (mm)
Threshold depth of water
REVAP_MN
in the shallow aquifer for
"revap" to occur (mm)
Deep aquifer percolation
RCHARG_DP
fraction

Min and Max
Range
35 - 98
0.01 - 30
0-1
0-1
0-1
0.05 - 24
0-1
0.02 -0.2
0 - 500
0 - 5000

0 - 500
0-1

V. DEFAULT SIMULATION AND MANUAL CALIBRATION
The comparison of default simulation output with the
observed streamflow data about the Kajang streamflow
station showed an agreement between the observed and
simulated flow results. Parameters manually adjusted to be an
evaporation compensation factor (ESCO), curve number
(CN2), available water holding capacity of the soil layer
(Sol_AWC, mm/mm), saturated hydraulic conductivity
(Sol_K, mm/hr) and surface runoff lag time. The manual
calibration was time intensive, but it helped to get better
automatic calibration results. A calibration output obtained as
in Fig. 3 shows simulated streamflowis lying slightly above
the observed value. A value of coefficient of determination,
R2 of 0.69 was gained on a simulations and the value can be
considered as good achievement of the manual calibration
processes and minimal enough to access sensitivity of input
parameters using one-at-a-time sensitivity analysis method.

VI. ONE-AT-A-TIME SENSITIVITY ANALYSIS
There are a few methods available in assessing a
sensitivity of input parameters in hydrological models. In
SWAT model, input parameters can be either manually
adjusted in the SWAT model or can be accessed in the
SWAT-CUP. SWAT-CUP is a computer program for
calibration of SWAT models and the programs link SUFI-2

IACSIT International Journal of Engineering and Technology, Vol. 8, No. 2, April 2016

factor (ALPHA_BF). A comparison of input parameters on a
one-at-a-time sensitivity analysis shows as in Fig. 4.

algorithms to SWAT. It enables sensitivity analysis,
calibration, validation, and uncertainty analysis of SWAT
models.
In SUFI-2, parameter uncertainty accounts for all sources
of uncertainties such as uncertainty in driving variables,
conceptual model, parameters, and measured data. The
degree to which all uncertainties are accounted for is
quantified by a measure referred to as the P-factor, which is
the percentage of measured data bracketed by the 95%
prediction uncertainty (95PPU). Another measure
quantifying the strength of a calibration/uncertainty analysis
is the R factor, which is the average thickness of the 95PPU
band divided by the standard deviation of the measured data.
SUFI-2, hence seeks to bracket most of the measured data
with the smallest possible uncertainty band. 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, disallowing 5% of the very bad
simulations [39]. Theoretically, the value of the P factor
ranges between 0 and 100%, while that of R-factor ranges
between 0 and infinity. A P-factor of 1 and R-factor of zero is
a simulation that exactly corresponds to measured data.

Fig. 4. Comparison of input parameters on a one-at-a-time sensitivity
analysis.

VII. CONCLUSION
A stream flow of the upper part of the Langat River basin
was successfully modeled by the version of Soil and Water
Assessment Tool (SWAT), ArcSWAT2009.93.b embedded
in ArcGIS 10. The SCS runoff curve number (CN2), base
flow alpha factor (ALPHA_BF) and groundwater delay
(GW_Delay) were found to be the most sensitive input
parameters by using the SUFI-2 algorithm. This model
needed further adjustment on input data by including other
soil parameters comprise of a saturated hydraulic
conductivity, moist bulk density USLE equation soil
erodibility (K) factor and moist bulk density into
one-at-a-time sensitivity analysis. Though the one-at-a-time
sensitivity analysis able to show the sensitivity of a variable
to the changes in a parameter, but nobody knows what the
exact value of those other constant parameters should be.
Analysis for a number of input parameters simultaneously in
the sensitivity analysis is recommended to confirm the
one-at-a-time sensitivity analysis.

Fig. 3. SWAT five years streamflow simulation output.
TABLE II: SUMMARY OF ONE-AT-A-TIME SENSITIVITY ANALYSIS
No.

Input Parameter

Best Fitted
Value

R2

Sensitivity

1
2
3
4
5
6
7
8
9
10
11
12

CN2
OV_N
AWC
ESCO
EPCO
SURLAG
ALPHA_BF
GW_REVAP
GW_DELAY
GW_QMN
REVAP_MN
RCHARG_DP

66.5
3.009
0.1
0.5
0.1
16.815
0.7
0.182
450
1500
50
0.9

0.03000
0.00400
0.00407
0.00407
0.00407
0.00410
0.01964
0.00430
0.02100
0.04700
0.00390
0.04600

Ranking
1
11
8
8
8
7
3
6
2
4
12
5
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