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Abstract.  Hydrologic simulation that engages incomputer models is the cutting edge 

to boost the understanding and provide further reliable outcomes in estimating flow 

rate. US Army Corps of Engineers has taken an initiative to develop a stable and 

dependent model, HEC-HMS that can be used for many hydrological simulations. The 

value of parameter needed for the simulation basically depends on the method chosen 

for loss, transform and base flow. In this study, the model parameters are changed and 

the model calibration had been performed separately for the three selected methods, 

the Soil Conservation Service Curve Number (SCS CN) loss method, the Constant 

Monthly base flow and the Clark Unit Hydrograph for transform method, to determine 

the most suitable simulation and to obtain the highest peak discharge for every sub-

basin of the Kuantan River. Every flow simulated undergoes the validation and 

calibration process, with the Nash-Sutcliffe index used as a criterion to compare the 

outcomes between observed and simulated hydrographs. At the end of the study, it can 

be concluded that SCS Curve Number, Constant Monthly and Clark Unit Hydrograph 

is the best method for loss, base flow and transform method consecutively in 

estimating the flow rate in Kuantan River  Basin. 

1.0 Introduction 

The prolonged and heavy rainfall during North East Monsoon (NEM) is one of the responsible causes 

of flooding in the Kuantan River Basin (KRB). This comes about as a result of the surplus surface 

runoff that exceeds the basin compensation capacity, causing floods to low laying areas that hamper 

human social and economic life. The KRB has experienced seasonal floods in past period’s 

incidences. It has been observed that the change in climatic conditions has resulted in abnormal 

rainfall pattern, perceiving anthropogenic activities. There have been changes in the flood nature and 
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incidence, getting more frequent with variable concentrations. The years 2001, 2011 and 2013 are 

considered to be the worst flood disasters, after 1971 catastrophic event. According to the Kuantan 

Municipal Council, the city is predicted to experience more extreme weather conditions in future that 

with a change in rainfall pattern [1]. The need of a modeling system is stimulated, and sometimes even 

enforced, by many activities required by the river basin planning and management, ranging from 

timely flood alert to the demarcation of areas at risk of flooding, to the programming of water budget 

at the basin scale, according to the national and regional regulations in the field [2]. By creating a river 

model based on the actual data of rainfall and stream flow, along with the satellite image, the true 

phenomenon of what and how it is really happening can be understood. 

1.1 HEC-HMS Model for flow simulation 

HEC-HMS (Hydrologic Engineering Center- Hydrologic Modeling System) model had been 

developed by the US Army Corps of Engineers that could be used for many hydrological simulations. 

The HEC-HMS model can be applied to analyze urban flooding, flood frequency, flood warning 

system planning, reservoir spillway capacity, and stream restoration [3].This also includes large river 

basin water supply and flood hydrology, and small urban or natural watershed runoff [4].According to 

Kalita [5], the proliferation of personal computers and the development of the HEC-1 model of the 

U.S. Army Corps of Engineers in 1998 to a GUI-based(Graphical User Interface)  user-friendly HEC-

HMS model is available in the public domain. This comes as another useful tool to the field 

hydrologists. Unfortunately, the HEC-HMSmodel or any of the many watershed models for that 

matter has not found many takers due to the uncertainty involved in the estimation of parameters of 

the models. But, parameter estimation on a regional scale at least may be possible to switch over to 

watershed models, such as, the HEC-HMS to take advantage of the high speed computer programs, in 

contrast to the spreadsheet exercises.  

2.0  Methodology 

The KRB of the major river of Pahang that starts from Sg. Lembing passing through Kuantan City and 

drained into the South China Sea, has been chosen as the study area. It covers an area of 1630 km
2
. 

The elevation range is from 0 at the mouth of the watershed to 1511m in the remotest part of the 

North-West watershed. The KRB contains several main tributaries, which drain into the rural, 

agricultural, urban and industrial areas of Kuantan [6]. 

2.1 Data Pre-processing  

ArcGIS 10.3 is used to pre-process the collected data for the study area, namely, the land use data 

from the Department of Survey and Mapping Malaysia, JUPEM. From the raw data, such as, the 

digital elevation model, several processes were carried out in the software to extract the model-

specific information from it. On the basis of elevation geometric algorithms, there werea few 

hydrologic parameters that were computed, such as the river lengths, longest flow path, curve number 

[7] slope and the whole and even sub-basin areas.After the particular information on the basin areas 

had been obtained, the basin images are converted into the AutoCAD software, which was then 

converted into AutoCAD interchange file or dfx file type, to enable them to be imported into HEC-

HMS. This file would then serve as the background map to ease the process of constructing the 
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components, such as, the sub-basins, reaches, and even junctions. The configuration of HEC-HMS for 

the Kuantan River Basin is depicted in Figure 1. 

 
Figure 1. The process of obtaining the configuration for the Kuantan River Basin 

2.2 Data Collection 

Rainfall data was collected from five stations, namely, Sg Lembing PCLL (3930012), Ladang Nada 

(3931013), Ladang Reman (3931014), Pam Paya Pinang (3832015), and SK Gambang (3731018). 

Stream flow data was collected from station3930013 at Sg Kuantan @ Bukit Kenau. The rainstorm 

event for the calibration process was set on 04
th
 September 2010 from 6.45 pm until 07

th
 September 

2010, 12.00 am, while the data used to validate the calibrated modelwasthe rainstorm event on 12
th

 

October 2013 at 7.30 pm up to 13
th
 October 2013, 8.15 pm. The purpose of the date chosen for the 

validation is due to the similarity rainfall pattern with the date used in calibration process. The 

similarity rainfall pattern will produce the exact same graph and result. In order to achieve the definite 

estimation of the spatial distribution of rainfall, it is necessary to use an interpolation method. In this 

case, the Thiessen method was used to determine the rainfall station data for each sub-basin in the 

Kuantan River Basin. The polygon was as shown in Figure 2. 

 
Figure 2. The Thiessen Polygon for Kuantan River Basin 

2.3 Model Application 

The data collected were computed using the HEC-HMS 4.0 model and the prepared map was used as 

the background map in the model. Both watershed and meteorology information were put together to 
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fulfil the requirement to simulate the hydrologic response. Data required for the hydrological 

modelling of the catchments are, 1. area of the catchment and the sub-catchments, 2. land use patterns 

of the area involved, 3. daily rainfall and stream flow data, 4. base flow, 5. The imperviousness, 

6.initial abstraction, 7. time of concentration, 8. storage coefficient and curve number [8]. However, 

these parameters may slightly differ according to the method of choice, for transform, loss and base 

flow methods. Some values of the parameters were obtained from the particular agencies, previous 

research and even through calculation by certain equations. 

 

2.4 Model calibration 

The calibration process follows after the first model application. It is done by varying each input 

parameter within the prescribed range,while keeping other constants and running the model. The 

output values were analysed to determine their variations with respect to the base output set and this is 

a measure of the sensitivity. The model was calibrated for the identified sensitive parameters to 

improve the agreement between the simulated and observed data [9].The value for the observed 

streamflow data at Junction 2 was compared. Hence, the sub-basins directly involved in the calibration 

process of wereSg Kuantan and Sg. Kenau.  The preceding Figure 3 clearly shows the direct 

involvement of these two sub-basins towards the output values at Junction 2. 

 
Figure 3. The sequence of the sub-basins in the Kuantan River Basin 

The initial step in model calibration was manual adjustment of model parameters using the trial-and-

error method, which enables the modeller to make a subjective adjustment of parameters to obtain an 

appropriate fit between the observed and simulated hydrographs [10]. The value of parameter for loss 

and transform method for both sub-basins, i.e. Sg. Hulu Kuantan and Sg Kenau were manually 

adjusted during simulation up until the hydrograph for observed and simulation had obtained the 

similarity of shape. The rest of the sub-basin was adjusted through the Weighted Area Method. 

Manual adjustment of Curve Number, Time of Concentration (Tc) and Storage Coefficient (R) 

weredone using the weighted area method, based on different land uses in the study area. The 

calibrated value at Kenau that employs calculation of weighted curve number (WCN) was shown in 

Equation1, as follows; 

WCN = 
Ʃ𝑖 =1𝐶𝑁𝑖.𝐴𝑖

𝑖=𝑛

Ʃ𝑖 =1
𝑖=𝑛 𝐴𝑖

 
(1) 
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Where, WCN is weighted curve number, Ai is area forith land use type and CNi is curve number for ith 

land use type. The values of area and CN at Kenau were constants, since this is the only gauged station 

with real streamflow data. The areas for the other sub-basins were manipulated values in the equation. 

2.5 Model Validation 

For the validation process, the generated hydrograph was compared with the observed discharge 

graph, to confirm the suitability of assumed values in the calibration process. The calibrated model 

parameters were validated using different runoff and streamflow data. 

2.6 Statistical Evaluation 

Numerous fit of statistical criteria was proposed in the literature for evaluating hydrological modelling 

results. In this study, the Nash-Sutcliffe index was used as the criterion to compare the results between 

observed and simulated hydrographs. When the Nash Sutcliffe model efficiency coefficient was 

between 0 and 1, the model does better than simply forecasting. The closer the Nash Sutcliffe model 

efficiency coefficient to one is, the better the performance of the model. Nash Sutcliffe model 

efficiency coefficient is defined in Equation 2 as follows; 

 

NSE=1-[
∑ (𝑌𝑖

𝑜𝑏𝑠−𝑌𝑖
𝑠𝑖𝑚)

2
𝑛
𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠−𝑌𝑖

𝑚𝑒𝑎𝑛)
2𝑛

𝑖=1

] 

 

Where Yi
obs

isith data being evaluated, Yi
sim

isith simulated data, Y
mean

 is the mean of observed data and n 

is the total number of observations. 

3.0  Result and Discussion 

During the calibration process, there werea few parameters that need to be assumed, such as, the initial 

abstraction and imperviousness. After comparing the observed and simulated hydrographs, and a high 

similarity between both has been obtained, then only the assumed value of the particular parameters 

were considered to be reasonable and further work can proceed. 

 

 
 Figure 4. Simulated and observed hydrographs after a calibration process at Junction 2 

(2) 
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Figure 5. Summary results of calibration for Junction 2 

 

   NSE = 1-[
∑ (𝑌𝑖

𝑜𝑏𝑠−𝑌𝑖
𝑠𝑖𝑚)

2
𝑛
𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠−𝑌𝑖

𝑚𝑒𝑎𝑛)
2𝑛

𝑖=1

]      (3) 

     NSE = 1-[
∑ (2431.99)2𝑛176

𝑖=1

∑ (15460.750)2176
𝑖=1

]         (4) 

     NSE = 0.8          (5) 

From the computed results, the shape of the observed hydrograph was represented by the black dotted 

line, while the simulated hydrograph by continuous blue line. There were not much differences 

between these two shapes of hydrographs and almost reach a perfect similarity. Both the maximum 

observed and simulated discharges at Junction 2 werefound to be 60.6m
3
/s and 60.8m

3
/s respectively. 

The model showed a good performance with a Nash-Sutcliffe value of 0.808, higher than the 

requirement value of 0.8 and almost unity. Since the model indicated a good performance based on the 

index of Nash-Sutcliffe, the validation process was preceded with a different set of rainstorm event. 

 
Figure 6. Generated hydrograph of simulated and observed data at Junction 2 
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   Figure 7. Summary results of validation for Junction 2 

 

From the computed results, the shape of the observed hydrograph was represented by black dotted 

line, while the simulated hydrograph by continuous blue line. The shape of the hydrographs was 

almost similar and the simulated hydrograph showed a higher set of value than the observed. Both the 

maximum observed and simulated discharged at Junction 2 were 99.8m
3
/s and 108.4m

3
/s respectively. 

The model showed a good performance with a Nash-Sutcliffe value of 0.908, higher than the 

requirement value of 0.8 and almost unity. 

4.0  Conclusion 

The HEC-HMS 4.0 computer model can be reliable tool to assist in the simulation, calibration and 

validation of the Kuantan River Basin. As the transformation method in the model, the Clark Unit 

Hydrograph method simulates the flows successfully and the parameter value was easy and simple to 

be fulfilled. As for the loss method, SCS CN method did performed well and it was indeed one of 

theothergood options. Therefore, the Clark Unit Hydrograph method could be recommended as the 

best transformation method for the Kuantan River Basin with the SCS Curve Number for the loss 

method. As there were plenty of ungauged rivers located in the Kuantan River Basin, this approach 

can reliably be applied in order to simulate river flows in the other areas with the same characteristics. 

The same approach of calibration and validation can also be applied in other parts of the region. 
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