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ABSTRACT

Floods are known as one of the world’s most frequent and devastating events. Techniques to predict and estimate the size of 

groundwater recharge. In Malaysia, the common technique to estimate the hydrological losses is using initial and constant loss 

literatures which is not represented the value from local catchment.
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1.0 INTRODUCTION

impact in term of damages, human’s death; loss of economic 

is the largest disaster that occurs in every year which caused 

monsoon season between November and March in the east 

once every few year such as in 1926, 1971, and 1997 and 

events has been caused 18 casualties with more than 110,000 

evacuees which is the estimated damages exceed RM 1.5 billion 

(excluding losses caused by the economic downturn) [1]. These 

Negeri Sembilan, Melaka and Pahang.

The application of rainfall – runoff models in the design 

design purposes, complex rainfall-runoff processes are often 

volume for a particular catchment is highly dependent on the 

rainfall depth and losses.  The determination of catchment rainfall 

depth is depending on the rainfall intensity, storm duration, and 

distribution of the storm event [2]. The accuracy to estimate the 

catchment rainfall is rely on the distribution of rainfall gauges 

and the period of the rainfall data has been collected. Meanwhile, 

on the surface, otherwise known as depression storage [3]. 

Losses

the amount of runoff that reaches the outlet of a catchment area 

[3]. Although there are many methods for estimating hydrologic 

study, empirical methods such as the initial loss and constant 

loss method was considered to be more suitable. The method has 

been used in the Urban Stormwater Manual Malaysia [6]. In this 

manual, the initial and constant loss values were adopted from 

recommended values by Chow et al
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catchment condition, the initial loss is 10mm and the constant 

loss is between 3-10mm/hr for loam soil. In Australia, the 

example, an initial loss value in Victoria is between 15-20mm 

by Saleh et al., the initial and constant loss method produced 

better results on runoff simulation compared with the Green 

and Ampt method for Kan Catchments in Iran [9]. In Malaysia, 

although the initial and constant loss method widely used in 

calculating catchment runoff, the initial and constant loss values 

frequently calculated during model calibration. This technique is 

not suitable for the catchment without hydrological gauges data. 

Therefore, the suggested values in the literatures which come 

from various study in other countries often used in the analysis. 

Meanwhile, initial loss and constant loss is one of the models 

within the HEC-HMS rainfall-runoff model. Although this loss 

physical relationship of parameters to catchment properties, it is 

well-established and widely used in many countries, especially 

in the United States [5,8].

In this model, initial loss represents loss of rainfall due 

to interception and depression storage while constant loss 

amount of rainfall abstracted before reaching the ground [3]. 

There are several ways that interception occurs: interception loss, 

which is the precipitation stored temporarily by the vegetation 

down trunks and stems of plants, and though-fall, which is the 

process of excess rainwater dripping off leaves onto the ground 

surface [10]. By and large, most of the interception storage is 

evaporated immediately after precipitation ceases. Depression 

storage comprises puddles, ditches and other depressions in the 

The magnitude of depression storage naturally varies depending 

on the nature of the surface of the catchment.

soil.  If the soil is completely saturated or completely compacted, 

water will be considered as surface water [3]. During continuous 

because of the change in the condition of the soil during the 

storm. The causes for changing soil conditions and consequently 

complex.

determining the loss parameters in local catchment, which 

consists of many components within the hydrological and 

meteorological processes, this study explores the feasibility of 

2.0  STUDY AREA

This study covers the west coast of Peninsular Malaysia 

comprising 15 catchments in 6 states namely Pulau Pinang, 

Perak, Selangor, Wilayah Persekutuan Kuala Lumpur, Negeri 

Sembilan and Melaka [11]. The climate of the region is 

tropical with average temperatures ranging from 21oC to 32oC

throughout the year and the mean relative humidity is 80%.

Situated in the equatorial zone, the climate is governed by 

northeast and southwest monsoons. The northeast monsoon 

occurs from November to March and Southwest monsoon 

from May to September [12]. These major monsoon seasons 

are separated by two relatively short inter-monsoon seasons (in 

April and October) which usually record heavy rainfall [13,14]. 

Annual rainfalls vary between 1700 mm and 3600 mm and the 

mean monthly rainfall ranges from 115 mm to 314 mm [13].

Figure 1 shows the general layout of the locations of the 15 

gauging stations in the study area.

The majority of the catchments are mountainous and hilly 

undulating land, except for the southern part of the study area, 

which is dominated by low-lying undulated land. The highest 

altitude at approximately 2,131 MSL is located at Bidor 

catchment and the lower altitude is 12 MSL at Sg. Kesang at 

Chin-Chin gauging station. The majority of the catchments, 

especially in the upper region, is virgin forest while the lower 

undulating hills areas are cultivated with rubber and fruit trees. 

The Ara Kuda catchment, together with other catchments in the 

southern part, is located in low-lying undulating land, which 

hilly and mountainous area towards the middle part for most of 

covers the lower part of the low-lying undulating catchments. 

Table 1 shows detail of catchment characteristics for each 

catchment in the study area.

3.0  METHODOLOGY

The initial loss and constant loss parameters in this study were 

derived using a rainfall-runoff model software called Hydrologic 

Engineering Center’s Hydrologic Modeling Software (HEC-

HMS). Developed by the US Army Corps Engineers, HEC-HMS 

version 3.3 simulates the rainfall–runoff processes of catchment 

systems and allows the modeler to choose between numerous 

hydrograph was used to apply the transformation routine. No 

Figure 1: Location of the study area and gauging stations [11]
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Site

Gauge

ID

Number

Catchment

Name
Gauging Station Name

Record

Length

(Years)

Catchment

Area

(km2)

Main river 

length

(km)

Main river 

slope

(weighted sum)

(m/km)

1 5405421 Ara Kuda Sg. Kulim at Ara Kuda 48 130 30.12 6.72

2 5206432 Selama Sg. Selama at Selama 46 631 46.70 12.37

3 4511468 Raia Sg. Raia at Keramat Pulai 21 190 37.81 33.82

4 4311464 Kampar Sg. Kampar at Kg. Lanjut 27 446 54.71 18.90

5 4012401 Bidor
Sg. Bidor at Malayan 

Tin Bhd
21 210 34.59 21.11

6 3913458 Sungkai Sg. Sungkai at Sungkai 48 289 44.57 19.72

7 3814416 Slim Sg. Slim at Slim River 43 455 50.85 16.10

8 3615412 Malim Sg. Bernam at Tg. Malim 50 186 25.41 45.77

9 3516422 Rasa Sg. Selangor at Rasa 38 322 37.82 23.91

10 3414421 R.Panjang
Sg. Selangor at Rantau 

Panjang
40 1450 75.14 8.27

11 3216439 Batu Sg. Batu at Kg. Sg. Tua 11 56 14.8 64.5

12 3217401 Gombak Sg. Gombak at Dam Site 8 85 20.2 49

13 3118445 Lui Sg. Lui at Kg. Lui 45 68 15.48 14.36

14 2519421 Linggi Sg. Linggi at Sua Betong 49 527 59.8 7.38

15 2224432 Kesang Sg. Kesang at Chin - Chin 50 172 33.95 2.4

Table 1: Characteristics of the catchments [11]

Prior to that, initial and constant loss rate method was used 

to determine the hydrologic losses for the study catchments.  

The model optimizes the parameters so that the computed 

hydrograph will closely match the observed hydrograph. As 

the model parameters are not measured, the parameters had to 

be determined by calibration. In the absence of any calibrated 

values, published recommended values of the parameters as 

the initial estimates [15]. The main steps to derive rainfall-runoff 

model parameters as well as initial loss and constant loss values 

are illustrated in Figure 2.

obtained from Department of Irrigation and Drainage Malaysia. 

Next, a large number of rainfall and runoff data were screened 

and scrutinized by evaluating the rating curve and rainfall-

runoff volume. Storm events that showed poor hydrograph were 

excluded, as well as rainfall-runoff events that produced runoff 

volumes larger than rainfall volumes.

The next step is the model calibration and parameter 

optimization. The rainfall-runoff model was run using 

HEC-HMS software to optimize the model parameters via 

optimization techniques that minimize errors between the 

observed and simulated values of runoff. The model parameter 

derived by HEC-HMS is divided into three components: the loss

component is represented by initial loss and constant loss, the 

transform component is shown by the Clark unit hydrograph 

and the  component which is not used in this study. 

These two components were optimized, and the optimizing 

parameters will be used for further analysis. In order to evaluate 

2

equation was used.

The equation is written as follow:

where

EFF

Qm
i
 = measured direct runoff at time i

Qm = average measured direct runoff for the storm

Qs
i
 = simulated direct runoff at time i

n = number of simulated hydrograph ordinates

At the testing stage, the optimized value for initial loss and 

constant loss was tested for outlier. The box plot method was 

selected for observing and determining the outlier value for three 

groups of parameters, which are initial loss, constant loss and the 

percentage of runoff. The percentage of runoff was examined 

to make sure that only reasonable runoff rates for the study 

area are chosen. After that, using the HEC-HMS software, the 

design initial loss values were determined through trial and error 

with the design initial loss values, the design rainfall was used as 

input for rainfall amount.

Theoretically, rainfall is usually not evenly distributed over 

an area with rainfall amount decreasing over distance from the 

storm centre. Within the study area, it was observed that large 

variations in rainfall amount can occur over short distances, 

particularly when thunderstorms dominate. Therefore, the areal 

reduction factors of Hydrological Procedure No. 1 [17] were 

(1)
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adopted for this study. Also used in this study were temporal 

patterns, which represent the critical duration of design rainfall 

to give maximum peak discharge. Various durations of temporal 

pattern were used to simulate the highest peak discharge. As 

with the areal reduction factors, temporal patterns also came 

from Hydrological Procedure No. 1 [17].

The following step focuses on the analysis of regionalization 

for initial loss and constant loss parameters. Regionalization 

involves the correlation of the parameters with catchment 

characteristics can be physical parameters such as area, length, 

slope, landuse and types of soils as well as storm characteristics 

loss parameters with catchment area, length, slope, percentage 

of forest area and the rainfall intensity. The performance of 

r2

of the observed and computed values.

4.0 EVALUATION AND VALIDATION

The performance of the developed regional equations of initial 

and constant loss parameters was validated and tested by 

methods. The three methods were described as:

i.

ii. Design initial loss and constant loss (DIL&CL)

iii. Rainfall-runoff relationship (RR)

Extreme Value Type I (EVI) distribution since the distribution 

method are used in existing Hydrological Procedure No. 1 

[17]. The EVI also widely used in many hydrological analysis 

The proportion of total rainfall that becomes runoff during a 

storm event represents the rainfall-runoff relationship. This RR 

is developed such that the volume of runoff can be estimated 
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derived using the same storm events as those used in generating 

design initial loss and constant loss.

were performed using HEC-HMS rainfall-runoff model. During 

model simulation, the average value of calibrated Clark unit 

hydrograph parameters for each catchment was used as an input 

for model transform component.

5.0 RESULTS AND DISCUSSION

5.1 Model Calibration and Parameter 

Optimization

The calibration and optimization of hydrographs using HEC-

HMS provided satisfactory results for all the 113 storm events. 

Checking and screening of storms using the box plot method for

parameters initial loss, constant loss and percentage direct runoff 

regional design initial loss and regional constant loss as well as 

regional rainfall-runoff relationships. The distribution pattern 

of percentage runoff, initial loss, and constant loss could be 

observed from the box plot in Figure 3. Data showing outlier or 

out of range were eliminated. Unreasonable values of initial loss 

and constant loss were also discarded. It can be observed from 

the box plot that the initial loss for Selama, Raia, Kampar, Slim 

and Malim are well out of range and have a tail towards a larger 

value or positively skewed. At the same time, Malim catchment 

shows the outlier’s value for the percentage of the direct runoff.

Data consistency was also checked by evaluating the 

Figure 3, no outliers 

for constant loss values were plotted for the Malim catchment; 

however, the data distribution had a bigger range, indicating a 

large deviation from the mean. Therefore, some values were 

rejected to improve the data consistency. This approach puts 

the initial loss and constant loss for that catchment between the 

acceptable ranges.

The optimized rainfall-runoff model parameters for all 

catchments are presented in Table 2. The average value for the 

as optimization techniques inherently include assumptions and 

approximations. At the same time, the selection of storms is also 

considered based on the shape of the simulated hydrograph and 

the beginning of the rising point. Plotted hydrograph with early 

start than rainfall excess are not used in further analyses.

Table 3 shows the summary statistics of 92 values of initial 

loss and constant loss. The median values for initial loss and 

constant loss are 21.54 mm and 8.07 mm/hr, respectively. Both 

values were generally accepted compared with other values 

obtained from other studies [5,6,18]. A higher standard deviation 

for constant loss value was noted, which may have been caused 

by the variation in storm bursts during calibration analysis. 

These results were show a wide variability from storm to storm 

and catchment to catchment. The effect of terrain and localized 

rainfall was assumed to be averagely tabulated at the whole 

catchment in the calibration analysis, in reality, rainfall drop is 

often concentrated in a localized area, especially in the study 

catchments where thunderstorms dominated and further storms 

normally occurred in short durations with high intensities.

5.2 Analysis of Design Initial Loss

Median values of initial loss and constant loss were used 

parameters to obtain the design initial loss as shown in Table

2. Design initial loss was obtained by matching the simulated 
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Catchment
Area

(km2)

Initial loss 

(mm)

Constant loss 

(mm/hr)

Time of 

Concentration

(hr)
(hr) (m3/s)

Model

(EFF)

Ara Kuda 130 20.00 5.09 9.82 8.82 5.40 0.976

Selama 631 21.00 9.75 23.13 19.90 33.34 0.960

Raia 190 24.72 5.94 5.51 6.49 7.72 0.968

Kampar 446 24.72 6.81 8.75 9.12 12.65 0.963

Sungkai 210 25.00 11.29 8.50 7.51 15.54 0.959

Bidor 289 21.10 7.02 13.00 5.98 22.76 0.954

Slim 455 20.37 7.18 17.56 7.91 15.44 0.979

Malim 186 28.90 15.38 4.14 5.34 10.55 0.967

Rasa 322 16.83 9.43 7.66 4.67 19.03 0.983

R.Panjang 1450 6.60 2.13 54.05 21.97 153.11 0.946

Batu 56 15.20 10.86 1.96 2.92 1.87 0.968

Gombak 85 27.57 13.23 2.67 3.63 2.68 0.965

Lui 68 18.30 12.20 9.15 4.64 3.04 0.966

Linggi 527 25.00 12.00 27.34 32.28 16.38 0.962

Kesang 172 26.38 11.93 12.28 11.62 3.98 0.963

return periods are shown in Table 4 and Figure 4. Overall, it 

can be seen that design initial loss increases proportionally with 

Average Recurrence Interval (ARI). Two catchments, namely 

Selama and Bidor, provide consistent values for different ARIs, 

ARIs. Although all the study catchments are located within the 

same region, the variability of losses existed in response to the 

catchment slopes, rainfall characteristics and many other factors. 

vice versa.

5.3 Regression Equation of Loss Model

In this study, the relationship between initial loss and constant 

loss with the physical, landuse and storm characteristics was 

evaluated. Catchment size, main river length and main river 

slope, the percentage of forested area for each catchment are 

correlated to loss parameters. Figure 5 shows the graphical 

relationship of the initial loss and constant loss to the physical 

and landuse characteristics of the catchment. Result show that R2

values is less than 0.5 for the correlation between constant loss 

and the catchment area, mainstream length, mainstream slope 

and forest area. However, the correlation between constant loss 

the R2 values is 0.316 and 0.334, respectively. This result shows 

catchment area and length, which are parameters distributed along 

the median line. However, there are slightly low correlations 

between constant loss and catchment area and length. Constant 

loss decreases when catchment area and length increase. This 

result seems logical, meaning that larger catchment sizes or 

longer stream lengths have smaller constant loss [19]. Moriasi 

et al 2

Minimum Maximum First quartile Third quartile Mean Median
Standard

Deviation

Initial

loss
3.76 44.39 16.62 27.69 22.24 21.54 7.85

Constant

loss
1.21 27.78 5.38 12.38 9.71 8.07 5.92

Catchment 2 ARI 5 ARI 10 ARI 20 ARI 50 ARI 100 ARI

Ara Kuda 50.5 72.0 87.0 96.0 103.0 110.5

Selama 26.0 25.5 25.0 25.0 25.0 25.0

Raia 52.5 63.5 73.5 79.5 84.0 90.5

Kampar 44.0 48.0 52.0 56.0 59.0 62.5

Bidor 39.0 44.5 48.0 48.0 48.5 47.0

Sungkai 52.0 62.0 69.5 77.0 80.5 83.0

Slim 55.0 57.0 59.5 61.5 62.5 65.0

Malim 53.0 62.5 69.5 75.5 78.5 80.5

R.Panjang 67.5 74.0 79.0 87.5 95.0 101.0

Lui 53.0 67.0 78.0 87.5 97.0 100.5

Mean 49.3 57.6 64.1 69.4 73.3 76.6
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and values between 0.5 and 0.75 are considered satisfactory 

meanwhile values lower than 0.5 as unsatisfactory [20]. The 

correlation strength between catchment characteristics and 

catchment loss varies between catchments where it depends on 

many factors such as the regions, data errors, soil type, climate 

and topography. Previous study by Pilgrim [19] and Hussein & 

Othman [21] also produced various ranges of correlation results.

Correlation results between loss parameters and rainfall 

intensity as shown in Figure 6 show that R2 values for initial and 

constant loss is less than 0.1. The initial loss was well distributed, 

whereas constant loss showed a very low positive relationship. It 

not clear for the tropical climate particularly within the study 

area. This result is similar to the previous study conducted by 

Asquith [5]. It could have occurred due to the set of rainfall-

runoff data used in calibration which might be the catchment 

rainfall data are not uniformly tabulated at a whole catchment 

the analysis of initial loss and constant loss values, therefore, the 

regional design constant loss for the study area is 8.07 mm/hr

and the initial loss values were shown in Table 5.

5.4 Rainfall-Runoff Relationship

In this study, the rainfall-runoff relationship was developed 

using 92 storm data from1970 to 2009 for 15 catchments along 

the west coast of Peninsular Malaysia, which is the same data 

used in deriving regional initial loss and constant loss. The 

plotting method followed the same method used in Hydrological 

Procedure No. 11 [24]. It means that the total design effective 

rainfall depth for a particular design ARI is similar to the direct 

runoff volume derived from the rainfall-runoff relationship.

Figure 7 shows the results of the rainfall-runoff relationship 

depth of rainfall, one for less than or equal 75mm and another for 

ARI

(years)
2 5 10 20 50 100

49.3 57.6 64.1 69.4 73.3 76.6

Figure 5: Median initial loss and median constant loss 

Figure 6: Median initial loss and median constant loss 
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5.5 Result Evaluation

parameters, the applicability of the loss model was assessed 

through model evaluation. Design rainfall for various return 

periods were used as rainfall input to the HEC-HMS model. As 

described previously in the methodology section, the evaluation 

of the performance of developed regional design initial loss and 

constant loss parameters were carried out via three methods 

Out of the 15 catchments, 10 catchments were used to 

evaluate the loss model based on all three methods as mentioned 

above. Figure 8 shows the results of evaluation for loss model 

using DIL&CL method and RR method and plotted against 

the performance of loss model using DIL&CL method are 

catchments such as Lui, Kesang, Bidor, and Kampar provided 

better results, especially on higher return periods. When the 

design peak discharges for DIL&CL method were compared 

with the RR method, better results were obtained because both 

methods were derived from the same data set. These results 

revealed the capability of the design initial loss and constant 

loss method to produce reliable values when used for design 

estimation within study area. However, some catchments show 

lesser estimated value of design peak discharge such as Bidor 

and R.Panjang. Others model parameters such as transformation 

concentration reduces estimated peak discharge.

coast of Peninsular Malaysia

Q = P2 / (P + 350) where, P > 75 mm

Where P = total storm rainfall in mm and Q = direct runoff 

in m3/s

(2)

(3)

Moreover, the calculated result of peak discharges was 

extended by calculating the percentage residual error between 

Figure 9. It can 

be seen that the residual error mostly scatter tabulated along 

the range of 1 to 35%. Better performance is shown for higher 

loss values were uniformly tabulated when related to catchment 

characteristics [19]. Subsequently, the results also show that the 

design initial loss and constant loss method is a reliable method 

to be used for various sizes of catchment areas located within the 

limit of the catchment area used in the current study. In practice, 

area which can improve the result of the analysis.

6.0 CONCLUSION

In this study, rainfall-runoff characteristics have been 

computed for four parameters, viz. initial loss, constant loss, 

the values of these parameters are further used for determination 

of regional design initial loss and constant loss. Based on the 

results analysis, the following conclusions were drawn:

1. The median initial loss and constant loss are 21.54mm and 

8.07 mm/hr, respectively. This result indicates the initial loss 

value is higher compared to the initial loss value in USMA, 

and however, the constant loss value is between the ranges.

2. Based on ARI 2, 5, 10, 20, 50 and 100, the initial loss values 

are 49.3, 57.6, 64.1, 69.4, 73.3 and 76.6, respectively. It was 

clearly indicated the loss values positively increase with the 

ARI and this result comparable values in ARR.

3. The regionalization analysis of constant loss with catchment, 

study area is averaging as 8.07 mm/hr.

4. With these loss values, a comparison of the design peak 

that the DIL&CL method produce reasonable results within 

the study catchment area. The residual error analysis 

percentage error less than 35%.

5. On average, better performance can be observed for regional 

design initial loss and constant loss in study catchment areas. 

The percentage of error could be minimized by including 

other parameters such as soil types during the development 

of constant loss equations. The soil characteristics would be 

area.
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