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ABSTRACT

Loss models calculate the interception and infiltration rate in the watershed to indicate rainfall
loss in surface runoff simulation. As such, the loss rainfall amount depends on soil types, landuse
and antecedent condition. The study aims to specify the results of SCS-CN loss model to estimate
runoff in Klang watershed on long time daily rainfall data. The daily time-series of the 23 rainfall
gauges were entered into the meteorological model to develop hydrograph at the sub-basins. In this
study, two steps have been conducted to simulate the hydrologic modelling using HEC-HMS in
Klang watershed. Initially, the watershed was divided into homogeneous sub-basins using
Hee-Geo-HMS to get the sub-basin geometric data and then, the hydrological modelling was
developed in HEC-HMS for the watershed using all the parameters cbtained from the previous
step. Modified 5CS-CIN loss method was performed by changing in amount of initial abstraction
ratio into 0.05 in the watershed to estimate the accuracy of calibration and validation results of
hydrology model. Although, flood hydrograph is best calibrated for peak discharge with the
modified ratio of initial abstraction to maximum potential retention in SCS model, the results
revealed that initial abstraction (A =0.05) and CN o of daily rainfall by percent error in peak have
given no significant. difference results rather than initial abstraction with 0.2 value and CN,,,
because using CN, ,; for loss model, the simulated flows are underestimated to observed discharges
equal to 23.6 and 13.49% for calibration and validation periods, respectively.
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INTRODUCTION

Loss models calculate the interception and infiltration rate in the watershed to indicate rainfall
loss in surface runoff simulation. There are various methoeds to simulate surface runoff using
different loss model methods such as the SCS Curve Number model (USDA-SCS, 1985), CASC2D
(Marsik and Waylen, 2008), TOPMODEL (Warrach et «l., 2002), GIUH (Kumar et al., 2007),
University of British Columbia Watershed Model (UBCWM) and Geomorphological Instantaneous
Unit Hydrograph (GIUH).

HEC-HMS (USACE, 2000) provides varicus methods to calculate the loss rate 1in the
basin/sub-basin such as Deficit and constant, exponential loss, Green-Ampt, SCS Curve Number,
initial and Constant. Among the methods, the SCS-CN method 1s widely used. Akbar et af. (2012)
have investigated the assessment of the SCS-CN loss method in Klang watershed to evaluate the
performance of the SCS-CN loss method. They concluded that the SCS-CN loss method can be used
for Klang watershed due to its good agreement between observed and modelled in HEC-HMS.
However, they suggested a modified CIN using initial abstraction ratio in value of Q.05 gives a
better fit than 0.2 (as default in HEC-HMS). Abood ef al. (2012) have evaluated the performance
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of the two infiltration methods (SCS-CN and Green-Ampt) in rainfall-runoff simulation using
HEC-HMS for the kenyir and Berang catchment, Terengganu, in Malaysia. Calibration and
validation of the HEC-HMS used of storm events of September and October, 1990 and November
and December, 1990, respectively. They found that the both loss methods have a good agreement
with the cbserved data. However the SC5-CIN method was recommended for the watersheds due
toits high accuracy in the modelling results.

In this study, modified SCS Curve Number method 1s applied to determine loss model as a
major component in rainfall-runoff medeling. The objective of this study is to specify the results of
SCB-CN loss model to estimate runoff in Klang watershed on long time daily rainfall data.

MATERIALS AND METHODS

Study area: Klang watershed located on the west coast of Peninsular Malaysia. Klang 1s situated
in Kuala Lumpur, Selangor provinece in Malaysia as Fig. 1. Since the city is situated on confluence
of Klang and Gombak rivers there has been crucial to manage environmental management of the
basin particularly through the system drainage to channel the flow river cut the city. The nuddle
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Fig. 1: Location of the rainfall and river flow stations used in Klang watershed
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Table 1: Geographical characterizations and the mean annual rainfall values of the meteorological stations

Id Station name Station No. Longitude (degree) Latitude (degree) Mean prep. (mm year )  Period (year)
1 Pejabat jps. Klang 3014084 101.88 3.21 2162.6 1972-2006
2 Ldg. Bkt. Rajah 3014089 101.44 3.09 1946.6 1972-2006
3 Puchong drop 3015001 101.66 3.08 2109.4 1982-2002
4 Ldg. Dominion 3018107 101.88 3.00 2486.1 1972-2006
5 Pusat, penyel. Getah 3115079 101.56 3.30 2311.3 1972-2006
6 I/pejabat 3116003 101.68 3.15 2829.6 1993-2006
7 Wilayah persekutu 3116004 101.70 3.16 2232.5 1975-1992
8 Taman maluri 3116005 101.65 3.20 2388.9 1977-2000
9 Edinburgh 3116006 101.63 3.18 2312.5 1982-2002
10 Pusat penyelidekan 3117070 101.75 3.15 24749 1972-2006
11 Loji air bkt.,weld 3117071 101.71 3.15 2403.3 1972-1985
12 Pemasokan ampang 3118069 101.79 3.16 25775 1972-2006
13  8ek.keb. kg.hua 3118102 101.89 3.16 2171.7 1974-2006
14 Kg. Sg. Tua 3216001 101.69 3.27 2324.6 1972-2006
15 Keb kepong 3216004 101.63 3.22 2319.5 1982-2003
16 Ibubekalan km 3217001 101.73 3.27 2388.6 1973-2006
17 Empangan genting kelang 3217002 101.75 3.23 2305.8 1977-2006
18 TIbu bekalan km 3217003 101.71 3.24 22425 1975-2006
19 Kg.kualasleh 3217004 101.77 3.26 2320.4 1980-2006
20 Gombak damsite 3217005 101.71 3.25 1834.9 1982-2000
21  Jenaletrik lln 3218101 101.88 3.23 2230.4 1972-2006
22 Terjun sg.batu 3317001 101.7 3.33 2301.5 1975-2006
23  Genting sempah 3317004 101.77 3.37 2329.4 1975-2006

part of Klang watershed has a high proportion of impervious urban area {about 50%) and much
of it is perched on susceptible land to flooding. Precipitation over the catchment averages about
2350 mm. The most significant heavy precipitation had been observed during the months of
October, November and December (Desa and Niemezynowicz, 1996).

Data used: Land use, soil data, digital topo-sheets at the scale of 1:25,000 and the historic climate
data records such as Rainfall, Temperature, Evaporation and hydrometric data needed for
hydrology modeling, have been acquired from Department of Irrigation and Drainage of Malaysia
(DID). The 23 rainfall gauges have heen selected covering Klang watershed which 1s shown in the
Table 1 presenting the geographical coordination, name, Id number, the year peried and mean of
rainfall of the rainfall aver the years specified gauge stations used in the study area.

Methodology: The SCS-CN loss method 1s used in runoff estimation to specify the amount. of
infiltration rates of soils. The method uses an integration of landuse and scil data to determine CIN
values of the watershed. The CN wvalues were adopted from Technical Release 55
(USDA-NRCS, 1986). In this regard, soils are categorised into hydrologic soil groups (HS5Gs). The
HS5Gs consists of four categories A, B, C and D which A and D) are the highest and the lowest,
infiltration rate, respectively.

In this study, two steps have been conducted to simulate the hydrologic modelling using
HEC-HMS in Klang watershed. Initially, the watershed was divided into homogeneous sub-basins
using Hec-Geo-HMS to get the sub-basin geometric data and then, the hydrological modelling was
developed in HEC-HMS for the watershed using all the parameters cbtained from the previous
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step. The rainfall-runoff (USACE, 2000) hydrologic model was used to predict runcff in the
watershed. The rainfall-runoff model takes into account the influences of physical parameters of
the watershed such as climatic, topography, landuse and scil data representing the boundary
condition over the watershed to simulate runoff. The hydrological soil type was derived from soil
data and combined to the landuse data to generate the SCS-CN loss rate. Modified SCS-CN loss
method was performed by changing in amount of initial abstraction ratic into 0.05 in the watershed
to estimate the accuracy of calibration and validation results of hydrology model.

Watershed modelling: The hydrology parameters needed in the rainfall-runoff modelling were
generated using Hee-Geo-HMS. The data layers have been driven from the watershed physical
characteristics include basin area and perimeter, length of the river, mean elevation and slope,
rainfall loss coefficient, lag time, land use and soil unites as influence the runoff hydrograph. These
hydrological parameters could be generated automatically by GIS system using Hee-Geo-HMS for
each sub-basin of Klang. Thus, runocff processes are simulated on each sub-basin system from the
upstream to the watershed outlet throughout the streamflow network. These hydrological
parameters are driven automatically by GIS system using Hee-Geo-HMS for the watershed.

Runoff modelling: The detailed method of hydrology modelling in HEC-HMS can be founded by
Ford et al. (2008) and Scharffenberg and Fleming (2008). It estimates the rainfall losses infiltrates
by the ground. To develop the CN map, the scil data of the Klang watershed has been categorized
into Hydrologie Soil Groups (HSGs) and then have been combined with landuse data. CN map
indicates the integrated landuse-scil of the of Klang watershed. The relevant equations listed
below:

g 2400 oy (1)
CN

(P-0.28) 9

Q= i oss @)

g 1000 4, (3)
CN

where, @ 1s direct runoff (mm), P 1s accumulated rainfall (mm), S 1s potential maximum sail
retention {mm) and CN is Curve Number.

Modified CN: Sensitivity analysis was performed to estimate the accuracy of calibration and
validation results of hydrology model. Many studies have conducted sensitivity analysis in
HEC-HMS to tackle the calibration error. Optimization was performed by changing in amount of
initial abstraction ratio (1) inte 0.05 in Klang watershed (Akbari et al., 2012) and consequently
changes in the curve number values for all the sub-basins.

Since 1in this study the CIN method has been used for estimation of losses, sensitivity analysis
is performed to determine the effective parameters for calibration of the loss model to achieve better
results. Once running the daily and monthly simulations in HEC-HMS, sensitive parameters of CIN
model were specified to create optimization for calibration period in HEC-HMS. Since a large

181



Fes. J. Environ. Set., 8 (4): 178-192, 2014

number of data are put into the rainfall-runoff model, the two parameters include curve number
and initial abstractions are used for sensitivity analysis in HEC-HMS. The analysis was optimized
according to objective functions of peak weighted root mean square.

Woodward et al. (2003) developed the equation to convert CN to CN ... The Eq. 4 assumes the
potential soil storage equivalent to initial abstraction (A = 0.05) as the Eq. 4.

Soos = 1.33(8, )t 1* (4)

Time of concentration: The standard lag time is defined as the length of time between the
centroid of precipitation mass and the peak flow of the hydrograph. For application in HEC-HMS,
the parameter of the time of concentration is necessary. This can be estimated by getting the time
between the centroid of the storm and the inflection point of the hydrograph or via calibration.
Hydrograph represents the changes in runoff through the time. In this study, SCS dimensionless
hydrograph was used to generate hydrograph for a long time daily rainfall over Klang watershed.
The parameters of the method are: Time of concentration, lag time, Duration of the excess rainfall,
Time to peak flow, Peak flow. The relevant equations are defined as:

T = 0.6T+yT, (5)
asf1000 Y7
L {W‘E’] (6)
Te= 11408
Q- 2.0§9QA (7)

®

where, T is time to peak (min), T, is time of concentration (h), L is hydraulic length of watershed
(ft), Sis average land slope of the watershed (percent), q, is peak flow (m® sec™), Q is direct runoff
(cm), A is area of watershed (km”) and T, is time to peak (h).

Meteorological model: To define the meteorological model in HEC-HMS for Klang watershed,
the gauge weight method was used to allocate the climatic parameters for each sub-basin
(Meenue et al., 2012). The daily time-series of the 23 rainfall gauges were entered into the
meteorological model to develop hydrograph at the sub-basins. The meteorological model used
Monthly average Kvapo-Transpiration (KT) method for the rainfall-runoff simulation. The
empirical Hargreaves method (Salazar ef al., 1984) was used to calculate the ET. It 1s based on the
air temperature and requires the maximum and minimum air temperature to calculate ET. Many
studies have shown the role of the Evapo-Transpiration into hydrology modelling (Zhao et al.,
2013; Milly and Dunne, 2011). This method was used as its simplicity and modest data requirement
which made it attractive for the hydrology modelling (Hargreaves and Samani, 1985) Kq. 8 1s

described as below:

E, = 0.0023R (T, +178 (/T T ) (8)

182



Fes. J. Environ. Set., 8 (4): 178-192, 2014

where, Tm is Daily mean air temperature (°C), it 1s equivalent to Tmax+Tmn/2, Tmax is Daily
maximum air temperature (°C), Tmin is Daily minimum air temperature (°C), Ra is Extraterrestrial
radiation in equivalent evaporate on in mm day ™. The mean air temperature in the Hargreaves
equation is calculated as an average of Tmax and Tmin.

RESULTS

Generating hydrological watershed characterization: Catchment delineations have been
driven for Klang watershed to extract hydrological parameters using as input into HEC-HMS
hydrology model. The SC5-CN loss method in HEC-HMS needs the data such as CN, initial
abstraction, potential soil storage and impervious. These data have been developed using GIS
spatially. Figure 2 shows the catchment delineation of elevation map driven by HEC-GEO-HMS
along with the benchmark points used for optimization of delineated sub-watershed. The physical
catchment characteristics such as catchment area, perimeter, catchment. length and slope were

automatically calculated in HEC-GEO-HMS (T able 2).

Determining CN and Modified CN: USGS land use classification of Klang watershed was
developed as Table 3. The USGS codes added to the land use’s attribute in GIS. Soil type as one of
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Fig. 2: Automatic catchment delineation of raw elevation map in GIS system. Red points are the
benchmark points used for optimization of delineated sub-wastershed
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Tahble 2: Physical characteristics of Klang watershed
Sub watershed  Area-HHMS (km?®  Mean elevation (m) Basin slope (%) River slope (%) Longest flow length (km) Impervious (%)

1 53.8 457.5 23.2 0.051 15.24 0.55
2 56.1 517.3 23.9 0.005 13.95 0.77
3 76.2 379.3 19.8 0.029 15.14 0.00
4 16.2 213.1 16.2 0.018 8.95 1.32
5 4.9 123.0 15.3 0.008 3.39 2.01
6 299 181.1 13.5 0.042 5.70 0.95
7 16.4 100.6 91 0.003 8.27 2.85
8 23.7 185.1 15.2 0.006 8.92 3.37
9 8.5 56.4 2.9 0.053 4.84 2.71
10 42.3 92.2 7.1 0.007 13.45 2.64
11 8.2 64.6 5.0 0.085 7.93 2.16
12 5.6 74.1 5.9 0.002 2.54 1.67
13 17.6 46.1 1.8 0.009 7.25 2.15
14 18.2 73.3 5.5 0.003 9.76 2.01
15 2258 111.8 12.2 0.051 6.16 3.13
16 205 323.0 18.6 0.007 11.75 1.59
17 17.9 107.6 11.0 0.007 7.03 2.40
18 16.3 75.6 4.5 0.004 11.53 3.49
19 10.3 47.3 2.9 0.038 3.52 3.47
20 4.1 40.4 3.8 0.008 2.20 8.13
21 5.7 64.9 5.4 0.044 213 9.55
22 5.1 48.4 4.7 0.007 3.64 8.22
23 14.6 59.7 5.8 0.003 3.59 2.90
24 215 50.2 4.0 0.010 5.90 3.53
25 22.3 90.9 7.1 0.000 9.75 2.85
26 4.6 48.7 5.8 0.007 2.01 1.69
27 111 71.8 7.2 0.003 7.01 2.56
28 205 60.6 4.8 0.009 9.10 3.70
29 10.7 41.9 5.6 0.007 4.50 2.38
30 155 54.2 4.5 0.010 5.09 2.66
31 47.5 66.6 5.2 0.011 12.09 4.33
32 18.2 68.9 7.7 0.001 9.58 2.56
33 10.8 284 2.2 0.010 4.72 5.71

Table 3: Land use classes present in the Klang watershed

Land use Area (km?) Percent of total area
Apriculture £59.45 8.82
Forest 248.28 36.83
Mining 4.10 0.61
Newly cleared land 8.58 1.27
Pasture 6.23 0.92
Swamps 0.64 0.09
Urban 334.82 49.67
Water body 11.97 1.78

Total area 674.00
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Tahle 4: CN, s values for each sub basin in Klang watershed

Sub-basin CN g5 Initial abstraction (0.05) (mm) Potential sail storage (inch)
1 20 16.16 1022.94
2 18 17.54 1123.60
3 35 812 463.44
4 21 14.91 932.15
5 18 18.28 1178.11
6 23 13.76 849.95
7 46 5.44 202.58
8 65 2.79 135.56
9 57 3.79 193.17
10 35 812 463.44
11 74 1.9 87.09
12 73 2.07 96.12
13 63 2.98 146.29
14 57 3.79 193.17
15 84 1.1 46.74
16 65 2.79 135.56
17 73 2.07 96.12
18 73 2.07 96.12
19 78 1.57 70.01
20 71 2.24 105.45
21 T4 1.9 87.09
22 74 1.9 87.09
23 76 1.73 78.41
24 78 157 70.01
25 78 1.57 70.01
26 76 1.73 78.41
27 65 2.79 135.56
28 71 2.24 105.45
29 55 4.01 205.93
30 69 242 115.14
31 78 157 70.01
32 78 157 70.01
33 80 141 61.94

the significant layer affecting rainfall loss were classified based on Scil Group Classification (SCS)
system. USACE (2000) provides the Curve Number (CIN) value for the different landuse
considering the four soil groups. In order to construct the CN wvalue of Klang watershed, two
landuse and soil layer in GIS were overlaid. Figure 3 illustrates the overlaid map of the landuse
and soil layers indicating CN values.

The Curve number parameters for using in sensitivity analysis are calculated based on the
CN, s as given in Table 4. The value of the two parameters (CN and Initial abstraction) changed
to determine their effects on peak discharge of flood. Results revealed that initial abstraction
(A =0.05) and CN, ,; of daily rainfall by percent error in peak have given no significant difference
results rather than initial abstraction with 0.2 value and CN, because using CN, 5 for loss model,
the simulated flows are underestimated to observed discharges equal to 23.6 and 13.49% for
calibration and validation periods, respectively.
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Fig. 3: Curve No. (CN) map of Klang watershed

SCS unit hydrograph transform: The standard shape was employed in HEC-HMS to define the
shape of the unit hydrograph. In this method the standard lag is defined as the length of time
between the centroid of precipitation mass and the peak flow of the resulting the hydrograph. Basin
lag 1s considered as 0.6 times the time of concentration of the flow. Table 5 gives the lag time,
potential soil storage and initial abstraction calculated for each sub basin of Klang watershed.

Meteorological model: The meteorological model used Monthly average Evapo-transpiration (ET)
method for the rainfall-runoff simulation. The daily evaporation from Batu dam station for the
years (1985-2001) was used. The empirical Hargreaves method (Salazar et al., 1984) was used to
calculate the ET. It is based on the air temperature and requires the maximum and minimum air
temperature to calculate ET. Table 6 shows the daily and monthly ET calculated for the Batu dam
station. The 17 years {1985-2001) daily evaporation time series in the Batu dam station was used.

Model calibration and validation: The daily rainfall data for the 23 rainfall gages through the
long period were used for calibration and validation of HEC-HMS simulation for Klang watershed.

The numbers of 16 years (from 1975-1990) were selected for the calibration and the 11 year lengths
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Tahble 5: Hydrologic parameters of Klang watershed

Sub watershed Lag time (h) CN Potential soil storage (mm) Initial abstraction
1 3.72 46 298.17 59.63
2 3.42 46 208.17 59.63
3 412 45 310.44 62.09
4 2.37 54 216.37 43.27
5 0.71 72 99.17 19.83
6 1.62 58 180.54 36.11
7 1.57 78 72.03 14.41
8 1.50 73 94.18 18.84
9 1.16 91 26.05 5.21
10 2.09 85 44 82 8.96
11 1.40 89 31.41 6.28
12 0.69 81 58.31 11.66
13 2.08 90 28.22 5.64
14 1.73 87 38.79 7.76
15 0.86 85 45.98 9.20
16 3.66 43 336.70 67.34
17 1.10 82 55.03 11.01
18 2.00 89 30.73 6.15
19 0.87 92 23.08 4.62
20 0.51 92 21.98 4.4
21 0.48 89 32.45 6.49
22 0.74 90 27.28 5.46
23 0.75 87 38.16 7.63
24 1.16 91 26.23 5.25
25 1.41 89 32.39 6.48
26 0.44 89 32.66 6.53
27 1.11 88 34.59 6.92
28 1.59 89 30.29 6.06
29 0.81 90 28.22 5.64
30 1.37 81 59.07 11.81
31 2.19 86 42 44 8.49
32 2.07 76 82.21 16.44
33 1.24 92 22.16 4.43

Tahble 6: Calculation of the daily and monthly evapo-transpiration values for year period (1985-2001)

Month Evaporation Tmax Tmin Evapo-transpiration (monthly)
Jan 4.5 32.0 22.7 44.4
Feb 4.5 32.8 23.3 40.7
Mar 5.0 33.0 23.7 49.9
Apr 5.4 33.2 24.0 52.5
May 6.1 33.8 23.9 63.7
Jim 6.8 323 23.2 64.9
Jul 7.9 321 229 77.0
Aug 7.3 321 22.8 71.4
Sep 6.3 32.0 22.7 60.0
Oct. 5.2 32.0 226 50.7
Now 4.8 31.8 226 45.0
Dec 4.5 31.6 22.7 43.1
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Fig. 4. Calibrated result of observed and simulated daily discharge at the sulaiman streamflow
during the calibration period {1975-1990)
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Fig. 5: Simulated monthly discharge at the sulaiman streamflow during the calibration period
(1975-1990)

from 1991-2001 for the validation in HEC-HMS program as the same period calibration and
validation of rainfall doewnscaling in SDSM. Figure 4-9 shows the calibration and validation test
in HEC-HMS. Some statistical efficiency criteria are used to perform evaluation of the calibration
and validation results between model outputs and observed data which are Root mean square error
{(RMSE), Coefficient of determination (r*) and Correlation coefficient (r) to indicate the goodness of
fit between simulated and observed data.

The calibration of the rainfall-runoff model in HEC-HMS for Klang watershed is performed by
comparing the modelled daily streamflows with the ocbserved flow at the Sulaiman discharge gauge.

Table 7 gives the statistics of the daily observed and modelled streamflow at the Sulaiman
discharge station for the calibration and validation periods. As the table, maxdmum and mean
values of daily flows are underestimated during calibration and validation periods.
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Fig. 6: Simulated average monthly discharge at the sulaiman streamflow during the calibration

period (1975-1990)
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Fig. 7. Simulated daily discharge at the sulaiman streamflow during the calibration periced (1990-
2001)

Tahble 7: Statistics of the observed and simulated daily flows at the sulaiman station during calibration and validation
Validation(1991-2001)

Calibration(1975-1990)

Statistics Simulated (M3/S) Observed (M3/S) Simulated (M3/S) Observed (M3/8)
Max 93.8 121.6 87.1 211.00
Mean 15.49 23.59 16.25 18.79
SD 8.76 24.28 9.5 13.96

The plots of daily and monthly flow modelling are 1llustrated in figures indicate that flows are
well simulated. However most of daily high flows simulated in calibration and validation periods
are underpredicted. Then it was attempted to estimate the magnitude of underprediction of high
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Fig. 9. Simulated average monthly discharge at the sulaiman streamflow during the calibration

period (1990-2001)

flows using sensitivity analysis to address the uncertainty involved in the modelling. The
discrepancy of daily flow modelling at the Sulaiman streamflow station has already been observed
by Kavvas et al. (2008),

Table 8 gives the performance assessment for the daily and monthly discharges in the
calibration and validation periods. The calibration and validation results represented a good fit
between the observed and simulated daily discharges. Thus it can be concluded that HEC-HMS
model responds well in simulation of hydrological processes in Klang watershed using
meteorological observation data.

The walue of the two parameters (CN and Initial abstraction) changed to determine
their effects on peak discharge of flood. Results revealed that initial abstraction (A =0.05) and CIN, g,
of daily rainfall by percent error in peak have given best results rather than initial
abstraction with 0.2 value and CIN. However, there has no significant differences between two
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Table 8: Performance assessment of hydrology model at the Sulaiman station during calibration and validation

Calibration (197%5-1990) Validation (1991-2001)
Statistics Simulated Observed Simulated Observed
RMSE 0.001 0.00 0.200 0.200
r? 0.016 0.22 0.032 0.001
r 0.13 047 0.180 0.032

CN and CN, .. Using CNg o for loss model, the simulated flows are underestimated to observed
discharges equal to 23.6 and 13.49% for calibration and validation periods, respectively.

CONCLUSION

In order to determine the efficiency and suitability of modified CN loss method used there has
been attempted to make estimation on the results by some correlation coefficients and error indices.
Although the characteristics of the hydrological watershed used in the rainfall-runoff moedelling in
Klang watershed are assumed constant throughout the simulation period. The results revealed that
initial abstraction (4 = 0.05) and CN,,, of daily rainfall by percent error in peak have given no
significant difference results rather than initial abstraction with 0.2 value and CN,,, because using
CN, 5 for loss model, the simulated flows are underestimated to observed discharges equal to
23.6 and 13.49% for calibration and validation periods, respectively. Flood hydrograph 1s best
calibrated for peak discharge with the modified ratio of initial abstraction to maximum potential
retention in 8CS model. Therefore, CN,, can be used for runoff simulation of 5CS method in

Klang watershed.
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