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Abstract: Observed rainfall is used for runoff modeling in flood forecasting where possible, however in cases where the
response time of the watershed is too short for flood warning activities, a deterministic quantitative precipitation
forecast (QPF) can be used. This is based on a limited-area meteorological model and can provide a forecasting
horizon in the order of six hours or less. This study applies the results of a previously developed QPF based on
a 1D cloud model using hourly NOAA-AVHRR (Advanced Very High Resolution Radiometer) and GMS (Geosta-
tionary Meteorological Satellite) datasets. Rainfall intensity values in the range of 3-12 mm/hr were extracted from
these datasets based on the relation between cloud top temperature (CTT), cloud reflectance (CTR) and cloud
height (CTH) using defined thresholds. The QPF, prepared for the rainstorm event of 27 September to 8 Octo-
ber 2000 was tested for rainfall runoff on the Langat River Basin, Malaysia, using a suitable NAM rainfall-runoff
model. The response of the basin both to the rainfall-runoff simulation using the QPF estimate and the recorded
observed rainfall is compared here, based on their corresponding discharge hydrographs. The comparison of
the QPF and recorded rainfall showed R? = 0.9028 for the entire basin. The runoff hydrograph for the recorded
rainfall in the Kajang sub-catchment showed R? = 0.9263 between the observed and the simulated, while that of
the QPF rainfall was R? = 0.819. This similarity in runoff suggests there is a high level of accuracy shown in the
improved QPF, and that significant improvement of flood forecasting can be achieved through ‘Nowcasting’, thus
increasing the response time for flood early warnings.
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© Versita sp. z 0.0.

1. IntrOductlon These models allow the assessment of the impact of
factors to optimize global and local hydrologic events
while, at the same time, minimizing the negative effects
of the impact of floods. The models differ in terms of
their mathematical representation of the hydrological

Hydrological models for simulating rainfall-runoff pro-

cesses are important techniques in flood forecasting. processes and data requirements in both the spatial

extent and the physical and vegetation characteristics
of the basin. In practice, it is the historical rainfall
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and discharge data which is input into a rainfallrunoff
simulation process [17, 18, 39, 47]. These time series data
may be hourly, monthly or yearly and are used to test
the response of a basin to potential runoff and flooding
[16, 28, 41]. When the response time of the watershed is
too short for flood warning activities, it may be necessary
to extend the forecasting horizon (lead-time) by the use of
additional data involving flood forecasting system (FFS)
estimates of the amount of rain that will fall over the
watershed. These FFS rainfall estimates can be provided
by the deterministic QPF originated by limited-area
meteorological models, or by extrapolation and the use
of trend-based techniques when the forecasting horizon
is on the order of six hours or less [1, 12]. The use of
these techniques is referred to as 'nowcasting’ of which
an extensive review can be found in [51, 52, 55].

Runoff is generated by rainstorms, and its occurrence and
magnitude are dependent on the intensity, duration and
the distribution of the rainfall event, which together with
other important factors influence the runoff generating
process. Generally rain falls on two main types of catch-
ment surfaces — those which are permeable or imperme-
able and connecting ground surface areas to the stream
channel. With an impermeable (impervious) surface, runoff
is produced from any rainfall event no matter how small;
while with the permeable surface runoff occurs when the
rainfall intensity exceeds the infiltration rate. Rainfall
intensity is the ratio of the total amount of rain (rain-
fall depth) falling in a given period and duration. It is
expressed in depth units per unit time, usually as mil-
limeters per hour (mm/hr) [20, 23, 24, 48, 52, 56]. The
statistical characteristics of convective, high-intensity and
short-duration rainfalls are essentially independent of lo-
cation within a region and are similar in many parts of
the world [44].

Over the years ongoing studies have shown significant
improvement in numerical weather prediction [29, 31, 48,
52, 56]. These rainfall estimation techniques use numeri-
cal weather prediction and quantitative precipitation fore-
casting, attempting not only to represent and predict the
global precipitation index, but chiefly to provide informa-
tion for operational flood forecasting and to predict the
impact of rainfall in natural, regional and local scale dis-
asters such as floods [14, 20, 29, 31, 38, 43]. In this con-
text, a QPF model was developed for operational flood
forecasting for the Langat River basin, Malaysia. The 1D
(one dimension) cloud model is based on the parameteri-
zation of rainfall estimates from NOAA-AVHRR (Advanced
Very High Resolution Radiometer) and GMS (Geostation-
ary Meteorological Satellite) datasets and was based on
the relationship between cloud top temperature, cloud top

reflectance and cloud height. The model demonstrated im-
proved numerical estimation of rainfall for monsoon clouds
in severe flood situations. Details of this model have been
given in [4, 5].

Analysis of short-term rainfall data suggests that there
is a reasonably stable relationship governing the in-
tensity characteristics of this type of rainfall. Testing
a rainfall-runoff process requires adequate rainfall and
stream-flow supported by evaporation data. Concurrent
recorded series of all data should not be less than ten
years to provide a good calibration period and to allow
for independent testing of the model runoff [49]. The
superiority of historical data in the runoff process for
operational purposes is however questionable. For an
operational flood forecast to be effective, input rainfall
should predict and provide warning of possible floods.
Current practice of the use of historical rainfall data
is limited to only testing the response of the basin to
runoff and does not provide the desired flood forecast
[4] thus the need for improved quantitative precipitation
estimates as a precursor for runoff modeling in operational
flood forecasting. The objective of this research is to
test rainfall runoff response of the Langat river basin,
Malaysia using the QPF estimates and also the recorded
observed rainfall for the flood event of 27" Sept. to 8
Oct. 2000 and compare the runoff hydrographs estimated
by the NAM model of the MIKE11 hydrological system.

2. Material and Methods

MIKE 11 is a comprehensive 1D hydrological modeling
system for the simulation of flow, sediment transport, water
quality, rivers, irrigation systems and other water bodies.
The system is designed to have an integration modular
structure with basic computational modules for hydrology,
hydrodynamics, advection-dispersion, water quality and
cohesive and non-cohesive sediment transport [34]. The
rainfall-runoff (RR) processes can generally be modeled
using either the NAM module or the Unit Hydrograph
Module (UHM). Both hydrologic modules can be used
independently of the MIKE11 system, where catchment
runoff may be utilized directly as lateral inflows in a hy-
drodynamic river or channel network simulation. Whereas
the NAM model is used to simulate rural catchment cycle,
the UHM model is used to describe runoff from a single
storm event using the unit hydrograph technique [34].

The study used hydrological data: hourly observed rain-
fall, water level evaporation and discharge obtained from
DID (Drainage and Irrigation Department, Malaysia) and
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MMS (Malaysian Meteorology Service) and the hourly
QPF estimate. Data for basin surface elevation and river
geometry includes contours of 20 m intervals and river
cross sections at different points, with at least one at each
end of the river. Other data include the network of the
Langat River and its tributaries, the boundary of the sub-
catchment area and the entire boundary. All GIS data
including sampled location of water levels taken during
the flood of September, 2000 by DID were prepared in
MIKE11 basin works module as shown in Figure 1. The
river network model and hydrological data were prepared
in the NAM RR model where the system requires the in-
put of at least a hydrometric point (H point) at each exit
point of each river tributary and the basin. Other data
include discharge and evaporation prepared for the cal-
ibration of the RR model. Output results of the runoff
simulation were then exported and coupled to the basin
DEM for flood inundation mapping.

2.1.  Rainfall-runoff modeling using a NAM
model

The NAM RR model is one of the lumped conceptual mod-
els widely applied in hydrological modelling for simulat-
ing the rainfall-runoff processes at the catchment scale
[22]. In the MIKE 11 system the NAM model repre-
sents the various components of the rainfall-runoff pro-
cess by continuously accounting for the moisture content
in three different and mutually interrelated storages [22].
The three storages represent the physical elements of the
catchment areas and comprise the surface, root zone and
groundwater. As the parameters of the model cannot be
generally determined directly from the catchment charac-
teristics, they must be estimated by calibration against
observed data. The auto-calibration of the NAM model
involves parameters such as the U, and Ly that de-
fines the maximum water content in the surface and root
zone storages respectively, also the overland flow runoff
coefficient CQof, for which small values are expected for
catchments with coarse, sandy soils and values near one
would be present for low-permeable soils like clay or bare
rocks. Another parameter is the time constant for overland
flow routing, the CK; this is an important factor in that it
is dependent on the size of the catchment and how fast
it responds to rainfall. A less important factor is the in-
terflow routing, whereas the CKjr as interflow is not a
dominant stream flow component and the CKgr that is the
time constant for routing base flow is dominant.

Rainfall, evaporation and/or temperature, discharge and
water level time-series data are prepared in MIKE 11
format and integrated with the RR model component that

comprises the NAM model to simulate different flows as
a function of moisture content in each of the surface stor-
age, root zone storage, snow storage and ground water
elements. Automatic calibration is then performed for the
NAM model which requires the assessment of some or all
of the nine parameters [3, 15, 23, 36, 44, 46]. The cal-
ibration is continued until the best possible comparison
between the simulated and observed discharge and water
level hydrographs along the rivers is achieved [19, 45, 46].

2.2.  Study area and hydrological character-
istics of Langat Basin

The study area is the Langat river basin, Malaysia where
from the 27" September to 8" October 2000 a short in-
tense monsoon rainstorm caused severe flooding. The
Langat watershed area is located approximately 27 km
to the south east of Kuala Lumpur. The basin area is
situated within latitudes 101°43’E to 101°58'E and lon-
gitudes 02°59'N to 03°17'N in the eastern part of the
Malaysian peninsular (See Figure 1). The upper Langat
area has two major dams: the Langat dam, located on the
Lui tributary and the Semenyih dam on Semenyih tribu-
tary. These dams together with the upper Langat catch-
ment area are considered to be one of the most important
domestic water supply sources to over 1.9 million people
in Kuala Lumpur and the surrounding areas [54].

The Langat River basin is approximately 90% mountain-
ous, with the hills upstream having a maximum height of
around 1400 m above sea level. The bedrock of the moun-
tainous and much of the hilly terrain comprises granite,
while other areas consist of metamorphosed sandstone,
shale, mudstone, and schist. The low flatlands down-
stream are thick quaternary deposits consisting of 0.5 to
5.5 m thick Beruas Formation with a peat layer on top.
This extends towards the sea coast with a 40 to 50m thick
clayey formation. The soil is highly erodible consisting
of deep coarse sandy clay on the foothills and lithosol
on the main mountain range [15]. The general vegeta-
tion is dense tropical rain forest comprising of old trees,
climbers, bamboo and palms. The lower hills and flat ar-
eas are mostly planted with rubber crops and horticultural
crops [21]. There has been significant change in land-use
over the years with urbanization accounting for about 20%
at the expense of diminishing agriculture and forestland.
Based on the Malaysian population census of 2000, the
total population in the basin area was 1,176,173 with an
average population density of 501.27/km? [7]. Moreover,
with the growth rate of about 3.5% per year, the population
is expected to dramatically increase in the basin area.

At 1, 988 km long, the Langat River is the main river of the
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Figure 1. Location of the study area (Langat River Basin, Malaysia).

basin. In the middle section it is also called the Kajang
River [8]. The Basin is divided into five main catchments
comprising of the Lui, Kajang, Semenyih, Dengkil and the
combined small catchments of Beranang and Labu. The
Langat river headwater and its main tributaries drain the
western flank of the main mountain range and flow south-
west into the sea at the Straits of Malacca at the lower
Langat plains. The climate of the Basin, as in most of
Malaysia, is tropical, with a mean annual temperature of
32°C and a mean minimum and maximum of 23°C and 33°C
respectively [49, 53]. There are two monsoon seasons in
a year, the northeast monsoon from November to March
and southwest occurring between May and September.
The average annual rainfall depth at the basin is approx-
imately 2,400 mm ranging from 1,800 to 3,000 mm [47]
There is a gradual increase of rainfall from the coast to-
wards the hilly areas. The highest rainfall is in the months
of November and the lowest in January with a mean of 280
mm and 115 mm respectively. The average monthly rain-
fall for the selected rainfall stations in the Langat River
Basin area is shown in Figure 4. Humidity is between
80 to 90 percent, a condition typical of areas with high
temperatures resulting in high rates of evaporation. This
hydrological region lies within 30% of the Malaysia Penin-
sular where potential runoff is 500 to 1000 mm annually
[7, 9]. The groundwater recharging areas are in the up-
stream mountains and hilly areas. In the downstream an
aquifer distributes water widely in the flat lowlands [54].

3. Results and Discussion

The methodologies adopted in this paper are illustrated
in Figure 2. Two sets of rainfall data (recorded observed
and QPF) and one set of discharge and evaporation data
were processed to ensure a good comparison. Rainfall-
runoff simulation involved the preparation of Langat River
Basin parameters and modeling and analysis performed
using functions available in the MIKE 11 hydrological
system. The Basin was delineated into the five main sub-
catchments where twenty rainfall stations were located
based on their coordinates and individual rainfall time
series entered [26, 41].

3.1.  NAM model calibration for Langat Basin

The NAM rainfall-runoff (RR) model was applied for runoff
processes based on the size and urban/rural characteris-
tics of the Langat basin [13, 40-42]. The model was pre-
pared and calibrated with appropriate data to create a
reliable basin representation [3, 37]. Watershed parame-
ters such as infiltration coefficients, time of concentration,
and base-flow were modified to produce a best fit between
model and observations. The discharge output was cali-
brated with observed stream-flow [6, 16, 23, 25, 32, 35].
Care was taken to achieve a good agreement between the
average observed and simulated catchment runoff volume,
the overall shape of the hydrographs and the root mean
square error (RMSE) of the peak flows and low flows.

The study tested the possible assimilation of rainfall
estimates based on a QPF for operational flood fore-
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Figure 3. Comparison of recorded and QPF rainfall.

casting.
QPF were processed for runoff and subsequently the

Thus, the hourly rainfall estimates from the

recorded observed rainfall for the same storm event was
processed for runoff. The comparison of the QPF with
the recorded observed rainfall showed R? = 0.9028
(Figure 3). A good rainfall runoff model should represent
the characteristics and physical conditions of the actual
river catchments [2, 11, 16, 23, 34] Thus the NAM model
was prepared to outline the sub-catchment areas and the
entire boundary of the Langat Basin in order to compute
their surface areas. The combined total surface area
of the five catchments were computed by the model as
2012.07 km?(Table 1) as against 1988 km? supplied in
DID reports [8].

Twenty rainfall station coordinates were identified in the

Table 1. NAM calculations of Langat sub-catchment areas.

Catchment Model |Area km?
Lui NAM  |70.7625
Dengkil NAM  |234.273
Kajang NAM  |310.77
Semenyih NAM 695.548
Lower Langat NAM 698.713
Langat Basin Combine [2012.07
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Figure 4. Averaged monthly rainfall for selected rain-guages.

delineated catchment and used to compute the mean
weighted rainfall using the Theissen’s polygon method
(Figure 4). Auto-calibration was achieved by adjusting
values of parameters such as the daily water balance
(Umax, CQor) and physical measured data (Lnax, Sy) rec-
ommended in the DHI (Danish Hydrological Institute) user
manuals. Other parameters were adjusted to fit the mea-
sured discharges through sensitivity analysis using trial-
and-error method for CK, CK;r and CKgf calibration coef-
ficients. Considering that the catchments had were simi-
larly vegetated, but have major differences in topography
from mountainous upstream to lowland downstream, the
UnmaxWas varied by catchment as this is related to mois-
ture intercepted on the vegetation as well as to water
trapped in depressions. Sensitivity analysis performed to
examine uncertainties for some parameters showed that
variations in CKjr and CKgr had significant impact in the
computation.

The calibration considered multiple objectives that include
a good simulation of water balance, overall similarity of
the shape of the hydrographs, agreement of peak flows
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Figure 5. Record Rainfall-runoff and accumulated discharge (Ka-
jang catchment).

and a good conformity for low flow. These four objectives
were optimized simultaneously during the calibration pro-
cess. The average values used in the model simulation for
Kajang catchment were Uy, = 10.4 and Lyox = 233 mm,
other model parameters included are CQor = 0.202, CK
= 104 hr, CKjr = 329.2 hr, TOF = 0.889, TIF 0.324,
TG = 0.179 and CKgg = 1917 hr. All nine NAM model
parameter estimates were defined in the calibration pro-
cess that included two of the significant NAM parameters
(overland flow runoff coefficient and time constant for over-
land flow routing) that have a direct impact on the shapes
and peaks of the discharge hydrographs.

3.2. Rainfall runoff simulation

By using all four objective functions in the optimization
process based on the balanced aggregated objective func-
tion, the overall RMSE for the NAM calibration of the
Kajang station showed a high coefficient of determina-
tion between the observed and simulated at R?> = 0.9263
for the hydrological data modeling (Figure 5). This figure
shows the comparison between the recorded (as observed)
shown as a line, and simulated runoff shown as a dashed
line, in m3/s, while the graph below shows the accumu-
lated discharges of the observed and simulated respec-
tively. As well as this, the hourly rainfall estimates based
on the cloud model QPF were used for rainfall runoff sim-
ulation, where it was converted to lateral flow in relation
to the same catchment parameters calibrated by using the
observed data [10]. The runoff of the QPF is shown in
Figure 6, where a value of R2 = 0.819 was achieved by
comparing the observed and simulated hydrographs. The
comparison between the observed and simulated accumu-
lated discharge is also shown in the same figure.

Although both runoff simulations (recorded rainfall and
QPF) for the Kajang sub-catchment showed a high coef-
ficient of determination, the simulation of the QPF rain-
fall showed a value for R%slightly lower at about 80%.
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Figure 6. QPF Rainfall-runoff and accumulated discharge (Kajang
catchment).

The reason for this lower R? value was that the QPF is
based on rainfall estimates in the range of 3-12 mm/hr
[5, 36] which varied significantly from the recorded ob-
served rainfall. The size of the basin and sub-catchments
was not considered a constraint in the model application
as the study [34] has shown that the model can be em-
ployed in bigger catchments. Since the overall RMSE
was R? = 0.873 for the total basin (2012 km?) and in us-
ing the same time-interval the runoff hydrographs for both
datasets showed a suitable relation between the observed
and the simulated values, and the calibration was consid-
ered valid for the model application in the Langat Basin
and may be valuable for other basins with similar physical
characteristics.

4. Conclusion

Hydrological simulations are important techniques in
flood forecasting where historical data, such as rainfall,
and concurrent data are available. The effectiveness of
historical rainfall data in this process may be question-
able in operational flood forecasting, as this data does
not provide a forecast of impending flood, but rather rep-
resents response of the catchment/environment to runoff
from a given past rainfall. Therefore, in order to improve
operational flood forecasting and also to extend the fore-
cast horizon, improved QPF techniques also referred to as
‘nowcasting’ are being introduced. These techniques when
coupled with a suitably calibrated model for rainfall-runoff
simulation will provide pre-flood time forecasts extending
peak runoff time and emergency response. In a rainfall-
runoff simulation for operational flood forecasting a suit-
ably calibrated runoff model is required, and depending
on the size, environment and physical characteristics of
the catchment area various types of models such the NAM
rainfall runoff model may be applied. Since modeled runoff
simulation with observed rainfall is very accurate with re-
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liable precipitation forecasts as input, it is possible to ob-
tain useful discharge future estimates for watershed char-
acterized by very short response times. The NAM RR
model which forms part of the MIKE11 hydrological sys-
tem was calibrated in this study for rainfall-runoff simula-
tion in the Langat river basin, Malaysia. The model was
tested for runoff on an observed rainstorm (27 Septem-
ber — 8 October 2000) and then again on QPF (pre-real
time estimates for the same rainstorm). The comparison of
both runoff simulation hydrographs showed similarities in
shape, characteristics and time of peak with a basin R? =
0.873 These results demonstrate that, with this improved
QPF, an operational flood forecast can be made pre oc-
currence of the actual flood allowing for a forecast horizon
adequate for flood management activities.

Acknowledgements

Authors acknowledge the support and contributions of the
Malaysia Department of Irrigation and Drainage (DID)
for providing the recorded rainfall, coordinates of rainfall
stations, basin and catchment size, together with other
supporting documents, records and reports for the Langat
Basin and the flood event of 27" September to 8" October
2000. Authors are also very thankful to the anonymous
referees who in the review provided useful comments and
suggestions to improve the paper making it publishable in
the Central European Journal of Geosciences.

References

[1] Amodei M., Stein J., Deterministic and fuzzy verifi-
cation methods for a hierarchy of numerical models.
Meteorol. Appl., 2009, 16, 191-203

[2] Anderson M. L., Chen Z. Q., Kawas M. L., Feldman
A. Coupling HEC-HMS with atmospheric models for
prediction of watershed runoff. J. Hydrol. Eng, 2002,
7,312-318

[3] Benito G., Botero B. A, Thorndycraft V. R,, Rico M,,
Séanchez-Moya Y., Sopeiia A., Machado M. ]., Da-
han O. Rainfall-runoff modelling and palaeoflood
hydrology applied to reconstruct centennial scale
records of flooding and aquifer recharge in ungauged
ephemeral rivers. Hydrol. Earth Syst. Sci.,, 2011, 15,
1185-1196

[4] Billa L., Mansor S., Mahmud A. R., Mesoscale grid
rainfall estimation from AVHRR and GMS data. Int.
J. Remote Sens., 2011 (In press)

[5] Billa L., Mansor S., Mahmud A. R, Ghazali A. H.
Modeling rainfall intensity from NOAA AVHRR data
for operational flood forecasting in Malaysia. Int. J.
Remote Sens., 2006, 27, 5225-5234

Bravo J. M., Paz A. R, Collischonn W,, Uvo C.B., Pe-
drollo O.C., Chou S.C,, Incorporating forecasts of rain-

=

fall in two hydrologic models used for medium-range
streamflow forecasting, J. Hydrologic Eng., 2009, 14,
435-445

Department of Irrigation and Drainage (DID), Urban
storm water management manual for Malaysia (Man-
ual Saliran Mesra Alam Malaysia), 2001, Percetakan
National Malaysia Berhad, Kuala Lumpur, Malaysia

N

=

Department of Irrigation and Drainage (DID), The
Georex flood forecasting system. 2003, http://www.
water.gov.my/

[9] Department of Statistics, Malaysia (DSM), Popula-
tion and housing census of Malaysia 2000, 2001, De-
partment of Statistics. Kuala Lumpur, Malaysia

[10] Ebert E.E., McBride J.L., Verification of precipitation
in weather systems: determination of systematic er-
rors. J. Hydrol., 239, 179-202, 2000

El Idrissi A., Drogue G., Pfister L, Iffly J. F., Hoffmann
L., Hingray B., Guex F., Estimation of high floods by

(11

three rainfall-runoff models with short rainfall-runoff
series (Alzette River Basin, Luxembourg). In: Rizzoli
A.E., Jakeman A.J. (Ed.), Proceedings of the 1st Bien-
nial Meeting of the Integrated Assessment and Deci-
sion Support, 2002, 1, 470-475

Grecu M., Krajewski W.F., Simulation of the effects of
model uncertainty in variational assimilation of radar
data on rainfall forecasting. J. Hydrol., 2000, 239, 85-
96

Griinewald U., Brodersen C., Schiimberg S., Schmitt
A., Kaltofen M. Gassert E., About state of de-
velopment and requirements on a trans-boundary
operational flood forecasting system in the Odra
river basin. German Committee for Disaster Reduc-
tion eV. (DKKV). 2001 http://www.dkkv.org/upload/
oder2000englisch.pdf .

[14] Goh K. S. Hydrological region of Peninsular
Malaysia. Drainage and Irrigation Department, Min-
istry of Agriculture Malaysia. Water Resource Publi-
cation. No.2.,, Kuala Lumpur, 1974

Havno K., Madsen M. N., Dorge J., MIKE 11 a
generalized river modeling package. In: Singh V.P.
(Ed.), Computer Models of Watershed Hydrology. De-
partment of Civil and Environmental Engineering,
Louisiana State University, USA, Water Resources
Publication, 1995, 733-782

HEC ModClark model development for the Musk-
ingum River Basin, OH. US Army Corps of Engineers

[12

[13

[15

[16



http://www.water.gov.my/
http://www.water.gov.my/
http://www.dkkv.org/upload/oder2000englisch.pdf
http://www.dkkv.org/upload/oder2000englisch.pdf

Comparison of Recorded Rainfall with Quantitative Precipitation Forecast in a Rainfall-Runoff Simulation for the Langat River Basin, Malaysia

316

Hydrologic Engineering Center, Davis, CA., 1996

[17] HEC, A pilot application of weather radar-based
runoff forecasting, Salt River Basin, Missouri. US
Army Corps of Engineers Hydrologic Engineering
Center, Davis, CA., 1996

[18] HEC, Hydrologic modeling system: Technical Refer-
ence Manual. US Army Corps of Engineers Hydro-
logic Engineering Center, Davis, CA., 2000

[19] Ho K. H., Ghazali A. H., Chong S. F., Calibration and
evaluation of modified tank model (Flood Forecasting
Model) for Kelantan River Basin, Malaysia. Proceed-
ing of World Engineering Congress Malaysia July
23-24 2002, University Putra Malaysia, 2002 http:
/leng.upm.edu.my/wec2002/sessions/watergeo.htm.

[20] Horritt M.S., Bates P.D., Evaluation of 1D and 2D
numerical models for predicting river flood inundation.
J. Hydrol., 2002, 268, 87-99

[21] Ismail M.H., Forest cover change detection and water
yield relationship in Semenyih and Langat Water-
shed using remote sensing technique. Master Thesis,
University of Putra Malaysia, Malaysia, 2000

[22] Jayakrishnan R, Srinivasan R., Arnold J.G., Compari-

son of raingage and WSR-88D Stage Il precipitation

data over the Texas-Gulf basin.. J. Hydrol.,, 2004, 292,

135-152

Kafle T.P., Hazarika M. K., Karki S., Shrestha RM,,

Sharma R. Samarakoon L., Basin scale rainfall runoff

modeling for flood forecasting, 2004 http://www.cct.

edu.np/uploads/result/flood%20hazard.pdf

Keizrul A, Chong S. F. Flood forecasting and

warning systems in Malaysia. Hydrology and Wa-

23

[24

ter Resources Division, Department of Irrigation and
Drainage, Malaysia, 2003 http://agrolink.moa.my/did/
papers/floods1.PDF

Knebl M.R,, Yang Z. L., Hutchison K., Maidment D.R,,
Regional scale flood modeling using NEXRAD rain-
fall, GIS, and HEC-HMS/RAS: A case study for the
San Antonio River Basin Summer 2002 storm event.
J. Environ Manage., 2005, 75, 325-336

La Barbera P, Lanza L., Siccardi P, Hydrologically

[25

26

oriented GIS and application in rainfall-runoff dis-
tributed modelling: Case study of the Arno basin. In:
Kovar K., Nachtnebel H.P. (Eds.). Application of Ge-
ographic Information System in Hydrology and Wa-
ter Resources Management. International Association
of Hydrological Sciences (IAHS) Press, Wallingford,
UK, 1993, 171-179

Lanza L., La Barbera P, Siccardi F., Early warn-
ings and quantitative precipitation forecasting. In:
Rossi G., Harmancioglu N., Yevjevich V. (Eds.), Cop-
ing with floods, 1993 http://spatialodyssey.ursus.maine.
edu/gisweb/spatdb/egis/eg94208.html.

27

[28] Lanza L, Conti M., Remote sensing and GIS: Po-
tential application for flood hazard forecasting. Uni-
versity of Genova, Institute of Hydraulics Mon-
tallegro, 1994 http://spatialodyssey.ursus.maine.edu/
gisweb/spatdb/egis/eg94208.html.

Lanza L., Conti M., La Barbera P., Automated mod-
eling of flash floods in Mediterranean areas: the
September 1992 events over the Liguria region. Pro-

29

ceedings of XII IASTED Internation Conference on
Modelling, Innsbruck, Austria, 1993, 99-102

[30] LBGI, Georex flood. The intelligent solution, 2003
http://www.lbgi.ca/eng/flood. htm—#"h.

[31] Levizzani V., Porcu F., Prodi F., Operational rainfall
estimation using METEOSAT infrared imagery: An
application in Italy's Arno river basin — Its potential
and drawbacks. ESA Journal, 1990, 14, 313-323

[32] Lt PW, Lai ST, Short-range quantitative precipita-
tion forecasting in Hong Kong. J. Hydrol., 288, 189-
209, 2004

[33] Madsen H., Automatic calibration of a conceptual
rainfall-runoff model. J. Hydrol., 2000, 235, 276-288

[34] MIKE11, A brief introduction to MIKE 11 and its ca-
pabilities. 2003 http://www.dhisoftware.com/mikel1/
Description/WhatisMIKE"11.htm

[35] Meneguzzo F., Pasqui M., Menduni G., Messeri G.,

Gozzini B., Grifoni D., Rossi M., Maracchi G., Sen-

sitivity of meteorological high-resolution numerical

simulations of the biggest floods occurred over the

Arno river basin, Italy, in the 20th century. J. Hydrol,

2004, 288, 37-56

Muthukrishnan S., Harbor J., Lim KJ., Engel B. A,

Calibration of a simple rainfall-runoff model for long-

term hydrological impact evaluation. URISA Journal,

2006, 18, 2, 35-42

Ndiritu J. G., Daniell T. M., An improved genetic algo-

rithm for rainfall-runoff model calibration and function

optimization. Mathematical and Computer Modeling,

2001, 33, 695-706

Pathirana A., S. Herath, T. Yamada, Swain D., Hy-

drometeorological input for improving flood forecast-

36

[37

38

ing in the mekong: Development of a real-time
rainfall forecasting system. In: Herath S. Dutta
D., Weesakul U., Gupta A., Role of water sciences
in transboundary river basin management, RNUS,
School of Civil Engineering, 2005, 49-56

[39] Paudyal G. N. Flood forecasting and warning in

Bangladesh, Asia disaster management news. A
newsletter of the disaster management community in
Asia and the pacific, 2002, 8, 2

Pearson E., Wadge G,. Wiscoski A.P,. An integrated
expert system/GIS approach to modeling and map-

[40

ping hazards. Proceedings of the European Confer-


http://eng.upm.edu.my/wec2002/sessions/watergeo.htm
http://eng.upm.edu.my/wec2002/sessions/watergeo.htm
http://www.cct.edu.np/uploads/result/flood%20hazard.pdf
http://www.cct.edu.np/uploads/result/flood%20hazard.pdf
http://agrolink.moa.my/did/papers/floods1.PDF
http://agrolink.moa.my/did/papers/floods1.PDF
http://spatialodyssey.ursus.maine.edu/gisweb/spatdb/egis/eg94208.html
http://spatialodyssey.ursus.maine.edu/gisweb/spatdb/egis/eg94208.html
http://spatialodyssey.ursus.maine.edu/gisweb/spatdb/egis/eg94208.html
http://spatialodyssey.ursus.maine.edu/gisweb/spatdb/egis/eg94208.html
http://www.lbgi.ca/eng/flood.htm{#}h
http://www.dhisoftware.com/mike11/Description/WhatisMIKE_11.htm
http://www.dhisoftware.com/mike11/Description/WhatisMIKE_11.htm

Lawal Billa, Hamid Assilzadeh, Shattri Mansor, Ahmed R. Mahmud, Abdul H.

Ghazali

ence on GIS, session 26, 1991, 26, 763-771
[41] Penning-Rowsell E.C., Fordham M., Floods across
Europe. Hazard assessment, modelling and manage-
ment. Middlesex University Press, London, 1994
[42] Raford N., The use of GIS in flood hazard analy-
sis: A Report for the city of Warwick and project im-
pact Brown University, 1999 http://www.brown.edu/
students/SFT/index, html.
Reed S.R., Maidment D.R., A GIS procedure for merg-
ing NEXRAD precipitation data and digital elevation
models to determine rainfall-runoff modeling param-
eters (CRWR Report 95-3). Center for Research in
Water Resources, Austin, TX. 1995
Seibert J., Conceptual runoff models - fiction or repre-
sentation of reality? PhD thesis, Uppsala University,
Sweden, 1999
[45] Singh V.P., Computer models of watershed hydrology.

(43

[44

Department of Civil and Environmental Engineering,
Louisiana State University, USA, Water Resources
Publication, 1995, 119-150

[46] Speers D.D., SSARR Model. In: Singh V.P. (Ed.),
Computer models of watershed hydrology. De-
partment of Civil and Environmental Engineering,
Louisiana State University, USA, Water Resources
Publication, 1995, 367-394

[47] United States Geological Survey, Watershed mod-
eling, 2004,
watershed.html

[48] WCRP, Report of the Workshop on Global Large
Scale Precipitation Data Sets for the World Cli-
mate Research Program. WCP-11, WMO/TD-No. 94,
WMO, Geneva 1986

http://water.usgs.gov/osw/techniques/

[49] Weeks W.D., Hebbert RH.B., A comparison of
rainfall-runoff models. Nord Hydrol., 1980, 11, 7-24

[50] Wilson J., Precipitation nowcasting: past, present and
future. Sixth International Symposium on Hydrolog-
ical Application of Weather Radar, Melbourne, Aus-
tralia, 2-4 February 2004

[51] Wilson J., Crook N.A., Mueller C.K,, Sun J., Dixon M.,
Nowcasting thunderstorms: A status report. B. Am.
Meteor. Soc., 1998, 79, 2079-2099

[52] World Meteorological Organization (WMO), 2003.
Our future climate (Publication WO-952), http:/
climateofourfuture.org

[53] Wong T. H., Application of remote sensing and hydro-
logical model for runoff estimation and prediction: A
case study at upper Langat watershed. MSc. Thesis,
University Putra, Malaysia, 2004

[54] Wong T. H., Shattri M., Radzali M., M, Noordin A.,
Wan Nor Amin S., Remote sensing approach to hy-
drology study - A case study at upper Langat wa-
tershed. Proceeding of World Engineering Congress
Malaysia July 23-24, 2002, Putra, Malaysia. http:
/leng.upm.edu.my/wec2002/sessions/watergeo.htm.

[55] Wu L., Seo D.J., Demargne J., Brown L.D.,, Cong S.
and Schaake J., Generation of ensemble precipitation
forecast from single-valued quantitative precipitation
forecast for hydrologic ensemble prediction. J. Hy-
drol., 399, 281-298, 2011

[56] Xie P, Arkin, PA., Global precipitation: a 17-year
monthly analysis based on gauge observations, satel-
lite estimates, and numerical model outputs. B. Am.
Meteor. Soc.,, 1997, 78, 2539-2558



http://www.brown.edu/students/SFT/index,html
http://www.brown.edu/students/SFT/index,html
http://water.usgs.gov/osw/techniques/watershed.html
http://water.usgs.gov/osw/techniques/watershed.html
http://climateofourfuture.org
http://climateofourfuture.org
http://eng.upm.edu.my/wec2002/sessions/watergeo.htm
http://eng.upm.edu.my/wec2002/sessions/watergeo.htm

	Introduction 
	 Material and Methods
	 Results and Discussion
	 Conclusion
	Acknowledgments
	References



