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ABSTRAK

Lembangan Sungai Kuantan (KRB), merupakan kawasan tadahan terpenting di daerah
Kuantan yang mengalami banjir sejak beberapa dekad lalu. Maklumat data hidro-
meteorologi yang tidak lengkap, dan kekurangan stesen hujan dan paras air menjadi
faktor utama yang mempengaruhi ketepatan ramalan banjir. Kajian ini bertujuan untuk
mengatasi masalah dengan merapatkan jurang data hidro-meteorologi yang hilang dengan
menggunakan model Penyelidikan Cuaca dan Peramalan (WRF) dengan gabungan
kerjasama antara model Pusat Kejuruteraan Hidrologi-Sistem Pemodelan Hidrologi
(HEC-HMS). Tiga kategori tahap hujan (ekstrem, berat, dan sederhana) digunakan bagi
menilai keupayaan model dalam simulasi keadaan banjir. Kajian ini meliputi 4 objektif;
(i) bagi menilai prestasi skema parameterisasi mikrofizik (MP) dan cumulus (CU) bagi
model WRF, (ii) bagi mengenal pasti gabungan skim fizikal terbaik WRF untuk ramalan
hujan di KRB iii) bagi menentukan parameter model GIS-hidrologi untuk KRB, dan (iv)
bagi mengkuantifikasi keupayaan dan ketepatan rangka kerja ramalan banjir berdasarkan
model hidro-meteorologi edaran separa. Prestasi 48 kombinasi skim WRF termasuk skim
8 MP dan 6 CU dinilai terlebih dahulu untuk simulasi kejadian hujan tunggal. Kemudian,
5 gabungan skema WRF terbaik yang terpilih diselidiki bagi menentukan skim prestasi
tertinggi untuk mensimulasikan peristiwa bagi semua kategori dalam KRB. Kesemua
hasil yang diperolehi telah disahkan dengan data hujan yang diperhatikan. Model HEC-
HMS yang disepadukan dengan ArcGIS digunakan dalam membuat anggaran hidrograf
banjir. Indeks statistik termasuk Kesilapan Peratusan (PE), Kecekapan Nash-Sutcliff
(NSE), Ralat Kuasa Dua (RMSE), Kadar Hit (HR), Nisbah Penggera (FAR), Perkadaran
Pembetulan (PC) dan Bias (B) digunakan bagi menilai prestasi model. Hasil dari 48 skim
simulasi mendedahkan bahawa kesemua skema parameterisasi didapati kurang sensitif
terhadap HR dan FAR. Julat purata PC (0.61 hingga 0.67), TS (0.55 hingga 0.67), dan
RMSE (41.8 hingga 54.4) menunjukkan parameterWSM6GF,SBUBMJ,LInGF,
MDMBMJ, dan MDMGF bertindak dengan lebih baik dalam simulasi keputusan
Perbandingan objektif (ii) mengenal pasti SBUBMJ sebagai skim yang paling sesuai
untuk menangkap hujan spatial dan temporal di KRB dengan PE purata £ 5.1%, = 20.2%,
+ 23.7% untuk hujan ekstrim, berat dan sederhana. Dalam penentukuran dan pengesahan
aliran HEC-HMS, proses menunjukkan bahawa parameter Parameter Pemuliharaan
Perkhidmatan-Curve Number (SCS-CN) dan Pekali Penyimpanan (R) didapati sensitif
terhadap prestasi model. WRF dan HEC-HMS menunjukkan prestasi yang memuaskan
dalam simulasi kejadian hujan lebat dengan NSE antara 0.59 hingga 0.65 dan 0.73 hingga
0.83, PE untuk pelepasan aliran tertinggi antara -23.30% hingga -36.37%, dan julat
isipadu tertinggi dari -20.8% kepada -28.9%. Kesepakatan yang baik antara model telah
dikenalpasti dalam kejadian hujan sederhana dengan julat NSE antara 0.73 hingga 0.83,
manakala julat PE untuk pelepasan aliran tertinggi puncak antara -6.89% hingga 14.48%,
dan julat isipadu tertinggi dari 4.7% hingga 4.9%. Bagi kejadian hujan ekstrem, model
menunjukkan prestasi rendah dengan NSE antara 0.40 hingga 0.06, PE untuk pelepasan
aliran tertinggi dari -15.74% hingga 17.23%, dan isipadu tertinggi dari -14.65% kepada -
26.06%. Dari analisis keseluruhan, kajian menunjukkan bahawa model WRF boleh
digunakan sebagai input meteorologi alternatif yang terbaik untuk kawasan yang
kekurangan stesen pengukur hujan atau stesen pemerhatian hujan yang gagal berfungsi.
Oleh itu rangka kerja model adalah penting dalam memberikan maklumat yang boleh
dipercayai mengenai ramalan banjir dengan mempertimbangkan kira-kira purata ralat
peratusan kira-kira £ 16% kepada + 25% nilai pelepasan aliran.



ABSTRACT

Kuantan River Basin (KRB), is an important watershed of Kuantan District which has
been experiencing floods since decades. The incomplete information of hydro-
meteorological data, and insufficient rainfall and streamflow gauging stations remain the
key factors influenced on flood forecasting accuracy. This study aimed to cope with the
problem by bridging the gap of missing hydro-meteorological data using Weather
Research and Forecasting (WRF) model coupled with Hydrologic Engineering Center-
Hydrologic Modeling System (HEC-HMS) model. Three rainfall event categories
(extreme, heavy, and moderate) were used to evaluate the model’s capability in
simulating flood events. The research was covered 4 objectives; (i) to evaluate the
performance of microphysics (MP) and cumulus (CU) schemes parameterization for
WRF model,(ii) to identify the best physical schemes combination of WRF for
precipitation forecasting at KRB iii) to determine GIS-based hydrological model
parameters for KRB, and (iv) to quantify the ability and accuracy of proposed flood
forecasting framework based on a coupled semi-distributed hydro-meteorological model.
Performance of 48 combinations of WRF schemes including 8 MP and 6 CU schemes
were first evaluated to simulate single rainfall event. Then selected top 5 best WRF
schemes combinations were further investigated to determine the highest performance
scheme to simulate events for all categories in KRB. All the obtained results were
validated against the observed rainfall data. HEC-HMS model integrated with ArcGIS
was used estimate flood hydrographs. Statistical indices include Percentage Error (PE),
Nash-Sutcliff Efficiency (NSE), Root Mean Square Error (RMSE), Hit Rate (HR), False
Alarm Ratio (FAR), Proportion of Correction (PC), Threat Score (TS) and Bias (B) were
applied to evaluate the model performances. The results of the 48 schemes simulations
revealed that all the parametrized schemes were found less sensitive to HR and FAR. an
average range of PC (0.61 to 0.67), TS (0.55 to 0.67), and RMSE (41.8 to 54.4) indicated
the parametrization of WSM6GF, SBUBMJ, LinGF, MDMBMJ, and MDMGF
performed relatively better to simulate the event Comparison results of objective (ii)
identified SBUBMJ as the most suitable schemes to capture spatial and temporal rainfall
in KRB with mean average PE of £5.1%, +£20.2%, +23.7% for extreme, heavy, and
moderate rainfall, respectively. In HEC-HMS streamflow calibration and validation
processes showed that the parameters Soil Conservation Service- Curve Number (SCS-
CN) and Storage Coefficient (R) were found to be sensitive to the model performance.
Validation results of the coupled WRF and HEC-HMS simulation revealed satisfactory
performance in simulating heavy rainfall events with NSE ranges from 0.59 to 0.65 and
0.73 to 0.83, PE for peak discharge ranges from -23.30% to -36.37%, and peak-volume
ranges from -20.8% to -28.9%. Good agreement between the models was identified in
moderate rainfall events with NSE ranges 0.73 to 0.83, PE for peak discharge ranges from
-6.89% to 14.48%, and peak volume range from 4.7% to 4.9%. For the extreme events,
the models indicated low performance with NSE ranges from 0.40 to 0.06, PE of peak
discharge from -15.74% to 17.23%, and peak volume from -14.65% to -26.06%. From
the overall analysis, the study has determined that WRF model can be applied as the best
alternative meteorological input to be used for sparse rainfall gauge areas or areas where
rainfall observation stations fail to function. Hence the model framework is significant in
providing reliable information on flood forecasting by considering about average
percentage error of about +16% to +25% flow discharge values.
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