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Wave Refraction-Diffraction Effect in the Wind Wave Model WWM

Jian-Ming Liau®, Tai-Wen Hsu?, and Shan-Hwei Ou®

Taiwan Typhoon and Flood Research Institute,
National Applied Research Laboratory, Taichung, Taiwan
Email: jmliau@nchc.org.tw
’Department of Hydraulic and Ocean Engineering,
National Cheng Kung University, Tainan, Taiwan
Email : twhsu@mail.ncku.edu.tw
3Department of Environmental Resources Management,
Tajen University, Pingtung, Taiwan
Email: oush@mail.tajen.edu.tw

Based on the extended mild-slope equation, the wind wave model (WWM) is
modified to account for wave refraction-diffraction for wind waves propagating over
a rapidly varying seabed in the presence of current. The wave diffraction effect is
introduced into the wave action balance equation through the correction of wave
number and propagation velocities using a refraction-diffraction corrected parameter.
The relative importance of additional terms including bottom slope, bottom curvature
and wave-current interaction that influence the refraction-diffraction corrected
parameter is discussed. Numerical examples are given for the cases of wave-current
interaction and Bragg scattering of waves propagating over a series of planar
submerged  breakwaters. The implementation of this phase-decoupled
refraction-diffraction approximation in WWM shows that the present model is
capable of describing wave forward scattering due to wave refraction and diffraction

over an abruptly varying topography in the presence of current.

Keywords: wave refraction-diffraction; phase-decoupled wave model; rapidly varying

topography; wave-current interaction



Numerical simulation and forecasting of the drifting trajectories of the
green tide (Enteromorpha prolifera) patches in the southwestern
Yellow Sea

Dong-liang Yuan", Lei He, Yao Li, Bin Wang
Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071
“Email : dyuan@ms.qdio.ac.cn

Green tide is one of the major environmental problems over the world ocean.
Enteromorpha prolifera has been identified as one of the primary marine green alga
genera responsible for large-scale green tide events. In recent years, repeated
Enteromorpha prolifera-based green tide events occurs in the southwestern Yellow Sea
in summer, which generate harm on regional ecology and losses to local economy.
Observations suggest that small-scale green tide events occurred in the southwestern
Yellow Sea in the summers of 2006 and 2007, which eventually led to a large-scale
outbreak of the green tide in the summer of 2008 at the dawn of the 29" summer
Olympic Game. Extensive patches of floating algae have been observed by satellites to
move northward toward the Qingdao coastal waters, where the Olympic sailing
competition was to be held, from June through mid-July 2008. Similar large-scale
green tide patches re-appear in the southwestern Yellow Sea in the summer of 2009. It
is expected the events will continue into the future. Therefore, it is important to
simulate and forecast the movement of these green tides for research and for disaster
mitigation and prevention.

The Princeton Ocean Model (POM), forced by the National Centers for Environmental
Prediction (NCEP) winds and surface heat flux, is configured to fulfill the task. Ship
cruises and satellite-tracked surface drifting buoys were used to measure the
hydrography and currents of the southwestern Yellow Sea at the time of the green tides.
The simulations have shown that the Subei coastal current, which is traditionally
believed to move southward all year round, is actually moving toward the north in
summer and is responsible for the northward drift of the green tides. The northward
current off the Subei coast is indicated by the trajectories of satellite-tracked surface
drifters in the southwestern Yellow Sea. Both the numerical model and the in sifu and
satellite observations have suggested that the green tides originate from offshore of
Subei and move northward toward the southern Shandong coasts in the summer of 2008
and 2009. In the summer of 2009, the green tide veers eastward toward the middle of
and did not land on the coast of Qingdao because the southwesterly wind in June of
2009 is anomalously stronger than in 2008.

Keywords: Green tide; Enteromorpha prolifera; the numerical model; The Princeton
Ocean Model; the Yellow Sea
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3D Current Forecasting System for the Taiwan Strait

Yu-wu Jiang®", Fei Chai?, Zhen-wen Wan ®, Hua-sheng Hong®

1.State Key Laboratory of Marine Environmental Science (Xiamen University)
“Email: ywjiang@xmu.edu.cn
2 School of Marine Sciences, University of Maine, USA
3.Danish Meteorological Institute, Danish

As a part of project titled “the Environment-Monitoring System for the Taiwan
Strait”, a forecast system is developed based on ROMS to present the Taiwan Strait

(TWS) hydrodynamic processes.

A nest strategy has been adopted in the system, the all-domain covers the
Northwest Pacific and the sub-domain covers the TWS area with 1/32-degree fine
grids. Meanwhile, a 4DVAR assimilation system is used to improve the modelling
accuracy, which assimilates satellite sea temperature, velocity from HF radar and buoy.
In hindcasting phase, RMSE reduces by 12.9% for temperature, and by 31.6% for
velocity. In forecastging phase, RMSE reduces by 7.9% and 23.1% for temperature
and velocity respectively.

Based on this system, an oil spill and the floater trajectory prediction module is
established, which offers trajectory of the oil and lost person. In additional, some
scientific issues, e.g. the upwelling in TWS and Kuroshio path along the Luzon strait,

have been studied by this system.

Keywords: 4DVAR, assimilation, the Taiwan Strait, Kuroshio
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Refined Numerical Storm Surge Forecast Model in Taiwan Strait

Fu-jiang Yu *, Pei-tao Wang, Jian-xi Dong

National Marine Environment Forecasting Center, Beijing 100081
*Email: yufj@nmefc.gov.cn

A refined numerical storm surge forecast model in Taiwan Strait and Fujian coast
was developed based on the Advanced Circulation Model. The computational domain
was discrete using non-structure triangle grid, which can fit the coastline better and
refine according to one's wishes. The nonlinear interaction between astronomic tide and
storm surge are considered besides the effect of wind and sea level pressure in the
model. The atmospheric forcing field used the Holland model wind and pressure field.
In the text, we make use of the SMS building a high-resolution grid with grid resolution
coming up to 200 meter. Feasibility of the model is verified by twenty-case simulation
including 100 station-time which effects the computational domain. The simulation
result indicates that the average error of the peak storm surge value is less than

20cm.The model alsodepict the spatial distribution of the storm surge elegantly.

Key words: Taiwan Strait; Storm Surge; non-structure grid; Numerical Forecast Model
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The Distribution of Trace Metals in the Northern South China Sea

Tien-Hsi Fang”, Chun-Yu Chen

Department of Marine Environmental Informatics,
National Taiwan Ocean University, Keelung, Taiwan
*Email: thfang@mail.ntou.edu.tw

The concentrations and distributions of dissolved and particulate trace metals (Cd ~
Cu ~ Mn and Co) in the northern South China Sea were investigated by Ocean

Research 1 on August, 2008. The concentrations of particulate trace metals were
divided into non-residual and residual fractions. The concentration ranges of
dissolved trace metals in the study area were: Cd, 0.024-1.182 nM ; Cu, 0.37-6.906
nM ; Mn, 0.27-33.10 nM and Co, 0.024-0.390 nM, respectively. The results indicated
that the concentration of dissolved trace metals decreased seaward and decreased
from southwest to northeast at inshore stations. The profile concentration of Cd
exhibited a nutrient type distribution. The concentration of Cu was higher in the
surface layer and was lower in the subsurface. Then, the concentration increased with
increasing depth. The concentrations of Mn and Co showed the scavenged

distribution.

The concentration ranges of particulate trace metals in the study area were: Cd,
0.05-2.69 g/g ; Cu, 0.29-70.58 g/g ; Mn, 5.1-689.9 g/g and Co, 0.08-37.23 g/g,
respectively. The concentration of particulate trace metals were mainly existed in
residual fractions, except Mn. The partitioning coefficient ranges between particulate
and dissolved phase of trace metals were: Cd, 3.2-5.7 ; Cu, 3.1-6.4 ; Mn, 4.5-6.4 ; and
Co, 4-7, respectively. Due to a higher affinity with particle, Mn and Co exhibited the
scavenged distribution in the study area. From the salinity and trace metals
distribution observed in the present study, the Pearl River fresh water can intrude at
least 60 km to the northern South China Sea.

Keywords: trace metals, South China Sea, the Pearl River
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