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Extended mild-slope and wave action equations for
wave-current interactions
Tai-Wen Hsu®", Jian-Ming Liau®, Shan-Hwei Ou°

a*Distinguished Professor, Department of Hydraulic and Ocean Engineering,
National Cheng Kung University, Tainan 701, Taiwan, E-mail:
twhsu@mail.ncku.edu.tw

b Associate research fellow, Taiwan Typhoon and Flood Research Institute, National
Applied Research Laboratory, Taichung 407, Taiwan

¢ Professor, Department of Environmental Resources Management, Tajen University,
Pingtung 907, Taiwan

Abstract

The WWM (Wind wave model) is extended to describe 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 wavenumber and propagation velocities
using a diffraction corrected parameter. The formulation is based on the mild-slope
equation for wave refraction-diffraction with current effect for a rapidly varying sea
bottom. The WWM was used for the numerical implementation based on a finite
element scheme. The present model was tested for wave diffraction in a number of
different cases, namely from an elliptical shoal on a wave tank, from a cylinder in the
presence of a current and from a detached breakwater build on a sloping beach. The
comparison of predictions with other numerical models and experiments show that the
validity of the model for describing wave propagating over a rapidly varying bottom
with current effect is satisfactory. The implementation of this phase-decoupled
refraction-diffraction approximation in WWM shows capability of the present model

can be used in most practical engineering situations.
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The Dangerous Waves in Taiwan Waters
[1] 2 [3]
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REZEE , SREREEREAKE , Liu et al. (2008)#r 512007 FAIEDREE
HEEAERFEZEHBEIB23m WER , Doong et al. (2009)FE &t TR FEAER
HEERZE T 17 RRMIE S (significant wave height)BiB10m HREE AR |, It H 3[R
RYEREBRIREINSEEERFEREMNEE ; £FREEE , B LOUFE

— LB FERMNIKE B LEBERBEENRE 88 T RAREMfreak wave
(FEBAERRE , ABERE , KEBZABIK) Krapid growth wave (IR

RER) , REAEMMABSEHBEBREE T EFTNEERERE K MBEKRRNKE
Bt/ N AR E (AR ER B RE AN KE, FEWRRIREBIBRAS UBE
BRSUKERRIRETRE , HP —HRER R R Hfreak wave HIRIGEREIBAD AR
BEER,BFPTHNEARKEREN , BASNERERENEENERS , Rl
HRERENEBIREN  FHEASRREBI MERRBIZBEILARERED
1T, AR E KN ARERTFE (Data Buoy) BERIEIR , FEIREERRRESE
BRBORNES , SMELRAIMSNY | ML RS LR RRIBOR B ERNES,

R 7 AR & R AL e A BE R B RF R AR B 4L 8 AV #1548 B2000-2009
FH10 FERUERHURALREYNEN, 7HMERBERIEMRIE®G6 NMERKS
BR2 GERRENKSHEIB1.5m) BEHARSERIEE  TEREELFLLS
REEIKENR BABBREREHES MRAKSHKEK12 5(B0.24m = 2.88m) #Y
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EERRRER  EXHFT MU, ELRIRFR T K2R 2 B BRRE AT 8E
EEEERRENERZ—,
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Review on Current and Seawater Volume Transport through the
Taiwan Strait

Jianyu Hu'?, Hiroshi Kawamura?, Chunyan Li**, Huasheng Hong", Yuwu Jiang?

IState Key Laboratory of Marine Environmental Science, College of Oceanography and Environmental
Science, Xiamen University, Fujian 361005, China

“Center for Atmospheric and Oceanic Studies, Faculty of Science, Tohoku University,
Sendai 980, Japan

Department of Oceanography and Coastal Sciences, Coastal Sciences, School of the
Coast and Environment, Louisiana State University, Baton Rouge, LA 70803, USA
*College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract

Patterns and features of currents and seawater volume transports in the Taiwan
Strait have been reviewed by examining the results from more than 150 research
papers in recent decades. It is noted that there are diverse or even conflicting
viewpoints on these subjects. Here both common and different opinions are
summarized. This review paper covers the studies involving in situ measurements and
numerical modeling of current velocity, analyses of hydrographic data, and
classification of water masses. Generally speaking, there are three currents in the
Taiwan Strait: the China Coastal Current along the Fujian coast in the western Taiwan
Strait, the extension of the South China Sea Warm Current in the western and central
Taiwan Strait, and the Kuroshio’s branch or loop current intruding through the eastern
Taiwan Strait. The current pattern in winter is quite different from that in summer, and
the currents also exhibit differences between the upper and lower layers. The seawater
transport through the Taiwan Strait is about 2.3 Sv northward in summer but about 0.8
Sv northward in winter. Both the current pattern and the seawater transport vary with
local winds in the Taiwan Strait. This is particularly true in winter when the currents
and the transport in the upper layer are significantly affected by strong northeasterly
winds.

Keywords: Review, current pattern, seawater transport, Taiwan Strait, winter, summer

* Corresponding author. E-mail: hujy@xmu.edu.cn
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Abstract

Sea surface temperature (SST) data derived from infrared and microwave, as
well as sea surface height anomaly (SSHA) data derived from satellite altimeters are
used to identify an upwelling area in the sea off northeast Taiwan. An integration
filtering algorithm based on SST data is developed for detecting the cold patch
induced by the upwelling. The center of the cold patch is identified by the maximum
negative deviation relative to the spatial mean of a SST image within the study area
and its climatological mean of each pixel. The boundary of the cold patch is found by
the largest SST gradient. The along track SSHA data derived from satellite altimeters
are then used to verify the detected cold patch. Applying the detecting algorithm,
spatial and temporal characteristics and variations of the cold patch are revealed. The
cold patch has an average area of 1.92x10° km?. Its occurrence frequencies are high
from June to October and reach a peak in July. The mean SST of the cold patch is
23.8°C. In addition to the annual cycle and the intraseasonal fluctuation with main
peak centered at 60 days, the cold patch also has a variation period of about 4.7 years
in the interannual timescale. This implies that the Kuroshio variations and long-term
and large scale processes playing roles in modifying the cold patch occurrence

frequency.



Nonlinear internal waves near Dongsha Island

Ming-Huei Chang

Department of Marine Environmental Informatics, National Taiwan Ocean University,

Keelung, Taiwan.

Nonlinear internal waves (NLIWSs), ubiquitous features in the northern South
China Sea (SCS), are on the receiving end of the energy cascade initiated by tides
over topography in the Luzon Strait. These waves transport energy over hundreds km
distances across SCS basins and shelf regions and dissipate remotely away from their
generation sites. The strongest magnitude and dissipation of NLIW was found in the
continental slope near Dongsha Island with water depth 300-600m. In-situ
observations suggest that NLIWs appear at tidal periodicity with amplitudes
modulated at a fortnightly tidal cycle. The passage of NLIW can rapidly change the
ocean environment in several minutes. The NLIWs have typical vertical
displacements of >100 m with a period 10-20 minutes and maximum current speeds
of > 1.5 m s, westward in the upper 200 m and eastward below 200 m. The
temperature variability induced by NLIWs is ~10°C. The outstanding environmental
changes are known to induce the remarkable biogeochemical effect. In this
presentation, we will present the basic properties and characteristics of NLIWSs in the
SCS and some known biogeochemical response associated with the presence of

NLIWSs.
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