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ABSTRACT: WAM (WaveModeling) is a third generation wave matileloped by WAMDI
Group which describes the evolution of a two-dinears ocean wave spectrum under the effects of
winds, currents, bottom and non-linear wave-waveeractions. The model runs for deep and
shallow waters and includes depth and current retfcmn. This study used the WAM cycle 4.5 with
model domain which is covered from’8%0 12PE and ON to 25N with a resolution oAX = AY
= 0.25. Bathymetry of East Vietnam Sea (EVS) was talken fETOPO5’ data set of National
Geophysical Data Center, Colorado, USA with redolutof 5’ & 9 km). Wind velocities were
obtained from 6 hourly NCEP/NCAR reanalysis dat&AUwith resolution oAX = AY = 0.25.
Study results show that during NE monsoon perioe,main wave direction in EVS was NE and
vice versa during SW monsoon period. Regions cdtgse wave height were in the central and
northern part of the EVS. Statistic of computed evelvaracteristics from 1987 to 2011 shows that
wave regime in the offshore region of Nhatrang tdes two main wave directions that are NE
with 40.82% of occurrence, SSW with 20.15% of agetiwe. NE monsoon wave dominated from
October to April of the next year, SW monsoon wdw@inated from June to August. May and
September are transitional periods. Assimilationwirid data with resolution ofX = AY = 0.2%
permits the model to be used to simulate the welceduring typhoon activity in EVS.

Key words:WAM cycle 4.5, East Vietham Sea, Wave field, Toqphdonsoons.

INTRODUCTION monsoon winds and synoptic systems such as
: : fronts and tropical cyclones. From November
The East Vietnham Sea (EVS) is : . .
semienclosed tropical sea located in th 0 March, the weather in the sea is dominated

southeast of the Asian landmass Wi?ih a tot rﬁﬁ?ﬁfﬁ?%ﬁﬂg itmci)snsggrmir\:\g{]edd a&?
area of approximately 3,537,000 knand .
average depth of 1,140 m, extending fron,cfouthwesterly summer monsoon wind.

9YE to 120E and_from ﬁ\l to 25N. It Determination of wind wave characteristics
connects to the East China Sea (througf offshore area has important role for design of
Taiwan Strait), the Pacific Ocean (throughnarine-structures, social-economical activities
Luzon Stra|t), the Sulu. Sea, the Java S%d Supply of boundary Conditions for
(through Gasperand Karimata Straits) and thgearshore ‘wave computation. Processes of
Indian Ocean (through the Strait of Malacca)formation, development and dissipation of
All of these straits are shallow except Luzonvave corresponding to the varied condition of
Strait, the maximum depth ofwhich iswind, current and topography are very
1,800 m. The EVS is under the influence oftomplicated matters. SWAMP (1985) [1]
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carried out the comparison various waveised for researches and also operational
models to point out of advantage andpplications. It is also being applied for
shortcoming for each model. Young (1988)nterpreting and assimilating satellite wave
developed a model to predict wave duringlata. Another full-spectral third-generation
typhoon activity [2]. Londhe and Panchangcean wind-wave model Wavewatch-lll has
(2006) carried out a study on One-Day Wavbkeen implemented for investigating wind-wave
Forecasts Based on Atrtificial Neural Networksharacteristics [8]. This model was developed
[3]. Mandal and Prabaharan (2003) have aat the Ocean Modeling Branch of the National
overview of the numerical and neural networlCenters for Environmental Prediction (NCEP),
Accosts of ocean wave prediction [4]. Mau eUSA.

al.,, (2004) used Young model to calculate T duct stud h teristics i
maximum wave characteristics during typhoo%vso con UCIS udy on vr\]/ave cfarac eg_?fms In
weather in EVS [5]. However, all aboveEVS: several researchers from  difierent
mentioned wave models are limited to simulatfStitutions applied some kinds of _third
the progress of wave spectrums especially ggneration wave models. For example, Chu and
case of typhoons, fronts when wind fieldcheng (2008), Mirzaei et al. (2013), Zhou et al.
changes significantly in both directions and2014) used WAVEWATCH Il [9-11]. Le
speeds. Therefore, the third generation of wayéinh Mau (2006) used WAM Cycle 4.0 model
model has to be developed. WAM (acronynwith NCEP data [12]. The Vietham National
for WaveModeling) model is a third generatiorproject KC.09.04/01-05 (2001-2005) “Short
wave model which solves the wave transpottme prediction of hydrodynamic processes in
equation explicitly without any presumptionsEVS”, also used WAM Cycle 4.0 model to
on the shape of the wave spectrum [6, 7]. firedict wave fields in EVS. Recently, the
represents the physics of the wave evolution Mietnam National project KC.09.19/06-10
accordance with our knowledge today for th€2006-2010) “Study and assessment on the
full set of degrees of freedom of a 2D wavgyotential of marine energy sources for Vietnam

spectrum. The model runs for any giversea” has used SWAN model to estimate wave
regional or global grid with a prescribedcharacteristics in EVS.

topographic dataset. The grid resolution can be
arbitrary in space and time. The wavéVATERIAL AND METHOD
propagation can be done on a_latitudinal,ierials

longitudinal or a Cartesian grid. The mode|VI
outputs the significant wave heights, mear,
wave directions and frequencies, the swel 2]

wave heights and mean directions, wind stres ?\%
fields corresponded with the wave induced” M

stresses and the drag coefficient at each gri
point at chosen output times and also the 2I
wave spectrum at chosen grid points and outpt =
times. The model runs for deep and shallow
water and includes depth refractions anc a\erpt§
current interactions. The integration can beo <5
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interrupted and restarted at arbitrary times. Thi ,
source terms and the propagation are compute %:«}\
with different methods and time steps. Thes \
wind time step can be chosen arbitrarily. Sub:
grid squares can be run in a nested mode. In
course grid run the spectra can be outputted i, L*=3% '
the boundaries of a sub grid. They can then b. ™ " e e

interpolated in space and time to the boundary Fig. 1. Topography of East Vietnam Sea
points of the fine sub grid and the model can be _
rerun on the fine mesh grid. The model has Topography was taken from ETOPO5 with
been installed at world-wide institutions and igesolution of 5 £ 9 km). The computed

=~
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domain is covered the area®89+ 12LE and The model contains 25 frequency bands on
0°N + 25N with resolution of 0.25x 0.28 a logarithmic scale, withf / f =0.1, spanning
which includes 92 x 100 points (fig.1).
Measurement of wave characteristics was
carried out off Nhatrang coast at water depth efirectional bands (30 resolutions). The
about 15 m by AWAC wave recorder. Windfrequency units can be selected arbitrarily. In
data at six hourly intervals from 01/7/1987 tall hind cast studies the frequency interval
31/12/2011 with resolution of 0.25¢ 0.25 extended from 0.042 to 0.41 Hz.

pvere downloaded from website: Output data with six hourly intervals from
http://apdrc.soest.hawaii.edu/datadoc/ccmp_6 \ :
ourly.php which were collected from satellite, 1/20/1987 §t° 31/12/2011 with resolution of
Obs.ship, buoys and ECMWF (for 24.5 year3-2° X 0.25 was carried out.

with 38,500 data sheets). Verification of modeled results

Computation methods Field measurement of wave characteristic

WAM Cycle 4.5 model [7] was used tot0 verify the modeled results was carried out

calculate wave characteristics in the EVS. Th§ff Nhatrang coast¢( = 1207.125'N, A =

frequency rangefmax/ i =98 and 12

: e : 0914.600'E, depth = 15 m) from
g;g'cutﬁ'fr?] O,f:(}hg t‘f’po ;"mgns\,'v?t?]a' rgggg& e'0h30711/8/2012 to  16h00/12/8/2012 by

frequency f and direction® (measured AWAC wave recdorde(; (figd })a(c:jomp_arisrc])n
clockwise relative to true north) as a functiof€tween measured and modeled data is shown

of latitude @ and longitudeA on the spherical M fig: 2, b.
earth is governed by the transport equation:

0.7

0.6

& +(cospy L ¢ copF ¥y AF » £ @F ¥s (1) o]

= 0.3

Where S is the net source functior *
describing the change of energy of ¢
propagating wave group and :

8/11/2012.
8/112012.
8/11/2012.
8/12/2012.
812201

8/12/2012.

@ _dg _ vRlcosd 2) Fig. 2a. Compari;on of measured and _
dt computed wave heights at Nhatrang station
A= %—A =vsind(Rcosp )* (3) o == = ot |
t 5.0 Measured d / —
= : : i \.% \ 'r‘--‘l‘.)}‘.é "v"(_‘-‘ ‘\/\'/
6= % =vsing tang R (@) T e e

represent the rates of change of the position a
propagation direction of a wave packe
traveling along a great circle path. Here/,=
g/4rf denotes the group velocity. Fig. 2b. Comparison of measured and
computed wave periods at Nhatrang station

8/11/2012.

8/12/2012.:

8/12/2012.

The source includes wind input -, S
nonlinear transfer - § and white capping The period of verification is southwest

dissipation source function & monsoon. In general the wave heights and
wave periods from modeled results are larger
S=5%+S+ Sis (5) than those of measured ones. Relative
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difference between measured and modeled figld being characteristic of SW monsoon with
13% for wave heights and 20% for waveelatively stable wave direction from SW. In
periods. The measured station was located general EVS was prevailed by wind wave with
nearshore and shallow region where conditiontd; = 0.5+1.5 m, T~ 4.5+6.0 s. Northeast region
affected verified results. Nevertheless, based afi EVS has H~ 1.5+2.5 m, T= 6 s (fig. 4)

the verified results, WAM model can be used to

calculate wave characteristics in the EVS. 2
STUDY RESULTS
Wave height pattern in EVS during monsoons

At Oh 7/1/2011 wind field over the EVS
was strong, mostly of ¥ 10 m/s especially in
the northeast area (Luzon strait) with V >
16 m/s and wind direction was dominated in
NE direction. This wind field resulted in wave
height field being characteristic of NE
monsoon with relatively stable wave direction
from NE. The central region of EVS was
prevailed by wind wave with H 4+5 m, T~
8.5+9.0 s. The wave height contour of4H3 m
was close to central Viethamese coast and T
7.5 +8.5 s. The gulf of Tonkin hasH 1+3 m, NG e L
T = 5+7 s, the gulf of Thailand has H 1+2 m, A
T=4+6s (flg 3) 0_0-05 1!0 1.|5 2.|n 2.|5 3‘0 3.FeHsgm}

4 ; : Fig. 4. Wave height pattern in EVS during SW
ik monsoon (at Oh 16/7/2011)
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Wave height pattern in EVS during typhoons
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Fig. 3. Wave height pattern in EVS during NE
monsoon (at Oh 7/1/2011)

120 (E)

At Oh 16/7/2011 wind field over EVS was
mostly of V> 6 m/s, maximum value of 10.8
m/s and wind direction was dominated fronfig. 5. Wave height pattern induced by typhoon
SE. This wind field resulted in wave height Hagibis (at 18h 22/11/2007)

2 3 4 5 8 % 8 Hs{m)
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Fig. 7. Frequency distribution (%) of
occurrence in case of;M 1.0 m from 1/7/1987
to 31/12/2011
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Fig. 6. Wave height pattern induced by typhoon
Hagibis (at 06h 23/11/2007)

Typhoon Hagibis occurring in the EVS
from 18/11 to 27/11/2007 induced maximum
wave height in the offshore region of Nhatrang
coast (at location: 12.128, 109.378E). Track
of Hagibis is shown in fig. 5, 6. At 18h
22/11/2007 maximum wind velocity was
23.6 m/s, maximum wave height was 7.3 m,
wave period was 10.8 s. In offshore region of
Nhatrang coast maximum wave height was ©

Frequency Distribution of Hs

56 m, wave period was 11.1 s. At 6h . "

23/11/2007 Hagibis moved closer to Nhatrang ’

coast and wind velocity reduced, but wave ®

height and period are increased with &~H 2

6.3 m, T = 11.1 s. Wave height patterns )

induced by Hagibis at 18h 22/11/2007 and 6h  ~

23/11/2007 are shown in fig. 5, 6 respectively. 15 e

Long term distribution features of wave © .

characteristics in EVS . 1 ..
Frequency distribution (%) of H> o

1.0 m during 1/7/1987 - 31/12/2011 greater

Hs (m)

than 50% occurred in northeast, central

region of EVS and central Vietnamese Fig. 8.Wave rose diagram and frequency

coast. The gulf of Thailand and Tonkin distribution of occurrence of wave height off
have frequency < 20% (fig.7). Nhatrang coast during 1/7/1987 - 31/12/2011
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Offshore region of Nhatrang coast is &. Young, .
region of narrow continent the depth contour of
200 m is close to the coastline. Therefore, this
coast is most affected by wave action especially
during NE monsoon period. Statistic ofg
computed wave characteristics data for offshore

region of Nhatrang coast (at point: 12.925

109.375E) from 1/7/1987 to 31/12/2011 shows
that wave regime off Nhatrang coast has two
main directions NE with 40.82% of occurrence,

SSW with 20.15% of occurrence.s & 0.5 +

Estimation of wave characteristics ...

R., 1988Parametric hurricane
wave prediction model. Journal of
Waterways Port Coastal and Ocean
Engineering114(5): 637-652.

Londhe, S. N., Vijay Panchang, 20@ne-
day wave forecasts based on artificial
neural networks. Journal of Atmospheric
and Oceanic Technology®3(11): 1,593-
1,603. Online publication date: 1-Nov-
2006.

1.0 m occurred 34.16%, ;H= 1.0 + 1.5 m 4. Mandal, S., and Prabaharan, N., 2008n

occurred 22.43%, and ;> 1.5 m occurred
28.84% (fig. 8).

CONCLUSIONS
Frequency distribution (%) of 4+ 1.0 m

during 1/7/1987 - 31/12/2011 greater than 50!
occurred in northeast, central region of EV.
and central Vietnamese coast. The gulf ¢
Thailand and Tonkin have frequency o

occurrence < 20%;

Wave regime in the offshore region 06,
Nhatrang coast from 1/7/1987 to 31/12/201
indicates two main wave directions that are N
with 40.82% of occurrence, SSW with 20.159

of occurrence. H= 0.5 + 1.0 m occurred

34.16%, H= 1.0 + 1.5 m occurred 22.43%,
and H> 1.5 m occurred 28.84%. NE monsoo
wave affected from October to April of the next

year, SW monsoon wave affected from June to
August. May and September are transitional

periods.

With the assimilation of wind data of high
resolution AX = AY = 0.25, the model can be
used to simulate wave fields during typhoon

activity in East Vietham Sea
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TINH TOAN CAC PAC TRUNG SONG TREN
BIEN DONG BANG MO HINH WAM

Lé Pinh Mau, Nguyén Vin Tuan
Vién Hai duong hpc-Vién Han 1am Khoa éic va Céng ngéViét Nam

TOM TAT: WAM (WaveModeling) Ia mé hinh tinh s6ng big thir 3 duwoc xay ding va phat
trien boi tap thé cac nha khoa dt nghién ¢u song trén th gisi (WAMDI Group), mé hinh méit
s phét trign aia phy séng hai chiu dwdi tac déng aia gié, dong chy, dia hinhday va trong tac
phi tuyén séng - séng. M6 hinh tinh toan e&t trung song hin sau, bén ndng bao ham bi iing
khac x séng i nuoc néng va dong ety. M6 hinh WAM phiéndm 4.5 (WAM cycle 4.5a duoc
ap ding Wi khu wec tinh toan 1a toan & Bién Pong tr 9PE dén 12PE va ON dén 25N wi kich
thueoc hesi tinh lAAX = AY = 0,25. Bg sau Bén Pong Ly tr co s dir liéu ‘ETOPOS’ @ia Trung
tam dr liéu Pia gt ly quic gia Colorado, Hoa K véi dé phan gii 5’ (= 9 km). 8 liéu gi6 6h/kin
ldy tr co so diF liéu NCEP/NCAR, Hoa Kvéi dg phan giii AX = AY = 0,25. Két qud tinh toan cho
thay thoi ky gié muapéng Bic (NE Monsoon) trén toan 8i Pdng séng cé dwng chi dao 1a Péng
Bac (NE) va c6 héng ngeoc lgi trong thoi ky gié moia Tay Nam (SW monsoon). Kha trung tam
va Pong Bic aia Bién POng cods cao séngdn nhit. Thong ké Kt qua tinh toan caaiac trung
song fr 1987dén 2011 cho thy ché dg song ngoai kbi Nha Trang c6 haiiagng chinh la NE cléim
40,82%, SSW cbin 20,15%. Sénguing NE tacdéng tr thang 104én thang 4 am sau, song SSW
tac dong tr thang 64én thang 8, thang 5 va 9 la cacoitky chuyn tiép. Tap di liéu gi6 Wi do
phan giii AX =AY = 0,25 cho phép mé ping treong séng trong bao trén Bi Pong.

Tir khoa: WAM cycle 4.5, Bh Pong, tirong séng, béo, gié mua.
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