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Tide-Surge-Wave Coupling Model and Its Application to Surge and Wave Hindcast for
Typhoon 0603
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Synopsis

Tide-surge-wave coupling model has been developed to predict surges, tides and waves due
to typhoons, which is composed of a depth integrated two dimensional surges/tides model and a
wave model (SWAN). A wave dependent drag coefficient and a radiation stress are included in
momentum equations, while wave parameters are predicted by currents and water levels. For the
purpose of the high resolution the nested scheme from the ocean to the coast is employed to the
coupling model by Massage Passing Interface (MPI). A typhoon model and a tidal model provide
winds and atmospheric pressures, and tides, respectively. The coupling model is validated by
hindcasting Typhoon 0603 which hit the southwest of Korea in 2006. The result of hindcast
simulation shows a good agreement with the observation. We expect that the coupling will serve as
a risk assessment for coastal disasters due to extreme typhoons.
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1. Introduction

Since the numerical modeling of the storm surge is
developed and applied to the coastal area from the ocean,
the effort of many researches has been concerned with
the accurate hindcast and forecast of storm surges and
waves. Flather (1994) showed that the timing of cyclone
landfall and its coincidence with high tide determine the
area worst affected by flooding. In addition, he
introduced that the differences in tracks and tidal
conditions are to be important in a large area of the
southern delta in 1970 and along the mainland coast
south of Chittagong in 1990 by the comparison with two
cyclones. On the other hand, Mastenbroek et al. (1993)
studied the effect of a wave dependent drag coefficient
on the generation of storm surges in the North Sea using
the wave (WAM) and depth averaged Reynolds equation
model. They clearly showed that the calculation with the
wave dependent drag gives a significant improvement
and preferred to a wave dependent drag for a storm surge

modeling. Zhang et al. (1996) studied the interaction of
waves and currents by the dynamical coupling of a third
generation wave model and a two dimensional storm
surge model. They also showed that the wave dependent
drag coefficient improves the accuracy of computed
results. Choi et al. (2003) has established a coupled wave,
tide and surge model composed of the two dimensional
tide and surge model and wave model (WAM-Cycle 4)
in order to investigate the effect of tides, storm surges
and wind waves interactions during a winter monsoon in
1983 using the effective drag coefficient of the bottom
stress.

In the study, we have developed a tide-surge-wave
coupling model composed of: depth integrated two
dimensional nonlinearly shallow water equation model;
Simulating Wave Nearshore model (SWAN). For the
purpose of high resolution, the nested scheme is
employed by Massage Passing Interface (MPI) in order
to predict waves, tides and surges from the ocean to the
coast. Hence, the main coupling model is composed of
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several sub-coupling models that have the identical
number to the number of computational domains. At
section 2, the coupling model will be described. At
section 3 and 4 the coupling model is applied to Korea
and validated by hindcasting Typhoon 0603 which hit
the southwest of Korea in 2006.

2. Tide-Surge-Wave coupling model

Following models are incorporated to a
sub-coupling model to calculate surges, tides and
waves. In order to reflect the complex topography and
obstacles the nested scheme is employed to the
coupling model. Each sub-coupling model is
simultaneously parallelized by MPI to reduce the
labour effort and time. In the study, four computational
domains were used and hence, four sub-coupling
models were parallelized.

2.1. Hydrodynamic model

The hydrodynamic model developed by Goto et al.
(1993) is modified to predict storm surges and tides. It
is a two dimensional, depth integrated nonlinear
shallow water equations model.
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in which # = the sea surface fluctuation, M and N = the
depth integrated currents in the x and y direction, P =
the atmospheric pressure, f = the Coriolis parameter, g
= the gravitational acceleration, d=¢+h = the total
depth, A, = the horizontal eddy diffusion and p = the
density of water. F, and F, represent the components of
the wave induced force which are the functions of the
radiation stress in x and y space.

The bottom stresses is represented by
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where n is the Manning coefficient, which 0.025, 0.02
and 0.015 were used to computational domains through
the trial-error for the high resolution.

The surface stress is usually represented by the
following form

75 = paCpWig [W10| ©®)

in which Wy is the wind speed measured at 10m above
the sea surface. In the coupling model, Cp in Eq. (5) is
replaced by the wave dependent drag coefficient
introduced by Janssen (1989, 1991). The boundary
condition is given by zero flow normal to a solid
boundary. The somefeld explicit method for the
radiation condition is applied to open boundaries
(Miller and Thorpe, 1981).

The disturbed water surface at an open boundary is
given by

77n = ntide + nstorm surge =

Tide +(pa - po)/gp (6)

where p, and p, represent 1013 hPa and the
atmospheric pressure at the open boundary, respectively.
Hiiqe is imposed by the ocean tide model for a regional
model around Japan developed by Matsumoto (2000)
which can make the realistic tide prediction. The
wet/dry scheme is also applied for the sake of tidal flat
simulation as follows: if (D =h+7)<0.0005
= D =0, in which D represents the water depth, h;
the mean water level and #; the water surface elevation.

(1) Wind stress

Following the theory of Janssen, the total stress is the
sum of a turbulent and a wave-induced stress as follows;
T =Ty + Ty . Here, zyy is the turbulent stress,
which is modeled by a mixing length hypothesis,
Tuw = pa(xk2)* (68U 102) , where k (=0.4) is the
von Karman constant and U(z) the wind speed at height z.
Based on the numerical results of Janssen, the velocity
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profile still has a logarithmic shape for the young wind

sea and is deviated from the profile of turbulent air flow

over a flat plate. The velocity profile is assumed as
follows;

Uz)= m[mj ™

K z,

where u. = ,/z/p, . Uxis the friction velocity and z,
represents the roughness length. The effective
roughness length z, at z = z, depends on z,and the sea
state through the wave induced stress z,, and the total
surface stress 7.
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in which z, =cu?/g is a Chamock-like
relation. ¢ is constant and 0.01. Since the drag
coefficient defined by

2
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which is fully determined by the roughness length
where U(L) is the wind speed given at L and then, the
drag coefficient Cp in Eq. (9) is alternatively used on
the coupling model instead of that in Eq. (5). The wave
stress vector 7, isdetermined by
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where o is the angular frequency, S;, is the wind input
source function, and k and Kk represent the
wave-number of a wave component and the mean
wave-number, respectively. In the SWAN the iterative
procedure of Mastenbroek (1993) is used to determine
the surface stress, through this iterative procedure from
Egs. (7) to (10).

The radiation stress represents the contribution of
the wave motion to the mean flux of horizontal
momentum. It is represented by the wave spectrum as
follows;
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in which C represents the wave celerity and Cy the
wave group velocity. Therefore, the wave induced
forces due to radiation stress on the momentum
equations (2) and (3) are as follows
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2.2. Typhoon model

Takayama (2002) explained typhoon models of
Fujita, Myers and Mitsuda-Fujii in detail. He described
that the difference of the wind distribution calculated
from three models is very small under the same
condition, resulting in the similar wind distribution and
wind speed. From this reason, Fujita model is
employed to produce the atmospheric pressure and the
wind distribution of the typhoon in this study.

The pressure field from the center of typhoon is
determined by

Ap (16)

P=Py — 77—
NN (G

where P, and Ap represent the environmental
pressure far from its center and the pressure gradient in
space, and r and ry denote the radial distance at a
station and the radius of the maximum wind speed
from the typhoon center, respectively. The gradient of
wind is calculated by

) 2 -3/2
Vg =1 L = {1+(r] } 1 17
4 paly To 2

Finally, the wind speeds at 10m above the sea surface is
represented by the wvector summation between the
gradient wind speed reduced by the sea or land surface
friction and the wind speed affected by the moving
speed of typhoon. Those are determined by

-+

— 539 —



X + \/§Y (18)

2r

W, =CV exp(— %) cos; —CyVy,

BX-Y (19)
2r

W, =CV exp(— ﬂlr—jsin 0, +CNg

2.3. Wave model

A third-generation numerical wave model (SWAN)
to compute random, short-crested waves in coastal
regions with shallow water and ambient current was
developed and verified by Booij et al. (1999). The model
can be applied to coastal regions with shallow water,
islands, tidal flats and local wind as well as with
horizontal scales less than 20-30km and water depths
less than 20-30m. In addition, SWAN can be used on
any scale relevant for wind generated surface gravity
waves.

This model accounts for shoaling, refraction,
generation by wind, whitecapping, triad and quadruplet
wave-wave interactions, and bottom and depth-induced
wave breaking. The basic equation in SWAN is the wave
action balance equation and is given by

0 N +£cXN +£ cN +i c,N +2 cyN :§ (20)
a X 15Y, oo 00 o

in the Cartesian coordinates (x, y). Here, N (¢ ,8) is
the action density spectrum, c, and c, present the group
velocities in x and y direction, C_ and C, also
present the one in & and ¢ direction and S is the
source terms. T is the time, x and y present the space in
geographic grid, in contrast with & and @ are the
frequency and its direction of a wave component.

Time is discretized with a simple constant time step
for the simultaneous integration of the propagation and
the source terms in contrast with it in the WAM model
or the WAVEWATCH model. The discrete frequencies
are defined between a fixed low-frequency cutoff
(typically, fyin=0.04Hz) and a fixed high-frequency
cutoff (typically, f..=1.0Hz) which are defined by the
user and computed by SWAN, respectively. SWAN
allows the use of nested grids to provide
high-resolution results at desired locations and provides
estimates of wave setup due to radiation stress.

Lalbeharry et al. (2004) showed that the modified
version of the SWAN implementation of WAMA4
produces wave heights that are more accurate than
those of the unmodified version by applying the wave

growth limiter in the exponential wind growth source
term on WAM 4.5 to one instead of the original limiter
described by Ris (1997) on SWAN. The shift growth
parameter Z,=0.0011 is also included. The original
limiter implemented on SWAN and the limiter on
WAM4.5 are

[AN(G.0)| ., = (0.1arpy ) /(20k%cq) (21)

AN(e.0)] = (27) x3.0x107 .o, At/(o°K) (22)

Instead of Eq.(21), Lalbeharry et al. applied Eq.(22) to
SWAN. In the study, the modified limiter and the shift
growth parameter is employed to improve the accuracy
of the significant wave heights.

2.4 Grid refinement

Open boundary values on the fine domain are
linearly interpolated from the coarse domain (Kowalik
et al., 1993). The nesting of the different domains is
non-interactive (passive) and the variables calculated in
the coarser-grid domain are passed to the finer
resolution domain only.

2.5. Coupling process

A main coupling model is composed of the same
number of sub-coupling models with the number of
domains used in the computation. For example, if the
four computational domains from the ocean to coast
region are used for the hindcast simulation, the
framework of the main coupling model is constructed
by four sub-coupling models. Each sub-model is
successively run by paralleling them using MPI.

During the coupling process the wave dependent
drag and the radiation stress are transferred to the
corresponding position on the grid of the storm surge
model. The water level and currents are additionally
transferred to the matching position on the grid of
SWAN. Typhoon model provides the wind and the
atmospheric pressure distribution to the coupling
model.

The computation process of a main model
composed of k; sub-coupling models, which i =1, N, is
as follows (Fig. 1):

(1) Storm surge/tide model preliminary computes only
tides from domain 1 to N.
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The wave model in the k; sub-coupling model runs
under currents and water level of the same
sub-coupling model to obtain waves. The wave
model in the k, sub-coupling model conducts the
computation with open boundary values obtained
from the k; sub-coupling model and currents and
water level of the k, sub-coupling model. The
process repeats by the Ky sub-coupling model.

New wave dependent drag and radiation stress of
each wave model in each K; sub-model are given to
each corresponding storm surge model at the next
time step.

The storm surge model in the k; sub-coupling model
is run by the wave dependent drag and the radiation
stress of the k; sub-coupling model. The storm surge
model in the k, sub-coupling model carries out the
computation using the water level imposed on open
boundaries by the k; sub-coupling model, and the
wave dependent drag and radiation stress of the k,
sub-model. The process repeats from the k; to ky
sub-coupling model.

New currents and water surface elevation obtained
from each storm surge model in each Kk;
sub-coupling model are transferred to each
corresponding wave model at the next time step.
The processes from (2) to (5) are repeated during the
computation.

3. Application to Korea

3.1 Hindcast simulation of Typhoon 0603 (Ewiniar)

The hindcast of Typhoon 0603 (Ewiniar) was

conducted to confirm the applicability of the coupling
model. Typhoon 0603 (Ewiniar), which hit the western
coastal sea of Korea in 2006, was selected to validate
the hindcast simulation in comparison with the
observation. As listed in Table 1, Typhoon 0603
(Ewiniar) was born on UTC 30 June in 2006 near 7.5°
N 137.8° E The tropical storm born at UTC 1 July
changed to the typhoon near 14° N 136° E at UTC 3
July. The typhoon moved northwestward, turned
northeastward at UTC 9 July and hit the southwest of
Korea on UTC 10 July in 2006 with the central
atmospheric pressure of 975hPa. The typhoon passed
through the middle of the western coastal region and
disappeared on the East Sea (Japan Sea) on 11 July.
The wind speed of 25m/s was recorded at the western
coastal sea of Korea. The typhoon remained the life
loss and missing of 8 persons, and caused the
inundation and the property damage of 600,000 USD in
Korea. Figure 2 shows the track of Typhoon 0603
(Ewiniar). The storm surge simulation for the hindcast
of Typhoon 0603 (Ewiniar) is conducted from 18:00 06
July to UTC 06:00 11 July 2006. In order to reproduce
the wind and atmospheric field of Typhoon 0603
(Ewiniar), the atmospheric pressure data observed on
the sea surface by Japan Meteorological Agency and
Korea Meteorological Administration are used. Figure
3 shows the observation points of the wave and tide
around Korean peninsula.

Table 2 shows the status of observation stations.
Three stations were chosen for waves and five stations
were done for the storm surge. The station (3) for the
wave and (e) for the tide were located on 4™ domain,
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Fig. 1 The framework of the main coupling model.
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while the other stations were located in first domain. OBOSEWINIAR  zoososzois - zooeo7iioo

LEGEMD

The resolutions of about 300m to 10km were employed gormore
- [S%EDVH%IRE 1TROFPICAL

to produce the wave and the storm surge (see Table 3).
Ministry of Maritime Affairs Fisheries (MMAF) in
Korea provides the observation data on the internet and
is available to access at any time. The computational
domain is shown in Fig. 4 and four domains are used to
predict waves, tides and surge due to Typhoon 0603.

o TrFHOOMN

Table 1 Track of Typhoon 0603.

Latitude Longitude Pressure
TIME(UTC) CN) (E) (hPa)
2006070700 208 1276 950
2006070706 214 1274 950
2006070712 221 1271 950
2006070718 225 1265 950
2006070800 231 1266 950
2006070806 241 1263 950
2006070812 251 1261 955
2006070818 263 1259 955
2006070900 275 1258 960
2006070906 293 1258 960
2006070912 306 1258 965
2006070918 316 1257 965
2006071000 336 1261 975
2006071006 355 1265 985
2006071012 368 1270 990
2006071018 382 1283 994
2006071100 402 1314 996

Table 2 The status of the stations (W: wave, T: tide).

No. Station Laai\tll;de Longitude(E)
(1) ledo (W) 32-07-23 125-10-57
7 Pusan (W) 35-07-47 129-08-16
©) Sucheon (W) 36-07-12 126-32-24 ) .3 -~
(@) Seoguipo (T) 33-14-12 126-33-49 g
(b) Jeju (T) 33-31-27 126-32-43 gl
(© Pusan (T) 35-05-35 129-02-15 .
(d) Sokcho (T) 38-12-16 128-35-48 . . . .
© Gunsan (T) 35-58-06 126-37-36 Fig. 3 The observation stations around Korea Peninsula
(wave; (1), (2) and (3), tide; (a), (b), (c), (d) and (€)).
Table 3 Computational domains 4. Result of hindcast simulation
Domain Grid size Num. grids
. Ax = 11,100m . The storm surge, wave and tide generated by Tyhpoon
Ay =11,100m 0603 (Ewiniar) were hindcasted for 5 days starting
2 i;z 7o 52x42 from UTC 18:00 on 06 July by the coupling model.
3 Ax= 1,233m 88x64 Before the coupling procedure started, the tide was first
Ay= 1233m calculated to distribute the steady state through all
Ax= 411.1m H
4 Ay= 4101m 115x101 domains.

Once the tide was sufficiently steady, the coupling
model begun to calculate the storm surge and wave
propagation with the tide imposed on open boundary.
For tide/surge model 10 seconds are used, whereas for
SWAN 300 seconds are employed. The transfer time
between two models was used as 300 seconds. A
resolution of 10° was used in the directional space on
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SWAN.

As listed on Table 2, the results of coupling model
at stations (1), (2), (a), (b), (c) and (d) were obtained on
the first domain. On the other hand, the results at

stations (3) and (e) were achieved on the fourth domain.

The observation data such as the wind, atmospheric
pressure, significant wave height and storm surge are
obtained from National Oceanographic Research
Institute (NORI) in Korea.

4.1. Meteorological data

The results from the hindcast simulation of
Typhoon 0603 (Ewiniar) on the first and fourth domain
were compared with the observation and these
provided the information of the storm surge at the
coastal region where the typhoon passed through.
Before the results were discussed, the meteorological
data were described with the comparison with the

26.04

observation.

Figure 5 shows the meteorological data observed at
ledo of (1) as shown in Fig. 3. The maximum
depression of the atmospheric pressure at the center of
Typhoon 0603 (Ewiniar) was about 968 hPa. On the
other hand, the storm surge simulation produced that of
978 hPa.. In addition to the magnitude of the
atmospheric pressure, the maximum depression of the
simulation generated later about 3hours. From this fact,
the difference of the storm surge between the hindcast
prediction and the observation might occur more than
0.1m near ledo, because it is assumed that 1 hPa = 1cm.
Unfortunately, the observation of the wind velocity
could not be done until 12:00 10 July in 2006, but
started after that. Unlike the wind speed, the wind
direction had been observed during the storm event.
The direction of wind was relatively good agreement
with the observation when the typhoon passed through

12549

35.44
12612

126.31 126.44

Fig. 4 Four levels of geographic regions.

— 543 —



ledo. The observed wind direction was rapidly changed
in comparison with the prediction before and after at
2:00 7 July.

Figure 6 shows the meteorological data observed at
Pusan of (2) in the first domain. It was estimated that
the pressure of 996 hPa fairly produced by the
simulation in comparison with the observed
atmospheric pressure of 993 hPa at 13:00 7 July.
Although the observed wind speed showed the local
change in its direction, the overall predicted wind speed
was well produced by the simulation. Especially, the
maximum wind speed of 18m/s in the simulation was
good agreement with the observation. Until 0:00 10
July, the rapid change of the wind direction occurred.
When the typhoon passed through around Pusan
located on the right side of its track, the wind direction
changed to blow from the east toward the west.

The predicted meteorological data at Sucheon had
the highest resolution of about 300m in the grid size as
shown in Fig. 7. The time lag of the generation in the

maximum depression of the pressure was about 6 hours.

Typhoon model produced the overestimated maximum
depression of the pressure. In addition to the pressure,
the predicted wind speed was underestimated before
14:00 10 July and overestimated after that compared to
the observation. The overall change of the wind
direction in the computation relatively agreed with the
observation before 18:00 10 July, but was in
disagreement with the observation after that. The
observed direction was changed from 270° to 90°, but
the computed direction of 270° was not changed after
18:00 10 July.

Until now on, the meteorological data in the
computation was compared with the observation at three
stations of ledo, Sucheon and Pusan. At the early stage of
the hindcast simulation when the typhoon was on deep
sea, the discrepancy between the observation and the

computation highly occurred.

4.2. Significant wave height
The significant wave height computed by the coupling
model was compared with the observation data. In the
study, three observed data were obtained from NORI in
Korea. Figure 8 shows that the significant wave height
was observed at ledo of (1) as shown in Fig. 3.
The significant wave height of 6m

in the
computation showed the good agreement with the
observation, until it developed to its peak. After its peak,

the observation was rapidly decreased.
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Fig. 5 The meteorological data observed at ledo of (1)
(Upper; the atmospheric pressure, middle; the wind speed,
lower; the wind direction).
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((Upper; the atmospheric pressure, middle; the wind speed,
lower; the wind direction).
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Fig. 7 The meteorological data observed at Sucheon of

(3) (Upper; the atmospheric pressure, middle; the wind

speed, lower; the wind direction).

Although those peaks of the observation and the
computation significantly agreed, they showed the
discrepancy after 0:00 10 July. Based on the wind
speed and direction in Fig. 6, it was expected that the
observed wind speed and direction should resulted in
those discrepancy between the result of the
computation and the observation, even though the wind
speed was not observed actually.

Although the predicted meteorological data showed
the good agreement with the observation at Pusan of
Fig 9, the peak of the observed significant wave height
was 7m high. On the other hand, the predicted peak
was 4m. The discrepancy between both was quite large.
It was estimated that the computation of wave could
not produce the shoaling, because of the resolution of
10km in the computational domain 1. Therefore, waves
in the computation could not propagate sufficiently
from the deep to coastal sea, even though the wind
speed and direction computed by the coupling model
was well produced at Pusan.

The significant wave height was observed less than
0.7m at Sucheon as shown in Fig. 10. Although the
observed wind speed of about 20m/s was not small at
Sucheon compared to at Pusan and ledo, the wind
direction, blowing from the land toward the sea,
resulted in the small significant wave height developed

by the wind. On the other hand, the significant wave
height was predicted about 1.0m and overestimated in
comparison with the observation after 0:00 11 July.

Significen: ware Feight (s

o
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Tirre

Fig. 8 The significant wave height of the observation and
computation at ledo of (1).
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Fig.9 The significant wave height of the observation and
computation at Pusan of (2).
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Fig. 10 The significant wave height of the observation
and computation at Sucheon of (3).

4.3. Storm surge

At previous sections 4.1 and 4.2, it was discussed
that the result of computation in the meteorological
data and the significant wave height in the comparison
with the observation. Although the prediction at Pusan
agreed well with the observation for the meteorological
data, the hindcast simulation could not produced
sufficiently the significant wave height compared to the
observation. The peak of the significant wave height in
the computation agreed well with the observation at
ledo where the wind speed could not be observed. In
addition, the result did not agree with the observation
for the peak of significant wave height and
meteorological data at Sucheon where the center of
Typhoon 0603 (Ewiniar) passed through.

Jeju and Seoguipo of (b) and (a) as shown in Fig. 3
are located in the Jeju island. Seoguipo is located in the
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south coast of Jeju island, while Jeju is in the north
coast of Jeju island. Seoguipo and Jeju are first the
observation points faced to the effect of the typhoon
moving to the Korean Peninsula except ledo of (1). At
the early stage of the generation in the storm surge due
to Typhoon 0603 (Ewiniar), the water level started to
be disturbed at Seoguipo facing to the open sea. It was
also expected that the wind blew from the land as the
typhoon approaches. When the typhoon arrived at Jeju
island, the maximum storm surge should occur at
Seoguipo and Jeju at the same time as shown in Fig. 11
and 12, even though computed tides were larger than
the observation. The maximum storm surge generated
at both was similar as approximately 0.5m as shown in
Fig. 16.

It was expected that the storm surge generated at
Gunsan of (c) in Fig. 3 was overestimated by the
hindcast simulation in comparison with the
meteorological data observed at Sucheon as shown in
Fig. 7. Sucheon of (3) is very close to Gunsan of (c) as
shown in Fig. 3. The storm surge started to apparently
generate after 12:00 10 July and its peak occurred
around 22:00 10 July as shown in Fig. 13. The
atmospheric pressure and the wind speed were
overestimated and then, the wind blew from the sea to
the land by the computation. Therefore, the impractical
storm surge was predicted by the combination of three
factors such as the atmospheric pressure, the wind
speed and direction.

In the case of Pusan located in the right side of its
track, the water level computed by the simulation
agreed well with the observation, even though the
significant wave height of the computation was
underestimated as 50% of the observation. Although
the computed meteorological data agreed well with the
observation, the hindcast simulation computed the
reasonable water level at Pusan as shown in Fig. 14.

In the case of Sokcho of (d) in Fig. 3, the track of
Typhoon 0603 (Ewiniar) passed through Sokcho and

the water level increased and oscillated as shown in Fig.

15. The wind should blow from the sea to the land,
because the wind around the typhoon blew into its
center. However, the water depth in the East Sea
(Janpan Sea) is so deep that the magnitude of the storm
surge became smaller. Additionally the reason was that
the magnitude of the typhoon was weaken when
passing through Sokcho.

Figure 16 shows the maximum storm surge

occurred at each station. The highest maximum storm
surge generated as 0.55m at the station of Seoguipo,
while the lowest maximum storm surge of 0.2m
occurred at Pusan during the storm event of Typhoon
0603 (Ewiniar).
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Fig. 11 The water level at Seoguipo of (a).
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Fig. 12 The water level at Jeju of (b).

s> o

Water level (m)

N Aa
VAV vVATIYS

Water level (m)

L
i

-6
2006-07-07 0:00 2006-07-08 0:00 2006-07-09 000 2006-07-10 0:00 2006-07-11 000
Tim

Fig. 13 The water level at Gunsan (e).
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Fig. 14 The water level at Pusan (c).
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Fig. 15 The water level at Sokcho (d).
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Fig. 16 The maximum storm surge occurred at each
station.

5. Summary and conclusions

Tides-waves-surges coupling model has been
developed using pre-operational models; two
dimensional depth integrated nonlinear shallow water
equations model, simulating wave nearshore (SWAN),
typhoon model and tidal prediction model. In order to
predict surges and tides, a wave dependent drag
coefficient and a radiation stress are used. In order to
compute significant wave heights, currents and water
levels are used. The main coupling model is composed
of several sub-coupling models that are simultaneously
parallelized by MPI to solve them in the oceanic scale to
the coastal scale (the nested scheme).

The coupling model is applied to the Korean
peninsula. Storm surges and the waves caused by
Typhoon 0603 is hindcasted in order to validate the
coupling model. The significant wave height and water
level predicted by the coupling model showed relatively
the good agreement with the observation.

From the hindcast simulation of Typhoon 0603, we
expect that the coupling model will serve as a risk
assessment. In the future work it is needed to improve
the accuracy of the meteorological data.
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