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A vertically-averaged, two-dimensional version of the Princeton Ocean Model has been applied to the South
Sea to simulate the circulation driven by tides and inflows/outflows across open boundaries. To incorporate both
forcing properly, a two-step modeling approach is adopted, in which the tidal circulation is first simulated by
specifying the tides along the open boundaries, and then both the calculated tidal currents and the observed
steady mean currents are prescribed across the open boundaries. Model results show that the steady, subtidal
circulation of the South Sea is different from the residual circulation due to tidal rectification, and subtidal cur-
rents become locally as strong as tidal currents. The Cheju Current entering the model domain across the Cheju
Strait flows eastward in general while shifting onshore or offshore areas following local isobaths. The Tsushima
Current entering across the southern boundary reaches farther to the north in the eastern vicinity of Cheju-Do as
compared to that entering across other parts of the southern boundary. The Tsushima Current turns to the east,
merges with the Cheju Current, and both the Cheju and Tsushima Current exit to the East Sea through the western
channel of the Korea Strait. An intensification of the outflow occurs over the deep trough adjacent to the Tsushima
Island, which appears to be due to the formation of the frictional boundary layer in order to remove excess positive
relative vorticity generated by an increase in the layer thickness. The circulation driven by both the tidal and
inflows/outflows is different from that driven by each forcing separately in coastal areas, which implies that both
forcings should be considered simultaneously in the simulation of more realistic coastal circulation.
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Fig. 1. A location map and numerical models domain (rectangular
box) of the South Sea with major isobaths shown in meters. Filled
arrows indicate an inflows/outflows system across model's open
boundaries. Filled circles denote the locations of coastal tide sta-
tions, where long-term tide data are available for the model cali-
bration to determine the bottom friction coefficient.
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Fig. 2. Configuration of the numerical model grid, and locations of
model verification points, A for the surface elevation and Bfor cur-
rents. ADCP (Acoustic Doppler Current Profiler) traverse surveys
were conducted along three lines marked by @.

A, 9% e S W, Fig 2% 2ol JANL olF
£ A 28 Ko eHos B A% AoEn B
olde] x BHE Wale] BRA A e YA,

2 AFdAME 718 daelAy g fesRdd gy
ZAAGNAM st 2FEEE AH FAFORA 2A7IAE L )
WA E EE& 3] F - 24 Al XA B 24
249 A /PAEAE w2} AfE £E2 FHste Wi,
MNEAAE B ] § - Sz ME7EA

ANAe SFEEE FHgt) aER T PAYE A 1H
slm— 35 LA A iﬁﬂr BT -
Y EXE FHAY, T2 AFS 2HE FAe F 7
HWOI 7%—3}3} B Atlres thgdt 2 o
A AFF 248E 7P AReiE £2E Fske tiil sl
ZRELE A A8t g@ee sleeds zﬂ?‘a%}%iﬁk 1)
Chang et al.(1997)3 Zo] AYFH 71k

s
il
~
1
05
ol
=
>

TR

57H—4 7:‘%}01] A H WA 4% 5

EN
ol
=
o
o
o
X,
\1
3
o
oft,
=1
)
re
ol
P

irH*LH

1
m&
ot
N,
E
(o3
1
°l=°
ol ¢
2
:L
jﬁ
T
Eopg N

3}04 %01 o}ﬂl 7H WAANA L Ti—‘% s 5
22 7AAF ] AL MEAANM Y] 2FEEIL A EH
A e Al 29 BXE 7€y A2 2R l ZAst
o v\ AgaA AL AN ZAEZE ABAE
AT} 22t Bd Y 7|He AP oz N IAAE ukE 290
st mdde] U 2FE AL F@EARY), MYEAE
g 2 Rdda] A" A7k wEl Wele 28 19974 3¢
499 AFAE, AFE 55, hakslPor] ADCP &3 &
28 A @FFHLI T, 1997 SAE A7k tisle] A
AR T F - Y AL g Fo=2H F ZAHE A9 18
s 2d@and)e A2o) TAHYTHFEg. 3 Fx). B 4
ANA AMEE 28HA 2l 71 ARtAIZke] thA ZojRE @
e JAIT v MRAAS Tdele 2 G0l &
o] B0, B A7E F3 FUoMe HRE AE /1EHY
PAR B} A3 dstaat sk

=AM ol JH A =24

ZA o] AAAE Cghd Aelr gaHo] AxEE
AR 5 DA, A AL] zF AR wf A1ZF 7EE el
8 VN BER2M,, S, 05, K)o Z3PITE o83l 248 A3t
o = F8 ) B2 2F5 A7k el g T4x(1996)]
AZ2HE LI, AFEY UrEE 712X 28 A 9} 73] =}
7} gl /M7 AIo e Odamaki(1989)2] S2AEE o]-&3lgith
MZAA Ol =28k Wake] s Aol oS AAIRE v

‘Tide: Model
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M Free Surface Elevation
. specify tides along the open boundaries
B Normal Velocity (UTa)
¢ solve linear momentum eguation without
including nonlinear and diffusion terms
B Tangential Velocity (UTY
: employ extrapolation

B Free Surface Elevation

: employ gradient condition
W Normal Velocity

: UTa + UMa

M Tangential Velocity
D UT: + UM: = UT,

Specification of steady, tidal average
inflows/outflows across open boundaries
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Fig. 3. A schematic illustration of the
treatment of open boundary conditions
in the two-step modeling approach of
the circulation model driven by tides
and inflows/outflows forcing.
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Table 1. Outline of ADCP traverse surveys in the Cheju Strait and the western channel of the Korea Strait conducted in 1997.

Secti . Period of Number of multiple ~ Total time of observation

ections occupied . Reference
measurements traverses (Hour:minute)

Cheju-Do—1Jin-Do (Northen part) 97/3/22-3/23 9 25:52 Fhataf ok 4 (1997)

Cheju-Do—1Jin-Do (Southern part) 97/3/24-3/25 9 24:42 BFaaf F A F 4 (1997)

Eastern part of Cheju-Do 97/3/25-3/26 8 25:50 Bh=af F A 4 (1997)

Western channel of the Korea Strait 97/4/25-4/26 9 24:54 2] (1998)
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Fig. 4. (a) Sectional distribution of diurnally-averaged along-strait
(EW direction) currents, and (b) vertically averaged along-strait cur-
rents across the Cheju Strait based on ADCP surveys in March 1997.
Positive value indicates the eastward flow.
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Fig. 5. (a) Sectional distribution of diurnally-averaged along-strait
(EW direction) currents, and (b) vertically averaged along-strait cur-
rents across a line east of Cheju-Do based on ADCP surveys in March
1997. Positive value indicates the northwestward flow.
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Table 2. Outline of time-series data for surface elevation and current velocity used for model verification.

Location
Station Symbol Duration
Longitude (E) Latitude (N)

Komundo T1 127°18'38" 34°03723" 86/7/20-8/21
Chongsando T2 126°51'50" 34°09'00" 89/4/16-5/20
Hongdo T3 128°43'57" 34°32'04" 89/4/13-5/25
Samchonpo T4 128°08'57" 34°49'57" 89/9/27-10/18
Kojedo TS 128°44'03" 34°49'09" 86/7/13-8/25
Komundo C1 127°18'51". 34°04'44" 86/7/20-8/12
Samchonpo C2 _128°02'36" 34°56'00" 89/9/27-10/18
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Fig. 6. Comparisons between observed (+) and calculated (solid
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Fig. 2 for locations of the stations.
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See Fig. 2 for locations of the stations.

Table 3. Root mean square error (RMSE) for observed and calculat-
ed tides and tidal currents.

Variable Station RMSE
T1 15.5
. T2 11.3
Surfac?clriri;evatlon T3 49
T4 10.7
T5 54
C1 U 12.0
Current Velocity v 73
(cm/s) Cc2 U 17.1
A% 349
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Fig. 8. Comparison between observed and calculated 15-day mean
velocity vectors at stations C1 and C2. Obs means 15-day averaged
observed velocity, Case-1 means the result of the model driven by
both tides and inflows/outflows, Case-2 means the model result driven by
tides only and Case-3 means the model result driven by inflows/out-
flows only. It is almost zero that the result of the Case-3 at station
C2, so the results of the Case-1 and Case-2 are same.
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Fig. 9. Instantaneous velocity distributions (a and ¢) at the time of
maximum westward flow and (b and d) maximum eastward flow
near Pusan. (a) and (b) are the results of the circulation model (Case-
1), while (c) and (d) are the results of the tide model (Case-2).
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Fig. 10. 15-day mean velocity distributions calculated by the model
driven by (a) both tides and inflows/outflows (Case-1), (b) by tides
only (Case-2), and (c) by inflows/outflows only across open bound-
aries (Case-3).
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Fig. 11. 15-day mean velocity distributions in the square region
shown in Fig. 10 calculated by the model driven by (a) both tides
and inflows/outflows (Case-1), (b) by tides only (Case-2), and (c) by
inflows/outflows only across open boundaries (Case-3).
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