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Internal tides simulation using three—-dimensional high
resolution Model in South Sea and Korea Strait

Hyun Jung Lee

Department of Marine Bioscience and Environment, Korea Maritime

University, Busan 606-791, Korea

Abstract

This study investigates the distribution and energetics of the internal
tides in South Sea and Korea Strait using a three-dimensional high
resolution model (Regional Ocean Modeling System; ROMS). The model
covers 33.3° N to 36.5° N in latitude and 126.9° E to 132" E in longitude
including the Korea Strait and the southern part of East Sea. The grid
resolution is 1/108° (about 1 km) in both longitude and latitude. The
atmospheric forcing was obtained from the monthly meaned ECMWF forecast
data with 1/2° resolution during the period 1999-2008. Calculation
results of Research Institute for Applied Mechanics Ocean Circulation
Model (resolution : 1/15° ) were used for open boundary.

The array of acoustic Doppler current profilers deployed in the model
area clearly detects the occurrence of internal tides. The calculated

currents were analyzed by bandpass filter to separate the semidiurnal



and diurnal bands. Over the whole analyzed model domain, the conversion
rate from barotropic to baroclinic energy generated in summer 1s twice
more than that in winter. The numerical experiment shows that internal
tides are effectively generated in a site that barotropic tides clearly
emerge with prominent topographic features. For semidiurnal baroclinic
tides, the conversion rates from barotropic to baroclinic energy are
0.24 GW and 0.5 GW in February and August, respectively.

There is the seasonal variation associated with the stratification in
the region south of 35.5° N, where the water depth is lower than 200 m.
Strong internal tides were generated around 35.5° N and 129.5° ~ 131° E,
as Park and Watts (2006) suggested. In February, most of the semidiurnal
baroclinic tides propagate into the East Sea, due to weak thermocline in
winter, which can inhibit the propagation of excited internal tide
toward the South Sea. Internal tides, however, were generated at the
western Tsushima Island, because of the intensified stratification along
its western boundary. This might be attributed to the intrusion of bottom
cold water in the Korean side of the Korea Strait. In August, the
propagation of excited internal tide toward the South Sea extends to
35" N because of the intensified stratification. Baroclinic tides
generated at the western Tsushima Island propagate toward the south

coast of Korea.
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3% 1. #5 (Observed)#AFm o} RAAIS] 29| A5 E &3} Fallete] dojxl F4 40 +x9 % (em)d} &
g kol digk B kel Aol
M; S, Ky Ol
Model | Obs. diff. | Model | Obs. diff. | Model | Obs. diff. | Model | Obs. diff

S1 93.37 | 86.16 721 | 4378 | 40.14 364 | 1844 | 1988 | -144| 1273 | 1428 | -1.55
S2 86.62 | 80.09 6.53 | 40.82| 37.52 330 1721 | 1841 | -120| 1210 | 1334 | -1.24
S3 8213 | 76.09 6.04 | 38.87| 3581 306 | 1667 | 1786 | -1.19| 1197 | 13.27| -1.30
S4 79.28 | 73.87 541 | 37.57| 34.79 278 | 1673 | 1779 | -106| 1243 | 1357| -1.14
S5 77.84 | 7211 573 | 36.88| 33.04 384 | 1745| 1860 | -1.15| 1341 | 1478 | -137
S6 7764 | 72.85 479 | 36.73| 3427 246 | 1868 | 1995| -127| 1484 | 1610 | -1.26
N1 16.12 | 16.28| -0.16 8.14 922 | -108 1.36 1.34 0.02 2.09 221 -0.12
N2 1843 | 17.08 1.35 9.39 9.25 0.14 0.80 098 | -0.18 2.05 234 | -0.29
N3 18.88 | 18.28 0.60 9.81 996 | -0.15 2.62 2.60 0.02 348 367 | -0.19
N4 20.82 | 19.86 096 | 10.74| 10.70 0.04 411 433 | -0.22 474 514 | -040
N5 2276 | 2132 144 | 1163 | 11.00 0.63 5.86 6.38 | -0.52 6.29 691 | -0.62
N6 2485 | 2343 142 | 1272 | 12.29 043 791 843 | -0.52 8.22 912 | -0.90
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¥ 2. B= (Observed) A5 9} Rdl Ao %9 A8E %3} Haste] Aozl Fo 4 Bx9 Y4 (degrees)
3 =g Zholl Wiek B5 kel Aol YAHS Foreman (1997)2]8] Ao ¥ Greenwich A2 XS 7]Fo =2 HA4
M; S, Ky 01

Model | Obs. diff. | Model | Obs. diff. | Model | Obs. diff. | Model | Obs. diff

S1 0.37 1.80 -143 | 2494 | 26.10 -1.16 | 51.64| 58.50 -6.86 | 26.35 34.7 -8.35
S2 359.78 0.90 -1.12 242 | 25.20 -1.00| 5899 | 65.80 -6.81 | 35.67 441 -8.43
S3 358.98 0.10 -1.12 | 2336 | 24.20 -0.84 | 66.24| 73.30 -7.06 444 534 -9
S4 358.21 | 359.00 -0.79 | 2253 | 23.30 -0.77 | 73.37 | 80.20 -6.83 | 52.53 61.3 -8.77
S5 357.59 | 357.40 0.19| 21.82| 21.50 0.32| 80.28 | 87.50 -7.22 | 59.85 68.7 -8.85
S6 356.92 | 358.00 -1.08 | 21.02| 22.20 -1.18 | 86.51| 9340 -6.89 | 65.85 747 -8.85
N1 334.84 | 333.00 1.84 5.34 4.00 134 | 249.18 | 266.70 | -17.52 | 180.71 | 194.2 | -13.49
N2 342.77 | 344.00 -1.23 116 | 1270 -1.10| 199.5 | 206.50 -7.00 (15991 | 1711 -11.19
N3 0.95 | 357.80 -1.25 | 2824 | 23.70 454 | 156.65 | 165.60 -895|140.23 | 150.8 | -10.57
N4 9.86 7.20 2.66 359 31.20 4.70 | 153.19 | 160.50 -7.31 13466 | 1441 -9.44
N5 19.03 | 14.40 463 | 4363 | 36.90 6.73 | 1559 162.30 -6.40 | 13491 144 -9.09
N6 27.01 | 23.90 3.11| 5092 | 45.00 592 | 16049 | 166.70 -6.21 | 137.12 | 1449 -7.78
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3.4 Wy 24 oA

3.4.1 Barotropic forcing
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131% Atolo] #AgtE o] 2 APt 3t th. Baines (1982)F W22 A
Aol gk nx= =% A (Barotropic tide)9 &3S Barotropic forcing
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forcinge] & A A& 4 v}, 73k forcingS Park and Watts (2006)09]
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0.001 Nm™*s= ofapAl ST ¥ 7o APHA Fevh. vbdel ATl sl
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130°E 131°E 132°E

18 32. WFA=7] brotropic tidal energy©lA] baroclinic tidal
energy®= 9 Waa. (a) 29, (b) 8¢Y. AAXI} HAHAL F4HS Y
Ebd (A 24 0 20 m, HA A 500 m).
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1% 33. 947] brotropic tidal energyel Al baroclinic tidal
energy=2 Waak (a) 2¢, (b) 8¥. AN} FHE =4S
Ebd (A 74 2 20 m, FA Z 500 m).
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(b) 12°E- : o ‘ = 7 : 12°E
a9 34, A AR AT gEERA oy
(a) 2, (b) 89, A} HHL &

20 m, A A 500 m).
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130°E

a9 36, 13 9ZEHo] Axpx|ge] "kAE7] barotropic tidal energyol A baroclinic tidal
energy 29 W ((a) 2¥€, (¢) 8¥)3} WwkAF7] WH-24 ouyx ZH2 ((b) 2¢€, (d) 8
). AX} A FAS YERY (B4 4 0 20 m).
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