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Simulation of the Ocean Circulation Around Ulleungdo and Dokdo
Using a Numerical Model of High-Resolution Nested Grid
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Abstract : The ocean circulation was simulated in the East Sea and Ulleungdo-Dokdo region using ROMS
(Regional Ocean Modeling System) model. By adopting the East Sea 3 km model and the HYCOM 9 km data,
Ulleungdo 1 km model and Ulleungdo-Dokdo 300 m model were constructed with one-way grid nesting method.
During the model development, a correction method was proposed for the distortion of the open boundary data
which may be caused by the bathymetry data difference between the mother and child models and the interpola-
tion/extrapolation method. Using this model, a super-high resolution ocean circulation with a horizontal resolu-
tion of 300 m near the Ulleungdo and Dokdo region was simulated for year 2018. In spite of applying the same
conditions except for the initial and boundary data, the numerical models result indicated significantly different
characteristics in the study area. Therefore, these results were compared and verified by using the surface current
data estimated by satellites altimeter data and temperature data from NIFS (National Institute of Fisheries Sci-
ence). They suggest that in general, the improvement of the one-way grid nesting with the HYCOM data on
RMSE, Mean Bias, Pattern correlation and Vector correlation is greater in 300 m model than in the 1 km model.
However, the nesting results of using East Sea 3 km model showed that simulations of the 1 km model were bet-
ter than 300 m model. The models better resolved distinct ridge/trough structures of isotherms in the vertical sec-
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tions of water temperature when using the higher horizontal resolution. Furthermore, Karman vortex street was
simulated in Ulleungdo-Dokdo 300 m model due to the terrain effect of th islands that was not shown in the

Ulleungdo 1 km model.

Keywords : ROMS (Regional Ocean Modeling System) model, the East Sea, super high-resolution numerical
model, grid nesting method, Ulleungdo-Dokdo 300 m model
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Fig. 1. Ocean circulation model domains in ES3K (a), UD1K (b) and UD300m (c). The blue stars (b, ¢) indicate Ulleungdo and Dokdo.

Table 1. Overview of ocean circulation model (ES3K, UD1K, UD300m)

ES3K

UDIK UD300m

Horizontal Resolution

Domain Area

1/36° (about 3 km)
121.9~150.4°E

1/108° (about 1 km)
127.5~134.0°E

1/324° (about 300 m)
130.39~132.25°E

30.8~52.0°N 35.5~39.0°N 36.85~37.89°N

Vertical Resolution 41 layer
Atmosphere Forcing Condition EARS Hourly
Depth data KorBathy30s + ETOPO5 Nesting Model Depth + KorBathy30s
Vertical Mixing Method K-profile parameterization mixing (Large et al., 1994)
River runoff Nakdong river, Duman river Amur river - -

. TPX06
Tldal data (MZ’ SZ> Ol’ K]s NZ’ KZ’ Pl’ Q]’ Mf’ Mm) ) )
Diffusion coefficient 20 m’/s 1 m’/s 1 m’/s
Viscosity coefficient 20 m*/s 1 m%/s 1 m%/s




590 Arhs - AEE - FH - HYX
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st7]H elli= K-Profile Parameterization scheme(KPP; Large
et al,, 1994)E #8353t
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57421 YEAMEA]F(Nearshore branch)E Al&Ask3Itt. o
24 3 km A RA(ES3K) 7 AA] AR R F7HA 0
RIVDIS(Global River Discharge Data; http://globec.whoi.edw/
IGBP/RivDIS_database/html)el|A] Al s-sh= L8+t #}5.2]
4, TRV, obFE 7Fe] e W AR E A8skith
2831 salE Aol FellRh A o) oJsh o] ik
vjeksitt, ey FElE EEete] FAAES s ol B
A7-(Kim et al, 2015; Lee et al, 2016; Choi et al.,
2018)°ll A= A1 8] J@Fo] & 40 FEM,, S,, O, K)E
EFFRE U R e 107)] EEE AESitt uheba] 2
Ao A= Oregon global model version 6(TPX06)2] 10
M EZEM,, S,, 0, Ki, N, Ky, Py, Q, My, M,)2] 2412}
2@ EETE 0250 A 2O ZAAbel| gHA| it
At} o] 242k F = TOPEX/Poseidon ¢354 #5 #18
& o]&3sk A X7+ 2 E(Oregon global model)?] 4 z}o]t}
(Egbert and Erofeeva, 2002). &35 22 20 m’s,
1 m’/s, 1 m’/s, A5 20 m’/s, 1 m’/s, 1 m’/s= 243}

% TH(Table 1).
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Fig. 2. The CTD observation stations (blue dots) provided from
NIFS (National Institute of Fisheries Science). The black
solid and dashed rectangle lines indicate UDIlk and
UD300m experiment domains, respectively.
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Table 2. RMSE, Mbias, pattern correlation (PCorr.) and vector cor-
relation (VCorr.) of annual mean surface current in UD1K
depending on the 6, and 6,. The PCorr. values over 0.122
and 0.159 are significant at 95% and 99% confidence

level, respectively

HY VT EXI HY VT EX2
U (cm/s) V (cm/s) U (cm/s) V (cm/s)
RMSE 6.07 7.65 6.07 6.97
Mbias 0.07 -1.39 0.07 -1.38
PCorr. 0.67 0.26 0.43 0.71
VCorr. 0.59 0.72

6.97 cm/s EX1°] H]3] 2F 0.70 cm/s A UERGTH(Table
2). 7183 VCorrS EX2(2F 0.72)7F EX1(2F 0.59)0l B &
oF 0.13 A VERATE whebA] & AFtelx = BS5AbES)
WaklE ), o gg4de] A Adsh= HY_VT EX22] 4
2 gk 342(6: 0.7, 6, 0.1)S A ekt

AR 3 ARk W A AR oA Al x
o u= 2] Aol A AR & 2-8sh= sl
JE Eo] BAA ] At 4ol wet 2pRe] gf=to]
Hofof strh= Aolrt. whebr] AL AksEo] o= ¢l
o] AgHd F AUEFH U7 IHE vwselth(Fig. 5). A4 i
Aol =2 A== 7191 Spline W47 3} Linear W4
715l thalir] 4ol whE it AFRL] AJolE Bl §-
A S IAREAA T A A AlFshe AE KT Eelef] Ag-¥=
T A7 Bk 20 A7 AsoE s 5 it o]
u) =27 94k W O 2= Spline HHS 28-S shbd
(Fig. 59141 blue line), Linear ¥ (Fig. 5214 red line)+=
t=2A] A ei=o] & 5 Stk Spline Wi 7F 2H19] <1
Ak AxpeA 3xF thaka] gE ol gste] ul-2likehr] Wl
ol #4719 A=rt FeEttt ol E 501 4 2000 m
Hop 712 el #2709 A=t §lokd, AAAE =
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Fig. 5. Salinity data according to the method of vertical interpola-
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data (HYCOM) is interpolated into the Ulleung Ocean
model (UD1k). The red line is linear interpolation, the blue
line is spline interpolation, and the black line is HYCOM
data (Raw data).
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the HYCOM data according to the ETOPOS data and the depth data provided from HYCOM in August.
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Table 3. RMSE, Mbias, pattern correlation (PCorr.) and vector correlation (VCorr.) of annual mean surface current in CMEMS, HYCOM,
ES3K, HY UDIK, ES UDI1K, HY UD300m, and ES UD300m. The PCorr. values over 0.325 and 0.418 are significant at 95%

and 99% confidence level, respectively

HYCOM ES3K HY UDIK ES UDIK HY _UD300m ES UD300m
U (em/s) V (em/s) U (em/s) V (em/s) U (em/s) V (em/s) U (em/s) V (em/s) U (em/s) V (ecm/s) U (em/s) V (cm/s)
RMSE 4.03 4.51 425 2.55 441 4.92 4.84 5.29 4.12 4.89 6.32 6.11
Mbias  -0.03 -1.54 -0.07 -2.11 0.09 -147 —2.86 -3.17 -0.32 -2.59 -5.36 —2.95
PCorr. 0.70 0.66 0.64 0.67 0.59 0.59 0.68 0.62 0.67 0.65 0.80 0.45
VCorr. 0.92 1.03 0.89 0.84 0.91 0.85

A= BT} VCorr> ES3K7} 714 73 1.039] A3= el afEol7l EAlshs Ae EIE k.
HSI1, ES UDIK7F 7 vhe 08472 SIE It 1kmek  HYCOM ARZAIARRE 3t 1148 cm/s® 2 Apo]7} vheht
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Fig. 8. Monthly average surface current distributions of CMEMS satellite data (a), HYCOM (b), HY UDIK (c), HY _UD300m (d), ES3K
(e), ES_UDIK (f), ES_UD 300m (g) in February. The rectangle with black dashed line indicates the UD300m model domain. The
two black stars indicate Ulleungdo and Dokdo.
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Fig. 9. Vertical cross-sections of the water temperature (°C) along the line 104 from NIFS(a), HYCOM (b), HY UDIK (C), HY_UD300m
(d), ES3K model (e), ES UDI1K (f), ES_ UD300m (g) in February 2018. The white and black dashed lines indicate the western and

eastern boundary areas in the UD300m, respectively.

Table 4. RMSE, Mbias, pattern correlation (PCorr.) of water temperature in CMEMS, HYCOM, ES3K, HY UDIK, ES UDIK,
HY_UD300m, and ES_UD300m in February. The PCorr. values over 0.214 and 0.280 are significant at 95% and 99% confidence

level, respectively

HYCOM ES3K HY UDIK ES UDIK HY_UD300m ES_UD300m
T (C) T (C) T (C) T (C) T (°C) T (°C)
RMSE 1.90 2.13 2.58 2.69 2.52 257
Mbias -0.87 0.16 -1.70 0.84 -1.73 0.76
PCorr. 0.90 0.83 0.86 0.77 0.88 0.78
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Fig. 10. Monthly average surface current distributions of CMEMS satellite data (a), HYCOM (b), HY UDIK (c¢), HY UD300m (d), ES3K
(e), ES_UDIK (f), ES UD 300m (g) in August. The rectangle with black dashed line indicates the UD300m model domain. The
two black stars indicate Ulleungdo and Dokdo.
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boundary areas in the UD300m, respectively.

Table 5. RMSE, Mbias, pattern correlation (PCorr.) of water temp
HY UD300m, and ES UD300m in August. The PCorr. value:
level, respectively

erature in CMEMS, HYCOM, ES3K, HY UDIK, ES_UDIK,
s over 0.214 and 0.280 are significant at 95% and 99% confidence

HYCOM ES3K HY UDIK ES UDIK HY UD300m ES_UD300m
T (°C) T (°C) T (°0) T (°C) T (°C) T (°C)

RMSE 2.40 431 2.52 248 3.01 324

Mbias ~0.64 1.94 0.96 -0.11 -0.23 -1.18

PCorr. 097 0.93 097 0.98 0.95 0.96
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Fig. 13. Distributions of the daily-mean surface current in HY UDIK (a), HY _UD300m (b) on 23rd June 2018, ES UDIK(c), and
ES UD300m(d) on 11th September 2018. The red dashed arrow indicates the Karman vortex street caused by the Ulleung island

effect.

A3 o

VPl 5w 52 dyE AEskaa HYCOM
ES3K B AiE HH9] sAARE Astar, WhiaksA
A} 719 243519 UDIKE 714 UD300m 228 533
skoith 1 oA AR o 4 2ks 2 )-8
A el olal] veRd 5 s N AAIRFES] =t o)
S HAAPHS AAESlcE € Bel AF s vws) B
%S ul, 2UEHNE FAELLS T2 AT B8t
2718 9N AR vl A= e 54 o] YERsiT
HYCOM A= ARSSE WA A2 1 48 RR(HY
UDIK, HY UD300m)°] Mbias, RMSE, Pattern Correlation
oA ES3KE AHE-8t whisF A AX7|Y A4 ZE(ES_
UDIK, ES_UD300m)s .t} 943t A5 B3 O}, Vector
Correlation= A7 2}o]& Holx] it} € HiF 75 &
EoANE ES3KE e FAAAH R 288 ES_
UDIK, ES_UD300m¢] sli5~-5-<] sixle] CMEMSS} H +#
AR AR E1 AL, 289l ES UD300me] 2] =283
7t 88elli= HY_UD300m 2] 22327} = 5]5Akeekel
o] 914 SR E9} FARM AFEE QI ES3KE WS B

RS 4%, 2 2 F01ekE & Wat A et

27 s RoEE Bae s & s,
9 % 1kme} 300 m FARD AHE Ma S o)

o= A tA}EolA ES UD300me] 4 A (u)e] PCorr.
TE0.12 A% FESAL, YA 3 AFo]el disiae &
AbAY 5 U] /F £ A3E HSloH HY_UD300m:>
HY UDIK®] ZA¥}H t} RMSES} Mbias, PCorr.,, VCorr. 5.5
LAl EERE Adas BT 123 Fig. 137 o] &
=3 &5% | km AR (UDIK)IA gelg 4= gIid #|
g yo] wE 727k 9} (Karman vortex street)©] & ¥
TAY 4] 2 237 #5944 2L} fFARHA
A== 548 W tH(Fig. 12d). 18 ES3K R R TR=
9 Az} 21270] 1008, UDIK ZERTR= 108 % &4
s Eel vlE) Y% HAF At 7wk AR =
St

A EE(UD300m)yS 7N
1 H 7} Qlrk. A 2
LS

A& $JElA e ohekst W
KPP &12] 7] ©]2]¢]| Mellor-Yamada

Aol M ARgsksd
level 2.59} 42 <#2] 29 B3 7S =918 v, ROMS

Fdlyb= v 7] Coordinate(z-Coordinate)s 7121 %] 3]
A LI (NEMO Ei= MOM)ES Y3t aldes} ©ol
Qlefl thelf stk Bojsto] Hlwsl & F a7t Qlvk B3,



600 s - AT - A - HGR

AR R, 9%, 1% Bl e BEas

59 AT AR B 2uslys

?ﬂEﬂ
25kn1}ﬂﬁ8W255911}3011 mkrd]3001n913i
SH| Elet 4= gtk s o] Q7] wliell, 12l
A&l F ettt o]glol = s FAAIE 9
X7 ol AFESE AR 2L 9k =% 4 F(Bi-harmonic,

)l thell M &= theket 4] Ads &

=20
T =
=
__ h ZO
=28 % A=

Smagorinsky scheme 5°)

da7t ek

AR 2

E AFE TS RAR L] Aoz FaE «d)| kA
FayA gl AR Aak7aE vl (GPRN: 11-1192136-
000551-01)” A4} & LFUS vhs]H, A5] Z]Hol 7+
A=t 18 =

References

An, H., Sim, K.S. and Shin, H.-R. (1994). On the warm eddies in
the southwestern part of the East Sea (the Japan Sea). J. Korean
Soc. Oceanogr., 29(2), 152-163.

Arakawa, A. and Lamb, V.R. (1977). Computational design of the
basic dynamical processes of the UCLA general circulation
model. Methods Comput. Phys., 17(1977), 174-267.

Baek, S.-H. and Kim, Y.-B. (2018). Influences of coastal upwelling
and time lag on primary production in offshore waters of
Ulleungdo-Dokdo during Spring 2016. Korean J. Environ.
Biol., 36(2), 156-164 (in Korean).

Chang, K.-I., Kim, Y.-B.,, Suk, M.-S. and Byun, S.-K. (2002).
Hydrography around Dokdo. Ocean Polar Res., 24, 369-389.

Chang, Y.S. (2015). Intercomparison of the global ocean reanalysis
data. J. Korean Soc. Oceanogr., 20, 102-118 (in Korean).

Cho, Y.-K. and Kim. K. (1996). Seasonal variation of the East
Korea Warm Current and its relation with the cold water. La
mer, 34, 172-182.

Choi, B.-J., Cho, S.H., Jung, H.S., Lee, S.-H., Byun, D.-S. and
Kwon, K. (2018). Interannual variation of surface circulation in
the Japan/East Sea due to external forcings and intrinsic vari-
ability. Ocean Sci. J., 53(1), 1-16.

Egbert, GD. and Erofeeva, S.Y. (2002). Efficient inverse modeling
of barotropic ocean tides. J. Atmos. Ocean Tech., 19, 183-204.

Fairall, C.W., Bradley, E.F., Rogers, D.P., Edson, J.B. and Young,
G.S. (1996). Bulk parameterization of air-sea fluxes in tropical
global atmosphere coupled-ocean atmosphere response experi-
ment. Journal of Geophysical Research, 101, 3747-3767.

Gordon, A.L., Giulivi, C.F.,, Lee, C.M., Furey, H.H., Bower, A. and
Talley, L. (2002). Japan/East Sea Intra-thermocline eddies. J.
Phys. Oceanogra., 32, 1960-1974.

Hyun, J.-H., Kim, D., Shin, C.-W., Noh, J.-H., Yang, E.-J., Mok,
J.-S., Kim, S.-H., Kim, H.-C. and Yoo, S. (2009). Enhanced

CAE BT

>,

AR - A

phytoplankton and bacterioplankton production coupled to
coastal upwelling and an anticyclonic eddy in the Ulleung basin,
East Sea. Aquat. Microb. Ecol., 54, 45-54.

Kang, H.-E. and Kang, Y.Q. (1990). Spatio-Temporal characteris-
tics of the Ulleung Warm Lens. Bull. Korean Fish. Soc., 23(5),
407-415.

Kawabe, M. (1982). Branching of the Tsushima Current in the
Japan Sea. Part [: Data analysis. J. Oceanogr. Soc. Japan, 38, 95-
107.

Kim, A.-R., Youn, S.-H., Chung, M.-H., Yoon, S.-C. and Moon,
C.-H. (2014). The influences of coastal upwelling on hytoplank-
ton community in the Southern part of East Sea, Korea. J.
Korean Soc. Oceanogr., 19, 287-301 (in Korean).

Kim, D., Shin, H.-R., Kim, C.-H. and Hirose, N. (2020). Charac-
teristics of the East Sea (Japan Sea) circulation depending on
surface heat flux and its effect on branching of the Tsushima
Warm Current. Cont. Shelf Res., 192, 104025.

Kim, J., Choi, B.-J., Lee, S.-H., Byun, D.-S. and Kang, B. (2019).
Migration of the Dokdo Cold Eddy in the East Sea. J. Korean
Soc. Oceanogr., 24(2), 351-373 (in Korean).

Kim, J.H., Eom, H.-M., Choi, J.-K., Lee, S.-M., Kim, Y.-H. and

P.-H. (2015). Impacts of OSTIA sea surface temperature
in regional ocean data assimilation system. J. Korean Soc.
Oceanogr., 20(1), 1-15 (in Korean).

Kim, Y.H., Choi, B.-J., Lee, J.-S., Byun, D.-S., Kang, K, Kim,
Y.-G. and Cho, Y.-K. (2013). Korean ocean forecasting system:
Present and Future. J. Korean Soc. Oceanogr., 18(2), 89-103 (in
Korean).

Large, W.G.,, McWilliams, J.C. and Doney S.C. (1994). Oceanic
vertical mixing: A review and a model with a nonlocal bound-

Chang,

ary layer parameterization. Reviews of Geophys., 32, 363-404.
Lee, D.-K. and Niiler, P. (2005). The energetic surface circulation
patterns of the Japan/East Sea. Deep-Sea Res. 11, 52, 1547-1563.
Lee, D.-K. and Niiler, P. (2010). Eddies in the southwestern East/
Japan Sea. Deep Sea Res. Part I, 57, 1233-1242.

Lee, J.-H., Kim, T.-H. and Moon, J.-H. (2016). Application of
ROMS-NPZD coupled model for seasonal variability of nutri-
ent and chlorophyll at surface layer in the Northwestern Pacific.
Ocean and Polar Res., 38(1), 1-19 (in Korean).

Mitchell, D.A., Watts, D.R., Wimbush, M., Teague, W.J., Tracey,
K.L., Book, J.W., Chang, K.-I., Suk, M.-S. and Yoon, J.-H.
(2005a). Upper circulation patterns in the Ulleung Basin. Deep
Sea Res. Part 11, 52, 1617-1638.

Mitchell, D.A., Teague, W.J., Wimbush, M., Watts, D.R. and
Sutyrin GG. (2005b). The Dok Cold Eddy. J. Phys. Oceanogr.,
35, 273-288.

Morimoto, A., Yanagi, T. and Kaneko, A. (2000). Eddy field in the
Japan Sea derived from satellite altimetric data. J. Oceanogr.,
56, 449-462.

Nof, D. (2001). China’s development could lead to bottom water
formation in the Japan/East Sea. Bull. Am. Meteorol. Soc.,
82(4), 609-618.

Seo, S.-N. (2008). Digital 30sec gridded bathymetric data of Korea



marginal seas-KorBathy30s. J. Korean Soc. Coastal and Ocean
Engin., 20(1), 110-120 (in Korean).

Shchepetkin, A.F. and McWilliams, J.C. (2005). The regional oce-
anic modeling system (ROMS): a split-explicit, free-surface,
topography-following-coordinate oceanic model. Ocean Model-
ling, 9(4), 347—404.

Shchepetkin, A.F. and McWilliams, J.C. (2009). Correction and
commentary for “Ocean forecasting in Terrain-Following coor-
dinates: Formulation and skill assessment of the regional ocean
modeling system” by Haidvogel et al., J. Comput. Phys., 227,
pp. 3595-3624. J. Comput. Phys., 228(24), 8985-9000.

Shin, H.-R., Shin, C.-W., Kim, C., Byun, C.-K. and Hwang, S.C.
(2005). Movement and structural variation of warm eddy WE92
for three years in the Western East/Japan Sea. Deep Sea Res. I,
52, 1742-1762.

Shin, H.-R., Kim, 1., Kim, D., Kim, C.-H., Kang, B. and Lee, E.
(2019). Physical characteristics and classification of the Ulleung
Warm Eddy in the East Sea (Japan Sea). J. Korean Soc. Ocean-
ogr., 24(2), 298-317 (in Korean).

Song, Y. and Haidvogel, D. (1994). A semi-implicit ocean circu-
lation model using a generalized topography-following coordi-
nate system. J. Comput. Phys., 115(1), 228-244.

Song, Y.T. and Wright, D.G. (1998). A general pressure gradient

L

L
ol

k=31 5.9 601

formulation for ocean models, Part II: Energy, momentum and
bottom torque consistency, Monthly Weather Review, 126(12),
3213-3230.

Stephens, M.A. (1979). Vector Correlation. Biometrika, 66(1), 41-
438.

Suda, K. and Hidaka, K. (1932). The results of simultaneous ocean-
ographical investigation in the Japan sea in summer, 1929. J.
Oceanogr., 3, 291-375.

Uda, M. (1934). The results of simultaneous oceanographical
investigations in the Japan Sea and its adjacent waters in May
and June, 1932. J. Imp. Fish. Exp. Stn., 5, 57-190.

Wyrtki, K., Magaard, L. and Hager, J. (1976). Eddy energy in the
oceans. Journal of Geophys. Res., 81, 2641-2646.

Yoon, J.-H. (1982). Numerical experiment on the circulation in the
Japan Sea, Part II: Influence of seasonal variations in atmo-
spheric conditions on the Tsushima Current. J. Oceanogr. Soc.
Japan, 38, 81-94.

Received 17 November, 2020
Revised 21 December, 2020
Accepted 24 December, 2020



