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Abstract — As for the prediction system for responding to HNS spill accidents in the ocean, rapid current predic-
tion using Database (DB) is mainly. The resolution of the harmonic constants DB largely depends on the grid reso-
lution of the numerical model used to construct the database. The model grid size in Large area (Northeast Asia) is
difficult to accurately reproduce the complex coastline of the Yellow Sea, when reproducing accidents near the
coast, the accuracy of the particle tracking model based on the existing DB is incorrect. The Yellow Sea was
divided into three regions, grids made by 0.5 km intervals, modeling was performed again, and the tidal currents
were verified by comparing them with the existing results. As a result of comparing the wide area grid (L1) and the
nesting grid (D1, D2, D3) by separating the eastern and northern current components, Yeongheungdo (D1, 20LTC04),
Pyeongtaek (D1, 19LTCO1), and Gaeyado (D2, 17GS03) were b values of each component were significantly
improved by 0.3 or more. In the D3 area, the predicted value of the eastern flow component was calculated to be
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excessively large compared to the observed value, but it was improved to predict similarly, was found that the
accuracy of the tidal harmonic constant near the coast increased after nesting.

Keywords: Tidal current prediction(Z=5 ©I| =), Harmonic constants database(Z=3}g<= d]©] €] ¥|©] ), Numerical
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SjeFollA] Ak Al gt {5 2 13 -7-3lE2 (Hazardous and
Noxious Substance; HNS)S] &> AlA| 7449 W} sheha 4]
o] wkete] we} F7VIiT). 2 S AHAlEL] Y vT
o] A& TRk FAIR, Aue 3t sl 5o Bol &
7¥ekaL Sl Zdgeln, o]el] mE a1 AR afF Akt gstar
k. G AA T B e T 1097H2011-2020) A8+
26371 LA oA, 554 kliyrZt F-EH AT 2021 doll= 247719]
¥ = AL F 312.8 k9 fr=o] A= A die] f
EHZ 59.4% Frasigl o, s frd o] oAt Akl A
M) 41% 57181890k (Korea Coast Guard[2022]). 3l 2% &
Aba A Al Bhistk 9jE7) odEE HNS fF AR A S
71gkell Wt HNSS| 2t W95 B} 2l&sta sk oSet
AR @]l AARE ARk WS HRle]] #EE At 2|4
A =3 E 31T} Doodson[192179114 #1213 1900 1€ 12 00
A& 7120 ste] HbE ARk SR A WS 7120
2 gk 2o E ks A gste] AARE 5 A ma"s 7
33k ¥l 91 Om™ (Jung[1999)), 729 Etl5S $I3t R 4
=5 Q8 AR Ay} Hxs 15 AHE Afsto] gzt
N =2 9] Z3}WH-§-(Harmonic response)s AlAFSH CHARRY
(Current by Harmonic Response to the Reference Yardstick) ¥ 2!
o] g3l 257 AS5S Ao Z F33t A7} QI t(Lee and
Kang[2015]). AAZF o5& flaliA= 712208 AP 25l
T ol Fe = s, dd AxE FRE] g3 NS HExE
TFARLL] Az FH o] W siPdE ApAsHAl 18 < 3l
ofo} s}, SEA|RE FA| R A L] AXE ApA|ekaL dAE] s A
% & gzl vhlEEE A oE AARE AL S-S $18t A
A SRS w2 Aeko] Qlth ROMS(Regional Ocean Modeling
System)°] 1} MOHID(MOdelo HIDrodindmico) 52} -2 331
T3 mde] Fe w2 xS Ho 7 sty Bd oS 3k AIRE
o] Abat]goll= AghabA] Jahe, Ak oS 2Rl Delfi3D,
EFDCS 9% Roof 1] B2 A7l A a3k (Son et al.[2017]).
Ao fatel] g FAZ 18| FHoF 2R A5 RE 33 17
A2 AAE 7o = Holg o] AE FEEIl o, Hitet A
QF A, 2k J 5 A A7) R} 2 RN 279 o
ST d@A8] "ol o]2f gk Al AkaL oS BRI ¢
AFEA R E ] Ik Q1 SjFAlaL AFAFE THAAZIEZ HNS A
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(National Research Foundation of Korea[2021]). ¥4} %7 DBZ]
TRl FEof 3 B 33| Ak oA FE I} Hol
AuE et WS Sl ARE AAI8] Ak, el 1
o|xe] oS mele] JETF At} gt

=]
It 234 Database 757 4 02 201835 7|50
SYUEE FHO R 3 FHoK25°N~55°N, 117°E~150°E) 35
(©F 5.4km) 7HA, WS QITE(31°N~43°N, 122°E~133°E) 13-(&F
1.8 km) {FH 2= Fig. 13} o] 257 o5& 333Gl
FARY AA A& 235 Nao.99Jb(National Astronomical
Observatory of Japan) U+ 1<+ 3|9 5 ZsPd 29l tolEl&
A1 TE Nao.99b & Nao.99Jb F €& TOPEX/POSEIDONS]
N5A HlolEE o] gate] A A 9 Uit A 2R{E oF szt
SRR o] vk 3P glolEHlo] AR ARPA(1/2%, S5)E
HolEE 2] 4= 9o, 167H4] EFM2, S2, K1, Ol, N2, P1,
K2, Q1, M1, J1, 001, 2N2, Mu2, Nu2, L2, T2)ll thalx Apga
4= QltHMatsumoto ef al.[2000]). =5+ 153 $18] MOHID 595
40047t 33319t MOHID 2@ Akl Hk=5/d1Alel) digt
g 2lS Alkei, 992 Boussinesq} Reynolds A4S 71
ahar, A FHEANA RO x, y, 2 W] S5 A5y

A, A WA e 27} o 23t ol Felgit

O = — Oy (uu) +0,(uv) +0,(uw) +fv— 'l)axp
+ax((vH+ V)axu) + ay((VH+ V)ayu) + az((vt + V)azu) (1)

O = —0,(vu)+8,(v) + 2.(uw) + fuu— 5,

+0.((vg+v)0,v) +0,((vy+ v)O,v) +0.((v,+v)d.v) 2
O,u+o,y+o,w =0 3)
o.ptgp =10 4)

AZIA, u, v, wiE 22t x, y, 2 FO RS £T WE| AR, f T
glee] Y, v, vic 798 A2 W] W 4 (turbulence
viscosity), viz At 5534 Al (molecular kinematic viscosity), p=
4, g5 TEVREE, pv BRI W BEE ke BES AL
siolom, 5 W BHols & 1-2-3%F 2u 2] AR,
QF2HEH | TVD(Total Variation Diminishing) *H-S 2831t
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Fig. 1. Wide-area tidal current prediction model boundary in Northeast Asia.
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Fig. 2. Comparison of tide amplitude change in Incheon Port
through friction coefficient adjustment.
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Table 1. Amplitudes and phase of Major tidal components and Observation-Model (Northeast Asia Area) for T1-T10 Stations

Tidal components Tidal components
St. amplitude (cm) phase (°, g) St. amplitude (cm) phase (°, g)
mame T oBS MOD OBS MOD name T0BS MOD OBS MOD
M2 286.2 288.6 137.2 162.1 M2 6.1 4.7 88.8 72.2
1 S2 112.7 101.9 195.9 217.7 Té S2 2 1.4 116.4 121.2
K1 39.4 352 304.1 314.1 K1 4.6 4.9 1.4 346.0
o1 25.2 26.1 265.3 280.3 o1 4.4 5.0 319.5 314.6
M2 220.1 227.4 89.8 91.6 M2 69.7 76.6 3113 310.6
- S2 81.6 82.4 143.1 139.0 ™ S2 29.5 29.8 341.0 337.3
K1 34.4 31.7 280.7 278.4 K1 23 22.7 219.0 216.5
01 26.2 23.7 246.8 246.8 (0]} 16.8 16.9 188.1 190.1
M2 101.2 108.5 259.2 261.5 M2 75.7 83.3 281.8 278.9
S2 47.4 48.2 297.2 292.7 S2 33.7 349 310.8 308.4
B K1 20.2 18.5 198.3 182.0 18 K1 24.5 24.4 209.6 205.3
01 12.2 13.0 150.3 153.6 (0]} 17.7 18.5 176.0 178.6
M2 54.4 60.7 243.8 244.9 M2 79.9 80.8 8.7 357.0
Ta S2 25.7 27.9 280.2 276.1 To S2 27.3 28.3 45.5 29.1
K1 7.8 7.4 162.5 160.3 K1 19.7 20.4 238.8 231.5
0Ol 43 42 129.8 127.7 o1 15.6 15.2 207.5 205.4
M2 3.1 1.7 122.7 108.9 M2 4.5 4.7 57.8 53.1
s S2 0.7 0.9 178.5 208.9 T10 S2 1.5 1.2 78.6 89.4
K1 4.2 4.3 9.2 349.7 K1 4.8 5.1 349.4 339.5
o1 43 4.6 321.8 317.8 o1 4.7 52 310.9 309.3

Table 2. Amplitudes and phase of Major tidal current components and Observation-Model (Northeast Asia Area) for C1-C5 Stations

Tidal components Tidal components
St. amplitude (cm/s) phase (°, g) St. amplitude (cm/s) phase (°, g)
name name
OBS MOD OBS MOD OBS MOD OBS MOD
M2 27.5 21.5 352.6 3523 M2 76.2 72.0 155.9 154.2
cl S2 7.5 7.6 43.0 19.1 c1 S2 23.2 24.4 210.0 176.0
U K1 3.0 1.1 152.2 95.0 v K1 5.7 8.5 290.0 2443
01 2.1 1.1 106.1 87.1 01 5.7 5.7 240.7 244.8
M2 82.4 78.4 43.7 61.2 M2 56.0 61.2 77.1 79.3
S2 26.4 30.1 98.9 88.1 S2 21.8 23.3 132.0 103.3
C2, u C2, v
K1 5.7 6.4 205.0 211.8 K1 5.2 6.2 241.3 214.9
01 2.7 4.5 165.6 202.4 01 4.4 44 192.8 209.5
M2 30.3 32.8 40.2 22.3 M2 46.1 43.7 55.1 53.6
S2 13.9 12.4 66.0 459 S2 23.3 16.8 76.2 71.4
C3,u C3,v
K1 5.9 3.8 240.0 207.6 K1 10.1 9.3 233.1 223.6
0Ol 2.0 2.8 196.3 202.6 Ol 5.2 6.6 189.4 217.8
M2 39.1 45.8 146.3 136.9 M2 63.5 79.8 354.6 346.4
S2 21.3 18.4 193.1 151.1 S2 29.0 30.5 54.2 1.7
C4,u C4,v
K1 13.6 10.0 341.8 352.4 K1 29.4 18.6 234.8 205.0
o1 7.9 8.1 308.8 348.5 Ol 19.4 14.6 189.9 201.4
M2 36.7 342 69.6 41.1 M2 9.3 42 185.8 158.1
S2 14.6 13.7 123.7 52.9 S2 4.9 2.3 222.3 168.5
C5,u Cs,v
K1 13.7 7.9 314.7 255.3 K1 2.5 1.2 257.9 226.9
o1 12.3 6.2 278.8 251.8 Ol 1.2 1.1 218.3 226.7
o A #A 9 AaE YellthFig. 2). z9)

A2 sl il 718 a2, S2, K1, O1)
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Fig. 4. The location of the observed tidal current data used to compare the model results.

Table 3. Sampling location and observed duration used for harmonic analysis. The Large components are indicated except for the four major substances

(M2, S2,K1, O1) in South Korea

Area Sample name (KHOA)  Longitude (°)  Latitude (°) Observed duration (year.month.day.) Specific Harmonic Constituents
20LTC04 126.4067 37.2797 2020.04.09.-10.09. N2, K2, L2
L1 20LTC11 125.6000 37.2844 2020.04.08.-10.12. N2, MU2, L2, K2
21IMTC_TA02 124.9275 36.7417 2021.10.01.-10.31. N2, J1,NOl1
21IMTC _MPO1 124.5000 34.7167 2021.08.01.-08.31. N2, 001, J1, Q1
20LTCO07 126.2469 37.2936 2020.04.09.-10.09. N2, K2, L2, MU2
18LTCO1 126.4056 37.0742 2018.03.28.-10.05. N2, L2, MU2, K2
bl 141C01 126.3241 37.4253 2014.08.28.-09.26. N2, 001
19LTCO1 126.6600 37.0739 2019.03.19.-09.18. N2, L2, K2
Daecheon 126.4578 36.2741 2021.01.01.-12.31. N2, K2
19LTC02 126.2092 36.2442 2019.03.20.-09.19. N2,K2,P1, L2
D2 17MTCO02 126.3286 36.1428 2017.09.23.-10.22. N2, NO1, Q1
17GS03 126.5303 36.0108 2017.08.28.-09.29. N2, MU2, L2
20LTC13 126.3508 35.8303 2020.04.17.-10.17. N2,K2, P1,L2
D3 20LTC09 126.1667 35.3500 2020.04.09.-10.09. N2, L2, MU2, QI
Sangwangdungdo 126.1943 35.6525 2020.01.01.-12.31. N2, K2, P1, MU2
17GS05 126.4650 35.9386 2017.08.28.-09.29. N2, 001, MU2
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Fig. 5. Results of linear regression analysis according to tidal current verification with observation values for the L1 modeling areas.
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Fig. 6. Results of linear regression analysis according to tidal current verification with observation values for the D1, D2, and D3 modeling
areas.
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Fig. 7. Comparison of tidal current verification results in the existing L1 grid and the D1, D2, and D3 grids.

Table 4. Comparison of correlation coefficients (R) and slope (b) values using harmonic constituents-based modeling predictions (2021°s) of

Wide (L1)-Nesting (D1, D2, D3) grids at KHOA observed locations

141C01 20LTC07 20LTC04 ISLTCO1 TOLTCO1
Data L1 DI L1 DI L1 DI L1 DI L1 DI
b u 0338 0.567 1.589 1.134 2.443 1117 1.021 0.987 1822 0.770
v 0.475 0.950 0.718 0.820 0.528 1.021 1.047 1.064 1262 0.900
R u 0.993 0.828 0.957 0.982 0.924 0.986 0.698 0.856 0.745 0.953
v 0.975 0.981 0.922 0.919 0.991 0.985 0.703 0.849 0.809 0.969
ot Daecheon 19LTC02 17MTC02 17GS03
Ll D2 Ll D2 L D2 Ll D2
b u 0.823 0.698 0.648 0.987 0.933 1.103 1305 0.964
v 0.648 0.889 1.260 1.057 0.762 0.847 1.467 0.735
R u 0.798 0.770 0.979 0.974 0.887 0.984 0.965 0.972
v 0.617 0.718 0.940 0.943 0.909 0.949 0.921 0.991
Data 17GS05 20LTC13 Sangwangdungdo 20LTC09
L1 D3 L1 D3 L1 D3 Ll D3
b u 0.940 1.012 0305 0.759 0.720 1.004 0.052 0.796
v 0.250 0.996 1.513 1.259 1.182 0.987 0352 0.840
R u 0.987 0.984 0.879 0.898 0.947 0.986 0.244 0.972
v 0.929 0.920 0.977 0.958 0.803 0.770 0.900 0.976
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