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A Study on The Effects of Long-Term Tidal Constituents on Surge Forecasting
Along The Coasts of Korean Peninsula
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Abstract : In this study we investigated the characteristics of long-term tidal constituents based on 30 tidal
gauge data along the coasts of Korea and its the effects on total water level (TWL) forecasts. The results show
that the solar annual (S,) and semiannual (S,,) tides were dominant among long-term tidal constituents, and
they are relatively large in western coast of Korea peninsula. To investigate the effect of long-term tidal constit-
uents on TWL forecasts, we produced predicted tides in 2021 with and without long-term tidal constituents.
The TWL forecasts with and without long-term tidal constituents are then calculated by adding surge forecasts
into predicted tides. Comparing with the TWL without long-term tidal constituents, the results with long-term
tidal constituents reveals small bias in summer and relatively large negative bias in winter. It is concluded that
the large error found in winter generally caused by double-counting of meteorological factors in predicted tides
and surge forecasts. The predicted surge for 2021 based on the harmonic analysis shows seasonality, and it
reduces the large negative bias shown in winter when it subtracted from the TWL forecasts with long-term tidal
constituents.

Keywords : double-counting, long-term tidal constituents, predicted tide, surge height, total water level forecasts
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o] zpo] & Y Al (surge height)s AAFSIAL, 015 At 24
540 AR E FehEslste] 718t o 5329 (predicted
tide)o} B3l & %] ASHRE BT} ofuf o SF22]=
A BElo] oS54 yEot Yot okl 7Pg sttt wet
A, 54 o] F 59 oS S ol gl QL] o
Sx9E oldllehs A s eaet & ¢ qlrh
g el ot HEETk ol u)7|¢t, vk, v
F3] &I (steric effect) 5 7173 ATPHAQ1 Gkl <]
3

7] whiel] Qe o] e HAR vl a1, 71da gl
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ot 9j&| A7l T3], ]2} #rds}e] Jeong et al.(2005)
& A Al Fag IRl 2] WY FERAES] AF
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TE(SWE F7FloF o5 FAsalth. gt AAIZSE At
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o] AA=ATHKang et al., 2014; Ko et al., 2016). $-4
Kang et al.(2008)> ST 9] S, E320] PRI,
A 2h) WE7d2 th719b vl gl &gk Jake] A1,
A e I i i o S ) 1= ST e S
S8 S, X FL 4 BEM,, S,, K, 0y)°ll 13 3l
T AEel vA= G Ao 1d o] AlsE =
shEal e Aol 1 F3FS AR o ® A7 veRd = ik
(NOAA, 2007). Z2&]u} afjwiet Z=3Pd gto] th= A veht
7] witel] 574 A 2YARE 5295 YT A,
o F/do] "o 4= Qlrt. o]of #3| Byun et al.(2021) <]
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Fig. 1. Location map of 30 tidal observation stations in this study,
along the coasts of Korea.
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al. (2019)91 AAZ Fxste], 197 AR E oS
rrH Task2K Z2 732 53712 QA7 o= UTideZ
o] g3tk

50N

225 29| o5 .

218004 -5k ZH2te] S5 290e] FARES Sl ALt
shalda ASAAE dall A7) 2T G of el w 35N
S F 79 A5 545 BAslH dlda S54dd=
NEMO(Nucleus for European Modelling of the Ocean; 30N
Madec, 2016) &% 7]9ko] %o} JfiL HFAd oS5
(Regional Tide-Storm surge Model; RTSM)= ©]-8-3}o] Al 25N
A3+ th(La et al., 2020). RTSM2 221 =otR a2 skt
= TR ellefRl e, e, well B sl of Al o 201\111515 120E  125E  130E 135 140E  145E  150E
2 38 92 (115°E~150°E, 20°N~52°N) .2 A & r| | .
ok 8kmo FTHIVIEE Z=t}. 4 AE+= National 0 1000 2000 3000 4000 5000
Aeronautics and Space Administration(NASA)2] 30+ 7+A Fig. 2. Model domain and topography (m).
3745 AF3=Q1 Shuttle Radar Topography Mission(SRTM;
Becker et al., 2006)< ©]-€-3F31 Th(Fig. 2). T 22 e] 7 = 2180 At 2] 532909 sl & & Al
A 2718 2 eAFH S 1w (Oregon State University)oll A ARSI TH(Table 2). & AT-ollX= B 193] Z4A =
A &3kl 2= global tide model$! TPXO 7.29] 147] % S ulgo R A7) 2RSS ek 2 A Esd
M,, S;, Ny, Ky, Ky, Oy, P, Q, M, M,, My, MS,, T, A5Z9, F e EF NLT AP o=z A osta, uf
MN)E AHEsIlaL, ti7] 1 AR 71735 AA T 4 FHE 147 2AmE v R ] RS
o HA|A~El(Global Data Assimilation Prediction System; sl Ayl= LT01 ¥ o2 AJ3lar, sz RS
GDAPS)?] A7} 212 10 m vhebdat B4t siw7 ]k A= v O R 7] 2AAES 23S o= LT02 Ao
= 28319 tH(Table 1). EE b=

RTSM< 4] - 2319 X 9(Tide-Storm surge model)}
ZA 2 E(Tide mode)Z T3] =H], 2478 oSnd= 3.4 1}
2021 717kl tial] 12413 3FA 0= o 23] 120A1%F o=
< TR AL ASA = 2 -HFEY ‘j‘“jﬂr == 31 oigE 7| =MYES 54
A1 BEo) xpo| = AT, oS 2719 1243 AIS5AEE ARE 3070 Z 954 Aol A B53 1d(2020) % 5
FE8to] 4ol ARl o &l A Aatd sdar 04]~7é 9(2016~2020) 713+8] 292 E S Z3HEslslo] $-2luet

Table 1. Specifications of Regional Tide-Storm surge Model (RTSM)

Name RTSM
Model NEMO v3.6
Domain 115°E~150°E, 20°N~52°N
Horizontal Resolution 1/12° (421 x 385)
Bathymetry SRTM
Initial data —12 hr forecast
Boundary data TPXO 7.2 (M,, S,, No, K, Oy, Py, Q;, My, M, M,,, MN,, MS,)
Input data GDAPS (10 m wind, MSLP)

Prediction and Start

. 120 hr (00, 12 UTC)
time

Table 2. Experiments and their conditions

Experiments Harmonic analysis Data period Tidal constituents
NLT 57 (without S,, Sg» My, My, My)
LTO1 Task2K 2020 62 (with S, S My, My, M)

LT02 UTide 2016~2020 68 (with S,, Sy, M,,, My, M))
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Fig. 3. Amplitude ratio of M, and S, at 30 tidal stations. Left panel shows result calculated from LTO1, and right panel is from LT02. Here,
orange circles indicate amplitude ratio greater than 1, green circles indicate values between 0.1 and 1, and blue circles indicate values

between 0.01 and 0.1.
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Fig. 4. Time series of predicted tide anomaly in 2021, based on the long-term tidal constituents at 30 tidal stations. Left panel shows result
from LTO01, and right panel does LT02.

Table 3. Tidal harmonic constants of S, and S, derived from LT01 and LTO02 predicted tide, at 30 tidal stations along the coasts of Korea. H
indicates an amplitude, and G indicates a phase lag. Note that stations are denoted in Fig. 1

LTo1 LT02
St. S, S., S, S,

H (cm) G () H (cm) G H (cm) G () H (cm) G(©)
SOKC 13.6 143.5 3.6 276.5 11.9 2153 24 276.0
MUKH 12.4 143.7 3.9 281.8 11.0 218.6 24 278.5
ULEU 1.8 190.1 0.8 119.6 10.5 240.6 1.7 176.0
HUPO 113 140.7 3.1 288.0 10.4 219.9 22 288.8
POHA 12.2 141.2 3.6 301.4 11.9 218.0 34 308.9
ULSN 10.3 140.6 2.5 288.8 10.8 223.0 23 316.0
BUSN 9.9 141.8 2.3 281.4 10.6 221.2 1.7 320.7
MASN 13.4 138.9 3.6 295.4 13.4 219.2 2.0 3322
TONY 13.1 145.7 24 308.1 13.5 2229 1.5 341.6
YOSU 14.9 145.6 2.9 303.7 15.4 2222 1.8 355.1
GOHG 154 145.9 1.9 310.1 17.7 221.9 2.1 2.7
KOMU 14.0 149.5 1.8 315.2 14.6 2254 2.2 3479
SEOS 17.7 151.9 2.9 340.4 16.6 2244 2.1 3453
SOGW 16.3 157.6 2.1 334.5 16.2 227.8 2.2 3453
MOSL 16.3 150.4 3.6 341.0 16.2 225.5 24 345.5
JEJU 17.7 150.4 2.7 336.5 17.5 2232 2.1 3453
CHUJ 15.6 148.4 2.0 302.2 15.6 222.8 1.8 3273
WAND 14.1 142.5 22 302.4 15.7 220.2 24 3552
JIND 15.1 142.5 2.0 297.0 16.1 219.5 1.8 351.5
DAEH 13.9 138.4 1.9 279.7 14.6 216.3 1.6 3249
MOKP 17.6 139.5 3.6 297.0 16.7 212.7 2.6 331.9
YONG 17.2 137.8 3.1 293.1 16.7 2153 1.8 315.2
WIDO 18.8 135.9 14 3249 17.8 213.1 1.5 345.1
KSOT 18.6 135.9 39 295.3 18.0 2133 23 302.2
JANH 22.7 135.1 7.5 285.8 19.0 211.3 2.6 309.8
BORG 17.9 136.1 3.0 287.4 17.8 212.0 1.6 325.0
ANHG 18.5 129.3 3.2 287.5 17.7 210.8 1.8 3154
DAES 17.5 136.8 2.4 304.5 16.6 211.0 1.2 331.6
PYOT 18.2 141.5 2.5 314.5 17.5 214.0 1.7 336.1
INCH 19.5 135.5 34 311.2 18.7 210.4 2.1 331.3
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Table 4. Bias and Root Mean Square Error (RMSE) of total water level (TWL) from experiments of NLT, LT01 and LT02. Errors are in win-
ter and summer for 2021. Unit is cm

NLT LTO1 LT02
bias RMSE bias RMSE bias RMSE
East Coast -2.6 4.3 =7.7 8.4 -10.3 10.8
" South Coast -0.2 6.2 -10.8 12.1 -13.8 14.9
Winter
West Coast -2.0 11.1 -13.9 174 -15.7 18.7
Total -1.6 7.2 -10.8 12.6 -13.3 14.8
East Coast -11.9 12.8 1.0 8.8 -0.5 6.6
Summer South Coast -14.1 15.5 1.3 6.7 -0.8 6.5
West Coast -15.3 18.8 5.7 12.2 2.3 10.8
Total -13.8 15.7 2.7 9.2 0.3 8.0
Area of 15mj's winds or more | %4
F 25m{s winds or more § 00 UTC, 24 Aug. LO\"v""» N
robability ? (60 km NW from Ulleungdo) ‘?
k of Typhoon fl &
ack of TD g /.I/l l':
e Forecast of Typhoon P /[ I|
= &, {
_“‘}) })r - J
™ 7
af ‘. ( )
/—-”‘ —18UTC, 23 Aug. TS 1+ ¥
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o Wf /
Y w7 o~
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Fig. 5. Track of Typhoon OMAIS in August 2021.

EHE Foed ZEARTSM)] sl A 5dztet Hate]  AAto] uefd T 9ol 22 2AkE B3Ik RMSE
& 9] ASARTWLE ARSI -4 A A<l 543 g A= NLT @27} Bt 7.2 em® 7P 234%

& ot y] S8 AA(, 2, 129)7 15H(7, 8,99l ub, o]FAel= LT017F LT029] RMSEZ} & o2 242
tiste] I=529lel tigh AE F 7919] Bt HEF(bias) 2 e Bk s ERE 7] AR REY of -2l B
B AT T2 ZH(Root Mean Square Error; RMSE)E 3l 9o] BE A-oA At bias®t RMSEZ} FA) Ve
2 F-3fo] A H QI TH(Table 4). 4], o]i= 2A9] F17)o) nlast Avlw skE A5 2

AAF o7 7] AL Wb of ol what & 9] AJE-0] W] of o] W F =90 Al e} EXo|
oS eat= AdERE g xlolg Beloh ASHel A5 M= 4ol A EolsluA) gk
7] 22980 nEE A k& NLT A3 2 & 9] bias: Bl 22 A7V ATl F 9] AS5A T ol gA
~1.6 em® LFEFSEIL, LTO13 LT022] bias™ H+F —12.1 cm YER =R Lol Ak 2021 $-2 vt A5 e
HAEE Holm A or 52 Agko] sl vebsktt. vE ‘Qulo] X~ (OMAISY 9] AtelE A3t Z47ke] F 91 Al
Hell o 5H2 NLT & 79lolA —13.8 em® 73¢t 32| bias A& #5228 I vluEkglh HE erto] e 8¢ 20
& WERNAL, LT02°] bias7} 0.3 emE Hol= & 3571 = A A 27]uhs} wWehs S oF 850 km it sl el T
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Fig. 6. Time series of the observations and total water levels from three experiments (NLT, LT01, LT02) at (a) ULSN, (b) POHA, (c) MUKH,
and (d) SOKC tidal stations during Typhoon OMALIS. Black dotted lines indicate the period of typhoon.
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Table 5. Amplitude of surge height harmonics at 30 tidal stations along the coasts of Korea in 2021. Unit is cm
St. Tidal harmonic constants (Amplitude)
SOKC S.(10.0) S.(1.7) M,,(0.9) M;,,(0.8) M(0.4) M(0.2) M,(0.2) S,(0.1)
MUKH S.(9.9) Sa(1.7) M,,(0.9) M,,(0.7) M(0.4) M,(0.2) M,(0.2) S,(0.1)
ULEU S.(9.5) Su(1.6) M,,(1.0) M;,,(0.7) M0.5) M(0.3) $,(0.2) M,(0.2)
HUPO S.(9.9) Sa(1.7) M,,(0.8) M;,(0.7) M(0.4) M(0.3) M,(0.2) $,(0.2)
POHA S.(9.9) S.(1.8) M,,(0.7) M, (0.7) S,(0.4) MK0.4) M(0.3) K,(0.3)
ULSN S.(9.9) S(1.7) M, (0.7) M,,(0.6) S,(0.4) S,(0.4) M(0.3) M0.3)
BUSN S.(10.2) Su(1.5) M;,,(0.8) S,(0.8) S,(0.6) SK;(0.6) M,,(0.4) K,(0.3)
MASN S,(11.0) S.(1.5) S,(1.0) S,(1.0) SK5(1.0) M;,(0.9) M,(0.5) 2MS4(0.4)
TONY S.(10.7) Su(1.5) S,(1.2) S,(1.0) SK;5(0.9) M;,,(0.9) M,(0.5) T,(0.4)
YOSU Sa(11.4) Su(1.6) S,(1.5) SK;(1.0) M;(1.0) S,(0.8) M,(0.7) 2MS4(0.5)
GOHG Sa(11.7) Su(1.7) S,(1.5) M, (1.0) S,(0.9) SK;(0.8) M,(0.6) H,(0.5)
KOMU S.(10.7) Su(1.5) S,(1.4) M, (1.0) S,(0.7) M,(0.6) SK;(0.6) R,(0.3)
SEOS S.(10.5) Sa(1.4) S,(1.0) M;,,(1.0) M,(0.6) S,(0.5) SK;(0.4) M(0.4)
SOGW S.(10.0) Sa(1.3) S5(1.2) M (1.0) $,(0.5) M,(0.5) M(0.4) M,(0.3)
MOSL S.(10.5) Su(1.4) S,(1.2) M, (1.0) S,(0.5) M,(0.5) M(0.4) M,(0.4)
JEJU S.(10.7) Su(1.4) S,(1.1) M, (1.0) M,(0.7) S,(0.5) M(0.4) SK;5(0.4)
CHUJ Sa(11.3) S.(1.6) S,(1.4) M;,,(1.0) $,(0.7) M,(0.7) MK0.3) SK;5(0.3)
WAND S,(11.7) Sy(1.7) Sa(1.7) M;,,(1.0) $,(0.7) SK;(0.6) M,(0.6) M(0.4)
JIND Sa(11.9) S,(1.6) S.(1.6) M;,,(1.0) S,(0.9) M,(0.6) M0.3) H,(0.3)
DAEH S.(12.2) S(1.7) S,(1.6) S\(1.1) M;(1.0) M,(0.7) M(0.4) M,(0.4)
MOKP Sa(12.3) S,(2.0) S.(1.6) H,(1.4) Hy(1.3) S,(1.1) M, (1.0) M,(0.7)
YONG S,(12.1) S,(3.4) S.(1.4) M, (1.1) S,(1.0) M,(1.0) H,(0.6) H»(0.5)
WIDO S.(12.6) S»(3.2) S.(1.5) Si(1.3) M, (1.1) M,(1.0) H,(0.5) H,(0.4)
KSOT Sa(13.0) S,(3.7) S.(1.4) Si(1.3) M,,,(1.2) M,y(1.1) H,(0.8) MS,(0.7)
JANH S.(13.0) S,(3.9) Sa(1.4) M,n(1.2) M,(1.1) S,(1.1) H,(0.9) MS,(0.8)
BORG S.(13.6) S,(3.6) Sa(1.5) S,(1.3) M,n(1.2) M,(1.1) H,(0.8) H,(0.7)
ANHG Sa(13.6) S,(3.3) S.(1.5) S,(1.4) M,(1.2) M, (1.2) H,(0.6) M(0.5)
DAES S,(13.7) S,(4.1) M,y(1.7) S.(1.3) Si(1.2) M,,(1.2) H,(1.0) H,(0.9)
PYOT S,(12.9) S,(5.4) M,(2.4) H,(2.2) Hy(2.2) S.(1.1) M,,(1.1) MS,(1.0)
INCH S,(14.0) S,(5.0) M,(2.1) H,(1.7) H,(1.6) S.(1.3) M;,(1.2) $,(0.8)
gom, 1 2LAFAM = 14.0 emE AA 2954 5004 ®el |1 F3pal AyE o]g3ske] 202199 %
T 7P T A5E Bl FeltkE s, R U s, ARSI AR H)S ARSIk Fig. 7). ANbA o
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Fig. 7. Prediction from surge height harmonics (H,,) at 30 tidal sta-

tions along the coasts of Korea in 2021.
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