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ABSTRACT

@O T2 Aol A &l At FxE A, sIYIE 74, AeiH dH 52 flste] o 9] 7| HE(tidal datums)
o] AHg-H Tt f-eutef =8t Fofe} ofgh-gat Hopo| A= A4S S0k 717 - H(datum level). 0.2 SFF| 2 A X Q)(ALLW)
£ A8, Sl QFA 2] o] (vertical clearances) 7] 0 &= OF | QI(AHHW)E AHESIAL QIT}. Z12fu 2o 1]
=, O, Y& 2ot FA| A 0 2= F| A HEZL(LAT)L} 1L HEZXAHATE 712 o= HpA ol o] 7|EH e
2 A}8ot St o] Aol e Aslietat Ealet o7l 2§ TEAoA] 191(1999-2017) B3t IAZF A S 2 =3 ol =
o] Zt=E 19 HE P B4, 199 A& B4, 1 A& B4 o2 74 |2 7HA 0 2 19Xt o &3t 2912 R E LATS}
HATE 7RI o] A7l A= 199 A& PSR o] 24 el aller 199 A4 24 o Sofl BT 2 get UTide Z2 1305
AHESIATE ZF 2 9] TWE Ao A <199 HE B B4 T} <19 Ag BAP v o 2 ZF7 A4S LAT T HAT a9 &fel= o
&+l em A|FEO R & 2po| 5 Ho|z] ¢ighom, o] = HIW2 X2 7 9] UX|ol= AIHE AASHA T BEHe| ZF 2 9] 540l A
1987 A4 SN AEE AR 1942 o] ZH2H 1 84 24 23E6e & ZH2 197 298 A5 1d A& 24
-2 A= 37 o2 197]2] LATSFHAT dle= AFE5H e ™, 1 19759 BEHA = 3~7 emo| QITh. ‘1'd A5 247 o
2 et olE A2 199 A% A W o 2 AFE 7kt vl wohH A SiQtat HeQto Al LAT= -16.4~10.7 cm 2] ZFo] & HGC
H, HATE -8.2~14.3 cm@] 2}o|E H it AL LATS HATE ALLWSF AHHWS} Aoz o 2 v WS ujj, A5t} Jafiet
oA LAT= ALLWETF 732 0 2 462 cm T 0™, HAT= AHHWE T B4 0 2 33.6 cm T =ttt o] &3t 2polof 713
IA 7)of5t= B32= ALLW2F AHHW Alsto] 1e] =] 2] oF-2 X1&o] H|w A & S,2FN, =50 itk T3t Hal| X7 etA HeE
Lt UFEO A= My2F MS, 227t 71 0 & 11 Zjolof| A ds] 7]ofskitt. LAT2FALLW 7t 2Fo| @ HATSF AHHW ZF 2fo] 7 2
A] 92 o= ALLWSF AHHWS AT o= 8 4] ZF20] 71 E0h5 ARSSPAIRE LATSEHATS ARTE tl= AP 4 o2 67
7N 220 2 FHgt ofy e} 2| Z e A5t wfEoltt.

Tidal datums are key and basic information used in fields of navigation, coastal structures’ design, maritime boundary delimitation and
inundation warning. In Korea, the Approximate Lowest Low Water (ALLW) and the Approximate Highest High Water (AHHW) have
been used as levels of tidal datums for depth, coastline and vertical clearances in hydrography and coastal engineering fields. However,
recently the major maritime countries including USA, Australia and UK have adopted the Lowest Astronomical Tide (LAT) and the
Highest Astronomical Tide (HAT) as the tidal datums. In this study, 1-hr interval 19-year sea level records (1999-2017) observed at 9
tidal observation stations along the west and south coasts of Korea were used to calculate LAT and HAT for each station using
1-minute interval 19-year tidal prediction data yielded through three tidal harmonic methods: 19 year vector average of tidal harmonic
constants (Vector Average Method, VA), tidal harmonic analysis on 19 years of continuous data (19-year Method, 19Y) and tidal
harmonic analysis on one year of data (1-year Method, 1Y). The calculated LAT and HAT values were quantitatively compared with
the ALLW and AHHW values, respectively. The main causes of the difference between them were explored. In this study, we used the
UTide, which is capable of conducting 19-year record tidal harmonic analysis and 19 year tidal prediction. Application of the three
harmonic methods showed that there were relatively small differences (mostly less than =1 cm) of the values of LAT and HAT
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calculated from the VA and 19Y methods, revealing that each method can be mutually and effectively used. In contrast, the standard
deviations between LATs and HATs calculated from the 1Y and 19Y methods were 3~7 cm. The LAT (HAT) differences between the
1Y and 19Y methods range from —16.4 to 10.7 cm (-8.2 to 14.3 cm), which are relatively large compared to the LAT and HAT
differences between the VA and 19Y methods. The LAT (HAT) values are, on average, 33.6 (46.2) cm lower (higher) than those of
ALLW (AHHW) along the west and south coast of Korea. It was found that the S, and N, tides significantly contribute to these
differences. In the shallow water constituents dominated area, the M, and MS; tides also remarkably contribute to them. Differences
between the LAT and the ALLW are larger than those between the HAT and the AHHW. The asymmetry occurs because the LAT and
HAT are calculated from the amplitudes and phase-lags of 67 harmonic constituents whereas the ALLW and AHHW are based only on
the amplitudes of the 4 major harmonic constituents.

Keywords: Sea level change, Tidal observation station, High tide, Low tide, Datum level

Aol 53t AMs| HellA 291 71EHE2 ol SF(a4), ZHE Ak@eh A4 - vl FAL e A 217, of

ARl Tk F-Q3F 71 AHo ) oot Wt =A== 7|4 (International Hydrographic Organization,
HO)+= o= 9] 7|EA(7 |2 <) 0 & 2|2 HEEPl(Lowest Astronomical Tide, LAT)E, Qe SF-2 fl6te] S8 5=
Fok= Adte] ol Algls] 919t QP42 5=0](vertical clearances) 2] 7|5H 02 |31 ZEZ9|(Highest Astronomical
Tide, HAT) F= 0l -G ARGH =010 7]%m AFE-S A JSIAHIHO, 2018). FA v, 9=, 35, A, T 5 o
UzlolA £2950]] LATF HATE 29| 7|EHo R Aelsio] 83kl glck E3t 2A147]7149193] (International
Electrotechnical Commission)ol|4% A9Hg-2] W] (offshore wind turbine system) AAAl0] 7|24 o2 T Q9 =9
(water level) 2] 7|5 H O 2 LAT2HAT ARE-2 Alotskal QItkKo et al., 2018).

s SEuete] At 429Re delal e IeaofrAYo s @A ekt 24 X H(Indian Spring
Low Water)’ 0|2} F-E2+= <2FZ| 22| 2 |(Approximate Lowest Low Water, ALLW)' & ollie@} 24 HE O] 9] 7|5FHO R
AHgS] @1 Qo SobAt oA sz0] 0] 7|EH O 2 <QFF| 1111 X Q](Approximate Highest High Water, AHHW) &
ARl @31 Qlet o] e 22 1 SO Hatoll e 7o ® 8 A 4 X IEE0 A vl AY &9

Holt}. £5], AHHW= 4] = Z3ol| Yol 23t afigh sir3]-2] 919-& Ll sl AR AlSAIAH 0] 913 H=9

HAE Aol 7= JH =S85l gk

712 <=5 (datums and benchmarks) AFE2 H1610] IHO 9] 2l H=152 “LATFHAT= #|4 1'd 59t 55 o
T ARRHE] AREE 24 ZVGE ARESIo] A 19 B1t SRt 29] ghe 2 RE] Aojof gt} il A ofshlnt
(IHO, 2018). ©] A&jell= LAT2IHATE AFEsh= iR oll vhfl 2| 47he] 1782 ©al Itk A a71R] ol 29 T4
52 o83 LATSHAT A& Tl d4159] *ﬁé‘QO*Z]‘ﬂ(Kim et al., 2008; Jeong et al., 2016; Ko et al., 2018),

AbZ B ol TR A A1 o] §lglom, Blgo] of2] AR WHEEC] ATkE A& Bl et Ak glgit) ofFdo] o] A
£ 4517 5710t Jeong et al.(2016)7F Ko et al. (2018){— A0 B S AlQlRt o sfiell 24 7} 5ff 118 =2t
FRRHEE A 2R - ASTHEE Sl Lol 1'd 242 dl551e] 7} st LATRFHATEAFERE & o5 291 71

rg
N
E m

5124 95% *JEHLZ} Z25}71 0] A7} 77H] aklower limit)y S LATE, Arghupper limit) HATE k=
A ‘Wiﬂb} of5 AT T35t 7 sllo]l thEt LATSFHAT 4 o] et 1A 49) Are glow, E5] o] e
= ﬂ@ M(nodal factor) Zto] 2 afofl ko] AZo] uhsto] 71 o] AmE BAlo] AL 4 ¢l
e LATSZ} HAT 442 Zo] Thf]- 27} 2 4= 9lek.
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[HO S|=E0] LATQFHATE %9 7|5 0 2 ARg5H= Zlof tfsle] 1997ofl= < E1” ~F(Jeong et al., 2016) 22 2
o513 o1t 2018\ dol= “ARE(IHO, 2018) 0.2 AOJgHJtolrt. o] dh= A = Hsldx Fr ofli 9] 7IEHO = ALE
5% ALLW (AHHW)7} =8 s =7 ol A AR 521 BiRoll mhieh 4RSS LAT (HAT)®} o= A&k 20| & Ho =215 A
5l o5 E3l A ARR 521 ALLW (AHHW)ZHHO(2018)114 ZA2lgt ‘uH oxfst 7)1FEm ] sl=x2 Apdoz
Yol 1z} gt} o] F fIol] WA AR ol A 2 S =7HE 2] LATSFHAT AR S0l wal] AT mel o= 1
HEo] et Aol fefuiet 0 gl AR 9] TEA-E0lA 19 A% W53 s =0 AR S ARES1o]
LATSIHATE 212} 15lal, ofg ZA4] Zolof] 712 1S o]-851o] ALLWYF AHHW-E AFERE Fol LAT9FALLW 7HA}
©] Z12]3 HAT®?F AHHW 7+ 2fo |5 H|wsorh ofae] UREA 0 & go] ARGE| Qli= 4] ZolEsf] 2 fihso] 47| <
o ] O

£ BEARES 24 2020 4 G20l PEASH P G4 2918 ST S YA 1A AR

-1

|_.
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2. 0|, B3, 2| LAT2} HAT 4= 3

o] 7lEH O 2 LATE ARt o211 sid=71Q1 vl=, 2, F=9] & YFE FIokl A= olid 718 &
Ao Al A A Jsto] LATSFHAT S AFESh= JRoll Tl ZAISHAT: 71 7]3te] 224 ZFAof| ARgShe= sl ol
Z2ta 744 - 717F LATS} HAT AR, 24 2 T3] thsl] At 1A, nl=- 4t} 7]%(National Oceanic
and Atmospherlc Administration, NOAA) 2] =4 3[]%FA|H] ~(National Ocean Service, NOS)+= ‘tidal datum epoch’2} F-2

E4 194 717K1983-2001'F) B A7 1A 0 & =31 Sl o] Ak RS 24 251845 5, o] AulE o)
6?04 S 20l o] 1 xof AR A A GS A3 Atoh= 1L A % ISR TS ARGl LATOFHATE 4AHESEL §)
O, 4| 22 29 PS40l FLt 759 HES s ol AR E ARSI o] E e AtERtthe Ao 54 40]
t}. NOS+ “tidal datum epoch’S 20191 A 1983~2001 oA 2~3 Fofl= 2002~2020 .0 2 vl Al&o]c}, o]*]H
‘tidal datum epoch’E- Tl 20 ARt A AsH] 29 71 A Alof] 7]19-Ha3tof] oJgt s W55 sl 1 ik

T A2, &5 =2 (Australian Hydrographic Office, AHO)< 25 7|47d(Bureau of Meteorology, BoM) S 2 F-E]
ASHE-E LATE 1994858 Sl 7| H o & AR @4l Qlek 1A A 02 57 201 ‘57t eEst sl o] =5
=S 24 ZoRESlR & o5 IS ol8sle] 12 I o m A4S o|S51e LATRHHATES 7RIt oI5 e

& o u]=- NOAA NOSS} AR 1992 E-5E] 2011WW7FZ] 20 7F “tidal datum epoch’ & AAAJ5to] AF=51al QU &
T 71 o] ARgSh= T oRE B2 “tidal datum epoch’ 71712] 20 TEAIRE 11d4] 24 ZolEGe §, o2 A
= RFEEE RE A7EE SEFA AJollA ARt AT 2 B FAREFof| 2733 A] Aol A -1 At y-1E A
i ALo= Lro] ZHZF e Bt (vector average)?t BYFE THA] SEIEA| A0 gh(IF} 2|2 o 7 Helsto] 24 o1
T& ol o) o] ZA| et A 24 2P FE ARSI 12 (HA 0 2 201 B3 A4S ASSte] ol 29 5
oAl &S LATS |TigkS HATZE A osto] F-3itt.

npzjato 2 7 A|A| et o8 A ARt - T3S §hotl = F= -2 =(UK Hydrographic Office, UKHO)

2 LATRFHATE AFE T I H7ofle 74 W Pt S ARt o 2ol Mze Wie ARt 9=
TR LATHHATE 7185 A7 Qe B 9] W52 (standard ports)ETF ofL e 7|7 5o el Hx &
9 F=Ax(secondary ports)©fl HISIA L A= Zo] S0t o= 7] sl o] PSAFE(F A 213014 2H]
198712)) 2] &H7} 7Vt B 29 B5A0] 7 25 7V FMAH 1A A2 BEAARE (TER 24 ZolEs|

o7, B AEE A 2xE 2o E e Wk §, o ME Wueh 228 2o o185t 198 IF 24 4
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Zol3iet 199 st ol 12 A 0 2 oS3 AR R 25 E o 24 7R 7P 22 AR 2 ()2 A1
5 A 1% S Tl 7P A2 LA T 7HE 2 GHHAT)S T3t 12u Ftolli= 24 IS T e
o 24 2oV HIE ot i 0 2 J5R] oF1, = S|9FATE| (UK National Oceanography Centre)f| 4] Z7HgH
A2 B2 9] “Tidal Analysis Software Kit (TASK)’ (UK National Oceanography Centre, 2015)& A}-851 19 =2t
5 BA= 24 2okEsfolo] AlSol B agt 2eVdrE ARSIl Qi o] 24 Z9hE S AnE|ol= AE K Fortran)
H719] TASK-2000 (Bell et al., 1999) £ EQo]o] At Lale}ES 4sto] 191 o de] 7] A% T5A= ] dishA
& A Z9RESV 7Fs ot S AN E QAT ot 224 ZoRE o)l AR = WEAEE §Y AR AT 1A 7HA R
oFe} 62, 10:2, 1242, 152, 30+2 ZHA = 7Fsslet. HH, ©7] s 2o] W5o] o] Folid Bz 29 #5401 79, ©|
= USAEE Zoholole] ZF ol tiste] 24 2955 201 11 A9ks ARgsto] 19 59te] 248 12 7H4
O = A53to] LATRIHATE -6l Itk G == w7 boh= 4] 300 ' sl e 9 191 E<te] tisto] 5
ARFLATSFHATE AL Qe oflE 501, 20199 ©XFsh=20201E 242 o5 gha 4171 $15 20191

A &R 14 7HA A= 25 E] LATRHHATES 7Rttt ofw AWt ARg== 24 2oV vlfd AP shA] efa, s
T o] HEAET M= A SoF - Ak 2 S| g o] 24 29SS THA] AAISHe] LATSFHATE 5kl Sl
o} M1 2, o= Rl A ARESl= o= 2] 7|2 A S] WollA LAT Z9Ho] obd th=F2] Q1 LATH(the approximate
level of LAT)©|t}. 71 ©]-5-= Sl 715 (chart datum)-& 27 off Al4FE LATo]| o]-5-2)(safety buffer)Z2 20 cmE F7H
02 H W5o] Sk 9] 7S A5 0 2 Jel o RSk Q17 wiolt.

JLor
o
o
S
(O8]
|
(L
S

o

N
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7N 2 TERIA, &F, B, B3, 2, oy, 5%, T4k Al E Akt (Fig. 1). Hs 4] 29kl Alo]| AR&-5]
= IR A 9] St o] WSARE ARSI o™, ARHAQl 24 it fARM I O & S o] HSARE X
A ZstE e & O AT A4S ofSss TS TithByun, 2007). 40l AR Sl 0] TEA R Y
ZAMA] 12 A E FATE (LR AAL AR AL B d BAN D@ 23 - B (Y 29 WS4 AbE HA,
A% B 5 E AZ AmSolrh 24 X3kl - ASS 216l 199 o F7] WEA=R 0] A ZekEfel o &o] 7}
53FMATLAB AT E Qo] 7|4t] UTide (Codiga, 2011) T2 1348 AR83ITt UTides 34 XIS 9Jal AFEE]

“ut_solv.m’ &} 24 o5& 95l AREE= “ut_reconstr.m’ 2.2 A E|o] St} o] Aol HoAF 9ol 1999137 ]|
2017972 19'97hE “tidal datum epoch’ 22 A5tk SFollA] AmE nl=H(NOS), ZBoM), F=HUKHO)] F4t
S BB 0] THO(2018) 9] AFE H4S HIR O & th3ark o] Al 71A] 224 Z3hEol HES EEIlom, o HES
v O 2 LATQ} HATES A3t

UTide= 18 sl 3=0] AAaE 24 ZOlEsIoPH 7|24 22 S, M,, S5, K, 01 59| 2255 ZAT F 67/l 255
ol thgt 22V =, o] 677] £259] Z2VIrE ARl 2448 S sGiT). 18u 19 s ol AR S
ZA] ZopE sl At 0 &2 Eo] 2] 958-28.9112506°/hre] ZF&E LS ZH= 3, B2E S} o] IR F 687] B
ol thet 22VFr7H =M, o] 687 2259 ZoPd4-5 ARgsto] 245 A&sIgith

Ao FEA ol thiet 24 ohitel] Al X ZoPd4-S o 87 LA BEA(1) 7150] Betel e 7R

oAlZ (A (t) = thaat Zo] £AT 4= thByun and Cho, 2009).
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H(t)= ‘Zfi (t)a;cos[Greenwich (Vy(t) +u(t)); — g;] M

= ‘Zf,,;(t)a,icos [w, 7+ Greenwich ( Vs (tU) + u(t)),- — g,;]

A71A, n2 SN ARE 24 B2 TN f,8hue 22 S WO Aol wet 18.61'A 7| = BISk= 25 constituent)
i O] Wit (0,2 BA5E7| 9t W 21xKnodal/satellite factor) 2t W3 ZH(nodal/satellite factor)©|tt. a, %} g,+= 242 B
i O] Hat X1 (amplitude)?} = FTFA|7HH 2 Zk(local time zone phase), w,(°/hr)= 5% O] ZE5, = 7] A2t )02
HE B A2 - 1), V,  (PHAER )] HAE HERE HE 2 (astronomical argument)©]tt.

ZAE S0k A BIA O 2, 199915 2017W714] 199 52t wid(369%) 1417 74 2] 4= =o| B=AtE

S 2N XIS’ S, o] 197019 13 24 XolRe|| AutE ZF BxE ZM~E HE] Bt (vector average) o TH(Fig. 2).
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Fig. 1. Locations of the tidal observation stations (@) along the west and south coasts of Korea.

(a) S, ()M,

120°

270°

Fig. 2. Examples of vector averaging for (a) the S,and (b) the M, tidal constants derived from tidal harmonic analysis on annual Incheon
sea level data over 19 years (1999-2017). Blue vectors are 19 vectors of annual tidal constants and red vector is the average vector.
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FA Z5P4-5 WlE] Potohs AR QI 9] PS5aof| digh
SHITE. -2luet Afshietrt Eofietell f1219t 29 TE4-5o] thste] 19 5 4
= 6771 228 ZoPIrE e Bt et 24 ZokRel ks ARSsle] 19 Y 71X EE 1 (HA 0 & Ao ot of
S =05 501 LATQHHATE AFEs3ich Mo o= o] BPHS <191 WE] Baf 24(Vector Average Method,
VAy o g2 He w2 st & i g o2 1999ERE] 20178714 191 2t 1A7F7HH 0 2 $=5 sli4H o] A=
£ XA ARgote] 24 ZoLERE 2, o] 687 XA X8RS ATFE ol8ote] 199 FY IR B IR A0 R 24
ol&51o] LATSLHAT 342 ATE519Irh 9F0 2 o] W& 191 14 EA4(19-year Method, 19Y) 0 2 F2w 2 57},
Al A BP0 21999135 20178714] 193 52 oA(369%) 1417 THA Q] all=H o] BEARE AMgolo] 24 X
SlElt 7, o5 7 o] 1A ZakEol A= FURt 191 71Tl tioto] 12 1M 02 A4S of|55to] LAT9HHATE
AFESIGITh oA o] S <11 914 BA(1-year Method, 1Y) 0.8 F 22 s1Ach

geloh, o5 Al 712 A o5 W o] T 2lol= 24 AI5-S Slol AR R XM Aok T TS

A9 Zole]) glop, 24je] gt s o] NSRS IS BT I S sl

L

_{

i(

Q

4.2 2t
4.1 ZBA 27 UHHE | ATOF HAT

A7 97le] 9] BEAE(Fig. )& o= 199 A5 BEA=RO] 24 ZolEo9t 199 d4 2Ad150] 73t
UTide (Codiga, 2011) & 135 AL85}0] Qtof| A A A 712 LATFHAT 4 HPH(19E BE] Wi B4, 194 o4
B4, 13 A& BA)of et o] & ZHE-S otsith B, 35402 199 WEARE Aol 5 7HA] 'H(19d HE T

SAE
5

P

o BA 19 g B o o5t AR ATMS WSt Table 1), HA| oA 29 #=4 5 91 - 918 29 =4
A 2Jgt <198 HE] A B A9 ZFLAT ZO[(ALAT)= —0.8~0.4 cm©]QL.0H, 1 %.9) 3
AE A2t o] 5 HAT AO|(AHAT)=-0.3~0.7 cm 2 7 B 0 2 AXRFLATFHATZF 5% £1 em B[] - -GAF
AE Bt 7R zjo] 7S Bl ol 29 =4-0] 74 ALATRF AHATE=ZF2F — 1.7 em@} 1.4 cm©] It Table 1).
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M
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o
[
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J!-)

Table 1. LAT and HAT values for 9 Korea Hydrographic and Oceanographic Agency (KHOA) tidal observation stations,
calculated using 1-minute interval tidal prediction data (1999-2017) produced via two different approaches: the 19-year
Method (19Y) and the Vector Average Method (VA)

Station 19-year (19Y) Vector Average (VA) Difference (VA-19Y)
LAT (cm) HAT (cm) LAT (cm) HAT (cm) ALAT (cm) AHAT (cm)

Incheon -532.7 509.8 -534.4 511.2 -1.7 1.4
Anheung -394.0 385.3 -395.1 386.0 -1.1 0.7
Boryeong -424.9 420.0 -425.5 420.7 -0.6 0.7
Mokpo -315.8 279.5 -316.6 280.0 -0.8 0.5
Wando -239.7 226.7 -240.2 226.8 -0.5 0.1
Yeosu -212.5 2114 -212.7 211.5 -0.2 0.1
Tongyeong -169.9 169.1 -170.3 169.3 -0.4 0.2
Busan -85.2 84.9 -84.8 84.6 0.4 -0.3

Jeju -182.8 157.5 -182.9 158.2 0.1 0.7
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b, s o] BEAtR o] o] EhH LATSHHAT 4H2ol| QlofAl <19 Wl 8ot A 11913 A 247 iy

4
4 o] 49109 WEEg BA e gl

T2 AOI B A oA = A7 502 199 T2 7RES TR 2ol AZo|u e B o] o £ T3] ]
& A os x4 zojie) 4 Aol 2 B §lo] LATSFHATS] 4H50] 715 aick o] gl s, mE %4
Zohel| w2 To] 194 oA} A Wk RS AP 25HEe] 4 Gl 2 ofl] whzel 2 1 AHg A A
ofo] glr}. ool Tl A 3ol A AAs] Ak

ueo], <10\ M| 24 WL 7] EA 0 R 1997 AR 1Agk] BEA RS 24 ZSRRes] tEe] 7]E
TRAR) 2 28R T2 IS TR A 4 QlrRe o] Ik EEH9W ol uld 1A 24 2otEe) AvtE
B2 0T 5 9] thee] HAjol] AL BEAR ] B0 o FA Bo0| W sS4 B11E 4= Sl shA)ut
8 PR F A & oW B2 o] AL A0 Eo] o o Ao ALGT 4 ghe dhell 1 5 B AulE
A % glol Astalol s B3] Slek. mhebA, 57 71712 “tidal datum epoch © 2 437510 LATSF HATS ALK
79 ATA O 199 Q145 2 uho] F B ALgS] B o]t

B0} 191 o4 7] s To] o] ol A S 9] TE40] B

1
711 1AG607E] S5 0] 242 S AFE51O] LATEF HATE AE S 4411 9l oletpheisiol 19l s 1a]

O] A g Loty] s, o R 22 191(1999-20173) 59t 2t sl o] #5A=E Zohallet &, Sdt 245
o g 197t 248 AT 1 B 714 0 7 o &H 19d7ke] 298 2 R E LATS HATS 212 AHEslal o] 52 5
A AT, BEEA, 2kl Hghoto, ol 29 7IEHLATSE HAT) #h59] A (stability) = =2Hd4d
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3.8~6.3 cmO| it} AFEE LAT =2 gt 25=310] 21o]+=12.0~26.3 cm 2] S H 3.0 H, HAT #F=2] 2zt
gghe] Ajol=12.7~22.5 cm2] HYS Kt o5 Axfa e 1| ¢4 BAP HPHO [ ATOFHAT AFEof 91o1A4] <19

Table 2. Statistical comparison of LAT and HAT variability (mean, standard deviation, maximum and minium) for 1-minute
interval 19 year long tidal predictions (1999-2017) generated using the 1-year Method (1Y). max, min, and std stand for
maximum, minium, and standard deviation, respectively

. LAT (cm) HAT (cm)
Station

meanzstd min max meanztstd min max
Incheon (IC) -535.3£6.8 -549.1 -522.8 512.846.3 501.6 524.1
Anheung (AH) -396.0+3.1 -402.3 -390.3 386.0+4.1 380.1 396.2
Boryeog (BR) -426.7+3.4 -433.4 -420.8 420.8+4.5 413.6 4324
Mokpo (MP) -318.3£6.0 -329.3 -305.1 281.0+£5.8 271.7 292.0
Wando (WD) -240.8+3.4 -246.1 -234.2 227.0+4.3 220.1 234.0
Yeosu (YS) -213.444.3 -222.7 -206.1 211.6+4.6 204.0 218.5
Tongyeong (TY) -170.8+3.7 -179.4 -164.3 169.5+4.3 162.4 176.6
Busan (BS) -85.9+3.3 -92.3 -79.1 84.9+3.8 78.3 91.0

Jeju (J1) -182.9+3.6 -189.7 -175.9 158.2+4.3 150.8 164.5
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4.2 LAT2} ALLW 12|20 HATF AHHWe| 24|

ALLWS AHHWE 24 ZEG|2 AMEE 8 4t 24 BXE9] 1% ZHEThS o] 8al|4] it 1 5| 2] Bt i
T 720 R o0 T8 FA 4T EXE(M,, So, Ky, 01) 9] 122] et Wigd Hol ALLWO] 1L &7 o] AHHW
ock. SFellA 97l 29 BEAE o= <199 A% 247 0= FRFLATSFHAT g5} o5 24 oISl ARG =
2 2o 5 FQ 4T B E0| 1Z 0| §ho 2 15t ALLWSF AHHW 252 22} Bl wstod, o] 5 ZHEo] A2 o] A
ZJo|7} Q=] Lol Itk Table 3). sie] Wt LATSF ALLW 7+ ZFo(LAT-ALLW)= —23.9 cmollA] —70.4 cm©] it
LAT-ALLW= BFA0 & —46.2 cmo|th o] LAT7} ALLWET} B] B2 o] 9= ALLWE 4] 23156) duta o
2 39 40 EXETO] M ZFE-S TIote] 7V o 2 Ao oJsf| tiefd o 2 7P vobd 4= Q)= i =olE Akt
Folil, LAT= BE 2259 2345 AREdto] 24 dlSste] 19 B3 Z2A0]] ofafl sfirro] 7H Wolx]i= ujj<]
0|5 ARRE Aol7] wjio|th HAT 3 AHHW 3t 7F ZJOoJ(HAT-AHHW):= 22.4 cmollAd 42.7 cmo]it.
HAT-AHHWE= B20 2 33,6 cmO|th. 54291 A2 Hof 2fo]7} Qlont 97f 2¢] T&4 B LATQFALLW 7Hs
o] 21o|7F HATS} AHHW 7} 0] 2jo|H e} o] Frt.

F7HHo R, 129 Bt sl HE 7102 199 B3t 1R FH 02 S X Lo R RE Ax g IR FES T
S}t Table 3). o1FA| Tt AR FES 22 7P 2 02 LHFste], ALLW (AHHW)7F A AZ(A1x)
A= FolA 4 2 % Aol S| ol gk, ZF 2.9] WS Ao A AL ALLWE 4] 199 5t AZ g FolA 2
717F 2R A2 A9 2.3~12.7% Afolofl &3F BEHOl, AHHW S 113 gL SollAl 27172 412 A9 2.0~10.4% Aol
of| &35t

1o
I
r
o

Table 3. The values of ALLW (AHHW), height difference between LAT (HAT) and ALLW (AHHW), and low-tide (high-tide)
exceedance (%) below (above) ALLW (AHHW) height which were calculated from the 19 year (1999-2017) of observation data
at 9 tidal observation stations. The tidal harmonic analysis and tidal prediction were made over the same period. The LAT and
HAT were calculated by the 19-year Method

Low tides High tides
Station LAT ALLW Difference % of low HAT AHHW Difference % of high
by 19Y Method (LAT-ALLW) tide below by 19Y Method (HAT — AHHW) tides above
(cm) (em) (cm) ALLW height  (cm) (em) (cm) AHHW height
Incheon (IC) -532.7 -467.5 -65.2 45 509.8 467.5 422 2.0
Anheung (AH) -394.0 -355.1 -38.9 23 3853 355.1 30.2 1.4
Boryeong (BR) -424.9 -380.0 -44.9 2.8 420.0 380.0 40.0 2.5
Mokpo (MP) -315.8 -245.5 -70.4 11.3 279.5 245.5 34.0 3.0
Wando (WD) -239.7 -193.5 -46.1 43 226.7 193.5 33.1 3.7
Yeosu (YS) -212.5 -168.7 -43.8 6.0 2114 168.7 42.7 6.3
Tongyeong (TY) -169.9 -134.7 -35.2 6.0 169.1 134.7 34.4 6.2
Busan (BS) -85.2 -61.3 -23.9 12.7 84.9 61.3 23.6 10.4

Jeju (JJ) -182.8 -1352 -47.6 6.2 157.5 1352 224 2.4
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ol5 A= FE A fEURtolA 29 7IEH O R AR T ALLW (AHHW)-= THO(2018)°14] H2JE LAT (HAT)
off A&tz i FARE 7R 02 B of ks A SRIT 4 QltK(Table 3). 74t 9] ¥E54-0] %9, ALLW
(AHHW) #to] 24zt Xﬁﬂ Hz{)olA A717HARAD) =02 9] 12.7% (10.4%)°l Zoto] ThE 2 9JE o] Hlste] Af
o7 7pg F 2polE HYItH(Figs. 3a and 3b). 7L O]-F-= S, #50] FF0] 10.9 emE, M, F1E(37.5 em) S, F1E(17.7
cm)o] oJo] Al FIRZ Z 2E ol 25t ALLW 3L ARE Ale]l o] 235 AR85HA] §47] Wiz olth(Table 4). ERF 532
20| ME 40| S AHHWE AA] 129 AFY] 3042 Th2 2.9 J}Z_LQ}% o5 Holz] ¢IA|eh ALLW gk 24| 2%
Q17 11.3% 2 FAE 2] TS0 o]ofx] T AR F 2}olE B Th(Figs. 3¢ and 3d). 1 o= THE 29 #5540t
2 AASH= A5 71 2 EEst 5f9 0 2 M, 2FMS, 2] Z1Zo] ZFZF21.5 em@} 16.5 cmZ &
A 22T L AR okg AR Z1E0] Srk(Table 4). 019 Hl=0] Myt My 2522] A12F 210](2g,, — 9,,) 242°
(Table 4)&, o5 A2t PA|= QIsf e} 227t o] W71 HrhFig. 4a). E3F F7H 02 MS, #2513 o),
M2 ZTHS TS fiE et A 27} o Y27he 22 & 4= AAh(Fig. 4b). L= E75FL ALLW 3L AT Alefl el &
78] 1 =|2] ¥ ALLW #LAT gk ZHAo|7F —71.5 emZ At o &2 74 37 el Hct. o] b=
I 9] P4 A TOM P 0= ALLW ofste] 29 ghse] thar] A= wjof] WIS et olf-E & Argsh
o, sl 2Ao] oAl LRt s o 9] 715 Aol A HEFLFE(M,, $2)2F DFZ(K), O) FETH] o= o]
FoIZ1 ALLW Al ARgo] HHs17] Qith= A& & HojEth ALLW (AHHW)SFLAT (HAT) 1ol & Afo7t e T
Shte] F52% ol Nog 0] o] =8 AFZ(K, 01)2] ZEFRHF Frh= Zio|th(Table 4).
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Fig. 3. (a, ¢) low-water and (b, d) high-water height exceedance curves relative to local mean sea level derived from the 19
years (1999-2017) data for Busan and Mokpo tidal stations.
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Table 4. The eight major tidal harmonic constants estimated using the harmonic analysis on the hourly sea-level observation
records from 1999 to 2017 (19 years) for nine tidal observation stations

Station

Constituent IC AH BR MP WD YS TY BS 1
M, 285.1 210.1 228.3 142.3 102.8 93.7 75.3 375 67.7

Ss 114.1 82.4 88.9 48.6 443 433 34.9 17.7 27.7

N, 513 38.8 23 283 21.9 19,1 152 7.3 15.5

amplitude ~ Ki 39.3 35.6 35.6 30.6 26.8 18.8 14.7 4.4 22.8
(cm) (o} 29.1 27.0 27.1 23.6 20.0 12.9 9.8 1.7 17.0
S. 18.7 17.8 18.7 18.1 15.8 16.0 13.8 10.9 17.5

M, 6.6 44 14.5 21.5 48 1.8 1.8 0.8 3.6

MS, 6.2 32 10.4 16.5 32 1.3 12 0.5 24

M, 130 102 94 38 297 260 252 239 315

S 187 155 148 88 330 295 288 276 344

N, 110 80 73 18 283 249 242 229 300

phase-lag K 303 290 286 252 206 183 180 147 220
(deg)) o) 264 251 248 218 172 149 148 109 190
S. 212 213 212 219 222 222 223 221 225

M, 129 84 103 194 127 268 250 237 134

MS, 194 135 152 260 185 306 288 270 196

Note that phase-lag is referenced to the local time zone (Korea Standard Time, KST).

200
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Fig. 4. Tidal heights of the (a) M,, M4 and My+Mj, tides; and (b) of the M,, M, MS, and Mo+My+MS, tides generated from Mokpo
tidal station 19 year tidal harmonic analysis results.
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191l $52F0] LATOFHATS AH25He d] gloid] 1 @l 240 ik 10Wl Q4 B vk 10\ WEj B 24 o] ofh
Fip} o gPgHolold o 8t A it Jelt BE 24 28425 - o5 Z2 %] UTide (Codiga
2011)HF 7170) ) ARE 24 202K 5 G AL ohleh BE] 59 129 = Sl o] ARHHS =

2o} 4 90 1 ATE ol sto] 12 50T 2HS ST e A5S 21 glck. wreb AHg k] B
10l @15 24 HhES ALgSle] LATOHHATS AHEay] SliAl: 71202 24 2618 - o] mz1910] 4
o] 51 wofof giet. olo} phetste] ANFAO R FoF - 4
WL OO R 101 o) @14 B S5 o] AR 0) 24 20k 8] 5T b 199 o) A 24 o2 A
o= AT HESITE oS S5l ZHub} slFAT-Y(Institute of Ocean Sciences; [0S)2] 10S tidal package (Foreman, 1977)2t =
National Oceanography Centre(—- Proudman Oceanographic Laboratory)2] Tidal Analysis Software Kit 2000 (TASK-2000;
Bell et al., 1999), 10S tidal packageol|X] Z3Feol T2 T7510] BA AJ5-& 7| &A1 Versatile Harmonic Tidal Analysis
(VHTA; Foreman et al., 2009), 10S tidal package ] MATLAB HZQI T TIDE (Pawlowicz et al., 2002), ©]1A] Codiga(2011)
of] ©Jal] 7= Unified Tidal analysis and prediction (UTide)” T2 T1E0] 24 BA . o= A5-2 ZAGHL 11 29SS
Table 52} Table 61| A|AIoF3ATE

7 7] A& PSR titt 24 ZokEsi 7oAl 2 2 IR 0] 52 ZAISIITH(Table 5). 174491 4]
ZoRES] T2 75891 1OS tidal package (Foreman, 1977)2] ‘tidel r2.£, TASK-2000 (Bell et al., 1999)9] ‘tira.f?, T_TIDE
(Pawlowicz et al., 2002)2] “t_tide.m” %5 1 A4 | 2 o|Hjo] T=A7 BAof s, o] 7|7FS ks A7 A
£ AR FAof AtokA] Gt 1L T o= sl Eol Ak S 24 Zohold wf YEAtE O] £ 1019}%5"%3101 AF

T 3Rl A1 22wy QIArer W 2k Aot & A AR o) A 7|t 2A St ¢ 485k diEelt
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Table 5. Capability of five publically available and commonly used tidal harmonic analysis programs across different tidal
analysis lengths (i.e., timescales of 1-2y; 2-18.61y; and >18.61y)

Harmonic analysis Data Record Length (DRL)
Reference
Program 1 or 2 years 2 <DRL < 18.61 years DRL = 18.61 years
Task-2000 appropriate inappropriate inappropriate Bell et al.(1999)
10S appropriate inappropriate inappropriate Foreman(1977)
T TIDE appropriate inappropriate inappropriate Pawlowicz et al.( 2002)
VHTA appropriate appropriate appropriate Foreman et al.(2009)
UTide appropriate appropriate appropriate Codiga(2011)

Table 6. Capability of four publicly available and commonly used tidal harmonic prediction programs across different tidal
prediction lengths (i.e., timescales of 1-2y; 2-18.61y; and >18.61Yy)

Harmonic prediction Tidal Prediction Length (TPL) Nodal/satellite modulation
Program 1 or 2 years 2<TPL<18.61years TPL > 18.61 years correction frequency (day)
Task-2000 appropriate appropriate appropriate every 3 days
10S appropriate appropriate appropriate about every 30 days
T TIDE appropriate inappropriate inappropriate just once

UTide appropriate appropriate appropriate every prediction interval
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2011; Byun and Hart, 2019).

A 28hEol L2IHER D2, T_TIDES] ‘t_predic.m™E A|fgt 24 £3}0]Z TR2IPEL 199 ol A 24
o|Z0] 7Fs5lth(Table 6). 1 o]-f= 4] (1)) 24 B398 w3 <l o
wj2olct. =, TASK-2000 (Bell et al., 1999)2] ‘marie.f= E3H w7 QIztel wH Z+& 3 74 0 2 741814, 10S tidal
package (Foreman, 1977)2] “tidel r4.f+= 1Y 16 00:00A] v} 7341
ARt} A=, T_TIDE®] ‘t_predic.m’-> 24 2369t nizt7 kx| = oS 7|7t AJgle] ol& A4 717t 5 51 71kE
of| 2F \H At ExE WA Qe WA 745 oIS 7Tt S5k 2857 | wiizell 7] A4 24 oS ARdokA] ¢

CHByun and Hart, 2019).

5. 2& % E°|

na

Uk dA7H] 24 102 ALLWEE AHHWE ARS 4l @11 9ot A4 0 2 LATSHATE AFHgdh= 5
Alolet. o] A=Al 7HA] HH(19d HE B 54, 199 A5 74, 13 5 24 0 2 ol o] AFaE 24 Z3keofo}
11199 7 2A1E ol 551] LATSFHAT gh& AFERE & 11 475 A =2 H|wsilt). ols e UEAt=2] o] - 541t
A ZohEA I T S whEt ohEA| AR S Qi

AEolISE 97] 9] Aol A 1999WARE] 2017A7EA] 19 F<t TSR 1AIZETHA Sl s=0] AL o]-85te] <194
HE gt HAP o) <19 oAy B Bl © 2 ARESHLATRFHATE ©15 9] WE40l4] I 207 & +1 ecm t|Rto]
Ark 2 sl WS AR 1AB69Y) T ok 7Pgstal 13 A 24D B 0 2 R LATSHHAT 32 199 )
B 24T 19| AL A B 0 2 AFE LAT g5 H|51e] -16.4~10.7 em @] @A 7HE 4= 9101, HAT #ha2
—8.2~14.3 cm®| @45 7Fd &= qitk. mebA] @7 ol o] =S EA5t] LATSHHATE 5789 o AlHe 97}
Zasith

T3 vl 2 FRolA AR AR S 9] 715HQ ALLW (AHHW)2F A1 02 ARS- A0 Q)= LAT
(HAT) 7} 3=0] Zfo|= s o] w2} 23.9~70.4 cmO|QITt. © 2 Z A7t e o= ALLWE 8 4 4] &
Z ZEETL Tlolo] 7VdA 0 & 7Y wobd 4 gl dle EolE AR 2o, LAT= 677 24 £5259] oV
£ AFES1o] 199 B4t sllaeHo] 7P Wolr= wlo] ol & Akt Zo)7] wii 4
cm= g 0= ALLWEFLAT 7+ 2ol e} 32| 932 Zlo] E4Jo|th. §HH, F7lE]o] Ho] ARGE] 1L Qlim 4] 74 - o
= 12 T3ME(Task-2000, 10S, T_TIDE, UTide) oA 19 oA} 14 TH=H sl 0] Apm o] 4] ZolE5|9} 191
& 2 5 BAlo) A 4= Q= 22 UTide?F -4 3
AIA| 2= 2 1w Aol F7ate] whet Auke oS ti gt o] 71l 2= oS B3l

o=

2 A
20184 HO SIAFEL sl IS Slote] sz 43t o] Qbtafizolel] digh 9] 7| 2W O 2 22} LATS}

hil
=z

-

i
i
=
=

N



A 9 / Asietat Esliotell A 199985 20173712 A9t #1239 ARt « 507

HAT F+= S FARE 71EHES ARSsE | = A oot == ot Fomiigt of 2} gk} ghvto] tigh 5612 SHoflA §
Shof| x2S A2k, Hofjof] s dg= WAAE T2 Al o 30 =50 HIQ1olA AVdEl=HATSFLATE oI55t
= o] ™ @sltiJeong et al., 2016; Ko et al., 2018). TS+ AT H HATLLAT AH = 29 HEATT 29 EH =
SHRF A A sl A 7 s g = AT 2 AlSshe Y RANAS] AR ATA 1% Y E (P, F29
Ay 7| 734l -8 4= Sk =, HATHY 19 717He] 24| 112915 &-8-51H o AHHW Ol 12]9] 4= 3k sl <]
A2 G520 2 WAY Bt 4TA 1% AH 715 At R ot B debHo] 1 A|AA 0 2 R E AFESto] Aled - 9
o}, Yo7, o] 2 AQtellA] ZFod= Qlsl sl S| = WEohs A5 dl5she 8ot ARl Algshe
A 29] HH Ao ol g2 4= ik

e uhs A 1 x91et A Aol AHS et 24 71@‘19__% AHHWSFALLWE ARl £Eo ™, T3t ALLW
£ o] 7|2 e=H o2 ARSIl JITHMMAF, 2014). =412 0. & gFsf oFat #Hdsto] [HO Sje=55 SHeE £
9 715 HE LATRFHAT 99 AF8-0 2 Hslsk= FAl|of| QIth(Gill and Schultz, 2001; THO, 2018). E3t 5ligkgsh Hof
9] 7]5S A% 5k= International Electrotechnical Commission (IEC, 2009)%} Det Norske Veritas and Germanischer
Lloyd (DNV - GL)°F% LATE 7]+ 4= 0 2 ARESIL Qi) o5 £9] 7| H2 7124 0 & 44k ofuzt sfieh
A, Lot ol H9l(Kim et al., 2008) 5= A ok=t]| 7|ZAt5 2 AFE-E]7| ti&oll, @ ALLW (AHHW)E LAT (HAT)Z
7517 oM o5 71 A= R ol 2R AR of| 7] 7 ot S84 B8} 7FA] A H]-8-& THE 5] AR
a7t Qlck 294 B8-Sl g dl=, s 7|<=t §i7of what A 6HEE 01[5 @‘EE Hﬂﬂﬁ}h 7401 M= AREAE
O] 3y} g5t Uo7t Aol whE A4 Fee & =2
LAT (HAT) E=Jofl mhg A|2L & E0)7] ol tAld o &2 HES AR 5 shiie H 7129 % LAT (HAT)2 W7}
Sl A= WA (benchmarking)ste] 91 715 §17 25t BlEo] o] = lof "It Al 71 o8- 5ol
Sff AlAlS] ZAFSH= foltt. T3t ol 71419] 7155& LATE W7ok= 7390l ol W2 2] Mg} o} ofof whE Tt
9] olsfitAlef| m|2= FF=E HEZT Hasht

A

AL AL

A=19] LATSFHAT At 5 5ol ol 2178 6] gof| 54 A1 27]9HIHO) 2] TWCWG 2] ¢E91 & ] “37(BoM)
9] Bill Mitchell, B]=F SIAFTH7]H(NOAA) 2] Peter Stone, F=1 === UKHO)2] Christopher Jonesl| 110}2-2 g},
HAIE FHS] AL 7RSS T4 7 20 AARIY Eoll =2 UlH8el ¥ HEs] He=de= o @‘4‘:}.
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