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Estimation of Extreme Sea Levels Reflecting Tide-Surge Characteristics
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2 X APRAVING Ba) T Adelere] 2N AASYS DR 1 A% A, T, TE, 9T 5
& ZAAelolaL o, B, A 5L AAuael oz PRI ZAAWINE sl Bys
A ok sod ol3ke] MES 2 TR} JHD 5 Qe W SAANAelE 103 NE A o
Fajol Qo] FAAAIst D 5 Y= WS wolw ek 7 el MM BEAe Aoz o 7
=9 2910 o= | sfelol A AR P LA TR At o] o] e FHEE FYS B
ol giek. ols} A MAZS VIS 9% Al A WHS NI A Aot SFATTEYH L HehaAe) &
e} vhe 2 WHAAe) A0k Rol3 glov], HEREFFPNE thYekEe] Axyt AxA AT B 9
bzl Aol Wl DAL A FaE 23 £ ek ok Bae) Sl elele WA A4

S Aol skt o] Aol AujHel sjele] Age WwHow FPRHY HeHS Slstolrt.
A0 S, FH WL, AR, FH DL, 245

Abstract : Tide-surge characteristics of the West/South domestic coasts were analyzed with a tool of EST
(empirical simulation technique). As a result, stations of Incheon, Gunsan, Mokpo and Busan are categorized as
tide-dominant coasts, while Yeosu, Tongyoung and Busan are as surge-dominant coasts. In the tide-dominant coasts,
extreme sea level of less than 50-yr frequency is formed without typhoon-surge, while only 10-yr extreme sea level
is formed in the surge-dominant coasts. As the results of casual condition of extreme sea level formation considering
the relative degree of surge on tide, the regional characteristics were detected also. Three methods for estimating the
design tide level were compared. The AHHW method shows an unrealistic outcomes of the concern of over estimate
design. Furthermore, the probability distribution function method has been concerned as causing missing data if a
huge typhoon occurs in a neap tide or a low tide. To cope with these drawbacks, the applicability of the EST method
is proved to be suitable especially in tide-dominant coasts.

Keywords : frequency analysis, extreme sea level, empirical simulation technique, AHHW, tide-surge
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gl o] W82 AEdntd gleld AARE WE-(MLITT, 2009) M WA 2 AR E BT Wl AR
I} AL T dEAA A|ASE 2bgE A Al oF H (empirical simulation technique; EST)?] It} & <150
Huu Q2 X2k 2fo] JErt Ql= FEo|v) ] 24 M= ESTHHE ARgste] = 2248 e whE =]si L
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Cheonggye-myeon, Muan-gun, Jeonnam 58554, Korea, Tel: +82-61-450-2473, Fax: +82-61-452-6468, jwkang@mokpo.ac.kr)

103



W
2
ox,
1o
N

N

[o
2
>,
ol
=
2L
_0|L
=
nj
L
S
N
N
Lo
(]
M
l'gl
o
&
ol

Tl Ho g RE FQ 4ﬂ1€—§ﬂ HEZSHM2 + S2 +
K1+ 01) 9 571 = AaA 7] 298 27t ekx
Z99} oA A 2R A Hr gxEARl V|ERH o R A}
S5 31 9tk 53] AHAA = 7| ESrH o R A E o
HittelA] EH ] JRo R MY o] thAlE7E] A9l A
Askar Qlek. whA ok 1 1 9= TR (M2 + S2) oAk O 7
S ks o) iaS stk oo dedt vt
9} o] AAZS Ay} Hew thERE &85 e
2ot A7) S| FEAHE(MOF, 2014)9] 1)) 3)a-2 2
Axo] st 54 sllelelX 2 7Gx g =
& 2R o )7 A Adstel] FEsl o] A
7 745 A etal Sl AR oA o] H% AHAIXS
APA FEAl 2Ho R AR T Qe kIR =
TQ AR AAErhs A1 el A a1
wh RIS L Wt o a9 of ARt BB
T Yol T2 ARSI Qi ARt ohs gEl o
AR HER %_“Eé}—t— A7 Etrgsirt.

Slsto] =] 87H
St A¥} A ¥]ES A HOPOM °‘44 f\lmﬂ Si=2nl
VZI9E s 2971 wE BHE0) 0.11~0.29%, o157
5 gafletel A= 0.77~0.86%, 3 5 Faetel = 8.37~
18.99% S X3 g Axfubd o] whEtES Hol7 9SS
ZRIgE uh Utk BEgt Bl FEAYA 7] 9 YA sh= o5 H e 1L

NZ9N7Y FH U NZRNE 29 FE A AR 10%
H|RkO B A] SRR I Z 97} w35 9 dEolet oA
2 o ey Faflotel i 10~20% R0 23EE
< Hoj 11 7} wlg- ehslEa Qlom FAke] A9 40%
7V gFEol™ FallRtel A= 70% ©1/de] FES Kol
T w2 29E AR o9 ou|E FAEHA o)
© A= ®olal Qit} o]} o] AR EEE L
v ok x s AR gE HxP) ule- 2 8 of
et FAks 23 salijtelM = BlEo] Wleks sh7el
W 2 29FE O 1Y) ofglf AAgoltt o9} o

o)

ol

EE

[}

REsgo] dojso] Qla MskEe] A4 WAfe & oF
HINZ 5 AR AP AR A W e

AetE o] 294 fak EAH S Hlold = jle Jlojth

Ao AIEE Mgl Bl A sliqell A sfdo] et
735 Hdiad 17} of 1= Al ellA i gsh-Lpe] whet 9]0}
adae) o7 ek $22919 fte A Geiivh §-
kel A - daliore zxp7t s ae] A7) Ee A 9-AE
FAjo] A el sjedol B ope] s it Arieke A%
Alel] AASSHA B i3] m3=9lell m|A] Behes A5
~] x%sL /\ o) ou:]’ BW%A].E]Q], 71& ;H i}_}\]oﬂ_‘ 3'

7)
2] FFso] FATIRKE A HEso] Wk

th FlO FIOK'

z, f
1 o
£
s
r

T AT A A5t vf glzo] oFH RS
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Fig. 1. Composition of the annual maximum water level (Kang et al., 2012).
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Table 1. AHHW (cm) and surge height (cm) (MLTMA, 2010)

Return period (yr)

St. AHHW

10 30 50 100 200
IC 927 135 177 197 224 252
GS 743 123 163 182 207 233
MP 486 85 111 123 140 158
WD 400 90 112 122 135 148
YS 362 134 191 220 261 303
TY 282 105 150 173 205 238
BS 130 66 95 110 131 152

2010)°14] AAIEE 1A IC), TAHGS), H3E(MP), 2= (WD),
AF(YS), EA(TY), FAHBS) 5 77/ 29AF4 AR 9
Table 197} 2 W1 Bl a1 AV A 35 283kt
A TR 9] #59 B Ya ASE FEAA Edo]
FHES 200 ARz ekt Sl 2R 100 WIE
9 200 W% fFal AR E shb EFAF] o =M v
W7 Fsst F7HR1 7V 328k 200 71kHo = &
E Eo|YAEE 74 = Sl olgh 3 Elo]d Al
E9 AlE 53] flste] vl Y 7 e BlEeld
APEE 7188 EYo]dME 28H AP Uit == ¢
Aol o) A= APge] ¥HYE] == “nearest neighbor random
walk® 7195 =Jatalom, 17l Aush ukel o] e
el el oisk #7131 (skew surge)E AP HO 2 M
AT} 12919 AlAFE REFSE 31 Kang et al.(2012)°] =
gt A T 7ol

ol A A ukel o] §leje] 1dA| R ie

ol
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Table 2. Example of extreme sea level (at Wando station) (unit: cm)

O

Fd

S A1 ol A= 27t S Al7]el| H
Fefldo] S A Au=zlef e 4= Qlvk EST W
e WHE RS Fll uhd A o o)) AR E B
oJgk 4= Q131 ©] & F3l] Hawkes et al.(2002)°] A|2+3 ‘count
back’ W2 02 AV A S Qlvk F, AFarad

0E Wl NS W olF 2 gk 2AR AT F pil

A =91l = Z919 A

2ol HelHow ofe] Wl WS v ok Pl
= SAEE 9 5 9o )
£ g% oA i e gl

3. ESTE 288 o128 THSN 24

3.1 HEAl
okx] AAIEE EST WP 0.2 7 Q11,0007 Al E#H 0]
AE A3 3 AR s A, 10 A, 20004, 33 A, 1008
H =

5=

A& 203 HEES S 11 FiAE HFAQ Y HEgk
o7 sHgsigiE], T #7312 Fxtell 1X|gh ekl A ]
51 203] Aol S AR Aa F A= SA8
(extreme sea level; ESL)%} ©]& FJsh= 2} A&l 1%
(high water; HW), B3| 32 (typhoon surge; TS), H| El

Return period 10 yr

Return period 30 yr

Return period 50 yr

No
ESL HW TS NS ESL HW TS NS ESL HW TS NS
1 449 427 0 22 454 0 27 458 436 0 22
2 449 431 0 18 455 0 23 458 436 0 22
3 449 429 0 20 456 0 20 460 436 0 24
4 448 425 0 23 454 26 6 457 359 106 -8
18 449 404 42 3 455 8 13 458 423 34 1
19 449 422 0 27 454 0 21 458 427 0 31
20 449 417 0 32 455 33 -10 459 433 0 26
Mean 449 426 4 19 455 6 21 459 425 15 19
N Return period 100 yr Return period 200 yr
[
ESL HW TS NS ESL HW TS NS
1 463 381 78 4 493 84 1
2 468 416 58 -6 485 92 6
3 477 414 59 4 517 168 0
4 467 416 48 3 478 58 9
18 466 426 0 40 476 67 9
19 468 416 49 3 486 34 20
20 467 425 34 8 485 184 -3
Mean 469 414 48 7 488 103 0




Al 545 nkdeh S Aelvar Ay 107

3l Y 3 (non-typhoon surge; NS) 0.2 T3} Table 20 W7k PAAE L Q= A= 280l Skttt 200 WIEO
of| Alakd . A 129 9 ajeFedavte 2 FXSH A
10, 309, 501, 1001, 2001 ZF W1 9] 203] 343k A5+ AY-ekar 203] AA7F 34 em~184 em?] EES L aL
AW IL(ESL)+= Z17F 449 cm, 455 cm, 459 cm, 469 cm, = ¥3tsla ok
488 em= AHJE| Q1 om, A Hrgks 12 HW)Y7F 7 =, $eollA SXSiHIrE @73 = A <] A=k, 50
Z} 426 cm, 428 cm, 425 cm, 414 cm, 385 cm©| 1L BJEE Y W o]a} RIEe] A4 glFa|do] HAsHA] ¢kols A H]
I(TS)E= ZH2F 4 em, 6 cm, 15 cm, 48 cm, 103 cm, 3 114] B sidante 2 7hs e 1 = Qo). HiSEd @l
ol vlEfFa A L(NS)= 2+t 19 em, 21 cm, 19 cm, 7 cm, o] 104, 30, 50 W= S 3d 7k @A 189, 17
0 cm® WERFAL Qltk B3 501 RIEelA = 208] REEA|EY A, 151 A9-9] 129 Fgk> Z7F 427 em, 430 em,

@Eoll= 739 AX =)l 106 cm?] EfEEL-S E3lalo] & 433 cm == EEare] o 131 29]Q1 400 cmel] B 27~
SAGEEel= 29t AAEHe] efFeid v 23 QS ¥ 33 emtt =2 AdElelA vlElE Yot 34 SAsHart
w2 158]o M= =5=al ] 11 29] U nlgiEsd o ® =

A7 B ASS E 5 ok 30 o] Rlke| F Ao g FXx|eHart GAEE A= 28] $o
e 23t g b 28 v 1009 WIES] ¢ Aol whAElA] ¢kar glom Adr|tle] dojd o elFsld
HIthE 203] % 183]¢ll4] BiE-al Y a7t EghE o] S48 a7} ARl wpet 31329 ke A AEL S-S =
17F 3= Qlom 1x9] W el danke 2 4|3 T AUtk
Table 3. Mean (upper) and standard deviation (lower) of extreme sea level and its components (unit: cm)
S Return period 10 yr Return period 30 yr Return period 50 yr
’ ESL HW TS NS ESL HW TS NS ESL HW TS NS
Ic 974 960 2 14 981 957 8 16 984 955 11 18
0.5 7.9 8.3 10.0 0.9 17.6 25.1 10.7 2.5 21.5 252 6.4
Gs 769 746 9 14 775 752 2 21 779 751 7 21
0.5 234 29.3 12.8 0.9 9.1 9.4 124 1.9 124 18.0 6.9
MP 540 518 1 21 546 526 0 20 549 516 16 17
0.5 4.7 6.1 12.5 0.8 52 0.0 11.1 1.5 19.0 24.1 11.3
WD 449 426 4 19 455 428 6 21 459 425 15 19
0.5 6.8 12.9 13.5 0.9 8.9 15.1 14.8 14 18.1 29.4 13.3
vs 405 380 7 18 429 331 95 3 454 323 131 0
0.8 12.1 16.8 13.1 6.7 392 47.7 154 9.7 449 484 8.6
TY 334 305 13 16 355 276 74 5 375 262 111 2
0.9 19.7 23.6 11.8 72 32.5 392 153 10.1 30.0 34.1 83
BS 177 146 9 22 189 141 41 7 199 135 61 3
0.7 11.5 16.3 11.9 4.0 104 20.1 14.7 5.7 153 222 9.9
st Return period 100 yr Return period 200 yr
’ ESL HW TS NS ESL HW TS NS
IC 1001 902 91 8 1043 880 159 4
132 60.8 69.0 9.9 29.2 57.4 70.1 10.6
GS 795 680 110 5 843 693 146 4
9.9 67.3 72.6 10.6 31.6 403 50.0 8.6
MP 557 508 29 20 572 478 95 1
42 23.8 35.9 14.3 13.9 413 47.1 8.9
WD 469 414 48 7 488 385 103 0 N\
55 18.2 243 13.7 11.3 38.6 443 6.9
vs 498 326 168 4 545 322 223 0 \\
19.9 30.2 34.0 9.0 294 35.7 434 9.0 N
Y 409 267 143 -1 443 268 176 -1 \\
154 222 21.9 6.6 18.7 23.5 32.7 10.2 \\
BS 219 130 89 0 242 133 110 -1 N\

8.5 10.6 13.1 8.8 13.9 12.5 20.6 8.1 \
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Table 4. Times of occurring extreme sea level without typhoon

Return period (yr)

St.

10 30 50 100 200
IC 19/20 17/20 15/20 3/20 1/20
GS 18/20 19/20 17/20 1/20 0/20
MP 19/20 20/20 13/20 9/20 0/20
WD 18/20 16/20 15/20 2/20 0/20
YS 17/20 2/20 0/20 0/20 0/20
TY 15/20 1/20 0/20 0/20 0/20
BS 15/20 2/20 0/20 0/20 0/20
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Fig. 2. Tide contribution ratio (%) and surge reproduction ratio (%).

ZAA el 2} LA uls o oist YA A 25 v
2ol m=Este] Aol g8l
Table 31| #AA1E FASHIL(ESLY=E 71 2r5HS 7]
2 2HgE 71 o5 Had 7o R dhlst
p 9] AnkekE wjld o) ey = 1%
feh= AR SulE fAsk] f18te] Bated 7o = $
2kslelidl, o]d 2] o= kst SA|EHAL(ESL) & 129
AE-HW)o] A3k v &S 247101 (tide contribution
ratio; TCR)®]2} F 2513t o5 54 QoA 10d W%
o Htaw 7159 ESLS 974-927/2=510.50]11 HW=
960-927/2=496.5 ©]| & TCRZ 496.5/510.5=0.97% 2F4 =
o} mE3F S| AAE(TS & NS)Q Table 19] A3 7|70 &
o] thgk v YA S (surge reproduction ratio; SRR)
Fdl, 1A 10d W% o5 oAl EH
SRR=(2+16)/135=0.13 ©| ¥t} o] FA] AH¥ = 7] A%
% Fig. 20l AIAIEFITE TCRY} SRR A2 Wi &lsh= 4
S Holal glon A&7|Zte] dojH4E TCRS 743t
3 SRR S7FeHs A& Kol 9l T3k TCR > SRR
Ql ool XA ulsl|9], TCR < SRRRI <2 A uljsi
A3} A A o= AR sh= AeS KHola Tt
Fig. 20l4] H20] kA 424 A% ]uljel| & (1C/GS/MP/
WD)olA = 30 o]s} RIES] ¢ Z417]oJ&(TCR)®] 0.9
S Aslsta 9o soid Wk o]e] Al 0.6 oS
Kol glof Fatalras 7IFo® SAsaL WAl 24
of 23t 7]of =7} djdel st 7| TE AA 23R AL
=2 e ik, BEsh sl A A &SRR 501 o8t W%
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Fig. 3. Usual case of occurring extreme sea level and its components.
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Fig. 4. Comparisons of the extreme sea levels.
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