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Parameter Estimation and Analysis of Extreme Highest Tide Level
in Marginal Seas around Korea
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Abstract : For a coastal or harbor structure design, one of the most important environmental factors is the
appropriate extreme highest tide level condition. Especially, the information of extreme highest tide level
distribution is essential for reliability design. In this paper, 23 set of extreme highest tide level data obtained from
National Oceanographic Research Institute(NORI) were analyzed for extreme highest tide levels. The probability
distributions considered in this research were Generalized Extreme Value(GEV), Gumbel, and Weibull distribu-
tion. For each of these distributions, three parameter estimation methods, i.e. the method of moments, maximum
likelihood and probability weighted moments, were applied. Chi-square and Kolmogorov-Smirnov goodness-of-
fit tests were performed, and the assumed distribution was accepted at the confidence level 95%. Gumbel
distribution which best fits to the 22 tidal station was selected as the most probable parent distribution, and
optimally estimated parameters and extreme highest tide level with various return periods were presented. The
extreme values of Incheon, Cheju, Yeosu, Pusan, and Mukho, which estimated by Shim et al.(1992) are lower
than that of this result.

Keywords : Extreme highest tide level, reliability design, tidal station, extreme value distribution, parameter,
Gumbel distribution
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Fig. 1. Locations of tidal station around Korea.
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Table 1. Informations of tidal stations around the Korean coast

1EF - S

NO A 713k 28 A $IA H3 (ASd5)
1 Y 1974-2007 34 ot
2 23 1965-2007 43 "
3 5T 1965-2007 41 " (1963, 1977)
4 e 2002-2007 6 "
5 x3) 1972-2007 36 p
6 24t 1963-2007 45 "
7 Bl 1960-2007 48 el 9l AFEE
8 wpak 2003-2007 5 "
9 F=h 1977-2007 31 "
10 AA = 2006-2007 2 p
11 2o 1976-2007 32 "
12 o4 1965-2007 43 p
13 s 2005-2007 3 "
14 ARE 1982-2007 26 "
15 A 2004-2007 4 )
16 AAE 1985-2007 23 p
17 REY 2004-2007 4 "
18 AlF 1964-2007 44 p
19 27 1984-2007 24 "
20 = 1983-2007 25 "
21 A% 2006-2007 2 "
» 1 EXE | 1956-1978 23 ek AV BE AR =
2 53X 2 1980-2007 28 " JEow e
23 ) EAE 1965-2007 43 "
24 o3 2002-2007 6 p
25 A= 1985-2007 21 " (2003, 2005)
26 =5} 2004-2007 4 p
27 Ak 1960-2002 43 .,
28 TAHS)E 1980-2007 28 p
29 b 1986-2006 21 " (2007)
30 orE 1986-2007 22 "
31 thak 2003-2007 5 "
32 3 1993-2007 12 " (1996, 1997, 1998)
33 SMAHEIT) 2002-2007 6 p
! AH ) 1 1960-1972 13 " QA& A7 e whE A AW
2 AH(EHE) 2 1975-1998 24 " ZHoRE F 1FoFE we
35 o1 1999-2007 9 "
36 X 1999-2003 5 "

28 A&l A2} S2EH4] BEa)t). Table 10 293
S0 AT, ASAARJNE, A5FTdeE Fesith
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Table 2. Classification of tidal data used in this analysis

T AT #1A] 72
1 30 o) &%, 535, 555, X%, &4, ,7}L45, T, oA, AlFE, diEAE, A 12704
2 20d oPd30d MRk AR, AT, FAE, 9, BX L 5E 2, 9%, TAER, 1Y, 1704
Q1R E) 2,
3 109 o) d~20:d mIvE P8 A (EH]=) 1 22
4 104 o]3t $aL ﬂ}*&, AAE, F, AT, BEX e, 43, 4, diY, Es), 13704
‘_7@, ?—E—J—,
3 3874
1) FaEsh AHEVE) ARE F A5 o= 78kl a7t F7H.
Wb oldow Aesht, @A mAE ARS 108 7 320 Ry
402 BRFW Table 29 Lk, 2 AFME 20 o] 2 QAo iAEE Feke W0 miEy
A AgrF R AR, S 237 A8E e R H= (Method of Moments), #-%-5%% (Method of Maximum
UF9 B AAEITH Likelihood), “72] 31 25715 EX (Method of Probability
Weighted Moments)& AH8-3F3{ Tt FA1 211 5l A KM,
3. ZR|IEEEIA0| O A =X U MBIE A HSUNe RRAL FE6] F u g GREe Y
3 g O 2 FrtEARE FHEA ] Qo] FAZE AT 4 gle
W, 3R] 77 2 o AnbA o F AXEHA] G
3.1 FR2ER2 R A3E AA Dk Gumbel #E2] ol RHEY O
SAEAE A of] AR E FAEETGTE ATIAE 2T FE3] Hgsta 5% (un-biased) FHAE -
T, AT, T, v A Sl vt wike- oiekskAl Al T orw P AEd wgolet & ¢ gtk Jevk &
QbEjo] glom, et} sk Sl 44 e AYH WEHL v o2 ¥ (skewed) EFEFH O] 9 B3
5730 wpeh W8A 0% AR EE SREE Tt UhE o ZHAE A o, 1A} FHER 442 1R =
&8 Holal Qlvk. e, ofH SARAE FE ARS-SiTE o] Qluk. Bk BEAT | o A7} EEET Kl
At Yot A s SR, VR o w B9 ERje] o3 W& RS AYA] EE A3E Frh HL
3o wAlE WA et webA, 2 AtellAE o o= EHEWHS WS Hst GEVERUEH
Hios SARE e de] o]8¥E  Generalized (Greenwood et al., 1979)¥} L-5 %l E W (Hosking, 1989)
Extreme Value, Gumbel 78|31 Weibull =¥372 A3 o] ARSI FEVFEHENS Ak 5 0l 7EAE H-
of FREE A S FASUTE 7 Fxe dish EUE ofgte] /RG-S FskE o EA7|7F AAY
S, g, aela UH7HLT 78 W T2 d=e A5d o vlmE ARl AAE ¢E& 5 3
Kite(1988), WA 14~(1998), Rao and Hamed(2000), . L-RHIEHE SgErERHES] S5 A8 %olsto]
274 t(2003), 7 5(2004)2] AEE ©]8-8I3ATt. Table 301 W RHSEE F s Wold, & dqtelAs HENY
Aol A MRS SAREY S F kTt ol A Al
Table 3. Distribution functions for extreme tidal data
Distribution CDF (Cumulative Distribution Function) Parameter
1/p x,, (Location)
GEV (Generalized Extreme Value) F(x)= exp{—{ 1 —k(x_ax”)} } a (Scale)
B (Shape)
—x x,_ (Location)
R e
EV1(Gumbel) (The Extreme Value Type I ) (x) CXP{ exp p } & (Scale)

s x, (Location)
Weibull F(x)= l—exp{—(x_ax“) } a (Scale)
S (Shape)
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Fig. 2. Flowchart of the extreme tidal data analysis.
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Table 4. Estimated parameters of Gumbel distribution

487

Ws Az 914 s A T Gumbel w232 Wi/ WAL (R A7) #4
N w7 kS k] Ql EEF)

1 &% 34 64.0410 6.9700 ML Gumbel
2 =23 43 59.4526 7.4657 ML Gumbel
3 L=2C 41 60.1719 10.6148 ML Gumbel
4 23 36 59.9102 12.0974 ML Weibull
5 2} 45 82.8341 10.0317 ML Gumbel

6 Bk 48 155.7036 5.9622 ML GEV
7 i=a=s 31 217.6580 5.3989 ML Gumbel
8 B 32 313.9615 7.1716 ML Gumbel
9 ol 43 394.9843 8.0748 ML Weibull
10 A 44 305.0604 6.9196 ML Weibull

11 R 43 391.7091 11.8656 MM GEV
12 EeIh =) 21 699.4577 8.1754 ML Gumbel
13 Ak 43 713.2984 44,7295 PWM Gumbel
14 AR 26 368.0432 6.7946 ML Gumbel
15 XA E 23 326.4431 6.8636 ML Weibull
16 ESqas] 24 352.8451 5.3727 ML Gumbel
17 e 25 430.5167 4.0507 ML Weibull
18 | 23 432.7023 12.9415 ML Weibull

19 R ) 28 491.3247 18.3707 MM GEV

20 TAHEIE 28 761.9508 13.6974 MM GEV

21 k] 21 804.0681 14.9693 ML GEV
22 QE 22 728.2835 13.3495 ML Gumbel
23 Q1 (Eu %) 2 24 953.5202 10.6498 ML Gumbel

Table 5. Inverse function of distribution functions for extreme tidal data
Distribution Inverse Function Parameter
s x,, (Location)
GEV (Generalized Extreme Value) Xp=x,+Y { 1 ln{ 1 7(1 l)} } a (Scale)
B T
[ (Shape)

EV1(Gumbel) (The Extreme Value Type 1)

1 B
Xr= xo—aln{—ln(l —?) }

x,, (Location)

a (Scale)

Weibull

g x,, (Location)
XT=xn+ar{—ln{l —(1 —%)H ;((:Eale))
ape

o] kg AMgslo] Falolth. Al 717t
= 129 B WHEER dees
< Table 58} o] ]kt

B =RoflA Ttz F 23 F e T3t 10, 20, 30, 50,
100, 2001 AE717PE 2= 73285 Table 61l AASIATE.

sto] FARAE AAste] SR HEE AP EATHA
1992). 2512] 7|7k A
om P teksls) W 2
279 ol upe) FA AL Ho) MEER olF
A1l st Al 71788 S| 4 A2 Table 7~11
of Fajsto] ulw A3t Tableof|A] [19Fe] 3k A &
(1992)9] A3}o|tt. Tableol|A] ‘ML FH9-ER1], ‘MM’
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Table 6. Estimated extreme tidal levels with various return periods (unit: cm)

. BESS A A )
= 2l A 10 20 30 50 100 200
1 Lz 79.73 84.74 87.63 91.24 96.10 100.95
2 53 76.25 81.63 84.72 88.58 93.80 98.99
3 2T 84.06 91.70 96.10 101.59 109.00 116.39
4 >3} 84.13 92.84 97.85 104.11 112.56 120.98
5 24k 105.41 112.63 116.78 121.98 128.98 135.96
6 AR 169.12 173.41 175.88 178.97 183.13 187.28
7 Vai=hsy 229.81 233.69 235.93 238.72 242.49 246.25
8 Zo 330.10 335.26 338.23 341.94 346.95 351.94
9 ol 413.16 418.97 42231 426.49 432.13 437.75
10 AT 320.63 325.61 328.48 332.06 336.89 341.71
11 EAE 418.41 426.95 431.87 438.01 446.29 454.55
12 o= 717.86 723.74 727.13 731.36 737.07 742.75
13 Ak 813.96 846.15 864.68 887.83 919.06 950.18
14 AR 383.33 388.22 391.04 394.56 399.30 404.03
15 X 341.89 346.83 349.67 353.22 358.02 362.79
16 FAE 364.94 368.80 371.03 373.81 377.56 381.30
17 ot 439.63 442.55 44423 446.32 449.15 451.97
18 B3I 461.83 471.14 476.50 483.20 492.24 501.24
19 R ) 532.67 545.89 553.50 563.01 575.83 588.61
20 e 792.78 802.63 808.31 815.40 824.96 833.49
21 kS 837.75 848.53 854.73 862.48 872.93 883.34
22 Qs 758.32 767.91 773.46 780.37 789.69 798.98
23 AHEvE) 2 977.49 985.15 989.56 995.08 1002.51 1009.92
Table 7. Comparison of estimated extreme tidal levels(Incheon, unit: cm)
QI (&%) AHE Fd4m: 24[23]
A& 7)1 GEV EV1(Gumbel) Weibull
(‘;j) ML MM PWM ML MM PWM ML MM PWM
50 996.18 996.89 1020.01 995.08 999.40 1034.71 Invalid 996.36 1019.14
[981.60]  [982.30]  [982.60]  [991.80]  [987.20]  [989.50]  [981.80]  [981.90]  [981.70]
100 1002.37 1003.67 1028.13 1002.51 1008.13 1050.86 Invalid 1002.49 1027.41
[984.60]  [985.70]  [985.90]  [999.20]  [993.80]  [996.60]  [985.10]  [985.30]  [985.00]
200 1008.07 1010.06 1035.18 1009.92 1016.82 1066.94 Invalid 1008.20 1034.93
[987.1] [988.60] [988.70]  [1006.60]  [1000.30] [1003.50]  [988.00] [988.40] [987.90]
Table 8. Comparison of estimated extreme tidal levels(Jeju, unit: cm)
AT AFRZAT: 44[27]
A& 713k GEV EV1(Gumbel) Weibull
(‘{j) ML MM PWM ML MM PWM ML MM PWM
50 326.90 327.12 336.03 332.06 328.60 339.35 Invalid 326.83 335.13
[321.30]  [320.60]  [321.10]  [323.80]  [321.30]  [321.70]  [321.80]  [32030]  [319.50]
100 330.03 330.28 340.61 336.89 332.88 345.89 Invalid 329.71 339.20
[324.50] [323.40]  {324.20} [327.60] [324.60] [325.20] [324.60] [322.80] [321.60]
200 332.94 333.22 344.84 341.71 337.15 352.40 Invalid 332.38 342.95
[329.40] [327.60] {328.90} [331.5] [328.00] [328.70] [327.20] [325.10] [323.60]
RHER 72|31, PWM2 SE7ITEHEHS oJn|shd, Gumbel %, 7 EHER S o] 83510] AA7IZE 50
‘Invalid & 95% A F|Fol thet 234 A4S FHsA W A8 AP E S vk, 93 Eeiwe He- 4

o)1=
%

258 olvlah,

5(1992)9] Azlof H|ste] & 15 AZr}t 3.3 em AL
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Table 9. Comparison of estimated extreme tidal levels(Yeosu, unit: cm)
o A T B4
AE 717 GEV EV1(Gumbel) Weibull
GG)) ML MM PWM ML MM PWM ML MM PWM
50 421.66 422.09 434.05 426.49 423.77 437.6 Invalid 421.75 432.86
[42130]  [419.00]  [422.30]  [424.50]  [421.00]  [422.40]  [421.60] [418.60]  [421.70]
100 425.34 425.92 439.90 432.13 428.86 445.70 Invalid 425.23 437.97
[425.70]  [422.00] [427.00]  [429.60]  [425.40]  [427.20]  [425.20] [421.40]  [425.60]
200 428.75 429.49 44536 43775 433.94 453.68 Invalid 42846 44271
[43020]  [424.70]  [431.00]  [434.70]  [429.90]  [431.90]  [428.60]  [424.00]  [429.30]
Table 10. Comparison of estimated extreme tidal levels(Busan, unit: cm)
TR RS T 4827]
A4 71z GEV EV1(Gumbel) Weibull
D) ML MM PWM ML MM PWM ML MM PWM
50 184.71 187.84 187.43 178.97 185.92 187.10 Invalid 190.29 186.03
[170.90]  [170.30]  [170.80]  [172.40]  [170.40]  [170.70]  [172.30]  [170.50]  [169.70]
100 189.64 196.17 193.57 183.13 191.59 193.02 Tnvalid 198.63 190.77
[174.00]  [173.20]  [173.80] [175.70] [173.40] [173.70] [175.30] [173.10]  [172.00]
200 194.43 205.37 199.74 187.28 197.25 198.92 Invalid 207.17 195.25
[177.10] [176.00] [176.90] [179.10] [176.30] [176.70] [178.20] [175.60] [174.10]
Table 11. Comparison of estimated extreme tidal levels(Mukho, unit: cm)
53 s TUT: 43[20]
A& 7)1 GEV EV1(Gumbel) Weibull
) ML MM PWM ML MM PWM ML MM PWM
50 83.67 90.13 93.89 88.58 90.64 93.05 Invalid 90.08 92.37
[78.90] [77.80]  [79.70] [83.30] [79.80] [81.30] [80.10] [77.50]  [79.40]
100 86.63 95.33 100.59 93.80 96.28 99.19 Invalid 94.69 97.46
[82.00] [80.40]  [83.00] [88.00] [83.70] [85.70] [83.20] [79.90]  [82.40]
200 89.31 100.42 107.4 98.99 101.89 105.3 Invalid 99.04 102.29
[85.00] [82.80]  [86.20] [92.70] [87.70] [90.00] [86.10] [8220]  [85.20]
(Table 78%), A5+ 8.3 cm(Table 8%%), 915 2 em I} HIESAE o] gate] TEES] AAXSE Tt it
(Table 94%), F-AHE 6.6 cm(Table 108%), H5= 528 S GRA A ATk A 129 ARE o&-
cm (Table 1154%) FAth= A& & 7 vk Axd39] ¢ sto] SAFEAE AAETE 201 oo A5t e
1973\ &S wla8tar, 19743 1HE AAZS 715 2370 AF8.of tha}lo] Generalized Extreme Value, Gumbel
7] wzol o] AlfE st} AFg o] Aol vlitdsitt. 11 T12]aL Weibull 2323 & 3572 SAEEH S ARES
ok, 2 519922 FAAEE T3] BAS S W ek 2 REGe] thet g F e s, H e
_]

ol dato] Al w7} vt

6.

TEES WA B3 71 o1
A AN T e

5 SAAsko] Age A

Eye

2Lttt e] 73 A w5713k] g

ddT A wigel AARE Bkt 5

AZRIE ARgSh= 2ol 1

¥, 181 TR HERS ol gala, f BT K-S A
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gk, 2k A2 T 213 AN SEES )
St

3) 2370 Az A8 tiste] Gumbel X & AHA 5l
10, 20, 30, 50, 100, 2006 A&7 |7 HZF RIS
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