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Abstract

The Korean Peninsula is considered as one of the most typhoon related disaster prone areas. In particular, the potential risk of flooding
in coastal areas would be greater when storm surge and heavy rainfall occurred at the same time. In this context, understanding the
mechanism of the interactions between them and estimating the risk associated with the concurrent occurrence are of particular interests
especially in low-lying coastal areas. In this study, we developed a Poisson-Generalized Pareto (Poisson-GP) distribution based storm
surge frequency analysis model to combine the occurrence of the exceedance of a threshold, that is the peaks over threshold (POT),
within a Bayesian framework. The storm surge frequency analysis technique developed through this study might contribute to the
improvement of disaster prevention technology related to storm surge in the coastal area.
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Fig. 1. Flow diagram of the storm surge frequency analysis
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Fig. 2. Locations of sea level stations by Korea hydrographic and
oceanographic agency

Table 1. Sea Level observatory used in this study

Station Name OSbtzer:trV];:t(;n Latitude Longitude
Anheung 1986.10.01 36°40'25" 126°07' 56"
Boryeoung 1985.09.01 36°24'23" 126°29' 10"
Busan 1956.01.01 35°05'47" 129°02' 07"
Chujado 1983.10.01 33°57'43" 126°18'01"
Heuksando 1965.08.01 34°41'03" 125°26' 08"
Gadukdo 1977.01.01 35°01'27" 128°48'39"
Geomundo 1982.01.01 34°01'42" 127°18'32"
Gunsan 1980.02.01 35°58'32" 126°33'47"
Jeju 1964.01.01 33°31'39" 126°32'35"
Mokpo 1956.01.01 34°46' 47" 126°22'32"
Mukho 1965.02.01 37°33'01" 129°06' 59"
Pohang 1971.05.01 36°02' 50" 129°23'02"
Seogwipo 1985.01.01 33°14'24" 126°33'42"
Sokcho 1973.12.01 38°12'26" 128°35'39"
Tongyoung 1976.02.01 34°49' 40" 128°26' 05"
Ulleungdo 1965.09.01 37°29'29" 130°54'49"
Ulsan 1962.09.01 35°30'07" 129°23" 14"
Wando 1983.01.01 34°18'56" 126°45'35"
Wido 1985.01.01 35°37'05" 126°18' 06"
Yeosu 1965.02.01 34°44'50" 127°45' 56"
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Table 2. The yearly number of typhoons, with number affecting the
Korean peninsula in parentheses

Year Typhoon Genesis Year Typhoon Genesis
1987 23(3) 2002 26(4)
1988 31(0) 2003 21(4)
1989 32(2) 2004 29(5)
1990 29(4) 2005 23(1)
1991 29(5) 2006 23(3)
1992 31(2) 2007 24(3)
1993 28(4) 2008 22(1)
1994 36(5) 2009 22(0)
1995 23(3) 2010 14(3)
1996 26(2) 2011 21(3)
1997 28(4) 2012 25(5)
1998 16(2) 2013 31(3)
1999 22(5) 2014 23(4)
2000 23(5) 2015 27(4)
2001 26(1) 2016 26(2)
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Fig. 3. The number of typhoons and its trend during the period of
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H Ol = AR gt Bat2 S7tok= Al - o] vekd 4= 9l Table 3. Sea level stations used in this study (unit: cm)
oh & ‘?“ﬁloﬂfﬂ = B3 WE548S et Al TS A Station Sea lovel Station Sea lovel
Aot TS £ 917] 2ol efFol H&3t A1719] Name | Mean | Threshold| Name Mean | Threshold
Ff4HS ZEHLZ T3] 9235] EfF UG A7 9] A Anheung | 360 614 Mukho 20 38
Sf4H-E A7 F o 2 AASIPTE =, 10 2 Q151 5 Boryeoung | 390 672 Pohang 22 28
_/’,\_gﬂo] /}_,}%3}% ﬁo_%_o,] 41{ GH_,_@ ° =7 3}% 7(:)]_%011 r,H@l Busan 71 122 Seogwipo 164 251
ool REsl o= Bl Chujado | 178 | 278 | Sokcho | 24 42
= LH%}\] B2 7} o] 2fo] 2 015} Z]Z‘_:} =k 7‘34;37] Heuksando | 189 324 Tongyoung | 148 241
S AT A B e (U 2 ]
Table 3 7};} =24 Xq“] Ca %;'L"H#Eq# ﬂ7‘§7 1=} Gunsan | 366 | 640 Wando | 208 343
oF1.9u e 2fol S B o HAH 0 2= oF 1611 <] 2ol Jeju | 161 | 241 Wido | 334 | 534
£ Hol1 qleh. oAt 72 2ol 7t 245 | Mokpo | 251 | 406 Yeosu | 186 311
 UsAl OHT“‘ 7Tl 2 A8 Pt 4 Q. o
oo $BE 7o) 24 W 217150 5Y
TS TSI, olol 2L ANL B AT 32 De|LiR} EFSLES BB BHEY
O HlE-2 HASY 9o s 55X o= XdeH H+= HENLA ol 2w E o= AP RAEANE

o S Ao L4710 Aol okstulol SOl Table 4o BBt MK Z4H3 141 8 Sen's 743 141
A Adele BH0E S5 AHO) A4S ATAAL] 2HT o F7HI0] 7|2AREE Slhel 012 0052 Tl
Hi5o] igshe 397t BonR oEel Al S4oR  sick Aesls] AR WAL 207) 2E A

Uit s MEAo] Atk 2102 AR E, ZR )20 37130 Ak Ao ek on =

Table 4. Significance test results of storm surge data set

SN Linear Regression MK Test Sen’s Test
Slope Signigicance Z-value Signigicance Slope Signigicance
Anheung 0.365 O 2.037 O 0.374 O
Boryeoung 0.397 O 1.902 O 0.394 O
Busan 0.159 O 2.192 O 0.150 O
Chujado 0.291 O 1.649 @) 0.327 @)
Heuksando 0.215 O 4.064 O 0.209 O
Gadukdo 0.179 O 2.590 O 0.200 O
Geomundo 0.271 O 3.261 O 0.304 O
Gunsan 0.242 O 2.837 x 0.238 O
Jeju 0273 ) 4.661 ) 0.285 O
Mokpo 0.596 @) 2.337 @) 0.601 @)
Mukho 0.084 @) 4.988 @) 0.083 O
Pohang 0.235 O 3.646 O 0.267 O
Seogwipo 0.208 O 1.602 O 0.221 O
Sokcho 0.119 @) 3.649 @) 0.133 O
Tongyoung 0.179 ) 3315 O 0.171 O
Ulleungdo 0.204 O 2.516 @) 0.214 @)
Ulsan 0.074 O 3.771 x 0.078 O
Wando 0.167 O 3.063 O 0.205 O
Wido 0.318 @) 2.691 X 0.270 @)
Yeosu 0.123 O 2.890 O 0.149 O
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Table 5. Estimated parameter (A) of the Poisson distribution and its
uncertainty bounds

Parameter SD 5%
A 0.3171 2.554

Median 95%
3.047 3.597

Table 6. Estimated scale parameter (o) of the GP distribution and its credible bounds

Station Name SD 5% Median 95% Station Name SD 5% Median 95%
Anheung 6.063 84.700 94.880 105.100 Mukho 5.349 35.160 44.290 51.890
Boryeoung 5.034 91.740 100.800 108.700 Pohang 5.714 43.440 52.340 62.410
Busan 5.124 29.740 38.235 46.600 Seogwipo 4.459 62.380 69.460 77.150
Chujado 6.533 55.595 64.010 76.930 Sokcho 7.356 34910 42.600 59.390
Heuksando 5.392 45.220 53.840 62.930 Tongyoung 6.472 43.255 52.860 64.480
Gadukdo 4.802 39.570 47.880 55.180 Ulleungdo 4.854 50.620 59.180 66.190
Geomundo 5.957 56.640 68.110 76.630 Ulsan 5.571 34.230 42.390 52.890
Gunsan 5.225 80.640 90.410 97.050 Wando 6.037 63.570 74.600 83.830
Jeju 3.504 60.680 66.560 72.780 Wido 5.495 111.300 120.700 129.300
Mokpo 7.129 81.180 91.130 104.600 Yeosu 7.220 60.170 66.880 85.030
Table 7. Estimated shape parameter (£) of the GP distribution and its credible bounds
Station Name SD 5% Median 95% Station Name SD 5% Median 95%
Anheung 0.043 -0.598 -0.516 -0.439 Mukho 0.115 -0.881 -0.738 -0.538
Boryeoung 0.037 -0.558 -0.524 -0.438 Pohang 0.089 -0.783 -0.645 -0.501
Busan 0.096 -0.475 -0.362 -0.168 Seogwipo 0.051 -0.790 -0.704 -0.619
Chujado 0.078 -0.764 -0.609 -0.488 Sokcho 0.149 -1.013 -0.685 -0.501
Heuksando 0.066 -0.321 -0.240 -0.139 Tongyoung 0.068 -0.313 -0.215 -0.108
Gadukdo 0.076 -0.678 -0.571 -0.448 Ulleungdo 0.068 -0.775 -0.689 -0.568
Geomundo 0.080 -0.773 -0.665 -0.509 Ulsan 0.103 -0.657 -0.490 -0.301
Gunsan 0.061 -0.546 -0.502 -0.415 Wando 0.072 -0.827 -0.737 -0.558
Jeju 0.043 -0.825 -0.746 -0.653 Wido 0.033 -0.592 -0.558 -0.477
Mokpo 0.067 -0.736 -0.627 -0.524 Yeosu 0.085 -0.861 -0.627 -0.590
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Fig. 5. Design storm surge level and its uncertainty over all stations
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