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Abstract : In this study, we have estimated the storm surge heights using numerical modeling on coastal area, and then evaluated the vulnerability
index by applying the vulnerability assessment techniques. Surge modelling for 27 typhoons affected from 2000 to 2014 were simulated by applying the
ADCIRC model. The results of validation and verification was in significant agreement as compared with observations for the top 6 ranking typhoons
affected. As results, the storm surge heights in Jinhae Bay, Sacheon Bay, Gwangyang Bay, Cheonsu Bay and Gyeonggi Bay were higher than other
inner coastal areas, then storm surge vulnerability assessment was performed using a standardization, normalization and gradation of storm surge
heights. According to results of storm surge vulnerability assessment, index of Jinhae Bay, Sacheon Bay, Gwangyang Bay etc. are estimated to be
vulnerable(4~5) because of the characteristics of storm surge such as inner bay are vulnerable compared with exposed to the open sea areas.
However, index in the inner bay of western Jeonnam are not vulnerable(l1~3) relatively. It may not appear the typhoons affected significantly for the

past 15 years. So, the long-term vulnerability assessment with the sensitivity of geomorphology are necessary to reduce the uncertainty.

Key Words : Storm surge modelling, Typhoon, Surge heights, Vulnerability assessment, Index

1. M 2 Z vz A 5 vk f-euete] A sl Al e

Fool og A8 dFor sfjwe] B Al vls

A(ourge)e EF, A7 S olske] wistgo] mAdy FHACE wE AvlelH, 5ol MEAke] AlelE A7

o7 Azl Sx 2 WA= AL =) olgdt & USRI Mt AA e Wy At HEE 24
oo F4mo] olx = Alg] Ao 1 &7} hEEely otk AAFY S Hizel o3 sjuede it HA

+ Corresponding Author : kangts@geosr.com, 070-7019-0610 ]



o

e Weom QI3 Aty sd Ferd Bt

o

=

Bx9 A4 &g sivdse] dojuA = 2ASHAl ¥ Tk(Choi and Moon, 2008).
253l Y (storm surge)ol 2t aFn, §-2vheke] A9 19511 o] % 2014744 Hefsg GFoll A e BE2 1,673
= o

o
i
FATH

ol ﬂllm

-2 shAl BEe] Aol ofs) E Bt & A= o] T 20370] BjFo] Fhukmell 22l JFF
(Kang et al,, 2010). o]u] 29 U% oA AAW 4% Hd(1981~20104) 71Fo2 < 256712 B Fo] HAYs3om,
v AL 7E, 1T ol 2 FElE Tk &, vkEe] 4 39 BlFo] entkel A4 TS vAE AoE
vithol| A SAtaFo w2 B o] &k whEEe o] Ebwith(National Typhoon Center, http:/typ.kma.go.kt/TYPHOON)).
8 A5t 54 o ek HAHe] S4W 35 oyl @wkEel AR A JFL WAL BFL B IS 24
sit). o] & ulgtel] 93t dH Al (wind setup)o] Bl F-2™,  A]F]=H], Ministry of Public Safety and Security(2013)°] W=
53] g Asiohat 22 b Abe] AT REEAL dE HT 1097H2003~2012) 1 H e} T HFoR <
shelol A Me AekAvlE 9ol Rk, @ ol WA Nal F o s56%E AA e wANFE
oloh URAE ATE Kang015)e BE RN ] 2A7 Mo n, sl FFAML] B3 FrolA A sk
A NG SR B E AL WAANEL BFY w o] ¥ Ao vehgrh olg% me] HHH
7 A&FPo g Rt Akl on, Park(20100> MIKE2I  F&FE FUY T2 EHF S Table 1] #4153
RES o] &3 AT 5714 Fure] 2469 AR
O g 1 g g WA W AL ABEES
= TEStal 24, s el Wek ged B M8 HES 4 Table 1. Typhoons affected around Korea(2000~2014)
&l Ef¥ MAEMI(0314) A& A @33ITh Kim et al(2007)->
I'_E}%hﬂ- %’%E"_HOE]_O 7&-‘:}_01] 9]1?} J-‘—J:]_%]: ;‘\l_zéil_ EH/})]'Z]O_:‘] No. Name Year No. Name Year
wjFo Aol A=A W E4S FHetdoen Yoon et 0012 | PRAPIROON 2000 1004 DIANMU
al.(2014)S ol 23t st xRN ZEF A 7 0014 SAOMAI 1007 | KOMPASU | 2010
ol o AAg Fob atelste], FALSR, o) ) 020 | RAMASUN 1009 ] MALOU
S 9 dee) ool uhe ARAAS wee] Ao o 0209 | FENGSHEN | 2002 | 1105 | MEARL |
oF AT 29Itk Kang et al(2010)S whibuke] b 0215 | RUSA 1109 | MUIFA
@ SAuERE Foto] MyAe] APyl m@ e B MABML | 2003 | 1207 | KHANUN
Hl glok, 0410 | NAMTHEUN 1210 DAMREY
% 9170] A3= ADCIRC(ADvanced CIRCulation) 2.8 o] 0413 MEGI 2004 | 1214 | TEMBIN | 2012
S8 ALANFEAL AR FEE Bgshe] g I8 | SONGDA 1215 | BOLAVEN
v ddgrel A Akd S Wobstn ASFS Agstm 4| NABL | 2005 | 1216 | SANBA
5 0603 EWINAR 1324 DANAS 2013
A e 2006
0613 | SHANSHAN 1408 NEOGURI
2 _c|>_|—:|_| L—l'E—|'O'|| ooqgt% D|i|_| EH%;._%" 0711 NARI 2007 | 1412 NAKRI 2014
. . . 1419 | VONGFONG

3% No typhoon in 2001, 2008, 2009

FEvetel gEs WA= HEFS dn
A% 5°N~25°N, 120°E~160°E<] 31 913 &
g}, Bl SR ] 24 o] B o] F YA
A e FE o Fe] A AEE oA Bt
2 Bo] oA Y, BFE Yol e HE5TFdFo] ook 3.1 A2
HAEAME PAdstAl Hrh(Korea Meterological Administration, Aot A AHWNZEZHALE 2E38}7] Yol ZE3)
2011). - vete HExlets BE o] A8 ) A]stke] vid oo 744 del 2 -85+= ADCIRC(Luettich et al., 1992)
2-3709] ElFo] = 69¥€] JTIFS v XA HY, AFTH ]S Ag3grt. o] &L North Carolina™ &He] Luettich
39 % AL P AdAHE FEAINT HEFS T 9} Notre Damet 3H2] J. J. Westerink”} 7§23} 3L, Chippada et

Hﬂ nﬁ

AAZ e Arbdd T TR V1A A58 S al(1996)0] oE WA salEo] FA n B oo A

2 F7HARL AaE FEeh7] %= v (Cha et al, 2009), A%E ZFeA ow o}l FeAe] ATl AHEHI dE FIe
Aol A WA= ST Fafl= sl wol7l HFeltt xmygown Agus AAXYY) 7bseta Z)F B9 5S
AZ3S 59 A7 Ao FEe 715 b g gdo 45 mold 4 glon, AT e =



<

2

W

Ach

k]

i 2

I

e

Hu
L2

(internal overflow boundary) 22
aL, WRAEANA dFrE 2
Hgstel A AP} Ahe B
1] 7 & A X} (unstructured grid)E A&
A AR 0.2 Aok %7433 g
stk olel @ A% PA e |
sokA gt

20
116 120 124 12 132 136

Fig. 1. Model grid system and bottom topography.

Table 2. Introduction of storm surge numerical modelling

Category Contents
Model ADCIRC V49.21(Luettich et al., 1992)
Input data ZK()OO~2014 : 27 Typhoons affected around
orea by KMA and JMA, JTWC
Verification | Tidal observation stations by KHOA

Unstructured grid system

Grid system | N 750 m ~ Max, 30 km

Domain East Sea, Yellow Sea and East China Sea
Depth data Digital charts(Korea Hydrographic and
Oceanographic Agency)
Run time | 3~4 days each typhoons

Time interval | 1 sec.

Drag coef. | Max=0.003 by Luettich and Westerink(2004)
Wind Asymmetric hurricane vortex algorithm(NWS=9)
generation Yy g
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Fig. 2. Typhoon tracks affected around Korea(2000~2014).
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Table 3. Typhoons for verification

No. Name Period Pzii:;])re Spei/él(lil/s)
0014 | SAOMAI | 2000.09.01 - 09.19 925 513
0215 | RUSA 2002.08.22 - 08.31 950 43.2
0314 | MAEMI | 2003.09.04 - 09.16 910 56.7
0415 | MEGI 2004.08.14 - 08.22 970 35.1
0514 | NABI 2005.09.04 - 09.07 925 51.3
0711 | NARI 2007.09.11 - 09.18 935 54.0
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Fig. 3. Typhoon tracks for verification.

1

P
Longitude (d

£
dee)

[0y

[

FARAZ A daet AZA YL A ALEE Fig 4
of AT FARARZ AA AAdFES AdF el o
RE E92Q MEE gee Add 5+ gloy, 29
A B uke) o] AP ol wE g Wst FY 4 H
dald s Fxrde] & At vk

Hdisjdarel gk FFHA gk AAskaz #=5A 9
AlEA 2] A ] & X (absolute relative error, ARE)®} 9.2}
(Erron)E th-3} o] YEhATh

=
FHLLAHARE)= #S5AFR el Rlldate] oA 7)Ao

2 MR ER GEl go®, MEE gol

W7t BESARE A F <l 77
ouigttt, @ ate mdAyel #EZAH ] Xo]E LERY
Ao R A AFE Table 40 A A8+ Th.

o

s

- 611 -

WA 2 ARG A



o
=
My

to

—— Obs.-1hour

~——0bs.-Thour
Yeosu
O callhow T2 O Cal.-Thour

Lo e Cal.-Thour

Busan

|

Surge height(m)
Surge height(m)

2 = e
w4 [L1H) 016

Date (2000)

" oon 915 ' 916
Date (2000)

(a) Saomai(0014)

—— Obs.-Thour

2 — Obs.-Imin
Yeosu
Cal.-Thour

Busan
2 = Cal.-Imin

-

Surge height(m)
Surge height{m)
L - -

1
D828

0830
Date (2002)

1 T
0§28 0830 0831 08i31

Date (2002)
(b) Rusa(0215)

P

~===0bs.-Imin
------- Cal.-Imin

oons 011 0912 0913
Date (2003)

~===0bs.-Imin

: Busan
- Cal.-lmin

Musan

v

=

Surge height{m)
Surge height(m)
L a

i1 912
Date (2003)

(c) Maemi(0314)

[
-

~—Obs.-1hour
----- Cal.-Thour

—— Obs.-lhour

Busan
-------- Cal-Thour

Tongyeoung

s
-

Surge height{m)
Surge height{m)

owe T o 915 916
Date (2004)

T 0818

Date (2004)
(d) Megi(0415)

P

—— Obs.-Thour
"""" Cal.-Thour

—— Obs.-1hour

Busar
< Cal-Thour wsan

Tengyeoung

r [

Surge height{m)
Surge height{m)

0904

s
Date (2005)

-
0904 09705 0906

Date (2003)

0906

(e) Nabi(0514)

—— Obs.-1hour

3 ~—— Obs.-1hour
Gadukdo OB L Basan ol Thiur

L Cal.-Thour

Busan

Surge height(m)
Surge height{(m)

-1
0914 0915 16 w7 14 0915 916 [0k

Date (2007) Date (2007)
(f) Nari(0711)

Fig. 4. Verification of surge heights at tidal observation stations.
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Table 4. Comparison of max. surge heights at tidal observation

stations
Max. surge height(cm)
No. | Name Area

Interval| Obs. Cal. |ARE(%)| Error
Yeosu 1hour 76.0| 67.0|11.8% | -9.0

0014 | SAOMAI
Busan lhour | 63.0| 620| 1.6%| -1.0
Yeosu Imin | 170.0| 153.0 | 10.0% |-17.0

0215| RUSA
Busan Imin 51.0| 58.013.7% | 7.0
Masan Imin | 227.0| 217.0 | 4.4% |-10.0

0314 | MAEMI
Busan Imin 760 838/102% | 7.8
Tongyeong| Imin | 54.0| 49.0| 92% | -5.0

0415| MEGI
Busan Imin 63.0| 660| 47%| 3.0
Tongyeong | lhour | 48.0| 55.0(145% | 7.0

0514| NABI
Busan lhour | 37.0| 37.0| 0.0%| 0.0
Gadeok | lhour | 42.0| 480 142% | 6.0

0711 NARI
Busan lhour | 39.0| 440 |128% | 5.0
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Fig. 7. Max. storm surge heights during 2000~2014.
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