=3 QF - ok 3 8F 5] =5 %//ISSN 1976-8192(Print), ISSN 2288-2227(Online)
Journal of Korean Society of Coastal and Ocean Engineers 31(5), pp. 253~264, Oct. 2019
https://doi.org/10.9765/KSCOE.2019.31.5.253

s At = FAERE ] eEl depEs H348 24
Vulnerability Analyses of Wave Overtopping Inundation by Synthesized
Typhoons with Sea-Level Rise
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Abstract : Storm surges caused by a typhoon occur during the summer season, when the sea-level is higher than
the annual average due to steric effect. In this study, we analyzed the sea-level pressure and tidal data collected in
1 h intervals at Incheon, Kunsan, Mokpo, Seogwipo stations on the Yellow Sea coast to analyze the summer sea-
son storm surge and wave overtopping. According to our analyses, the summer mean sea-level rise on the west
and south coasts is approximately 20 cm and 15 to 20 cm higher than the annual mean sea-level rise. Changes in
sea-level rise are closely related to changes in seasonal sea-level pressure, within the range of 1.58 to 1.73 cm/
hPa. These correlated mechanisms generates a phase difference of one month or more. The 18.6 year long period
tidal constituents indicate that in 2090, the amplitude of the M, basin peaks on the southwest coast. Therefore,
there is a need to analyze the target year for global warming and sea-level rise in 2090. Wave overtopping was
simulated considering annual mean sea-level rise, summer sea level rise, the combined effect of nodal factor varia-
tion, and 100-year frequency storm surge. As a result, flooding by wave overtopping occurs in the area of Suyong
Bay, Busan. In 2090, overtopping discharges are more than doubled than those in Marine City by the recent
typhoon Chaba. Adequate coastal design is needed to prepare for flood vulnerability.

Keywords : summer season, sea-level rise, nodal factor, synthetic typhoon, wave overtopping, vulnerability
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Fig. 1. Location map of the tidal gauging stations around Korea.
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Fig. 2. Annual mean sea-level trends fitted to linear trend.
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Table 1. SLR rate and predicted rise of mean sea level in the southwest coast of Korean peninsula for the target years

. Mean SLR (cm) Predicted mean SLR (cm) Difference (cm) SLR rate
Station
2014 2100 2014-2100 (cm/year)
Incheon 465.3 494.1 28.8 0.34
Kunsan outer port 376.4 406.7 30.3 0.38
Mokpo 246.2 298.9 527 0.58
Jeju 163.4 219.0 55.6 0.61
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Fig. 3. Annual mean sea-level rise (yellow) and summer seasonal sea-level rise (blue).
Table 2. Inverse barometric effect with respect to sea level pressure for stations shown in Fig. 1
. Latitude Inverse barometer Sea level pressure (hPa) Mean sea level (cm)
Station o - -
@) effect (cm/hPa) Jan. Jul. Diff. Jan. Jul. Diff.
Qinhuangdao 39.90 2.09 1028 1005 24 682 736 54
Dalian 38.92 1.82 1028 1005 23 686 730 44
Yantai 37.53 1.86 1027 1006 21 672 715 43
Incheon 38.87 1.73 1025 1006 19 683 718 35
Kunsan 35.98 1.63 1025 1007 19 691 724 33
Mokpo 34.78 1.49 1025 1007 18 699 728 29
Seogwipo 33.24 1.39 1023 1007 16 697 720 23
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Fig. 4. Correlations between monthly mean sea level and inverse sea level pressure.
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Table 3. Variation of tidal amplitudes due to nodal factor effects on the southwest coast (unit: m)

Tidal . Year
. Station

constituents 1969 1978 1987 1997 2006 2015

Incheon 2.79 297 2.76 3.02 2.76 2.96
Kunsan 2.11 2.33 2.13

M Mokpo 1.48 1.38 1.51
2 Wando 1.02 1.09 0.99
Yeosu 1.04 0.94 1.01 0.91

Busan 0.39 042 0.38 0.41 0.35 0.38

Incheon 043 0.33 042 0.35 043 0.34
Kunsan 0.38 0.31 0.39

K Mokpo 0.27 0.34 0.26
! Wando 0.3 0.23 0.3
Yeosu 0.17 0.21 0.17 0.21

Busan 0.05 0.04 0.05 0.04 0.05 0.04

Incheon 0.33 0.22 0.33 0.22 0.34 0.22
Kunsan 0.29 0.20 0.31

o Mokpo 0.18 0.28 0.18
! Wando 0.23 0.15 0.23
Yeosu 0.1 0.15 0.1 0.15

Busan 0.02 0.01 0.02 0.01 0.02 0.01
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Table 4. Comparison of amplitude change rate and nodal factor on the southwest coast for the corresponding years

Observation Simulated result
conztigims Station 1969, 1987,2006 1978, 1997,2015  Diff. Amplitude Noda(l)/factor 5090 2099
average (m) average (m) (m) change rate (%) (%) (m) (m)
(a) (b) ()-(b)

Incheon 2.77 2.98 0.21 3.9 2.96 2.78

Kunsan 2.12 2.33 0.21 5.0 2.22 2.07

M Mokpo 1.38 1.50 0.12 4.2 38 1.60 1.50
2 Wando 1.01 1.09 0.09 4.2 ’ 1.06 0.98
Yeosu 0.93 1.03 0.10 54 1.02 0.94

Busan 0.37 0.40 0.03 4.0 0.40 0.37

Incheon 0.43 0.34 0.09 12.8 0.37 0.48

Kunsan 0.39 0.31 0.08 12.1 0.33 0.42

K Mokpo 0.34 0.27 0.08 14.2 12 0.29 0.38
' Wando 0.30 0.23 0.07 15.2 ’ 0.26 0.33
Yeosu 0.21 0.17 0.04 11.8 0.19 0.24

Busan 0.05 0.04 0.01 12.5 0.04 0.06

Incheon 0.33 0.22 0.11 25.8 0.22 0.34

Kunsan 0.30 0.20 0.10 25.0 0.20 0.30

o Mokpo 0.28 0.18 0.10 27.8 182 0.17 0.27
! Wando 0.23 0.15 0.08 26.7 ’ 0.16 0.24
Yeosu 0.15 0.10 0.05 25.0 0.11 0.17

Busan 0.02 0.01 0.01 50.0 0.01 0.02
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HE7] S8l A 7Fo] 7P =31 v wo] HEEeS
Aepel o, Makg2 2(1)7 2t

=

Rate of change (%) =

x 100 (1)

A7IA, i 24 AFmye] 7HE w5 wolm, - vhe
W= oJu]gitt Adsiele] M, X% W82 3.9-54%% Lt
Bl K, B2 11.8~152%%2 YERdt) 0, Bx= 1=
01 2o BLALS: A 9)3hH 25.0~27.8%% LFERATE 7} Hx

R H3HEI} nodal factors B wahd thi-& f-AFSE 4
ﬁj WERATH(Table 4). 15 Wk 5= Q= s, 2
5, vb, @ =, ARTAL Sl 9
Z A s EefishA] Eohs A FRbehd f2on
3 Axtz dakdc) o 2 AS540)

2] el A%
A we 297h AR Fsiel g

HhE 2034, 2052, 2071, 209013 7}
Ao =2 At T},

232 FREDE o] 8% IF 4

2 g dSel JES A 4 9= nodal factors
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folo] A F-Zol v|X]+= nodal factor G3FS FA31 S
), M, X% Ws} ko] el A&H T 2034, 2052,
2071, 2090el] 7Fg =& 2971 BAE 7e dS AlAlgE vt
St} wEbd M, #3292 nodal factors= 209039 7F =11
2099l 7Hg SHA vER] wiiEel 210082 7= ® 9
54&4 ° HH—}._ AL x%xJ o};q oh;} Az x%oﬂ pER=S 20905’

R

20993 <] *HE*Q:: nodal factor’} 24 3 F o] n]x]=
OH =S| o}oﬂr/}

TR S o]23 nodal factor’} 1X|= FES FA351
218l Suh et al.(2015)°] A|XEF NWP-Gl16k AAA A S ©
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28g ol gal 24 kg3l 717t 59 3t T 188Y
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0.11m, 72F 0.07m, ¥ 0.04m, $= 0.03m, 95 0.07 m,
B4 0.04 m =4 UERATH M, % 21Z0] 714 e 1969
W, 19874, 20069 By 7P = 1978, 19974,
201518] Bt Bo] Ae} v|wstr] 913l Table 401 #1A]
skl

3.1 il o™ 450l E HeE 7ksd

A3 (Lee and Suh, 2016; Suh and Kim, 2018)°1|4]+=
EurOtop 553 ADCIRC + SWAN 2.3 o] Ag-3}l3. NWP-
Gl16k AAE o]-g3t9] 2003 d0l 2AYSH e vl 9} 2016
W aAsh g zhatel] ojst 9u) ks Ad st vl Qi) &
ol wAYsk 20161 EllF 2hakel 2018 EF FElolel <
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JTWC B35 B AFgol A3 elF wdlold a4
gt kS Aol el St vt Qlrh & AFrella= ATl
A TES Lt Hek BOAAIE o] gsielnt. el Ht sl
W A5 3HA sl 235 (S3LR: Summer Seasonal Sea-
Level Rise)oll w2 W& 74573 F48h7] fl8l =24 4 5}
#o] Astd ADCIRC + SWAN 282 o]-&3) 4% 1.3}
Atk 3 Sl A 2 oltolla A3 AvE #ga)
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807 g2 489t} Kim and Suh(2019)= Tropical
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Fig. 7. Generated synthetic typhoon tracks affecting the South coast
with a return period of 100 years.
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Fig. 9. Simulated water surface elevations at Incheon in 2090 and
2100 with respect to sea-level rise conditions for a hypo-
thetical typhoon track (#23737).
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Fig. 10. Simulated water surface elevations at Suyeong bay in 2090
and 2100 with respect to sea-level rise conditions for a
hypothetical typhoon track (#9975).
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Table 5. Comparison of characteristics of historical and synthesized typhoons

Synthesized typhoon Moving speed

Central pressure

Max. wind speed Max. wind speed

and historical typhoon (km/hour) (P, hPa) (Vs M/S) radius (R, km)
#5844 29.2 932 58.8 27.6
#8767 40.2 940 54.7 30.6
#9975 57.1 928 60.7 26.3
#10225 50.1 940 54.7 30.6
#14448 355 929 60.2 26.6
#22590 442 945 52.0 32.6
Maemi 439 949 48.9 18.5
Chaba 58.7 975 36.0 37.0
Table 6. Wave overtopping results using synthesized and historical typhoons
Zone Synthesized typhoon and historical typhoon
one
#5844 #8767 #9975  #10225  #14448  #22590 Maemi  Chaba
Water surface elevation (m) 2.9 2.83 2.78 2.93 2.87 2.8 1.57 1.13
Significant wave height (m) Zonel 4.81 481 4.6 492 4.86 448 4.97 3.09
Maximum inundation height (m) 1.58 1.56 1.52 1.64 1.6 1.55 0.89
Zonel 83 8.1 4.5 6.3 8.6 5.8 32
Wave overtopping duration time (hour) Zone2 7.8 7.3 49 6.6 7.7 6.8 5.8
Zone3 53 4.6 2.8 43 43 5.1 4.1
Zonel 119.1 117.6 109.6 129.9 120.4 115.8 45.1
Total overtopping volume (10° m’) Zone2  293.1 269.5 2015 288.5 279.9 206.9 65.7
Zone3 68.4 594 49.1 58.1 67.7 56.9 37.7
Zonel 170 169.7  166.7 174.2 170.4 168.5 1345
Inundation area (10° m’) Zone2  271.8 2624 2389 265.6 267.5 241.6 160.2
Zone3 1959 1828  168.9 182.2 1954 179.5 176.9
#8767, #9975, #10225, #14448, #22590 5 671l ElE-S ©f AXMEF-2] 425 Table Sofl AA8Il o, Yl 4= Het

Joz sgion, defete g At =97 Ao L}
A Aghs AR B wim, xRkl e $49S
H|wakSlth SAFENES] o] 4= 43.9~58.7 km/hourE. L}
R, S EIRES 29.2~57.1 km/hour® WFERATE, Z41719¢
& HlF wim] 7}t 949 hPaZ WFERA, A EES 928~945
hPaz LFERHTE, o]} Z2o] Fatel] 1000 HIE s E &
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3 mivls 497 mE UER} fARE A ®eolt)
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A 110 x 10° m® W92 YEhd elF xhaf 1) 2n)) o] i
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7¥els Ao Uehgon, 5 AiHdS Kol Jlow
veRdtt. olel g el thd AT & o
o g o|t},
20161 BfF 2hatell o3t vl HekS AR A3} Bl
ol 9%k Ao} szt pRIAE] o] Aekns 4EIEH] e

a-v]« iq.oﬂ 4 zl/‘ tﬂal-o] Bl-}\g?sl- 2= 9;1 Ou% Z]— I;l—/\].

dy
i
A
2
>

B

£ Zall Ak RS o] 8- a2 BolE Fel
ZZa Ll o8l Lok Ak Yupeo] ARl veRd &
st o2 Feect, et 2 Aol 4835t "Hi=eE
o) o3 Lotk 7HAaAISF7} 0.642 Bruce et al.(2009)°]
0.35~0.42% At 212} vlwshd thi =7 28Tk 1
b 2 Al el BEAYES S8l AP wiE
1 AA ArAd @ geA BAsHE Lk e vhEAl YEr
g oo, F2E e HlEEtE s B AR 22
&) Fo g7t FFESH= FIH(Christensen et al.,
2014)= Qe & Aol A&-3 THAAIF7} vha A A
45 Z10 2 FAFET} Van Doorslaer et al.(2016)°1] W=
FLst GaASgel oJst du=Fo] 2007 EurOtop(Pullen et
al., 2007) 2t} EurOtop #41 WM (Van der Meer et al.,
2016)°l14 F 20% LA YER= A0 ® A AISE uE glow,
EurOtop 41 W7e] 284 79wzt #45 w3l 94

A5} 7k A7 A Elolol & Ao wekd,

Asliee] FHoRde wAsk| flaike A Ao
A= Sl 4, M 3l 45, nodal factore]l &3l
713 st o] vehd = Qli= 24 5o] HEF o of gt}
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