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Variation Analysis of Storm Surges in Masan Bay due to
Typhoon Landing-1. Extreme Simulation Typhoon Scenario
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ABSTRACT KEYWORDS
Based on the typhoon paths landed on the southern coast of Korea, the distribution of typhoon,

typhoon moving directions follow the Beta probability density function and that of typhoon landing,
pressure drops in typhoon eyes follow the Rayleigh probability density function. the extreme
Consequently, the extreme typhoon simulation scenarios for six landing positions are typhoon simulation,
determined as most probable one in moving direction and extreme one of Typhoon Masan bay,

Maemi level in pressure drop. The variation of storm surges in Masan bay associated distribution

with simulated typhoon landing position is analyzed through the numerical experiments function

in the next paper as the second part.
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Table 1. Ranking of fatal losses and damages from typhoons(The weather center)
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Fig. 1. Inundation of low-lying coastal area in Masan due to Typhoon Maemi Landing
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EN FIFHLR AF Ads SE] Hlste] ARAET SR ] et A77F L ol Fo] HH. 53] FEL=
A Al = JeiA Gl vt el FufelollA Al B dl<ed o] hindast B! forecast HH 0= #EE AT
(Yasuda & 2004; SHdT) 5 2009; Kang & 2009). th32<] hindcast 751% A 24 Yasuda 5(2004)2 Navier-Stokes 21& ©]
83k 32 MARS(Multi-interface Advection and Reconstruction Solver) Z&Z BF dir]|= QIgh vlibdz g g us)rt Zd
Hlg) x)5lE7ko 29] 3499 ﬁ”g Bolattt. E=3 tisEAR forecast AEAREE I 5(2009)0] Al&atal QPYE 4]

Atol 7Fsdt AR HREES st Add] S5-dSe] g4 AR e dARAIZES AARE v ok 2Eu
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Program)& FZ2|the] 555 St. John's River A& AlZte® FHau7kal tHMcAloon et al., 2005).
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Table 32. Typhoons Landed through Southern Coast

PAR=X1PN AL A PAR=Y

e S ;l) o HEds PETR S P'a) ( ﬂ‘gf@
1 1978.08.20. 00:00 CARMEN 7811 =3 985 36.36°
2 1985.08.10. 12:00 KIT 8508 53X 994 24.27°
3 1986.06.25. 00:00 NANCY 8605 Zaj 990 40.31°
4 1986.09.21. 00:00 ABBY 8616 Bk 1000 40.23°
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5 1987.07.15. 12:00 THELMA 8705 A, 970 20.89°
6 1989.07.28. 12:00 JUDY 8911 o4 990 334.30°
7 1991.08.23. 09:00 GLADYS 9112 o< 988 313.67°
8 1994.10.11. 21:00 SETH 9429 A, 980 35.42°
9 1995.07.23. 09:00 FAYE 9503 2l 968 19.79°
10 1997.08.08. 21:00 TINA 9711 o 985 43.71°
11 1999.08.03. 06:00 OLGA 0215 =X 975 0.00°
12 2000.07.30. 21:00 BOLAVEN 0314 L 990 17.44°
13 2002.08.31. 09:00 RUSA 0603 e, 963 354.01°
14 2003.09.12. 12:00 MAEMI 0711 o 955 33.96°
15 2006.07.10. 03:00 EWINIAR 1004 =X 980 16.90°
16 2007.09.16. 09:00 NARI 0711 o 970 22.68°
17 2010.08.11. 00:00 DIANMU 1004 Z13) 5 988 63.60°
18 2012.08.30. 06:00 TEMBIN 1214 A, 994 28.04°
19 2012.09.17. 03:00 SANBA 1216 7l 965 5.34°
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Fig. 2 A latitude base of typhoon landing and zoning into 6 zones

Fig. 32 Fig. 29 Z+ Aoz AFsE HEF 1918 THEste =AE Zolth CARMEN(1978), KIT(1975),
OLGA(1999), EWINIAR(2006) & 4709 ®ise] Z1E 4&3t3om™, THELMA(1987), RUSA(1994), SETH(2002),
TEMBIN(2012) %5 47} Ej¥o] 722, JUDY(1989), GLADYS(1991), NARI(2007) & 37§ Ei&o] Z3Z, FAYE(1995),
TINA(1997), MAEMI(2003), SANBA(2012) 5 47l Ej%°] Z4E, NANCY(1986), DIANMU(2010) 5 27} Ej¥°] Z58, 1
2]3 ABBY(1986), BOLAVEN(2000) 5 27 EiE°] Z6= =3ttt Z62 4 B2l el Iu=ol JFatA= ¥k
A A FE5e 2t HTEe AFT AR AFede A5t FESH FAW A d9em #5e AHFdhe
7S Bolal Ytk
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Fig. 4. Beta distribution of angles for typhoons landed to the southern coast of Korea

497



Journal of the Korea Society of Disaster Information. Vol.11, No.4, pp. 493 - 505

45%

B 0.016- 0.018
T J { [0.014-0.016
7/ [0012-0.014

: - 7 [1001-0012

[ 0.008 - 0.01
1 0.006 - 0.008
I 0.004 - 0.006
i I 0.002- 0.004
souTH. I 0-0.002

Fig. 5. Wind rose of angle probability for typhoons landed to the

southern coast of Korea
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Fig. 6. Comparison between Beta pdf (dashed line) and distribution of typhoon moving angles for
latitudes 29, 31, 33 and 35°N
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Path Angle from N (degree)

Fig. 7. Paths of landing typhoons and a fitting curve (red dashed line)

showing the most probable path angles (blue circles) w.r.t. latitudes

Latitude in North (degree)

29

!
30 31

32

Table 3. Beta distribution analysis of typhoon path angles w.r.t latitudes
Latitude(°N) 25 26 27 28 29 30 31 32 33 34 35
O can -20.3 -14.9 -13.4 91 -5.5 -0.1 0.8 34 9.3 17.6 194
Opeak -32.0 -22.0 -18.3 -11.8 -74 -0.2 1.0 4.0 11.3 19.5 22.3
Qi -28.8 -23.7 -18.5 -13.4 -8.2 -3.1 21 7.3 124 17.6 22.7
Conaemi 255 | 112 | 104 | 125 145 195 9.6 114 18.0 279 | 284
3.2 38 7|k SH =Y
B3 w2 AV HEE FAHE dEH Iz ZEUIYRYG B 7|8 pressure drop)e 5AS 7}
A2 Jvk T 7R st AE= BEe AEE FHehe xR Ao Jelet A5 HIe Vet 542
Fig. 99} 291 Rayleigh £¥X& W2 A2 Uepyth

0035F

30
A hPa

Fig. 8. Rayleigh pdf and distribution of pressure drops

for typhoons landed to the southern coast of Korea
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NABHAP)E hPa) W92 The A3t o] 45T

Ap=1,013—a—p

o714, pE 719013, at 718t EAS Totetr] 919 Ap9l interval®] ¥l S@shE gHo®, B A=
7.5hPa® F3tH o™ F U Rayleigh #3o| 7MIEE sk 98-S ol dev FFU7I9ke] WedS Ut o |
29 I #HH 714 7] (base pressure) 242 HEE T £ Jria FHEH AT

Rayleigh SEAEF5FE HEg o] 002 RE T W5 HEHE Aoz H1] FEULFF ALHE
EARA Ao g gt 2 TR Fojxin:

1) = Gress| - 3

&]7] A, scale factor o= NS AZZHE v Zo] AR E FIRITH

™ Table 42} 2o] Y% 25°NFE 35°NAlo|o| A HHFHoE AL HE
z2

Table 4. Rayleigh distribution analysis of Ap(hPa) for landed typhoons w.r.t latitudes

La(tjlt\]u)de % | 26 | 27 | 2 | 29 | 3 | 3 | %2 | 33 | u4 | 3
Apyun | 403 | 425 | 425 | 416 | 398 | 393 | 375 | 357 | 329 | 287 | 234
Average
Ap,.. 465 | 472 | 468 | 459 | 438 | 426 | 408 | 388 | 357 | 319 | 265
Apuyiom | 798 | 810 | 803 | 787 | 752 | 731 | 701 | 666 | 613 | 547 | 455
Apyi 799 | 804 | 800 | 788 | 767 | 738 | 701 | 656 | 602 | 540 | 469 69.7
Appoemi | 964 | 880 | 740 | 710 | 688 | 628 | 605 | 593 | 551 | 556 | 526 67.6
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Fig. 9. Comparison between Rayleigh pdf (dashed line) and distribution of
typhoon pressure drops for latitudes 29, 31 33 and 35°N
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Ageal = & SIh Fig 10& 19709 45 BlF<) 7t SA7IPdste] wEd S4& B a gled, 4(9)
o Aol Mok ol 26°N F-TolAFE ashs Adge Kol Aok wehA dete s 453ts B3 tid 59
YA HT o7 Yol YA Y= 3948°N AdolA 2EEE BAAH 542 /AL o, I3 & vpdet B
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Fig. 10. Pressure drops of landing typhoons and a fitting curve (red dashed
line) showing the extreme pressure drops of Typhoon Maemi level (blue

circles) w.r.t. latitudes

4. =X| EiE 29| AlLIE|2

Fig. 112 A% 4 06°%2 Fall¢tol d5sts 6719 BE Aue & Faldtel 53 BE =29 A =A8H
o geletdl BESAYE HETS EAT AR EAE BT J2e Aug e BFl Hlste gkl Ve A=E
olds A oA HAE FYE Hol vk B AT Ao Ao BiF 7] GEEEE Beta FTE
788kl S1=E p, ¢F o83 HFY = Wzt wet gefete] A5 FES FHT 5 Atk A @) A
Ao} o] Hgzte] go] HE AFAA BTl Ad3Jstes Aol2E % oF 305°NolA H3jets AA}E Belx 9tk

HEA 5(2006) M= FEFS vA= EHF A AEE 95~195N9t AEE 130~149°Ee] 9Aste Ao=®
A8 ols & A7 Wy B4 Hlaste] FFE] FARE 23E AAIH F, BE 19 288 d
oA el B AuEee] 7 A& AA7F A HERE 130~135°EAte] o] fAdhe Alow

= =
453 3t Table 5= 671 BlF Alug] ol thit f|=d BEE AAIZ 2ot
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' Yellow Sea ™

2
China;

0

12 1%

Fig. 11. Path lines of extreme simulation typhoons

for six landing positions(°E, °N)

Table 5. Position of 6 typhoon scenarios for six landing positions

Latitude Paths w.r.t. zones(Longitude °E)

(°N) 71 72 73 74 75 76

30 125.37 125.97 126.57 12717 127.77 128.37
31 125.36 125.96 126.56 127.16 127.76 128.36
32 125.45 126.05 126.65 127.25 127.85 128.45
33 125.65 126.25 126.85 127.45 128.05 128.65
34 125.96 126.56 127.16 127.76 128.36 128.96
35 126.39 126.99 127.59 128.19 128.79 129.39
36 126.96 127.56 128.16 128.76 129.36 129.96
37 127.67 128.27 128.87 12947 130.07 130.67
38 128.55 129.15 129.75 130.35 130.95 131.55

5.8 2

B Aol AE daligkell 19709 o] Foll A5 19719] BlFASE A5t 8% vlvlge 2o 8F Auel s AAs

o} A5 H3AEY 24S 531 HF WBAEE Beta FELUEITE WE2H 7|97SH Rayleigh SEUEGTE HEs
ZAoz AL HFE HEoR e} Y% 306°NoNA LTS FZoz /Mg A5 Wie Ex Zloz B4EQlo
o, g3kl FES w= IEORHEH 216°E ##E{ék— 7397t 7V A ST 719det A 02 HE kel =
Dk BT 13.35°N%t 3948°NAtolollA 1 s FA T3sifinh. ole thi-2e] eigo] 53k 94k Bk ot 9% ¢

A3 3948°N F-2olA aEe SAA SAe 7}741 Aem 59 26°NelA 7P 2 7IkeHE Hole Zles E4FHI
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meb] B QFIME o) AE wEos 6 45 A mek b FEAOR we W29 T RIHF Aueles
Asio] ANSETk o) moleiFe] 4FAHo) me 54 Aol vhuRIAe] FFNY WAl A melE Solck

ZAle| 2
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References

Kang S. W, Jun K. C, Park K. S. and Han S. D. (2009) “Storm surge hindcasting of typhoon Maemi in Masan bay, Korea”,
Marine Geodesy, 32, 218-232.

McAloon C., Garza R.C, Sylvestre J., Watts M., Wildman A., Kay M., Mahoney J., McGinley J., Shaw B., Smart J., Welsh
P., Bogenschutz P., Rogers E., and Nicolini T. (2005) “The coastal storms program: Improved prediction of coastal
winds, waves and flooding”, Proc. Solutions to Coastal Disasters 2005, ASCE, pp. 227-236.

Yasuda Y., Hiraish t, Kawai H., Nagase K. (2004) “Numerical analysis of storm surge inundation in Masan”, Korean
Society of Coastal and Ocean Engineers, Workshop on Waves and Storm Surges around Korean Peinsula, 75-79.

Lee D. K, Jang D. E,, Wee T. K. (1992) “Typhoon Approaching Korea, 1960-1989 Part I: Statistics and Synoptic Overview”,
J. of The Korean Meteorological Society, Vol. 28, No. 2, 133-147.

Youn Y. H,, Kim C. K. (1999) “Analysis of the Characteristics of Storm Surges According to the Typhoon Path”, ]. of
The Korean Meteorological Society, Vol. 35, No. 3, 344-353.

Masan City (2003), A Disaster White Book

Masan City (2005), Hazard Map

Seo K. W. (2004) “Disaster Characteristics Analysis at Busan Coastal Areas by Typhoon Maemi in 2003”, J. of Advanced
Research in Ocean Engineering, Vol. 18, No. 2, pp 25-32,

Kang Y. K. (2005) “Pattern of Water Level Increase by Storm Surge and High Waves on Seawall/Quay Wall during
Typhoon Maemi”, J. of Advanced Research in Ocean Engineering, Vol. 19, No. 6, pp 22-28

Park J. K, Kim B. S,, Jung W. S, Kim E. B, Lee D. G. (2006) “Change in Characteristics of Typhoon Affecting the Korean
Peninsula”, J. Atmosphere, Vol. 16, No. 1, pp. 1-17

Choi K. S, Kim B. J., Lee J. Y. (2007) “A Simple Regression Model for Predicting the TC Intensity Change after Landfall
over the Korean Peninsula”, J. Atmosphere, Vol. 17, No. 2, pp 135-145

Park D. S, Ho C. H, Hwang J. K (2008) “Influence of Typhoon Landfall and Its Track Characteristics in
Gyeongsangbuk-do”, J. Atmosphere, Vol. 18, No. 4, pp 525-532

Han S. D., Lee J. L. (2009) “A Warning and Forecasting System for Storm Surge in Masan Bay”, J. of The Korean Society
of Hazard Mitigation, 9(5), 131-138.

National Typhoon Center (2011), Typhoon White Book

Moon 1. ], Choi E. S. (2011) “A Definition and Criterion on Typhoons Approaching to the Korean Peninsula for the
Objective Statistical Analysis”, J. Atmosphere, Vol. 21, No. 1, pp 45-55

Kim H. S., Yoon H. S., Kim T. W. (2014) “Monitoring Sea-Level-Rise in Coastal Area”, Spring Symposium of The Korean
Society of Disaster Information, pp 263-264

Ko J. S. (2015) “A Study on Obtaining Feedback Function of Disaster Information Management using Information &
Communication Technology”, J. of The Korean Society of Disaster Information, Vol. 11, No. 1, pp 73-88

505



