Journal of Environmental Science International
27(3); 203~217; March 2018

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JESI.2018.27.3.203

ORIGINAL ARTICLE

gE s Al 24 7 Y 35

A A2E TR AR T

& S B BFY A

LisiLE - 22 - oAl
Ak ei7]4 gt el 7181 4 e, Dol et 24 gtk 7] 8 4 1,

Building Baseline Data for a Typhoon Protection System via
Calculation of the Extreme Wind Speed During a Typhoon

Woo-Sik Jung’

Department of Atmospheric Environment Information Engineering/Atmospheric Environment Information Research

Center, Inje University, Gimhae 50834, Korea

YDepartment of Environmental Engineering/Atmospheric Environment Information Research Center, Inje University,
Gimhae 50834, Korea

Hana Na, Jong—Kil Park”,

Abstract

For this study, WRF numerical modeling was performed, using RDAPS information for input data on typhoons affecting the
Korean peninsula to produce wind data of 700hPa. RAM numerical modeling was also used to calculate 3-second gusts as the
extreme wind speed. After comparing wind speeds at an altitude of 10 m to evaluate the feasibility of WRF numerical modeling,
modeled values were found to be similar with measured ones, reflecting change tendencies well. Therefore, the WRF numerical
modeling results were verified. As a result of comparing and analyzing these wind speeds, as calculated through RAM numerical
modeling, to evaluate applicability for disaster preparedness, change tendencies were observed to be similar between modeled and
measured values. In particular, modeled values were slightly higher than measured ones, indicating applicability for the
prevention of possible damage due to gales. Our analysis of 3-second gusts during the study period showed a high distribution of
3-second gusts in the southeast region of the Korean peninsula from 2002-2006. The frequency of 3-second gusts increased in the
central north region of Korea as time progressed. Our analysis on the characteristics of 3-second gusts during years characterized
by El Nifio or La Nina showed greater strength during hurricanes that affected the Korean peninsula in El Nifio years.
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Fig. 1. Occurring El Nifio, La Nifia. in Korea(7]AFY 7| &4 R 3EE, 2015).

Table 1. Classification occurring El Niflo, La Nifia year
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Occurrence year

2002, 2004, 2005, 2006, 2014, 2015
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Table 2. List of typhoons affecting the Korean Peninsula (2002-2015)

Typhoon number Typhoon name Typhoon number Typhoon name
0205 RAMMASUN 1004 DIANMU
0208 NAKRI 1007 KOMPASU
0209 FENGSHEN 1009 MALOU
0215 RUSA 1105 MEARI
0304 LINFA 1109 MUIFA
0306 SOUDELOR 1112 TALAS
0310 ETAU 1207 KHANUN
0314 MAEMI 1210 DAMREY
0407 MINDULLE 1214 TEMBIN
0410 NAMTHEUN 1215 BOLAVEN
0415 MEGI 1216 SANBA
0416 CHABA 1304 LEEPI
0418 SONGDA 1315 KONG-REY
0514 NABI 1324 DANAS
0603 EWINIAR 1408 NEOGURI
0610 WUKONG 1411 HALONG
0613 SHANSHAN 1412 NAKRI
0704 MAN-YI 1419 VONGFONG
0705 USAGI 1509 CHAN-HOM
0711 NARI 1511 NANGKA
0807 KALMAEGI 1512 HALOLA

1515 GONI
2.2, WRF %2 o pAstgon, 7 doy SHSAEE

M O] S/} Sl 2 2Tk A ol AA, B
= Y& Al HA 715G 3-second gustE AR
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$35t3ict WRF2| 3 G154 0 2 &= 33 9]
S ZgEal 9lE ¥y ohel wl= National
Oceanic and Atmospheric Adiministration (NOAA)
AF&} 7129l National Centers for Environmental
Prediction (NCEP) 5:0] #gjol4o] E-4-7 gl
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Fig. 2. Nested model domains used in this study.
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Table 3. The configuration of WRF modeling
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Domain 1 Domain 2 Domain 3
Horizontal grid 85x85 172x172 304%304
Horizontal resolution 27 km 9 km 3 km
Vertical Layers 27
mp_physics WSMB6 scheme
bl_pbl physics YSU scheme
st _surface physics Noah LSM
Physical . .
. sf _sfclay physics Monin-Obukhov scheme
options
ra_lw RRTM Longwave
ra_ws Dudhia Shortwave
cu_physics Kain-Fritsch scheme No CPs
initial data RDAPS data
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Input data
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Information of Typhoon
Station's Lat. & Long.
Landuse

700hPa level wind speed
- 300m level wind speed

10m wind speed for open terrain
=>10m wind speed for actual terrain

10m wind speed for actual terrain

yd /

gust factor

Output data

3-second gust

BEGIM
Input data
(3-second gust,
house hold, house
price, damage state)

The grade classification which follows in
wind speed

| Calculate Damage gpe m (K |

| Calculate Damage cost of a one house

Calculate Damage cost of Region

Output data
(Damage of city, gun,
gu)

Fig. 3. Flow chart of Risk Assessment prediction Model(RAM).
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Fig. 4. Time series of observed(black) and simulated(gray) air temperature, wind speed, and wind direction at Seoul, Busan,
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Table 4. RMSE, MB at AWS station
Station Element RMSE MB
temperature 1.044 0.299
Seoul
wind speed 3.082 -1.658
temperature 1.478 0.5102
Busan
wind speed 1.187 -0.602
. temperature 1.056 -0.349
Jeju
wind speed 2.655 1.814
7V A% 1 AdSES 7153 i vivlE dld Aoz AAghhd WAo sRtEe w83 ARl
O A2(108), AF(112), &1K(152), F=156), o] A golut mEAel B2 A7 HERd 4= 3
AK159), AF(184) 7Tl A 0] B vla, B ok web AEAoR, WA 7Ms e Aol g
A 2otk 7P BEA AR A sEgom, AR E
3121 A 2 A 7Fse ANESS 9 A= 2ok Bk
Fig. S 7 A8 A molel Hojgsat pagr oo Awehed A
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2 Aol ma Anigel Atz wagep O RAM SRS AR = A el
=] =] % hv = =)
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Fig. 5. Time series of observed(black) and simulated(gray) wind speed at Seoul, Incheon, Ulsan, Gwangju, Busan and

Jeju.
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Fig. 6. Annual distribution of 3-second gust (2002-2015).
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Table 5. Probability distribution of 3-second gust (2002-2015)

3-second gust(m/s)

Year ~17 m/s 17~25 25~33 33~44 44 m/s ~
2002 0.1 13.0 40.7 45.5 0.7
2003 232 35.5 20.8 19.7 0.8
2004 16.2 48.7 14.2 9.1 11.8
2005 34.8 19.6 15.6 21.7 8.3
2006 11.2 40.6 315 15.9 0.8
2007 41.6 48.0 8.6 1.6 0.2
2008 41.6 44.9 134 0.1
2010 10.2 284 37.6 20.5 33
2011 - 2.6 344 51.3 11.7
2012 - 5.6 28.5 43.9 22.0
2013 25.3 63.8 10.9 -
2014 8.5 43.7 44.1 32 0.5
2015 5.8 17.5 36.7 38.4 1.6
19.9 31.7 259 22.6 5.6
o| A AA 25~33 m/s 2] 3-second gust7} BA| HE3} 2|3} ol kA Ao A - 733t 7t Z| ) ELs0)
I 9= e & e, 53, Ak el =23E LERT. 2011 E(Fig. 6i)ofl= 2itoll Faa vl
L
AN

ZES AT AR QoA 33~44 m/sQ] gt
3-second gust7} LFEFGTE 20053 9] 7-(Fig. 6d)o]|

= 7=t FAES ARt vt Ao tiiE
A S]] 25~33 m/s 2] 3-second gust”} WEFEIL, A}
Lol JAE x| ol AA 33~44 m/s 2] 733} 3-second
qust7} 7 LFEREEE 2006 (Fig. 60)-2 79t 2
A AT AR Ao, AFE AN et
3-second gust7} YERFTE 2007 A(Fig. 61)-2 A off
27171 % 3-second gust Zko] 714 S| Liehd o)
SHFE Aol AX 17~25 m/s9] 3-second gust”} L
B IR} MR, Alaih g elolA
=R Z O & 25~33 m/s] 3-second gust”} LERTE
2008 A(Fig. 6g)-> 3ol 1719 BfFo] Faks =
=M, B Fol Sl AFFste] AsE FAdshe 4
25 7H 2] kel ol AslehS 23ttt et
Brol 25 X 219of 25~33 m/s2] 3-second
gustZ} YEFITE 2010 E(Fig. 6h)ofl= Ajsfjeto g &
gote] e FHE A 9S Sshe RO H
Fog sl Aol =i, AUE A oA 33~44
m/s @] 7}3t 3-second gust7} LEFFOH, E3], A&

Skal 2Hsh= F2E 7Hh o 2 ¢, F3)
ok = A oA 33 m/s o)e] Z3t 3-second
gust7} UERGow, 2= ol x|t Aaljet
Aepde U5 A Foll= 44 /s oo ufe- Zgh
3-second gust”} YEFTE 2012 (Fig. 6j)2 %2 7|
2ol Bkl w9 2 1sfE & eiSel Eepr
o] HMiRt A=, = o] S433 st 9ol A 33
m/s ©JAFe] 7335t 3-second gust7} YERE O H, A&
IR AT, A=, S8%E Aol 44 m/s 0]/
uf}-- 7331 3-second gust7} LEFETE 2013 A(Fig. 6k)
o= t=ol S vzl BiF BT TR Ao
Al oA s o], HukAog FHbwo
B A oF3t 3-second gust”} LERGTE 2014 d(Fig.
61) 2] 3-second gust= A8l G, Fal, Folete 29t
St 3t of| 25~33 m/s 2] 3-second gust”Z} LEFGES
™, 2015Q(Fig. 6m)oli= Z2/d e AFA A 24
B, 7% G A9 AlQJstar st A oA
33~44 m/s 2] 3-second gust7} LEFTE o]Atol| A AF
HE Z} A= 3-second guste] HEZE R, g9



214 L e e R

)

E

-

0

=

=]

k=]

c

o

x]

D

o

]

2002 2004 2006 2008 2010 2012 2014
Year
Fig. 7. Annual average of 3-second gust (2002-2015).
7m0l whe} S O] Skt sl TR 7 Ao Wofl a2 71 ofgh =7t ZtiE-<o] WA A
M A7 HohES] WAlo] AS| TR RS B 2 4 ik 3k 7} Al 3-second gust7} NEAL O
o AL F & 4= QUrk &, AA A o 71T 2 254 alAls AaFs Holale A oAl
St ZF A= 3-second gust E-EE ETH, 2002-2006 A= & o ASstal F7HQ] EA4o] F7tE o]
WA Sbwe] Esiohe TR AT AR A o Ao® AlREr:
of| 32 3-second gust7} ez A3k Hojm,
. N s Lo 3.3, L]k " 2tL|LI0Y| [E 3-second gust &M
o2 &5 3-second gusto] g o] HoiX] <
el A o . o]g] A8 A74(Cha et al., 1999; Seol et al., 2001)
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Table 6. Typhoon frequency, Average of 3-second gust in El Niflo, La Nifia

El Nifio year

La Nifa year

Occurrence year
Frequency of typhoon occurrenced

Average 3-second gust (m/s)

2002, 2004, 2005, 2006, 2014, 2015

21
26.2

2007, 2008, 2010, 2011, 2012
14

24.6

AE=odolglom e ARt e =5d o R
UL, o] 24219 e} ehuf A sfjof gk
gheof kS vl efF-2 712k 213, 143 = eyt
oh 3ko|A K= Hiel Zo], A7} A o
3= el Eoll A YERd Hat 3-second gust= 26.2
m/s §lom, e U7 g A= s sl BSell
A= 4t 3-second gust=24.6 m/s 2 LFEFLEA], Y
e 7b HAgEE Aof ghRbEol PR v]x]= Bl Fol
A YERU= 3-second gust7} Sy U7 F AR Aol
U B goll A Eet o 2tk AS o 4= ek
Table 7-& &) ke, Zh Ly WA Ateof 2HRbE=of
SRS |zl = 21709} 147)0)| 4] 2R3t 3-second

gust®] FEE LR Aot 33-44 mis o] HEE A}
A AU s dEaIehe AH vehon), 2
ULk slo] A9 Aaie ZUE Qi x|elolx] e}
W) g B sgeis atol A o] WAl gol
el WA SfolA] o A Yeht e, S,
44 mfs o]AFo] TS 5k F4o] WA ES el
ol A LeREARE Bk sl v o
oret.

weha], o5 B0l A Al uje} o], Aelur}
Pt Q1o Ghileo] Agre v EA o %
b £4:9] 3-second gust7} UERTHE A2 o 4
otk oled ATk BE] S5UA7E Wi

O o
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Table 7. Probability distribution of 3-second gust in El Nifio, La Nifia

La Nifia

El Niflo

R m—

I“

T T T T T T T
123 125 127 129 131 133

121 123 155 157 159 11;1 11;3
3-second gust (m/s) percentage (%) percentage (%) 3-second gust (m/s)
~17m/s 0.8 2.0 ~17m/s
17~25 30.1 41.2 17-~25
25~33 53.6 333 25~33
33~44 15.5 21.3 33~44
44 m/s ~ - 22 44 m/s ~
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