Atmosphere, 17(3), 299-314 September 2007
NOTE

2006 EiS SZnt ENS 02| JHMEte

e o33! - wes WEs' - AR - A5 - fAF - BYE - AR
D% BERY

(20079 5% 279 < 20079 99 62 59))

Characteristics of Typhoon in 2006
and Improvement of Typhoon Forecast

Eun-Jeong Cha"’, Kyung-Hi Lee', Yun-Ho Park', Jong-Sook Park’,
Jae-Kwan Shiml, Hee-Jin Inl, Hee-Dong Yool, Heok-Joe Kwon® and Do-Shick Shin’

1Typhoon and Asian Dust Team, Korea Meteorological Administration
2Department of Atmospheric Science, Kongju National University
*Forecast Operations Team, Korea Meteorological Administration

(Manuscript received 27 May 2007; in final form 6 September 2007)

Abstract

The purpose of this study is to summarize tropical cyclone activity in 2006. Twenty three tropical cyclones of tropical
storm (TS) intensity or higher formed in the western North Pacific and the South China Sea in 2006. The total number is
less than the thirty-year (1971 ~2000) average frequency of 26.7. Out of twenty three tropical cyclones, fifteen cyclones
reached typhoon (TY) intensity, while the rest eight cyclones only reached severe tropical storm (STS) and tropical storm
(TS) intensity - three STS and five TS storms. The tropical cyclone season in 2006 began in May with the formation of
CHANCHU (0601). The convective activity was slightly inactive around the Philippines from late June to early August.
In addition, subtropical high was more enhanced than normal over the south of Japan from May to early August. Consequently,
most tropical cyclones formed over the sea east of the Philippines after late June, and many of them moved westwards to
China. CHANCHU (0601), BILIS (0604), KAEMI (0605), PRAPIROON (0606) and SAOMI (0608) brought damage to
China, the Philippines, and Vietnam. On the other hand, EWINIAR (0603) moved northwards and hit the Republic of Korea,
causing damage to the country. From late August to early September, convective activity was temporarily inactive over the
sea east of the Philippines. However, it turned active again after late September. Subtropical high was weak over the south
of Japan after late August. Therefore, most tropical cyclones formed over the sea east of the Philippines and moved northwards.
WUKONG (0610) and SHANSHAN (0613) hit Japan to bring damage to the country. On the other hand, XANGSANE (0615)
and CIMARON (0619) moved westwards in the South China Sea, causing damage to the Philippines, Thailand, and Vietnam.
Another special feature in 2006 tropical cyclone activity is that IOKE (0612) formed in the central North Pacific crossed
180 degree longitude and moved into the western North Pacific. It has been four years since HUKO (0224) in 2002.
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Table 1. Ranking of the loss of life from Typhoon from 1904 to 2004.

Ranking number Period Name of Typhoon (11;1'?5:5[())5()11152)
1 20~28 Aug. 1936 3693 1,232
2 11~14 Aug. 1923 2353 1,157
3 15~18 Sep. 1959 SARAH 849
4 19~20 Aug. 1972 BETTY 550
5 15~18 Jul. 1925 2560 516
6 7~13 Sep. 1914 1428 432
7 3~5 Aug. 1933 3383 415
8 15~16 Jul. 1987 THELMA 345
9 20~24 Jul. 1934 3486 265
10 30 Aug.~1 Sep. 2002 RUSA 246

Table 2. Ranking of the loss of property from Typhoon from 1904 to 2004.

Amount of property

Ranking number Period Name of Typhoon (unit: million won)
1 30 Aug.~1 Sep. 2002 RUSA 5,262,200
2 12~13 Sep. 2003 MAEMI 4,222,486
3 23 Jul.~4 Aug. 1999 OLGA 1,085,444
4 15~16 Jul. 1987 THELMA 604,947
5 19~30 Aug. 1995 JANIS 556,080
6 22~26 Aug. 1991 GLADYS 320,393
7 29 Sep.~1 Oct. 1998 YANNI 278,445
8 23 Aug.~1 Sep. 2000 PRAPIROON 255,579
9 31 Aug.~4 Sep. 1984 JUNE 253,658
10 15~17 Sep. 1959 SARAH 249,013
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2.1 AYY-HYTTF (El Nifio-Southern
Oscillation, ENSO)

AUy ZAEE (NINO 3, 4 °N~4 °S, 150 "W ~
90 “W)9] 3ll4=H-2%(Sea surface temperature, SST)
B3 3ko] WA} (SST anomaly, SSTA)E= 20053 7+
FE 2006\ 2971A] oFRt 2Rk AEi %l e, 2006
| 7€HE (HEXLE v T (Table 4). 2006 9Q+E
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2 ZEABE T RS A4 (Southern Oscillation
Index, SOI)= Y] HoFAko] EF5] €] (Tahiti)ol|A] 22
Ef o} 559 thg (Darwin)9] 7] W gto
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Table 3. The loss of life and property from remarkable meteorological disasters in summer 2006.

Cause of meteorological disasters Period LO.S,S of life Ampl.mt .Of. property
(unit: people) (unit: million won)
EWINIAR (0603) 9~10 Jul. 6 343,179
BILIS (0604), 14~20 Jul. 48 1,370,789
heavy rainfall
KAEMI (0605), 26~29 Jul. 4 107,821
heavy rainfall
WUKONG (0610) 8.18.~19. Aug. - 876
SHANSHAN (0613) 9.17.~18. Sep. - 10,928
Table 4. SST, SSTA, and SOI in 2006.
2006

Feb. Mar.  Apr. May Jun. Jul. Aug.  Sep. Oct.  Nov. Dec.
NINO 3 SSTA (C) 260 264 272 271 265 258 255 258 259 26.1 26.4
SSTA (C) -0.4 -0.8 -0.2 0.0 0.0 0.1 0.4 0.8 0.9 1.0 1.1
five month running
mean SSTA (C) -0.7 -0.5 -0.3 -0.2 0.1 0.3 0.4 0.6 0.8 0.9
SOI 0.1 1.3 1.0 -0.8 -0.4 -0.8 -1.3 -0.5 -1.2 0.1 -0.1
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8Y-L A iE S&7A MJO (Table 6)8-5°] 7+

Table 5. Convective activity in the tropical ocean in 2006. PH, MC, and DL represent Philippine, Maritime Continent, and

Date Line, respectively.

2006

Jun.

Jul. Aug.  Sep. Oct.  Nov. Dec.

-0.5 1.6 -0.6 -0.4 -0.3 -1.3 0.2

0.9 -1.2 -0.9 -0.3 -1.7 -1.8 -1.7

Feb. Mar. Apr. May
OLR-PH
20~10°N, -0.1 0.4 -0.1 0.2
110~140 °E
OLR-MC
5°N~5°S, 0.0 1.1 1.7 0.5
110~135°E
OLR-DL
5°N~5°S, -0.3 -1.2 -0.5 -0.7

170 °E~170 °W

Table 6. The equatorial zonal wind index. IN, CP, and WP mean Indonesia, Central Pacific, and Western Pacific respectively.

2006

Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
U200-IN
5°N~5°S, 0.4 -0.4 -0.9 0.3 -1.5 -1.1 -0.5 0.9 0.8 -0.8
80 °E~100 °E
U200-CP
5°N~5°S, 0.1 1.3 1.0 -0.1 -0.6 -0.1 0.2 0.1 -1.1 -1.0 -0.8
180~125 °W
U850 ~WP
5°N~5°S, -0.9 -0.7 -1.2 -0.1 -0.6 0.1 0.4 0.0 1.3 0.3 -0.9
60 °E~175 °W
U850-CP
5°N~5°S, -0.5 -1.1 -0.7 0.2 -0.7 0.3 0.1 -0.6 0.9 0.6 -0.3
70 °W~135 °W
U850-EP
5°N~5°S, 0.3 -0.4 -0.2 0.3 -0.6 0.9 0.3 -0.2 0.2 0.7 0.1

130~100 °W
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9o Welmat 1 2 Ak e B
SH9ick. OLR A|4-8 M (Table 5), Q= H|AJo} .2
£ 0302 Ao| vjstel B} ulSsheic
AH I 0602 G BAHAT T S
o MIOS] Bo] et A|ojo] AF Y-S B
o), A% B AfIdols hREEe) e 7
o] BEXlsh= Hgo] HAt BAEEFoll= Higol
94 5 - skkeol 37171 ASHATH (Table 6). E&
FTEE-02 08 FJu} v]skgiTt (Table 7).

10€ 2] Eojs=H ) (Intertropical Convergence Zone,
ITCZ)7} B met Parstod, B3 F2ol 4 Frf
7192 371 BHAYste] | 1.87) 9] vlste] wekct.

3. 20063 HFY EW

=13
=

31 JERL NAUE HF e

EATEE ol A BiE-2 30 Fd (19718 ~2000'3)
Bt 26.7707F @AY, o] FollA 347071 -2utete] 9
= E0h 220069 0fl= 23709 B 'St
FaEG 2A DS (Table 8). #7142 =

Table 7. The Asian summer monsoon index in 2006.

A+ ABA - 4 - AEE - A 303
of F&ol wel 45F02 BRSHed, TD (Tropical

Depression: 17 m/s 1|2, TS (Tropical Storm: 17~
24 m/s), STS (Severe Tropical Storm: 25~32 m/s), TY
(Typhoon: 33 m/s ©]XhH7} 1A o]t} 2006 of] HHAYSH
237) g= = 15717} TY, 3707} STS, 5707} TS 2]
T} (Table 9). ©] = 37) [EWINIAR (0603), WUKONG
(0610), SHANSHAN (0613)] ejZ-0] >-2utztol] 93
2 F%131, BILIS (0604)2} KAEMI (0605) &2 shd
o] AEste] agst o, Anrizt et =y
ol B2 H|7F El= Aol Hirh £t F=thE
oI ol= IR EfEol Bk (Fig. 1).

Fig. 20]|= 542 A7|3F ¥E S4of st
Yol 7] 9J5te] 1951 RE 2006717 56d7F 2
Aol EAg A= BE g (T2
Z)0t 59 o] FHwt (A Uet ek 56zt Bt
S A= 26.6710]L, 1 EFHAF HAE Bl
U= siE "iEe] Bdit ol (+1 28X E=
AA (-1 FEHA) AR s|= A5t o] o
of ofstd, HrEoh go] WA 3= 1964 ~1967,
1971, 1974, 1989, 1994o|t}t. ZHA WS 3=
1951, 1954, 1969, 1973, 1975, 1977, 1998, 2003 0|
o 7184 78 Bol B sfl= 19679 .= 39707}
TSR, 7S A A AR Sl 1998 0= 167
7H SR 59 o] B HiE DA B
B, go] Ask= Al7] (1960t Sk, 19909 ~
1995d)et A A Ask= Al7] (19709 FHE~1980

2006
Feb. Mar. Apr.  May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

activity - - - 0.3 -0.4 0.7 -09  -02 -1.0 - -
Northward shift - - - -0.1 -04 0.8 0.3 -0.7 1.2 - -
Westward shift - - - 0.2 0.2 -5 -02 0.2 -0.3 - -
Table 8. The monthly typhoon number of formation and impact both climatology and 2006.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec Atl(l) Itl;llal
clhmat" 05 01 04 08 10 17 40 55 50 39 25 13 267
Etgtga}i/ 0.5/ (0.6/ (1.0/ (1.8 (2.8/ (45/ (85 (14.0/ (19.0/ (22.9/ (25.4/ (26.7/  (26.7/
impact) 0) 0) 0) 0) 0) 03 09 12) 09 01 0 0) 3.4)
?tO(t)zfl ) 1 1 3007 3422

° (1/0)  (2/0) (5/1) (12/1) (15/1) (18/0) (21/0) (23/0)

impact)
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Table 9. List of tropical cyclones which attained TS intensity or higher in 2006.

Position of formation,

Position of termination,

Issue number of

Tropical eyclone Date. Month. Time (KST) Date. Month. Time (KST) ) typhoo.n
information

0601 CHANCHU  TY 3131\;1;1& 1231%0200E ?;ZSMOI;& 10233:5‘00E 14
0602 JELAWAT TS 2 15 36 m 00,00 - :
0603 EWINIAR TY {;ﬂj{?’og?gf E %:6]3\,1’212%309 E 30
0604 BILIS STS S 500 s 13
0605 KAEMI — TY 15 500 B 1500 1s
0606 PRAPIROON TY {_7;2:;\_]’1151:807 E ?;2:2_] 0000, E :
0607 MARIA STS %?;i’u};l‘féé‘ E ?Z.'Kir,’. })‘;?O%OE M
0608 SAOMAI TY é?;Z:E’zlff&f £ %}13.'2:111\;. 10197:6%0E 13
0609 BOPHA STS ?ﬁ:g’zlﬁgif E %(l):%ll\lg’_ 11156;'0000E :
0610 WUKONG TS %gj;}fg. 1135§0%0E ?gﬁsAollfg’. 11259:0900E 2
0611 SONAMU TS %i:lA?fg’. 10299:0700E ?g:OAOIIJ\Ig’. 1049(:)0000E 6
v 163N, 1767 S 0506 21
0613 SHANSHAN  TY %8:8323.’ e E ‘1%1832:.’ 1560 * 28
0614 YAGI TY %;;18235 }55708E ggﬁssgg.’ }2:40'30E 17
0615 XANGSANE TY ;é"gszgj o E ;,68;1_\1(’)91;00%0 E 14
0616 BEBINCA TS XN 5 ot 0000 s
0617 RUMBIA TS T AT 7
0618 SOULIK  TY 1000 0500 Yo on 2100 15
0619 CIMARON — TY 2 o 1300 & Nov 00000 21
0620 CHEBI TY S Nan 2100 1 Nov. 15500 - 1
0621 DURIAN  TY 20 Nov 1550 S e a0 - 20
0622 UTOR TY & Don 0306 14 Dew 1500 14
023 TRAMI TS 13 Dec 2100 15 Dec. 09200 4

Total issue number of typhoon information 327
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2006 ol LASH AA| 2370 e Fof tiste] F= 7]
A+ (KMA), Regional Specialized Meteorological
Center-Tokyo (RSMC-Tokyo), 18] uj= gF5H KR
AlE] (Joint Typhoon Warning Center, JTWC)oJ| 4] gt
3 24, 48, 72A|17F A2 222 v|wsT} (Fig. 3).
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Fig. 1. Tracks of tropical cyclones which attained TS
intensity or higher in 2006.
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IoA Bote] xb= A= eAE ottt A&
=91, Fig.3a2] 24hours (118)2 = 7144 2] 24 A7
A2 227} 118 kmY S oju|gic), Zuta o Z JTWC
9] A4S =T} & Holth 37) 7|3 B 2370 E)
T oA dEeapt 7P A yEhd HE2
MARIA (0607)°]1 & HAZ & 232 Hol gjF
2 BEBINCA (0616) St} MARIA (0607)7} 2 2.3}
£ 329 o]g A wRolc}. MARIA (0607)= 2006
H 85U 21A] v A 119 (26.0 °N, 14.5 “E)oj| 4]
WAL AlS T HoA AT ASE o1
AFE @& Huith) kAL, I & J3F AEAD &
RO 2 oH (A gHlth stglen, d& =es A
& HlUzE 271421 482 sHA =ik dlEGA] o
Hol a1t wdl Aol oJshd, Y G2 AFT
AL g AFstgloyt A HFIN2= Y Uil &
F5HA] ol dEEE FE S-S et o] 53t ok
Qx7} 7P A YEelgtl E=31 BEBINCA (0616)
9] 73, Agol| A 2E7HR] 3U7He] B2 dAS Ho
ASo] HA geH, WA & A5 2¢-2 ¢F 10 km/h
2 =94 olFstiey, R 14 wWEA (37
km/h) o5& what X R o B @27 IA veRd A
oz ZAEUT (TE ).

= O A7 A2 2; A7k upotstr] )ste] 6
| (2001 ~20064) E<¢F KMA, RSMC-Tokyo, 1]
I ITWCE] 48A17t HZR 2 o ) @ Zpof] Tt H]nL
et (Fig. 4). siofct 212 o2 Jehwr} cha )
AutA o 2 FEo] 7t AFS HojFa Qlrh 1
FolA = ITWCE] 2217} A Holth. gh=o] 2001,

Climatology :1951-2006(56 years)
0

Annual typhoons in the Western Pacific
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Fig. 2. The long term variations of typhoon formation number from 1951 to 2006. The bars indicate number of annual (© )
typhoons for year of much () than normal and year of less (M) than normal. And the thick solid line means five years

moving average of typhoon formation number.
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2002, 2004 o) €E2 2003, 2005, 2006 9] Z+z+
o|m7} o Aekshelrt. 2003 W] A 714 om
23} z}ol7} 18 kmZE 7F FHth 372 25 o|H A
=7t 7t AERE e 20059 o= U=
181 km, RSMC-Tokyo+= 177 km, JTWC+= 180 km
Fet. o2 sfoll 200590 227 A o= A
ZQl gRle g 2B o7t A & = HE

1200 (a) KMA

0607

—e— 24 hours (118)
—+— 48 hours (202)
—A— 72 hours (312)

Track error distance (km)

0123 456 7 8 910111213141516 17 18 19 20 21 22 23 24 25

Typhoon number
(b) RSMC-Tokyo

N
=}
5]

—@— 24 hours (107)
—— 48 hours (192)
—&— 72 hours (274)

©
S
5

@
S
5

w
S
5]

Track error distance (km)

0123456 7 8 910111213 14151617 1819 20 2122 23 24 25
Typhoon number
(c) JTWC

600
300 o
A

0123 456 7 8 91011121314151617 18 19 20 21 22 23 24 25

—e— 24 hours (109)
—+— 48 hours (189)
—A— 72 hours (287)

Track error distance (km)

Typhoon number

Fig. 3. The comparisons of typhoon track error distance for
(a) KMA, (b)RSMC-Tokyo and (c) JTWC in 2006.

300

£ 280 4 RSMC-Tokyo
< KMA
© 260
o
c
£ 240
© Jtwe
5 220
5
x 200 *
Q
o
180 -

160

2000 2001 2002 2003 2004 2005 2006 2007

Year

Fig. 4. The comparisons of the 48hours forecasted typhoon
track error distance for KMA (@), RSMC-Tokyo (A) and
JTWC (+) from 2001 to 2006.

2006 EE S e 5 ol 2o FHATEF

el AFF gl ol I=2F HF (a3 5
2006)°] 2005 o= 20013 ~ 2004 HH 66%0°] B
sho] A A LAY (35%, 237 F 87)stieh. = WA o]
= 42 7189 X129 45 7ol 20054
UL 712 4t HEH =stgEd 1 2 2
9 Aol MAEUL, SEuziet ITWCE 20059
S dEAl 2 2ddite| H|F-S wo] Fof o1
3197 W2 FEHESde &kt Ao

3.3 SO JY2 &= EiF

2006 WA B} F -2 utel G mIX
FLABE (79), A10E(8Y), A133 (99) 37101
o]F 3x= U EeE AFste] 1 w7t R
Tt} (Table 3). B2 2ol ©hE F8 A F= &
EA& ol 2

(1) EWINIAR (0603)
o ‘WAYoA 2B7ER] 7|17k 9Y 19A1%F (7T 1Y 3
Al ~74 109 224])
o Y 74 14 03A] FAd FAIZ oF 1010 km R
34k (7.6N, 137.8E)
0 59 154] 917): AR @7|Lteh YEE of 920
km F-2 34
A% 241719} 920 hPa, &< 51 m/s (F|T| 2
=gy
0 10¢ 11A] /)2 A M= BT A=
- 2241719} 980 hPa, 2| t)&< 26 m/s
01021 184] $}2): AlBIehe ure} 2
- 221719} 985 hPa, | thE<4: 21 m/s
o 2 U= FHFEIA 2efA7|dez WA
e o] HiSE BAE o vt A= EE
o] FA4E A EAAA EREANS
FHLE g2 3¢5 7P (Fig. 5), oI H
T AL H A5l wet Jefer 2 A= AR
= SHeE W2 @] AT (0 FAE
B4 168.5 mm, 10Y: A5 LA S 516.9 mm).

E

=

o
A

(2) WUKONG (0610)

o WA A &E7EA] 717 6 A& (8¢ 13¢Y 15
A ~8€ 199 164] 302)

o HHY: 89 13 154] Y& ©7|Ue} B2 oF 1070
km ¥ (25.7N, 138.4E)
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Lot

. O &
e

0 17¢ 15A] 9JX]|: & 7}3A|0} 52 9F 180 km F
oy
- 341719 980 hPa, F ¥ 23 my/s (F|O|= dF

23

0 189 024] 917): A& T4 45
- 241719} 980 hPa, ZthE<; 23 m/s

0 2: FAL BEEE oF 90 km FZ AR
ok}

0 B4: o] HF2 vlmA T ol WA wfek
A ek 2otn gRs o Al SR
wgsiglo} ol F M ofstslo] 89 199 154)

RETH [eay )

SO06, 07,08,
e

EERVE R e

==z

9 Jul. 2006

gL - AR

r

qg=x - 307

e
o
)

- relE A=A

73 A % shiltholl A EdAYRE oFstE Sl
t}. o] BiFY olFEEs e =8 279 10
km/h Y9)] G2 BA ~ BRlahg o,
Zof &3 18U 02417 o] % H B = & kmo] &
L2 g7 o] FstaL, T e R A& 19¢
AR tha) 10 km )9 =S B of
S AR P WSOlA oF 22407 AR
B ouAE AAstgon, Faos A%
5 thEe) 259 of3 olo) ks Zasch
SEuEte] Folte SACR 4 Aol et
STk (Fig. 6, 18Y: 7= ¥ 124.0 mm, 19¢:

BRIN(day] 2006 0% 10,

10 Jul. 2006

Fig. 5. The distribution of daily rainfall on 9 Jul. (left) and 10 Jul. (right) in 2006.

RATN (day) 2006.08.18

18. Aug. 2006

RATN(cay) 2006.08. 13

19. Aug. 2006

Fig. 6. The distribution of daily rainfall on 18 Aug. (left) and 19 Aug. (right) in 2006.
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225 g3} 266.5 mm).

(3) SHANSHAN (0613)

o W0l A 2B 71A] 7171 8Y 18AIZF X< (9€ 10
1 214 ~9€ 192! 154))

o 'IAY: 9 10 21A] wl= & AEAZ 9F 1140 km
B gAk (16.8N, 134.8N)

0 169 03A] $1%]: tht ElolHo] FE5Z °F 260
km 22 34

- 3719 925 hPa, 3<% 52 /s (HT| 2 &

=L
0 179 18417 $17): 17 AT AR (AFZ 52 o
280 km)

- 3417191 950 hPa, | ThF<; 41 m/s
0 17 204173 A]: 3l 2& (oF 241 747 Y
ol A

- 341719t 960 hPa, Z|th5< 39 m/s
o & 19Y 15A1 o) LY A7 o= HE
o B4: o ¢7tg40] 5% 45.6 m/s, A5 36.0

m/s, 271 35.8 m/s, FAF 32.5 m/s=2 v}gro]| 735t
B F-olt}. vigto] 3 QS A =2 sl
2= A9S AYeHA s ziE ouUxE
Z&3] Tadol HiFo] WEdt Ao s F4H
o] BT Y& ol AEst & HHE A%
th 94 169 A/GHSol|A FHES 54 m/sol 4
o WY g eIyt REe T ¥, A
g AlEE {ARE A 17900 U] ARAIEA]
Fof AEsHAT o] Bigol FHkske], YA

2006.09.17

RAIN (day)

17. Sep. 2006

T Auto A= H 7S 69.9 m/s, U7FAY]
Ao A Z T E<L 46 m/sS 7| =31 9Y 17
oA 187X A=Ho=m ke (AF ofg=
216.2 mm, A|ZF 120.7 mm, 3} 116.5 mm)7} 1}
Ebyttt (Fig. 7).

3.4 EjZ [BILIS (0604), KAEMI (0605)]9] 2I3t
O g9t

Fig. 82 1954 AXE 2006W7H] (53A7h) $-2ut
17 SRR (B, AL, A, AF, 35, B2,
o<, 23, i, 24 92 F4h e 74 sk B
o] x| AlA dolth. Y 74 HdTe} BA} 15
HZHZ} o4 (o]3h2l BE BIZE Wol 2 3 E |7t
A & = HoJstHet. =3t T (EW)-tH- (£
W) B3 dolrr] ffste 79 olFHd THaAle
(Palmer Drought Severity Index; Palmer, 1965)5 4l
Koz FABIAT) Fig. 89 314, 2006\ 7€ 47+
%% AT HA= 9F 360 mm=E 1954 FFE 2006
| 7|17 oA 718 B7E wol & 92 790}t =
379 BEFORYY F712 08 90} Thsh
g2 o 5 gk B4} OF 32 717 1970
o Z3telA] 1980 H] S 1 ok AV A
0, 19909} Fuk= 2973 go] Fstet. v,
1980 e} ke k73 FFoIT. 2000deh Al
7ol A &E|glou, 20033 2006 Bkt

20064 HEFEAS Aulue, A2 FYT 1|5

RATN(day) 2006.09.18

18. Sep. 2006

Fig. 7. The distribution of daily rainfall on 17 Sep. (left) and 18 Sep. (right) in 2006.
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QO (& AFE 5U BhE) FRUS Feurkof 17 k409 A4 71 Yuisic oIz B B of
U Rt (Table 10). 243 Helweh gokeh (Fig 350 mm Bk ok 20 =<1 720 mm: 7] Z3Hc.
8). A& 69 210l Hubrt A% 79 2990 FREel  Fig 9% 20069 349 (69 14014 89 319) B

Table 10. The period of Changma onset and retreat day in 2006 and climatology.

A Onset of Changma Retreat of Changma
rea
2006 Climatology 2006 Climatology
Jeju Island 14 Jun. 19 Jun. 26 Jul. 20~21 Jul.
Southern area 21 Jun. 22~23 Jun. 29 Jul. 22~23 Jul.
Middle area 21 Jun. 23~24 Jun. 29 Jul. 23 ~24 Jul.
400 4
= July
“g’ 300 2006 F 3
E 200 A L2
£
£ 100 A F o1
3 0+ -0 &
£ o
2 -100 | -1
®
= -200 + -2
=
‘S -300 | L3
o
-400 T T T T T T T T T T T -4
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Year

Fig. 8. The anomaly of averaged rainfall for 11 observational stations at Jul. 2006. The left axis denotes monthly anomaly
rainfall (mm) and right vertical axis denotes drought index, respectively. The negative value means drought condition.
The vertical bars mean that the year of much precipitation (lll) and less precipitation (Ill) than normal year, the normal
year (| ) and the 7 years moving averaged drought index (black solid line).

0 Daily Rainfall (5 day running mean)

1 |July 1 |August
%01 EWINIAR BILIS
5 (1= 11 3U1Y) e (9 - 15 JUlly)
= 40 4 L)
1S KAEMI
£ (19 - 26 July
T 30+ -
€
©
c 20 4
@
(o)
s P
10 ~ ¢ N - - AS -~ -
0

”~

—~ P

155 160 166 170 175 180 185 190 195 200 205 /210\ 215 220 225 230 235 240
Julian day

14 June

21 June 26 July 29 July
Szjsftlsc::zd) Onsetday Retreat day Retreat day
(Southern,Middle area) (Jeju Island) (Southern,Middle area)

Fig. 9. The time series of five days moving averaged rainfall for 11 observational stations from 1 Jun. to 31 Aug. 2006.
The lines indicate normal values (dotted line) from 1954 to 2006 and observation values (solid line) in 2006. The thick
solid lings denote the periods of typhoon. The first days of Changma are 14 Jun. at Jeju island and 21 Jun. in 2006 at the
southern and middle part of Korean peninsula. The retreat days of Changma are 26 Jul. at Jeju Island and 29 Jul. in 2006
at the southern and middle part of Korean peninsula.
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ore] Zake Syl 117 Ao A 2] 5Y o] 5H
w3k AJA|Foltt. Aul A|ZF A Aol = Zhaego]l B
Hrh A%l o, EWINIAR (0603) 7} -2 utte] A=
A 79 102 A3, BILIS (0604)SF KAEMI (0605)
7t = P Aol AdEshe] 283 7Y 15¢Y, 269
A2 A4 om W H7F gt 714442 KAEMI
(0605) gFo] 2T AL 7|22 & AlF= 25Y,
FReL FHEAHL 29 Aot FR2E AAsHTh
Ak 717F F¢ vl 9% & 370 EiE -
EWINIAR (0603), BILIS (0604), KAEMI (0605) &=
7 2 FE5Y (Fig. 3)ollA s 33+
25°N BZo|A AgFete] AF=E AA Atz
AET § Fofietem wAUrE 2 A7|te = WA
EHHA B FoE2A Y] IS uhAlTh BILIS (0604)%}
KAEMI (0605)= tiits AA F= SPdA ez 4
5§53 5| EA7IGLRE oftE|o] 2FE T o] H
=< Tl AESHAl= Foko A&H R
W2 23715 NtE o2 FHE5t At AS &
A3}t A7l 9T sHRaL, Ak A4S sEvetet
U2 a7 Aol AAIsHHEA FE52-9 Hlo] =3
t}h. BILIS (0604) &) 7€ 148 ~20U7HA] =27
S T A 563.0 mm, $1A] 476.0 mm, A& 389.1
mm, 7Y 262 ~29% E<F KAEMI (0605)2 Q138 3=
735 Te 2 340.0 mm, 3= 336.0 mm, AL

310.0 mm 2 whehg W7t ATt
35 37 EF FA EA

2006 8ol 37} EJEE [MARIA (0607), SAOMAL
(0608), BOPHA (0609)]0] Ao ZAj5}4.0m, 8¢
6% 15A] ~84 10 15A|7}A] 447 X|&=| AT (Fig.
10). 30| Aol At Al 1951dRE 2006
QA7HA] 5719 e go] SAl EA7F 18], 471 HEol &
Al EA7}F 18], 370 efF SA A7 978 Htt. E3l,
19603 8¢ 23 154]~24< 03A|7}A] 14, 15, 16,
17, 185 gjFo] FAlol| A5kt o] 57)9] eiF-2
1960 2nt S o] 7|Z|H dfjof YAt ‘& HY
2 olgh= ol ot (19 ).

3.6 SHHAC| HFTOE

2006 IOKE (0612)%= 32|74 ¢lo] gjZ o 2 uia

AHI 24, 84 20 15:000) FEfH A 2= Y
st 3E|AII 02 8 27Y IRHAAE Hol BEAH
BFe o5 Aot} o]Et B9, ol w
2} 32 AR1¢] o] F<l IOKEE IHE BF o|F2 2
AMESEAL Hj 3 S = vE2 A of| @HAYSH gl Fo] o2
35 Fofgith

sl2|AIQlo] RS Hol ARIs) 2 1AL A}
H= B, A 5697 (1951 ~2006) 153] W88}
of oF 4o 13] E2 AT 7MY 29 A=
20023 11g0]] 288 HUKO (0224)©]t} (Table 11).
o]t HFE2 FAIR vt YIE ol 5sHHA A=t
o9 ZFstal == YRk giFE T 71 Zo] EFolX]
gt obA] S-Ejute] FkE & A2 /il

. NS

H AL
2As

(]

4.1 YYNZE ©I82 HFH

3 0

Mt

oS TS I SEAelA WSk F9E
2 o) 5 3 9bq 1 QRS hAIet. 0|9} Lol gEL A
o] QAL FpolA Btk BRIE SAo] ulste] 3
oFe] o] M) B2 Aeol7] Tl 442
of WrjH o ojEa fure] gick. Teut St}
o 7%, AARE ol g3t BFLA 7]ute] o 1
gk

$efutete] GRS 2 370 B1F [EWINIAR (0603),
WUKONG (0610), SHANSHAN (0613)]¢] s}, 7]

I

1 x
ASFE  KMA|
0806UTC AUG 2006
o7 SURFACE PRESSURERR)

Fig. 10. The surface weather chart of the simultaneous ex-
istence of the three typhoons at 06 UTC 8 Aug. 2006.
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Aol A 1= E 2H (Advanced Objective Dvorak
Technique, AODT, Dvorak, 1976; 1984)°.2 FA35}
FAHAA, 7Y, WSS RSMC-Tokyod] 2t
2o} wjmaleirt (Figs. 11, 12). 2 27 49179
2}oli= 7+ g of| T3k 11.1 km, 72.9 km, 7.6 km =
EWINIAR (0603)¢F WUKONG (0610)¢] thajA=
10 km Uje]9] zh2 z}o]& R FX|9F SHANSHAN
(0613)°]] &A= 70 km o]AF2] & 2}o]E H T
7147 2] WUKONG (0610)°f thgt 24 X7t & of| 2.9
SHAA 227} 112 km o] 52 Ab3hd 70 kmo]
E4ZpolE Aok & 4 Stk A7 512
hPa®] vjo|o] A (71414 9] 73 HA]o] RSMC-Tokyo
o = EARY 7Rk ouh)E A AlSEYE
2 ZKroot mean square error, RMSE)+= 10~ 18 hPa
£ B3t HHFES 6~ 15 m/s&| Hpo|o] 2L 9~

P
e} /\L:}

C AR - {3 - HEE - A=Y in

r

16 m/s2] RMSEE 7HA]= A2 2.2 et 34
22006 237 B Foll that 7]147g 9] 24417 & 4
71949 Ao viojojA Ko & $Fo|3it 7]
A o] AODTE 0]43} glE7 == RSMC-Tokyo2]
BN 2 e g EAEE o] 5kt 39,
EWINIAR (0603)2] Z#47] (920 hPa)oll= RSMC-
Tokyo 24Xt} 30 hPa o]} A F417|4= 415t
.91} SHANSHAN (0613)2] Z#4d7] (925 hPa)ol|=
EWINIAR (0603)$} H|2:3F 73 %= ¢ 91} RSMC-Tokyo
o] EA3} 2ol 7k A & FSITH

WUKONG (0610)2] 7-¢- kgt 7= 9] gjgol9+=
o S4171%0] Aerd o2 FA47¢he] E40] RSMC-
Tokyo HAXth WA BEAE Q. whaba 7]14345g 9
AODT 24235 o 2of F=F wj= Table 12 oA
et Hlo|olAF TEdl= 5 1 &8 F9E 7]

Table 11. List of cyclone formed in the central North Pacific and moved westwards across longitude 180 degrees from

1951 to 2006.

Year Month Number of Typhoon Name
1 1957 Sep. 12 DELLA
2 1959 Sep. 12 PATSY
3 1967 Sep. 27 SARAH
4 1972 Now. 28 RUBY
5 1987 Sep. 17 PEKE
6 1988 Sep. 17 ULEKI
7 1992 Feb. 2 EKEKA
8 1993 Aug. 10 KEONI
9 1994 Aug. 15 LI
10 1994 Aug. 20 JOHN
11 1997 Dec. 28 PAKA
12 1999 Aug. 11 DORA
13 2002 Aug. 17 ELE
14 2002 Nov. 24 HUKO
15 2006 Aug. 12 IOKE

Table 12. The error of KMA AODT compared to one of RSMC-Tokyo in terms of position, pressure and maximum wind

analysis.
EWINIAR (0603) WUKONG (0610) SHANSHAN (0613)
Central position error (km) 11.1 72.9 7.6
Central pressure bias (hPa) -11.8 -6.6 -5.7
RMSE (hPa) 18.5 13.7 10.4
Max. wind bias (m/s) 15.5 6.3 10.2
RMSE (m/s) 16.8 9.4 12.2
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Fig. 11. The central position of three typhoon [EWINIAR
(0603), WUKONG (0610), SHANSHAN (0613)] analyzed
by KMA AODT (+) and RSMC-Tokyo (@®).
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Fig. 12. The central position (left) and maximum wind (right) of three typhoon [EWINIAR (0603), WUKONG (0610),
SHANSHAN (0613)] analyzed by KMA AODT (+) and RSMC-Tokyo (@).
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Sofof & oz AzHET o7]AE Cl%: (current
intensity number)a=2] H|WE o|Fo|X|R] K3}%7]
ol o] 7t FE=o] niojojA7} Clg= AHEollA
AR AR A= ClrE 47|93 HdS52
2 SAbsh=ElA AR AR & 4 Sl ez
2HE3 Clg=8] 5ol gasira & 4= ok Eg
AODT?] Wiiez Clg 9 SA7I9Y HdSES
AEdte O AYEE wole =YS7IeY 38
7 Sl

AA 71472 S0l et AR ase SHAA,
FA7IS HAAEE, ol T, olFH=, AEHt
o o]F ZFRtE ol tigt B7h= ool digk &4
o] n|&ste] oo thgt HF5 o2 HAISHA
I e Aol e YRR E B85ty
WS Zet S 7214 582 viskaL o]
o 7H&3 2E SRR E st S AT
227} At

71734749 BB +L2 7HssHAEE 7]
wgko 2 70% SHEUAS BARA Ak eJsko] 24
A|7F T 150 km, 48A]7F T 250 km, 72|17 T
400 km= ARESEIL QUtt. Y271/447 2] 2005 B5
BAR v W2E 70% SEEHE ) HEL P2
& (Mean Hitting Ratio)& G-k O = AA5}H
1 Qlth. AS-E (Hitting Ratio)o]|& d|A}st 70% E-&
g ol Bl AT HAX7E S017ke vle= 2
n|git}y. A271378-2 2 A BAmtt el x| et HE
o] 70% &Y gho] HIstEE A= E skl Qlth
Japan Meteorological Agency (2005)9] €J3}4, 2005
W 24417 5 70% SHEREAS] HEEE 160 km 0|9
I (200492 164 km), BHAFTES 84% olich
(200592 70%). o2 JE7| A4 a Z2 o
70% Sl dhet B71E B Bask gl ok
2| 71734789 70% SEREEl et A5 AAIRE Bt
7F QoiA 2= B gl tisiA LT e AdEste
ALY A= =E B7HE = gloh A9 2 F)
ol tisliAl 70% FERPES A5 A skH= Aol
Bt A5 AZel & 2art o

o

fd ol

T

[e)

([ PANIN

ok Ho off Ok 1% o

42 oMUY L2 ATHMY By O

HEo] FS=E ol LmAl ophE B
9 U B 8o T2 AY AlbAA E
ok A9t AF WA 5 1 54 sk ol

R &~ SRICERE ER L E SRy
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ok A2} PA|F (2005)2 20049 75 T WS
g At Aol A 233 £ o7, A - 51 B T
Z HI 52 53t 2A7|4E 2ol thiste] 3
% A8 7Rl = AR B o, 20
A 7|43} (extratropical transition) 2} o] st HE
gk Ie7E 9 A ER|Yo] FESHA] &2 Aol
o} SEA|RE, A 7|43 A7)0 BjSoll T &
F-of ZFgell Sste] & a7t TR webA EE:
Al ol HeliA= 2 A 714 2 ofl gt o) 3
oF 74 g o & 7e F3o] Basith. 71443 HER
AP oA = 200795 E = - Y9 AFARIE Edi=
<X A7|4E A Wi E>S 2l BiEll
of| Al &g 3kaL et

43 N2 55y 0|

Olct

Fje] efstd A28 cjE5o] Yol AT 2
HEyd rd {Y£7]9|RAE (European Centre for
Medium-Range Weather Forecast, ECMWF), n]=9]
(Navy Operational Global Atmospheric Prediction
System, NOGAPS) &J3tmd] S3} n|mate] ofzle
FlEojR|= Ao AHdolth vl=, d&, 78 & A
T FAARLEY 52 HTAE Y=o HE
U A=Y 2 A5S Hol jleue oH g
TE Fo7| feiMe FARE Y 5ol R Eo

oF 2 & 4= itk

4.4. BIFOIEY QA CHEF Al

Fig. 4o4] & 4 9I%o] 7144 (KMA)9] 1% 2
2|2 931 ] (JTWC), Y& (RSMC-Tokyo)<]
SR} u s He SRR 70] Kol7h UK ghe
o} U FUEe] A @Ak ulF, AL Fof
H3) Ath 0= F 4 gick. 1 olfi 24417k, 484]
ZHEE ARG RO 22}9] 136 km, 241 km= SHITE
o) B4 B3t ulsd A, A SAsHE Fe] =
ol 24417 A H& 48417 A SR BAET
TR ot AR Facto 2 AW SE glrk
£ A ujsly] Folth. o|AL Tata oz MY
shel 29l el S5k R0 B oR7t ohy
o} meb $-eloh 7o) Ze 520 oSS Kol
oehe Fojat w3 gl 2 SolAl g Uu
Ao 9] Ao Senct AjHoR A

I



314 20063 EiF EA T g F oo A AHEk

B3l A
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gl gick. o @ A2k thate] Fu1SolA %
o] Bast FUEo| 0T, A& 5 JHNTY
T Bl EEH] PES ASHOR FHFHE Flo] B2
3t

5 MuIY

st AAE Z2A-ES 237 s, 94, A
2| ABA A (Geographic Information System, GIS),
A2 & A|2H (Global Positioning System, GPS)d|
olt] &5 A=T s S olA Bt dSAE &
H, AR 2455 I, A7 St Jigt Al

A A, A4 $ARY AN Fol Baslth &
3l Sl YRS PP SISk AARE
g 2B HE P - 12 BA7ES AT B
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AR S 0 10002 I8 20 9
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= W} Folds B3 7Y HER e R
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e, %‘JQF“}C”] e ZAE A Aol 24 B EAE 75
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o 2007dl= BiFlS53 = AR 7Nk k-
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