Atmosphere, 16(1), 1-17 March 2006

SHEl=0| JEe FE HEQ SHEH 54 Wl
Aed’ - o’

/787 R AT AL

Q1A TS Bo] g 5t
QUATEHL ek 7|8 R B

(2005 109 309 44 20064 38 30 4D

Change in Statistical Characteristics of Typhoon Affecting
the Korean Peninsula

Jong-kil Park'’, Byung-Soo Kim’, Woo-Sik Jung’, Eun-Byul Kim’ and Dae-Gun Lee’
'School of Environmental Sciences Engineering/Atmospheric Environment Information Research Center,
Inje University
*Dept. of Data Information, Inje University
3Dept. of Atmospheric Environment Information Engineering, Graduate School, Inje University
(Manuscript received 30 October 2005; in final form 30 March 2006)

Abstract

The purpose of this study is to find out the change of statistical characteristics of typhoons affecting the Korean Peninsula.
For this purpose, we analyzed the occurrence frequency of typhoon for 50 years (1954-2003) and change of air temperature
and sea surface temperature near the Korean Peninsula in the same period. We classified typhoon tracks affecting the
Korean Peninsula, and analyzed their trends and the amount of damage by typhoon. While the annual occurrence frequency
of typhoon in the western North Pacific gradually decreased, its frequency affecting the Korean Peninsula increased.
In addition, the occurrence location migrated northward. This coincides with the increase in air temperature and sea surface
temperature around the Korean Peninsula. Typhoon tracks affecting the Korean Peninsula were classified into 7 types.
Among them, the occurrence frequency of type 6 and 7 has increased. Although the occurrence frequency is low in type
2, the amount of damage by typhoon and occurrence frequency are increasing recently.
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Fig. 1. Track of Typhoon BILIS (2000).

110 Tz0 30 Ta0

Fig. 2. Track of Typhoon CHEBI (2001).



4 o] gRe T
Y At BRY 5 girks wEE AT gint

AR 28 717 (19604-1989, 7-9L)E2ke] 714}
B AN FES] JFES F B F ok
2 = 7Y B9 T 47 867l A o] B

2 B TR BRI 7R AN
L el oF 11L.6%E Bl WA gtk W
B (1992)9] B5712L Seluel] Jare F
AN AHS TAR BRSO oIFTF 5(1992)
3} o] Wk 7]%0] AT o] 9ol 0|9} Tl
A HYAT (S - F371,1999; £ 5, 1998)
7F ofe] B qu R A ANSH
w0 9L F HFL Aestol Agska glo] 91
5 bR gele] e e BN A 058
A 5 Q7122 Folstart st

ol utel HeigoF AR A WAste] 25° N
2 AUbEA 110°-140° EAolE FatsHe i Zol
A giree] 28 4B 33, A8 5 AN
A G = BE B WAL 25 Nolgpo.
29 o|% &7 A A 120°-135° E Abolof] Q=
A58 Aibeel] G m BFoR sigon 337
2 e 2 Ao o

=
dEoz AXHEA F=e FFE F=
T gdo] o3t A folle 2E 9 71AARE Hlast
o] BEe] A=l 2 29| Hat AFe] 100
mmO| Ayt SHA| H 9| 31 7FpFo] 250 mmol/de]
77t AU Aol etz JgS v HFeR

3ot

i)

4. EfF

lo

2

dm

4 B

»
—

3

re

Eo B3y

=z O
T =

N

2-gsto] BAEF oA AT S
ol e & HSE ERdiEY, 19549 %
003 37kA] EA el A AR B F-2> 1,340

At 26.83] TSI o] FolA =
FS & HEF2 17532 dHd 3.53]t} (Table 1).

Al S FolA 13%7F Thit=e] 93 & =S
E EFgH: o] = 71AHNA AAEHL = gt
Zof 2 & =Tl Big) 1239 g0l o F7Hd
Rolt}. o]gt Zpol7} WA= AL 714 A=
=] YR FA| FAdHL EFSFFAIRE A A
ol £2EH7] Ao My =S Wtk

g ARE HTSHES v 34Aple] BelE T 9]

(o HY
i Lo

i)

> oof fof @
o HI

Bl

B0 BAH 54 Wz

[e]

< HE2> =)

o,

195495 E 20034 717 50W-S 7]202 BEajg
Bgoll A BfFY] HANI = $is} HEFS A 5
7ok AAE AT Qo] 2 AL Johl =
27t QAT 59 o] 5B+ (AT 10d o] FF+ (B
Ao 1 W3} FolE AHESIT (Fig. 3). 1 A}
19949 7|20 2 4 YW At AT Hol
31 QlTk. o]¢f B3} Yumoto and Matsuura (2001)+= 1951
W 199947} 499 St BfEAE (typhoon sea-
son)oll SATEH oA WS B F9] = Adol
Ao Z7|¥H% (interdecadal variation)S 7}Zthal 3}
et 7 @A B w1 glrka AzkE,

aeu o] JFE = HEY 5 (Fig. )=
& B3t gl oyt 109 0|5 B SaA HH &

] Y FATL A7 v

40

30 A

Frequency

20

T T T T T
1960 1970 1980 1990 2000

Year

Fig. 3. Annual occurrence frequency of typhoons in the west-
ern North Pacific for the period 1954-2003. The solid line
is a 5-yr running mean and the dotted line is a 10-yr running
mean.

Frequency

1960 2000

Fig. 4. Same as Fig. 3 except for typhoons affecting the
Korean Peninsula.



- g - ol

4 A9

tq‘o %g'

Table 1. Monthly occurrence frequency of typhoon formed in the western North Pacific and affected the Korean Peninsula

for the period 1954-2003.

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar April Total
A K A K A K A K A K A K A K A K A K A K A K A K A K

May

¥

¥

24
27
23

0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
0

1
0
0
1
2
0
1
2
2
1
2
3
2
1
1
0
0
4

1954
1955
1956
1957
1958
1959
1960
1961

21

32
20
28

29
29
23

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

39
28

38
36
29

17
30
32
30
24
30
24
2
2
31

1
0
1
0
2
0
0
2
4

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

22
26
29
22
23

0
1
0
0
1
2
0
1
2
1
1
0
0
1
0
2
3
0
0
2
1
1

3

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

29
27
29
22
32
32
30
25

30
28

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

36
24
26
26

18
20
23

28

26

2002

2003
Total 55

19
36 0 1340 175

0 26 0 10 0 20 O

57
1.1

87 17 210 57 289 64 247 32 193 3 110 0

0 05 0 02 0 04 0 07 0 268 35

1.7 03 42 11 58 13 49 06 39 01 22 0

Mean 1.1

* A '@ Occurrence frequency of typhoon occurred in the western North Pacific,

K : Occurrence frequency of typhoon affected the Korean Peninsula
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Table 2. Monthly occurrence frequency and percent of typhoons occurred in the western North Pacific and
influenced the Korean Peninsula for the period 1954-2003, and ratio of typhoons affecting the Korean Peninsula

to those formed in the western North Pacific.

the western North Pacific

the Korean peninsula

Month Ratio
Frequency Percent(%) Frequency Percent(%)

5 55 4.1 2 1.1 3.6
6 87 6.5 17 9.7 19.5
7 210 15.7 57 32.6 27.1
8 289 21.6 64 36.6 22.1
9 247 18.4 32 18.3 13.0
10 193 14.4 3 1.7 1.6
11 110 8.2 0 0.0 0.0
12 57 43 0 0.0 0.0
1 26 1.9 0 0.0 0.0
2 10 0.7 0 0.0 0.0
3 20 1.5 0 0.0 0.0
4 36 2.7 0 0.0 0.0

Total 1340 100.0 175 100.0 13.1
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Table 3. Monthly occurrence frequency and ratio of typhoon for each typhoon track type.

Type Ratio
Month 1 5 3 4 5 p 7 Total (%)
May 0 0 0 1 0 1 1 3 1.7
Jun. 0 3 0 1 0 3 4 11 6.3
Jul. 13 6 6 5 3 8 8 49 28
Aug. 16 8 2 8 5 12 11 62 354
Sep. 3 4 0 5 1 17 15 45 25.7
Oct. 0 1 0 1 0 2 1 5 2.9
Total 32 22 8 21 9 43 40 175 100
Ratio(%) 18.3 12.6 4.6 12 5.1 246 229 100
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Table 4. Occurrence frequency of typhoon for each track type and decadal period.

Periods Occurrence frequency by each type (Ratiol),%) Total
(year) 1 2 3 4 5 6 7

2003-2001 1(11) 3(33) 0(0) 1(11) 0(0) 1(11) 3(33) 9
2000-1991 8(17) 9(20) 2(4) 3(7) 0(0) 10(22) 14(30) 46
1990-1981 6(19) 4(13) 0(0) 6(19) 1(3) 3(25) 7(21) 32
1980-1971 3(25) 1(3) 2(6) 4(13) 5(16) 5(16) 7(22) 32
1970-1961 6(18) 3(9) 2(6) 4(13) 2(6) 11(33) 5(15) 33
1960-1954 3(17) 2(13) 2(5) 3(12) 1(5) 3(25) 4(23) 23
Total 32 22 8 21 9 43 40 175

YRatio(%) = (occurrence frequency of typhoon each type for the same period + total occurrence frequency of typhoon occurred in the
q y oltyp yp p q y ol typ

western North Pacific for the same period) x 100
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Fig. 13. Long-term variations of occurrence percent of ty-
phoon affecting the Korean Peninsula by track type.
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Table S. Frequency of typhoons by track type and intensity scale with respect to minimum central pres-

sure during the whole lifetime of typhoon.

Type —ooale 1 2 3 4 5 Total
1 13 8 7 3 1 32
2 3 3 6 4 6 22
3 0 2 1 3 2 8
4 5 3 6 3 4 21
5 2 1 0 4 2 9
6 12 10 7 5 9 43
7 5 5 10 12 8 40
Total 40 32 37 34 32 175

Table 6. Same as Table 5 except for intensity scale with respect to minimum central pressure at north

of25°N
Type —ooale 1 2 3 4 5 Total
1 16 7 7 1 1 32
2 5 5 5 6 1 22
3 0 3 2 3 0 8
4 6 2 7 5 1 21
5 2 1 3 3 0 9
6 22 11 5 5 0 43
7 6 6 14 12 2 40
Total 57 35 43 35 5 175

Table 7. Same as Table 5 except for intensity scale with respect to minimum central pressure on the day

of landfall.
Type oodle 1 2 3 4 5 Total
1 19 10 2 1 0 32
2 7 7 4 3 0 22
3 1 5 2 0 0 8
4 6 6 4 4 1 21
5 2 3 2 1 0 9
6 33 3 4 0 1 43
7 8 11 12 7 1 40
Total 76 45 30 16 3 175
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Table 8. Comparison of amount of damage by typhoon (1954-2003).

Name of typhoon Tt;?)cé( Occtlilélrznce ?&?ﬁi‘% Name of typhoon Tt;';cé( Ocilil;lrznce ?&?ﬁi‘%

RUSA 2 02.8 5,147,917 MAEMI 2 03.9 4,222,486
OLGA 1 99.7 1,070,443 THELMA 2 87.7 596,573
JANIS 6 95.8 548,415 YANNI 2 98.9 274,652
PRAPIROON 1 00.8 252,050 JUNE 6 84.8 250,159
SHRAH 4 59.9 245,565 GLADYS 2 91.8 235,723
BETTY 6 72.8 221,989 SAOMAI 2 00.9 146,253
FAYE 2 95.7 91,897 ROBYN 4 93.8 87,839
BART 7 99.9 85,348 JUDY 2 89.7 69,128
DINAH 4 87.8 55,841 RAMMASUN 1 02.7 37,811
SETH 2 94.10 9,574 CAITLIN 4 91.7 8,007
BRENDAN 1 94.7 6,729 OLIWA 7 97.9 5,369
TED 1 92.9 5,246 TINA 2 97.8 5,094
DOUG 1 94.8 3,830 MIREILLE 7 99.8 800
ABE 6 90.9 563 ELLIE 3 94.10 215
PERCY 7 93.7 63 FLO 7 90.9 7
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Fig. 14. Comparison of the amount of damage by typhoon type (1987-2003).
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