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Abstract

To ameliorate understanding on the Korean rainy season (Changma) during the boreal summer, its onset and retreat
dates are investigated with the use of ground based station data. Firstly the representative stations have been chosen by
e-folding threshold method of temporal correlation coefficient from the long-term data records. Onset and retreat dates
of Changma have been defined by annual variations of temperature, precipitation, relative humidity, cloudiness and in-
solation, averaged for the 25-year period from 1980 to 2004 at 6 representative stations such as Seoul, Daejeon, Busan,
Namwon, Haenam, and Sungsanpo. For days relative to onset date at 6 representative stations, the daily rainfall composite
from 1973 to 2004 shows sharply an increased rainfall on onset time. Onset date at representative stations is taken to be
21 June for 6-station mean; and Retreat date is taken to be 26 J uly. The interannual variability of onset date is significantly
larger than that of retreat date. Interannual variabilities of Changma intensities defined by normality of precipitation (I)
and accumulated precipitation (II) for 6 stations are compared to the CRI (Changma Rain Index) by Ha et al. (2005). The
Changma intensity IT tends to be positively lag-correlated with snow cover (leading about 3 months) over Eurasia continent.
Interannual variations of Changma onset date have been significantly linked with NINO 4 SST anomalies during April.
The limited discussion on linkage mechanism between leading predictors and onset date or intensity of Changma is dis-
cussed in some extends.
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Table 1. Comparisons of threshold characteristics for Changma onset and retreat definitions used in the previous studies.
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Fig. 1. Selection process of representative stations by e-folding threshold method of temporal correlation coefficient of precip-
itation at synoptic stations during 1973-2004. Each representative station indicates more station numbers above e-folding
correlation coefficient over all changma factors. Each panel indicates stations of 15, 20, 30, 40, composite of sequential
step and final representative station from upper left to lower right.
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Fig. 2. Annual variations of daily mean temperature, precipitation, and insolation, averaged over the 25-year period from
1980 to 2004. at (a) Seoul, (b) Daejeon, (¢) Namwon, (d) Busan, (¢) Haenam, and (f) Sungsanpo. Here, the left (right) perpendic-
ular solid lines indicate the Onset (Retreat) dates respectively.
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Fig. 3. Annual variations of daily mean relative humidity and cloudiness, averaged over the 25-year period from 1980 to
2004. at (a) Seoul (b) Daejeon (c) Namwon (d) Busan (e) Haenam and (f) Sungsanpo
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Table 2. Threshold characteristics for onset, retreat and duration definitions used in the present studies.

Changma Factor Onset Retreat
Temperature Maximum value
Precipitation Continuous rainfall Stop continuous rainfall

P exceeding climatologic spring maximum for 3 days below 5 mm/day for 3 days
Insolation Continuous Decrease
Relative humidity Above 75%
Cloudiness Above 7

v-wind Maximum southerlies
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Table 3. The dates of Changma onset and retreat obtained from the previous studies and the present study.

KMA Present Study Cha et al. (99) Lim and Park (91) Chun and Park (90)
1973 6/25~7/1 6/25~7/17 6/25~7/22
1974 6/16~7/31 6/10~7/20
1975 6/17~7/29 6/22~7/23 6/17~7/29
1976 6/17~7/17 6/7~7/23 6/17~7/28
1977 6/15~7/19 6/27~7/29
1978 6/15~7/21 6/15~7/27
1979 6/15~7/23 6/19~8/1
1980 6/16~7/31 6/21~7/21 6/17~7/30
1981 6/19~7/14 6/21~7/19 6/19~7/13
1982 7/5~7/29 7/9~8/7 7/5~7/30 7/12~7/29
1983 6/19~7/25 6/19~8/3 6/19~8/10
1984 6/14~7/13 6/15~7/14 6/22~7/16
1985 6/21~7/18 6/21~7/29 6/21~7/28 6/21~7/19 6/22~7/19
1986 6/20~7/26 6/12~7/27 6/22~7/26
1987 6/23~8/10 7/5~8/1 7/1~8/10 7/1~8/5
1988 6/22~7/28 6/23~8/3 6/22~7/28 7/2~7/27
1989 6/23~7/30 6/13~7/20 6/24~7/29
1990 6/18~7/27 6/18~7/30
1991 6/15~8/2 6/27~7/23 6/15~8/2
1992 6/22~7/31 7/9~7/23
1993 6/18~7/30 6/21~7/31 6/18~7/30
1994 6/17~7/16 6/26~7/14
1995 6/21~7/27 6/30~7/27
1996 6/19~7/22 6/16~7/25
1997 6/20~7/22 6/24~7/27
1998 6/12~7/28 6/11~7/27
1999 6/17~7/20 6/16~7/25
2000 6/16~7/19 6/21~7/29
2001 6/21~8/1 6/17~7/24
2002 6/19~7/24 6/23~7/31
2003 6/22~7/25 6/17~8/2
2004 6/16~7/22
A oJal= 4 ATAS thet ol A% Et: 7 AL Sevet S8 BE AHEA B

4764 No
the

Nommality in precipitation =
(above N- below N)/ station No
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SjRE L7l 471E o wefstel Helsith

E O Z9H AR o AT Hest Yo}
717 Sobe] 67 & A el 9] A g



- 3= = & 5 A .
T=714321A) 41, 6, 2005 o7 R o A Ko S o B 937
v v T T r T r v T Y v
(a) e —— (b) p——
2000 | ——=Fnul 3 2000 F ——————fmm=jeon
1
N —_—
1995 — — 1995 | ——— -
T — _
1990 B 1990 ! —
g g '
> — > ——
1985+ — 1985 ———e— | —
——————— +
— ] —————— 1
1980 N B 1980 .
e —_—_""Retreat] Date e ————— Retreat Qot:
1975k 1 1 1975 F —_—l b
1 1 . n | 1 1 L L 1 1 1 1
9 Jun 19 Jun29 Jun 9 Jul 19 Jul 29 Jul 9 Aug 9 Jun 19 Jun29 Jun 9 Jul 19 Jul 29 Jul 9 Aug
DATE OATE
v T s v T T T r r T T
e ——— ——
(©) (d
2000 | Smwon g 2000 | [m—— v 1 u F=Te I ] b
[———— I
—_— [ ——
1oes ' 3 1995 — ]
—— —
1990 _— 4 1990 —_— b
% ! 3 !
b [—— > T
1985 + B 1985 | + ]
ittt —r— +
—————————— [] ————————————— 1
1980 [ ——————— 1 1980 —_—— ]
Retreat Qate p—————e— 7= g-To] Sl To1{1
1975 —_— . 1975 [ 1 _
L —_——— 1 L . n . n oIV .
9 Jun 19 Jun29 Jun 9 Jul 19 Jul 29 Jul 9 Aug 9 Jun 19 Jun29 Jun 9 Jul 19 Jul 29 Jul 9 Aug
DATE DATE
T r T T v T T r T v v T
(e) A ) —
2000 | ———tiaenam ] 2000 F ————————Sungsanpb
_ s ——
——— e m———
1995 [ pr— | b 1995 [rsesss———e— .
1
1 t
1 L ] 1 [ ———— ]
= 290 . g 990 \
> —— >
1985 B 1985 + .
1 [
T [ v ey
1980 F —_— 4 1980 —_— ]
———————Retreat Qate ~R=treat Ddte
1975[ [ — | 3 1975 [ —8 b
] A §

' T : n T L .
9 Jun 19 Jun29 Jun 9 Jul 19 Jul 29 Jul 9 Aug
DATE

L T T r 2
9 Jun 19 Jun29 Jun 9@ Jul 19 Jul 29 Jul 9 Aug
DATE

Fig. 7. Interannual variabilities of onset and retreat dates at 6 representative stations of (a) Seoul, (b) Daejeon, (¢) Namwon,
(d) Busan, (e} Haenam, and (f) Sungsanpo. The thick dashed line indicates the mean date of Changma retreat at each station.

ko] A7) 12 G ojshgiet. o] AL Ad At (317
A} 5, 2003)014 Aogh Aute] 7] 38ka x| Hol
CRI (Changma Rain Index)2} B 8}7] ¢Jste] A
of 717 Z9 BEA F5ee] 52718 i K Aol
thsto] Lhehdl Rlofck. of 7]ojl 4 CRIL: 64 2008
B 79 30459 ke = 29 (31.25-41.25°N,
123.75-131.25°E)9] 2| B 75eke Lhebdich
CRI R} 20 i3t AL Xie and Arkin (1997)0] <]
8l cho At

Aol Al 21 & Zut A71 1, 11, CRIE Fig. 80] e}
Wtk Al 23E712]e] AFAdol diafA Zolud

Ao} A7) 1+ 119 AFRAL oF0.67 2 LRyt 2
© F0 B2 AROE BT ofd Fol7h 1}
BhURs o) g At 7] o] ZHs A H 712 hhe
9l A2 Hojn CMAP 724 ARE A3 CRI
ofo] 4TS o WL 045 Y= Rt ol
Lot BlRE Lol Anto] 47)e} B2 Goje)
A7) BHE S5 QUThe AE AARIT, o] ¢lo)
A A 215k hut A7) 119 CRI2) AL 0.68 H=
= vhehdch, At A7) o)) ofgt choslet 293
27k +0.50 (FHEERBA o)A 0.500]8ke) 7}
48 7H)E 2 ol thea (1985, 1986,



938

3HA B 72t Auke) A%, F2 9 A7IY B4

300

CMAP(CRI
Rainfall

200

100

T
e Rainfall gnomaly in changma

Rainfall anomaly(mm)

-100

-200

-300 | | NI

normalized index

1980 1985

1990

YEAR

Fig. 8. Interannual variations of Changma intensity I (dashed line), Changma intensity II (solid line), and CRI (dotted- dashed
line). Y axis on left (right) side indicate Rainfall anomaly in Changma (both CMAP (CRI) and Rainfall normality).

1987, 1990, 1996, 1998, 2001, 2003)2} Tho-3)
(1982, 1988, 1989, 1992, 1994, 1995, 2000, 2002)
= CRIS} v w3lo] EZAL HUQl A2 Uelst
t} ojH o2 Hol T3 & )49 2l CMAP
737} tha 2bo|7k 9l A 77t =A- Y 9
&k 2] aIE W) gE Aes AlmHoh
71 B2 2}o]E Holk = 1993 o E CRIZ
E o= ohesjjo) X g Aut A7|I2 2 v Fdol
ek ol 44 5 (1997)9] Aol YA Ftct.

=

[

4. Fnjo| A

o o

i

=
o
4.1 &o} ARl

soll uleh ol e} 07)% S 1A 7%
ste}. ol gl 240] A W] g Aol o]
oA o] it o IAHE ol 14} B,

e A% AT (G2 5o}, Zhang et al., 1996)°]
A W] Fotalo} HeThe] dpaat Aol o
o itk B =Rol Ak BEe g 2593
YRE U)o Y kS Qo T, Aute] Azt
o he] Aehol ) ZAR okt 1 At 34,
4999) JA0] 714 A Lehde o 4 itk 3

Y3} 49 9] SST= gt Aupe] |2} Al7] o] FoF

& 12w NINO3.49} NINO4 | efjA] 52 4
S B B doiAE 74 sl duh AR
o] A5 £0)7] H3l 6 & A HE Aok AlZE
o] BEHA WY QoA 7H whE g-& 1 39
Zat Aztd 2 A oJstgict. 53] 449 NINO3.4%}
NINO4 SST oft=ara} AL zHzh 0.52, 0.56&
R itk Fig. 99l Uehy Slko] Aejker} 73t
o= FHMA Fuprt HoiAe A& &+ Uk
) 2 2huirt 73t sfjoll Autrt d@e] A2bshe
Ao vepydtt 1 99 sfjof A Arte] AJZ Al
712ke] A7} F7Ee HolR= AL Vet et
ENSO A]714d0o] 73t oAl 3 (1982, 1985, 1987,
1989, 1992, 1999)E A3t 261A7He] ABA 57}
A3 041 =S FR3) 95% F9] & ol A
S8 o 4 YAt 2R 5 (1999)2 A= 3f o
o v|d] H= FEjFFe] SST7F #1 Edff Al
e oFe) SST7H At A o2 ol i 52 55
A= g oF B0l A 73t "t o] o ofdd) 11
7112 YA E giF BF0] A3t £o= gol ¥
F3HA Hof ofdd 17|¢e] WS AMAAFLR
» BEjgoF 317|9re] urgho] s ) %] Zal7) o
Hofj Aul A ] BAfo| Lz Ao BAEtaL
et B Ao Aute] AIRF Al7)9 2o mhE
A& QRS ZH=t) FHE FULBE ofof gk =}




F27148taA| 41, 6, 2005

AT FHe 5%

r.

42 Ft H7I9| A

r

ohAlof oiE Eee] Hu WEAo] iAol o)
F9Y AW 29| FEFE WS- o7 =8 AA|
%) 9Jc} (Kripalani ef al., 2003; Liu and Yanai, 2002;
S177 5, 2001). T2k chygtel @77} dobalol

LA - W 939
£ 730k Getalo A4 wamhe) Ao thalA

AFEHUT £ dFoA = euEte] Aat )72t
frefalol 21d WA o] TAjof thaf gopr gtk
22 fEAlor A WA} Ant A7) neke] A
Aol okl A& Fig 10& 33 & &= Qiot. ol
AT 2SR ] A/d HAo| a3t A 1970
o o] Aulo] A|71et A H HA Q] wislr} 1iztstA
H-335}17) )20 2 SJAE et (Liu and Yanai, 2002).

20T L A B A S | T T ™15
- 1.0
0f——————— E
5 B 305
:or 3
<} - 3
z 3
- E Fo0 S
w
g [} 0.0 %
c .
b L
0
5 r B -0.5
e . S
E 3-1.0
~200 . gy 1 1 L J-15
1975 1980 1985 1990 1995 2000
YEAR

Fig. 9. Interannual variations of sea surface temperature anomaly (dotted-dashed line) in NINO4 region during April and

relative Onset date anomaly (solid line).

400 1 — — —— ————4

L, i
LN — Rainfall in changme 4 =

- ] * .
L7 t & _._. Eurcsian snow cover in Morch ¥
\' 1 M [ e
200 = A e 8
- o
—~ o 1 3 u
E | i H A 4 S
- 1 H Y- @
X ; | ] 2
g C HERES LY 2
g o \7A hel A\ 3
L] >
= - y ! 3
3 i £
E o v i g
o ) - o
@ - H 1 .
. 3 l):
-2 ———— e —— Ao ]
N ¥ z
o
C
- "
~400L_4_. i PR N
1980 1985 1990 1995 2000
YEAR

Fig. 10. Interannual variations of rainfall (solid line) defined by Changma intensity II and anomaly (dotted-dashed line)

of snow cover area over Eurasia continent during March.



940 s B A0E Fute) Az B2 L AYIY RY

FebAloh 44 WA o] Apellal Helat Aot
o] Aj7|2te] AAdE- 04 A= E Bt 53] 2¢
739 A HAate] Aol wA velen ¢
ofAlof B4 740} B4 WHo] 2o AVHE 2
1= 7l (Bamzai and Shukla, 1999)3} witjo]ct, Lut
Aoz gepalol 44 W] Yol w d=r} i
oAl #A} ke o o] skl 7lee A
A R ofAjol & B0 WS A QAT
(Liu and Yanai, 2002). o] t3F AL S Lo
A ¢ 2418] T sok g 2Ajolch

5. Q0w A=

Aute] Al E2) Ao WS REG A
olt}. Z12ut FotXlo} e Al2T olshE 915
Ae molnct ¥ deslolol & A7 Aztd
o} o) glal o] eTel A Selutekel 74k
2 EAS 2 oHE AF 674 At ol
A, AL S, R S AAREe] 3 Put a4
2 74 718 QA AdaE, AL, vk
B4 0 g8 AR 52 AMgstel gutel ARt 3
22 o3 st

Ao} Atele) 712w 710l B Hf %
Sapurh e opo] u)7k 39 ol A& Ao R el
7] AJAshel dabero] Zhaska A

&7} 75%
olAtol ALt A gl 7 ojikel 2 Helstqrt. ¢
o] zavte 2 ol Al2elS A ofelE A
SE9| Hojgre] Ueh] A g 27 A1EL
oke] Ahel 2 oletsict. Antel FRYL Anrt
By & Rt Azrdohs el 28 B3
x| 3 7 2.9] F1 gho] Lehtm ZH4ego
ah2 3% ol Al g Hute] Rz 2
Art. & subcte) 2 el zo|2 8] Lo
21 gro=nk A4sP] of#& wojl= 2L gho
UrERRE we] Aol 9} 34 27k Yehhs
g2 Aolstact 18y Ant Fro B 2=
o 74k A2t WollA FRE 5HL ol B
4 Q32 Fut & yehbs 980 JS 29 528
ols) Aul Fgof digh P st ol Bo] Ta
& oz Arg Fukel AZD G FAsH

=
A Rk e, g 22 Al s

AN

.

lo

>§l:1

e

o 9

oX B
Joil
L

mr

B B

AlQletar Aat 717hS AbEs] 2 A3t oF 35U =
Epytet ko] Al Hat = S8l 2ho)7} 919l
O} Aol Fw M S= tha A2 Zpo|vk HE
o} Ao A& AR E FRUNAE At 7|7k R
i i AHEE At 7|17 A Frot Bt
3 AHES dd Aup Azt s gotEw A
uke] AJ2R2 2| gutet 2ozt glglem, Hd HE
= Zith MODE X H AJALZ O] B Aot AJ3Y2
6 19¢0]1, A& 69 25UE Yelyton ol=
Zute) Ajro] G&g ol A Ajkste] BT 71E
A7) Aiksat YA)Fict Htoll= 6 dE AHE
o] Aut A2k o] Haprh ZopA| 1 gl of= At
o] B4 £t #Elx]= A A= ASE AL
=2H}

Zat 717ke] &l & o Lot ¥ 583 3719
Frde] o & At Yol tiE A Erh A4
o2 ZA vebga Ante) Hd TR Y 7H 264
2 yepygtt gut 7|17k Haks FAellA 7 A
S e VR, Al A 7P 2 S 7HE o At
o] A71&E Zstr] el 2 AolMe T 8BS
A2E o] gstqct A Autel M7= 7k
TS Gt #E5A Aty A)7|12 i 7|
7b Eoke] A g A Ysiyint 18al o] &
z+zk Auk A7) 1, ek A7) 12 gstech AA
A&} TEA A Fi= thd zolE B o 53
CRIgEe] xfo)7} AA] Uebytch E3E S B3 2}
22 Aot ofp--alje} 3h9-3fli= CRIS] Aot tf
4 Aol 5 Bt ojF o wol T3 B X3¢
7449k CMAP 7Z4=7F thas 2poj7) Qlat, A1 244
7F FA A g A ge] aatg v B A
o7 Alg

Zuote] 4l WEI 19| oS QIApe| disf 2AH
stgon, a4 gEY e 229 fetilor A4
A Hzjo] F9 d&UxE AYEQth 2 At
A= Zupe] Al Al719F SSTLHe] A, Ante] A
719} Gefalot A4 WA ko] BAof il sk
=tttk A Aute] A2 A7]9} 34, 449 SST+=
NINO3.4 2} NINO4 A gojjA F2 A4S 59
t} ol ZEjE g sl 2=t oW FobA
o}e] An} A& A 7|71 S0 vk Aol 53] A
2xe7b 743 ojli= FHsHA Aubrt 230 A=



g=7|48t8]A] 41, 6, 2005 3t} -

Ho

£ 2 2= 99tk S0k A WA} o] Aol
Bofat kel A7) I HE Sof £ AT
2 B} ol Fopjoke] Aulrt gealof A
B30| g ok AL Eaj 1 o AL
2o 2 Aol wow ko) 4717} 7 Hs Aol
oD HAT 4 ek T ol ARS) gt =g
2 Fe gko g o Asoiof & o)
olAroll A, 92l ko) A& Alel el 4
o1 okt E gute] A2 A)7|9} SSTehe] T
A, Aute) A7\ek §akalot B4 WHT] THAlo)
sl obe o2 o324 At dlE4e Folx
5] 7]ofat 4 9 A0 Walth § Lolr} el
A X179} A719) ol Qlztof o3t o Bre a7
7 Elolor 8 o2 woluf «ty Fuw o
7] o]0} Aok 3 AHolr}.

o O s

AAtel 2

o] AT TN AW 71| 7) 470
ShAkele) Shkel “FobAof Bk Au} £87) o2
7147 T o) 90 2 4=l

=k

rok

7T, 2000: B 4 4 WE A4, T
2]2)8}8] %], 6, 139-152.

e, 244, WALS, 1998 SIS o] 5 750 B[S
3} X4 B4, 5577/ 8/919]%], 34, 20-30,

7144, 1995: Aapul A 233,

. 1996: €349 4. 202-219.

A 9, 9k, 1983: Tk Aulol ke gntA o)
oPdAe) LR B 9527824807, 19, 12-32.
S, 2001: ule] of ezt elol thated. g7/ 3tz

2] 7] 11, 6-12.

S8, SR, AL 1989: SRIPE FRA Aol
of WA 529k BT 07Vl sk e
2/z] 25, 168-191.

AEY, REIE, 2002: TR o} F - 42-97]0] 7)7H4e)
ok SR Q). $57)8/8191X] o7, 12, 402-405.

Sol2, 343431, 2003: e Fo] ST o 21 23} 9] ubyy
o 7131 ol Bk AT F5) 85407 7,13,
362-365.

S, W, oA, ol A, 57], 2001: 19981 o}
4 shile Y359 B4 LA 979997, 37,
[81-194.

oA, AL 1983 YolAS) A B4, 92740

A%

AFY - Uyt 941

219, 1-11.

WAL HhE-, 1991: 1988 Aulr| 7l b= E F4] 0
B3 T o3 R, 9514848]%],21,221- 40.

G4, -8, 1990: 198219 ZheAuh opAJo} 2] 2] of
7l B4 357) 4151 8]%], 26, 12-24.

A2, A4, AR, 1999: A /ey 3] S-2ht
2} 7] & B4 of) et At §/27/4/9)9)%),35,98- 117.

SFERY, W, 717199, 2003: SHIHE F2E O] 3A)| Zbgkol
7 e oof] A¥kE Fob Alop e B gt
ZI4FeFE1%], 39, 575-586.

s A G78, Ao, A, £W, 2001: ForAjof &
7o) A Hg T BAE El-Nino2} 2| #2) AF 53¢
L. 8/=27) 4}/ 37, 381-398.

FHF2, HBlF, 2001: SHbE B-9719) e} FA UL
oF=27[4)518] %] 7] 11, 255-258.

8|4, 313 AL 2459, 1997: 1993 W7 199414 0] Zo}A]
of 018 Eof B §/527)44313]%), 33, 737-751.

328, 74214), 1988: HR| o 244-0) W5 o] Bt A7,
SF=~7)4FB}8] %] 24, 38-48.

Bamzai, A. S., and J. Shukla, 1999: Relation between
Eurasian snow cover, snow depth, and the Indian
Summer Monsoon: An observational study. J. Climate,
12,3117-3131.

Ha, K. J., S. K. Park, and K. Y. Kim, 2005: On Inter-annual
characteristics of climate prediction center merged
analysis precipitation over the Korean peninsula during
the summer monsoon season. Int. J. Climatol., 25,
99-116.

Huang, R.H., S. E. Moon, B. J. Kim, and C. S. Yoo, 1997:
Recent progresses and problems in the study of the East
Asian summer monsoon. J. Korean Meteor. Soc., 33,
627-639.

Kripalani, R. H., A. Kulkarni, and S. S. Sabade, 2003:
Western Himalayan snow cover and Indian monsoon
railfall: A re-examination with INSAT and NCEP/
NCAR data. Theor. Appl. Climatol., 74, 1-18.

Liu, X., and M. Yanai, 2002: Influence of Eurasian spring
snow cover on Asian summer rainfall. Inr. J. Climatol.,
22, 1075-1089.

Meehl, G. A. 1987: The annual cycle and interannual varia-
bility in the tropical pacific and Indian ocean regions.
Mon. Wea. Rev., 115, 27-50.

Ninomiya, K., and T. Murakami, 1987: The early summer
rainy season (Baiu) over Japan. Monsoon Meteorology.
Oxford Univ. Press, New York., Ch4, 93-121.

Oh,J. H,R. Y. Lu, W. T. Kwon, and S. B. Ryoo, 2000:
The 500hPa geopotential fields in the mid-high latitudes
associated with Changma. Kor. J. Atoms. Sci., 3, 83-95.

Tao, S. T., and L. Chen, 1987: A review of recent research
on the east Asian summer monsoon in China. Monsoon
Meteorology. Oxford Univ. Press, New York, Ch3,
61-92.




942 3 24 717059 Aukel A, F2 A Al79) 39

Webster, P. J., and S. Yang, 1992: Monsoon and ENSO:
Selectively interactive systems. Quart. J. Roy. Meteor.
Soc., 118, 877-926.

Xie, P., and P. A. Arkin, 1997: Global precipitation: A
17-year monthly analysis based on gauge observation,
satellite estimates and numerical model outputs. Bull.
Amer.Meteor. Soc., 78, 2539-2558.

Zhang, R. H., A. Sumi, and M. Kimoto, 1996: Impact of
El Nino on the East Asian monsoon: A diagnostic study
of the 86/87 and 91/92 events. J. Meteor. Soc. Japan,
74, 49-62.

z o . 2005 129 12¢



