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A Study of Relationships between the Sea Surface Temperatures and
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Abstract

In this study, the principal components of rainfall in Korea are extracted by a method which
consists of the independent component analysis combined with the wavelet transform, to examine the
spatial correlation between seasonal rainfalls and global sea surface temperatures(SSTs). The 2-8 year

band retains a strong wavelet power spectrum and the low
the wavelet analysis. The independent component analysis is
Wavelet Power(SAWP) that is estimated by wavelet analysis.
dominant variation, and an increasing trend is observed in

frequency characteristics are shown by
performed by using the Scale Average
Interannual-interdecadal variation is the
the spring and summer seasons. The

relationships between principal components of rainfall in the spring/summer seasons and SSTs existed
in Indian and Pacific Oceans. Particularly, the SST zones, which represent a statistically significant
correlation are located in the Philippine offshore and Australia offshore. Also, the three month leading
SSTs in the same region are strongly correlated with the rainfall. Hence, these results propose a

promising possibility of seasonal rainfall prediction by SST predictors.
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Fig. 1. Procedure of spatial correlation analysis between rainfall and sea surface temperature

996 BEKBEREEHE



MRS HeEbATh tlREe] Afolr nAdge &
e Zbe AR diend sl A AlAER
R2E O o83ty AAEME s Hd A 4
e ToR 3 AEte foe AAAAEs 284
o2 sy

Ao A= =) 97)
% Aaz dgs ¥

R
ekt
Yo
e
oyl
o

Wavelet Transform #2418 2A|sle] EA2072 F9

KR
g FUIE Yk ol Frld &)

o
fo
oX
AL
tlo
B
K3
=
32
2
N
)
£l
HO,
>
ol
o

Transform® =i E A8
& FAG o o|E B sl

o LehiAch

2.1 Wavelet Transform

L o]

TR, AR AARE Frketa gelsy) fg
HRES A Fu gtk H2d 53] AFEY

(geophysics) @ 9] 53K tropical convection) &
o7 Eobo| A Wavelet Transforme 4571 & W
HESR Q145D v Weng and Lau, 1994). 2
g dAde A¥HEYE El dino-Southern Oscillation
(ENSO)l tigt #41(Gu and Philander 1995; Wang
and Wang 1996), thi7]¢] g=fzddde] gk A+
(Gamage and Blumen 1993), 2%=(Baliunas et al.,
1997), 9] Aol(Mevers et al, 1993), o] 44 2 3

HLiu et al., 1994) o AL&Fn} o) o9 % ol
Aol FAg Tz EA(Farge, 199209 #4Hv}l glo
W Foufoula—Georgiou and Kumar(1995)= A|1-&2] 8
2ol Ggo uigk As A57F Jadnt slvh

Wavelet Transforme A=A LT A|7Fo)ehs 7 HF
383 Fourier Transform™ 32o| 714 459
F3EY z25e} FrES AE g 2AY
Bajstar 7 ~Agd sjdshe et o

Zzte) AREE 2 F A BT B A

H

M AT oo
it {o
it

o412 oHr 18 o ox mY U
fo x
N
N
v
o,

i
o
tlo
)
rc
Bu)
o
Y
rok
A
o

4-S A3 8N Torrence and Compo,
1998). Wavelet Transforme 7]4 g7F A3z Ao
olur 71A vt 2 5 e 2ol AA AUtk
Eq. (D& 71A o] 2A19H Heo)& ey of7]
Al o 2AYE ARSI Frolx, b FE drht

ol 5A1Z AI7bE AAsh= Fhelth

Fig. 2¢} o] 714 &7 2 5 98 35 v(t) 9
»A L1} HolE E3|M Wavelet Transforme 33
t}. Wavelet Transform®] 714 342 AMgEE U(t)
2 H(mother) Wavelet &gl s} th-3-2] Eq. (2)
9} Eq. 39 ¥ 714 231& ¥ A|71H 2 Wavelet
g7 2 4 Ak olEd %

Fig. 33 #Zo] =%k 139
Waveleto]gtx g}

4

[e] Ak [ T =y i
& wWEEe g

Fe 7] wiel

AL

foo w(t) dt= 0 (2

/ w()2dt< oo @)

— o

S
bbb
i

Fig. 2. Wavelet transform analysis

B384 F12%% 20054 12H

Fig. 3. Morlet Wavelet basis function

997



Wavelet Transforme Eq. (1)olx] X WaveletS b &3k} AtET
T olE st adll 93 271E WA= 71A T "
TE AR ol IFTE ZE Waveletd FH 5= 502" )

o Zo| FopT, AFHE PHE Y49l Fo|
b AT GRS IR F WA sE 22 e A Ae AARE ek

A= AL Yehidt) Wavelet TransformS Wavelet 7] o
B gES] $HOZ Uold Y4B mEse gy 74T FEUAR ML £ Wavelet 4] 54

o

AE Wavelet 712 F559 1 247 va 27 o w0 @8 L*EWH Aoz ol AHgH

o PHe FN I3 9ele] S ThEo] yin, Z} gl = Morlet ®2§H79] ¢ 069 &2 Zi=th Table 12
o] R SRS A Bk A% A AWASL B Wavelet et frmd RS HERIT:
5.¢] Wavelet Transform(continuous wavelet trans- Wavelet Transform ¥H¥2 27b 43 3= =
form, CWT)& Eq. (4)9} Zo] Redn 19 o Wavelet 378 Botd 2dELE FA37] Wi

32 Eq. 65)9 o] Aol " 714 X(t) = %x}§ AAALE thA] AFAdo]l 7hg3tth. Wavelet Trans-
g vehiy Wia,b)E oA 2Hegde gushy,  fomE $d Rt maxew 77 9 Azl me
LT/*—‘E WQ] %ﬂ]%ﬁ’:—’,‘—é 9]1:]6;]—1;}_ EE]- EJ,}XJ o7 A:ﬂ]EEAO 74;61— }’)\1: uhﬂo] [
F7] 2 A we Zzhe] 2dERS JFE
w0 . olth, WA Frld sl BEgs Aoz e

f X(t) ¥,,{t)dt @)

LE s
= C/ / L W) w,, () dadb HZ()' Wils ®

w |al?

= r &
2 >}L AN

C = / i W—hf\—dw 5) $1¢) Eq (8)& dvtdgoz Global Wavelet Power
* (GWP)elg} 3t} o]}t §7 Eq. (9% Alzbel wet 3
T#s FAs] A& deEh®  Scaled Average

é\\ﬂ_ CWTOHH /\JﬂEE% Z;H }\]oﬂ ;g_ x%q_]
Hp o V:}(dlscre‘re) Fourier Transform< o]-&3)|A] Wavelet Power(SAWP)ZL 3} & Q7 oAE of &
Founer Transform ogo:]oﬂ/ﬂ )\—,qh_:‘p/q o =% é }_ 74 '% ‘zr‘% ]-Oq %%AJT‘E4€ E}\] °]'7ﬂ %.E}
o)t -
668, 3 | Wi(s.)|?
r Wi=-—2- 3 — ©)
= 3R e ®
k

A7NA Cs= AT ATE e B Wavelet 3
o714 X2 AAAE X9 Fourier Transforme, & o Wt e ke XS 9lew Table 1] UEh
= (0,,7)¢ F A5 oushy !:/*(swk)E Ak 4,5 2AYS HIs] A% AFE vE

.

A

Wavelet Transform®] Fourier Transform& et} It GpE I FE 2AY, 5 F71 UHE e
Wavelet 229|282 & Bq (79 olit ~7Algg of Wk

Table 1. Each wavelet function and main factors

Morlet(w, =frequency) a VA = i'/2 \/_f 3 0.776 2.32 0.6

Paul(m = order) 2ml e | e 1132 1.17 15
7 (2m)!
— 1m+1 dm (67772/2)

DOG(m =derivative) 1) dp™ V2s 1.966 1.37 0.97
F m+ 5

T,: e—folding time, Cj: Reconstruction coefficient, 7y: time average decorrelation factor, 0jo: scale average coefficient

998 BEKERETRLE



Bell and Sejnowskl 1995; Lee et al,, 1999). & ol o]
A3 e Hee 5 gle R oRA AE o] A
A o] o) 13 =2 i}—r‘:’l FBEAE Z
7(4 o= ;'4_

=

e
2
)
ol
2
B
b

2+ 3

= ﬂ%

Analysis)o] #ot=lo] A5 Aw] 2 thAg AALG B4
oA g-&ol olFox31 It Common, 1994; Bell and
Sejnowski, 1995; Lee et al, 1999). FA]E-E-AL ZX}
EAA(variance) & HS3) F= W SPALSE
< HAGAAE FAHT 5 de I E(skeness), H
(kurtosis)e} 22 1k BAXE agshy v g
TE FolFA At} ol= vATAS HUlg A7 AY
A5 AW (mutual information)S #HA3HA)|AFE Wk

o] FARS e AL Yrsh Table 2% HHAER

Y YRl SAge) A4 ol

r1r
;Z r~1
fo1x

..4

e AgHos AR ANske s
WA LA A Ea, (1003 2

8= [51,80 0,50 (10)
A7IM s, = ME SHolga s, O B3 AT
AolAY obd 23] gt sourcedt ATfAlS %
7H4gt o] 7Hg stollA vt 45k A3 Ea
(D3} o) Fol@har skah oju] A NXN &3
ol gl

r=As 1D
Aol 22 7P e, soll B3 HAuIt s, TP AR

Zgolgke 7Hgetol A, SAE A5 2 EHE oA &
AAAG s BT F glrh o|HF FAHoR Hy,

(1D& Eq (2%} o] W3kt &y, =g(uy;) FH=
nAE Wee Az

u= Wzr 12
7)1, W = NXN vEgadoelaa a9, g()e
A AL 9 TAd8ta, ol

TR EE RS HES
o) A Joint Entropy’} FAUE H&=
2 g A u E 590 HEE 3lgpo] o]Fo]

H = -
Ao, FUAAL sE ohiA "o

—¢(u)z?] (13)

F-grel AEAY MEAdS Brke] sk A HA
A ZA e Ago] thair] Wavelet #2418 A
stgom B AT AE 1954d5E 2003d7kA9] =
E ARS-EA R U

SAWP AlAgelgta gtk £ oﬂﬁloﬂ*i 37Hwé "‘r%i
SHRY SE7AIY 7 —Or%k(March April-May, MAM),
693 8¥7A 2 - (June-July-August, JJA)
I 99%H 11¥€74¢] 293 (September-October—
Novemnber, SON)¢ & A8 Z FAsch

3. 3

2
>
H

0x

Hr
x
N
I

|

3.1 Wavelet 24131}

Fig. 5 7449 Al A5 i3
B7st7] HsiA 97l AA i
o 2 Wavelet 48 AAlske] YeRSITh

Table 2. Comparison between independent component analysis and principal component analysis

Orthogonal transform
Two order statistics
Gaussianity

Non-orthogonal transform
Higher order statistics
Non-gaussianity

H38% F12%% 20059 12H

999



., EAST SEA

QUL IGANGRENG

%

DA:EGU
asN 26T @ULSAN

s PACIFIC

ION

i1y 135 £
E 120 125E 130E

Fig. 4. Main rainfall stations for variability analysis beiween rainfall and sea surface temperature

1000

§
-

a) Annual average of nine rainfall stations

] I | { |
1953 1963 1973 1983 1993 2003
TIME(YEAR)

b) Wavelet analysis results for annual rainfall

Period (years)

32
1955 1960 1965 1970 1975 1980 1985 1990 1995 2608 g 5 10
Time {year} Power fmm?)  x 10°

c) Wavelet analysis results for MAM seasonal rainfall

Period (years)

3z
1955 1960 1865 1978 1975 1980 19885 1890 4995 8 1 2
Time {year) Power (mm%  x4¢°

Fig. 5. Wavelet analysis results for seasonal rainfall {continued)

Eﬁ?

BEKER

fEE



d) Wavelet analysis results for JJA seasonal rainfall
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Fig. 5. Wavelet analysis results for seasonal rainfall
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Table 4. Correlation analysis between WIC of JJA season and each rainfall station
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Table 5. Correlation analysis between WIC of SON season and each rainfall station
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