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Strategic planning study on East Asian monsoon seasonal prediction

using coupled ocean-atmosphere models
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Climatology of T2M of OBS and DEMETER(IC=Nov,target=DJF)
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Variance of T2M of OBS and DEMETER(IC=Nov,target=DJF)
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Climatology of U200 of OBS and DEMETER(IC=Nov,target=DJF)
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Variance of U200 of OBS and DEMETER(IC=Nov,target=DJF)
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Climatology of PSI850 of OBS and DEMETER(IC=May,target=JJA)
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Variance of PSI850 of OBS and DEMETER(IC=May,target=JJA)
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Climatology of PSI200 of OBS and DEMETER(IC=May,target=JJA)
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Variance of U200 of OBS and DEMETER(IC=May target=JJA)
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Climatology of Precip. of OBS and DEMETER(IC=May,target=JJA)
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Difference of Variance of Precip.(Model minus OBS)
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EOF1 JJA - Indian Ocean t2m basin mode
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Climatology of Precipitation(JJA)
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Difference of Climate of Precipation (initial=May,target=JJA)
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Different of tropic Precip.(JJA, Model minus OBS)
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AL TR L 2 SE A 5 ik (Graham et al. 1994; von Storch et al. 1993; Zorita et al.
1995; Zorita and von Storch 1999; Ward and Novarra 1997; Feddersen et al. 1999;
Kang et al. 2004; Kug et al. 2007) o a 4 7 3 4 01 > 604 B EH iR £ 7
Y ;%gr} “73) 948 & 3] i& $(CPT,; coupled pattern technique) » 2= = BLp| £ # & 3F
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(a) piff of PRCP(T2-0BS)
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(a)-(b)]4~ 850mb s k. [U8S0 » (c)-(d)] % £ ++ 1982, 1987, 1991, 1997 ¥ % £ § %
(JJA) - 4p ¥t BLPI 3 (CMAP ~ NCEP/NCAR Reanalysis) s & % 2 (difference
composites) &I ;2 X b F 4 1w B o (R &: Kug et al. 2008, Climate Dynamics)
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(a) Diff of SST (T1 — OBS) (c) Diff of NET SFC HEAT FLUX (T2 - OBS)
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W 4 T 35(160E-170W) 5w #5 4 b (M/sec)-Z 2 i & (x102Pa/sec;w + % it )£7 1t &
(o/kg; & E4) & F K% 4 ENSO ¥ i 2_ % &0 Jan.(a), Feb.(b),Mar.(c), Apr.(d) = &

£ 2 B](composite difference; warm minus cold)-7 i warm events: 1957, 1965, 1972,
1982, 1987, 1991, 1994, 1997; 7 i# cold events: 1955, 1967, 1970, 1973, 1975, 1984,
1988, 1999 - (% i&: Chikamoto et al., 2009, JMSJ)
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120W 120E

W5 & &% 4 ENSO ¥ £ 2% #1Jan.(a), Feb.(b),Mar.(c), Apr.(d)s7 SSTA = & % &
i8] (composite difference; warm minus cold) - 7 i# warm events: 1957, 1965, 1972,
1982, 1987, 1991, 1994, 1997; 7 % cold events: 1955, 1967, 1970, 1973, 1975, 1984,
1988, 1999 - (% /&: Chikamoto et al., 2009, JMSJ)
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40N

20N -

EQ 1

20S -

120W

0.3 0.4 0.5 0.6 0.7 0.8 0.9
B 6 SNUCGCM %t i+ 5 22 BLip) /= (5 (ERSST Version 2) %22 # § % (1979-2001)4p B % %c o (R Jk: Kug et al. 2008, Climate Dynamics)
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a) b) c)

After Correction
— — Before Correction
\\
0.8 0.8 0.8 s
\
\\
0.6 0.6 06 \
\ e \
\ i \
0.4 0.4 \ / 0.4 \
/
\“‘--._,a’ 1\
~
T
0.2 0.2 0.2 N
# 2 3 4 5 s O] 2 3 4 5 s 1 2 3 4 5 6
Lead time in month Lead time in month Lead time in month

B 7 SNUCGCM #: 4 8 & 155 5 7 Sy dichik & 6 B 7 b g 37 4% (m 40) &1
SPPM = j# it (7 szt 27 1 2 % (& 40) 15 (3 40) 4 W] & jaLipl /4 3§ & 42 & (1960-2001)
Hp R endp M B F AR R 0 (> (LJdun,; 2: Jul; 3: Aug.; 4: Sep.; 5: Oct.; 6: Nov.) e
ft o (a)Nin03.4(55-5N » 170W-120W);(b) & * T ¥ (5N-15N » 120E-150E);(c) & &
/- (6S-6N » 40E-110E) % #* - (k/&: Kug et al. 2008, Mon. Wea. Rev.)
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L AP A RTERGRR — 117 BAERT AP TR B H
J& #7— e OPGSST /% R 747 4 3t

[# 2] ]F)‘%jklrg - FRAR R AR AT o 3 - A EH s TIPS
(predictor) & » 441 * kit {7 5e3t74 B 3048 > #3F4F + (predictand) n % * #
DIRARZFEBEALS G o SfonrtaB LA L W 5 TR S ol TR S

wF (time-lagged) Z BFF > & 7 Bk e & fs? N F IR S

iR 4o L:EE%‘” A
n=1(E)+e @
TR PETFAFTH E - g2 @Rl R FRLedis | v o By FIER

S H PR AR AU (N BB A A o gk R A b ) P g O

B f PAREHRELF B oF (5% AFFH I E6 > R WHARBE H) ¢

g'=g =(n- FTé)(n - FT§)T —— minimizing &*
=nn' +FTEETF—FTén" —n&'F ()
b5 f‘f”( )T A4 ?E“iﬁ'g_%i ° q_ﬁ:};gg iT, % S «?E-“E*_,{%%/’a\ N =0 F iEF

TG e F 2 L R

F=é&n'(&e) =c,C2 @)
PRz CRAEHgREL ()RR AELAZFEL . (DNABRET F %

ko Bi OPGSST /& B Fp3F & Svendizt LA 1+ H B @4 f#;2 (SVD; Singular
Value Decomposition) ¥ 3| % F3g3F 3+ {2 B L Fo 2 25 R 8

1R - R AR A o
TFTEAR k Sd B 2 B % e F ot o s £ K A
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MER)E BRI R R T o R PRI GFT D | g R
€ # 5% 2 (variance inflation){r%§# i* (randomization)# it » & & * ‘FK X 18
&2 16 42 (postprocessing) @ ¥ 4 4 A FEAIT L FHE B (AN R
B)eRBIF ARG FEDRHA F A bRHBPHE S TR overfitting «HR 3 -
- BREE RN B A IR L ) 2 R 2 9158 Galerkin 2 R4 e 4k aErL
FAL@BPETRFe 337 URanEL > dra TYARTFHRF R R L AT o
TEFRERFAR T o L B E oo Bl = fF S AR R Mg

gk R e F s &

min - F&¥ | @
S BERPEARL TR RERETM G

FC.F'=C, (5)
e E > BF T )T EP G EEELE T e R L (D)fe(5)A 5 o
T R B ARAR A IR ()N ek (R % R AT ) frat 3] (5) 5 e
FREETE R (DIe(5)A 4 1 #13) eh 2 A% (orthogonal procrustes)
PERE > 2 H_A3HE N enA5 5k & 7 (shape analysis) sAg 5 2. — o 1 T R 1F B
B2 ke Fondef da §iE48 -

[ F i ELF2 BN]

P e (B)RT - Hhd

FG.G/F' =G,G, (6)
H? 2L G ArG, » WAL RRELC  frC . o Cholesky F]+ - #3241

T4 (positive semi-definite matrix)ﬁﬂC&T (ﬂfrCWT ) B G, (frG, )“,/]E
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T AR g P B R e v 5 e FR(B)NF 2k E G E
ERR R

G,'FG.G/F' =G, -
ELfk s oG] o plE

G,'FG.GIF'G] =1 @)
(D eh % f1*% 1 GG =1t f o | 5 8 e -

F4ELP=G'FG, » (T %=

PPT = (8)
AR PSR 7 R R F foe Pl (250 5

F=G,PG ©

% G, oG, i¥ 5 Cholesky 1+ éhit 244> G,G,' =G,G ' =1> = #* k£ (9)

3V o

o AR P Y BRI ()N RGRIBERFLEE] ot R
(T UAE B AT

FEETFT —n&'FT —Fén' +nn'
@ (b) (© (d)

EREfre f g Er ) c AR AL F 20 - FILFHEE &)
(a)t(b)+(c) = R F & & i tr(a+b+c):

o

rle,Pe;'6,616." P'e] )-trlps 6. PTG] )-tr(G,Pa; )

tr(A) i 248 A dhtrace > FHHER Y ~Fhdfoe P HEEN R I8 (9N
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EET=G.Gl,nn" =G,G B E ~ o

1% (8)34fr Cholesky 15 et 2 1(GF'G, = 1) » ¥ 121t 3 b v g &

tr(G,G! )-tr(G, PG en" | —tr(G, PG ienT)
e tr(A)=tr(AT) > b T e g g

tr(G,G )- 2tr(% PGy’
(&) M
()5~ 1o F M » 7 rAh v o F1o BALR S S ()3 2 FAkdE~ * (L1

fELEE ) o

x E R ff i trace frB L b e 1 B B M o Fla (£)IF e 1T AR

max(G,&n"G;*P)
2% 0 G,&n'G ¥ 41 Singular Value Decomposition(SVD)4r rz i ghit
G,&n'G;' =U XV (vF it £2(3) 5% e i f2) (10)

A max(G,£n 6P )= max(U TV TP)

BEFHEA o ApF & RUZVIP & 44t & 1 (diagnolized)
max(U ZVTP)z 2
l# B U4e Venn 2 s Fptagt P=VUT (11)

FADNFE X9 > ¥ @I R E L F g £ B 5%

F=G VUG (12)

(10)Fr(12)8 2 #7 - BEIRFEF (TR E)RE L ANPHEN 2 370
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SR RRLSRILRRMHE o A L R o 7 e F
3 AL (GG ) » FIH AR E LG AR o AT B R AR E Y R

FPMaS R AR AT N EFRB RS F[(B)N)]F BF aIE
AP A o T 2 M it B A4 %0 2 Fortran &l425¢ VPF 7 34 F[(12)54 ]

#2355 75 (r Matrix Q in this subroutine) °

SUBROUTINE VPF(X,Y ,NX,NY,NT,CHK,CXX,EVX,HX,CYY,EVY,HY,U,V,CYX)
c
c calculate the transfer matrix Q such that Y = QX. Matrix Q
c preserves the local variance QXX'Q' = YY" after transformation.
c
c input:
¢ Matrix X stores the time series of predictors
¢ Matrix Y stores the time series of predictends
¢ It assumes that both series have been transformed to N(0,1)-variates
¢ with zero mean and unit variance.
c
c output:
¢ Matrix CY X with dimensions (NY,NX) returns the variance preserved transfer function Q
c
¢ Author: Dr. Shu-Ping Weng at dept of Geography, NTNU
c Created date: Aug. 26, 2009
¢ *NOTE™*: This is an experimental routine not comprehensively tested yet. Therefore use it at your
C own risk.
c
PARAMETER (IMAX=500,JMAX=500)
DIMENSION X(NX,NT),Y(NY,NT)
DIMENSION CXX(NX,NX),EVX(NX),HX(NX,NX)
DIMENSION CYY(NY,NY),EVY(NY),HY(NY,NY)
DIMENSION U(NY,NY),V(NX,NX),CYX(NY,NX)
DIMENSION WKX(IMAX),WKY (JMAX)
LOGICAL CHK

IF(NX.GT.IMAX)THEN
WRITE(*,*)'IMAX is too small!'
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STOP

ENDIF
IF(NY.GT.JMAX)THEN
WRITE(*,*)'JMAX is too small!’
STOP

ENDIF

TVARX=0.0
DO 1J=1,NX
DO 1 1=J,NX
SUM=0.0
DO K=1,NT
SUM=SUM+X(I,K)*X(J,K)
ENDDO
CXX(1,9)=SUM
CXX(J,1)=SUM
IF(1.EQ.J)TVARX=TVARX+CXX(l,J)
CONTINUE

CALL SVYDCMP(CXX,NX,NX,NX,NX,EVX,HX)

CALL EIGSRT(EVX,CXX,HX,NX,NX)

WRITE(*,*)'Cxx:'

WRITE(*,*)'Eigenvalues and percent of total variance explained:'

N=0

DO 3 M=1,NX

WRITE(*,*) EVX(M), 100.0EVX(M)/TVARX
IF(EVX(M).GE.0.0)N=N+1

DO 3 I=1,NX
IF(EVX(M).GE.0.0)HX(1,M)=HX(I,M)*SQRT(EVX(M))  !Cholesky factors for Cxx
CONTINUE

IF(N.NE.NX)WRITE(*,*)NX-N," negative eigenvalues occur in EVX!'
KAPAX=N

DO 5 I=1,NX

DO 5 M=1,KAPAX

CXX(M,D=HX(I,M)EVX(M) ICXX now stores the inversed Cholesky factors
CONTINUE
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TVARY=0.0
DO 2 J=1,NY
DO 2 1=J,NY
SUM=0.0
DO K=1,NT
SUM=SUM+Y (I,K)*Y(J,K)
ENDDO
CYY(1,9)=SUM
CYY(J,1)=SUM
IF(1.EQ.J)TVARY=TVARY+CYY(l,J)
CONTINUE

CALL SVDCMP(CYY,NY,NY,NY,NY,EVY,HY)

CALL EIGSRT(EVY,CYY,HY,NY,NY)

WRITE(*,*)'Cyy:'

WRITE(*,*)'Eigenvalues and percent of total variance explained:'

N=0

DO 4 M=1,NY

WRITE(*,*) EVY(M), 100.0“EVY (M)/TVARY
IF(EVY(M).GE.0.0)N=N+1

DO 4 I=1,NY
IF(EVY(M).GE.0.0)HY (I,M)=HY (I, M)*SQRT(EVY(M)) !Cholesky factors for Cyy
CONTINUE

IF(N.NE.NY)WRITE(*,*)NY-N," negative eigenvalues occur in EVY!'
KAPAY=N

DO 9 I=1,NX

DO J=1,NY

WKY (3)=0.0
DO K=1,NT
WKY (0)=WKY 0)+Y(J,K)*X(I,K)
ENDDO

ENDDO

DO J=1,NY

CYX(J,1)=0.0
DO K=1,KAPAY
CYXN=CYX(@,1)+HY (J,K)*WKY (K)
ENDDO
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9

11

12

ENDDO
CONTINUE

DO 11 J=1,NY
DO 1=1,NX
WKX(1)=0.0
DO K=1,KAPAX
WKX(1)=WKX(1)+CYX(J,K)*CXX (K1)
ENDDO
ENDDO
DO 1=1,NX
CYX(,1)=WKX(1)
ENDDO
CONTINUE

DO 12 J=1,NY

DO 12 I=J,NY

SUM=0.0
DO K=1,NX
SUM=SUM+CYX(J,K)*CYX(1,K)
ENDDO

CYY(1,9)=SUM

CYY(J,1)=SUM

CONTINUE

CALL SVDCMP(CYY,NY,NY,NY,NY,EVY,U)
CALL EIGSRT(EVY,CYY,U,NY,NY)
SUM=0.0
N=0
DO K=1,NY
IF(EVY(K).GT.0.0)THEN
N=N+1
SUM=SUM+SQRT(EVY(K))
ENDIF
ENDDO
KAPAXY=N

WRITE(**)'Cyx:"
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WRITE(*,*)'Eigenvalues and percent of total variance explained:'
DO K=1,KAPAXY
WRITE(*,*)SQRT(EVY(K)),100.0*SQRT(EVY(K))/SUM
ENDDO

DO 15 J=1,KAPAXY
DO 15 I=1,NX
SUM=0.0
DO K=1,NY
SUM=SUM+CYX(K,1)*U(K,J)/SQRT(EVY(J))
ENDDO
V(1,J)=SUM V(nx,kapa): right singular vector
15 CONTINUE

DO 20 J=1,NY
DO 1=1,NX
WKX(1)=0.0
DO K=1,KAPAXY
WKX()=WKX(1)+V(1,K)*U(J,K)
ENDDO
ENDDO
DO 1=1,NX
CYX(3,1)=0.0
DO K=1,NX
CYX(I,1)=CYX(J,1)+CXX(1,K)*WKX(K)
ENDDO
ENDDO

20  CONTINUE

DO 21 I1=1,NX

DO J=1,NY

WKY (3)=0.0

DO K=1,NY

WKY (J)=WKY 0)+CYX(K, ) *HY (K,J)
ENDDO

ENDDO

DO J=1,NY

CYX(,1)=WKY(J)
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ENDDO
21 CONTINUE

IF(CHK)THEN
WRITE(*,*)Time, Y (L), YHAT(L), Y(N), YHAT(N)'
DO 25 K=1,NT
DO J=1,NY,NY-1
WKY (3)=0.0
DO I=1,NX
WKY (3)=WKY (3)+CYX(J,1)*X(I,K)
ENDDO
ENDDO
WRITE(*,*)K,Y(1,K), WKY (1), Y(NY,K) WKY(NY)
25 CONTINUE
ENDIF

RETURN
END
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Lo FAFRkzLs w4 Y 13p 57 27p ~67 19p ~87% 27 P ~9
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Wave ~ Intraseasonal Oscillation (Part 1) ~ Typhoon Morakot ~ Intraseasonal Oscillation
(Part I) ~ Circulation Diagnostics of 2009 WNP Typhoon Season * Teleconnection:

interannual to interdecadal » & =t % % 1.5 -] p& -
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