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5. EOF
Empirical orthogonal functions (EOFs)
, . , (Principal  component

anaysis)

EOF SLP  SST
EOF EOF(combined EOF)
(Canonical Correlation Analsysis)

(Singular Value Decomposition Analysis)

EOF
5.1.

(Nx P) z N, P :

EOF
EEOF



(load)

(5.1)(5.2)

5.2.
EOF

M
Z=)t X m=TX' (5.1)
m=1
X m EOF N
t, P (principal component (PC))
(score) M NP
5.1
Z=TX" (5.2)
T (Nx M) X (Px M)
EOF
EOF
cre _Jha (M=my)
£t =™ 5.3
R e
EOF
(pxp) (covariance matrix), V,
N
V=Z7'Z < v(pup,)=>.z(np)z(n p,) (5.4)
n=1
(p1, p2)
N-1
N-1
(5.1)(5.2)
M T M M M
V=ZTZ=[ZTMXH1TJ (szXwTJz(zqumT](szme] (5.5
i=my j=m, m=1 mp=1



i (5.6)
m=1
P N 2
ZZ Z(n, p) (total variance)
p=1 n=1
(trace )
N P N
trace(V) =trace(Z'Z) =trace(z z(n, p,)z(n, p,) j > z(n, p (5.7)
n=1 p=1 n=1
(5.6)
P
trace(V) = ZV(I )= Z[kaxrn(l)xm(l)] kaz Xn(i)
=1 m=1 m=1 i= (58)
=S8
m=1
M
trace(V) =>4, (5.9)
m=1
- |2
m 7\‘m }\‘m |Xm|
(explained variance)
A
—n (5.10)
Zm:l}\'m
5.3. EOF
EOF
EOF
VX =\ X (5.11)
A
VX =XA (5.12)

(5.2)(5.12)



X'VX=A

SLP EOF

(5.13)

(5.14)

(5.15)

(5.16)



FEOFs SLP (DJF) 1899—-1997/
1st mode, 435.6 % 2nd mode, 1/.3 %

70N
o] 85N
60N
55N
Yo 50N
] 45N
40N ,
35N L

J 30N -
| 25N - ‘
20N : : : — . .

120E 140E 160E 180 160W 140W 120W 100W

Al
OE 140E 160E 180 160W 140W 120W 100W

-3 ———————————————————— -3 ——————————————————
1900191019201930194019501960197019801990 1900191019201930194019501960197019801990

Fig. 5. Spatial patterns of the first (@) and second (b) EOF modes and their temporal
coefficients (c and d) for the SLP in winter season (Dec.—Feb.) over the North Pacific
(120°E-90°W) (after Minobe and Mantua 1999).
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5.4. EOF
EOF
SLP EOF
&
7@
()" (z8)=&'Z' 28 Z'z=V
é'=e+oé € o€
e"ve'=(e" +5¢" )V (e+5¢)
=8'Ve+2(5e)' Ve+5e'Vse
v a'Vb=b"va
&
g'vé=e" ve' (5.17) oe
(58)' ve=0
5 & o6
(cSé)T é=0
(5.19) A (5.18)
(s8)" {ve-28} =0
Vé=18
5.5. EOF (REOF)
EOF

EOF

EOF
px 1
o
(5.17)
&
(5.18)

(5.19)
(5.20)

((5:2(5.3)



EOF
EOF
EOF
EOF

EOF(Rotated EOF, REOF)
EOF
EOF
EOF

5.6. EOF Matlab
%
tIng=1000; spcsz=3;
spcgvn=[ 1 11; -101; 010]"; %
%spegvn=[ 1 00; 001; 111]%; %
for p=1:spcsz

spcgvn(:,p)=spcgvn(:,p)-/sqrt(sum(spcgvn(:,p)-"2));

end
timgvn=randn(ting,3);
z1=timgvn(:,1)*spcgvn(:,1)";
z2=timgvn(:,2)*spcgvn(:,2)";
z3=timgvn(:,3)*spcgvn(:,3)";
z1=z1./sqrt(sum(sum(zl.*z1)))*sqrt(0.40);
z2=72./sqrt(sum(sum(z2.*z2)))*sqrt(0.35);
z3=z3./sqrt(sum(sum(z3.*z3)))*sqrt(0.25);
z=71+22+73;
explvargvn(1l)=sum(sum(zl.*z1))/sum(sum(z.*z));
explvargvn(2)=sum(sum(z2.*z2))/sum(sum(z.*z));

explvargvn(3)=sum(sum(z3.*z3))/sum(sum(z.*z));

% EOF

covmat=z"*z; %
[spc,eig_valmat]=eig(covmat); %
eig_val=diag(eig_valmat); %
[eig_val,ind]=sort(eig_val); %
eig_val=flipud(eig_val); %

ind=Flipud(ind); "



spc=spc(:,ind);

tim=z*spc;

%

explvargvn

explvar=eig_val"./sum(eig_val)

spcgvn

spc

%
%

corr_PCs =crr(tim,timgvn, "mat") %

5.6.1.

explvargvn =0.4051
explvar = 0.5126
spcgvn = 0.5774
0.5774

0.5774

spc = 0.4640
0.7981

0.3844

corr_PCs= 0.8264
0.0361

-0.5618

5.6.2.

explvargvn = 0.3981
explvar = 0.5830
spcgvn = 1.0000
0
0

spc = 0.7752
0.2302

0.5883

0.3545
0.3540

-0.7071

0.7071

-0.6834

0.0464

0.7286

-0.0682

0.9977
-0.0012

0.3483
0.3626

1.0000

-0.6121
0.0431
0.7896

.2532
.1334

-0000

.5637
.6008
.5669

.5320
.0279
.8464

.2488
.0544

.9774
.9774
.5774

-1564
.9722
.1743

Matlab
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corr_PCs= 0.6599 0.4641 0.6097
-0.6254 0.7617 0.0906
0.4177 0.4529 -0.7864

5.7. EOF EOF
EOF EOF
EOF REOF EOF
REOF
Dommenget and Latif (2002) EOF
REOF
51
EOF 1 EOF2 REOF1 REOF2
SLP
SST EOF2
mono pole
mono pole
SST mono-pole mono-pole
EOF REOF ! EOF
EOF
REOF REOF
5.8.
5.8.1.
EOF
! EOF REOF

REOF
EOF
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EOF
5.8.2.
EOF
X'=xJA4, T'=t/4
— 12 -2
%[ =4, [f] =1
( )
i
5.8.3. Dual formalism
EOF
X
72x 36=2592 600
Z(Nx P) V(Px P)
L(Nx N)=2Z' EOF
formalism paralel agorithm
VX=XA
, Z
ZVX=72Z"7X=LZX=7ZXA
B=ZX
LB=BA
L B D=Z"B

D=Z"B=Z"ZX=VX=XA

(5.21)
(5.22)
i
EOF
PC
P>>N
ZT
dual
D
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X T
5.8.4.
EOF
1 N
_z z(n, p1)z(n1 pz)
N n=1
n
no
n n/n0
(P, P2)
5.8.5.
EOF
EOF
PC
EOF PC
EOF
open open write( ,
5.9. EOF (CEOF,EEOF,REOF,RCEOF,SSA ,MSSA)
EOF
EOF: Empirical Orthogonal Function EOF
EOF EOF (CEOF, REOF )
EOF
CEOF: complex EOF EOF
EEOF: Extended EOF EOF
~ SSA/MSSA

REOF: EOF EOF

( )Varimax rotation
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EOF
EOF
REOF
EOF
RCEOF: Rotated Complex Empirical Orthogonal Function REOF
SSA: Singular Spectrum Analysis
(Ghil and Vautard, 1991)
MSSA: Multi-Channel Singular Spectrum Analysis EEOF 20~40
SSA
EOF
EOF, CEOF REOF, RCEOF
EOF
REOF
EOF, REOF 90°
CEOF, EEOF, MSSA EEOF,MSSA
5.10. EOF

EOF
(nonlinear Principal Component Analysis,

nonlinear PCA)
EOF

REOF

EOF North
Rule of Thumb (North et al. 1982)
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(Dommenget and Latif 2002 )
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