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2.1.
N N-1
(persistency)
(serial correlation)
2m
Namias  (1988) 1970
SST (re-emergence) Alexander

(1999)



Winter Arctic Oscillation | ndex

[N} 7
H

1960 1970

1980 1990 2000

Sapporo Air-Temp
) I ) I )

P I

-6
1950
2.1
2.2.
2.2.1.
randn

model)

1960 1970

y(t)

1980 1990 2000

y(®) =ry(t-1) +o,e(t)
t

(white noise)

Matlab

(red noise

(2.1)

r=0



r=0.20 (0.21), std=1.02 (0.91)

r=0.80 (0.78) std=1.67 (1.53)

0 50 100
Time

2.1)

Cr

or=(¥1))=r*(y(t-07)+ 2o tyie=De)) +ou (=()°)

GWI\/(].—I’Z)GR < og=0y,/ (1—r2)

2 L
1 L
£ 0
<
-1
-2t
-3 ‘ ‘
0 50 100
Time
2-2. 0.2 0.8
r Oy
~ (ol +ol
<>
o Fzz Ow
(2.2)
100 0.02

Allen and Smith (1996)

(first order Markov process)

(2.2)



2.2.2.
ting, nsmpl,
rl

rtsrs=randn(ting,nsmpl); % tingx nsmpl
rtsrs(1,:)=rtsrs(1,:)/sqrt(1-r1"2); %
for t=2:tIng
rtsrs(t,:)=rtsrs(t-1,:)* ri+rtsrs(t,:);
end

2-1r1=0.5, nsmpl=10000, ting=10

A0 Y1)



variance method 1, r=0.50
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2.2.3. (autoregressive process)

(autoregressive model)

y)+éQyt-D+...+¢(p)y(t-p)+o,e(t)=0 (2.3)
o (i) y Y~AR(Q)
¢ ARL

AR
Matlab

y(t) = (y(t))
YO +0 QY- +...+¢(p)Y(t-p) =0
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y(t) =2"Py(t- p) (2.4)
y(t) =ry(t-1
AP +o(MAP . +0(p) =0

A|>1 y A =1
<1
AR AR1 oD <1
1
2.2.4.
2
Maximum Entropy Method (MEM) Spectrum
¢ T p()=(y®)y(t+1))

p() =(y®)y(t—1))
=—({d@yt-D+...+0(p)y(t— p)+o,e (1)} y(t-1)) (25)
=~ (0@ yt -yt —T)+..+d(P)y(t— P)Y(t—7) +o,e )yt 7))

pE)+O@(yt-Dyt—1))+...+d(P)(y(t—-pP)y(t—1))+ (o8 ~1)) =0
pE)+o@pE - +...+¢(p)p(t-p)=0
c*=p(0) r
r@)+o@Qrc-D+¢(Qrt —=2)+...+o(p)r(t—p)=0 (2.6)
AR1 r(l) =—b(D) AR
0

(2.5)

y(),t=1..,n y(t+1)



P(0)+o M (Yt -Dyt—1))+..+0(p) (Yt - pP)y(t—1))+{c,e ) y(t))=0

.'.1+¢(1)r(1)+¢(2)r(2)+...+¢(p)r(p)+csV2v/52:O 2.7
(2.6) (2.7
T or@ ) 1 (1-62/52]
r(l) r(2) ") ey [Fowlo
r@ - r(p-1 r(1)
() | _
r@ r@ - r(p-29 | . |5 12 (28
rp-y rp-2 1 PP
Toeplitz(
)
1 r@) r@ - rp) [ 1] [-c2lc?]
r@ 1 r@ - r(p-1) || oD 0
r2 r@ 1 o r(p=-2) 192 |= 0 (2.9
Lr(pr(p-1 r(p-2 - 1 Je(pm] | 0 |
(Yule-Walker equation) Matlab Ipc,
pyulear
p
p p
p (Akaike's
Information Criterion, AIC) p AlC
(1996)
AlC
AIC=N+NIn2rtci +2(p+1) (2.10)
N
AIC =NInc} +(p+1) (2.12)
AlC AlC AR

1) AR



2) AR AlC
3) AlC AR
¢(p)
(Burg)
Matlab pburg
p p
(2.6)
2.2.5. (MA)
q (moving-average process, MA process)
yt) +e(®)+0 We(t-1)+0 (e (t—2)+...+0(q)s(t—q), t=L1...,n
y yr~MA(q)
MA AR() MA
2.2.6. (ARMA)
p.q (autoregressive-moving average process, ARMA process)
y~ARMA(p,q) ( ,1985, (1.25))

yO+o@Qyt-D+...+¢(p)y(t-p)
+e()+0(De(t—-D+....+6(q)e(t—q)=0, t=1..T

p.q ARMA AR
ARMA
2.2.7. (ARIMA)
(autoregressive-integrated-moving moving average) ARIMA
ARIMA y()-y(t-1) ARMA ARIMA
2.2.8.
(correlogram)

2.3.



(time between effectively independent samples, Trenberth (1984)
Metz (1991) ) (effective decorrelation time) Te

(effective number of degrees of freedom)

T, = T;N (1—%) r.(t)=1+ Zg (1— Tﬁj My (t) (212)
T, = iN [1— %} r @) =1+ 2le4 (1— Tﬁj r. @) (2.13)

T, = Z[ ||J[rxx(r)rw(r)+rxy(r)ryx(r)]

1=—N

(2.14)
N
=1+1,,(0)r, (0) + 22(1—%][rxx(r)rw(t)+ [y (1, (@) ]
=1
r N T
1...N
N—t l N—t
D x(t)x(t+1) = y(b)y(t+t)
_IN"TT g _ N—=1T %3
I’XX(‘C)= 1d (@)= 1d )
= t)? = t)°
N ; X(t) N ; y(t)
1 N—t
—— > x()y(t+1)
__N-t
ry(t) = T3 T
= 2 L 2
\/ N ;X(t) N Z y(t)
Lieth (1982)
Bayley and Hammersley (1946)
Lieth (1982) Trenberth (1984) Bartlett 1930
Bartlett(1955)
Davis (1976) Lieth 1982

(Trenberth 1984

reference )

Katz (1982) Trenberth (1984)
AR AR
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AR
Trenberth(1984)

@/ N)% X()x(t+71)

AR
AlC

2.3.1.

X(t)+u >

<(%
-

1
NZ &

HMZ :MZ

D (x®)+n) X(S)+u)> u?

t=

<iii X'(E)X(S)+(X'(s) + X'(t)) . + p )> n?

N2 s=1 t=1
{ x(t)x'(s)>+M7+M}—h<
{

1 N
R
X'()x(s))

1

1 N

Mz :Mz

t=1

[ —
z

=i 3 (VKDea)=5 31-E eo

=N =N

AR

(2.15)

(2.16)

(2.17)

(2.18)
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o} N

e

6?IN,=c’T,/N (2.19)

T T.=N/N, (2.18) (2.19)
T

_ZN: (1—'%” r.(c) (2.20)

(2.12)

T

(2.17)

(2.21)

{(x'(t)x'(s» +(x(s)+ x'(t)>Y+<Y2>} —(x)?

2.3.2.

(2.14) <> {} (sample mean)

q(i), i=L,...,N {@=W/N)Y." q()

<xy>=V samplevariance {Xy}=V +Vv
(sample variance)

v={xy}-<xy> V2 ={xy}? -2 0y} < xy >+ < xy >?

Xy

(V)= (007) - 2(003) (o) + ()

({a})=(a)

(O9}) = (xy)*



-12-

x(t) y(t)j[%ix(s) y(s)j>—<xy>2

s=1

-3

- <$iz X(t) y(t)x(s) y(s)> - (xy>2

N N

-5 2> (OYOXOYS)- ()

t=1 s=1

<>

p:33) X X1 Xp Xg
(XXX ) = (600 ) (%% )+ (%0 ) (50X + (X ) (%, )

(V)= 3 ST HOXONYOKS) + (KOS (YOXS) +{XOXONASVS) - ()’

= S S (XOX) (OYE) + (KO YOX)]
T=]—I
< 2>:% ij( i j[Pxx(T)Pyy(r)erxy(r)Pyx(r)] (2.22)
P

Pu(T) = (XOX(E+1)), p,, (1) = (YO Y(t +1)),
Py (1) =(XOY(t+1)), py(r) = (y(O)X(t+1))

“y Q,=(x),Q, = (¥?)

M (®) = Pu(®)/ Qi 1y @) = p, (1) /Q, 1y (v) = py (1) /{JQQ,

(2.22)

<V2> = QT\?V { ZN: (1—%J[rxx(f)rw(r)+ fxy(r)ryx(r)]} (2.23)

t=—N
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x(t),y®),t=1..,N

t=1

1 _1QQ,
<ﬁ2x(t)y(t)>— N

) Ne

the effective number of degrees of freedom (effective sample size), Metz (1991))

L 0Q, [ e QQ, QQ,
<V >:T{T;\I(1—%j[rxx(r)rw(r)+rxy(T)fyx(T)]}: N, N NAt/T,

T,=At) [1—%j[rxx(r)rw(r)+ Ly ()1, (@) |
(2.14) DOF = NAt/T,
N (2.14)

T, = A3 [ )r, @) + 1, (@)1, (0)]

T (—o0,0)

2.4.
Finite
Impulse Reponse (FIR)

Infinite Impulse Response (IIR)

FIR IIR Press (1993)

FIR 1R IR
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Matlab fft ifft filter
filtfilt
butter
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