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x(t)

x̂(f)

P (f1) = x̂(f1) · x̂∗(f1),

B(f1, f2) = x̂(f1) · x̂(f2) · x̂∗(f1 + f2),

T (f1, f2, f3) = x̂(f1) · x̂(f2) · x̂(f3) · x̂∗(f1 + f2 + f3).

S
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S =

∫
B(f1, f2) · df1 · df2
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P (f1) · df1
)3/2 ,

K =

∫
T (f1, f2, f3) · df1 · df2 · df3

(∫
P (f1) · df1

)4/2 .

x(t)

x̂(f) ŷ(f) = ĥ(f) · x̂(f)
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BF TF

BF (f1, f2) = H2(f1, f2) ·B(f1, f2),

TF (f1, f2, f3) = H3(f1, f2, f3) · T (f1, f2),

H2 H3 ĥ(f)



H2(f1, f2) = ĥ (f1) · ĥ (f2) · ĥ∗ (f1 + f2) ,

H3(f1, f2, f3) = ĥ (f1) · ĥ (f2) · ĥ (f3) · ĥ∗ (f1 + f2 + f3) .
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ĥ (f) =

⎧
⎪⎪⎨

⎪⎪⎩

1 , fL < (f + fN 2fN )− fN < fH

0 ,

fL, fH

[fL, fH ] 50× 50

BF TF

1000×1000 100×100×100 B(f1, f2) = 1

T (f1, f2, f3) = 1

[fL, fH ]

[fL, fH ] ∈

{[0, fN ]× [0, fN ]|fL < fH}



a : fH = 2fL

b : fH = 2/3, fL ≤ 2/3

c : fL = 2/3, fH ≥ 2/3

d : fH = 2− fL

e : fH = 1− fL/2,



1 : (2−3fH)2

4(fH−fL)3/2

2 :
−2+3fH−3f2

H/4+3fL−3fHfL−3f2
L/4

(fH−fL)3/2

3 :
1−3fH+3f2

H−3fHfL+3f2
L

(fH−fL)3/2

4 : 3(fH−2fL)2

4(fH−fL)3/2

5 : (2−3fL)2

4(fH−fL)3/2

6 :
−2+fH(3−6fL)+3fL+9f2

L/4

(fH−fL)3/2
,



0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

Autocorrelation

T
p
ye

 I
 e

rr
o
r 

p
ro

b

AR(1)

 

 

KS test
PBR
0.05 level

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

Autocorrelation

T
p
ye

 I
 e

rr
o
r 

p
ro

b

AR(1) − Blocks: 40 yrs DJF (90 days)

0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

Bandwidth

T
p
ye

 I
 e

rr
o
r 

p
ro

b

Filtered and Normalized to unit σ

PR



PR



2



◦ ◦

◦

◦

◦

2



2

H

λ = (F−H)/T F

R = F −H λ

H F

2 F2×λ−1

λ

λ

λ

λ



λ

Tn(t) =
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= −λeqTs − εγ(Ts − Td) + F,
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