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Central element: The moving Fourier transform ﬂ(“'

21
2m+1

Locally stationary time series T =14, m=3, A;=

Xi,1 Xo.m Xa,1 Xam Xo,7 Xo,7 X7,7 Xg, 7 Xo, 7 Xvo,7 Xi1,7 Xio,7 Xi3,7 Xia,1

3 Franziska Lindner — Local moving Fourier based bootstrapping Cambridge, 16 January 2014



Central element: The moving Fourier transform  {|T
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Locally stationary time series T =14, m=3, A;=
X1 Xo,r X3, 1 Xa1 Xo,7 Xe,1 X7,7 Xg,7 Xo,7 X107 X11,7 Xi2,7 Xia, 7 X147

O approx. stationary
environment of X, 1
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Central element: The moving Fourier transform  {|T

21
2m+1

Locally stationary time series T =14, m=3, A;=
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Central element: The moving Fourier transform  {|T
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Central element: The moving Fourier transform
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Central element: The moving Fourier transform
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Central element: The moving Fourier transform

Locally stationary time series T = 14,
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m=3 A= e
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Central element: The moving Fourier transform ﬂ(“'

In our example:

FU (A1), F1(A2), F1(Ag), F2(A1), F2(A2), F2(A3), F3(Aq1), F3(A2)
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Central element: The moving Fourier transform  {|T

In our example:

FU (A1), FY(A2), F1(Ag), F23(M1), F2(A2), F3(As), F3(Aq1), F3(A2)

Definition (Moving Fourier Transform)

2m

div(k)—1 o 1 —iA mod (k)
‘F (Amod(k)) . \/m I:ZOXK*FI*m,Te )
. m1 m|j’
div(j) := [ﬂ mod(j) = {j mod (m), j>0 A ml|j

m—[(~j) mod (m)], j<0 Amfj
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Central element: The moving Fourier transform  {|T

In our example: X4,X5,X6,X7,X8,X9,X10
FU(Ay), F1(A2), F1(A3), F?(Ay), F2(A2), F?(A3), F3(Aq), F3(A2)

Attime k=7

Definition (Moving Fourier Transform)

2m

el (Amod(k)) = 7&2;’ = ZXKH m,T € mod),
. m1 m|j’
div(j) := [ﬂ mod(j) = {j mod (m), j>0 A ml|j

m—[(~j) mod (m)], j<0 Amfj

4 Franziska Lindner — Local moving Fourier based bootstrapping Cambridge, 16 January 2014



Central element: The moving Fourier transform  {|T

In our example: X4,X5,X6,X7,X8,X9,X10
Fl (A1), Fl(A2), F2(Ag), F3(Aq), F3(A2)

Attime k=7

Definition (Moving Fourier Transform)

2m

el (Amod(k)) = 7&2;’ = ZXKH m,T € mod),
. m1 m|j’
div(j) := [ﬂ mod(j) = {j mod (m), j>0 A ml|j

m—[(~j) mod (m)], j<0 Amfj

4 Franziska Lindner — Local moving Fourier based bootstrapping Cambridge, 16 January 2014



Central element: The moving Fourier transform  {|T

In our example: X4,X5,X6,X7,X8,X9,X10
F'(Ay), F1(Ag), F2(A3), F3(Aq), F3(A2)
Rearranging: F2(Aq) F2(A2) F'(A3)

Attime k=7

4

Definition (Moving Fourier Transform)

2m
div(k)—1 1 — A mod(k)
]: (Amod(k)) . \/m IZZ()XK+/—m,Te )
. mv m |j’
div(j) :== [#-‘ . mod(j) := <j mod (m), j>0 A mjj

m—[(~j) mod (m)], j<0 Amij
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Properties of the local moving FCs My (A;) ﬂ(“‘
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred
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Properties of the local moving FCs My (A;) ﬂ(“‘

Karlsruhe Institute of

a centred

® sup sup ‘Var (’VFLUTJ (/\/)> —2nf(u, /\/)’ — 0.
uel0,1] I=1,..., m
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup  sup Var(/\/FLuTJ(/\/)>*27Tf(U:/\/)’%0-
uel0,1]I1=1,...,

® M (M) = Ay m-m T (AD M (A) + Ryt (A1)
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup  sup Var(/\/FLuTJ(/\/)>*27Tf(U:/\/)’%0-
uel0,1]I1=1,...,

® M (M) = Ay m-m T (AD M (A) + Ryt (A1)
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred
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Properties of the local moving FCs My (A;) ﬂ(“‘
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Time domain Frequency

P diti domain
eta ;aro e O«[ Local block :
(2003) bootstrap
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Time domain Frequency N(IT

"y domain
Paparoditis, Leesll Blaa
et al.
(2003) bootstrap ®
Sergides, Local AR-sieve Local
Paparoditis (O] bootstrap Local FFT non-parametric
(2006) correction
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Paparoditis,

et al.
(2003)

Sergides,
Paparoditis
(2006)

Kreiss,
Paparoditis
(2012)

Time domain

Frequency &(IT

domain
( N
Local block @
bootstrap )

(Local AR-sieve | Local .
O bootstrap —ﬂ Local FFT non-parametric
- 7 correction

( N
Special wild
O~ —{ Global FFT
L bootstrap ) Local }
correction
@ [ Global iFFT

L
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Time domain Frequency &(IT

p giti domain
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(2003) L bootstrap
Sergides, (Local AR-sieve | Local
Paparoditis (O] bootstrap —{ Local FFT non-parametric
(2006) N J correction
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The moving TFT-Bootstrap

Karlsruhe Institute of Technology

X1’T,...,XT’7'

The observed time series is transformed using a moving
Fourier transform (— sequence of T moving Fourier coefficients).
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The moving TFT-Bootstrap

X1’T,...,XT’7'

The observed time series is transformed using a moving
Fourier transform (— sequence of T moving Fourier coefficients).

In our example:

FU M), FlA2), Fl(Ag), F2(M), F2(A2), F2(A3), F3 (A1), F3(Ap)
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The moving TFT-Bootstrap ﬂ(“'

X1’T,...,XT’7'

The observed time series is transformed using a moving
Q Fourier transform (— sequence of T local Fourier coefficients).

The resulting moving Fourier coefficients are bootstrapped by a
standard (frequency domain) method of choice.
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Step (2) — Bootstrapping in the frequency domain [T

Local versions of standard frequency bootstrap procedures (e.g. in Kirch,
Politis (2011)) require an estimate f of the time varying spectral density.
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Step (2) — Bootstrapping in the frequency domain [T

Local versions of standard frequency bootstrap procedures (e.g. in Kirch,
Politis (2011)) require an estimate f of the time varying spectral density.

Moving periodogram: ~ MZy(A;) := |A/l:k(Aj)|2

Definition (Smoothed moving periodogram)

~ N k 1 2m
f(k) =1 <71/\mod(k)> = o2m+ 1 Z Kn ()‘mod(k) - /\j) MZy (/\l') 0
j=0

K kernel function.
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Step (2) — Bootstrapping in the frequency domain [T

Local versions of standard frequency bootstrap procedures (e.g. in Kirch,
Politis (2011)) require an estimate f of the time varying spectral density.

Moving periodogram: ~ MZy(A;) := |A/l:k(Aj)|2

Definition (Smoothed moving periodogram)

1 2m
Z Kn ()‘mod(k) - /\/) MZy (/\l') ?
=0

- ~ (kK

K kernel function.

For every u € [0, 1],

max

(K uT] >'
F(Ea (M, — op(1
ke{[uT|—m,...|uT|+m} < ’""d(k)> ( T ' mod(k) or(1)

T

Cambridge, 16 January 2014
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Step (2) — Bootstrapping in the frequency domain [T

Local versions of standard frequency bootstrap procedures (e.g. in Kirch,
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Step (2) — Bootstrapping in the frequency domain [T

Local versions of standard frequency bootstrap procedures (e.g. in Kirch,
Politis (2011)) require an estimate f of the time varying spectral density.

Moving periodogram: ~ MZy(A;) := |A/l:k(Aj)|2

Definition (Smoothed moving periodogram)

1 2m
Z Kn ()‘mod(k) - /\/) MZy (/\l') ?
=0

- ~ (kK

K kernel function.

For every u € [0, 1],

?</7(—v)‘mod(k)> —f ( LUTTJ Jmod(k))' = 0p(1)

Residual bootstrap ‘

ke{|uT|—m,...,|uT]|+m}

~= | Wild bootstrap
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The moving TFT-Bootstrap ﬂ(“'

X1’T,...,XT’7'

The observed time series is transformed using a moving
<, Fourier transform (— sequence of T local Fourier coefficients).

The resulting moving Fourier coefficients are bootstrapped by a
standard (frequency domain) method of choice.
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The moving TFT-Bootstrap ﬂ(“'

Karlsruhe Institute of

X1’T,...,XT’7'

The observed time series is transformed using a moving
<’ Fourier transform (— sequence of T local Fourier coefficients).

The resulting moving Fourier coefficients are bootstrapped by a
standard (frequency domain) method of choice.

® The moving bootstrap coefficients gained are back-transformed
using a moving version of the inverse Fourier transform.
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The moving TFT-Bootstrap ﬂ(“'

Karlsruhe Institute of

X171,

-'vXT,T

e

® The moving bootstrap coefficients gained are back-transformed

;

The observed time series is transformed using a moving
Fourier transform (— sequence of T local Fourier coefficients).

The resulting moving Fourier coefficients are bootstrapped by a
standard (frequency domain) method of choice.

using a moving version of the inverse Fourier transform.

*
X1,T"'

*
S XT T
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Is it working? (Theory) ﬂ(".

m Foru € [0,1], c(u, h) absolutely summable.
m f Lipschitz continuous and bounded.

?<§-v)‘mod(k)> —f (@Jxmod(k)>' = op(1).

m E*(c;)=0k=1,..., T.
m Independence of ¢; and c; (k # 1) forany k,I =1,..., T.

max
keU

As T — oo,

sup |Cov* (X\yr) 7 Xiur sn7) — € (U h)‘ = op(1).
|h|<m
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Is it working? (Theory) ﬂ(".

m Foru € [0,1], c(u, h) absolutely summable.
m f Lipschitz continuous and bounded.

?<§-v)‘mod(k)> —f (@vAmod(k)>' = op(1).

m E*(c;)=0k=1,..., T.
m Independence of ¢; and c; (k # 1) forany k,I =1,..., T.

max
keU

As T — oo,

sup |Cov* (X\yr) 7 Xiur sn7) — € (U h)‘ = op(1).
[hl<m

For |h| > m, Cov*(X[‘uTJ'T,X[‘uTHh’T) —0.
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Is it working? (Simulation) ﬂ("'

Simulated tvAR(1) time series with coefficients increasing linearly from -0.6 to 0.6

e

) 500 1000 2000

-

o~
o
L
B
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Is it working? (Simulation) N(IT
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Paparoditis,
et al.
(2003)

Sergides,
Paparoditis (O]
(2006)

O~

Kreiss,
Paparoditis
(2012)

Time domain

e

Local block
bootstrap

(Local AR-sieve
bootstrap

-

( Special wild

bootstrap

Frequency &(IT

Moving

O

TFT-
Bootstrap

Kirch, L.
(2014+)

16

domain
-
~@
J
h Local
*’[ Local FFT non-parametric
7 correction
-
—{ Global FFT
) I Local
( ) correction
L Global iFFT
[ Moving FT Frequency
I bootstrap
[ Moving iFT methods
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Time domain
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Time domain

Frequency &(IT

. domain
Paparodits, [ Local block
et al. >
(2003) bootstrap ®
Sergides, O (Local AR-sieve | : Local
Paparoditis bootstrap *{ Moving FT non-parametric
(2006) J correction
e N

Special wild )
Kreiss, O bootstrap Moving FT Local
Paparoditis - 7 I i }
(2012) ) { Moving iFT correction
Movin .
Bootstrap I bootstrap
Kirch, L. [ Moving iFT methods

(2014+)
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Karlsruhe Institute of Technology

@ Application: Uniform confidence bands
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Uniform confidence bands for p(u, 1)

u € lattice L[0, 1]
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u € lattice L[0, 1]

X1 Treeen XT, T
MF-coefficients
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X1 Treeen XT, T
MF-coefficients

{

‘Original estimate’ p(u, 1)
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Uniform confidence bands for p(u, 1) ﬂ(“'

u € lattice L[0, 1]

X1 Treeen XT, T
MF-coefficients

!

‘Original estimate’ p(u, 1)
Define uniform 95 %-confidence band by

CB(U) = [p(u 1) - Cboot,0.95v ﬁ(U 1) + Cboot,0.95}-
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Uniform confidence bands for p(u, 1)

u € lattice L[0, 1]
X1'7' ..... XT,T
MF-coefficients

{

‘Original estimate’ p(u, 1)

Define uniform 95 %-confidence band by

CB(U) = [p(u 1) - Cboot,0.95v ﬁ(U 1) + Cboot,0.95}-

How to get Choor,0.957
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Uniform confidence bands for p(u, 1) ﬂ(“'

u € lattice L[0, 1]

X1'7- ,,,,, XT,T Moving bootstrap procedures rep 1: T MF*-coeffs
MF-coefficients :

d rep B: T MF*-coeffs

'Original estimate’ p(u, 1)
Define uniform 95 %-confidence band by

CB(U) = [p(u 1) - Cboot,0.95v ﬁ(U 1) + Cboot,0.95}-
How to get Cpoot0.957
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Uniform confidence bands for p(u, 1) ﬂ(“'

Karlsruhe Institute of

u € lattice L[0, 1]

X170, Xt 1  Moving bootstrap procedures rep 1: T MF*-coeffs — p1 (u1)
MF-coefficients :

1 rep B: T MF*-coeffs— pB(u, 1)

'Original estimate’ p(u, 1)
Define uniform 95 %-confidence band by

CB(U) = [p(u 1) - Cboot,0.95v ﬁ(U 1) + Cboot,0.95}-
How to get Cpoot0.957
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Uniform confidence bands for p(u, 1)

u € lattice L[0, 1]

X170, Xt 1  Moving bootstrap procedures rep 1: T MF*-coeffs — p1 (u1)
MF-coefficients :

1 rep B: T MF*-coeffs— pB(u, 1)

'Original estimate’ p(u, 1)
Define uniform 95 %-confidence band by

CB(U) = [p(u 1) - Cboot,0.95v ﬁ(U 1) + Cboot,0.95}-
How to get Cpoot0.957
Choose Cppot0.95 > 0 such that

;bin{ max {‘p ul)—p (u,1)’} < Cboot,o_%} > 0.95.

ueLo,1]
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Uniform confidence bands for p(u, 1) ﬂ(“'

tvAR(1)-process, coefficients increasing linearly from -0.6 to 0.6
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Uniform confidence bands for p(u, 1)

tvAR(1)-process, coefficients increasing linearly from -0.6 to 0.6
T =1000, m =100,
B =500, 200runs
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Uniform confidence bands for p(u, 1) Q(IT

tvAR(1)-process, coefficients increasing linearly from -0.6 to 0.6
T =1000, m =100,
B =500, 200runs

DGP Type of bootstrap
mTFT | mAAPB | mH |

et N(0,1) || 097 | 1.00 |1.00
er O x2 098 | 099 |1.00
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Uniform confidence bands for p(u, 1)

tvAR(1)-process, coefficients increasing linearly from -0.6 to 0.6

DGP Type of bootstrap T =1000, m =100,
mTFT | mAAPB | mH | B=500, 200runs

e = N(0,1) || 097 | 1.00 |1.00
098 | 099 |1.00

-06 -03 0 03 06
L L L L L

— moving TFT
an moving AAPB
——  moving HB

Franziska Lindner — Local moving Fourier based bootstrapping Cambridge, 16 January 2014



Uniform confidence bands for p(u, 1) ﬂ(“'

Karlsruhe Institute of

tvAR(1)-process, coefficients increasing linearly from -0.6 to 0.6

DGP Type of bootstrap T =1000, m =100,
mTFT | mAAPB | mH | B=500, 200runs
et X N(0,1) || 097 | 1.00 |1.00
e x2 || 098 | 099 |1.00

-06 -03 0 03 06
L L L L
-06 -03 0 03 06

— moving TFT Uniform 95%-CB (mTFT)
moving AAPB with two realisations p(u, 1)

——  moving HB
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Uniform confidence bands for p(u, 1) ﬂ(“'

tvMA(1)-process, ¢; X N(0,1), T =1000, m = 100, B = 500, 200 runs

Moving TFT
0.04

Moving AAPB
0.72

Moving HB
0.56
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Uniform confidence bands for p(u, 1) AT

arlsruhe Institute of Technology

tvMA(1)-process, ¢; S N(0,1), T =1000, m = 100, B = 500, 200 runs

o
Moving TFT ¢
0.04 3
o
@
Moving AAPB
0.72 :
o
: -
Moving HB o
0.56
©
]
0 200 400 600 800 1000
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Summing up: ﬂ(IT

Why should | use the moving Fourier transform?

m close mimicking of local structure of time series
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Summing up: ﬂ(IT

Why should | use the moving Fourier transform?

m close mimicking of local structure of time series

a numerically cheap

m possibility of adapting many frequency bootstrap methods to locally
stationary time series

m allows for refinement of existing local bootstrap methods
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Summing up: ﬂ(IT

Why should | use the moving Fourier transform?

close mimicking of local structure of time series

numerically cheap

possibility of adapting many frequency bootstrap methods to locally
stationary time series

allows for refinement of existing local bootstrap methods

permits getting (locally) uniform instead of pointwise results
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stationary time series
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conjecture: a "correct" bootstrapping of spectral means is possible
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Summing up: ﬂ(IT

Why should | use the moving Fourier transform?

close mimicking of local structure of time series
numerically cheap

possibility of adapting many frequency bootstrap methods to locally
stationary time series

allows for refinement of existing local bootstrap methods
permits getting (locally) uniform instead of pointwise results

conjecture: a "correct" bootstrapping of spectral means is possible
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‘ Fundamental article — TFT-Bootstrap ‘ ﬂ(IT

@ Kirch, C.; Politis, D.: TFT-Bootstrap: Resampling time series in the S
frequency domain to obtain replicates in the time domain.
The Annals of Statistics 39,3 (2011), 1427—-1470.

‘ Non-stationary time series ‘

@ Dahlhaus, R.: Fitting time series models to nonstationary processes.
The Annals of Statistics 25,1 (1997), 1-37.

@ Priestley, M.B.: Evolutionary spectra and non-stationary processes.
JRSS, 20,2 (1965), 193—237.

‘ Bootstrap & Local stationarity ‘

@ Dowla, A; Paparoditis, E; Politis, D: Locally stationary processes and the local

bootstrap.
Recent Advances and Trends in Nonparametric Statistics (2003), 437—445.

@ Sergides, M.; Paparoditis, E: Bootstrapping the local periodogram of locally
Stationary processes.
JTSA, 29, 2 (2007), 264—299.

@ Kreiss, J.-P.; Paparoditis, E: Bootstrapping locally stationary processes
(2012).
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\ Confidence bands \

@ Neumann, M.; Paparoditis, E.: Simultaneous confidence bands in spectral
density estimation.
Biometrika (2008), 381-397.

@ Neumann, M.; Polzehl, J.: Simultaneous bootstrap confidence bands in
nonparametric regression.
Nonparametric Statistics (1998), 307—333.
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Step (3) — an example

In our example:

F ), F ), FFH(Ag), F2(M), F3(A), F*3(A3), F*3(Aq), F*3(A2)
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Step (3) — an example AT

In our example:

F ), FHA2), FH(Ag), F2(A1), F2(A2), F*3(Ag), F*3(Aq), F*3(Ap)

F ), FH(A2), Fr(As),
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Step (3) — an example AT

In our example:

F ), FHA2), FFH(Ag), F2(A1), F2(A2), F*3(A3), F*3(Aq), F*3(A2)

Step 1: Mirroring

F (M), FA2), FH(Ag), 7o (Ag), Fr 1 (A2), Fr1 (M)
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Step (3) — an example AT

In our example:

F ), FHA2), FH(Ag), F2(A1), F2(A2), F*3(Ag), F*3(Aq), F*3(Ap)

Step 1: Mirroring
Step 2: Include zero for mean (centred time series)

0, F*' (A1), F 1 (A2), F*1(Ag), F*' (M), F*'(Aa), F*'(Ay)
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Step (3) — an example AT

In our example:

F (), FHA2), FH(A3), F2(M1), F2(A2), F*2(Ag), F*3(Ay), F*3(Ay)

Step 1: Mirroring
Step 2: Include zero for mean (centred time series)

0, F*' (A1), F 1 (A2), F*1(Ag), F*' (M), F*'(Aa), F*'(Ay)
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Step (3) — an example

Karlsruhe Institute of Technology

In our example:

F (M), Fri(A2), T (Aa), F=2(A1), F*2(A2), F2(A3), F2 (M), F*3(A2)
Step 1: Rearranging
Step 2: Mirroring

Step 3: Include zero for mean (centred time series)

0, F*' (A1), F 1 (A2), F*H(Ag), F*' (M), F*(Aa), F*' (A1)

0, F2(A1), F*'(A2), F* (Aa), F*1(Ag), F*'(A2), F*2(Ay)
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Step (3) — an example

Karlsruhe Institute of Technology

In our example:

F (M), Fri(A2), T (Aa), F=2(A1), F*2(A2), F2(A3), F2 (M), F*3(A2)
Step 1: Rearranging
Step 2: Mirroring

Step 3: Include zero for mean (centred time series)

0, F*' (A1), F 1 (A2), F*H(Ag), F*' (M), F*(Aa), F*' (A1)

0, F2(A1), F*'(A2), F* (Aa), F*1(Ag), F*'(A2), F*2(Ay)
[ ! l l l !
MFE(Ao), MFE(Aq), MRE(A2), MFE(A3), MFg(As), MFE(As), MFg(Ag)

24 Franziska Lindner — Local moving Fourier based bootstrapping

Cambridge, 16 January 2014



Step (3) — an example

Karlsruhe Institute of Technology

In our example:

F (M), Fri(A2), T (Aa), F=2(A1), F*2(A2), F2(A3), F2 (M), F*3(A2)
Step 1: Rearranging
Step 2: Mirroring

Step 3: Include zero for mean (centred time series)

0, F*' (A1), F 1 (A2), F*H(Ag), F*' (M), F*(Aa), F*' (A1)

0, F2(A1), F*'(A2), F* (Aa), F*1(Ag), F*'(A2), F*2(Ay)
[ ! l l l !

MFe(Ao), MRE(Aq), MRE(A2), MFE(A3), MR (M), MR (As), MFg(As) = Xy 1
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Step (3) — an example

Karlsruhe Institute of Technology

In our example:

F (M), Fri(A2), T (Aa), F=2(A1), F*2(A2), F2(A3), F2 (M), F*3(A2)
Step 1: Rearranging
Step 2: Mirroring

Step 3: Include zero for mean (centred time series)

0, F*' (A1), F(A2), F(Ag), Frl(As), Frl(Ma), F*H (M) = X537

0, F2(Aq), F*1(Ag), F*1(Ag), F*(Ag), Frl(Ao), FP2 (A1) = X5 1
[ ! l l l !

MFe(Ao), MRE(Aq), MRE(A2), MFE(A3), MR (M), MR (As), MFg(As) = Xy 1
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Properties of the local moving FCs My (A;) ﬂ(“‘
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a centred
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Properties of the local moving FCs My (A;) ﬂ(“‘

Karlsruhe Institute of

a centred

® sup sup ‘Var (’VFLUTJ (/\/)> —2nf(u, /\/)’ — 0.
uel0,1] I=1,..., m
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup  sup Var(/\/FLuTJ(/\/)>*27Tf(U:/\/)’%0-
uel0,1]I1=1,...,

® M (A1) = Ay m-m (A M (A)) + ( (uTJ (A) + R )J(/\/))
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup sup |Var (M () = 27ef (0 A)| — 0.
uel0,1]I1=1,...,

® M (A1) = Ay m-m (A M (A)) + (REL)T (A)+ R (/\/))

REL)TJ (A)) "analogous error to the stationary case"
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a centred

= sup sup |Var (M () = 27ef (0 A)| — 0.
uel0,1]I1=1,...,

® M (A1) = Ay m-m (A M (A)) + (REL)T (A)+ R (/\/))

LuT]
REL)TJ (A)) "analogous error to the stationary case"
4 1
— sup sup E|R (A :O< )
uel01] /=1,..., ’ LT} )‘ m?
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup  sup Var(/\/FLuTJ(/\/)>*27Tf(U:/\/)’%0-
uel0,1]I1=1,...,

® M (A1) = Ay m-m (A M (A)) + ( (uTJ (A1) + R J(/\/))

REL)TJ (Ar) "analogous error to the stationary case"
4 1
- sup sup E|RY. (A) =O<>
ue(0,4] I=1,..., ’ LuT] ‘ m?
Rﬁ)T | (A)) "deviation from stationarity"
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Properties of the local moving FCs My (A;) ﬂ(“‘

a centred

= sup  sup Var(/\/FLuTJ(/\/)>*27Tf(U:/\/)’%0-
uel0,1]I1=1,...,

® M (A1) = Ay m-m (A M (A)) + ( (uTJ (A1) + R J(/\/))

REL)TJ (Ar) "analogous error to the stationary case"
4 1
- sup sup E|RY. (A) =O<>
ue(0,4] I=1,..., ’ LuT] ‘ m?
Rﬁ)T | (A)) "deviation from stationarity"

— sup sup E|R ANl — 0.
ue[0,1]/1=1,... ‘ o ‘
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Covariance structure of the local moving FCs  {|T

Foru € [0, 1]

® sup Cov(l\/FLuTJ (/\,),I\/FLuTJ (A)) — 0.
I#je Aq

m sup sup Cov(MFf . (A), MFf (A))) — 0.
|s|<cm I#£jeAg LT} LuT]+s37

m sup sup Cov(MFg(A)), MF{(A))) — 0.

[s—t|>3m 1<l j<m
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Spectral means with moving periodograms AT

Moving periodogram:  MZ 7| (A;) := [MF 7| (A))]?
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Spectral means with moving periodograms

Moving periodogram:  MZ 7| (A;) := [MF 7| (A))]?

MT(u) = —

2m
= omT1 Y oMM 7 (A)),
=0
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Spectral means with moving periodograms AT

Moving periodogram:  MZ 7| (A;) := [MF 7| (A))]?

1 2m

Example: ¢(A;) = € ~ MT(u) = y(u, 1).
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Spectral means with moving periodograms AT

Moving periodogram:  MZ 7| (A;) := [MF 7| (A))]?

MT (u) := 2m1+1 Z(p MM 7 (A)),

Example: ¢(A;) = e’/‘f ~s MT(u) = y(u, 1).

471.2 2m
Var<\/2' m+1 [MT(u) — E(Mr(u))]) = 5w 7 Z()) lp(A)) 22 (u, A))
]:

+(E(e1)* - 3) (

with h := (mod(j) — mod(k))
~ Y mod(k)=mod([uT)~ [ 2])} ~ ﬂ{mod(j)zmod(LuijL%J)}} 4

2m2+ ] /kzoq) (Ak)f(u, A/)f(u, /\k)2n|7h_l_ 1) +O(1)
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