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Introduction
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Figure:Log-stock return process of Ford and Hill-plot far

004
002
_ 00 s
s X
X
-002
-004
-008 | | | . . . . . .
P o i 0 100 200 300 400 500 600
n

= {y; : t € Z} : Infinite variance process

Example: Stable AR-model

Ve=B"Xe1+&, Xe1= W15 Yip)"
= E[|IX-1ll?] = 0

L




EL & SW approach for hypothesis testing of IV-processes and its applications

Introduction

Introduction(cont.)

Figure:Log-stock return process of Ford and Hill-plot far
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Figure: Atmospheric pressure data in Chicago, 2015 (mbar)
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Figure: QQ-plot for atmospheric pressure data in Chicago, 2015 (mbar)
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Figure: QQ-plot for atmospheric pressure data in Chicago, 2015 (mbar)
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Introduction(cont.)

EL approach for...
o Akashi, Liu & Taniguchi (2015)-- Stable process FD-SN-EL },(6p)

Problem:
o Limit distributions containr & o (unknowr). J

= Self-Weighting(SW) approach (Ling (2005), Pan et al. (2007))
= Least Absolution DeviatiofLAD) based statistic (Chen et al. (2008))

Main aim
o L;-SW-EL based statistic foiV-process

Pn = FIQIC{_Z Iogrn(ﬂ)} _}32;{_2 IOgrn(ﬁ)}

(ry: Ly-SW-EL function)

o 5 ¥ (pivotal limit distributior)
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Fundamental settings

Model: ARMA(p, q) process

p q
Yo=Y by e+ ae,
=1 j=1

where
@ B=(by,....bp&,...,89)7 € Int(B) (B: compact parameter space),
o {&:teZ}):iid.rv.s. withmedg,) = 0.

Remark 1
{& : t € Z} can benfinite variance r.v.s. J

10/34
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Fundamental settingsont.)

Nested linear hypothesis:

where

c:rx1 (r<p+q).

{ R:rx(p+0)
Examples
(i) R= (Ogxp: lgxq) & € =04

=H:g =0forj=1,..,q (testforserial correlation)

(i) R= (|P1><P1’ OP1><(P+Q—P1)) & ¢ =0
=H:b=0forj=1,...,p, (variable selection)

11/34
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Fundamental settingsont.)

P q
a=y- ) by;- ) aa; & med@)=0
=1 j=1

Self-weighted LAD estimator (Pan et al. (2007))
Bn=arg ;TQZ';”Q(ﬂ),

where

QB) = D, wila(B)l,

t=u+1
e u> maxp, g} + 1: some starting point,

° ®) _{ 0 (t<0)
A y- 22 by - X a8 (Astsn)

o W : self-weightsof the formw; = Fw(y;_1, V-2, . ..)

12/34
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Fundamental settingsont.)

Remark 2
Because of the truncation,(8o) # & butei(Bo) ~ &. J

Figure:Example ofsi () for AR(p) case (left) & general ARMA case
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Fundamental settingsont.)

Pan et al. (2007) showed thatis asymptotically norma& SW-Wald test:

W, = n(Rén - c)T A (Rén - c) 502

Problem:
H contains unknown quantiti(0). J
Main aim

e Remove unknown quantities from statigiimit distribution. J

14/34
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Fundamental settingsont.)

Yi,..., Yy ~iid., F(X)
HypothesisH : Eg[Y;] =0
Nonparametric likelihood:

n

L(F) = [ [(FY) ~F(v-))

i=1
— Empirical distribution function

n

Faly) = = D I0% <)

i=1
maximizeL(F) (L(F,) = n™").
— Profile nonparametric likelihood ratio unddr
_ supL(F) : F € #}
" L(Fn) ’

where

i ={F(y):iviw <)Y ¥ =0 =105y 1}
i=1 i=1 i=1
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Fundamental settingsont.)

For EL, we need “moment condition”

E[Hgl(ﬁo)] = Op+q'
Q(B): NOT differentiable w.r.3.

251 26

° Q(ﬁ) - Zt u+l gt(ﬂ)
= Minimizer of Q(B): Solution toz &(B)

t=u+1

681 (ﬁ)

= 0piq

16/34
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Fundamental settingsont.)

e QB = Z?:u+1 W [&(B)] N
= Minimizer of Q(8): Solution to Z w;sign{e(B)} ai;;ﬁ) = Op+q

t=u+1

Definition 1 (L;-based Self-weighted moment function)

G (B) == wisign{e(B)} A(B) (t=u+1,....n),

where
e u > maxp,q} + 1 (starting point),
0
° A(B) = Zf)-

17/34
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Fundamental settingsont.)

Example of self-weights (Pan et al. (2007))

-1 =2
W = (1 > k_y|Yt—k|] >2)
k=1

Remark 3
Numerical results are not sensitive w.r.t. choicer afr w;’s.

18/34
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Fundamental settingsont.)

Definition 2 (L;-SW-EL statistic)

rn(B) = sup{l—[ ny : Z ViG; (B) = Opqs Z Vvi=10<v < 1}

t=u+1 t=u+1 t=u+1

Remark 4

r;(8): Nonparametridikelihood ratio function

19/34
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Main results

Main results

LetQr = (Vie1, -+ Vips Weet, ..., Weg) T

Vi = boiViog — - - = bgpVip = &,
W+ a0asWe-1 + - - - + @ogWh-q = —€:.

Assumption 1

() Bo: the unique solution t&[d; (Bo)] = Op.q-
(i) Bo € Int(B) & B is compact inkP*I,
(i) b@=1+p1z+ - +BpZ #0& a2 =1+az+---+a,7 #0in{z: |7 < 1}.
(iii) b(2) & a(z) have no common zeros.
(iv) 76 > 0 s.t.E[|&l] < oo.
(iv) E[(we + W) (IQBo)II” + 1Q(Bo)II®)] < co.
(v) Q = E[w?Q:Q(]is nonsingular.

21/34
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Main resultg(cont.)

Theorem 1
Suppose that Assumptidrholds. Then, under HRB = c,

5

L 2
Py = X7 asNn— co.

22/34
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Main resultg(cont.)

Remark 5
e Limit distribution- - - pivotal & does not contain anynknown quantity
e Test fornested linear hypothesis
]
SN = —— >t as)
n—u 44 {5, 32

— Limit distribution containsy (tail-index ofe)

— Rate of convergence contaiask # vVn

SW: VAg" (Bo) = rwu > wisign{z(Bo)} A(Bo) = N(Opiq, )

t=u+1

23/34
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Example 1: Test of serial correlation

o Model: ARMA(1,1) process

Vi = by + & + ag_1,

where

o |bj<1,ja<1&b+a#0
(@ N(1)
(b) (5/3) Y2t
(© @Y
(d) 27Y21L(0,1)
Testing problemH : a=0

b: a nuisance parameter

Sample sizen = 200 400

o Number of iteration: 1000
Nominal level:s = 0.10,0.05
SW-Wald-test (Pan et al. (2007))
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Numerical examples

Example 1: Test of serial correlatig¢oont.)
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Example 1: Test of serial correlatig¢oont.)

Figure: Rejection rate of the testb £ 0.9, n = 200)
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Concluding remarks

e Pivotallimit distribution
< We do notneed to estimate unknown parameters (e&, o of stable distribution)

(i) heavy-tailed noise cas?

o L;-SW-EL-test improves power of test {n (i) near unit-root

Extension 1: SW-GEL test statistics (EL, ET, CU)
Extension 2: FD-SW-GELtest statistics> Nonparametric mode& quantities

31/34
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Concluding remarks

Thank you for listening.
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Appendix: SW-Wald-test (Pan et al. (2007))

W, = n(R3 —c)T{ 1 Rfl’lfzi’lRT} (RB,—c¢) = i‘"z
! ! 40y ’ W'
where
Bn = (bn, &))" = arg mlnz Wile(B)],
t=u+1
~ _ 1 . 8t(Bn)
f(0) = 10605y w I=Zw;thK (_1_06n‘1/5)’
_ expEx) -1 2 A AT
Kb) = 1+exp(—x)}2’ W= 4f(0)2RZ SN
S= Z WABAB)T, Q= —— Z WA Bo)ABa)
t u+l t u+l
=W, i’/\/rz
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