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Objective

+

m Develop an alternative procedure for
testing the time-invariance (-
invariance) of the model parameters,
by investigating for possible non-
stationarity in the primary moments of
the process.



Features of our approach

+

m Focuses on more general forms of
heterogeneity (slow moving) rather than
sudden shifts.

m Resampling Techniques

m Rolling Window Estimators of the primary
moments of the stochastic process



Structural Change: AR(1)
+

AR(I) model: Ye — % T X1Ye1 T s {utl Ft—l }NN@:GZ)
oy = o(t)  or oy =o(t) oro®=o%(t), teT

where ay(1), a,(t) and ¢°(t) can be any function of time t

m How does t-heterogeneity reveal itself
on data plots?
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‘ Simulated NIID seriesy, ,h constant mean and variance
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Trending Mean

‘ Simulated NI series y,, smooth change of the mean




Variance Break

‘ Simulated NI series y;, single variance break




Trending Variance

‘ Simulated NI series y., smooth change of the variance
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Consequences of Structural

Change
+

= Models with Time-varying
Parameters

m Incorrect Inferences about
Economic Relationships

m Inaccurate Forecasts
m Unreliable Policy Evaluation
= Misleading Policy Recommendations



Tests of Structural Change

+

m Chow (1960)

m Quandt (1960)

m Brown, Durbin and Evans (1975)

m Andrews (1993) and Ploberger (1994)

m Bai and Perron (1998)

m Hansen (2000)

m Perron (2005) -Survey of the literature



Need for Alternative Tests

+

m Existing tests have low power in detecting
smoothly trending t-heterogeneity.

Table 3: Empirical. size-corrected Power of
A&LP tests under mean trend; a—=3%

Trend Function | SupF |
.:'J' |'_:I:-} £

= u + 0.02¢

i
18.3




Need for Alternative Tests

+

m Hansen (JEP 2001)

"While it may seem unlikely that a
structural break could be immediate and
might seem more reasonable to allow for
structural change to take a period to take
effect, we often focus on the simple case
of immediate structural break for
simplicity and parsimony.”



Motivating our Test

_N,

AR(1) model
Ve — X T X1Yeq ™ U, {ut| Ft—l }NN<O>62>

Implicit parameterizations:

a, =(1—a1),uy , alzﬁ and o :GO(l—af)
0]

where o, =Co\y,, Y, ,) and o, =Var(y,)



Methodology
+

m Maximum Entropy Bootstrap, Vinod (2004)

- Reliable resampling algorithm for small sample
sizes.

- It is designed to be robust to deviations from
the ITD assumption.

m Rolling Window Estimator

m Bernstein Polynomials



MEBR Estimators

+Rollin Window Estimator
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MEBR Estimators

+

m Fixed window length ¢.

m Small enough to assume local weak
stationarity

m Large enough to be able to estimate the
moments

m Create J=100 resamples for the window
using ME bootstrap.

m Estimate the sample mean and variance
using the 2:(J+1) observations

m Repeat for each window.



Formulating the Test Statistic

Mean:
Restricted u(tj) = ag +aqu(ti —1) +up, (&), Vs
Unrestriced /i) = o +oq it —1) + By ¢, + Uy, (t)

k K N
Byt :Zj_oﬂj[jjtij(l—ti)k J

Ho:u(t)=u, fort=1..n-(1-1)
Vs Hqy:u(t)=u foranyt; =1..n-(1-1)



Formulating the Test Statistic

_N,

Variance:
Restricted &2 (t)=cCy+ cl&z (G -D+u_2(5), VS

Unrestriced &* (t) = c(') + oi&z -1+ B;'(,ti +U, 2(t)

Ho:o(tj) =0, fort=1..n-(I-1)
vs Hy:io(ti)=o forany t =1..n-(l-1)



Simulation Set Up

m 10,000 replications
m Sample size: n = 60, 80 and 100

O XT"'NIID(O,I)



Simulation Set Up

m Mean Heterogeneity

mLinear

m Quadratic

m Exponential

m Logistic

m Single Break at Q;, Q, and Q;



Simulation Results

+Mean t-heterogeneity

Table 6: Trending Mean
Trend Function

Linear trend

((t;)=p+0.02-¢;

(Quadratic trend
p(ts)=p+1073£,4+5-107*¢2

Exponentia

wit;)J=exp(l0™"

Logistic trend

;_.4{ : f-. :l — ( % ) —|—L4{ e Q0D L U L0 .._ Nals T.' ) El.—LEI

1+exp : —_:L |




Simulation Results

+Mean t-heterogeneity

Table 8: Single Mean Break

: -




Simulation Set Up

+

m Variance Heterogeneity

m Linear
m Quadratic
m Exponential

m Single Break at Q;, Q, and Q;



Simulation Results

+Var'iance t-heterogeneity

Table 7: Trending Variance

Trend Function

Linear trend
9 / 4 l'.): P
0°(t;)=0"+0.U0a-t;

( ')11 adrat ir trend
7(t;)=0740.03¢,4+0.01-¢2
Exponential trend

o (t;) —g%+ex p(0.02:¢;)




Simulation Results

+Var'iance t-heterogeneity

Table 9: Single Variance Break

Variance Break a0 . )0 constant

o (t;) =0~ —I—Jrr'f{
('J"{f]—ﬂ'.+)r’7l]{




Empirical Illustration

+

m Data
- Quarterly Yen/US Dollar 1982Q2-2005Q2

- Monthly European Total Turnover Index
01/1995-08/2004

- Annual US Industrial Production 1921-2004

- Quarterly US Investment 1963Q2- 1982Q4



Empirical Illustration

+US-J apan Exchange rate & EU Total Turnover index

Table 10: Empirical Results

L
797
| |JJ |

L. EHT 183 are teat
ht]ﬁrnlln "mln" |t'|"'[]

9
7 &
i

*¥%) refer to the rejection of the null hypothesis
1t 109 I i 3% and 1) level of significance, respectively.




5. Empirical Illustration cont.

‘ US Industrial Production & US Investment

U5/ Japan Exchange d 2.480
(0.011)%

EU Total Turnover

US Ind Produciion

US Invesiment

L Entrigg zre test atatistica with p-valugs in parenthesss
2. g the relling window length
i '

Lo (50 7% (5% refer 1o the rejection of the null hypothess

at 10%, 3% and 1% level of significance, reapectively.

=
=
|
=
=
=
o
=
=
i




+

Empirical Illustration

Table 11: Exchange Rate Japan/US

Test Statistic

Andrews
p-value

0.465

Andrews
p-value

0.269
0.438

bootstrap
p-value

0.338

0.403

bootstrap
p-value
0.285

0.489

Hetero-Corrected
p-value

Hetero-Corrected
p-value
0.086

0.185




Conclusion

+

m Our test has good power properties for
detecting smooth trends even for small samples.

m It is capable of distinguishing between *-
heterogeneity arising from changes in the mean
or variance of the process.

m It has good power properties for single breaks,
suggesting that it can be used in conjunction
with the traditional tests to explore a broader
variety of possible departures.



Thank You!

+



7. Remarks
+

m Identify the optimal polynomial basis for
hypothesis testing purposes

— Ordinary polynomials

Pl D ieo W
— Bernstein polynomials

BS; ., = v (1 — )" "

— Gram-Schmidt and LS polynomials
— See def 4 and 5, page 57 , Koutris (2005)



7. Remarks

e -~ - - - - - - - - B
Table 5.1:Condition Number for polynomials of deterministic trend.”

o |

Degree

Ordinary Pol.
EBernstein Pol.
Cram Schmadt

Table 5.3:Condition Mumber for pelynomials of Normal 11D realization.




7. Remarks




_N,

7. Remarks

Mean:

Variance:

RINW.

(L]

Restricted z(t;) = o, +u,, (t;) VS

Unrestricted z(t) = o + B, +U,,(t)

Restricted &°(t)=c,+u_,(t), Vs

Unrestricted &°(t;) =C, + B, +U_.(t)



7. Remarks

+

Table 3.1: MNean Trend

Trend Function : . ste : constant

a=—109%

Linear trend 1: 5. 5.0k 10.08

et ) =p—+0.02¢; 23 . 00 5. 10.17
0.08

Quadratic trend 1! . 5.0: 10.06

pe(ts ) =p+10"2¢;+5-102¢2 2 : ] 5. 10.12

10.24

Exponential trend 1! 1.5: 1.97 5. 10.

p(t;) = exp(0.01¢; )+ 1 2! . ] 5.5! 10.

10.!

Logistic trend 1: S50 .58 55! 5. 10.:
Ll t; )= ) —+-Le 2! 5.8 ] S 10.!

10.




7. Remarks

Table 3.3: Single NMean Break

Mean Break Hp : 0 constant

=" a=109%

84.26

e (t; ::I=,{L+Qc7-f{ﬁ__;}ﬂ} : . 08 .08
g

00 .51

06.00

Le(t; :I:,.t-L—FQcT-I{ﬁ__;} . : 4! 00 .87

00.97

00.66

05.69

00.93




7. Remarks

+

Table 3.2: Variance Trend

Trend Function n Hp : 1t constant Hy : 02 constant

o="= a=10% a=5%¢ a=10%

Linear trend ! 5.0! 10.17 20 90 .82

o2 (t;)=c2+0.05¢; .- . 0.77 100 100

0.91 100 100

Quadratic trend : i 10.18 00.908 00.09

c2(t;)=02+0.03t;+0.01¢2 ; T 0.63 100 100

9.93 100 100

Exponential trend -' 5. 10.10 00.95 00.99
o(t;)=exp(0.02t; )+ : .0 0.78 100 100

0.97 100 100




7. Remarks

Table 3.4: Single Variance Break

Variance Break ; Hgp : 4 constant

Hp : 02 constant

a=5%¢

a=10%

a=>5%%

a= 10%

10.15

.82

38.44

10.00

.70

09.51

10.06

.88

100

10.14

18

00.31

10.22

00.96

10.12

100

10.14

09.35

10.01

09.96

10.14

100




