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@ Panel data unit root tests are attractive because they are more powerful

@ However, they have their own complications (see e.g. Moon et al (2007))

yie = ai+pit+ 3
Cit @Cje—q + uir

where
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Research Question

@ In this paper we examine the problem for fixed T tests
@ Short term serial correlation is also a major factor

@ Previous work in the area: Bond et al. (2005), Kruiniger (2008,2009), Madsen
(2010), Westerlund(2014)
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Implementation

@ Two tests are relative in this framework

IV test (De Wachter et al. (2007) intercepts trends
WG test (Kruiniger and Tzavalis (2002) intercepts trends

@ Derive local power functions of the IV test for serial correlation and incidental
trends
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Contributions

© The IV test is dominates WG test in terms of power

@ The effects of serial correlation depend on the type of tests and on the
deterministic specification

© The presence of serial correlation does not necessarily mean loss of power

@ The incidental trends problem may not exist in the presence of serial
correlation

© The IV test does not suffer from the incidental trends problem
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Incidental Intercepts

o Consider the AR(1) model:

yie = ai+{;
Cir @Ci_1 + Ui, i=1,.,Nandt=1,..., T
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Incidental Intercepts

o Consider the AR(1) model:

yie = ai+{;
Cir @Ci_1 + Ui, i=1,.,Nandt=1,..., T

@ Stacked over i

yi = ae+{(;,
gi = @Ci_1+u

yi= Wi, yir) e= (1.1 &= (G Gr)' v = (uin, - uir)’
Cii1 = (Gigv - Gir—1)" and also yiy = (yio, ..., yit-1)’
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Incidental Intercepts

o Consider the AR(1) model:

yie = ai+{;

Tw = @l 1+ u, i=1..Nandt=1,..,T

@ Stacked over i

yi = ae+7(;,
i = @fiy+u
vi= i, yir), e=(1,...1)" &= (Cn, - Gi7)s ui = (uin, o uir)’
!

Ci-1 = (Ciov - Gi7—1)" and also yi—1 = (yio, .-, yiT-1)
@ Hypothesis of interest

C
=1-—
Py \/N
HO c=0
Hq c>0
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Individual Intercepts - Assumption

o {u;} have E(uj;) =0, and are independent and homogeneous across i.
o {u;} are serially correlated across time but E(ujpu;7) = 0.

@ The uj;, are independent of a; and y;o and all variables have bounded 4 + ¢
moments.
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Individual Intercepts - The Estimators

@ The WG estimator N
Z yi,—l le
i=1

A

Pwe =

N
Y vl Qyica
=1

where @ = I — e(e'e) e
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Individual Intercepts - The Estimators

@ The WG estimator

N
Z 1 Qyi
Yi 1 Qi1

where Q = I+ —e(e'e) e
@ The IV estimator

T—p-1
E{ Y yitui,t+p+1(§0):| =0, or
t=1

thus
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Individual Intercepts - Tests

@ Theorem 1: Under Assumption A and as N — oo

ol o

VNV (e —1— =)~ N(—ckwe, 1)

where )

tr(¥T 5

= . Vwe = 2tr((Awel)?),
Ty 1 Qyia

| oo

1 L1 Y
and Ay = 5(A’Q +QA-Y-Y) I'= m ZAy,-Ay,-’
1

Tokyo, July 2014 9 /22

Y. Karavias (AUEB) Local Power



Individual Intercepts - Tests

@ Theorem 1: Under Assumption A and as N — oo

ol o

VNV 2d(pye —1— =)~ N(—chwe, 1)

where )

tr(¥T 5

= . Vwe = 2tr((Awel)?),
Ty 1 Qyia

| oo

1 L1 Y
and Ay = 5(A’Q +QA-Y-Y) I'= m ZAy,-Ay,-’
1

@ Theorem 2: Under Assumption A and as N — oo
L1
VN = 1)V =5 N(—ckiy, 1)

where (« )2)
2tr( (AT 1, ., ,

= STV ) A, = Z(A'TL, + T A
tr(ATI,AT)2' Y 5 (AT +1TA)
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Individual Intercepts - General Local Power Functions

where
ke = tr(AN'QAT) + tr(F'QT) — tr(YAT) — tr(A'YT)
Ve
and
ki = L
VViv

Then the asymptotic local power function is

D(z, + ck)
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Individual Intercepts - Examples

k WG v

p=0 \/T\2/§_(2TT7—1)%+5 (72T
== B
p=3 V3(T2-7T+12) T72 _ % +6

T\ TP -14T - 48412177

and for MA(1) with parameter 0

(T—2)(T0*—6*+3TO—T70+ T —1)
2T\/R1,W694 + Rowet® + Rawe6 + Roweb + Riwe
_ Dy 16 + Do 0 + Dy v
\/Rl,/v94 + Rov0® + Ry v 0% + Ro 0 + Ry v

kwe

kiv
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Individual Intercepts - Local Power Functions - IV
Figure 1: The effects of T and p on krv(p.0)
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Individual intercepts - Local Power Functions - WG

praiom

Figure 5: The effects of T and p on Ay (p,0)
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Individual Intercepts - Local Power Functions - IV

Figurz 4: IV slope behavior in the absence and presence of serial correlation
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Individual Intercepts - Local Power Functions - WG

Kprsies)

Figme % WG slope behaviorin the ahsense aud presence of serial conslation
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Incidental Trends - Estimators

@ The incidental trends model is

yi = aie+p T+,
i = @fi1tu
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Incidental Trends - Estimators

@ The incidental trends model is

yi = aie+p T+,
i = @fi1tu

@ The WG estimator

N -1/ N
Py = (Z Y Q}’i—1> (Z y,'/lQ}’i>
i=1 i=1

where Q = I — X(X'X) 71X’ with X = [e, 7].
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Incidental Trends - Estimators

@ The incidental trends model is

yi = ae+Bt+,
i = @fi1tu

@ The WG estimator

N -1/ N
Py = (Z Y Q}’i—1> (Z y,'/lQ}’i>
i=1 i=1

where Q = I — X(X'X) 71X’ with X = [e, 7].
o Taking first differences
E(}’i*—/lnzuf) =0

where uf = Au; = (Aujp, ..., Auit) and y* = Ay; = (Ayip, ..., AyiT) which
leads to

-1
N N

Py = (Z yiwlrI:)YI*l) (Z Y;“ln,t}’i*)
=1 =
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Incidental Trends - Tests

@ Theorem 3: Under Assumption A and as N — oo

1. b
\FNVWéé(@)WG —-1- g) — N(—ckwe, 1)

where
b tr(®f
= = N r(®T) and Vi = vec(A'Q — @')'Ovec(A' Q — @)
0 WZ': Y,_lel -1
. 1Y
and @ = i ; vec(Ay;Ay;)vec(AyiAy)")
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Incidental Trends - Tests

@ Theorem 3: Under Assumption A and as N — oo

1. b
\/vaéd(@)wc —-1- g) — N(—ckwe, 1)

where
Q = - Ntr(C/IDF) and Vi = vec(A'Q — @) Ovec(A'Q — D)
) N Li=1Yi 1 QYi 1
. 1Y
and @ = N 2 (vec(Ay;Ay])vec(AyiAy;)')
i=1

@ Theorem 4: Under Assumption A and as N — oo
L1
VN(§y = 1)Vt — N(—chy, 1)

where \/IV = %, A/\/ = %(A*/H; +H;‘;’A*) and
0= 2F1 - 1"2 - 1"’2 where F1 = E(u,-u,’-) and F2 = E(UIU,{,l)-
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Individual Trends - Local Power Functions

where for the WG test

tr(A'QT) + tr(F'QT) — tr(®AT) — tr(A'®T)

k =
we 2tr((AwerT)?)
and for the IV test
P 1
v = =
Viv
Then
Table: Values of slope parameter p.
T=7
0 -0.9 -0.5 0.0 0.5 0.9

ky 0.862 0896 1264 1.186 1.179

kwe 0.694 0.466 000 -0.212 -0.248
T=10

0 09 05 00 05 0.9

ky 1160 1.229 1750 1.989  2.008

kwe 1.042 00645 000 -0.216 -0.248
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@ If we assume T to be asymptotic the hypothesis of interest becomes

c
=1-
PNt VN
Theorem 5: If T, N — oo jointly and the following condition holds:

VN/T = 0.

1), and

TVN(V3) owe <€7’WG -1- g) < N(—c0,1),
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@ If we assume T to be asymptotic the hypothesis of interest becomes

c
=1-
PNt VN
Theorem 5: If T, N — oo jointly and the following condition holds:

\/N/T—)O.

1), and

TVN(V3) owe <€7’WG -1- g) < N(—c0,1),

Table 2: Slopes of large-T tests.
v MPP LLC/HT SGLS IPS WG
1/vV2 1/vV2 (3/2)4/(5/51) 1/+/3 0282 0
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@ If we assume T to be asymptotic the hypothesis of interest becomes

c
=1-
PNt VN
Theorem 5: If T, N — oo jointly and the following condition holds:

\/N/T—)O.

1), and

TVN(V3) owe <€7’WG -1- g) < N(—c0,1),

Table 2: Slopes of large-T tests.
v MPP LLC/HT SGLS IPS WG
1/vV2 1/vV2 (3/2)4/(5/51) 1/+/3 0282 0

@ In the presence of incidental trends

ky =
kwe = 0
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Heterogeneous Alternatives

For alternatives of the form o
1

Py =1~

5

the hypothesis of interest is

Hy : ¢ =0, forall i

Hi : ¢ >0, for some i
where

@ ¢ are i.i.d. with support in a subset of a bounded interval [0, M,], for some
M. > 0.

Then, only the mean of ¢; affects power, i.e.

1

VN —1)V? — N(—E(ci)k, 1)
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Monte Carlo Simulations

Intercepts Trends
N [50 [200 [1000 | Theory [N [50 [200 [ 1000 | Theory
6=-05 6=-05

IV ] 0.285 | 0.444 | 0.567 | 0.793 | IV | 0.039 | 0.050 | 0.050 | 0.498
WG | 0.057 | 0.068 | 0.087 | 0.069 | WG | 0.093 | 0.108 | 0.107 | 0.158
0=0 6=0
IV 10997 | 0.997 | 0.998 | 0.998 | IV | 0.050 | 0.051 | 0.048 | 0.760
WG | 0.220 | 0.321 | 0.414 | 0.500 | WG | 0.169 | 0.122 | 0.089 | 0.050
0 =05 60 =05
IV 10979 | 0.983 | 0.993 | 0.994 | IV | 0.031 | 0.038 | 0.045 | 0.900
WG | 0.388 | 0.57 | 0.678 | 0.730 | WG | 0.217 | 0.135 | 0.070 | 0.033
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Conclusions

@ The IV test is always better than the WG test and better than the HT test
@ The effect of serial correlation is case specific

o Local power is possible in a fixed T therefore theoretically solving the
incidental trends problem

@ Power comes either from the presence of serial correlation or the use of
double differences

@ Non-trivial power vanishes when T is asymptotic
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