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Review of Panel Unit Root Tests

m Consider the following AR(1) model ( Dickey and Fuller, 1979 ):
Yt =+ py—1+e¢, t=1,2,....T.
It can be equivalently written as

Yo —Yi—1 = a+ (p— Dyp—1 + =,
or

Ay, = o+ Pyr—1 + &1,

The unit root hypothesis o= 1is equivalentto g =0.
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Review of Panel Unit Root Tests

m From Levin et al. (2002):
“...This paper considers pooling cross-section time series

data as a means of generating more powerful unit root

)

tests.’
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Review of Panel Unit Root Tests

m First Generation: Assume that idiosyncratic errors are cross-
sectionally independent. Banerjee (1999); Levin et al., (2002);
Im et al., (2003,IPS) and Maddala and Wu (1999).

&yit = v + .-"‘ﬁj)'iy-i,f—l —+ Eit, [— 1._ ven T, 1= ]_ ;‘T\I"T:

where €;; are independent for all i and t. The panel unit-root null
hypothesis can be expressed as:

H{] . I,f'_ﬁ; = U, ”?J!
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Review of Panel Unit Root Tests

m Second Generation: Allow idiosyncratic errors are cross-
sectionally dependent. See the common factor models of Bai
and Ng (2004); Moon and Perron (2004) and Pesaran (2007)
and Pesaran et al. (2013).

» De-factor method (Bai and Ng , 2004):

: fp :
Yit = i+t +eq.

where
(1-L)f; = C(L)uy,

(1—¢L)ew = Di(L)eiy.

yir ~ 1(1) if ¢; = 1.
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Review of Panel Unit Root Tests

» Cross-sectional mean approximation (Pesaran et al. , 2007, 2013):
Ayir = a; + ﬁiyi]t_l + ‘}";yff + Ciyt, = 1....7% i1=1,...N.

The unit-root hypothesis, ¢,= 1 for all I, can be expressed as:

Ho:5;,=0, Wi
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Review of Panel Unit Root Tests

B New development: Cross-dependent error and consideration of
Structural change

» The impact of structural change on traditional unit root test:
#®  Low power (Spurious Accept ion): Perron (1989)
#®  Over size (Spurious Rejection): Lebourney et al. (1998)
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Review of Panel Unit Root Tests

» Bai and Carrion-i-Silvestre (2009, RES): Adding Dummy
variables at Bai and Ng(2004) 's model.:
Uit — (S:I’].’?‘ + Af‘;yft + Eits

where
(1-L)t; = C(L)uy,

(1—@33'4[;){}‘.31 = Df_(L)Cf_yt.
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Review of Panel Unit Root Tests

» Imetal. (2010, Working paper): Adding Dummy variables

Ayit = 0 AD; ¢ + Biig—1 + iyt + ciye, t=1,..T; i=1,.,N,

The unit-root hypothesis, @, =1 for all i, can be expressed as:

Hy:05,=0, Vi
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Fourier Form Change

m It is difficult to precisely estimate the number and magnitudes
of multiple breaks.(Prodan, 2008).

m Fourier form break: Becker et al. (2004, 2006), Enders and
Lee (2012)

d(t) = a0+ Y opsin(2rkt/T) + Y Bcos(2rhkt/T) + - t.
k=1 k=1

» DGP is Fourier Form (Smooth Break)

» Fourier Function is an approximation to Instantaneous break.
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Sharp breaks One break Two breaks

Panel 7: offsetting LSTAR breaks
Panel 1: temporary break Panel 4: LSTAR break at T/2 at T/5 and 3T/4
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Panel 8: reinforcing LSTAR breaks
Panel 2: change in slope Panel 5: LSTAR break at 3T/4 at T/5 and 3T/4
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Panel 3: change in level and slope Panel 6: ESTAR break at 3T/4 Panel 9: ESTAR breaks at T/5 and 3T/4
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Series: 1-frequency: _ __  2-frequencies:

Figure 1. Sharp, ESTAR and LSTAR breaks
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Our Model

B Model and Test statistics

» Data Generating Process: A single frequency Fourier-form Break.
Ayir = .J'Bz",fh'.,t—l — ﬁ;‘ﬂ:::y[lt + {.T'?Jf_ﬂi;yﬁdt + ‘}’;yf«; + Eiyt,

t=1,...T; i=1,..N,

where d; = (1.sin(27wt /1), cos(2mrt /T, 1),

The panel unit-root hypothesis can be expressed as:
Ho:B3; =0, Vi
against the possibly heterogeneous alternative,
Hi:8: <0, i=12 .. N 3i=0i=N +1,N +2. ....N.
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Our Model

» (Individual) Breaks and cross dependence augmented Dickey-

Fuller testing equation (BCADF):

Ay = co+ ciasin(2rrt/T) + ¢; 9 cos(2mrt/T') + {:E__git_l
+‘3§..4$5t +biyit—1 +ei, t=1,2,..1.

The t-statistic of the estimate of bi (Bi ) is applied to examine

the unit-root hypothesis and is expressed as:

t(N,T) = S

1/2°
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Our Model

m Theoretical Results
» Asymptotic Distribution of BCADF under the null hypothesis

Theorem 2.

Lyrr 17 =
(N D)geq Jo Wi(r)dWi(r) — o} 5 hyy

B(-.'ADFif 2 /3
(Jy W2@)d(r) — b @7 )
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Our Model

where

Wi(1)

—27k |, 91 cos(2mrr ) Wi(r)dr
W(l) + 27k fnl sin(2mkr )W, (r)dr
fD We(r)]dW;(r)

_ f o Wilr)dr
—27kK (_fgl cos(2mkr) | [; Wi(s)ds] r.f.-?'*)
fDI Wi(s)ds + 27k fnl sin(27kr) [ o Wi(s)ds|dr
Jo [We(r)]Wi(r)dr

h-i f =

Py =

Theorem 2 shows that the asymptotic distribution of t; (N, T) depends
only on the frequency parameter,K , but is invariant to all other
parameters in the DGP.
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Our Model

» Pesaran et al. (2013)'s CADF under Fourier form break.

Theorem 3.

® T fixed,and N— w0 :
Let /7" (N,T) be the statistic for testing the unit-root
hypothesis when Fourier form breaks exist in the DGP.

!
EiySiy,—1

of _1°
PSY B nr e N —oor - — YT Yrhir o(T-1/2)
t. (N, T) — ‘ - . P — _
JUT x IS O(T-1/4)

2
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Our Model

Theorem 3.

@ N, T all tend to infinity:

(NT)seq fo Wi(r)dW;(r) — o GT

PSY.B /a7
t (N.T) i
(fo W: 2(r)dr — ‘_:-_VGJIWI;V)

i

1 rrr - Po—1
Wi (r)dW;(r)— G, v -
(J:f - gr ” {:r wjlﬁ ;1,2 is the same as
0 =av AT

the limiting distribution of the CADF statistic proposed by

The expression

Pesaran et al. (2013, Theorem 2.1) when there is no break in
the DGP.
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Our Model

» BCADF-based Panel Unit-Root Tests
1 N
BCIPS(N,T) = i Z; ti(N.T).

#  Critical values.

» Extension to serially correlated errors

Ay = cio+cisin(2rrt/T) + ¢; 9 cos(2mrt/T) + C;__gft—l

p r
! — ! — .
+ gD+ )y s AT+ ) cipiAYis-
=1 =1

+ E’ifﬁ,t—l +ey. t=1.2,....7T
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Table B1. Critical values of the BCIPS test with =1 — with an intercept only

| A=l A =2 =3 A=4 =2 ]
p T'NjJ20 30 50 100 200] 20 30 50 100 200 20 30 50 100 200| 20 30 50 100 200 | 20 30 50 100 200
1%

50 -3.22 -3.14 -3.07 -3.03 -3.00|-2.75 -2.65 -2.59 -2.52 -2.48|-2.50 -2.43 -235 -2.28 -2.25|-2.40 -2.33 -2.25 -2.19 -2.16|-2.36 -2.29 -221 -2.15 -2.12

0 70 -320 -3.13 -3.08 -3.02 -3.00|-2.75 -2.66 -2.59 -2.53 -2.49(-251 -2.44 237 -230 -227|-242 -235 228 -222 -2.19|-238 -231 -224 -2.18 215
100 -3.20 -3.13 -3.07 -3.03 -3.00|-2.75 -2.67 -2.59 -2.533 -2.49|-2.52 -2.45 -238 -231 -2.29|-2.44 -236 -230 -2.24 -221|-2.40 -232 -226 -2.20 -2.17
200 -3.19 -3.13 -3.07 -3.03 3.00(-2.75 -2.67 -2.60 -2.53 -2.50(-2.54 -2.46 -2.39 -234 -230|-2.45 -238 -2.32 -226 -2.22|-24]1 -2.34 -229 -222 -2.19

50 -322 -3115 -3.08 -3.04 -3.01|-2.73 -2.63 -2.57 -2.50 -2.46|-2.44 -236 -2.28 -2.21 -2.17|-2.32 -2.25 -2.17 -2.11 -2.07|-2.27 -2.20 -2.12 -2.07 -2.03

1 70 -320 -3.14 -3.08 -3.03 -3.00\-2.74 -2.64 -2.57 -251 -2.47|-2.47 239 -232 225 -222|-236 -2.29 -222 216 -2.12|-2.32 -224 218 -2.12 209
100 -3.21 -3.13 -3.07 -3.03 -3.00|-2.73 -2.65 -2.58 -2.532 -2.48|-2.49 242 235 -228 -225|-241 -232 226 -2.20 -2.17|-2.36 -2.28 -222 -2.16 -2.12
200 -3.19 -3.13 -3.07 -3.03 3.00(-2.74 -2.66 -2.59 -2.53 -2.49(-2.52 -2.45 -238 -232 -2.29|-243 -236 -2.30 -2.24 -2.21|-2.39 -2.32 -2.26 -2.20 -2.17

50 -3.15 -3.08 -3.02 -297 -294|-2.66 -2.56 -2.49 -242 -238(-2.33 225 -2.16 -2.09 -2.05|-2.20 -2.13 -2.05 -199 -196|-2.17 -2.10 -2.02 -1.96 -1.93

, 70 -3.16 -3.10 -3.04 -2.98 -2.96|-2.69 -2.59 -252 -245 -2.41(-2.39 -231 -2.24 2117 -2.13|-2.28 -2.20 -2.13 -2.07 -2.04|-2.24 -2.15 -2.10 -2.04 -2.00
T 100 -3.17 -3.10 -3.04 3.00 -297|-269 -261 254 248 -244(-244 237 229 222 219(-235 -226 219 -2.14 -2.10|-230 -222 215 -2.10 -2.06
200 -3.17 -3.11 -3.05 -3.02 -299|-2.72 -2.64 -2.58 -2.51 -2.47(-2.50 -2.43 -235 -229 -226(-2.41 -234 -227 -221 -2.18|-2.37 -2.29 -223 -2.17 -2.14

50 -3.16 -3.08 -3.01 -2.96 -293|-2.63 -2.53 -2.46 -2.39 -236|-2.27 -2.17 -2.09 -2.02 -1.98|-2.15 -2.08 -2.00 -193 -1.90|-2.16 -2.08 -2.01 -1.95 -191

3 70 -3.16 -3.10 -3.04 -298 -296|-2.67 -2.57 -2.50 -243 -239|-235 226 -2.18 -2.11 -2.08|-2.23 -2.16 -2.08 -2.02 -1.98|-2.20 -2.11 -2.06 -2.00 -1.96
100 -3.18 -3.10 -3.05 -3.00 -2.97|-2.68 -2.61 -2.53 -246 -2.42|-2.40 -233 -225 -2.19 -2.15|-2.30 -2.22 -2.15 -2.09 -2.06|-2.26 -2.18 -2.11 -2.06 -2.02
200 -3.17 -3.12 -3.06 -3.02 -299(-272 -2.63 -2.57 -250 -2.46|-2.48 -2.41 -234 -228 -224|-239 -232 -225 -219 -2.16|-2.34 -227 -221 -2.15 -2.12

50 -3.07 -3.00 -2.93 -2.87 -2.85|-2.57 -247 238 -232 -227|-2.16 -2.08 -199 -1.92 -1.88|-2.11 -2.02 -1.94 -1.88 -1.84|-2.16 -2.07 -2.00 -1.94 -1.90

4 70 -3.12 -3.04 -298 -294 -291|-2.61 -2.52 -2.45 -237 -234|-227 -2.18 -2.10 -2.04 -1.99|-2.17 -2.09 -2.01 -195 -1.91|-2.16 -2.08 -2.01 -1.95 -191
100 -3.14 -3.07 -3.01 -2.97 -294|-2.66 -2.58 -2.50 -2.42 -239|-236 -2.27 -2.20 -2.13 -2.10|-2.24 -2.17 -2.10 -2.03 -2.00|-2.21 -2.13 -2.06 -2.01 -1.97
200 -3.17 -3.10 -3.04 -3.00 -2.97|-2.69 -2.62 -2.55 -2.48 -245|-2.46 -2.37 -2.31 -2.24 -2.20|-2.35 -2.29 -222 -2.16 -2.12|-2.32 -2.24 -2.18 -2.12 -2.08

5%

50 -3.04 -299 -295 -292 -291|-2.55 -249 244 240 -238|-2.32 -2.27 -222 -2.18 -2.16|-2.23 -2.18 -2.13 -2.09 -2.08|-2.18 -2.14 -2.09 -2.06 -2.04

0 70 -3.03 -299 -295 -292 -291|-2.55 -250 245 241 -239|-2.33 228 -224 -220 -2.18|-2.25 -2.20 -2.16 -2.12 -2.10|-2.21 -2.16 -2.12 -2.09 -2.07
100 -3.03 -298 -295 -2.92 -291|-2.55 -2.50 -2.46 -2.42 -2.40)-2.34 -2.30 -2.25 -222 -220|-2.27 -2.22 -2.18 -2.14 -2.12|-2.23 -2.18 -2.14 -2.11 -2.09
200 -3.02 -298 -2.95 -2.92 -2.91|-2.56 -2.50 -246 -243 -2.41|-2.36 -2.31 -2.27 -2.23 -2.22|-229 -2.24 220 -2.16 -2.15(-2.25 -2.20 -2.17 -2.13 -2.11

50 -3.04 -299 -295 -292 -291|-2.52 -245 -2.41 -2.37 -235(-2.25 -2.19 -2.14 -2.10 -2.08|-2.15 -2.09 -2.04 -2.00 -1.99|-2.10 -2.05 -2.00 -1.97 -1.95

1 70 -3.03 -299 -295 -292 -291|-2.53 -247 243 -239 -237|-2.28 223 2119 -2.15 -2.13|-2.19 -2.14 -2.10 -2.06 -2.04|-2.15 -2.10 -2.06 -2.02 -2.00
100 -3.03 -298 -295 -293 -291|-2.54 -248 244 241 -238|-231 -226 -222 -2.18 -2.16|-2.23 -2.18 -2.14 -2.10 -2.08|-2.19 -2.14 -2.10 -2.06 -2.04
200 -3.02 -299 -295 -292 -291|-2.55 -2.50 -246 -242 -240|-2.35 -2.30 -2.25 -2.22 -2.20|-2.27 -2.22 218 -2.14 -2.13|-2.23 -2.18 -2.14 -2.11 -2.09

50 -297 -292 -288 -285 -283|-2.44 -237 232 -228 -225|-2.13 207 -202 -1.98 -1.95|-2.03 -197 -193 -188 -1.86|-2.00 -1.94 -190 -1.86 -1.84

, 70 -299 -294 291 -2.88 -2.86|-247 -2.41 -2.36 -2.32 -2.30(-2.20 -2.15 -2.10 -2.06 -2.04|-2.10 -2.06 -2.00 -1.97 -1.95|-2.07 -2.01 -1.97 -1.93 -1.92
© 100 -3.00 -295 -292 289 -288|-249 245 240 -236 -234(-225 221 -2.16 -2.12 -210(-2.17 -2.11 -2.07 -204 -202|-2.13 -2.08 -2.03 -2.00 -198
200 -3.01 -297 -2.93 -291 -2.90(-2.53 -2.48 -2.43 -240 -2.38|-2.32 -2.27 -2.22 -2.19 -2.17|-2.24 -2.19 -2.15 -2.11 -2.09|-2.20 -2.15 -2.11 -2.07 -2.06

50 -296 -291 -2.87 -2.83 -282|-2.40 -233 228 -223 -2.21|-2.07 -2.00 -195 -1.90 -1.87|-1.97 -192 -1.87 -1.82 -1.80|-198 -193 -1.87 -1.83 -1.81

3 70 -299 -294 -290 -2.87 -2.85|-2.45 -238 -234 -229 -227|-2.15 -2.09 -2.04 -2.00 -1.98|-2.05 -2.00 -1.95 -1.91 -1.89|-2.03 -1.97 -193 -1.89 -1.87
100 -3.00 -2.95 -291 -2.89 -287|-248 -243 238 -234 -232|-222 -2.17 -2.12 -2.08 -2.06|-2.13 -2.07 -2.03 -199 -1.97|-2.09 -2.04 -199 -196 -1.94
200 -3.01 -297 -293 -291 -290|-253 -2.47 -243 -239 -237|-230 -2.25 -221 -2.17 -2.15|-2.22 -2.17 -2.12 -2.09 -2.07|-2.18 -2.13 -2.09 -2.05 -2.03

50 -2.87 -2.82 278 -2.74 -273|-231 -225 -2.19 -2.14 -2.11|-1.96 -190 -1.84 -1.79 -1.77|-1.92 -1.86 -1.81 -1.76 -1.74|-1.96 -1.91 -1.86 -1.82 -1.80

4 70 -293 -2.88 -2.84 -2.81 -2.80|-2.38 -233 -2.27 -223 -2.20|-2.07 -2.02 -196 -1.92 -1.89|-1.99 -1.93 -1.88 -1.84 -1.82|-1.98 -1.93 -1.88 -1.84 -1.82
100 -296 -2.92 -2.88 -2.85 -2.84|-2.44 -239 234 229 -227(-2.16 -2.11 -2.06 -2.02 -2.00|-2.07 -2.01 -197 -193 -191|-2.04 -1.99 -194 -191 -1.88
200 -3.00 -296 -292 -289 -2.88(-250 -2.45 -2.41 -237 -235(-227 -223 -2.18 -2.14 -212|-2.19 -2.14 -2.10 -2.06 -2.04|-2.15 -2.10 -2.06 -2.02 -2.00
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Our Model

» BCADF-based Panel Unit-Root Tests
1 N
BCIPS(N,T) = i Z; ti(N.T).

#  Critical values.

» Extension to serially correlated errors

Ay = cio+cisin(2rrt/T) + ¢; 9 cos(2mrt/T) + C;__gft—l

p r
! — ! — .
+ gD+ )y s AT+ ) cipiAYis-
=1 =1

+ E’ifﬁ,t—l +ey. t=1.2,....7T
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Our Model

m Finite sample performance

» Size and Power of BCIPS.
» Size of Pesaran et al.’s (2013) CIPS.
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Table 1. Sizes and Powers of the BCIPS test with two known factors (77=2) in which factors and

idiosyncratic errors are serially uncorrelated —with an Intercept only

' K=1 K=2 K=3

7~ 20 30 50 100 200 20 30 50 100 200 20 30 50 100 200

Size

BCIPS(D .&). Q1.0 r~1id.U[L.2]. .0y ,~iid.U[L. 2]

50 |0.053 0.039 0.048 0.045 0.044 | 0.044 0.050 0.056 0.046 0.047|0.053 0.054 0.043 0.052 0.048
70 10.049 0.038 0.044 0.042 0.052[0.045 0.040 0.045 0.046 0.055|0.048 0.053 0.053 0.050 0.044
100 | 0.047 0.050 0.038 0.046 0.049 | 0.046 0.051 0.045 0.039|0.038 0.054 0.045 0.048 0.047
200 | 0.056 0.034 0.047 0.044 0.043 | 0.042 0.047 0.046 0.046 0.047|0.043 0.044 0.049 0.052 0.051

BCIPS(p . k). @y~ ~11dU10.20] .~y a4y ~1id.U[3.5]

50 [0.047 0.056 0.048 0.042 0.060 | 0.054 0.050 0.048 0.048 0.047]0.054 0.049 0.046 0.045 0.046
7 0.043 0.056_0.049 0.050 0.053 | 0.048 0.056 0.047 0.044 0.057]0.050 0.046 0.055 0.048 0.051
100 | 0.038 0.0390.051 0.048 | 0.047 0.046 0.050 0.049 0.056|0.056 0.043 0.052 0.051 0.052
200 | 0.051 0.046 0.043 0.047 0.052]0.047 0.051 0.046 0.044 0.047|0.039 0.053 0.052 0.043 0.047

BCIPS(p .K). Q.G ~1id.U[10.100]. @4 ;. Gy s ~11d.U[3.5]

50 10.041 0.050 0.046 0.050 0.042]0.045 0.049 0.060 0.068 0.054|0.057 0.045 0.047 0.048 0.049
70 10.044 0.039 0.055 0.057 0.054|0.053 0.044 0.046 0.045 0.046|0.047 0.059 0.054 0.053 0.052
100 | 0.049 0.049 0.040 0.045 0.055|0.047 0.044 0.045 0.039|0.041 0.040 0.053 0.047 0.045
200 |0.051 0.040 0.048 0.047 0.043 |0.053 0.046 0.054 0.051 0.048 | 0.063 0.045 0.045 0.050 0.048

Power

BCIPS(p .x). .0 »~11dU[L 2], @ 1.0 5~11.d.U[L, 2]

50 | 0406 0436 0.541 0.546 0.618 |0.556 0.555 0.629 0.615 0.662|0.662 0.651 0.729 0.799 0.846
7 0.579 0.752_0.793 0.924 0930|0.736 0.866 0.910 0.955 0.957|0.830 0943 0.975 0996 0.997
100 | 0.881 0.983 1.000 1.000 | 0.967 0.998 0.998 1.000 1.000|0.990 1.000 1.000 1.000 1.000
200 |1.000 1.000 1.000 1.000 1.000|1.000 1.000 1.000 1.000 1.000|1.000 1.000 1.000 1.000 1.000

BCIPS(p .K). a,,.~a,, ~iidU[10.20]. —a, . @, ~iid.U[3.5]

50 0367 0492 0559 0.654 0.764 | 0481 0.560 0.632 0.676 0.700|0.581 0.707 0.764 0.866 0.926
7 0.549 0.756 0.815 0.956 0988 |0.725 0.901 0.921 0979 0.995|0.866 0966 0.988 0.999 1.000
100 | 0.969 0941 0.998 1.000 1.000 |0.997 0.985 1.000 1.000|1.000 1.000 1.000 1.000 1.000
200 |1.000 1.000 1.000 1.000 1.000|1.000 1.000 1.000 1.000 1.000|1.000 1.000 1.000 1.000 1.000

~11dU10,100]. «

BCIPS(p .K). @yy.0, 1+ Qo ~11.d.U[3.5]
50 |0.218 0354 0319 0.284 03010382 0.603 0.659 0.697 0.693|0.598 0.819 0.906 0.969 0.990
70 0466 0.617 0.692 0.873 0.949 |0.841 0.937 0.965 0.998 1.000|0.950 0.990 0.999 1.000 1.000
100 |0.966 0.987 1.000 1.000 1.000 [0.999 1.000 1.000 1.000 1.000|1.000 1.000 1.000 1.000

200 |1.000 1.000 1.000 1.000 1.000 |1.000 1.000 1.000 1.000 1.000 |1.000 1.000 1. 1.000 1.000




Our Model

m Finite sample performance

» Size and Power of BCIPS.
» Size of Pesaran et al.’s (2013) CIPS.
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Table 2. Sizes of Pesaran et al.’s (2013) CIPS test with two known factors in which factors and idiosyncratic
errors are serially uncorrelated —with an Intercept only

K=1 K=2 K=3
] 20 30 50 100 200 | 20 30 50 100 200 | 20 30 50 100 200
Size: Pesaran’s CIPS( p, K) . Oy q.—0y,~11d.U(1.2), —0y ;. 04y ~11.d.U(L2)
50 |0.166 0.169 0.205 0.226 0.252|0.073 0.069 0.069 0.088 0.078|0.022 0.018 0.013 0.008 0.007
7 0.104 0.117 0.140 0.171 0.189|0.050 0.053 0.048 0.069 0.062]0.014 0010 0.013 0.013 0.007
100 | 0.084 0.086] 0.121| 0.145 0.123 | 0.042 0.039 0.057 0.052 0.050]0.021 0.011 0.022 0.014 0.010
200 | 0.074 0.077 0.069 0.076 0.085|0.034 0.045 0.032 0.027 0.023]0.023 0.019 0.015 0.005 0.006
Size: Pesaran’s CIPS( p, K ), O 1. =0y, p~11.d.U(3, 5) . —0y 1. 0y ~11.d.U(3.5)
50 10373 0418 0428 0523 0.574|0.104 0.089 0.083 0.105 0.109]0.021 0.013 0.007 0.012 0.005
7 0.257 0.312 0328 0410 0.466|0.072 0.070 _0.083 0.089 0.099 | 0.012 0.013 0.010 0.013 0.006
100 | 0.204 0274 0.280 0327 0.355|0.060 0.113 G.OTBI 0.090 0.105|0.019 |0.026 | 0.015 0.012 0.014
200 [0.197 0.159 0204 0240 0.237|0.119 0.057 0.097 0.093 0.099 |0.053 0.016 0.030 0.030 0.022
Size: Pesaran’s CIPS(p, % ). Oy 2Oy o ~1LLA.U(10, 20) . =0y g, Uy p ~11.d.U(3.5)
50 |0.338 0.341 0.620 0.595 0.717 | 0.064 0.072 0.105 0.094 0.125]0.014 0.013 0.010 0.010 0.006
7 0.309 0.399 0571 0447 0.515]|0.056 0.078 0.092 0.080 0.065]0.013 0.014 0.014 0.007 0.003
100 | 0.165 0.364|0.309] 0.421 0.518 | 0.038 0.094 0.041 0.063 0.101 0.010 0.024 0.008 0.008 0.010
200 [0.156 0.403 0.289 0.375 0.474|0.039 0.194 0.086 0.148 0.148 | 0.012 0.052 0.018 0.034 0.028
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Our Model

B Empirical example: Examines the validity of long-run PPP by
testing the stationarity of real exchange rates.
» Cross-sectional unit: 30 OECD countries (N = 30).
» Time series period: 19810Q1-2011Q4 (T = 124).

» Empirical Results: We therefore conclude that there is little
evidence to support long-run PPP.
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Table 6. The BCIPS and CIPS panel unit-root tests for real exchange rates

Agy = ¢; o+ ¢ sI2ait | T) +¢; 5 cos(2axt / T)) + €, 3Z,_y + € 4AZ, +Z 9 €5 AZ,_;
+ ijlff,é,jﬂgr‘,r—j +Db;G; g + €, Where z;, = (qir-X32).
Included x; (p.K) [N, T] CcD BCIPS CIPS
p is determined by the SBC rule in (39). m=1
No (1.1) [29.124] 116.7 -3.390%* -2.108
m=2
edp (1.1) [19,124] 83.8 _3.757%* 2.867%*
Do (1.1) [29.124] 116.7 -3.228% -2.116
7 (1.1) [20,124] 98.5 -3.331* 2.658%*
pd (1.1) [16.124] 74.3 -3.245 2.752%%
m=3
gdp . D, (1.1) [19.124] 83.8 ~3.510% 2.993%%
P, Tt (1.1) [20.124] 98.5 -3.048 -2.709%
7. edp (1.1) [17.124] 82.0 -3.701%* 2,936
pd . gdp (1.1) [15.124] 68.6 -3.770%* -3.418%*
od . p, (1.1) [16,124] 74.3 -3.015 12.749%
pd . Tt (1.1) [15.124] 68.6 -3.206 2.781%
m=4
gdp .p,, .7t (1.1) [17.124] 82.0 -3.458 2.918*
pd .p, . T (1.1) [15.124] 68.6 2.974 2713
edp . pd . 7" (1.1) [15.124] 68.6 -3.495 13.309%*
gdp .py.pd (1.1) [15.124] 68.6 _3.775%* 3.367%*

Note: m 1s the number of factors in the model. CD is the cross-sectional dependence test of Pesaran (2004). The Bold faced
numbers indicate significance at the 5% level. “**’ indicates significance at the 1% level and **” indicates significance at the
5% Ilevel. ¥ and p are jointly determined based on the rule of minimum sum of square described 1n section 3.6.
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Our Model

m Conclusion: It is fair to say that the BCIPS test complements
the panel unit-root tests using dummy variables.
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