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Abstract—This paper employs recently developed techniques for testiggre also just as likely to be of varying significance across

hypotheses in cointegrated panels to test the strong version of purchagj ; ;
power parity for a panel of post Bretton Woods data. We compare res '@‘Fermg countries, so that one should therefore be prepared

using fully modified and dynamic OLS approaches, and strongly reject tef the possibility of heterogeneous cointegrating relation-
hypothesis. We also introduce a new between-dimension dynamic OsRips. Consequently, by using the panel cointegration meth-

estimator and find that the between-dimension FMOLS and DOLS estj- ; ;
mates of the long-run deviation from purchasing power parity are |argS§P'S developed in Pedroni (1995) that allow one to test the

than the corresponding within-dimension estimates. Finally, we attemptidlll Of no cointegration without imposing homogeneity of
reconcile these rejections with the mixed findings that have been reportp@ cointegrating vector, studies by Canzoneri, Cumby, and
in panel unit root studies. Diba (1999), Chinn (1997), Obstfeld and Taylor (1996),
Pedroni (1995), and Taylor (1996) all find support for this
I.  Introduction weaker version of PPP with heterogeneous slope coeffi-

. . cients.
A LTHOUGH long-run purchasing power parity (PPP)" gch results in favor of weak PPP do not contradict the
has been relatively easy to evidence for exchange r

h I iods of ti t has b id ronger version per se, but they do suggest an interpretation
that span long periods of time, it has been considerally e mixed findings in tests of strong PPP based on panel
more difficult to find such evidence for the relatively short

. ) nit root tests of the real exchange rate. Specifically, in the
spans of data corresponding to the recent floating exchange,e| setting, if the maintained hypothesis that the cointe-
rate period that followed the collapse of the Bretton Woo ting vector is homogeneous and equal to one for all
system in 1973. Consequently, studies such as Frankel Q8finties is violated even for a small subset, because this
Rose (1995), O'Connell (1998), Oh (1996), Papell (1997 X

. ixes a few integrated series in with the majority of sta-
and Wu (1996) examine whether PPP appears to hold ungepa . ones; this is likely to lead to an inability to reject the

the recent float on the basis of what have been interprete 8 of a unit root for the panel. Conversely, because of the
more powerful panel unit root tests of the real exchange,, e null hypothesis is constructed for the panel, a
rate. The results have been somewhat mixed, however, ?Qggction of the unit root null simply implies that the data

tend to be sensitive to the inclusion of different subsets gf 1, 4t least some countries are consistent with PPP. It does

the panel. ing thi . L i hnot imply that the data from all countries of the sample are
In assessing this ev_ldence, It Is important to realize thalgisient with PPP, which would appear to be the more
panel unit root studies impose a homogeneous unit value

A . ' ; tural way to pose the question.
the implied cointegrating vector between nominal exchangeBy contrast, the approach in this paper allows us to

rates and aggregate price ratios. But many authors h%m‘aectly test the condition on the cointegrating vector that is

argued that, although there may be a tendency for thesg jired for strong PPP to hold. Furthermore, it allows us to
variables to move together in equilibrium over long periodgqe the null hypothesis in a more natural form, so that we
the relationship need not necessarily be one-for-one un

i . K . K t whether or not strong PPP holds consistently for all
rr:ore %enerahlnterpretitlons hown as We‘;‘ PPP. Exa5ntries of the panel. By comparing results for individual
ples of mechanisms that can induce such circumstangegiries and the panel as a whole, we firmly reject the

include differences in price |n_d|ces between cc_JflfJntrle_s,Im /pothesis and confirm that the rejection is not due to only
surement herrc|>(rs, trarr:sportatlon ?OStS’ Ian_d .d' erential proe,y countries, but rather that failure of strong PPP is
ductivity shocks. In the context of panels, it is quite natural, . asive in the post Bretton Woods period.

to imagine that, if these factors play a role in the data, they
II. Estimators and Test Statistics for Cointegration
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adjusted-FM, pooled the data along the within-dimensioapplications such as the present one, because there is no
and one of these, the group-FM, pooled the data along tfeason to believe that, if the cointegrating slopes are not
between-dimension. In a later version of the study, Pedrayual to one, that they necessarily take on some other
(2000) emphasized the group-FM estimator, and found thatbitrary common value. Another advantage of the between-
in contrast to the residual-FM and adjusted-FM test statigimension estimators is that the point estimates have a more
tics, the group-FM exhibited relatively minor size distoryseful interpretation in the event that the true cointegrating
tions in small samples. vectors are heterogeneous. Specifically, point estimates for
Kao and Chiang (1997) proposed a parametric DOL$he between-dimension estimator can be interpreted as the
based panel estimator pooled along the within-dimensiafiean value for the cointegrating vectors. This is not true for
and showed that it had the same asymptotic distribution @& within-dimension estimators.
the panel FMOLS estimator studied by Pedroni (1996). KaoFinally, the test statistics constructed from the group-
and Chiang also studied the small-sample properties of {p@an estimators appear to have another advantage even
panel DOLSt-statistic and compared it to a version of thgnger the null hypothesis when the cointegrating vector is
adjusted-FMt-statistic that employed a first-stage OL$omogeneous. Specifically, Pedroni (2000) shows that they
estimate of the comt(_agratmg vector for the' reqw_red adeSC{ppear to suffer from much lower small-sample size distor-
ment term. In a series of Monte Carlo simulations, th&y,, than the within-dimension estimators. A similar analy-
found that the panel DOL3-statistic had smaller size gjq of the hetween-dimension, group-mean panel DOLS that
distortions thaf? th's. for_m of the adJUSted'FN_Stat'St'(_:’ is introduced here reveals that it also exhibits much less size
although the distortion in both cases was still relat'veléfistortion relative to the within-dimension panel DOLS

Iarge._ More recently, Mark ano! Sul (1999) proposed &timators. In the interest of space we do not report these,
variation to the panel DOLS estimator and showed that [ i |cave a more thorough study of the small-sample

somewhat improved the small-sample performance, S%'Pperties for future research.

thQUQh even these small-sample SIz€ dlstort'lons, are Because we emphasize here the FM and DOLS between-
fairly large. In comparing the two, Kao and Chiang’s pan%J. . . . .
imension estimators, and because the between-dimension

DOLS estimator can be viewed as a weighted estimator, aﬂgLS estimator is new to this paper, we restrict ourselves

Mark and Suf's panel DOLS estimator can be viewed as %Qre to describing these two estimators and refer the reader
unweighted estimator. The asymptotics in all of these stud- . 9 S X .
the original works for the within-dimension estimators.

ies were based on sequential limits. By contrast, Phillips agiljl . )
Moon (1999) developed an asymptotic theory for nonsta- us, consider the regression
tionary panels based on joint limits, and were able to show
that a version of the within-dimension panel FMOLS esti-
mator converges jointly in distribution. Sit = o + BiPic T it (1)
In this study, we employ both the within-dimension and
between-dimension panel FMOLS tests from Pedroni
(1996, 2000). We also employ the weighted panel DOLS wheres; is the log bilateral U.S. nominal exchange rate,

estimator from Kao and Chiang (1997) and the unweightedp;, is the log aggregate price ratio in terms of the CPI

panel DOLS estimator from Mark and Sul (1999). However,  petween the two countries, and

both of these DOLS estimators are within-dimension esti- 5, andp;, are cointegrated with slopgs, which may or

mators. Thus, for comparison with the between-dimension may not be homogeneous acrass

“group-mean” panel FMOLS estimator, we also introduce

here an analogous between-dimension, group-mean panel )

DOLS estimator. In this case, for strong PPP to hold, we require under the
An important advantage of the between-dimension esfull hypothesis that,:; = 1 for all i. Let & = (i,

mators is that the form in which the data is pooled allows fé¥Pi) be a stationary vector consisting of the estimated

greater flexibility in the presence of heterogeneity of tH€siduals from the cointegrating regression and the differ-

cointegrating vectors. Specifically, whereas test statisti@gCes in prices, and le®; = limr_.. E[T XS, &)

constructed from the within-dimension estimators are dex{-1 £it)] be the long-run covariance for this vector pro

signed to test the null hypothesi$,:B; = B, for all i cess. This long-run covariance matrix is typically estimated

against the alternative hypothesis:B; = Ba # B, Where using any one of a number of HAC estimators, such as the

the valueB,, is the same for ali, test statistics constructedNewey-West estimator. It can be decomposedlas= P

from the between-dimension estimators are designed to tést’; + I'{, whereQ? is the contemporaneous covariance

the null hypothesisH,:B; = B, for all i against the andl’ is a weighted sum of autocovariances.

alternative hypothesid:B; # Bo, SO that the values fd3; Using this notation, we see that, based on Pedroni (1996,

are not constrained to be the same under the alternatB@00), the expression for the between-dimension, group-

hypothesis. Clearly, this is an important advantage famean panel FMOLS estimator is given as
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A N [T -t
Biem=N1X (E (P — pi)z)

i=1 \t=1

X (Z (P — RSt — T’?i)

t=1

where
O,
st =(sc—8) — = Ap,
22
.= Ao ﬁZli - s
Vi =T + Qg — = Tz + O32).

22i

Because the expression following the summation over th
is identical to the conventional time series FMOLS estim

where

ziisthe 2K + 1) X 1 vector of regressoiz = (pi; —
pi’ Apit—Kl L] Apit-%—K);

§it = S — S, and

the subscript 1 outside the brackets indicates that we are
taking only the first element of the vector to obtain the
pooled slope coefficient.

Again, because the expression following the summation
over thei is identical to the conventional time series DOLS
estimator, we see that tbe between—dimgnsion estirpator can
be constructed simply g8cp = N"1 2L, 8%, wherefh;
is the conventional DOLS estimator, applied to tth
member of the panel. Similarly, if we let? = lim_..
E[T-1(2/-, 1%)? be the long-run variance of the residuals
from the DOLS regression (which again can be estimated

or the between-dimension estimator can be constructed as

fsing standard HAC methods), then the associatdtistic

tor, we see that the between-dimension estimator can be N
constructed simply B = N1 _giN:l BEwmi, v\{hereB’&_M,i t N2 S g,
is the conventional FMOLS estimator, applied to ftie B&o < Bb
member of the panel. Likewise, the associdtsthtistic for =
the between-dimension estimator can be constructed as

where

N . 1/2
tie., = NY2 2 tas, 5 . _
pom _El P tas, = (BDi — Bo)(oi 22 (e — pi)2> :

t=1
where
Ill.  Results
T 1/2

ti, = (B — Bo) a2 S (py - B)? Results are displayed in table 1. The panel consists of 246
P S PPy monthly observations of end-of-period nominal bilateral

U.S. dollar exchange rates and aggregate CPI ratios for
twenty countries from the IFS for which the data exists
In similar spirit, a between-dimension, group-mean panghinterrupted from June 1973 through November 1993. It is
DOLS estimator can be constructed as follows. FirSt, WBe same data set that was emp|oyed in the empirica|
begin by augmenting the cointegrating regression with leagistration that was provided in Pedroni (1995), which used
and lagged differences of the regressor to control for tige null of no cointegration to test the weak form of PPP.
endogenous feedback effect. This plays a role that is simi@pnsequently, the data has already been tested to confirm
to the nonparametric correction term & in terms ofAp;:  that, although the unit root null could not be rejected for the
in the FMOLS procedure. Consequently, the DOLS regresanels of individual variables, the null of no cointegration is

sion becomes firmly rejected. Individual FMOLS and DOLS estimates
andt-statistics foH,:3; = 1 are reported in the first twenty
Ki entries. At the bottom of the table, results are reported for
Se=oi + BiPr + 2 VikAPik + pk. (2) the panel estimators with and without common time dum-
k=—Ki mies.

The results from both the individual tests and the panel

From this regression, we construct the group-mean paff$ts overwhelmingly reject the null hypothesis of strong
DOLS estimator as PPP. Among the individual country tests, data from fourteen
of the twenty countries produce rejections at the 10% level

. for either the FMOLS or DOLS tests, and eight produce
. ., Nl , . rejections at the 1% level for either test. In most cases, the
Bto=|N* 2| X zz ZiSt results of the FMOLS and DOLS are in agreement. For the
=1 At=1 t 1 panel tests, all six reported tests reject at the 10% level or

e
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TABLE 1.—PURCHASING POWER PARITY TESTS make certain that the transformations that are applied in the
Country FMOLS t-stat DOLS t-stat averaging across th&l dimension do not inadvertently
UK 0.68 —2.50% 067 101 destroy the cointegrating relationships that are present
Belgium 0.31 -1.47 0.23 ~1.96* among the variables for each country individually, because
Denmark 1.63 1.83* 1.90 2.85™  this could invalidate the FMOLS and DOLS regressions. An
France 2.00 4.79* 2.21 8.09** bvi | h Il of th h ¢
Germany 080 137 001 —0.60 obvious example can occur when all of the exchange rates
Italy 0.97 —0.44 1.08 1.12 of a sample are targeted relative to each other so tha;the
Holland 0.69 -183 0.66 —2.06 are each cointegrated to one another. In this case when time
Sweden 1.22 1.13 1.16 0.82 d . . d. which b .
Switz. 197 1 g7+ 136 2 o5k ummies are estimated, which amounts to subtracting out
Canada 1.44 2.00* 1.43 1.88 the average exchange rate value each period, it can be
pan. T e b 0¥ shown that these demeaned series become stationary and the
Portugal 105 130 1.09 > a6+ cointegratin_g rglati_onship is destroyed. Although some of
Spain 0.93 -0.80 1.02 0.18 the currencies in this study are targeted relative to each other
L””;:Zlan § 11-1101 62-213;: 11-1012 568(;";* for portions of the sample, because others float freely,
Chile 121 0 97* 137 10,95 subtracting out the_z overal'l sample mean does not re_nder any
Mexico 1.03 2.18* 1.03 360~  of the series stationary in our case, and we confirm this
India 212 8.12 2.06 7.80 empirically with unit root tests for the demeaned seties.
S. Korea 0.93 -1.03 0.88 —1.46 . . .
Another related issue is short-run, cross-sectional depen-
Panel Results dency. Common time du_mmies are intended to captur(_e
Without Time Dummies certain forms of cross-sectional dependency. For example, if
o aggregate price ratios tend to be driven by a common
Within-w 1.0 7.6 1.06 780" external disturbance (say monetary shocks in the U.S.), the
Within-u 1.09 2.77% 1.08 2.20 , ( : Yy y ),
Between 1.17 7.87% 1.20 954+  price ratios will tend to be correlated across countries.
Common time dummies will account for this form of
With Time Dummies dependency. On the other hand, there are likely to be other
L forms of dependency that time dummies cannot control. In
within-w 1.10 13.77% 1.07 10.59* icular. if th d ic feedback eff h .
Within-u 109 3 60% 108 2 7g particular, if there are dynamic feedback effects that exist
Between 1.12 13.02% 1.14 12.76*  between the variables of different countries, these cannot be
t-stats are foH, : B; = L. *** indicate 10%, 1% rejection levels. controlled for simply by using time dummies. Although a
“Within-w” droni ighted within-di i dj d- d I . . .
Chiang (1067} et o dma e SO -dimension adlusted-Ft and analogous ka0 aanara| solution to the problem is beyond the scope of this

unvmfgm;&;ﬁ‘g[‘g Mark and Sul (1999) unweighted within-dimension DOLS and an analogotﬁaperz, |t iS WOI’thWhile tO nOte that, based on the Strong
im‘;gzbmclzzr}:] ;ﬁ%og;p:fdmm (1996) group-mean panel FMOLS and the group-mean panel Doe'qnden(.:e from the |nd|\{|dua| country test resu|ts" a rela-
tively simple method of inference can be used to infer that
results in this study are not altered by the likely presence
uch cross-sectional dependencies. To see this, we note

, according to the Bonferroni inequality constraint, the

L . h
better, and among these all but the within-dimension pariﬁFs
DOLS without time dummies reject at the 1% level Ofhat
better. Indeed, the unweighted within-dimenstestatistics marginal significance leveP, for a rejection of the null

are con3|s_tently lower than the others._More _|mporte_1ntly, pothesis applied to the panel Bfmembers is such that
is interesting to note that between-dimension estimatqgs” SN
- 1

X : o iZ1 pi, Wherep; is the marginal significance level of
cc_)n3|st(_ently p_roduce larger estimates than do_ the W'th'f?fe tests applied to the individual members of the panel
dimension estimators. Because the between-dimension 557 . o :
. . . dfour and Torres (1996) recommend using the criteria that
timators produce consistent estimates of the average slope

under the alternative hypothesis that the slopes are differgnt= N to set the rejection level, in which case we require

from one and vary across countries whereas the within- )
dimension estimators do not, we take these higher valuedtg= 0-005 for any one member of osample to reject the

be a more accurate representation of the average long-fitf @ applied to the panel as a whole at the 10% level. As

relationship between nominal exchange rates and aggredd@ddala and Wu (1999) point out, this type of test—
price ratios. Overall, it is interesting to note that the differdithough conservative—does not rely on the independence

ences tend to be greater in comparing the within- vers@the individual tests, and is thus invariant to the presence

between-dimensions than comparing the FMOLS versus
DOLS versions. ! Another issue is the possibility that the individual series do not contain
The techni | d in this stud b d exact unit roots, but rather are stationary with near unit roots. Because this
e techniques employed In this study areé based on gkl occur in some macro series, it will be interesting to know how robust
analysis of the cointegrating relationship betweg@andp;; these methods are to deviations from exact unit roots.

for each country. By contrast, they do not address cointg-Pedroni (1997) proposes a GLS type approach that uses an asymptotic
agvariance weighting matrix for semiparametric tests for unit roots and the

grating relationships that may be present for either Vari‘"?‘lﬂﬁl of no cointegration. In principle, a similar approach could be applied
between countries. In this regard, an important concern istéahe FMOLS estimator for sufficiently long panels.
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