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1. INTRODUCTION

This aticle consders whether exchange rates satisfy PPP in the long run by
testing whether the real exchange rate is stationary. PPP is a criticd factor in the
longrun determination of exchange rates. And much of the recent evidence
testing the propostion thet the red exchange rate is dationary using Univaiate
time series would suggest that PPP does not hold as the hypothess that red
exchange rates are dationary is commonly regected (Abuaf and Jorion, 1990).
Though, Hunter and Smpson (1995) found a dationary cointegrating vector
accepting the PPP redtriction when a smal sysem of equations is estimated to
explain the UK effective exchange rate® Lothian and Taylor (1996) found that
long-run correlations between the exchange rae and rddive prices tended to
unity with the length of the time series used and conduded that this evidence
supported the propostion that PPP holds in the long run. Luintd (2001), who
controlled for crosssectiond dependence in his gpplication of the Pand test of
Im, Pesaran and Shin (2001), found evidence for stationarity.2 However, Sano
and Taylor (1998) have cdled Pand methods into quedion as their smulaions
uggest that such tests may be sengdtive to the behaviour of a smal number of
daionary series. While, Caner and Killian (2001) have observed that many of
the tests deriv ed lack power irrespective of the null to be tested.

In this aticle the logarithm of the red dollar exchange rate series for
twelve European countries are de-mesned prior to tesing, to diminae the
influence of the congant. The de-meaning corrects the test for initid conditions
(Tremayne, 2006, and Hadrup and Jansson, 2006) and as the trandformed data

defines a mean zero series the Univariae and Pand tedts are remarkably smilar

1 Thisis digtinct from the evidence in Hunter (1992), Johansen and Jusdlius (1992) and Jusdlius (1995), for
which the PPP has to be augmented by interest rates and similar results for Germany and Italy presented in
Simpson (2002).



in teems of sSze. The recursve mean adjusted Univariate tests are presented,
because according to Taylor (2002) they define smilar tests and they would dso
gppear to have superior power to the GLS corrected Dickey-Fuller test developed
by Elliot, Rothenberg and Stock (1996). The modds are al wel defined in terms
of serid corrdaion, but where appropricte we use heteroscedadticity consstent
dandard errors to take some account of the fact the disturbances may not al be
identicdly digributed. We dso correct the modds for ARCH behaviour in the
disturbances where volatility is observed. The corrected Univariate results would
uggest that on average the red exchange raie is dationay a propostion
supported by our Pand andyss. And, here the concerns voiced by Sano and
Taylor (1998) would not seem to goply or rather the series from which our Pandl
is drawn are on average Sationary with white noise disturbances. To support our
Univariate and Pand andyss we test the propostion that the red exchange is
daionary using the test due to Hadri (2000), because this test operates under the
null of daionarity and unlike smilar tets conddered by Ceaner and Killien
(2001) hes excdlent 9ze and power for the sample Sze avalable and is robus to
non-normdlity.

For the Univarigte time series data the recursve mean transformetion
suggested by Taylor (1999) is gpplied and in the case of the tbar test of Im et d
(2003) the data ae dl rdative to ther cross sectiond country means. The
recursvely mean adjusted data are ds0 used to generae the individud series
pooled in our gpplication of the Hadri tet. The sample sdected, 198001 —
199801, avoids the seventies when US prices were integrated of order two (1(2))
and inflation raes for some countries were conddered non-daionary. The

sample ends before the introduction of the Euro zone.

2 The work of Luintel (2001) was applied to an earlier unpublished version of the Im, Pesaran and Shin
(2003) paper.



In section 2, theory and policy questions are addressed, in section 3
Dickey Fuller tests are undertaken for the Univariate time saries, in section 4

results are presented for the Pandl and in section 5 conclusions are offered.

2. THEORY AND POLICY CONSIDERATIONS

PPP is a long established propostion, which dates from wel beyond its first
technica expogtion by Cassdl (1922). The theory of PPP is essentidly the law of
one price goplied to a basket of equivdent goods traded internationaly. The theory
has come under some scrutiny of late and a recent gppraisd of much of the
literature is presented in Lothian (1998). However, a number of issues have arisen
about the coherency of the PPP theory. Firgly short-run day-to-day trading in
exchange is dominated by capitd flows, which suggests that the exchange rate may
deviate from PPP as long as a country's trade deficit is funded. Secondly, it is well
known that the nomina exchange rate can be viewed as following a nondationary
time series process or process with a unit root (Baillie and McMahon, 1990).2
Furthermore, the notion that the time-series process driving the exchange rate has a
unit root in discrete time is quite congglent with the theoreticd notion of
overshooting conddered by Dornbusch (1976).

In logarithmic form the PPP hypothesisimplies that:
€r=pP1-pP2 OF y=pP1-PpP2- €12 @

Where ey, is naurd logarithm of one unit of the home currency, p; is the naturd
logarithm of the home price and p, is naturd logarithm of the foreign price When
the exchange rate follows a random walk, then e12 is by definition an I(1) series and
for PPP to hold or the red exchange rate y to be stationary, then p; - p2 must dso

be 1(0).

2 If atime series (y,) follows arandom walk, then y, = fo + f1y,;, + € has a unit root or f,;=1 and the sriesis
termed 1(1) or integrated of order 1.



The propostion that redive prices and exchange rates converge is an
important propogition for monetary policy. Dornbusch syle overshooting implies
that the exchange rae is likdy to move away from its long-run eguilibrium vaue
However, the notion that the nominad exchange rae is nondaionary means tha
such deviaions may be permanent. If exchange rates do deviate from PPP in the
long-run, then the economic argument for fixed versus floating exchange rates
moves in favour of fixed rates, because of the hedging costs that are associated with
exchange rates that are likdy to be under or over-vadued for sgnificant periods of
time. Secondly, governments atempting to protect ther financid markets from
Speculetive atacks may be liable to sgnificant financid risk.

Whether rea exchange rates are gationary or not has implications for the
nature of exchange rate regime that might be viewed as being optimd and on the
advisedness of governments dtempts to correct dSgnificant exchange rate

misdignments.

3. UNIVARIATE TESTSFOR NON-STATIONARITY

Quarterly observations on dollar red exchange rates® were drawn from
the Datastream database over the period (1980l — 1998q1) for twelve countries
Ity, Spain, Bdgium, Denmak, Fnland, Fance, Gemany, Irdand,
Luxembourg, Holland, Portugdl and UK.

In line with common practice, augmented Dickey-Fuller tests (Dickey and
Fuller (1979)) were applied to each exchange rate in turn. It is important to note that
the DickeyFuller test is sendtive to initid conditions, dynamics in both the
conditiond variance (ARCH) and the mean equation (serid correlation), and non-
normadity. While some of the more recent literature has suggested that there might

be some form of nontlinear adjustment.

“The real exchange rates used are based on relative consumer price indices.



Therefore, prior to specifying the time series auto-regressve model from
which the ADF test is derived, we transform the data by recursively de-meaning the
series in turn using the procedure described by Taylor (1999). Then for each series
we condder the corrdogram, under the null of non-dationarity to determine the
maximum lag order of each modd of the red exchange rate (Burke and Hunter,
2005, Chapter 2). This corresponds with the view presented in Said and Dickey
(1984) that long order AR modds improve dze, though the introduction of
redundant lagged terms may aso lead to a loss of power (Hadrup and Jansson,
2006). To improve the power of the Univarige tess we follow a Generd to
Specific gpproach (Taylor, 2002) and discard intermediate lags that are indgnificant
a the 10% levd based on conventiond inference And on the bass of both
conventiond inference and smulated critical values we exclude the intercept® As
there is no trend in the origind data and the asymptatic didribution of the Dickey-
Fuller test is not sendtive to the incdusion of differenced series we apply the test to
the fallowing modd:

DXit = QKir-1 + &j=up;DXitj +  €it. @
Where xi= yir-& =oyi i/t is the recursvely de-meaned red exchange rate for country
i. The results in Table 1 compare critical vaues for equetion (2) calculated under
the null of nonsationarity @=0) for a sample of 68 observations. Using the 95%

critical values smulated by Ox (Doornik, 2006) as -19714,° the real exchange rates

5 As can be observed from Table 1, the intercepts for the de-meaned series are small and when an intercept
is included in the regression these are neither significant based on conventional inference or on the basis of
critical values smulated under the null associated with the Dickey-Fuller test in the case with an intercept.
Simulations are based on 1000 replications generated with an intercept in the regression and a standard
deviation of 1 and .0387 using the AR(1) modd in first differences in PGNaive (Doornik and Hendry,
2006). This gave rise to t-values-3.0345 and -3.4051 respectively based on an intercept of -.008.

6 Simulations are generated for T=68 and B=10000 replications. The data are calibrated using a typical real
exchange rate series with the recursive mean transformation used to remove the initid condition. For a
nomina size of the test of 95%, the rejection frequency is 96.3% so the tests are dightly undersizedleading
to an over acceptance of the null. Therefore, the true critica value ought to be greater than the value we
have simulated.



of Bdgium, France Finland, Germany, Holland, Irdand and the UK’ are
sationary.

Based on a dmilar argument to Phillips and Peron (1988) we provide
corrected standard errors to determine the tests for Stationarity. Firstlly, we apply
White's (1982) dandard errors to the conventiond Dickey-Fuller t-test and this
yields a sandardised estimate of the resdud variance that has no sgnificant impact
on the behaviour of the mean equation.® This is useful for a number of reasons
dternative edtimates of the standard errors are less sengtive to the risk of pre-test
bias that may aise due to the initid exduson of variadles in the autoregressive
equations that describe the red exchange rate, and they remove the impact of
extreme observations on the estimate of the error variance. Hence, White standard
errors are used to correct the error variance for the undue influence of large
observetions reflected in the Jarque-Bera Satistics reported in Table 1.

(Table 1 goes here)

As a reault of this trandormation al the reported Dickey-Fuller test
datistics increase for dl the cases excepting Spain. Using inference based on White
Standard errors’ the red exchange rate is dtationary for eight out of the ten
countries a the nomina 5% levd, while in the case of Denmark this would be true
when the test might ke gpplied a the 10% level. However, for Spain dationarity
canot be accepted a any conventiond leve of dgnificance. It is of particular
interest to note that the subgtantive incresses in the test Satigtic occurs when the

modds resduds test Sgnificant for non-normdlity.

7 Luxembourg has the same exchange rate as Belgium, but a different price series.

8 This is essentially the same as applying the first term in the semi-parametric correction used by Phillips
and Peron (1988), but here we are not concerned with seria correlation. However, we would anticipate with
some large outliers that the White Standard errors would yield more robust inference, while making little
difference to the underlying distributions associated with the test of stationarity.

9 Based on the same smulated data as before the corrected test has the following critical value, -1.6861
(90%) and -2.0244 (95%) with the empirical size of the test being 92% and 0.95885%. respectively.



In the case of two countries, Luxembourg and Portugd, there is evidence in
column four of Table 1 of Auto-regressive Conditiond Heteroscedasticity (ARCH).
Here, we clean up the variance estimates by estimating the ADF modd using the
ARCH edimator to correct for observed volatility. Boswijk (2001) has suggested
that by moddling the volaility the power of unit root tests might be grealy
improved. In the case of Luxembourg and Portugd the standard errors are derived
usng the ARCH (1) and the restricted ARCH (4) estimator. It is suggested in
Boswijk (2001) that for the near integrated case, conventiond inference should be
acceptable, as long as the two Brownian Motions driving the process are not
corrdlated. This would appear to be the case for GARCH and any other process
explaning the voldility - when they have a continuous-time diffuson limit. In this
light, we assume for ARCH processes that are not integrated that the asymptotic
theory goes through. In the case of Luxembourg this means that it is possble to
accept the dterndive hypothesis of dationarity at the 5% level. However, based on
dl of the inferentid procedures adopted here, it is not possible to accept tha the red
exchange rate is saionary in the case d Portugd.

Given the mispecification that arises with ARCH it would appear
gopropriate to use corrected standard errors as compared with those derived from
OLS that are biased and in some indtances inconsstent. If one were to accept
convertional  inference, then the modds do not suffer from serid corrdation,
heteroscedadticity and non-linearity. However, for dl but two cases the errors are
non-norma and in two further cases there is sgnificant ARCH behaviour that leads
us to adopt variance estimates that differ from the conventional OLS ones.

Following the suggestion made by Abuaf and Jorion (1990) to pool deta due
to the gze of the sample, tests based on the null of nondationarity have been

goplied to Pand daa, in an atempt to improve their power. However, O’ Conndll



(1998) has argued that Pand studies “fal to control for cross-sectiona dependence
in the datd’. Luintd (2001) haes addressed this issue by gpplying the de-meaned
LM-bar and T-bar tests (Im et a, 2003) to data for 20 OECD countries. Luintel
uggests that the finding of daionarity is due to a reduction in the order of cross-
sectiona dependence and cites the study by Wu and Wu (1999) where tests based
on Deutsche Mark denominated exchange raes gppear more likely to accept
stationarity.® However, in the context of red exchange rates the primary interest is
in testing the null of dationarity and subject to an gppropriate levd for the test it is
subsquently  important to minimise  the  probability of wrongly rgecting the
dternative by sdecting a locdly most powerful test. Unfortunately, Taylor and
Sano (1998) have shown for the tests regularly adopted in Pand egtimation that
dationarity might be accepted even when a dngle series done is truly dationary.
The issue of the gopropriate null for many of the conventiondly used tests has dso
concened Caner and Kilian (2001), who found dgnificant Sze digortion for the
KPSS (Kwiatkowski et a, 1992) and Leybourne and McCabe (1994) tests that are
both derived under the null of stationarity.

On the basis of the research presented thus far, we can say by careful
andysis of each saries in turn that on average the series sdected here do gppear to
be dationary; unlike the smulations of Sano and Taylor. Of course our sngle
equation andyss would suggest that red exchange rates are farly heterogeneous
and this would suggest that one ought not to be engaged in any form of pooling. We
will goply Pand methods under the assumption that the pooled series broadly
satisfy the appropriate criterion. Firdtly, the test by Im et d (2003) has the merit of

poding t-tests derived from gppropriately cdibrated country series, the Univariate

10 1t should be noticed that data derived from cross rates, embodies an implicit sequence of cross arbitrage
conditions;that affect the structure of the underlying model and the validity of tests See Smith and Hunter
(1985) for conventional dynamic models, and models that impose PPP and uncovered interest arbitrage, and
Hunter and Simpson (2004) for dynamic single equations models. Thus the variance-covariance matrix of
the parametersisincorred under both null and aternative, while the estimate of gis biased and inconsistent.



series are dl scded reative to ther crosssection means. Then for comparison, the
test due b Hadri (2000) is applied to the recursvely de-meaned data and it has been
sected rddtive to other tests under the Sationary null, because it offers sgnificant
gans in terms of sze and power. More importantly, given our sample it is robust to
non-normality and the convergence in digribution occurs quickly in smdl cross
sections with a quite modest time series dimenson and for a broad range of vaues

of the variance ratio implicitly being minimized by the test.

4. PANEL TESTS FOR PPP UNDER THE NULL OF NON-
STATIONARITY AND STATIONARITY
Im e d (2003) suggest a test of dationarity that averages the conventiond
Dickey-Fuller test datitics across the Pand, while Hadri (2000) proposes a
Lagrange-Multiplier (LM) tet of the null that a series is Saionary (ather around
a determinigtic level or a trend). An exact smdl sample correction to the LM test
datisic means that the test is asymptoticaly normd. Furthermore, Hadri (2000)
provides evidence that after correction the test has good size properties and is
robust to non-normdlity.

Luintd (2001) addresses this issue by applying the tests proposed in an
ealier verson of the article by Im et d (2003) to data for 20 OECD countries. The

redl exchange rate equation without transformation is

Dyit = Pio + QYit1 *@Pij Dwyiej + €it (€]
and when de-meaned:
D?¢ = d; +bi?1 +a 0 D2y + % @

wherey =y -y, d,=d;-d., € =€, +q -¢€, 2 is the time-spedfic

common fixed effect and x; = &; +%é }\‘:1(bi - bj)yji.1. We consider the thbar



tes or average Dickey Fuller test based on estimating (4) for each cross section

observation and cdculaing:

a jztir - ©

Z|~

thr =
Thenull tested isthat dl the coefficients are consstent with non-dationarity:

Ho: b=0 for i=1...N

Ha: bi<O fori=1...N.
The test is compared with a criticd vaue smulated by Im e d (2003), with

f15.70 = - 20028." When compared with a 5% critical value of —1.96 with pvalue

of 00249 te null is rgected and the joint hypothesis of Sationarity is aso accepted
for this Pandl.

For comparison we consder the test due to Hadri (2000), which is derived
under the null of daionarity. Following the suggetion of Pgpdl (1997) ad
Luinted (2001) that red exchange rates associated with developed economies are
not trended, the version of the red exchange rate ) is assumed to move around
adeterminigtic leve:

Yit = fit + €t ©
where t=1...T time periods and i=1...N countries™® Equation (6) assumes that
the series can be decomposed into a random wak and a daionary disturbance
term:

it = fita+ Uit @
where, uit are indegpendently and identicdly distributed across i and over t with
s% 3 0. The test tha the redl exchange rate is dtationary, consders the following

hypotheses:

Ho: |1 =0 against Hi: 1 >0,

™ Looking at Table4 in Luintel (2001) for the European Community, i 109 = - 2128.



where, | =s%/s?%, and s%=0 under the null. Each equation in the Pand can be
presented thus:
Yi= XiBi + € ©
where, y¢ = [yir...Vi1], €¢ = [€1...e1] and X; isa Tx1 unit (1) vector. The LM test
IS
1. N ]/TzéI:l%%_

LM =Natzls_7 (9)
|

Where, s;?is the variance edimated from each individud sample and the partia
sum of the resduds isS; =é_tjzleij.For compaison with the ADF tedt, the

folowing nonparametric correction for serid corrdation is gpplied to each

variance term in the Pand:
S 120 =0, +28 LK (X0,. (10

Where, @=s;?, the bandwidth x=¢/+1, | is the lag truncation and

9 :%é_ ;ﬂqten_s. A number of choices are available for the kernd [k(X)], each

with different properties. Initidly, we consder the following Smple truncation:

i Lforx<1li

Truncated (T): K7(X) = % 0 Otherwi$g'

Hadri has suggested that the Quadratic-spectrd (QS) kernd might be optimd,
but for comparison results for the Bartlett (BT) and Tukey-Haning (TH) kernds

ae dn presented. Should the kernd truncation operate too early, then serid

corrdaion in one of the series might not be gopropriatdy moddled. The sped
of decay of each kernd can be observed from Table 2. Except for the truncated

kernel, the QS kernel appearsto decay at the dowest rate.

12 | (4) has zero variance then r;; is a congtant series and y;; is stationary otherwise the seriesis driven by a
stochastic trend.



(Table 2 goes here)
The following finite sample correction to the LM daidic is asymptoticdly

normd:;

ON (LMy - Xy
Zy = . (11)
Zy

From Hadri (2000), x=1/6 and z? = 1/45. Hadri shows for T=50, tha the
empirical gze of the test is goproximatdy .054 and for | in the range [.1,4] the
test has maximum power.® Test results for the different kernels are summarised
in Teble 3.

(Table 3 goes here)

It should be noted that the test is one dSded, which for a tes & the 5% leve
implies a criticd vadue of 1.645. Ordering the tests by speed of decay, the test
datidtics based on TH, QS and T kernds al accept the null of dationarity, while
the test usng the BT kernd margindly fals a the 5% levd. As Hadri (2000)
uggests that the test is dightly underszed, a tet with nomind size of 5% is
actudly being undertaken a the 45% levd that would suggest the null of

dationarity might here be accepted, even in the case of the BT kerndl.

5. CONCLUSIONS

There is now a body of evidence that would suggest thet the red exchange
rate is Sationary. This sudy dong with a number of others, notably Luinte (2001)
gopears to find support for the propodtion when the null of non-dationarity is used.
Here, our Univariate analysis follows from a careful assessment of the behaviour of
the Univariate series. After the sdlection of gppropriate lags and mean adjusment

we produce modds that are well defined and seem to accept the propostion that for

13 For the sample used in this article, the test can distinguish perfectly cases for which the variance of the
stochastic trend is greater than one tenth of the variance of the real exchange rate after correction for seria
correlation.



9 of the 12 countries andysed, red exchange raies are daionary. If one uses a
broader test criterion (10%), based on the notion that incorrect rgection of the
dternative is more important than incorrect regection the null, then we can dso
conclude that the redl exchnage rate for Denmark is stationary. This compares with
three countries when these corrections are not applied (Smpson (2002)).

When we gpply the andlysis to a Pand of unit root tests using the procedure
due to Im et d (2003), we come up with very Smilar conclusons to Luinte (2001).
Hence, our acceptance of the t-bar tet implies that on average the series
investigated are 1(0) or on average the red exchange rate is Sationary. And both the
Univariate and the Pand andyses based on the null of non-dationarity come to the
same condusion. This evidence would seem to obviate the concern of Sano and
Taylor (1998) that the Pand result may be driven by a smdl sub-set of dationary
series. However, the paper by Sarno and Taylor would suggest that a Pand andysis
should be supported by the Univariae results.

To counter the concerns about the performance of Dickey-Fuller tests, we
support our Pand and Univariate andyss by a further study based on the null of
detionarity. This is quite congstent with the argument made in Kwiagtowski et d
(1992) to confirm the KPSS test with tests under the null of non-dationarity. As
Caner and Killian (2001) have voiced their reservations about the KPSS test and the
test due to Leybourne and McCabe (1994) we gpply the test proposed by Hadri
(2000), but on our mean adjusted data. The Hadri test takes account of dynamic
heterogeneity, corrects for both serid corrdaion and heteroscededticity and has
optima sze and power for the sample sdected in this sudy. Furthermore, the test
gopears not to be sendtive to the undelying didribution of the data and the
underlying hypothesis tested is that real exchange rates are dationary. The find test

goplied to a Pand of de-meaned red exchange rates would appear to confirm our



findings that for the eighties and nineties red exchange rates were predominantly

dationary.

APPENDIX

Alternative Kernels

The Bartlett Kernel (BT);

i1- [ x|for|x| £1i

Kgr(X) =
ar () { Ootherwise
Tukey-Hanning (TH);
i(1-cos(px)/2 for | x| £ 1
K (X) =] '

% O otherwise g

The Quadratic-spectrd (QS);

Kool = | oy o0/ 9



REFERENCES

Abuaf, N., Jorion, P. 1990. Purchasing Power in the Long Run, Journa of Finance

45, 157-174.

Ballie, RT., McMahon, P.C. 1990. The Foreign Exchange Market, Cambridge
University Press.
Boswijk, H.P. 2001. Testing for a Unit Root in the presence of near integrated

Volatility, Tinbergen Ingtitute Discussion Pager, T12001-077/4.

Burke, S.P., Hunter, J. 2005. Non-Stationary Economic Time Series (Pdgrave

MacMillan, London).
Cass, G. 1922. Money and Foreign Exchanges after 1914 (Congtable, London).

Caner, M., Kilian, L. 2001. Size Didortions of Tests of the Null Hypothess of
Stationarity: Evidence and Implications for the PPP Debate, Journa of Internationa

Money and Finance 20, 639-657.

Davidson, R., MacKinnon, JG. 2005. Econometric Theory and Methods (Oxford

University Press, Oxford).

Dickey, D.A., Fuller, WA. 1979. Didribution of the Edtimators for Autoregressve
Time Saies with a Unit Root, Journd of the American Statistical Association 74,

427-431.

Doornik, JA. 2006. Object-Oriented Matrix Programming using Ox, 5" edition,

London: Timberlake Consultants Press.

Doornik, JA., Hendry, D.F. 2006. PcGive 11, Volume IV: Interactive Monte

Carlo Experimentation using PcNaive, London: Timberlake Consultants Press.

Elliott, G., Rothenberg, T.J, Stock, JH. 1996. Efficient tests for an autoregressive

unit root. Econometrica 64, 813-36.



Hadri, K. 2000. Testing the Null Hypothess of Stationarity againgt the Alterndive
of a Unit Root in Pand Data with Seridly Corrdated Errors, The Econometrics

Journd 3, 148-16.

Hadrup, N., Jansson, M. 2006. Improving Size and Power of Unit Root Teds,
Pdgrave Handbook of Econometrics Vol. 1, Mills, T.C., Paterson, K., (Eds),

(Palgrave Macmillan, New Y ork).

Hunter, J 1992. Tests of Cointegrating Exogeneity for PPP and Uncovered
Interest Rate Parity for the UK, Journa of Policy Maddling, Specid Isue

Caintegration, Exogenaty and Policy Andyss, 14: 453-463.

Hunter, J, Smpson, M. 1995. Teds of Exogendty for Long-Run PPP and
Uncovered Interest Perity in an Identified Modd of the United Kingdom Effective
Exchange Rate, Discussion Pgper, Brund Universty 14-95, presented a8 ESEM96

in Istanbul.

Hunter, J, Smpson, M. 2004. The specification of cross exchange rate equations

used to test Purchasing Power Parity, Brund University Discussion Paper, 04-22.

Johansen, S, Jusdius, K. 1992, Some Structurd Hypotheses in a Multivariate
Cointegration Anayss of the Purchasng Power Paity and the Uncovered

Interest Parity for UK, Journd of Econometrics 53, 211-244.

Jusdius, K. 1995. Do Purchasng Power Parity and Uncovered Interest Rate
Parity Hold in the Longrun? - An Example of Likdihood Inference in a

Multivariate Time-Saries Modd, Journa of Econometrics 69, 178-210.

Im, K. Pesaran, M., Shin, Y. 2003. Tegting for Unit Roots in Heterogeneous

Pands, Journd of Econometrics 115, 53-74.



Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., Shin, Y. 1992. Testing the Null of
Stationarity Againgt the Alternative of a Unit Root: How sure are we the Economic

Time Series have a Unit Root, Journa of Econometrics 54, 159-178.

Leybourne, SJ., McCabe, B.M.P. 1994. A Consstent test for a Unit Root, Journa

of Business and Economic Statigtics 12, 157-166.

Lothian, JR., Taylor, M.P. 1996. Red Exchange Rate Behaviour: The Recent
Float from the Perspective of the Past Two Centuries, Journd of Politica

Economy 104, 488-509.

Luintd, K. 2001. Heterogeneous Pane Unit Root Tests and Purchasing Power
Parity, The Manchester School 69, 42-56.
O Conndl, P. 1998. The Overvauation of Purchasng Power Parity, Journd of

International Economics 44, 1-19.

Papdl, D.H. 1997. Searching for Stationarity: Purchasing Power Parity under the

Current Hoat, Journd of Internationa Economics 43, 313-32.

Phillips, P.C.B., Perron, P. 1988. Testing for a unit root in time series regresson.
Biometrika 75, 335-436.
Sad, SE. and Dickey, D.A. (1984), "Teding for Unit Roots in Autoregressve

Moving Average Modds of Unknown Order”, Biometrika, 71, pp. 599-607.

Sano, L., Taylor, M.P. 1998. Red Exchange Rates under the Recent Hoat:

Unequivocal Evidence of Mean Reversion, Economics Letters 60, 131-37.

Smith, R.P., Hunter, J 1985. Cross Arbitrage and Specification in Exchange

Rate Modd's, Economics Letters 18, 375-376.

Smpson, M. 2002. Studies of Identification and Exogendty Tegting of Exchange

Rate Modds, un-published Phd manuscript, Brund Universty.



Taylor, AM.R. 1999. Recursve mean adjusment to tests of the seasond unit

root hypothesis, Birmingham University Discussion paper, 99-11

Taylor. AM.R. 2002. RegressonBased Unit Root Tests with Recursve Mean
Adiugment for Seasond and Non-Seesond Time Series 2002, Journd of

Business and Economic Statistics 20, 269-281L.

Tremayne, A., (2006), Stdionay Linear Time Series Modds, Pdgrave
Handbook of Econometrics, Mills, T.C., Patterson, K., (Pagrave Macmillan,

New Y ork).

White, H. 1980. A Heteroskedadticity-condstent Covariance Egtimator and a

Direct Test for Heteroskedasticity. Econometrica 48, 817-838.

Wu, S, Wu, J. 1999. Purchasing Power Parity Under the Current Foat: New
Evidence from a Pand Data Unit Root Test, mimeograph, Depatment of

Financia and Managerid Economics, Buffao, USA.



Tablel1 Summary of Augmented Dickey Fuller Tests

Country tOLS/t-W |  Men ARCH(4)  BP(9) JB(2) LR()

Belgium 23629 | 000517 15619 45313 184357 2.9582(4)
Denmark -162-17 | 0010700 19120 91640 16948 1.3307(4)
France 251/-302 | .1803E3 23634 44180 639455 1.9710(2)
Finland 207217 | -0021874 17106 14099 410066 10537(2)
Germany 233-251 | 0010926 23639 6:8697 11113 45821(3)
Holland 328336 | 495353 60082 47406 32804 33688(3)
Italy 186/23 | -1929E3 21029 9532 1301943 | 14761(3)
Luxembourg | -185-260 | 137354 20553 20023 472989 | 063297(3)
Ireland 2261-212 | -6408E3 28021 65163 85686 30704(4)
Portugal -93/-108 | 0011172 127212 48049 95.3690 17532(3)
Spain -154-147 | 1536E5 50087 48213 101260 2.5005(3)
UK 206-219 | 0013465 13039 70078 134754 2.0065(4)

Table2 Kernel Weightings

S Truncated Bartlett Tukey- Quadratic-spectra
(BT) Hanning (QS)
(TH*)
1 1 0.9375 0.9904 0.9945
2 1 0.8750 0.9619 0.9780
3 1 0.8125 0.9157 0.9509
4 1 0.7500 0.8536 0.9139
5 1 0.6875 0.7778 0.8679
6 1 0.6250 0.6913 0.8139
7 1 0.5625 0.5975 0.7531
8 1 0.5000 0.5000 0.6869
9 1 0.4375 0.4025 0.6168
10 1 0.3750 0.3087 0.5443
11 1 0.3125 0.2222 0.4708
12 1 0.2500 0.1464 0.3979
13 1 0.1875 0.0843 0.3270
14 1 0.1250 0.0381 0.2592
15 1 0.0625 0.0096 0.1959




Table 3 Non-parametric _correction to Hadri test based on alternative
Kernels

Kernel Test Satistic
Truncated 0.935337
Bartlett 1.662121
Tukey (TH) 1.297038

Quadratic (QS) 0.925401




