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Abgtract
Purchasing Power Parity (PPP) is tested using a sample of real exchange rate data for
twelve European countries. Acknowledging that Augmented Dickey Fuller tests have
low power, we apply a Panel test that considers the null of stationarity and corrects for

serid dependence using a non-parametric kernel based method.
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1Introduction
This article considers whether exchange rates satisfy PPP in the long-run by testing
whether the red exchange rete is stationary. Univariate tests of ationarity applied to
single currencies have tended to accept the null of non-gtationarity (e.g., Abuaf and
Jourion (1990)). While Hunter and Simpson (1995) found evidence for a six varigble
mode of the UK effective exchange rate that a cointegrating vector could be restricted
to satisfy PPP. Lothian and Taylor (1996), using long time series averages, observed that
the strength of correlaion between the exchange rate and relative pricesincreased with
the length of period used. Pedl and Taylor (1999) supported the proposition that PPP
held in the long-run based on a non-linear modd.
This article uses the nonparametric correction to the dationarity test due to
Hadri (2000) to take account of heterogeneous serial dependence across a pand of 12
red exchange rates. The test considers the null of sationarity and for a sample with
more than 50 time series observations Hadri shows that it is appropriately sized and has
excdlent power againg close loca dternatives. The Hadri test is also robust to certain
forms of non-normdity.
In section 2, conventional Stetionarity tests are undertaken, in section 3 results
are presented for the non-parametric correction to the pand test and in section 4
conclusions are offered.
2. Evidence for univariate tests based on the null of non-stationarity.
Quarterly observations on dollar real exchange rates were drawn from the Datastream
Database for the period (1980g1 — 1998q1) for twelve countries: Italy, Spain, Belgium,
Denmark, Finland, France, Germany, Ireland, Luxembourg, Holland, Portugal and UK.
Asaprdiminary, Augmented Dickey-Fuller tests (Dickey and Fuller (1979)) were

gpplied to each exchange rate. To improve the likelihood that the dternative might be



accepted amaximum lag of (j=5) was selected, but intermediate lags were excluded on the

basis of conventiond tests of significance.* The following model is estimated without trend:

Dy:=b + dya +8 g Dyy + @ @
The resultsin Table 1 compare critica vaues for equation (1) caculated under the null
(d=0) for a sample of 62 observations. With a 95% critical value of —2.92, only the redl
exchange rates of France, Irdland and Luxembourg are stationary.

(Table 1 goes here)

Abuaf and Jorion (1990) quedtion the ussfulness of univariate ADF tests to detect
dationary red exchange rates when the sample is short. This has led to tests based
on the null of non-gtationarity being gpplied to Pane Data to improve the power of
the test by pooling observations across countries. However, O'Conndl (1998) has
argued that many of these sudies “fail to control for cross-sectiond dependence in
the data’. Luintd (2001) has addressed this issue by applying the demeaned LM-
bar and T-bar tests proposed by Im & d (1997) to data for 20 OECD countries.
Luinte suggests that the finding of Sationarity is due to a reduction in the order of
cross-sectiond dependence and cites the study by Wu and Wu (1999) where tests
based on Deutsche Mark rates appear more likely to accept Stationarity.?

However, in the context of red exchange rates the primary interest is in
tesing the null of dationarity and subject to an gppropriate levd for the test it is
subsequently  important to minimise  the  probability of wrongly rgecting the
dternative by sdecting a localy most powerful test. In this light, Taylor and Sarno

(1998) have voiced concerns about tests based on the null of Sationarity, which

1 The asymptotic di stribution of the test statistic is not affected by the exclusion of intermediate lags.

2 |t should be noticed that data derived from cross rates, embodies an implicit sequence of cross arbitrage
conditions, which affect the structure of the underlying mode! and the validity of tests. Theissueis outlined
by Smith and Hunter (1985) for conventional dynamic models, and models that impose PPP and uncovered
interest arbitrage. Hence, tests based on cross rates can be directly derived from the respective dolla rates.



have been accepted when only a single series in the pand is viewed as being
daionary. The issue of the gppropriate null dso concened Caner and Kilian
(2001), who found dgnificant sze digortion for the KPSS (Kwiatkowski et d,
1992) and Leybourne and McCabe (1994) tedts of the null of dationarity. More
worryingly after the application of smdl sample corrections the power properties of
the tests also became very poor. Thisled to the use of the test due to Hadri (2000).
3. Panel evidence for PPP based on atest of the null of Stationarity
Hadri (2000) proposes a Lagrange-Multiplier (LM) test of the null that a seriesis
gationary (either around a determinigtic level or atrend). An exact smdl sample
correction to the LM test statistic makes it asymptoticaly normal. The test has good size
properties and is robust to non-normdlity.

Following the suggestion d Papel (1997) and Luintel (2001), that real exchange
rate do not trend, it ought to move around a determinigtic leve:

Yie = et & @
for t=1...T timeand i=1...N countries. Equation (2) assumes that the series can be
decomposed into a random walk and a ationary disturbance term:

e = e+ U ©)
Where u; are independently and identically distributed across i and over t with s2,3 0.
The test under the null of gtationarity, considers the following hypotheses:

Hy 1=0 againgt Hy 1 >0,
Where, | =s?/s?, and s =0 under the null. The Panel can be presented thus:

yi=XB + ¢ (4
Where y¢= [Vu.. V], €= [6€:...eq] and X;isa Tx1 unit (1) vector. The LM test is:
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Where s; ?is the variance estimated from each individua sample and the partia sum of
the residuds isS; = é tj:leij.For comparison with the ADF tedt, the following semi-
parametric correction for seria corrdation is gpplied to each variance term in the pandl:

s 120 =0, +28 LK (Xg,. ©)

Where, g=s;?, the bendwidth x=¢l+1, | is the lag truncation and

ds :%é_ ;ﬂ%t.s-/'\ number of choices are available for the kernd [k (X)], eech with

different properties. Initialy, we consder the following smple truncation:

K (x)—i' 1forx<1y
Truncated (T): Kt % 0 otherwi $fv)

Hadri has suggested that the Quadratic-spectral (QS) kernel might be optimal, but for
comparison Bartlett (BT) and Tukey-Hanning (TH) kernels are dso used. Should the
kernd truncate too early, then it might not capture seria correlation. The speed of decay
of each kernd can be observed from Table 2. Except for the truncated kernd, the QS
kernd has the dowest rate of decay.

(Table 2 goes here)
The following finite sample correction to the LM statistic is asymptotically normal:

ON (LM, - X))

Z, =
Z,

From Hadri (2000), x,=1/6 and z” = 1/45. Hadri shows for T3 50, that the empirical size
of the test is approximately .054 and for | intherange[.1,¥] the test has maximum
power. Test results for the different kernels are summarised in Table 3.

(Table 3 goes here)
It should be noted that the test is one sided, which for atest a the 5% level impliesa
critical value of 1.645. Ordering the tests by speed of decay, the test statistics based on
TH, QSand T kernds dl accept the null of stationarity, while the test using the BT
kernd marginaly fails at the 5% level. It would appear from Table 2 that the BT kerndl

regjects the null, because it gives less weight to the first seven auto-covariancesin (2).



4. Conclusions
The size properties of the Hadri test selected, the ease with which it can be corrected for
serid correlation and heteroscedadticity would appear to make it well suited to test whether

real exchange rates are saionary on the basis of the sample used here. This is expecidly
truewhen one considers that the test is not sensitive to the distribution of the deta. Whether,
it is better to Pool exchange rates or draw together further information from the economy to
better explain the exchange rate mechanism is difficult to determine. However, thisarticle
suggests that pooling time series gppropriately and then testing the null of stationarity goes
some way to support the proposition that real exchange rates are sationary.

Appendix 1: AlternativeKernels

The Bartlett Kernd (BT);

il- | x|for| x| £10
Kgr(X) =i Y
or (X 1 Ootherwise
Tukey-Hanning (TH);

i(1-cos(px)/2 for | x| £
Ky (X) =1 : Y

, 0 otherwise
The Quadratic-spectral (QS);

_ 25 jsin(epx/5)
Kqs(X) =
os(¥) 12p2x2} &x/5

- cos(6px/ 5) \E
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Table1 Summary of Augmented Dickey Fuller Tests

Country Test Statigtic Result
Italy -1.96 non-stationary
Seain -1.39 n-s
Begium -2.36 n-s
Denmark -1.83 n-s
Finland -1.36 ns
France -2.96 S
Germany -1.76 n-s
Irdand -3.69 S
Luxembourg -361 s
Holland -2.70 ns
Portugd -0.84 n-s
UK -2.83 ns

(nsnontstationary, s stationary)

Table 2 Kernel Weightings

S  Truncated Bartlett ~ Tukey- Quadratic-
(BT) Hanning spectral

(TH*) (QS)

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

Kernd Test Statistic
Truncated 0.935337
Bartlett 1.662121

Tukey (TH)  1.297038




