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1. Introduction

The European Economic and Monetary Union (EMU) represents the third and final
stage of a complete economic and monetary union among the countries participating
in the European Union (EU), namely, Belgium, Denmark, France, Germany, Greece,
Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain and the United Kingdom. In
addition to these countries, Austria, Finland and Sweden have recently joined the EU.
The legal, institutional and monetary aspects of European integration were laid down
in the Maastricht Treaty (1992), following the recommendations of the Delors Report
(1989; see also Wyplosz and Eichengreen, 1993).

Regarding the monetary and fiscal aspects of the Treaty, four “nominal conver-
gence” criteria were laid down that would have to be met by a member country in order
to qualify for participation in the EMU. These were:

(a) no devaluation of its currency in the two years preceding the entrance into the
union;

(b) inflation rate no higher than 1.5 percent above the average of the three countries
with the lowest inflation rates;

(¢) long-term interest rate not in excess of 2 percent above the average of the three
countries with the lowest inflation rates, and

(d) government deficits and debts not exceeding 3 percent and 60 percent of the GDP,
respectively.

Since the late 1970’s, monetary and, to some extent, fiscal policy coordination
among the EU member countries has been the focus of the European Commission’s ef-
forts. Tight monetary policies can contribute to inflation convergence, and fiscal auster-
ity may foster convergence of long-term interest rates and reductions in budget deficits
and debts over time, thus leading to exchange rate stability. In addition, the Exchange
Rate Mechanism (ERM) of the European Monetary System (EMS) was introduced in
March of 1979 to provide intra-EMS exchange rate stability.

Several studies in the literature have provided empirical evidence about these nomi-
nal “convergence” criteria. Artis and Taylor (1988) found that the ERM exerted a short
run stabilizing effect on intra-EMS exchange rates. Karfakis and Moschos (1990) used
the Engle and Granger (1987) bivariate cointegration framework to test for interest rate
linkages between Germany and each of the countries: Belgium, France, Ireland, Italy
and the Netherlands. Using monthly data over the period April 1979 to November 1988,
they found no cointegration in the pairs of interest rates. MacDonald and Taylor (1991)
used Johansen’s (1988) method and presented evidence of long run partial co-movement
in real and nominal exchange rates and in money supplies. They considered three EMS
countries over the period 1979 to 1988. They did not include other variables in their
study. Similarly, Hafer and Kutan (1994) adopted the multivariate cointegration frame-
work to test for co-movements of short-term interest rates and money supplies among
Belgium, France, Germany, Italy and the Netherlands. Using monthly data over the
period March 1979 to December 1990, they found evidence of partial policy convergence
among these countries. Based on conditional variance comparisons and persistence of
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real exchange rate shocks, von Hagen and Neumann (1994) reported results support-
ive of the idea of a two-speed Europe, with Germany, its smaller neighbors (including
Austria), and France forming a viable monetary union. Bayoumi and Taylor (1995) ex-
amined the comparative behavior of real output growth and inflation rates of ERM and
non-ERM participants and concluded that the ERM has contributed to macro-policy
coordination among ERM members. Hafer, Kutan and Zhou (1997) used multivariate
cointegration techniques to test for the link among interest rate term structures for a
selected group of EU countries. Using monthly data from March 1979 to June 1995,
they found co-movements in the common trends in the term structures overtime. Their
results support the view that Germany will not dominate the proposed EMU.

Our study makes two new contributions to the literature. First, we consider, as
far as data are available, all of the 12 original EU countries and try to analyze all the
criteria of the Maastricht Treaty. Like other researchers, we employ the multivariate
cointegration framework for our analysis. In view of the fact that the macroeconomic
variables involved in the four nominal criteria are typically integrated of order one, a
minimum and necessary requirement for the formation of a successful EMU over time
is the existence of stable long-run relationships that tie together the variables in each
criterion. Otherwise, the chances for long-run success of an EMU would be slim. This
issue is the focus of our paper. We use Johansen’s (1988, 1991, 1995) likelihood-based
technique for cointegrated vector autoregressive models. If the variables for the EU
countries are found to be cointegrated within each of the four criteria, deviations from
certain linear combinations will be stationary, implying that the variables will be tied
together in the long run. Because the nominal convergence criteria imply co-movement
of specific variables over time, the cointegration approach is well-suited to assess the
potential of an EMU.

Second, our statistical inferences on cointegration will be based on highly accurate
numerical approximations to the distributions of the test statistics, based on extensive
simulations using response surface methodology. The details of these simulations are
available in MacKinnon et al. (1999). One major finding from that paper is that critical
values for the Trace and A,.x tests obtained by the response surface approach are quite
different from the critical values that are used routinely in applied work, such as those in
Osterwald-Lenum (1992). This is especially true when the dimension of the multivariate
system is large (i.e., exceeding the values of five or six). Since in the present study we
deal mostly with large systems involving ten, eleven, or even twelve variables at once,
our numerical distributions are indispensable for correct asymptotic inference.

In Section 2, we outline the models and the test statistics that will be used in the
paper. A brief description of the response surface methodology is also offered in this
section. In Section 3, we describe the data and we present and discuss the empirical
results. Looking ahead, our results support only a partial convergence of policies among
the 12 EU countries. This implies that not all the 12 original EU countries could be part
of a successful EMU over time without possibly painful adjustments in the long-run.



2. The Cointegration Models and Test Statistics

The maximum likelihood theory of systems of potentially cointegrated stochastic
variables presupposes that the variables are integrated of order one, or I(1), and that the
data generating process is a Gaussian vector autoregressive model of finite order k, or
VAR(k), possibly including some deterministic components. Let X; be a p—dimensional
column vector of I(1) variables. Following Johansen (1995), the VAR(k) model can be
written in VECM (vector error-correction model) form as

k—1
AXt:HXt—1+ZFiAXt—i+NO+M1t+ma tzl,...,T, (1)

=1

where IT and the I are p x p matrices of coefficients, and py and pq are p x 1 vectors of
constant and trend coefficients, respectively. It will be convenient to let pu; = po + 1t
denote the deterministic part of the model. The error vector U;, which is p x 1, is
assumed to be multivariate normal with mean vector zero and covariance matrix f2,
and to be independent across time periods.

The VECM representation (1) is convenient because the hypothesis of cointegration
can be stated in terms of the long run impact matrix, IT. This matrix can always be
written as

II = af, (2)

where a and B are p X r matrices of full rank. If r = 0, then IT = 0, and there exists
no linear combination of the elements of X; that is stationary. At the other extreme,
if rank(IT) = p, X; is a stationary process. In the intermediate case, when 0 < r < p,
there exist r stationary linear combinations of the elements of X;, along with p — r
stochastic trends.

Under the hypothesis (2), the relation between a and the deterministic term p; is
crucial in determining the properties of the process X; and the various cases of interest
that can arise. Consider the decomposition of gy and pq in the directions e and o,
where a is a p X (p — r) matrix orthogonal to . We can write

Hi = aﬁz + oy s, 1= 07 17 (3)

where 3; = (&/a)™ta’p; and v; = (a)a )" ta)'p;. Different restrictions on pg and
p1 imply different submodels of the general model (1). Following Osterwald-Lemma
(1992), we consider five submodels, which are ordered from most to least restrictive:

Case 0:  pu;=0

Case 1*: py = afy

Case 1: s = po

Case 2*:  puy = po + afBt
Case 2:  py = po + pat
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The interpretation of each of these models becomes clear by considering the solution
of X} in (1) using a version of the Granger Representation Theorem; see Johansen (1991,
Theorem 4.1). Let W} denote a stationary process, A denote a vector such that 3’A = 0,
and C = 3, (a)/TB.) ')/, where I' =1, — Zi:lll“i and B, is a p X (p — r) matrix
of full rank orthogonal to 3. Then this solution is

t
XtzczUi+%rzt2+rlt+ro+W;+A, (4)
i=1
where 7, = Cpy. The representation (4) makes it clear that, in general, the inclusion
of a linear time trend in (1) gives rise to a quadratic time trend in the process X;.

The five submodels describe different behaviors of the process X; and the cointe-
grating relations 3’ X;. In Case 0, X; has no deterministic terms and all the stationary
components have zero mean. In Case 1*, X; has neither a quadratic trend, since p; = 0
and hence 7 = Cuy = 0, nor a linear trend, since o’ g = 0 and hence 7, which is
equal to Cpyg in this case, is equal to 0; see Johansen (1991, Theorem 4.1) and Johansen
(1994). However, both X; and the cointegrating relations, 3’ X;, are allowed a constant
term. In Case 1, where )’ g # 0, we have 7 # 0, and X; therefore has a linear trend.
This trend is eliminated in the cointegrating relations 8’ X; because 3’1 = 3'Cug = 0;
see the definition of C' preceding (4). In Case 2*, X; has no quadratic trend since
o, ' = 0 and hence 75 = 0, but X; has a linear trend which is present even in the
cointegrating relations. Finally, Case 2 allows for a quadratic trend in the process X,
because g1 # 0 and hence 75 # 0. However, the cointegrating relations have a linear
trend only, because 3’1, = 3'Cuq = 0.

Because of the normality assumption, it is natural to test for the reduced rank of
II by using a likelihood ratio test. The procedure uses the technique of reduced rank
regression first introduced by Anderson (1951) and applied to systems of I(1) variables
independently by Johansen (1988) and Ahn and Reinsel (1990). This technique is
appealing because it delivers at once the MLE of o and 3 and the eigenvalues needed
to construct likelihood ratio tests. Consider the problem of testing the null hypothesis
that there are at most r cointegrating vectors against the unrestricted model (1). The
null hypothesis is that rank(IT) = r and the alternative is that rank(IT) = p. The
likelihood ratio test statistic, called the Trace statistic by Johansen and Juselius (1990),
is given by

P
Trace = =T Z log(1 — \;), (5)
1=r+1
where the \; are the eigenvalues, ordered from smallest to largest, which arise in the
solution of the reduced rank regression problem. The testing is performed sequentially
either forr =p—1,...,00or forr =0,...,p— 1. The testing sequence terminates when
the null is rejected for the first time in the former case or when it is not rejected for the
first time in the latter case. It is also possible to test the null that rank(IT) = r against
the alternative that rank(IT) = r 4+ 1. In that case, the likelihood ratio statistic, which
is called the A .« statistic, is

/\max = _Tlog(l - )\r—i-l)' (6)
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Of course, the A\ ax statistic is equal to the Trace statistic when p —r = 1.

The asymptotic distributions of the test statistics (5) and (6) are nonstandard.
They are given by the trace and maximal eigenvalue, respectively, of the expression

1 1 -1
/ dBF' {/ FF’du] / FdB’, (7)
0 0 0

where B is a standard (p — r)—dimensional Brownian motion on the unit interval and
F' depends on B and on which restrictions are imposed on the deterministic terms. For
each case, expression (7) is independent of nuisance parameters and depends only on
p—r.

In the literature, asymptotic critical values for the Trace and Ay ax statistics (5) and
(6) have been calculated by Monte Carlo simulations of (7), where B is approximated
by a (p — r)—dimensional discrete random walk, generally with 400 steps. However, as
we showed in MacKinnon et al. (1999), using this approach leads to quite inaccurate
results, especially when p — r is large. In that study, we computed either the test
statistics (5) and (6) or approximations to (7) using simulated data for a number of
sample sizes and then employed response surface regressions to estimate the quantiles
of the asymptotic distributions.

For convenience, in this paper we will employ P values to test for cointegration.
Thus, the decision rule will be to reject the null of, say, r = rg cointegrating vectors if the
estimated P value is less than the preasigned level of significance of the test. Further,
we will be testing the null sequentially from low to high values of r. Consequently, the
testing sequence will terminate when the null is not rejected for the first time.

3. Data and Empirical Results

We analyze the behavior of the monthly nominal spot exchange rates per Euro-
pean Currency Unit (ECU) and per German Mark (DM). Inflation rates based on the
consumer price index (CPI) seem to be mostly integrated of order one, or I(1), for
the countries considered. However, there are important exceptions; see Table 1. The
concept of cointegration therefore does not apply to all countries considered, and we
therefore analyze instead real monthly DM exchange rates derived using the CPI. We
also study long-term interest rates, using monthly long-term government bond yields,
and deficit/GDP ratios, using quarterly data because monthly data for deficits are not
available. We do not study quarterly debt/GDP ratios because the data are not available
for most of the countries considered in our study.

For the interpretation of the empirical results, we will claim “complete” convergence
of government policies among a set of p countries if we find p — 1 cointegrating vectors
and a single shared common stochastic trend. Otherwise, if r is found to be in the
interval 0 < r < p — 1 we shall say that only “partial” convergence of policies has been
achieved. This is the definition of convergence of policies as used by Hafer and Kutan,
among others, in the context of cointegration of variables across countries. Convergence
in this context implies that policies have been aligned enough so that the variables move
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towards an equilibrium in the long run and do not drift too far apart over time. The
intuition of this terminology is as follows. If there exist two or more shared common
stochastic trends in some policy measure of a given group of EU countries, then it must
be the case that some countries in the group set their policies independently at least
in the long run. Hence the circumstances of forming and maintaining an economic and
monetary union will be quite difficult. On the other hand, finding only one shared
common trend means that a multitude of policy measures have converged to a single
common long-run path, dominated perhaps by the policy preferences of some country
in the union..

Most of the data were taken from the IFS CD-ROM, September 1995. We collected
data for all of the 12 original EU countries. The time periods considered are determined
by the availability of data. When possible, we start in 1979:3, when the ERM was
introduced. All exchange rates and interest rates are expressed in natural logarithms
for our regressions. Monthly end-of-period nominal ECU rates are taken from the IFS,
line ea (or line ec if line ea is not available). ECU rates for Greece and Portugal are not
available prior to 1981:1 and 1985:7, respectively. We used ECU rates per US dollar and
US dollar spot rates for these two countries to construct ECU rates for the months with
missing data. ECU data cover the period 1979:7 to 1995:7. Monthly nominal end-of-
period spot exchange rates per US dollar are from the IFS, line ae (or line ag if line ae
is not available; line ag is the inverse of line ae). The period covered is 1979:3 to 1995:7.
These US dollar spot exchange rates are used to calculate nominal DM exchange rates
over the same period. Real DM exchange rates are constructed from the nominal DM
exchange rates and the monthly CPI from line 64 in the IFS. The period considered is
1979:3 to 1995:5. Monthly average long-term government bond yields are from the IF'S,
line 61, except for Denmark. This IFS data series was incomplete for Denmark and
we therefore used the corresponding data from the OECD Main Economic Indicators
that reports end-of-month figures instead of averages. The period covered is 1979:3 to
1995:3.

Complete quarterly government deficit (or surplus) data are available only for a
few countries: France, Germany, Italy, the Netherlands, Spain, and the U.K. The data
were obtained from the IFS, line 80. To construct the deficit/GDP ratios, we used
quarterly GDP from the IF'S, line 99b. Data are available from 1979:3 to 1994:2. For
Italy, the years 1991:4 to 1994:2 were missing and we used national debt figures from
various issues of the Bolletino Mensile di Statistica, Institute Nazionale di Statistica in
order to construct surplus figures from the quarterly change in debt. A comparison for
earlier years shows that surpluses constructed from these debt figures are very close to
the corresponding figures from the IF'S.

Before estimating any VECM, we tested each time series for a unit root, using
augmented Dickey-Fuller tests at the 5% level of significance. Results are presented
in Table 1. We employed Akaike’s information criterion to select the appropriate lag
lengths (see Ng and Perron, 1995) and then calculated P values using a program devel-
oped in MacKinnon (1996) and available from the author’s web site.

For most of the series, we are unable to reject the unit root hypothesis, but there
are some exceptions. In particular, the CPI-based inflation rate appears to be I(0)
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for Luxembourg, Portugal, and the UK. For this reason, no cointegration analysis was
carried out for the inflation rates and the focus was instead on real CPI-based DM
exchange rates. Also, for deficit/GDP ratios, we excluded Spain because this ratio
seems to be I(0). We consider the model with and without Italy because the test
statistic for Italy is very close to the 5% critical value. In addition to the unit root
tests reported in Table 1, we graphed inflation rates for Luxembourg, Portugal and
Spain, and the deficit/GDP ratio for Spain. We further calculated autocorrelation and
partial autocorrelation functions. All are not indicative of non-stationary processes. In
particular, the autocorrelations taper off relatively quickly and do not have long tails
typical of I(1) processes. Also, the partial autocorrelations do not have spikes at the
first lag with a value near one.

Table 2 reports the estimated P values for the Trace and Apax tests for ECU ex-
change rates, nominal DM exchange rates, real DM exchange rates, long-term interest
rates, and deficit/GDP ratios. We set up a separate VECM for each one of these vari-
ables and used the Schwarz criterion to select the appropriate lag lengths; see Reimers
(1993). Each VECM involves the largest set of the 12 original EU countries for which
data are available.

We consider for the VECM model Case 0, Case 1%, Case 1, Case 2*, and Case 2, as
described in Section 2. We first determined the number of cointegrating vectors, r, in
each system and then tested the various submodels. In order to decide which submodel
to use, we tested the various submodels against each other using likelihood ratio tests,
which are distributed as x?; see Johansen and Juselius (1990, Section 4.1). For all but
one of the systems, we found that Case 0 is appropriate. The exception is interest
rates in Table 2, for which Case 1* seems to be appropriate. Results are presented in
Tables 2 and 3. The use of asymptotic P values makes it easy to present results for
several VECM systems in only two tables.

We discuss the results for exchange rates first. We included all 12 countries for
ECU rates. For DM rates, Germany had to be deleted, and we also excluded Luxem-
bourg because its nominal exchange rate was fixed to Belgium’s. Thus 10 countries
were included in the system for DM rates. Based on the P values in Table 2, we de-
cisively reject the null hypothesis of no cointegration (which states that r, the number
of cointegrating vectors, is equal to zero) for both nominal exchange rate systems. If
we use a 5% level of significance, the Trace test leads us to find 8 cointegrating vectors
for the ECU rates and 7 vectors for the DM rates. With the A\,.x test, we find fewer
cointegrating vectors, 4 for the ECU rates and 3 for the DM rates.

We conclude that nominal exchange rates among the EU countries are cointegrated
no matter which exchange rate definition is used. However, our empirical results indicate
only partial convergence of fiscal and monetary policies among the EU countries. Since
there are 12 ECU rates and 10 nominal DM rates, the Trace test results imply that
there are 4 and 3 shared stochastic trends respectively in each system of exchange rates.
This suggests that some EU countries follow policies that are independent of the policies
followed by other member countries and changes have to be made to be consistent in
the long-run with EMU. If a successful EMU over time is to be achieved, eventually,
with all the 12 original members included, adjustments will have to be made.
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For the real DM exchange rate, we had to exclude Ireland because the CPI was
not available on a monthly basis, leaving us with real DM exchange rates for 10 EU
countries. For this system, the Trace test detects two cointegrating vectors, but the
Amax test detects none. For long-term interest rates, we had to exclude Greece because
data were not available, leaving us with 11 countries. For this system, neither test
found cointegration at the 5% level, although the Aax test came close. Finally, the last
column of Table 2 reports results for the deficit/GDP ratio for France, Germany, the
Netherlands, and the U.K. Spain and Italy were excluded because their series appeared
to be I(0). Adding Italy (for which the unit root test was inconclusive) did not affect
the test results. We find that both cointegration tests detect one cointegrating vector
for this 4—dimensional system. Thus, based on the results of the Trace test, we observe
8, 11, and 3 shared common trends in the systems of real DM exchange rates, long term
interest rates, and deficit/GDP ratios, respectively.

These results are not very encouraging for the success of an EMU among the 12
original EU countries. Nonetheless, the results point to the need for reform in govern-
ment policies to achieve greater co-movement. Since all three criteria are likely to be
affected by fiscal reforms, changes seem to be particularly desirable in this area. For
instance, harmonization of tax and expenditure policies across countries, along with
monetary reforms and other changes such as free mobility of capital and labor in the
EU, should increase the prospects for an EMU among the original 12 countries by re-
ducing the number of shared common trends and thereby increasing the number of
cointegrating relations.

An alternative interpretation of the empirical results was suggested by an anony-
mous referee, who argued that convergence may not have been detected because it has
occurred only recently. Consider, for instance, the deficit/GDP ratios for Italy and
Germany. In the late 1980s, Italy’s ratio was higher than Germany’s. Therefore, during
the early 1990s, Italy has been adjusting its fiscal policy to achieve convergence to the
lower German ratio. Since the period from 1990 on represents only a part of our sample,
it may not be long enough for us to detect convergence of fiscal policies.

This is certainly a possibility, but there is not yet enough evidence to regard it as
any more than that. In an important sense, fiscal policy convergence is harder to achieve
than monetary policy convergence because of the extra political constraints associated
with fiscal policy reforms. Different countries have different legislative approaches to
changes in fiscal policy, and some countries have traditionally preferred higher rates
of government spending than others. Consequently, observing a deficit reduction in
certain countries over a short period of time does not mean that it will be sustained in
the future. For these reasons, we doubt that deficit reductions in recent years in some
European countries are permanent. To put it differently, we doubt that these reductions
are structural changes in the cointegration rank r going from zero to a higher number
in the post 1990 period. The sample from 1990 onwards is, unfortunately, too small to
test this proposition formally.

In Table 3, we examine subgroups of EU countries for the real DM exchange rates
and the long-term interest rates that we found in Table 2 not to be cointegrated among
the full set of EU members. For the real DM rates, we use the evidence supplied by

-8 —



the Apax test. The largest subgroup that leads to cointegration for real DM exchange
rates consists of seven countries: Belgium, Denmark, France, Greece, Luxembourg,
the Netherlands, and the U.K. The Trace test finds a single shared common trend
driving the long run relationship among the seven real DM exchange rates. Hence, in
this case, there appears to be complete convergence of government policies. Adding
Portugal or Spain does not increase the number of cointegrating vectors. For long-term
interest rates, we find cointegration among eight countries: Belgium, Denmark, France,
Germany, Ireland, Luxembourg, the Netherlands, and the U.K. Here, both tests detect
a single shared common trend in the 8 —dimensional system of long term interest rates.
Thus, in this case too, complete policy convergence among the eight EU countries can
be claimed.

The need to use accurate critical values for the cointegration tests can be demon-
strated by two examples. For interest rates in Table 2 when p — r = 11, a P value of
.0549 is recorded for the A .x test. In contrast, the P value would be smaller than .05
according to the tables in Osterwald-Lenum because the A, .« statistic has a value of
70.8978 and Osterwald-Lenum reports a 5% critical value of 69.74 and a 2.5% value of
72.64. Further, for the real DM exchange rates in Table 3, the P value is .1151 for the
Trace test statistic with a value of 78.5703. Osterwald-Lenum reports a 10% critical
value of 78.36 and a 5% value of 82.49. His tables imply a P value of below .10.

Overall, the empirical results of the paper show only partial convergence of policies
among large subsets of the EU countries. In fact, for all the criteria laid down by the
Maastricht Treaty, the number of shared common trends is greater than one, and for the
real DM rates, long term interest rates, and deficit/GDP ratios, the number of shared
common trends is greater than the number of cointegrating relations. These results
emphasize the need for greater policy coordination among the EU members. On the
other hand, for a smaller collection of EU countries, there exists only a single shared
stochastic trend in each system of real DM rates and long term interest rates. This
suggests a complete convergence of government policies among these countries. Based
on this evidence, it is tempting to suggest that the following countries would form a
successful EMU in the long-run: Belgium, Denmark, France, Germany, Luxembourg,
the Netherlands, and the U.K. We have insufficient data on Greece and Ireland but,
from the results on real DM exchange rates and long term interest rates, respectively,
their prospects appear to be promising. In contrast, Italy, Spain, and Portugal seem to
be in greater need of policy coordination with the rest of the EU countries.

4. Conclusion

In this paper, we have presented an analysis of cointegration among the 12 orig-
inal countries of the European Union. Cointegration is a necessary condition for co-
movement in the long-run and therefore for a successful EMU over time. Our empirical
results support the view that an EMU would not be successful for all 12 original EU
countries unless long-run fiscal and monetary policies are aligned further. Our results
are consistent with those of related studies that considered a subset of our EU countries
and the same variables: MacDonald and Taylor (1991), Bayoumi and Taylor (1995),
and Hafer, Kutan, and Zhou (1997).
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In particular, our results are consistent with those of Hafer et al. (1997), who an-
alyzed interest rates for Belgium, France, Germany, and the Netherlands. It would
interesting, following that paper, to decompose each system of variables into its transi-
tory and common trend components and attempt to identify the specific common trends
that drive each system of variables. This would provide insights as to which countries’
common trends dominate a given system of variables. Based on this information, better
policies might be devised. We leave this research project for future work.

It is important to emphasize that our suggestion for the specific countries to form
a successful EMU is based purely on the statistical analysis of the economic data for
the Maastricht criteria. The actual decision as to which countries were allowed into
the EMU in January of 1999 has been made: Austria, Belgium, Finland, France, Ger-
many, Ireland, Italy, Luxembourg, Netherlands, Portugal, and Spain. As has been the
case with other currency unions, political considerations, rather than purely economic
factors, probably weighed heavily in this decision; see Mussa (1997). The importance
of political factors along with economic concerns has been stressed by Mundell (1997),
who recommended an initial EMU including all the 15 EU countries.

The selection of countries for the EMU to start in January of 1999 includes Austria
and Finland, which we did not consider in our analysis. As far as the other participating
countries are concerned, our results indicate potential problems for Italy, Portugal, and
Spain. Our study indicates that these countries may face problems over the long-run:
Potentially painful long-run policy adjustments and reforms seem necessary. On the
other hand, our results suggest that Denmark and the UK could be part of a successful
EMU, even though these countries have decided not to participate yet.

References

Ahn, S. K., and G. C. Reinsel (1990), “Estimation of Partially Nonstationary
Multivariate Autoregressive Models”, Journal of the American Statistical
Association, 85, 813-823.

Anderson, T. W. (1951), “Estimating Linear Restrictions on Regression Coefficients
for Multivariate Normal Distributions”, Annals of Mathematical Statistics, 22,
327-351.

Artis, M. J., and M. P. Taylor (1988), “Exchange Rates Capital Controls and the
European System: Assessing the Track Record”, in The European Monetary
System, ed. by R. MacDonald and M.P. Taylor (Oxford: Blackwell).

Bayoumi, T., and M. P. Taylor (1995), “Macroeconomic Shocks, the ERM and
Tripolarity”, Review of Economics and Statistics, 77, 321-331.

— 10 —



Delors Report (1989), Report on Economic and Monetary Union in the European
Community, Committee for the Study of Economic and Monetary Union,
Luxembourg: Office for Official Publications of the European Communities.

Eichengreen, B., and C. Wyplosz (1993), “ The Unstable EMS”, Brookings Papers on
Economic Activity, 1, 51-125.

Hafer, R. W., and A.M. Kutan (1994), “A Long Run View of German Dominance and
the Degree of Policy Convergence in the EMS”, Economic Inquiry, 32, 684-695.

Hafer, R. W., A.M. Kutan and S. Zhou (1997), “Linkages in the EMS Term
Structures: Evidence from Common Trend and Transitory Components”, Journal
of International Money and Finance, 16, 595-607.

Johansen, S. (1988), “Statistical Analysis of Cointegration Vectors”, Journal of
Economic Dynamics and Control, 12, 231-254.

Johansen, S. (1991), “Estimation and Hypothesis Testing of Cointegration in
Gaussian Vector Autoregressive Models”, Econometrica,, 59, 1551-1580.

Johansen, S. (1994), “The Role of the Constant and Linear Terms in Cointegration
Analysis of Nonstationary Variables”, Econometric Reviews, 13, 205-229.

Johansen, S. (1995), Likelihood-Based Inference in Cointegrated Vector
Autoregressive Models, Oxford, Oxford University Press.

Johansen, S., and K. Juselius (1990), “Maximum Likelihood Estimation and Inference
on Cointegration With Applications to the Demand for Money”, Oxford Bulletin of
Economics and Statistics, 52, 169-210.

Karfakis, S. J., and D.M. Moschos (1990), “Interest Rate Linkages Within the
European Monetary System: A Time Series Analysis”, Journal of Money Credit
and Banking, 22, 388-394.

Maastricht Treaty (1992), Treaty on Economic Union, Luxembourg: Office for Official
Publications of the European Communities.

MacDonald, R., and M. P. Taylor (1991), “Exchange Rates, Policy Convergence, and
the European Monetary System”, Review of Economics and Statistics, 73, 553-558.

MacKinnon, J. G. (1996), “Numerical Distribution Functions for Unit Root and
Cointegration Tests”, Journal of Applied Econometrics, 11, 601-618.

MacKinnon, J. G., A. A. Haug, and L. Michelis (1999), “Numerical Distribution
Functions of Likelihood Ratio Tests for Cointegration”, forthcoming in the Journal
of Applied Econometrics.

Mundell, R. A. (1997), “Currency Areas, Common Currencies and the EMU”,
American Economic Review, Papers and Proceedings, 87, 214-216.

Mussa, M. (1997), “Political and Institutional Commitment to a Common Currency”,
American Economic Review, Papers and Proceedings, 87, 217-220.

— 11 —



Ng, S., and P. Perron (1995), “Unit Root Tests in ARMA Models With Data
Dependent Methods for the Selection of the Truncation Lag”, Journal of the
American Statistical Association, 90, 268-281.

Osterwald-Lenum, M. (1992), “A Note with Quantiles of the Asymptotic Distribution
of the Maximum Likelihood Cointegration Rank Test Statistics”, Oxford Bulletin
of Economics and Statistics, 54, 461-471.

Reimers, H., 1993, Comparison of Tests for Multivariate Cointegration, Statistical
Papers, 33, 335-359.

von Hagen, J., and M. J. Neumann (1994), “Real Exchange Rates Within and
Between Currency Areas: How far Away is the EMU?”, Review of Economics and
Statistics, 76, 236—244.

- 12 —



Table 1. Augmented Dickey—Fuller Tests for a Unit Root

Country ECU Nom. DM | Real DM Interest | Deficit/GDP | Inflation
Ex. Rates | Ex. Rates | Ex. Rates Rates Ratios

Belgium —0.87 (.80) [—2.29 (.18) [—2.13 (.23) |—0.99 (.76) —0.99 (.76)

Denmark |—0.81 (.81) |—2.58 (.10) |—1.73 (.41) | —2.30 (.17) —2.29 (.18)
France —2.12 (.24) |—2.51 (.11) |—1.41 (.58) | —1.05 (.73) | —2.72 (.08) |—1.89 (.34)

Germany |—0.91 (.78) —1.87 (.35) | —2.36 (.16) |—1.87 (.35)
Greece —1.22 (.67) |—1.19 (.68) | —2.78 (.06) —1.68 (.44)
Ireland —1.13 (.70) |—0.56 (.88) —1.48 (.54)

Italy 0.17 (.97) | 0.05 (.96) |—1.06 (.73) |—1.72 (.42) | —2.96 (.04) [—2.53 (.11)
Luxembourg |—0.87 (.80) —2.22 (.20) | —1.01 (.75) —3.69 (.00)
Netherlands |—0.49 (.45) | —2.68 (.08) [—0.85 (.80) | —1.56 (.50) | —0.56 (.87) |—2.04 (.27)

Portugal —2.04 (.27) [—2.04 (.27) [—2.01 (.28) |—1.36 (.60) —2.98 (.04)

Spain —1.50 (.53) |—1.43 (.57) |—1.55 (.51) |—2.13 (.23) | —3.87 (.00) | —1.66 (.45)

U.K. —0.69 (.85) |—0.31 (.92) |—2.09 (.25) | —1.51 (.53) | —1.44 (.56) |—4.27 (.00)

Note: The first entry in each cell is the ADF statistic. The

second entry, in paren-

theses, is the associated P value, calculated using the program of MacKinnon

(1996).

For the variables in the six columns of the table, the sample sizes

are 193, 197, 195, 193, 60, and 195, respectively. We also tested the null of a
second unit root. This hypothesis was rejected in all cases.
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Table 2. P Values for Tests Using Largest Set of Countries

ECU Nominal DM | Real DM Interest Deficit/GDP
Ex. Rates Ex. Rates Ex. Rates Rates Ratios
p—1 | Trace Amax | Trace Amax Trace Amax | Trace Amax | Trace Amax
12 .0001 .0001
11 .0001 .0011 .0959 .0549
10 .0001 .0158 | .0001 .0001 | .0036 .2858 | .4916 .3185
9 .0001 .0222 | .0001 .0136 | .0166 .1804 | .8242 .9437
8 .0002 .1675 | .0001 .0212 | .0856 .1822 | .8679 .8833
7 .0014 .1942 | .0001 .1233 | .3132 .5745 | .9253 .8186
6 .0060 .1609 [ .0001 .0388 | .4725 .6309 | .9738 .9909
5 .0258 .0570 | .0018 .0324 | .6142 .9103 | .9571 .9957
4 .2049 4134 | .0274 1289 | .5056 .7870 | .8818 .9850 | .0001  .0001
3 2954  .4203 | .1009 .1013 | .4233 .4949 | .7159 .8404 | .0990 .1363
2 3651 2850 | .4283  .3938 | .4989 .6230 | .6163 .6131 | .3171 .4275
1 9804 .9804 | .5734 .5734 | .2640 .2640 | .6228 .6228 | .2237  .2237
Case: 0 0 0 1* 0

Note: Each cell contains P values for the Trace and Ay.x tests. Since the program
cannot compute P values less than .0001, a reported value of .0001 indicates
a P value that is at most .0001. The value reported at the top of each column
is for r = 0, so that p — r = p, where p is the number of countries included.
The value reported in the second line of each column is for p — r = p — 1, the
third for p —r = p — 2, and so on until p — » = 1 in the last line.
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Table 3. P Values for Tests Using Subsets of Countries

Real DM Ex. Rates Interest Rates
p—r Trace Amax Trace Amax
8 .0136 .0097
7 .0085 .0356 .2759 .2473
6 1151 .0298 .6301 .6856
5 .7050 7205 7611 .9488
4 7959 .5522 .6424 7287
3 9570 .9641 .6660 .8240
2 .8474 .7886 4847 4327
1 .9429 .9429 .6527 .6527
Case: 0 0

Note: See the note to Table 2.

— 15 —



