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Abstract

This paper investigates empirically the extend to which the ten new
countries of the current EU enlargement are ready to join the Euro-
pean Monetary Union (EMU). We assess the prospects of successful
accession into the EMU using cointegration and common trends anal-
ysis on the nominal convergence criteria specified by the Maastricht
Treaty as well as on real per capita GDPs. The empirical results in-
dicate that the enlargement countries are partially ready to join the
Eurozone, and need further adjustments in their government policies
to be fully prepared for joining the EMU.
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1 Introduction

The enlargement process of an economic or monetary union is an important
issue in the theory and practice of economic integration. In the context of
the European Union (EU), enlargement has been a concern ever since its
inception as European Economic Community by the Treaty of Rome in 1957.
The Treaty states explicitly that one of its main objectives was continuous
and balanced expansion; see for example Pelkmans 2001, pp. 31-32. Indeed
the current EU is the result of various rounds of expansions since the Treaty
of Rome.

After growing in size from the original six members to twelve members
and presently to fifteen member states, the EU is currently preparing for
the biggest expansion ever in terms of scope and diversity. Of the thirteen
countries that have applied to become members, ten countries are set to
join the Union on May 1, 2004. These countries are Cyprus, the Czech
Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, the Slovak
Republic and Slovenia1. In order to join the EU these prospective member
countries must satisfy certain economic and political criteria which include
being stable democracies, respect human rights and the rule of law as well
as having a functioning market economy.

Assuming that all ten countries successfully join the EU by May 2004,
another important question is the extend to which they can be ready to join
the European Monetary Union (EMU), and thus increase the current size
of the Eurozone. The more ready they are the less the costs of adjusting
their fiscal and monetary policies relative to the Union’s, the faster they will
adopt the euro and the greater the benefits and influence of the EU in the
international economy.

In the present paper we assess the prospects of the 10 new countries
joining the EMU based on the nominal convergence criteria laid down by the
Maastricht Treaty for a country’s successful participation in the monetary
union. Specifically, in order to qualify for joining the EMU a country:

(a) must not devalue its currency within 2 years preceding entry into the
monetary union;

(b) must have an inflation rate not higher than 1.5 per cent above the
average of the three countries with the lowest inflation rates

(c) must have a long term interest rate not higher than 2 percentage
points above the average of the three countries with the lowest inflation
rates; and

(d) must have government deficits and debts not exceeding 3 per cent
and 60 per cent of GDP respectively.

Clearly the conditions (a) to (d) impose constraints on the behavior of

1The other three countries are Bulgaria, Romania that hope to join by 2007, and
Turkey that is not currently negotiating for membership.
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the exchange rates, interest rates, deficits and debts of the prospective mem-
ber countries. For instance even if individual interest rates may fluctuate
and be nonstationary over time, the interest rates of all the countries should
not deviate beyond two percentage points above the average of the three
countries in the union with the lowest inflation rates. Similar arguments
apply for the other variables in the nominal convergence criteria.

The statistical notion of cointegration is well suited to study the co-
movements of a set of variables in the long run. By definition, a set of
possibly nonstationary variables are cointegrating if there exists linear com-
binations or cointegrating relations among them that are stationary and
move together over time. The cointegrating relations have the appealing
economic interpretation of long run equilibrium relationships among the
variables under study. In general if there exist r cointegrating relations in
a set of p variables, there must also exist p − r common stochastic trends
that move these variables around their equilibrium paths, and thus “drive”
the cointegrating relations.

The empirical literature relating to different aspects of the nominal con-
vergence criteria in the EU has been quite large. Among others, Karfakis
and Moschos (1990) used the bivariate framework of Engle and Granger
(1987) to investigate interest rate linkages between Germany and each of
the countries, Belgium, France, Ireland, Italy and the Netherlands. Using
monthly data from 1979:4 to 1988:11, they found no evidence of cointe-
gration in the pairs of interest rates. MacDonald and Taylor (1991) used
monthly data from 1979:3 to 1988:12 to analyze bilateral US dollar nomi-
nal and real exchange rates for three EMS countries (France, Germany and
Italy) and three non-EMS countries (Canada, Japan and Britain). Based
on Johansen’s multivariate cointegration method, these authors found some
evidence of cointegration in the two types of exchange rates. Similarly, Hafer
and Kutan (1994) adopted the multivariate cointegration framework to test
for long run co-movements of short term interest rates and money supplies in
a group of five EMS countries. Using monthly data from 1979:3 to 1990:12,
they reported evidence of partial policy convergence among these countries.
Bayoumi and Taylor (1995) compared the behavior of real output growth
and inflation of countries participating in the Exchange Rate Mechanism
(ERM) with a group of non-ERM countries. They concluded that the ERM
had contributed to macro-policy coordination among the ERM members.
Haug, MacKinnon and Michelis (2000) employed Johansen’s cointegration
approach to determine which EU countries would form a successful mon-
etary union based on the Maastricht nominal convergence criteria. Using
monthly and quarterly data of various time spans from 1979 to 1995 on 12
EU countries, these authors suggested that not all of the 12 countries would
form a successful monetary union over time, unless several countries make
significant adjustments in their fiscal and monetary policies.

Even though most theoretical and empirical studies to date have been
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concerned with estimating and analyzing cointegrating relations, common
trends analysis can be equally useful and insightful. The identification and
estimation of common trends in a set of economic variables can convey infor-
mation that may be important and useful to applied economists and policy
makers. Consider for instance the long term interest rates of France, Ger-
many and the Netherlands. If one finds two cointegrating relations among
the three interest rates, then there must be a common stochastic trend
shared among them. Identifying which country or combination of coun-
tries determines the common trend can be very useful information to policy
makers for the design of their monetary policies. Hafer, Kutan and Zhou
(1997) used the multivariate cointegration and common trends techniques
of Gonzalo and Granger (1995) to study linkages in the term structures
of interest rates in 4 EMS countries: Belgium, France, Germany and the
Netherlands. Using a sample of monthly observations from 1979:3 to 1995:6
and decomposing each term structure into its transitory and common trend
components, these authors found that the long term interest rate, and not
the short rate, is the source of the common trend in each country. Further,
the common trends are cointegrated and thus move together over time, but
no single country dominates the common trends in the long term interest
rates of the four EMS countries.

In the present paper we contribute to the existing literature in several
ways. First, we use the most recent data available from the early 1990s to
the present and the multivariate cointegration approach of Johansen (1988,
1994, 1995) to analyze the cointegrating relations among the exchange rates,
inflation rates, interest rates, deficits and debts of the 10 new prospective
EU members mentioned above, and subsets of them in relation to the 3 EMU
countries, France, Germany and the Netherlands. Evidence of cointegration
in each set of variables among the 10 new countries or in combination with
the 3 EMU countries would imply that these variables tend to move together
in the long run, and that deviations from the long run relationships will be
stationary. Unless the key variables of the nominal convergence criteria are
tied together this way, the prospects of the new countries joining the EMU
successfully would be indeed slim.

Second, in addition to the nominal convergence criteria, we also analyze
the long run cointegration properties of real per capita GDPs among the 10
new countries and the 3 EMU countries. We view evidence of long run co-
movements in real per capita GDPs as strengthening the case for successful
EMU enlargement by some or all the new countries.

Third, we use the Gonzalo and Granger methodology to identify and
estimate the number common trends that drive the cointegrating relations
in each group of variables. Hypothesis testing on the estimated vectors
that enter the common trends provides information as to which countries
contribute significantly to the common trends. This is useful information for
the adjustment and design of government policies of the prospective EMU
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countries.
The rest of the paper is as follows. In Section 2 we outline the models

for cointegration and common trends that we use in the paper. In Section
3 we describe the data and we present and analyze the empirical results on
cointegration and common trends. Briefly, the evidence suggests that there
is partial co-movement of the nominal and real variables among the 10 new
countries and the 3 EMU countries, suggesting that adjustment of policies
of the new countries would be desirable to successfully join the EMU. In
Section 4 we make some concluding remarks.

2 The Cointegration and Common Trends Models

In this section we outline the basic maximum likelihood theory and the
models that we employ in the subsequent empirical analysis. The maximum
likelihood theory of multivariate cointegration assumes that the stochastic
variables are integrated of order one, or I(1), and that the data generat-
ing process is a Gaussian vector autoregressive model of finite order k, or
V AR(k) which may possibly include some deterministic components. Let
Yt be a p−dimensional column vector of I(1) variables. Then the V AR(k)
can be written in a vector error-correction model (VECM) form as

∆Yt = ΠYt−1 +
k−1X
i=1

Γi∆Yt−i + µ0 + µ1t+ t, t = 1...T (1)

where Π and Γi are p×p matrices of coefficients, µ0 and µ1 are p×1 vectors
of constant and trend coefficients, respectively and t is a p× 1 multivariate
normal random error vector with mean vector zero and covariance matrix Ω
that is independent across time periods.

The hypothesis of cointegration can be stated in terms of the long run
matrix Π in (1). This matrix can always be written as

Π = αβ0 (2)

where α and β are p× r matrices of full rank. If r = 0, then Π = 0, which
means that there is no linear combination of the elements of Yt that is
stationary. The other extreme case is when the rank of the Π matrix equals
p. In this case Yt is a stationary process. In the intermediate case, when
0 < r < p we have r stationary linear combinations of the elements of Yt
and p− r common trends.

Under the hypothesis Π = αβ0, the relation between α and the deter-
ministic term µt ≡ µ0+µ1t is crucial for the properties of the process Yt. To
see this, first we decompose µ0 and µ1 in the directions of α and α⊥, where
α⊥ is a p× (p− r) matrix that is orthogonal to α:
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µi = αβi + α⊥γi, i = 0, 1 (3)

where βi = (α0α)−1 and γi = (α0⊥α⊥)
−1α0⊥µi. Next, following Johansen

(1995), we consider the following five submodels, which are ordered from
the most to the least restrictive:

Model 0: µt = 0
Model 1*: µt = αβ0
Model 1: µt = αβ0 + α⊥γ0
Model 2*: µt = αβ0 + α⊥γ0 + αβ1t
Model 2: µt = αβ0 + α⊥γ0 + (αβ1 + α⊥γ1)t
The interpretation of these models becomes clear in the context of the

solution of Yt in equation (1) using a version of the Granger Representation
Theorem (see Johansen, 1991, Theorem 4.1). The solution is given by

Yt = C
tX

i=1

t +
1

2
τ2t

2 + τ1t+ τ0 +Wt +A (4)

where Wt is a stationary process, A is a vector such that β0A = 0, C =

β⊥(α0⊥Γβ⊥)
−1α0⊥, Γ = Ip −

k−1P
i=1
Γi, β⊥ is a p × (p − r) matrix of full rank

that is orthogonal to β and τ2 = Cµ1.
The five submodels imply different behavior for the process Yt and the

cointegrating relations β0Yt. In Model 0, Yt has no deterministic trend and
all the stationary components have zero mean. In Model 1*, µ1 = 0 implying
τ2 = Cµ1 = 0. From (4), this means that Yt has no quadratic trend. We also
have that α0⊥µ0 = 0 implying τ1 = Cµ0 = 0. Therefore, Yt has no linear
trend. However, both Yt and the cointegrating relations β0Yt are allowed
a constant term. In Model 1, α0⊥µ0 6= 0 so that τ1 6= 0. Therefore, Yt
has a linear trend. However, since β0τ1 = β0Cµ0 = 0, the cointegrating
relations β0Yt have no linear trend. In Model 2*, Yt has no quadratic trend
as α0⊥µ1 = 0 which implies τ2 = Cµ1 = 0, but Yt has a linear trend that
is present even in the cointegrating relations. In Model 2, µ1 6= 0 implying
τ2 = Cµ1 6= 0, which allows for a quadratic trend in the process Yt. In this
case, the cointegrating relations β0Yt have only a linear trend, as β0τ2 =
β0Cµ1 = 0.

Because of the normality assumption, we can test for the reduced rank of
the Π matrix using a likelihood ratio test. This procedure uses the technique
of reduced rank regression, (e.g., see Johansen (1994)), and gives at once
the maximum likelihood estimators (MLE) of α and β and the eigenvalues
needed in order to construct the likelihood ratio test. The MLE of α and β
are obtained by regressing ∆Yt and Yt−1 on ∆Yt−1...∆Yt−k and µt (allowing
for the restrictions imposed by each of the five models). These reduced rank
regressions give residuals R0t and Rit respectively, and residual product
matrices
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Sij = T−1
TX
t=1

RitR
0
jt, i, j = 0, 1 (5)

Solving the eigenvalue problem¯̄
λS11 − S10S

−1
00 S01

¯̄
= 0 (6)

for eigenvalues 1 >
∧
λ1 > ... >

∧
λp > 0 and eigenvectors

∧
V = (

∧
v1...

∧
vp),

normalized such that
∧
V 0S11

∧
V = I, we get the MLE of α and β as

∧
α = S01∧

β and
∧
β = (

∧
v1...

∧
vr), where (

∧
v1...

∧
vr) are the eigenvectors associated with the

r largest eigenvalues of (6).
In testing the null hypothesis that rank(Π) ≤ r against the alternative

hypothesis is that rank(Π) = p, the likelihood ratio statistic, called also the
Trace statistic by Johansen and Juselius (1990), is given by

Trace = −T
pX

i=r+1

ln(1−
∧
λi) (7)

The testing is performed sequentially for r = 0, ..., p − 1 and it terminates
when the null hypothesis is not rejected for the first time.

The asymptotic distribution of the test statistic in equation (7) is non-
standard and depends only on (p− r). In the literature, asymptotic critical
values for the Trace statistic in equation (7) have been calculated by Monte
Carlo simulations of a (p − r)-dimensional discrete random walk with 400
steps; see for example Osterwald-Lenum (1992) and Johansen (1995). How-
ever, MacKinnon et al. (1999) have shown that this approach leads to quite
inaccurate critical values, especially when (p − r) is large. They also have
computed much more accurate critical values for the Trace statistic in (7)
using the response surface methodology. Since we deal with large dimen-
sional systems in this study, we use these new critical values for testing
hypotheses.

In respect to common trends, it is clear from equation (4) that the com-
mon trends in Yt are contained in the first term of that expression. Given
the definition of C, Johansen (1995, p. 41) defines the common trends by

the cumulated disturbances α0⊥
tP

i=1
t. Assuming that the common trends

are a linear combination of Yt, in the form ft = α0⊥Yt, Gonzalo and Granger
(1995) derive the MLE of α⊥ as the eigenvectors corresponding to the (p−r)
smallest eigenvalues of the problem¯̄

λS00 − S01S
−1
11 S10

¯̄
= 0. (8)

Solving equation (8) for eigenvalues 1 >
∧
λ1 > ... >

∧
λp > 0 and eigenvectors

∧
M = (

∧
m1...

∧
mp),normalized such that

∧
M 0S00

∧
M = I, we get the MLE of α⊥
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as
∧
α⊥ = (

∧
mr+1...

∧
mp). The asymptotic distribution of

∧
α⊥ is normal and it

is straightforward to test hypotheses on α⊥ of the form,

H0 : α⊥ = Gθ

where G is a p×m known matrix of constants and θ is an (p−r)×m matrix
of unknown coefficients such that p− r ≤ m ≤ p. To carry out the test, one
solves the eigenvalue problem¯̄

λG0S00G−G0S01S−111 S10G
¯̄
= 0 (9)

for eigenvalues 1 >
∧
λ∗1 > ... >

∧
λ∗p > 0, and forms the likelihood ratio test

statistic given by

L = −T
pX

i=r+1

ln

·
(1−

∧
λ∗i+(m−p))/(1−

∧
λi)

¸
(10)

Under the null hypothesis H0 : α⊥ = Gθ, the L−statistic in (10) is dis-
tributed as χ2(p−r)×(p−m) asymptotically. In the next section, we make spe-
cific choices for the matrix G and use the L−statistic in (10) to test various
hypotheses of interest.

Gonzalo and Granger have derived their results under the assumption
that the VECM has no deterministic components, that is they assumed that
µt = 0. In the present study, our model selection tests indicated that this
is a restrictive assumption and that models other than Model 0 describe
best some variables in our data set. For this reason, we have included
deterministic components in the VECM in (1). Extending the VECM by
the inclusion of deterministic components does not invalidate the asymptotic
distributions of

∧
α⊥ and the L−statistic in (10). This follows from the fact

that in computing these statistics, we have accounted appropriately in the
reduced rank regressions for the restrictions imposed on µt by each of the
models 0 to 2 above.

3 Data and empirical results

3.1 Data

Most of the data for the present study were obtained from the CD-ROM of
the International Financial Statistics (IFS) of the IMF, 2003, and from the
CD-ROM of the Statistical Compendium of the OECD, 2002. Other sources
needed to complete the data set will be indicated below. We collected data
for the 10 countries of the enlargement and for Germany, France and the
Netherlands, the 3 EMU countries. The sample is comprised of monthly or
quarterly data of varying time spans determined by data availability. The
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starting date for the data was January 1993, when the Czech and the Slovak
Republic became independent states following the split of Czechoslovakia.

All exchange rates, interest rates and the real per capita GDP are ex-
pressed in natural logarithms. Monthly end-of period nominal euro exchange
rates were constructed using monthly end-of period nominal US dollar ex-
change rates for the countries considered (line ae or ag of the IFS), and
monthly end-of-period nominal exchange rates between euro and the dollar
(line ae in the Euro Area section of the IFS). Monthly real euro exchange
rates were constructed from monthly nominal euro rates and monthly CPI
figures (line 64 in the IFS). The time span for nominal exchange rates, real
exchange rates and inflation is 1993:1 to 2002:12. Monthly average long-
term government bond yields for the Czech Republic, the Slovak Republic
and the 3 EMU countries were obtained from line 61 of the IFS. For the
three Baltic states, Latvia, Estonia and Lithuania, the long-term interest
rates were taken from the CD-ROM of the Statistical Compendium of the
OECD, which reports end-of-month figures instead of monthly averages. For
Poland, the long-term government yields were taken from the Polish Min-
istry of Finance, while for Hungary, Slovenia, Malta and Cyprus the long
term interest rates were taken from their respective Central Banks. Due to
lack of data availability, the time span for long term interest rates is 1998:1
to 2002:12.

Complete quarterly government deficit or surplus data are available only
for Cyprus, the Czech Republic, the Slovak Republic and the 3 EMU coun-
tries, and were obtained from line 80 of the IFS. The period covered for this
variable is from 1993:1 to 2001:4. For Slovak Republic, the IFS data did
not extend back to 1993:1 and we completed the series using data from the
Central Bank of that country. To construct the deficit/GDP ratio, we used
quarterly GDP from the line 99b of the IFS, except for Cyprus. Quarterly
GDP data for Cyprus were obtained from the Central Bank of Cyprus. Quar-
terly data for general government debt are not available for any country and
for this reason we used figures for central government debt instead. Central
government debt data are available only for Cyprus, the Czech Republic,
Poland and the 3 EMU countries. For the three enlargement countries gov-
ernment debt data were taken from line 88 of the IFS, while for the three
EMU countries they were obtained from line 88z of the IFS. To construct
the debt/GDP ratio we followed the same procedure as we did to construct
the deficit/GDP ratio. The period covered for the debt/GDP ratio data is
1996:1 to 2001:4.

Complete data for real per capita GDP are available for all the enlarge-
ment countries and the 3 EMU countries. However, the data spans for Hun-
gary, Malta and Poland were very small, and for this reason we dropped
these countries from the sample on real per capita GDP. When available,
real GDP data for the remaining ten countries were obtained from line 99bp
or 99br of the IFS (GDP volume in 1995 prices), except for Estonia and
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Cyprus. For Estonia, data in either line in 1995 prices were not available,
and we deflated nominal GDP (line 99b) with its 1995 base year deflator
(line 99bip of the IFS). For Cyprus, real GDP was obtained by dividing
nominal GDP with the CPI (line 64 of the IFS). Finally, real GDP for each
country was converted to real per capita GDP by dividing it with the pop-
ulation figure for each country. these series were divided by the population
of each country (line 99z of the IFS). The sample span for this variable is
from 1993:1 to 2002:3.

3.2 Cointegration models

For the interpretation of the empirical results, we claim that there is “com-
plete” convergence of government policies in a group of p countries, if we find
that there exist r = p− 1 cointegrating vectors and a single shared common
stochastic trend in a set of policy variables such as inflation rates. On the
other hand, if 0 < r < p−1, then there is only “partial” convergence among
the policies of the countries concerned; see Hafer and Kutan (1994). In this
sense, convergence means that the countries’ polices are aligned enough, so
that the relevant variables move towards a long run equilibrium and do not
drift too far apart over time. For example, if there exist two or more com-
mon stochastic trends among the interest rates or exchange rates of the 10
enlargement countries, then some of these countries set their policies inde-
pendently in the long run. Consequently, there is only partial convergence
of policies and some further adjustment in the policies of some countries
may be required to successfully join the EMU.

Before testing for cointegration, we tested all time series for unit roots
using the Augmented Dickey-Fuller test at the 5% level of significance. The
results are presented in Table 1. In order to select the appropriate lag
length, we used the Akaike’s information criterion. As shown in Table 1,
we failed to reject the unit root hypothesis for most of the series. In the
case of nominal exchange rates, the unit root hypothesis is rejected only for
Latvia, Lithuania and Slovenia.2 In the case of CPI-inflation, the unit root
hypothesis is rejected for Poland, the Slovak Republic, Slovenia, the three
Baltic states and Germany. In the case of real exchange rates, the unit root
hypothesis is rejected only for the three Baltic states, while in the case of
interest rates, it is not rejected for any country. The unit root hypothesis
is not rejected for any country in the cases of deficit/GDP and debt/GDP
ratios, while in the case of real per capita GDP is rejected only for the Czech
Republic. Based on these results we proceeded with cointegration analysis
of the relevant sets of variables.

Tables 2, 3 and 4 report the Trace statistics and the critical values
for nominal exchange rates, real exchange rates, inflation, interest rates,

2We did not test for a unit root the nominal exchange rates of the 3 EMU countries,
as these countries have adopted a common currency since January 1, 1999.
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deficit/GDP ratio, debt/GDP ratio and real per capita GDP. Table 2 refers
to the group of the 10 enlargement countries, while Table 3 combines the 10
enlargement countries with the 3 countries of the Eurozone. Because we do
not have critical values for systems where p ≥ 13, we left the Netherlands
out of the analysis in the case of interest rates. We also used a subset of the
enlargement countries that we call the enlargement core, which consists of
the 5 countries with the higher real per capita GDP, namely Cyprus, Slove-
nia, Malta, the Czech Republic and Hungary. Table 4 reports the empirical
results for the combined systems of the enlargement core and the 3 EMU
countries.

To select the appropriate lag length, k, in equation (1), we set up a sepa-
rate VECM for each set of these variables and used the likelihood ratio test
to carry out hypothesis testing Under the hypothesis Γk = 0, the likelihood
ratio test is asymptotically distributed as χ2 with p2 degrees of freedom; see
Johansen, 1995, p. 21. Further, to determine which submodel describes best
each set of variables, we tested the various submodels against each other us-
ing likelihood ratio tests in Johansen (1995), which are also distributed as
χ2 with appropriate degrees of freedom. The degrees of freedom for testing
pairs of the five nested submodels, which are nested from the most to the
least restrictive, are defined as follows:

0 ⊂
r
1∗ ⊂

p−r
1 ⊂

r
2∗ ⊂

p−r
2

As shown in Table 2, we test of cointegration in nominal exchange rates
for seven countries, as the nominal exchange rates of Latvia, Lithuania and
Slovenia were found to be integrated of order zero. Using the Trace statistic
at a 5% level of significance, we find two cointegrating vectors and five
common trends among the seven nominal exchange rates. Similarly, in the
case of real exchange rates, we excluded the three Baltic states that had
stationary real exchange rates. In this case based on the Trace statistic,
we find one cointegrating vector and six common stochastic trends. In the
case of interest rates, we consider a 10-dimensional system and find eight
cointegrating vectors and two common trends. For the deficit/GDP and
debt/GDP ratios, we use two 5-dimensional systems for the five countries for
which data is available. For the deficit/GDP ratio the Trace test detects one
cointegrating vector and four common trends, while for the debt/GDP ratio
the same test detects three cointegrating vectors and two common trends.
In respect of inflation, only Cyprus, Malta, Hungary and the Czech Republic
have I(1) inflation rates. In this case, the Trace test finds three cointegrating
vectors and one common trend at the 5 percent level of significance.

From the above results, it is clear that only in the cases of debt/GDP
ratio and interest rates, the enlargement countries approach near full con-
vergence, since we find two common trends and eight cointegrating vectors.
Full convergence is also indicated in the case of inflation, but only among the
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four countries considered. In all other cases, we can say that there is only
partial convergence of policies among the ten new EU enlargement countries.
Clearly, some further adjustment of policies is necessary to better prepare
some of the countries to join the EMU.

In the fifth column of the first panel of Table 2 we analyze the hypoth-
esis of real convergence in terms of co-movements among the real per capita
GDPs of the enlargement countries. Considering a 6-dimensional system
(real per capita GDP is I(0) for the Czech Republic, while we have no suffi-
cient data for Hungary, Malta and Poland), we find two cointegrating vectors
and four common trends among the six real per capita GDPs of Cyprus, the
three Baltic states, Slovenia and the Slovak Republic. We interpret this
result as evidence of partial real convergence among these countries.

Table 3 shows the empirical results for the combined system of the 10 new
countries and the 3 EMU countries. For real exchange rates, we estimate
a 10-dimensional system (excluding the three Baltic states with I(0) real
exchange rates from the 10 enlargement countries and adding the 3 EMU
countries). Based on the Trace test we find two cointegrating relations and
eight common trends at the 5 percent level. For the 6-dimensional system
of inflation rates, the Trace test indicates four cointegrating vectors and two
common trends. In this system we include Cyprus, the Czech Republic,
Malta, Hungary, France and the Netherlands. For the deficit/GDP ratio,
we excluded Latvia and Poland due to small sample size, and estimated a
6-dimensional system consisting of Cyprus, the Czech Republic, the Slovak
Republic and the 3 EMU countries. In this case, the Trace test indicates
two cointegrating vectors and four common trends. For the analysis of the
debt/GDP ratio, we excluded Hungary and Lithuania due to small sample
size, and estimated a 6-dimensional system consisting of Cyprus, the Czech
Republic, Poland and the 3 EMU countries. In this case we find three
cointegrating vectors and three common trends. In the case of interest rates,
we constructed and estimated a 12-dimensioned system consisting of the
ten new countries, Germany and France. Here, the Trace test indicates ten
cointegrating relations and two common trends. Finally, in the case of real
per capita GDP, we estimated a 9-dimensioned system, consisting of the six
new countries for which data is available (Cyprus, the three Baltic states,
Slovenia and the Slovak Republic) and the 3 countries of the Eurozone. In
this case, we find four cointegrating vectors and five common trends. Based
on these results, we conclude that there is only partial nominal and real
convergence between the ten new countries and the countries that are 3
members of the Eurozone.

In Table 4 we combine the five core enlargement countries with the 3
EMU countries. The empirical results are similar to those in Table 3. In
cases of real exchange rates and interest rates, we estimate two 8-dimensional
systems. In the former case the Trace test indicates two cointegrating vectors
and six common trends, while in the latter case we find six cointegrating

12



vectors and two common trends. In the cases of the deficit/GDP ratio and
debt/GDP ratio, we estimated two 5-dimensional VECM’s, consisting of
Cyprus, the Czech Republic and the 3 countries of the Eurozone. In the
former case we find three cointegrating vectors and two common trends,
while in the latter case the Trace test indicates two cointegration relations
and three common trends. These results show that there is only partial
nominal convergence between the core enlargement countries and the 3 EMU
countries.

On the real side, we find almost full convergence of real per capita GDPs
between the enlargement countries with high income and the Eurozone coun-
tries. Based on the 5-dimensional VECM consisting of Cyprus, Slovenia and
the 3 EMU countries, the Trace test indicates three cointegrating vectors
and two common trends. This means that there is almost a co-movement of
these countries’ real outputs in the long run.

In summary, we can state that these results are mixed for the 10 en-
largement countries, aspiring to join the EMU. Nonetheless, these results
show the need for reform and coordination in government policies among
the new enlargement countries and the EU countries, in order to achieve
greater convergence of the key nominal and real variables that can sustain
a common currency. These countries are close to moving together in the
cases of inflation and long-term interest rates. But a lot of work has to be
done, especially in fiscal policies to achieve convergence in fiscal criteria of
deficit/GDP ratios and debt/GDP ratios. For example, tax and expenditure
harmonization across the new countries, along with monetary adjustment,
will increase the prospects for successful EMU accession, by increasing the
number of cointegrating relations and thus, reducing the number of com-
mon trends. These reforms will also help these countries to achieve not only
partial but full real convergence, which will strengthen the prospects for a
successful participation into the Eurozone

3.3 Common trends

In this section we analyze the common stochastic trends, in order to see
which countries, if any, contribute significantly to them. This is potentially
useful information for the design and adjustment of policies within each
country and the EU. In all cases, we tested the null hypothesis H0 : α⊥ = 0,
for each country. A significant α⊥ implies that the variable of the respec-
tive country is weakly exogenous and dominates the common trend in the
cointegrating system (see Hafer, Kutan and Zhou, 1997). Tables 5, 6 and
7 report the L-statistics for α⊥’s for the group of the 10 enlargement coun-
tries, for the 10 enlargement countries and the 3 EMU countries and for the
enlargement core and the 3 EMU countries, respectively.

Table 5 reports the results for each of the 10 enlargement countries. In
the case of nominal exchange rates, Hungary’s α⊥ is statistical significant,
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which means that its nominal exchange rate is weakly exogenous and con-
tributes significantly to the five common trends of the system of nominal
exchange rates. In the case of real exchange rates, the six common trends
are dominated by Cyprus and the Czech Republic, while in the case of in-
flation, the single common trend is dominated by Hungary, Malta and the
Czech Republic. All of the countries, excluding Malta, dominate the two
common trends in the case of long term interest rates. For the deficit/GDP
and debt/GDP ratios, the four and two common trends respectively, are
dominated by Cyprus, Poland and the Slovak Republic in the former case,
while they are dominated only by Lithuania in the latter case. Finally, in
the case of real per capita GDP, most of the countries contribute to the
four common trends. Only for Cyprus and the Slovak Republic, real per
capita GDP is endogenous, which means that is affected by domestic policy
actions.

Weak exogeneity in some of these variables implies that their changes
reflect the impact of changes in the fundamental factors that determine their
long run behavior, instead of the effects that are associated with domestic
policy actions in the short run. For example, weak exogeneity in the case
of interest rates reflects a similar long run behavior of all the new countries
(except Malta), which is not affected by short run changes in policy. Having
only two common trends in the 10 interest rates means that there is almost
full convergence of interest rates policies in these countries, and they are
almost ready to satisfy the Maastricht criterion of long term interest rates.

All of the above tests concern the significance of single estimates of α⊥.
It is also useful to investigate which group of countries dominates each com-
mon trend. This joint test is important especially in the case of interest
rates, since the cointegration process indicates almost full convergence with
only two common trends. In this case, we tested if the policies of the 5
enlargement countries with high income (Cyprus, Slovenia, the Czech Re-
public, Hungary and Malta) jointly drive the single common trend, while the
policies of the 5 enlargement countries with low income (Poland, the Slovak
Republic and the three Baltic states) jointly determine the other common
trend. Here the null hypothesis is H0 : α

i
⊥ = 0, i = 1, ..., 5 where i denotes

the country in each of the groups. This hypothesis implies that the specific
group does not drive the common trend. In this case, the two G matrices
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required to construct the L−statistic in equation (10) take the form:

Ghigh income =



1 0 0 0 0
0 1 0 0 0
0 0 0 0 0
0 0 1 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 1


and Glow income =



0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0


The L-statistic is 123.08 in the former case and 151.43 in the latter

case. The critical value of χ2(10) at the 5% level of significance, is 18.3.
Consequently, in both cases the null hypothesis is rejected.

Table 6 shows the common trends results for the combined system of
the 10 enlargement countries and the 3 EMU countries. In the case of
real exchange rates, the eight common trends are dominated by Cyprus,
the Czech Republic and by the 3 Eurozone countries. Hungary and the
Czech Republic dominate the two common trends that exist in the system
of inflation rates. Germany, France and seven new countries dominate the
two common trends, in the case of interest rates. The 3 Eurozone countries
dominate the four common trends, in the case of deficit/GDP ratio, while
in the case of debt/GDP ratio, the three common trends are dominated
by Germany and Cyprus. Finally, Latvia, Lithuania and the Netherlands
dominate the five common trends, in the case of real per capita GDP.

In summary, for seven of the 10 enlargement countries and the 3 EMU
countries, their long term interest rates are not affected by past disequilibria.
For the rest of the variables, the 3 Eurozone countries or some of them are
found to be weakly exogenous.

We expect that in the case of interest rates, Germany and France jointly
drive the one of the two common trends, while the 10 enlargement countries
jointly dominate the other. The reason is that Germany and France are
already members of the Eurozone, while the new countries are still adjusting
their policies in order to join the EMU in the near future. To test this claim
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using the L-statistic in equation (10), we constructed the two G matrices:

GEMU =



0 0
0 0
0 0
1 0
0 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0



and Gnew =



1 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 1


respectively. In the former case, the L-statistic was 65.73 and χ2(0.05,20) =

31.4, while in the latter case, it was 185.26 and χ2(0.05,4) = 9.49. Hence, in
both cases, the null hypothesis is rejected.

Table 7 reports the results for the combined system of the 5 countries of
the enlargement core and the 3 EMU countries. In the case of real exchange
rates, the results show unexpectedly that the 3 Eurozone countries are not
dominating any of the six the common trends. In the case of interest rates,
the 3 EMU countries and Cyprus are dominating the two common trends.
The 3 Eurozone countries and Cyprus dominate the two common trends in
the case of deficit/GDP ratio, while in the case of debt/GDP ratio, the three
common trends are dominated by Germany and Cyprus. Finally, the two
common trends that exist in the case of real per capita GDP are dominated
by the Netherlands, Cyprus and Slovenia. In other words, the real output
of these countries is mainly affected by long run fundamental changes and
international economic environment, and not by short run economic fluc-
tuations. The weakly exogeneity of most of the nominal variables of the 3
EMU countries and Cyprus is an expected result, since Germany, France
and the Netherlands are members of the Eurozone and Cyprus already sat-
isfies most of the nominal Maastricht criteria. Also Cyprus’s real per capita
output is greater than the rest of the enlargement countries and closer to
the EU average.

Having found only two common trends in the case of interest rates, we
expect one to be driven by the 3 Eurozone countries and the other by the

16



enlargement core. To test this claim, the two G matrices take the form:

GEMU =



0 0 0
0 0 0
1 0 0
0 1 0
0 0 0
0 0 0
0 0 1
0 0 0


and Gcore =



1 0 0 0 0
0 1 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 0
0 0 0 0 1


respectively. In the former case, the L-statistic was 34.57 and χ2(0.05,10) =

18.3, while in the latter case, it was 15.87 and χ2(0.05,6) = 12.6. Thus, in both
cases, the null hypothesis is rejected.

4 Concluding remarks

In this study, we have presented cointegration and common trends analysis
among the 10 new countries of the EU enlargement alone, as well as in
relation to 3 EMU countries. Cointegration is a necessary condition for co-
movement of key variables in the long run and, thus for a successful future
accession of the prospective new countries into the EMU. The analysis was
based on the nominal convergence Maastricht criteria and an aspect of real
convergence, using as a proxy the real per capita GDP’s of those countries.

Our empirical results support the view that the new countries are only
partially ready to join the EMU at the present. Additional work is required
in order to achieve not only nominal convergence, but also real convergence
among them, as well as in relation to the Eurozone countries. In order
to carry out the analysis we decomposed each system of variables into its
transitory and common trend components so as to identify which country
or group of countries drive these trends.

More specifically, in the cases of nominal exchange rates, real exchange
rates and deficit/GDP, our analysis indicates only partial convergence among
these countries. In the cases of debt/GDP ratio and long-term interest
rates, these countries have achieved almost full convergence among them.
In the case of inflation, the results indicate full convergence among the 10
new countries. The group of the 5 enlargement countries with high income
dominates the one common trend of that system, while the group of the 5
enlargement countries with low income dominates the other. The empirical
findings are similar when we combine these countries with the 3 Eurozone
countries. We find only partial convergence in most of the variables and
almost full convergence in the cases of inflation and interest rates. In this
case, the one common trend is dominated by the EMU countries and the
other by the enlargement countries. Comparing the group of the richest new
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countries with the 3 EMU countries, we find almost full nominal convergence
in the cases of deficit/GDP ratio and interest rates. Further we claim for
almost full convergence between these two groups of countries, in terms of
real output.

Overall, for all the variables specified by the Maastricht criteria, except
for inflation in the system of the 10 enlargement countries, the number of
common stochastic trends is greater than one. These results emphasize the
need for greater coordination in monetary and fiscal policies of the enlarge-
ment countries, if they want to join the EMU in the near future.
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Table 1
Augmented Dickey - Fuller test for a unit roota

Nominal Inflation Real Interest
Country ex. rates ex. rates rates
Cyprus -1.97 -2.49 0.01 -1.11

Czech Republic -1.36 -0.55 -0.90 -2.05
Estonia -2.05 -4.55* -8.32* -1.31
France -2.92 -0.69 -1.79
Germany -4.52* -0.76 -1.91
Hungary 0.16 -2.38 0.54 -1.83
Latvia -5.39* -3.23* -4.68* -0.42
Lithuania -3.63* -3.42* -5.62* -0.47
Malta -2.45 -1.09 -0.84 -1.66

Netherlands -2.61 -0.61 -2.40
Poland -2.02 -6.76* -1.11 -1.05

Slovak Republic -2.36 -3.68* -0.70 -0.35
Slovenia -4.15* -5.61* -1.40 -2.80

Deficit/ Debt/ Real GDP
Country GDP ratio GDP ratio per capita
Cyprus -1.77 -2.14 -2.15

Czech Rep. -1.03 -1.97 -3.82*

Estonia 0.04
France -1.09 -1.84 -1.90
Germany -0.84 -2.26 -2.21
Hungary -1.42c

Latvia -1.71b 0.28
Lithuania 1.53c -1.97
Malta

Netherlands -1.91 -2.45 0.52
Poland -2.18b -2.50

Slovak Rep. -2.20 -1.23
Slovenia -1.67

a The entry in each cell is the ADF statistic. * denotes
rejection of the unit root hypothesis at the 5% significance
level. Unless indicated otherwise, for the variables of the
table, the sample sizes are 120, 119, 120, 60, 36, 24 and
39 respectively. We also tested the null hypothesis of a
second unit root. This hypothesis was rejected in all cases.
b Sample size is 22. c Sample size is 19.
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Table 2
Trace statistics: The 10 enlargement countries

Nominal Deficit/ Debt/ Real 5% critical
ex. rates GDP GDP GDP per values for

(p− r) ratio ratio capita Model 1*
10 251.31
9 208.41
8 169.54
7 174.23* 134.70
6 114.46* 135.81* 103.84
5 76.02 88.41* 161.43* 80.51* 76.96
4 43.05 41.39 74.84* 49.97 54.09
3 22.01 14.04 37.53* 28.42 35.19
2 11.97 7.07 16.93 13.97 20.25
1 5.14 2.99 6.95 4.43 9.17

Lag k 1 1 1 1
Model 1* 1* 1* 1*

Inflation Interest 5% critical Real 5% critical
rates values for ex. rates values for

(p− r) Model 0 Model 2*
10 485.97* 219.38 273.20
9 354.86* 179.48 228.32
8 252.87* 143.64 187.44
7 191.06* 111.79 158.49* 150.55
6 137.72* 83.94 105.04 117.69
5 87.69* 60.06 70.74 88.79
4 132.34* 50.45* 40.17 43.30 63.87
3 65.19* 27.97* 24.28 26.20 42.92
2 13.24* 9.86 12.32 10.81 25.86
1 1.56 0.08 4.13 4.19 12.52

Lag k 1 3 2
Model 0 0 2*
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. * denotes
rejection of the null hypothesis of at most r cointegrating relations,
at a 5% significance level.
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Table 3
Trace statistics: The 10 enlargement countries and the 3
EMU countries

Real Inflation Deficit/ Debt/
(p− r) ex. rates GDP ratio GDP ratio
12
11
10 319.21*

9 229.49*

8 160.46
7 116.46
6 85.47 231.21* 133.84* 194.42*

5 57.49 158.40* 87.76* 118.65*

4 37.62 98.71* 52.84 71.74*

3 20.53 42.77* 24.72 32.67
2 10.60 12.75 9.79 13.95
1 2.68 4.81 2.60 5.34

Lag k 2 1 1 1
Model 1* 1* 1* 1*

Real 5% critical Interest 5% critical
GDP per values for rates values for

(p− r) capita Model 1* Model 0
12 348.98 663.13* 311.09
11 298.16 506.72* 263.25
10 251.31 364.05* 219.38
9 320.09* 208.41 278.08* 179.48
8 231.48* 169.54 205.48* 143.64
7 157.11* 134.70 152.92* 111.79
6 108.50* 103.84 112.19* 83.94
5 71.59 76.96 75.00* 60.06
4 45.55 54.09 46.19* 40.17
3 25.16 35.19 24.96* 24.28
2 12.19 20.25 9.11 12.32
1 4.91 9.17 2.23 4.13

Lag k 1 2
Model 1* 0
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. * denotes rejection of the null hypothesis of at
most r cointegrating relations, at a 5% significance level.
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Table 4
Trace statistics: The enlargement core and the 3 EMU countries

Real Interest Debt/ Real 5% critical
ex. rates rates GDP ratio GDP per values for

(p− r) capita Model 1*
8 222.95* 305.66* 169.54
7 149.61* 228.87* 134.70
6 86.89 167.23* 103.84
5 56.21 118.78* 134.68* 114.12* 76.96
4 37.24 73.25* 75.55* 67.38* 54.09
3 20.26 41.87* 34.07 38.11* 35.19
2 9.49 15.70 13.21 13.48 20.25
1 2.75 5.28 4.43 3.03 9.17

Lag k 2 3 1 1
Model 1* 1* 1* 1*

Deficit/ 5% critical
GDP ratio values for

(p− r) Model 0
8 143.64
7 111.79
6 83.94
5 101.26* 60.06
4 55.55* 40.17
3 25.81* 24.28
2 5.99 12.32
1 1.58 4.13

Lag k 1
Model 0
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. * denotes
rejection of the null hypothesis of at most r cointegrating relations,
at a 5% significance level.
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Table 5
L-statistics: For each of the 10 enlargement countries

Nominal Real Inflation Interest Deficit/ Debt/ Real
ex. rates ex. rates rates GDP GDP GDP per

Country ratio ratio capita
Cyprus 11.95 143.91* 2.47 65.13* 17.14* 1.11 14.32

Czech Rep. 3.09 15.47* 19.48* 38.42* 0.49 12.13
Estonia 10.99 55.61* 19.79*

Hungary 23.95* 6.25 43.11* 37.45* 4.77
Latvia 64.45* 6.71 25.08*

Lithuania 34.92* 15.57* 21.88*

Malta 15.09 0.40 9.10* 20.22
Poland 15.86 9.48 37.90* 18.33* 4.89

Slovak Rep. 6.37 8.80 38.77* 22.59* 11.28
Slovenia 0.46 42.14* 18.38*

χ2(0.05) 18.3 12.6 7.81 26.3 9.49 12.6 15.5
d.f.a 10 6 3 16 4 6 8

a The degrees of freedom of the χ2−statistic equal (p− r)× (p−m), where
r is the number of cointegrating vectors and m is the number of columns in the
G matrix. * denotes rejection of the null hypothesis H0 : α⊥ = 0.
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Table 6
L-statistics: For each of the 10 enlargement countries and the 3 EMU countries

Real Inflation Interest Deficit/ Debt/ Real
ex. rates rates GDP GDP GDP per

Country ratio ratio capita
Cyprus 34.51* 3.44 61.58* 15.21 22.93* 24.38

Czech Rep. 30.70* 20.52* 39.87* 8.70 4.43
Estonia 45.00* 13.38
Hungary 17.18 37.27* 57.97*

Latvia 45.13* 32.29*

Lithuania 34.49* 41.34*

Malta 23.31 1.07 27.23
Poland 18.44 19.77 15.85

Slovak Rep. 22.69 57.29* 10.56 28.37
Slovenia 10.67 24.78 30.24
France 33.51* 0.07 44.92* 23.37* 4.76 13.41
Germany 32.82* 42.11* 19.38* 28.27* 19.45
Netherlands 32.46* 6.05 21.57* 7.14 54.34*

χ2(0.05) 26.3 15.5 31.4 15.5 16.9 31.4
d.f.a 16 8 20 8 9 20

a The degrees of freedom of the χ2−statistic equal (p− r)× (p−m), where
r is the number of cointegrating vectors and m is the number of columns in the
G matrix. * denotes rejection of the null hypothesis H0 : α⊥ = 0.
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Table 7
L-statistics: For each of the enlargement core countries and
the 3 EMU countries

Real Interest Deficit/ Debt/ Real
ex. rates rates GDP GDP GDP per

Country ratio ratio capita
Cyprus 30.28* 28.86* 22.81* 14.82* 16.93*

Czech Rep. 31.66* 14.24 9.91 6.10
Hungary 12.76 18.36
Malta 19.90 5.33
Slovenia 8.55 19.39 36.23*

France 13.27 29.63* 17.22* 0.75 7.69
Germany 12.73 33.93* 19.40* 15.26* 9.75
Netherlands 13.47 29.98* 23.15* 7.54 15.48*

χ2(0.05) 21.0 21.0 12.6 12.6 12.6
d.f.a 12 12 6 6 6

a The degrees of freedom of the χ2−statistic equal
(p− r)× (p−m), where r is the number of cointegrating
vectors and m is the number of columns in the G matrix.
* denotes rejection of the null hypothesis H0 : α⊥ = 0.
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