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IIIVVV...   MMMEEETTTHHHOOODDDOOOLLLOOOGGGYYY   

AAA...      UUUNNNIIITTT   RRROOOOOOTTT   TTTEEESSSTTTSSS   

Before testing for cointegration, we shall test all time series for stationarity. Tests of 

stationarity are referred to as unit roots tests. The simplest approach to testing for 

stationarity is the Dickey-Fuller test. The hypothesis of a stationary series can be 

evaluated by testing for the value of 1a  in the following equations. The test takes the 

unit root as the null hypothesis, i.e. H0: 1a =1, where the series is I(1). Since 

explosive series do not make sense in finance, this hypothesis is tested against the 

one-sided alternative, i.e. H1: 1a <1, where the series is I(0). Re-specifying each 

equation in terms of changes in tY , the test is carried out on the value of β = 1a -1. If 

β=0 ( 1a =1), the series tY  exhibits a unit root and is I(1), while the series tY∆  is 

stationary and if β<0 ( 1a <1), the series tY  is itself stationary, I(0). We distinguish 

the following cases concerning the form of the model being tested: 

 

a) Zero mean, no time trend:  

 ttt eYaY += −11 , or in terms of changes in tY : ttt eYY +=∆ −1β . If the null 

hypothesis is accepted, the tY  series is a random walk without drift. 

b) Non-zero mean, no time trend:  

 ttt eYaaY ++= −110 , or equivalently: ttt eYaY ++=∆ −10 β . 

c) Non-zero mean and time trend:  

 ttt eTYaaY +++= − γ110 , or equivalently: ttt eTYaY +++=∆ − γβ 10 . 

 

The simple unit root tests are robust against reasonable degrees of 

heteroscedasticity, but autocorrelation causes problems. The Dickey-Fuller test is 

valid only if the series is an autoregressive of order one [AR(1)] process. If the series 

is correlated at higher order lags, the assumption of white noise disturbances is 

violated. The Augmented Dickey-Fuller test solves the problem of testing for 

stationarity when there is autocorrelation in the residuals. This approach makes a 

parametric correction for higher-order correlation by assuming that the series follows 
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an AR(k) process, i.e. it incorporates lagged values of the dependent variable in the 

regression equation, with the number of lags being chosen simply to be sufficient to 

remove the autocorrelation in the residuals. The selection of the appropriate lag 

length k can be based on various Information Criteria (IC) provided by E-Views. The 

corresponding forms of the model are now: 

 

 a) Zero mean, no time trend:  

 ttttt eYYYY ++∆+∆+=∆ −−− ...22111 γγβ  

b) Non-zero mean, no time trend:  

 ttttt eYYYaY ++∆+∆++=∆ −−− ...221110 γγβ  

c) Non-zero mean and time trend:  

 ttttt eTYYYaY +++∆+∆++=∆ −−− δγγβ ...221110  

 

The exact form of the significance tests depends upon the form of the model being 

tested. In all cases, the null hypothesis of unit root will be rejected if the test 

statistic β/SE(β) is smaller (has a larger negative value) than the reported critical 

values. However, as stated Hendry and Juselius (1999), when a variable is stationary 

but with a root close to unity, it is often a good idea to act as if there are unit roots 

to obtain robust statistical inference. 

 

BBB...   CCCOOOIIINNNTTTEEEGGGRRRAAATTTIIIOOONNN   TTTEEESSSTTTSSS   

Cointegration analysis is designed to find linear combinations of non-stationary 

variables (other than differencing) that remove unit roots. Specifically, cointegration 

vectors determine I(0) relations (long-run equilibria) that hold between variables 

which are individually I(1). These relations act as “attractors” towards which 

convergence occurs whenever there are departures therefrom. 

The maximum likelihood theory of multivariate cointegration assumes that the 

stochastic variables are integrated of order one I(1) and that the data generating 

process is a Gaussian vector autoregressive model of finite order k [VAR(k)] which 

may possibly include some deterministic components (intercept and trend). The lag 

length of the VAR is determined based on the sequential modified LR test statistic. 
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Let Yt be a p-dimensional column vector of I(1) variables: 

 

Yt = A1Yk−1 +…+ AkYt−k + µ0 + µ1t + εt, t = 1… T                      (1)      

 

where A1… Ak are (p × p) matrices of coefficients, µ0 and µ1 are (p × 1) vectors of 

constant and trend coefficients, respectively. The deterministic term is equal to µt ≡  

µ0 + µ1t. Finally, εt is a p × 1 multivariate normal random error vector with mean 

vector zero and covariance matrix Ω that is independent across time periods. 

Following the Granger Representation Theorem [Engle and Granger (1987)], if 

two series are cointegrated, then there exists an error correction representation of 

the relationship between the first differences of the two series and the VAR(k) can be 

written in a Vector Error-Correction Model (VECM) form as: 

 

∆Yt = ΠYt−1 + iti YΓ −

−

=

∆∑
1

1

k

 + µ0 + µ1t + εt, t = 1…T  (2) 

 

where Π =∑
=

−
k

1

IAi and Γi = ∑
+=

k

1i
jA  are (p × p) matrices of coefficients. Π represents 

the long-run relationship of the individual series, while and Γi traces out the 

short-run impact of shocks to the system. 

The hypothesis of cointegration can be stated in terms of the long run matrix Π in 

(2). Under the hypothesis of cointegration, this matrix can always be written as: 

 

Π = αβ'      (3) 

 

where α and β are (p × r) matrices of full rank. α is the matrix of the rate of 

adjustment of the process towards equilibrium and β is the matrix of 

cointegrating vectors (each column of β is a cointegrating vector), which describe 
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the long-run equilibrium relationships between the variables.1 The rows of β' are such 

that for each row: β'i*Yt−1 is I(0). 

Regardless of the normalization chosen, the rank of Π (the number of linearly 

independent rows) is still related to the number of cointegrating vectors. There are 

three possibilities to consider: 

 

 If the rank of Π is 0, then Π = Ø, which means that there is no linear 

combination of the elements of Yt that is stationary and that there are p 

stochastic trends. The variables of Yt do not have any cointegration relations and 

hence cannot move together in the long run. In this case, the equation in (2) 

reduces to a standard VAR in first differences. 

 The other extreme case is when Π matrix is of full rank, i.e. the rank of the Π 

equals p. In this case, the assumed stationarity of the error term requires that 

the levels of the Yt process themselves be stationary. 

 In the intermediate case, when Π is of rank 0 < r < p, Yt is I(1) and there exist r 

stationary linear combinations of the elements of Yt (r cointegrating vectors) and 

p - r common trends. 

 

Due to the normality assumption, we can test for the reduced rank of the Π matrix 

using likelihood ratio tests. The procedure of Johansen (1988, 1991) and Johansen 

and Juselius (1990) uses the technique of reduced rank regression 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. These regressions give 

residuals R0t and Rit, respectively. Solving the eigenvalue problem:2 

 

                                                 
1  We may impose restrictions on both coefficients. To impose restrictions on the adjustment coefficients 

we refer to the (i, j)-th element of the α matrix, for i, j = 1,…, p. One restriction of particular interest is 
whether the ith row of the α matrix is zero. In this case, the ith endogenous variable is said to be 
exogenous with respect to the β parameters. 

2 Where Sij = T -1∑
=

′
T

t
jtit RR

1
, for i, j = 0, 1. 
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01
1

0010 SSS −−11λS = 0      (4) 

 

for eigenvalues 1 > 1λ
)

 > ... > pλ
)

 > 0 and eigenvectors V
)

 = ( 1v)  ... pv) ), normalized 

such that V ′
)

S11V
)

 = I, we get the MLE of α and β as α)  = S01 β
)

 and β
)

 = ( 1v)  ... rv) ) 

respectively, where ( 1v)  ... rv) ) are the eigenvectors associated with the r largest 

eigenvalues of (4). The choice of β
)

 is equivalent to the choice of the r linear 

combinations of Yt−1 that have the largest squared correlation with the stationary 

part (∆Yt). The eigenvalues iλ
)

 are the squared canonical correlations of Rit with 

respect to R0t. Therefore, they measure how strongly the linear combinationβ
)

'i*Yt−1 

is correlated with the stationary part ∆Yt. If β
)

'i*Yt−1 is non-stationary, this 

correlation tends to 0 and asymptotically iλ
)

= 0, for i = r + 1,…, p. This analysis 

allows us to calculate all p eigenvalues and eigenvectors and then make inference 

about the number of important cointegration relations, by testing how many of the 

λ’s are zero. The statistical problem is to derive a test procedure to discriminate 

between the iλ
)

, i = 1,…, r, which are large enough to correspond to stationary β'Yt−1 

and those iλ
)

 , i = r + 1,…, p, which are small enough to correspond to non-

stationary eigenvectors. The procedure of Johansen (19988, 1991) and Johansen 

and Juselius (1990) involves two likelihood ratio statistics for testing for r 
cointegrating relations: 

 

((aa))  TTrraaccee  SSttaattiissttiicc::  

The Trace statistic tests the null hypothesis of r, at most, cointegrating vectors 

against the alternative hypothesis of p cointegrating vectors. 

H0: rank(Π) = r < p (r cointegrating relations) 

H1: rank(Π) = p (full rank, so Yt ~ I(0)) 

 

The likelihood ratio statistic is given by: 
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Trace(r| p) = -T ln[(1 – 1+rλ
)

)…(1 – pλ
)

)] = – T ∑
+=

−
p

ri 1

)iλ
)

ln(1                (5) 

where iλ
)

 is the ith smallest eigenvalue to equation (4), for i = r + 1,..., p. 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 trace statistic is non-standard and depends on 

whether there is a constant and/or a trend; and whether these are unrestricted or 

not in the model. 

 

((bb))  MMaaxxiimmuumm  EEiiggeennvvaalluuee  SSttaattiissttiicc::  

The Maximum Eigenvalue statistic tests the hypothesis of r cointegrating vectors 

against the alternative hypothesis of r + 1 cointegrating vectors. 

H0: rank(Π) = r < p (r cointegrating relations) 

H1: rank(Π) = r + 1 

The test statistic is computed as: 

 

Maximum Eigenvalue (λmax) = -T ln[(1 – λr+1) = Trace(r| p) – Trace(r+1| p)    (6) 

for r = 0,..., p – 1. 

 

As noted by Kasa (1992) the Trace statistic will tend to have greater power than λmax 

when the iλ  are evenly distributed, as it takes account of all p – r of the smallest 

eigenvalues. On the other hand, λmax will tend to give better results when the iλ  are 

either large or small. In practice the value of r is best chosen by a judicious 

consideration of both statistics, along with an inspection of the eigenvalues 

themselves.   
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CCC...   FFFIIIVVVEEE   CCCAAASSSEEESSS   FFFOOORRR   TTTRRREEENNNDDDSSS   AAANNNDDD   IIINNNTTTEEERRRCCCEEEPPPTTTSSS   

Reconsider the VEC representation (2): 

 

∆Yt = αβ'Yt−1 + iti YΓ −

−

=

∆∑
1

1

k

 + µ0 + µ1t + εt, t = 1…T               (7) 

 

∆Yt ~ I(0) and εt ~ I(0), thereby β'Yt−1 must be I(0) also. Since all the above are 

stationary, they have constant means:  

 E(∆Yt) = γ, describing a (p × 1) vector of growth rates. 

 E(β'Yt−1) = δ, describing a (r × 1) vector of intercepts in the cointegrating 

relations. 

Under the hypothesis Π = αβ', the relation between α and the deterministic term (µt 

≡  µ0 + µ1t) is crucial for the properties of the process Yt. To see this, we first 

decompose the two (p × 1) vectors µ0 and µ1 in the directions of α and α┴, where α┴ 

is a p × (p - r) matrix of full rank consisting of vectors orthogonal to the vectors in α: 
 

µ0 = αδ + α┴γ 

µ1 = αζ + α┴η 
 

The vector in the α┴ directions is related to the mean value of the cointegrating 

relations [β'Yt−1] and the vector in the α┴ is related to growth rates [∆Yt]. Hence, the 

constant term µ0 and the deterministic linear trend µ1 play a dual role in the 

cointegrated model: 

 In the α directions, they describe an intercept (δ) and a linear trend (ζ) in the 

steady-state relations. 

 In the α┴ directions, they describe linear (γ) and quadratic (η) trends3 in the data. 

 

We now discuss five of the most frequently used models arising from restricting the 

deterministic components in (7): 

 

                                                 
3 Linear trends in growth and thus quadratic trends in the variables. 
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CCaassee  11  µµ11  ==  00,,  µµ00  ==  00::      

  The model excludes all deterministic components in the data (ζζ  ==  ηη  ==  γγ  ==  

δδ  ==  00). 

CCaassee  22  µµ11  ==  00,,  γγ  ==  00,,  bbuutt  δδ  ≠≠  00::    

The constant term is restricted in the cointegration space. There are no 

linear trends in the cointegrating relations (ζζ  ==  00) and no linear (γγ  ==  00) or 

quadratic trends (ηη  ==  00) in the data. The only deterministic components in 

the model are the intercepts (δδ) in any cointegrating relations (i.e. some 

or all equilibrium means are non-zero). 

CCaassee  33  µµ11  ==  00::  

There are no linear trends in (8). This means that there are no quadratic 

trends in the data (ηη  ==  00) or linear trends in any cointegration relations 

(ζζ  ==  00). But since the constant term is unrestricted µµ00  ≠≠  00, there are still 

linear trends in the data (γγ  ≠≠  00) and a non-zero intercept in the 

cointegration relations (δδ  ≠≠  00). 

CCaassee  44  ηη  ==  00::  

The trend is restricted in the cointegration space, but the constant is 

unrestricted. There are linear (γγ  ≠≠  00) but no quadratic trends in the data 

(ηη  ==  00). These linear trends in the variables do not cancel in the 

cointegration space (ζζ  ≠≠  00).  There is also a non-zero intercept in the 

cointegration relations (δδ  ≠≠  00). 

CCaassee  55  NNoo  rreessttrriiccttiioonnss::  

The trend and the intercept are unrestricted in the VAR model. 

 
 
 
 

These five cases correspond to the following representations of the deterministic 

term µt: 
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Model 1 (H2) µt = 0 

Model 2 (H1
*) µt = αδ  

Model 3 (H1) µt ≡  µ0 = αδ + α┴γ 

Model 4 (H0
*) µt = αδ + α┴γ + αζt 

Model 5 (H0) µt ≡  µ0 + µ1t = αδ + α┴γ + (αζ + α┴η)t 

 

The above models are each a subset of the other: 

 

H2 ⊂  H1
* ⊂  H1 ⊂  H0

* ⊂  H0 

 

Johansen constructed likelihood ratio (LR) statistics for determining the correct model 

for a given number of r cointegrating vectors. These statistics are the following: 

-2ln(Q;H0
*|H0) = )λ1/()1ln( *

1
ii

p

ri

T
))

−−∑
+=

λ  ~ χ2(p - r) 

-2ln(Q;H1|H0
*) = )λ1/()1ln( *

1
i

r

i

T
))

−−∑
=

iλ  ~ χ2(r) 

-2ln(Q;H1
*|H1) = )λ1/()1ln( *

1
ii

p

ri

T
))

−−∑
+=

λ  ~ χ2(p - r) 

-2ln(Q;H2|H1
*) = )λ1/()1ln( *

1
i

r

i

T
))

−−∑
=

iλ  ~ χ2(r) 

 

where iλ
)

 and *λ i

)
 are the ith largest eigenvalue under the hypothesis H and H*, 

respectively. As indicated above, the statistics follow a χ2 distribution with r or p – r 
degrees of freedom. The null hypothesis corresponds to the case that the more 

restrictive model is more suitable than the less restrictive one. The testing is 

performed sequentially, starting form the most restrictive model and moving to the 

less restrictive and it terminates when a hypothesis is not rejected for the first time. 
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The countries in question, as mentioned above, are the new EU members: Cyprus, 

the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia and 

Slovenia. Various authors [see Kocenda (2001), Kutan and Yigit (2002)] separate the 

countries according to the starting dates of negotiations. On 31 March 1998 

negotiations started with Cyprus, the Czech Republic, Estonia, Hungary, Poland and 

Slovenia (“1998 group”) and on 13 October 1999 the Commission recommended the 

opening of negotiations with Latvia, Lithuania, Malta, the Slovak Republic (“1999 

group”).1 However, the “wave” approach has been left behind and each country’s 

accession prospects depend on its progress with negotiations through the acquis. 

Thereby, a segmentation according the type of the economies of the candidates 

could seem useful. In that case, the first group consists of the transition-economy 

candidates (Czech Republic, Estonia, Hungary, Poland, Slovenia, Latvia, Lithuania 

and the Slovak Republic) and the second of the market-economy candidates (Cyprus 

and Malta). The former group is further separated into two groups. The first reflects 

the institutional aspects of transition reforms with respect to the international trade 

arrangement between the Central and Eastern European Countries (CEEC). Such an 

arrangement was institutionalised in March 1993 in the form of the CEFTA, 

comprised of the Czech and the Slovak Republic, Hungary, Poland, and Slovenia. The 

final group consists of the Baltic countries (Estonia, Latvia, Lithuania). EMU is 

represented by three countries: Germany, France and the Netherlands. The decision 

not to include Germany alone arises from the doubts expressed about its dominant 

role and from two of the criteria proposed by the Maastricht Treaty.2  

The research in the field of inflation and interest rates convergence of the new EU 

members is likely to be more reliable in the future, since – as stated by Eurostat 

(2003) – the accession process has led to the construction of more appropriate 

indices, like the harmonised long-term interest rates series for convergence 

                                                 
1 Bulgaria and Romania were also included in this group, but the negotiations did not close in 2002, as 

happened with the other countries. 
2 In order to qualify for joining the EMU, a country must have: (a) an inflation rate not higher than 1.5% 

above the average of the three countries with the lowest inflation rates, (b) a long-term interest rate 
not higher than 2% above the average of the three countries with the lowest inflation rates. 
However, the construction of a series that includes such data would generate stationary processes, not 
appropriate for cointegration analysis. We, thereby, use data from the countries included in 
Koukouritakis and Michelis (2003). 
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assessment purposes since 2001 and the harmonised index of consumer prices 

(HICP).3

The Consumer Price Index (CPI) and interest rates data used in the analysis were 

obtained by the DATASTREAM, IMF Statistics (IFS) and EcoWIn Pro Databases, as 

well as by the ECB, EUROSTAT and the National Banks for the post-1993 period. We 

excluded data from the pre-1993 period both to avoid the early transition period and 

its financial chaos and to be able to include the Czech and Slovak Republics in the 

analysis. In some cases, after all, data availability forced us to truncate the data set 

somewhat. For CPI we use data for the period from January 1993 to December 2003, 

that produces a total of 120 observations.  For the calculation of inflation we used 

the twelfth differences of the logs of the monthly CPI series (i.e. the growth rate of 

each month relative to the same month of the previous year) so the reference period 

is reduced from January 1994 to December 2003, equivalent to a total of 120 

monthly observations. For interest rates we use the logs of the monthly long-term 

government bond yields for most of the countries for the period spanning from 

January 1995 to December 2003 (a total of 108 observations) for the CEFTA 

members and the Baltic countries and from January 1996 to December 2003 for the 

market economies. As Estonia has a very limited government debt, there are 

currently no suitable long-term government bonds available on the financial market. 

Furthermore, since government bond yields data for Latvia and Slovenia are limited 

to the post-2001 period, the indicators for these countries represent the interest 

rates on loans to non-financial corporations and households with maturities over five 

years4. In this case, however, Lithuania was removed from the sample due to data 

unavailability for the entire period. In the following table, we report the type of long-

term interest rates used in the analysis. 

 

TABLE 1. Interest Rates Groups 

Countries Type of Interest Rate 

Czech and Slovak Republics, EMU Members  10-year government bond yield 
Cyprus, Malta, Hungary 5-year government bond yield 
Poland 4-year government bond yield 
Estonia, Latvia, Slovenia Interest rates on long-term loans 

                                                 
3 The first stage to harmonization is the interim HICP (or proxy HICP), based largely on existing national 

CPIs, adapted to the HICP coverage and methodology. For the acceding countries, they are expected to 
be fully compliant with the HICPs of the Member States by 2004. 

4 However, a large part of the underlying claims is linked to variable interest rates and the claims are 
subject to a different credit risk than government bonds. 
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VVVIII...   EEECCCOOONNNOOOMMMEEETTRRRIIICCC   RRREEESSSUULLLTTTSSS   T U

AAA...      UUUNNNIIITTT   RRROOOOOOTTT   TTTEEESSSTTTSSS   

First of all, we have to determine the time-series characteristics of the data. All time 

series under consideration are tested for stationarity. As explained previously, the 

ADF unit root test is employed. The appropriate lag length k is automatically 

selected, based on the Akaike Information Criterion (AIC). The results of the unit 

root tests on the inflation and interest rates series are reported in Table 2. 

 

TABLE 2. ADF Unit Root Tests Results.* 

 Inflation  Interest Rates 

Country Sample Result  Sample Result 
Baltic Countries      
Estonia 1994:01-2003:12 I(1)** 1995:01-2003:12 I(1) 
Latvia 1994:01-2003:12 I(1)** 1995:01–2003:12 I(1) 
Lithuania 1994:01-2003:12 I(1)** -  
      
CEFTA Members      
Czech Republic 1994:01-2003:12 I(1)  1995:01-2003:12  
Hungary 1994:01-2003:12 I(1)  1995:01-2003:12 I(1) 
Poland 1994:01-2003:12 I(1)  1995:01-2003:12 I(1) 
Slovak Republic 1994:01-2003:12 I(1)  1995:01-2003:12 I(1) 
Slovenia 1994:01-2003:12 I(1)  1995:01-2003:12  
     
Market Economies     
Cyprus 1994:01-2003:12 I(1) 1996:01-2003:12  
Malta 1994:01-2003:12 I(1) 1996:01-2003:12 I(1) 
      
EMU Members      
Germany 1994:01-2003:12 I(1)** 1995:01-2003:12 I(1) 
France 1994:01-2003:12 I(1) 1995:01-2003:12 I(1) 
Netherlands 1994:01-2003:12 I(1) 1995:01-2003:12 I(1) 

* All results are reported at 1% significance level. 
** These series are sensitive to the unit root test specification. 

 

As illustrated above, we are unable to reject the unit root hypothesis for all the 

inflation and interest rates series. Since they are non-stationary, they are 

appropriate for a cointegration analysis. 
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BBB...   CCCOOOIIINNNTTTEEEGGGRRRAAATTTIIIOOONNN   TTTEEESSSTTTSSS   

In this section, we report the results of the cointegration tests of the inflation and 

interest rates series. One prior step in constructing the suitable model for 

cointegration testing is to determine the number of lags that it should include. For 

that reason, we estimate a VAR model in differences and then take under 

consideration the various lag length criteria reported by E-Views. We pay special 

attention to the sequential modified LR test statistic5. We then consider the VECM 

cases 1 to 5 as described in Section IV. First, we test the suitability of the various 

submodels by using the likelihood ratio (LR) tests introduced by Johansen (see pp. 

28), distributed as χ2 and then determine the number of cointegrating vectors based 

on the Trace and Maximum Eigenvalue statistics.  

The Johansen procedure also permits hypothesis testing of the cointegrating 

relations and adjustment coefficients. So, as next step we impose restrictions on the 

α and β parameters and test the validity of the assumptions. Here, it is important to 

note that the E-Views program is able to test this kind of hypothesis only under the 

assumption of one cointegrating vector. At first, we test whether a country adjusts to 

the long-run relationship by testing the hypothesis that the α parameter 

corresponding to the country is significantly different from 0. If the parameter is 0 

the country does not adjust to (but rather leads) the long-run relation, i.e. the 

country actually dominates the common trend. If this is the case, then the 

corresponding endogenous variable is said to be weakly exogenous with respect to 

the β parameters.  

We further test if the cointegrating coefficients, under the assumption of one 

cointegrating relation, are significantly different from 0. If a coefficient is found to be 

0, then it is removed from the cointegrating equation, as it does not participate in 

the equilibrium relation.  

                                                 
5 The sequential modified likelihood ratio (LR) test is carried out as follows. Starting from the maximum 

lag, test the hypothesis that the coefficients on lag l are jointly zero using the χ2 statistics: 
 

LR = (T – m){log|Ωl-1|- log|Ωl|} ~ χ2(k2) 
 

where m is the number of parameters per equation under the alternative. We employ Sims' (1980) 
small sample modification, which uses (T – m) rather than T. The modified LR statistics is compared to 
the 5% critical values starting from the maximum lag, and decreasing the lag one at a time until the 
first rejection. The alternative lag order from the first rejected test is marked with an asterisk (if no test 
rejects, the minimum lag will be marked with an asterisk). 
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Finally, we apply Granger causality tests. The Granger approach to the question of 

whether X causes Y is to see how much of the current Y can be explained by past 

values of Y and then to see whether adding lagged values of X can improve the 

explanation. Y is said to be Granger-caused by X if X helps in the prediction of Y, or 

equivalently if the coefficients on the lagged X’s are statistically significant. Note that 

two-way causation is frequently the case: X Granger causes Y and Y Granger causes 

X. In the VAR environment, we carry out pairwise Granger causality tests and tests 

whether an endogenous variable can be treated as exogenous. For each equation in 

the VAR, the output displays χ2 (Wald) statistics for the joint significance of each of 

the other lagged endogenous variables in that equation. The statistic in the last row 

(All) is the χ2 statistic for joint significance of all other lagged endogenous variables 

in the equation (C(1,1)=…=C(1,p) = 0). The C’s are the coefficients of the Γ matrix 

are 0. We remind that the Γ matrix captures the short-run impact of shocks to the 

system, the short-run dynamics. If the null hypothesis is accepted, the changes in 

the inflation or interest rates of the dependent variable are not explained by past 

changes in the corresponding variables of the independent variable. This has the 

interpretation of lack of short-run dynamics. 
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111...   IIINNNFFFLLLAAATTTIIIOOONNN   

111...111...   BBBaaallltttiiiccc   CCCooouuunnntttrrriiieeesss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

The number of lags indicated by the sequential modified LR test statistic (as well as 

the Final Prediction Error and the Akaike Information Criteria) for the inflation rates 

of the Baltic countries alongside with the EMU is 7.  

 

Table 3. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A   1.37E-28 -47.13346  -46.98864*  -47.07469*
1  99.63103  1.01E-28 -47.43621 -46.42249 -47.02485 
2  60.33910  1.05E-28 -47.40243 -45.51981 -46.63848 
3  80.71747  8.53E-29 -47.62396 -44.87243 -46.50742 
4  77.83029  6.83E-29 -47.87122 -44.25080 -46.40209 
5  52.50237  7.10E-29 -47.87433 -43.38500 -46.05261 
6  54.43543  6.99E-29 -47.95342 -42.59519 -45.77910 
7   61.44577*   6.02E-29*  -48.19405* -41.96691 -45.66714 

* Lag order selected by the criterion. 

 

For the selection of the appropriate model we employ the likelihood ratio tests, under 

the assumption of 3 cointegrating vectors. We start from the less restrictive model 

and we move to the more restrictive one. The log Likelihood by rank and model is 

reported below. 

 

Table 4. Log Likelihood by Rank (rows) and Model (columns). 

 Model 

Rank 1 2 3 4 5 
0 3107.610 3107.610 3110.729 3110.729 3117.244 
1 3130.985 3131.477 3133.782 3142.389 3147.615 
2 3147.905 3152.055 3153.865 3162.544 3167.771 
3 3159.345 3165.146 3166.776 3176.918 3181.915 
4 3167.583 3173.925 3174.344 3185.968 3190.946 
5 3170.304 3178.256 3178.304 3191.341 3192.615 
6 3170.306 3179.237 3179.237 3192.842 3192.842 

 

In testing for model 4 in model 5, we reject the null hypothesis that model four is 

more suitable, as LR = -2*(3176.918 – 3181.915) = 9.994 ~ χ2(3) and Probability ≈  
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0.02 < 0.05. The analysis, thus, indicates model 5 as the more appropriate one. 

Thereby, we estimate model 5, which assumes quadratic trend in the data and 

intercept and trend in the cointegrating equations. Table 5 reports the number of 

cointegrating vectors according to the Trace and Maximum Eigenvalue statistics, 

presented in Section IV (B). 

 

Table 5. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 
No. of CE(s) 

Trace 
Statistic 5% 1% 

Max-Eigen 
Statistic 5% 1% 

None 151.1963** 104.94 114.36 60,74353** 42.48 48.17 
At most 1  90.45279** 77.74 85.78 40,31083* 36.41 41.58 
At most 2  50.14195 54.64 61.24 28,28883 30.33 35.68 
At most 3 21.85312 34.55 40.49 18,06136 23.78 28.83 
At most 4 3.791761 18.17 23.46 3,338472 16.87 21.47 
At most 5 0.453289 3.74 6.40 0,453289 3.74 6.40 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

The Trace statistic indicates two cointegrating vectors at both the 1% and the 5% 

level, while the Maximum Eigenvalue indicates one cointegrating vector at the 1% 

level and two cointegrating vectors at the 5% level. We therefore accept that there 

are two (2) cointegrating vectors. The existence of two cointegrating vectors in six 

variables is supportive of “partial” convergence in the inflation rates of the Baltic 

countries with the three EMU members. 

 

(((bbb)))   RRReeessstttrrriiiccctttiiiooonnn   RReeesssuuullltttss:::   R s

We now impose restrictions on the α and β parameters and test their validity, under 

the assumption of one cointegrating vector. 

 

Table 6. Normalized Cointegrating Coefficients.* 

Estonia Latvia Lithuania Germany France Netherlands 
 1  0.133536 -0.617492  1.333223 -2.983642 -0.602493 
  (0.26320)  (0.14696)  (0.59638)  (0.71028)  (0.47731) 

  * Standard Error in parentheses. 

 

The corresponding adjustment coefficients are reported in the next table. 
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Table 7. Adjustment Coefficients. 

Country A(i, j)  
Estonia -0.185833 
  (0.07031) 
Latvia  0.040642 
  (0.05541) 
Lithuania  0.287368 
  (0.07436) 
Germany  0.012251 
  (0.02285) 
France  0.025261 
  (0.02127) 
Netherlands -0.005508 
  (0.01889) 

           * Standard Error in parentheses. 

 

Firstly, we test whether a country participates in and whether it adjusts to the long-

run relationship, by imposing restrictions on the parameters A(i,j) and B(j,i) under 

the assumption of one cointegrating relation. Next, we check the validity of these 

restrictions. The results are reported below. 

 
Table 8. LR tests for restrictions on a and β matrices. 

 Cointegration Restrictions 
 Estonia Latvia LLiitthhuuaanniiaa  Germany France Netherlands 
 A(1,1)=0 A(2,1)=0 A(3,1)=0 Α(4,1)=0 Α(5,1)=0 Α(6,1)=0 

χ2(1) 6.595595 0.712400  12.29239  0.260736  1.640698  0.117727 
Prob. 0.010223 0.398648*  0.000455 0.609615* 0.200230*  0.731513* 

 B(1,1)=0 B(1,2)=0 B(1,3)=0 B(1,4)=0 B(1,5)=0 B(1,6)=0 
χ2(1)  19.59955  0.141089  7.917276  4.560402  13.54416  1.747087 
Prob.  0.000010  0.707201*  0.004896 0.032719*  0.000233  0.186243* 
A(i,j), B(j,i), where i: the country and j: the cointegrating equation, i.e. 1. 
* Acceptance of the hypothesis at the 5% level. 

 

As shown above, the adjustment coefficients of Latvia, Germany, France and the 

Netherlands are 0, i.e. these countries do not adjust to the changes of the long-run 

relation. The greatest rate of adjustment is observed in the case of Lithuania. As far 

as the restrictions on the cointegrating coefficients are concerned, we accept that 

Latvia, Germany and the Netherlands are 0; that is they do not participate in the 

equilibrium relation and thereby can be removed from the cointegrating equation. 

Consistent with the previous analysis, we conclude that the common trend is 

dominated by France.  
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(((ccc)))   CCCaaauuusssaaallliiitttyyy   RRReeesssuuullltttsss:::   

In this final section, we carry out pairwise Granger causality tests. Table 9 displays χ2 

(Wald) statistics for the individual and joint significance of each of the other lagged 

endogenous variables. We remind that the null hypothesis is that of Granger non-

causality, i.e. rejection of the hypothesis means that the specific independent 

variable Granger causes the dependent. 

 

Table 9. VEC Pairwise Granger Causality / Block Exogeneity Wald Tests.   

Variable: ∆(Inflation Rate) 
 Dependent Variable Independent 

Variable  Estonia Latvia Lithuania Germany France Netherlands 
Estonia χ2(7) - 22.2339*  59.24306*  0.373645  8.926737  8.872054 
Latvia χ2(7)  27.832* -  69.41078*  5.644254  3.944342  10.88160 

Lithuania χ2(7)  14.676*  65.2993* -  4.036064  7.541265  10.28637 
Germany χ2(7)  4.3952  5.52398  5.148794 -  5.442505  17.10205* 
France χ2(7)  12.1123  6.39013  31.23841*  10.59250 -  16.63640* 

Netherlands χ2(7)  9.50952  1.76499  15.40235*  9.386601  5.987642 - 
ALL χ2(35)  57.947*  134.352*  274.7156*  41.91484  27.11959 66.54432* 

* Rejection of the hypothesis at the 5% level. 

 

According to the results reported in Table 9, the inflation rates of Germany and 

France are the only that can be treated as exogenous, as the coefficients of lagged 

independent variables are zero. In this case, the changes in the inflation rates of 

Germany and France are not explained by the history of changes in the other 

countries. Except for the joint hypothesis of Granger non-causality, we are in 

position to test the statistical significance of the individual C’s. Table 10 shows briefly 

the results. The table is read horizontally, e.g. Estonia Granger causes Latvia*, 

Germany does not Granger cause France, etc. 

 

Table 10. Direction of Causality.   

 Estonia* Latvia* Lithuania* Germany* France* Netherlands* 
Estonia - Yes Yes No No No 
Latvia Yes - Yes No No No 

Lithuania Yes Yes - No No No 
Germany No No No - No Yes 
France No No Yes No - Yes 

Netherlands No No Yes No No - 
All Yes Yes Yes No No Yes 

Yes:  Granger causes. 
No:   Does not Granger cause. 
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111...222...   CCCEEEFFFTTTAAA   MMMeeemmmbbbeeerrrsss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

The number of lags indicated by the sequential modified LR test statistic (as well as 

the Akaike Information Criteria) for the CEFTA group is 6, as shown in Table 11. 

 

Table 11. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A   3.10E-38 -63.66539  -63.47230*  -63.58704*
1  140.7250   2.49E-38* -63.88577 -62.14797 -63.18059 
2  89.15292  3.10E-38 -63.68171 -60.39919 -62.34969 
3  66.54050  4.71E-38 -63.30510 -58.47787 -61.34626 
4  103.7172  4.33E-38 -63.46883 -57.09688 -60.88315 
5  75.60675  5.40E-38 -63.38618 -55.46951 -60.17368 
6   130.3476*  2.71E-38  -64.29011* -54.82873 -60.45078 

* Lag order selected by the criterion. 

 

In order to select the appropriate model, we test the various submodels against each 

other using the Johansen likelihood ratio (LR) tests. We choose among the 

alternative models, under the assumption of 7 cointegrating vectors. (We select 7 

cointegrating vectors as this is the number reported by the Trace and Maximum 

Eigenvalue statistics for all of the five models that is closer to the desired one). We 

start from the less restrictive model and we move to the more restrictive one. The 

following table reports the log likelihood by rank and by model. 

 

Table 12.  Log Likelihood by Rank (rows) and Model (columns). 

 Model 
Rank 1 2 3 4 5 

0 4013.720 4013.720 4024.391 4024.391 4026.211 
1 4055.736 4058.287 4067.800 4079.175 4080.936 
2 4086.523 4093.761 4102.898 4118.520 4120.025 
3 4111.883 4119.709 4128.813 4144.442 4145.738 
4 4125.163 4137.861 4146.737 4167.253 4168.525 
5 4137.696 4150.412 4159.269 4183.822 4184.955 
6 4146.477 4162.276 4170.691 4196.118 4197.043 
7 4153.124 4171.056 4177.214 4207.316 4207.525 
8 4153.125 4177.310 4177.310 4212.036 4212.036 
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In testing for model 4 in model 5, we accept the null hypothesis that model 4 is more 

suitable, as LR = 0.418 ~ χ2(1) and Probability ≈  0.52 > 0.05. In testing for model 3 

in model 4, we reject the null hypothesis that model 3 is more suitable, as LR = 

60.204 ~ χ2(7) and Probability ≈  0 < 0.05. The analysis indicates model 4 as the 

most appropriate one. Consequently, we estimate the 4th model, which assumes 

linear trend in data and intercept and trend in the cointegrating equations. The table 

below reports the number of cointegrating vectors according to the Trace and 

Maximum Eigenvalue Statistics. 

 

Table 13. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 

No. of CE(s) 

Trace 

Statistic 5% 1% 
Max-Eigen 

Statistic 5% 1% 

None 375.2880** 182.82 196.08 109.5670**  55.50  62.46 
At most 1  265.7211** 146.76 158.49 78.69085**  49.42  54.71 
At most 2  187.0302** 114.90 124.75 51.84343**  43.97  49.51 
At most 3 135.1868**  87.31  96.58 45.62259**  37.52  42.36 
At most 4 89.56422**  62.99  70.05 33.13722*  31.46  36.65 
At most 5 56.42701**  42.44  48.45 24.59277  25.54  30.34 
At most 6 31.83424**  25.32  30.45 22.39485  18.96  23.65 
At most 7 9.439391  12.25  16.26 9.439391  12.25  16.26 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

The Trace statistic indicates seven cointegrating vectors at both levels (1% and 5%), 

while the Maximum Eigenvalue statistic indicates four cointegrating vectors at the 

1% level and five cointegrating vectors at the 5% level. We accept that there are 

five (5) cointegrating vectors. 

Following, Koukouritakis and Michelis (2003) definition, the fact that the inflation 

rates of the CEFTA countries and the three EMU members have five cointegrating 

vectors and therefore share three common stochastic trend is indicative of “partial” 

convergence. We confirm, however, that the cointegrating vectors are far from the 

[1, -1] form required by the definition of Bernard and Durlauf (1995) developed 

earlier, by admitting in the same time that this is a very restrictive hypothesis.  
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(((bbb)))   RRReeessstttrrriiiccctttiiiooonnn   RReeesssuuullltttss:::   R s

As next step we impose restrictions on the α and β parameters and test the validity 

of the assumptions, under the assumption of one cointegrating vector. 

 

Table 14. Normalized Cointegrating Coefficients.* 

Czech Hungary Poland Slovakia Slovenia Germany France Netherlands Trend 
1 2.356664 -6.841522 1.168048 3.962179 6.786980 5.608426 -3.434250 -0.007825 
 (0.41737) (0.78606) (0.18785) (0.68250) (1.74714) (1.27612) (1.01978) (0.00115) 

* Standard Error in parentheses. 

 

The corresponding adjustment coefficients are shown in Table 15. 

 

Table 15. Adjustment Coefficients. 

Country A(i, j)  
Czech  0.046559 
  (0.02454) 
Hungary -0.145781 
  (0.02226) 
Poland -0.014905 
  (0.03084) 
Slovakia  0.023181 
  (0.05004) 
Slovenia  0.003171 
  (0.02670) 
Germany -0.019326 
  (0.01173) 
France -0.017724 
  (0.01119) 
Netherlands -0.007372 
  (0.01045) 

          * Standard Error in parentheses. 

 

At first, we test whether a country adjusts to the long-run relationship by testing the 

hypothesis that the parameter A(i,j) (where i: the country and j: the cointegrating 

equation, i.e. 1)  is significantly different from 0. We further test if the cointegrating 

coefficients B(j,i) under the assumption of one cointegrating relation, are 

significantly different from 0. The results are reported below. 
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Table 16. LR tests for restrictions on a and β matrices. 

 Cointegration Restrictions 
 Czech Hungary Poland Slovakia Slovenia Germany France Netherlands 
 A(1,1)=0 A(2,1)=0 A(3,1)=0 Α(4,1)=0 Α(5,1)=0 Α(6,1)=0 Α(7,1)=0 Α(8,1)=0 

χ2(1)  4.441647  28.76993  0.291344  0.196472  0.018694  3.716546  2.968648  0.565387 

Prob.  0.035072  0 0.589360* 0.657583* 0.891247* 0.053876* 0.084893*  0.452098* 

 B(1,1)=0 B(1,2)=0 B(1,3)=0 B(1,4)=0 B(1,5)=0 B(1,6)=0 B(1,7)=0 B(1,8)=0 

χ2(1)  4.518915  12.51021  29.68608  9.770630  15.50067  7.481809  3.567377  5.411534 

Prob.  0.033522  0.000405 0  0.001773  0.000082  0.006233 0.058925*  0.020004 

A(i,j), B(j,i), where i: the country and j: the cointegrating equation, i.e. 1. 
* Acceptance of the hypothesis at the 5% level. 

 

As shown above, only the adjustment coefficients of Czech and Hungary are 

significantly different from zero. Out of these two, Hungary performs the greatest 

adjustment to deviations from the long-run equilibrium. Poland, Slovakia, and 

Slovenia do not seem to adjust, but rather lead the trend, as do Germany, France 

and the Netherlands. As far as the restrictions on the cointegrating coefficients are 

concerned, we accept that only France does not participate in the equilibrium relation 

and thereby can be removed from the cointegrating equation. From the previous 

analysis, we deduce that the common trends are dominated by Poland, Slovakia, 

Slovenia, Germany and the Netherlands. 

 

(((ccc)))   CCCaaauuusssaaallliiitttyyy   RRReeesssuuullltttsss:::   

In this section we carry out pairwise Granger causality tests, in order to decide about 

the direction of causality. Table 17 displays χ2 (Wald) statistics for the individual and 

joint significance of each of the independent variables. 

 

Table 17. VEC Pairwise Granger Causality / Block Exogeneity Wald Tests.   

Variable: ∆(Inflation Rate) 
 Dependent Variable Independent 

Variable  Czech Hungary Poland Slovakia Slovenia Germany France Netherlands 
Czech χ2(6) - 46.93364* 2.64522  11.31256 13.645*  6.654716 6.18899  8.160578 

Hungary χ2(6) 16.164* - 13.598*  2.039485  11.57722  3.919498 5.39466  9.217331 
Poland χ2(6)  13.83*  39.8486* -  3.280059  18.7792*  6.799436 11.9497  3.916915 

Slovakia χ2(6)  15.37*  36.4183* 11.1657 -  1.420423  10.26620 15.7267  19.30895 
Slovenia χ2(6)  12.974*  28.0273* 10.1174  5.300576 -  10.05127 9.1545*  8.635239* 
Germany χ2(6)  25.334*  15.526*  5.7111  7.439894  4.404339 - 11.5246  11.65695 
France χ2(6) 25.305* 26.7653* 4.61693  5.918644 15.2373*  2.99721* -  13.99994* 

Netherlands χ2(6) 7.09734  6.303692 1.57137  6.488640  1.474946  8.768179 6.50888 - 
ALL χ2(42) 112.77* 107.413* 67.838*  44.76040  78.6862*  73.047* 61.844* 90.55332* 

* Rejection of the hypothesis at the 5% level. 
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According to the results reported in Table 17, only the inflation rates of Slovakia can 

be treated as exogenous, as the coefficients of lagged independent variables are 

zero. In this case, the changes in the inflation rates of Slovakia are not affected by 

the history of the changes in the inflation rates of the other countries. 

Except for the joint hypothesis of Granger non-causality, we also tested the 

statistical significance of the C’s individually. Table 18 shows more clearly the 

results. The table is read horizontally, e.g. Poland Granger causes Czech*, the 

Netherlands does not Granger cause Germany, etc. 

 

Table 18. Direction of Causality.   

 Czech* Hungary* Poland* Slovakia* Slovenia* Germany* France* Netherlands* 
Czech - Yes No No Yes No No No 

Hungary Yes - Yes No No No No No 
Poland Yes Yes - No Yes No No No 

Slovakia Yes Yes No - No No No No 
Slovenia Yes Yes No No - No Yes Yes 
Germany Yes Yes No No No - No No 
France Yes Yes No No Yes Yes - Yes 

Netherlands No No No No No No No - 
All Yes Yes Yes No Yes Yes Yes Yes 

Yes:  Granger causes. 
No:   Does not Granger cause. 
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111...333...   MMMaaarrrkkkeeettt---EEEcccooonnnooommmyyy   CCCaaannndddiiidddaaattteeesss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

As shown below, the number of lags indicated by the sequential modified LR test 

statistic for the inflation series of the market economies (Cyprus and Malta) along 

with the EMU countries is 7. 

 

Table 19. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A    5.17E-25*  -41.73206*  -41.61001*  -41.68254*
1  43.18366  5.38E-25 -41.69288 -40.96057 -41.39580 
2  24.74247  6.61E-25 -41.48985 -40.14729 -40.94522 
3  43.85911  6.58E-25 -41.50108 -39.54826 -40.70888 
4  38.89386  6.79E-25 -41.48278 -38.91971 -40.44302 
5  31.05687  7.55E-25 -41.39771 -38.22438 -40.11038 
6  21.98630  9.29E-25 -41.22208 -37.43851 -39.68720 
7   39.00805*  9.07E-25 -41.29174 -36.89791 -39.50929 
8  31.14869  9.70E-25 -41.28627 -36.28218 -39.25626 
9  28.59808  1.06E-24 -41.27579 -35.66145 -38.99822 

* Lag order selected by the criterion. 

 

For the selection of the appropriate model we employ the likelihood ratio tests, under 

the assumption of 1 cointegrating vector. The log Likelihood by rank and model is 

reported below. 

 

Table 20. Log Likelihood by Rank (rows) and Model (columns). 

 Model 
Rank 1 2 3 4 5 

0 2642.159 2642.159 2643.005 2643.005 2645.389 
1 2660.728 2663.403 2664.071 2667.530 2668.525 
2 2669.919 2674.579 2675.073 2680.312 2681.298 
3 2673.548 2681.992 2682.047 2687.315 2688.269 
4 2676.092 2685.549 2685.582 2692.464 2692.741 
5 2676.112 2686.515 2686.515 2693.984 2693.984 

 

In testing for model 4 in model 5, we accept the null hypothesis that model 4 is more 

suitable, as LR = 1.990 ~ χ2(4) and Probability ≈  0.46 > 0.05. Continuing to test for 

model 3 in model 4, we reject the null hypothesis that model 3 is more suitable. In 

this case, LR = 6.918 ~ χ2(1) and Probability ≈  0.01 < 0.05. According to the 

results, we estimate the 4th model, which assumes linear trend in the data and 
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intercept and trend in the cointegrating equations. Table 21 reports the number of 

cointegrating vectors according to the Trace and Maximum Eigenvalue statistics. 

 

Table 21. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 
No. of CE(s) 

Trace 
Statistic 5% 1% 

Max-Eigen 
Statistic 5% 1% 

None 101.9586** 87.31 96.58 49.04995** 37.52 42.36 
At most 1  52.90860 62.99 70.05 25.56360 31.46 36.65 
At most 2  27.34500 42.44 48.45 14.00667 25.54 30.34 
At most 3 13.33833 25.32 30.45 10.29695 18.96 23.65 
At most 4 3.041375 12.25 16.26 3.041375 12.25 16.26 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

Both statistics indicate one (1) cointegrating vector at both the 1% and the 5% 

significance level. The finding of one only cointegrating vector and subsequently of 

four common stochastic trends in a group of five countries forces us to reject the 

hypothesis of complete convergence of the market economies to EMU countries. The 

form of the cointegrating vector further supports the result of partial convergence, as 

it is clearly different from the [1, -1] form required by the complete convergence 

definition. 

 

(((bbb)))   RRReeessstttrrriiiccctttiiiooonnn   RReeesssuuullltttss:::   R s

Table 22 presents the cointegrating coefficients. 

 

Table 22. Normalized Cointegrating Coefficients.* 

Cyprus Malta Germany France Netherlands Trend 
1 -0.270169 -2.548598 0.602411 1.365283 -0.000274 
 (0.24880) (0.36472) (0.31157) (0.36716) (0.00010) 

 * Standard Error in parentheses. 

 

The corresponding adjustment coefficients are presented in Table 23. 
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Table 23. Adjustment Coefficients. 

Country A(i, j)  
Cyprus -0.317048 
  (0.09783) 
Malta  0.072597 
  (0.07401) 
Germany  0.067915 
  (0.03103) 
France  0.007802 
  (0.02986) 
Netherlands -0.055188 
  (0.02616) 

          * Standard Error in parentheses. 

 

We now test whether a country of this group participates in the relation and whether 

it adjusts to the deviations from the long-run equilibrium, by imposing restrictions on 

the parameters A(i,j) and B(j,i) under the assumption of one cointegrating relation. 

Next, we check the validity of these restrictions. The results are reported below. 

 
Table 24. LR tests for restrictions on a and β matrices. 

 Cointegration Restrictions 
 Cyprus Malta Germany France Netherlands 
 A(1,1)=0 A(2,1)=0 A(3,1)=0 Α(4,1)=0 Α(5,1)=0 

χ2(1)  11.10377  0.755844  5.219219  0.088842  5.290198 
Prob.  0.000862  0.384632*  0.022339  0.765655*  0.021446 

 B(1,1)=0 B(1,2)=0 B(1,3)=0 B(1,4)=0 B(1,5)=0 
χ2(1)  18.89900  0.766073  17.91665  4.410377  10.99164 
Prob.  0.000014  0.381435*  0.000023  0.035721  0.000915 

A(i,j), B(j,i), where i: the country and j: the cointegrating equation, i.e. 1. 
* Acceptance of the hypothesis at the 5% level. 

 

According to the previous results, the adjustment coefficients of Cyprus, Germany 

and Netherlands are significantly different from zero. Out of them, Cyprus (as 

expected) performs the greatest adjustment to deviations from the long-run 

equilibrium. Malta and France, on the other hand, are found to be weakly exogenous 

with respect to the β matrix. Bearing in mind, however, the fact that Malta is 

excluded from the cointegrating vector [B(1,2)=0], we conclude that the relation is 

dominated by France. 
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(((ccc)))   SSShhhooorrrttt---RRRuuunnn   DDDyyynnnaaammmiicccsss:::   i

In this section we carry out pairwise Granger causality tests, in order to decide about 

the direction of causality. Table 25 displays χ2 (Wald) statistics for the individual and 

joint significance of each of the independent variables. 

 

Table 25. VEC Pairwise Granger Causality / Block Exogeneity Wald Tests.   

Variable: ∆(Inflation Rate) 
 Dependent Variable Independent 

Variable  Cyprus Malta Germany France Netherlands 
Cyprus χ2(7) - 6.802132  2.223400  1.796185  10.16192 
Malta χ2(7)  8.45976 -  5.307092  9.337172  10.36318 

Germany χ2(7)  6.02828  8.056048 -  2.293216  19.49583* 
France χ2(7)  7.56311  13.40036  10.36469 -  14.11847* 

Netherlands χ2(7)  5.75236  5.702553  12.04325  4.531421 - 
ALL χ2(28)  23.6549  37.85671  41.04758  19.69883 58.60326* 

* Rejection of the hypothesis at the 5% level. 

 

According to the results reported in Table 25, only the inflation rates of the 

Netherlands cannot be treated as exogenous, as the coefficients of the lagged 

independent variables are significantly different from zero only in this case. That is, 

the changes in the inflation rate of the Netherlands are affected by the history of the 

changes in the inflation rates of the other countries. All the other countries do not 

seem to have short-run relations; the one is not affected by past changes in the 

other(s). 

Except for the joint hypothesis of Granger non-causality, we also tested the 

statistical significance of the C’s individually. Table 18 shows more clearly the 

results. The table is read horizontally, e.g. Germany Granger causes the 

Netherlands*, Malta does not Granger cause France*, etc. 

 

Table 18. Direction of Causality.   

 Cyprus* Malta* Germany* France* Netherlands* 
Cyprus - No No No No 
Malta No - No No No 

Germany No No - No Yes 
France No No No - Yes 

Netherlands No No No No - 
All No No No No Yes 

Yes:  Granger causes. 
No:   Does not Granger cause. 
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222...   IIINNNTTTEEERRREEESSSTTT   RRRAAATTTEEESSS:::   

222...111...   BBBaaallltttiiiccc   CCCooouuunnntttrrriiieeesss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

The number of lags indicated by the sequential modified LR test statistic for the two 

Baltic countries (excluding Lithuania) and the EMU members is 3. 

Table 23. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A    7.86E-15*  -18.28730*  -18.14749*  -18.23095*
1  38.54470  8.68E-15 -18.18990 -17.35103 -17.85178 
2   39.12586*  9.26E-15 -18.12971 -16.59179 -17.50982 
3  17.73834  1.29E-14 -17.81091 -15.57393 -16.90925 
4  26.47024  1.57E-14 -17.63838 -14.70235 -16.45495 
5  31.24256  1.75E-14 -17.57249 -13.93741 -16.10730 
6  24.40435  2.15E-14 -17.43146 -13.09732 -15.68449 
7  34.79356  2.15E-14 -17.52615 -12.49295 -15.49741 
8  16.67678  3.03E-14 -17.31178 -11.57953 -15.00127 

 

We select the appropriate model based on the likelihood ratio tests, under the 

assumption of two cointegrating vectors. The log Likelihood by rank and model is 

reported in Table 24. 

 

Table 24. Log Likelihood by Rank (rows) and Model (columns). 

 Model 
Rank 1 2 3 4 5 

0  909.2623  909.2623  914.1083  914.1083  915.0614 
1  925.3528  925.7656  930.3867  933.0258  933.6969 
2  936.1771  938.1654  942.7662  946.9448  947.5540 
3  943.4424  946.1861  949.5169  956.1565  956.7233 
4  946.5012  951.3976  953.2438  961.0879  961.4824 
5  947.0803  954.4447  954.4447  962.6826  962.6826 

 

The likelihood ratio tests suggest that the more suitable model is once more the fifth 

one. Specifically, in testing for model 4 in model 5 under the assumption of two 

cointegrating vectors, we reject the null hypothesis that model 4 is more suitable, as 

LR = 12.184 ~ χ2(3) and Probability ≈  0 < 0.05. Consistent with the previous 

indications, we estimate the 5th model, which assumes quadratic trend in the data 
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and intercept and trend in the cointegrating equations. Table 25 reports the number 

of cointegrating vectors according to the Trace and Maximum Eigenvalue statistics. 

 

Table 25. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 
No. of CE(s) 

Trace 
Statistic 5% 1% 

Max-Eigen 
Statistic 5% 1% 

None  95.24244**  77.74  85.78  37.27109*  36.41  41.58 
At most 1   57.97134*  54.64  61.24  27.71426  30.33  35.68 
At most 2   30.25708  34.55  40.49  18.33848  23.78  28.83 
At most 3  11.91860  18.17  23.46  9.518282  16.87  21.47 
At most 4  2.400319   3.74   6.40  2.400319   3.74   6.40 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

At the 1% significance level, the Trace statistic indicates that the rank of the Π 

matrix is 1, while at the 5% level 2. On the other and, at the 1% level, the Maximum 

Eigenvalue statistic indicates that there is no cointegration (rank of the Π = 0), while 

at the 5% level that there is one cointegrating vector (rank of the Π = 1). We accept 

that there is one (1) cointegrating vector in this group of five countries. This result 

means that the specific countries share four common stochastic trends in their 

interest rates series and is equivalent to “partial” convergence. In this case, the 

interest rates series respond to the same long-run driving processes and face the 

same permanent shocks with different magnitude across countries, i.e. the interest 

rates of these countries move towards a long run equilibrium and do not drift too far 

apart over time.   

   

(((bbb)))   RRReeessstttrrriiiccctttiiiooonnn   RReeesssuuullltttss:::   R s

We impose restrictions on the α and β parameters and test their validity, under the 

assumption of one cointegrating vector. 

 

Table 26. Normalized Cointegrating Coefficients.* 

Estonia Latvia Germany France Netherlands 
 1  1.353806  8.498356 -1.769981 -7.786519 
  (0.32196)  (1.87825)  (2.62367)  (3.21079) 

  * Standard Error in parentheses. 

 52



Inflation and Interest Rates Convergence 

The corresponding adjustment coefficients are: 

 

Table 27. Adjustment Coefficients 

Country A(i, j)  
Estonia  0.035755 
  (0.04049) 
Latvia -0.168163 
  (0.06527) 
Germany -0.051450 
  (0.01088) 
France -0.033408 
  (0.01054) 
Netherlands -0.032638 
  (0.00924) 

          * Standard Error in parentheses. 

 

Firstly, we test whether a country participates in and whether it adjusts to the long-

run relationship, by imposing restrictions on the parameters A(i,j) and B(j,i) under 

the assumption of one cointegrating relation. Next, we check the validity of these 

restrictions. The results are reported below. 

 
Table 28. LR tests for restrictions on a and β matrices. 

 Cointegration Restrictions 
 Estonia Latvia Germany France Netherlands 
 A(1,1)=0 A(2,1)=0 Α(3,1)=0 Α(4,1)=0 Α(5,1)=0 

χ2(1)  0.329765  3.516179  9.378268  8.792579  9.465974 
Prob.  0.565798*  0.060772*  0.002196  0.003025  0.002093 

 B(1,1)=0 B(1,2)=0 B(1,3)=0 B(1,4)=0 B(1,5)=0 
χ2(1)  0.926856  5.305445  8.936155  0.362930  4.476580 
Prob.  0.335681*  0.021259  0.002796  0.546883*  0.034362 

A(i,j), B(j,i), where i: the country and j: the cointegrating equation, i.e. 1. 
* Acceptance of the hypothesis at the 5% level. 

 

As shown above, Estonia and France do not participate in the equilibrium relation, 

while the restrictions on the adjustment coefficients reveal that Latvia (and Estonia) 

is exogenous in respect with the β matrix, i.e. that it does not adjusts to its changes.   
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(((ccc)))   SSShhhooorrrttt---RRRuuunnn   DDDyyynnnaaammmiicccsss:::   i

Finally, we carry out pairwise Granger causality tests, in order to decide about the 

direction of causality. Table 29 displays χ2 (Wald) statistics for the individual and 

joint significance of each of the independent variables.  

 

Table 29. VEC Pairwise Granger Causality / Block Exogeneity Wald Tests   

Variable: ∆[Log(Long-Term Interest Rate)] 
 Dependent Variable Independent 

Variable  Estonia Latvia Germany France Netherlands 
Estonia χ2(2) - 0.330816  0.937323  0.901653  1.148784 
Latvia χ2(2)  1.85345 -  9.788776*  5.568228  6.511538* 

Germany χ2(2)  2.18114  1.552134 -  3.576017  2.881976 
France χ2(2)  4.90837  7.227556*  2.634601 -  2.754972 

Netherlands χ2(2)  0.40245  1.037156  1.721221  0.407142 - 
ALL χ2(8)  8.10268  10.01539  21.67513*  14.59649 16.74056* 

* Rejection of the hypothesis at the 5% level. 

 

We remind that rejection of the null hypothesis is equivalent to Granger causality. 

Hence, the interest rates of Estonia, Latvia and France can be treated as exogenous, 

as the coefficients of the lagged independent variables are found to be zero. That is, 

their interest rates are not affected by the history of the changes in the interest rates 

of the other countries. The interest rates of Germany and the Netherlands, on the 

other hand seem to be affected by the past changes in the interest rates of the 

remaining countries (of Latvia, as shown below).  Except for the joint hypothesis of 

Granger non-causality, we also tested the statistical significance of the C’s 

individually. Table 18 shows more clearly the results. The only short-run relations 

detected are the following: Latvia Granger causes Germany* and the Netherlands, 

while France Granger causes Latvia. 

 

Table 30. Direction of Causality.   

 Estonia* Latvia* Germany* France* Netherlands* 
Estonia - No No No No 
Latvia No - Yes No Yes 

Germany No No - No No 
France No Yes No - No 

Netherlands No No No No - 
All No No Yes No Yes 

Yes:  Granger causes. 
No:   Does not Granger cause. 
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222...222...   CCCEEEFFFTTTAAA   MMMeeemmmbbbeeerrrsss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

The number of lags indicated by the sequential modified LR test statistic for the 

CEFTA members is 1. 

 

Table 31. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A    8.86E-23*  -28.07470*  -27.76878*  -27.95821*
1   92.78006*  1.23E-22 -27.77763 -25.02432 -26.72915 
2  69.72345  2.34E-22 -27.33046 -22.12976 -25.35001 
3  67.33316  3.59E-22 -27.46379 -19.81570 -24.55135 

 

We select the appropriate model based on the likelihood ratio tests, under the 

assumption of two cointegrating vectors. The log Likelihood by rank and model is 

reported below. 

 

Table 32. Log Likelihood by Rank (rows) and Model (columns). 

 Model 

Rank 1 2 3 4 5 
0  797.6615  797.6615  802.0299  802.0299  806.0223 
1  827.1114  835.5912  839.9310  839.9381  843.4478 
2  845.3948  856.6561  860.5319  860.9795  864.4088 
3  858.2567  869.9730  873.8414  875.8677  878.0791 
4  867.6823  881.6857  885.1269  887.6873  889.8957 
5  875.5733  890.9581  894.3902  897.9774  899.9746 
6  879.6584  897.6691  900.5813  904.7821  906.7676 
7  881.4819  901.4437  902.3948  910.3192  911.9653 
8  883.0172  903.0037  903.0037  912.1107  912.1107 

 

The likelihood ratio tests suggest that the more suitable model is the fifth. 

Specifically, in testing for model 4 in model 5, we reject the accept the null 

hypothesis that model 4 is more suitable, as LR = 68.586 ~ χ2(6) and Probability ≈  

0 < 0.05. Following these results, we estimate the 5th model, which assumes 

quadratic trend in the data and intercept and trend in the cointegrating equations. 

Table 32 reports the number of cointegrating vectors according to the Trace and 

Maximum Eigenvalue statistics. 
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Table 33. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 
No. of CE(s) 

Trace 
Statistic 5% 1% 

Max-Eigen 
Statistic 5% 1% 

None  212.1767** 170.80 182.51  74.85105**  54.25  60.81 
At most 1   137.3257* 136.61 146.99  41.92195  48.45  54.48 
At most 2   95.40372 104.94 114.36  27.34067  42.48  48.17 
At most 3  68.06305  77.74  85.78  23.63319  36.41  41.58 
At most 4  44.42986  54.64  61.24  20.15768  30.33  35.68 
At most 5   24.27218  34.55  40.49  13.58608  23.78  28.83 
At most 6  10.68610  18.17  23.46  10.39539  16.87  21.47 
At most 7  0.290709   3.74   6.40  0.290709   3.74   6.40 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

The Trace statistic indicates one cointegrating equation at the 1% level and two 

cointegrating equations at the 5% level, while the Maximum Eigenvalue statistic 

indicates one cointegrating equation at both levels. Thereby, we accept the existence 

of one (1) cointegrating vector. The finding of one cointegrating vector means that 

the specific countries share seven common stochastic trends in their interest rates 

series, which refers to the case of “partial” convergence. That is the series respond 

to the same long-run driving processes and face the same permanent shocks with 

different magnitude across countries, i.e. the interest rates of these countries move 

towards a long run equilibrium and do not drift too far apart over time.  

 

(((bbb)))   RRReeessstttrrriiiccctttiiiooonnn   RReeesssuuullltttss:::   R s

As next step we impose restrictions on the α and β parameters and test the validity 

of the assumptions, under the assumption of one cointegrating vector. The 

cointegrating coefficients are presented in Table 34. 

 

Table 34. Normalized Cointegrating Coefficients* 

Czech Hungary Poland Slovakia Slovenia Germany France Netherlands Trend 
1 -0.996421 -0.588660 -0.986650  2.611757  4.095600 -23.42942  20.63065 -0.996421 
  (0.26828)  (0.25212)  (0.12271)  (0.68100)  (1.24377)  (3.00998)  (2.42126)  (0.26828) 

* Standard Error in parentheses. 

 

The corresponding adjustment coefficients are shown in Table 35. 
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Table 35. Adjustment Coefficients 

Country A(i, j)  
Czech -0.114831 
  (0.05113) 
Hungary  0.092423 
  (0.04764) 
Poland  0.043979 
  (0.04522) 
Slovakia  0.362970 
  (0.15239) 
Slovenia -0.052934 
  (0.02638) 
Germany -0.047926 
  (0.02487) 
France -0.019585 
  (0.02215) 
Netherlands -0.039716 
  (0.01918) 

          * Standard Error in parentheses. 
 

We now impose restrictions on the α matrix and test their statistical validity. 

Specifically, we test whether the parameter A(i,j) is significantly different from 0. 

Equivalently, we impose restrictions on the cointegrating coefficients B(i,j) and test 

their validity. Table 36 reports the results. 

 

Table 36. LR tests for restrictions on a and β matrices. 

A(i,j), B(j,i), where i: the country and j: the cointegrating equation, i.e. 1. 

 Cointegration Restrictions 
 Czech Hungary Poland Slovakia Slovenia Germany France Netherlands 
 A(1,1)=0 A(2,1)=0 A(3,1)=0 Α(4,1)=0 Α(5,1)=0 Α(6,1)=0 Α(7,1)=0 Α(8,1)=0 

χ2(1)  4.995864  3.934773  0.986649  4.765538  4.230937  3.853351  0.822024  4.523004 
Prob.  0.025408  0.047298 0.320563*  0.029035  0.039694  0.049647 0.364589*  0.033442 

 B(1,1)=0 B(1,2)=0 B(1,3)=0 B(1,4)=0 B(1,5)=0 B(1,6)=0 B(1,7)=0 B(1,8)=0 

χ2(1)  8.898246  7.107133  2.353545  22.29246  7.663359  9.447518  25.99152  26.11212 
Prob.  0.002854  0.007678 0.124998*  0.000002  0.005635  0.002114  0  0 

* Acceptance of the hypothesis at the 5% level. 

 

According to the previous results, the only country that does not participate in the 

equilibrium relation is Poland. The restrictions on the adjustment coefficients reveal 

that the only country that does not adjust to the equilibrium is France (and Poland). 

That is, France is weakly exogenous with respect to the β parameters; it is not 

influenced by the deviations from the long-run relation. The Czech and Slovak 

Republics, as well as Slovenia perform the greatest adjustment to deviations from 

the long-run equilibrium. 
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(((ccc)))   SSShhhooorrrttt---RRRuuunnn   DDDyyynnnaaammmiicccsss:::   i

In this section we carry out pairwise Granger causality tests, in order to decide about 

the direction of causality. Table 37 displays χ2 (Wald) statistics for the individual and 

joint significance of each of the independent variables. 

 

Table 37. VEC Pairwise Granger Causality / Block Exogeneity Wald Tests   

Variable: ∆[Log (Long-Term Interest Rate)] 
 Dependent Variable Independent 

Variable  Czech Hungary Poland Slovakia Slovenia Germany France Netherlands 
Czech χ2(1) - 0.556790  1.71946  0.270283  0.911368  5.613818*  5.85792*  8.709754* 

Hungary χ2(1) 4.03039* -  6.06238*  2.101007  0.745041  1.219018 0.48566  0.813926 
Poland χ2(1) 0.26337 0.129513 -  0.533509  0.152738  7.083137*  6.227526*  7.212132* 

Slovakia χ2(1) 0.12217 0.737209  0.92553 -  0.621767  1.966405 0.477197  2.053987 
Slovenia χ2(1) 2.56748 1.978454 0.215759  0.059746 -  1.878622 3.296747  3.959508* 
Germany χ2(1) 3.28372 0.741375 1.880077  0.334626  3.163829 - 3.572948  5.080740* 
France χ2(1) 0.15930 0.722005 0.95904  0.574898 5.195069*  5.613818 -  2.401604 

Netherlands χ2(1) 0.91878 2.659021 2.52922  0.814669  0.546175  1.219018 0.308406 - 
ALL χ2(7) 15.7452* 7.349500 18.14916* 6.214319 8.734035 15.05352* 14.10672* 18.06821* 

* Rejection of the hypothesis at the 5% level. 

 

According to the results reported in Tables 37 and 38, only the interest rates of 

Hungary, the Slovak Republic and Slovenia can be treated as exogenous, as the 

coefficients of lagged independent variables are zero. In this case, the changes in 

their interest rates are not affected by the history of the changes in the interest rates 

of the other countries. The individual relations are of special interest as Czech and 

Poland Granger cause Slovenia and the three EMU countries, while they are both 

affected by the past changes in the interest rates of Hungary. In general, the results 

are equivalent to the ones reported in the case of inflation rates.  

 

Table 38. Direction of Causality.   

 Czech* Hungary* Poland* Slovakia* Slovenia* Germany* France* Netherlands* 
Czech - No No No Yes Yes Yes Yes 

Hungary Yes - Yes No No No No No 
Poland No No - No Yes Yes Yes Yes 

Slovakia No No No - No No No No 
Slovenia No No No No - No No Yes 
Germany No No No No No - No Yes 
France No No No No Yes No - No 

Netherlands No No No No No No No - 
All Yes No Yes No Yes Yes Yes Yes 

Yes:  Granger causes. 
No:   Does not Granger cause. 
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222...333...   MMMaaarrrkkkeeettt   EEEcccooonnnooommmiiieeesss   

(((aaa)))   CCCoooiiinnnttteegggrraaatttiiiooonnn   RRReeesssuuullltttsss:::   e r

The number of lags indicated by the sequential modified LR test statistic for the 

market economies is 1.  

 

Table 39. Lag selection. 

Lag LR FPE AIC SC HQ 
0 N/A   1.60E-18 -26.78478  -26.61324*  -26.71743*
1   54.43239*   1.36E-18*  -26.95034* -25.92108 -26.54623 
2  24.46787  1.92E-18 -26.62365 -24.73667 -25.88277 
3  34.53488  2.11E-18 -26.56795 -23.82327 -25.49032 
4  20.52227  3.11E-18 -26.26205 -22.65964 -24.84765 
5  36.48408  2.90E-18 -26.46904 -22.00892 -24.71789 
6  18.36114  4.46E-18 -26.25488 -20.93705 -24.16697 

 

We select the appropriate model based on the LR tests, under the assumption of 

three cointegrating vectors. The log Likelihood by rank and model is reported in 

Table 40. 

 

Table 40. Log Likelihood by Rank (rows) and Model (columns). 

 Model 
Rank 1 2 3 4 5 

0  928.8961  928.8961  932.0575  932.0575  934.4244 
1  944.5454  946.5232  949.6500  950.1624  952.4611 
2  953.5338  956.9695  959.1151  964.5777  965.5162 
3  960.0364  963.7306  964.8375  973.8231  974.7569 
4  962.9479  969.2753  969.7437  978.9926  979.1783 
6  963.3956  969.7477  969.7477  982.9537  982.9537 

 

The LR tests suggest that the more suitable model is the fifth. Specifically, in testing 

for model 4 in model 5, we reject the null hypothesis that model 4 is more suitable, 

as LR = 18.676 ~ χ2(3) and Probability ≈  0 < 0.05. Following the previous 

indication, we estimate the 5th model, which assumes quadratic trend in the data, as 

well as intercept and trend in the cointegrating equations. Table 41 reports the 

number of cointegrating vectors according to the Trace and Maximum Eigenvalue 

statistics. 
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Table 41. Unrestricted Cointegration Rank Test. 

Critical Value Critical Value Hypothesized 
No. of CE(s) 

Trace 
Statistic 5% 1% 

Max-Eigen 
Statistic 5% 1% 

None  97.05864**  77.74  85.78  36.07336  36.41  41.58 
At most 1   60.98527*  54.64  61.24  26.11008  30.33  35.68 
At most 2   34.87519*  34.55  40.49  18.48155  23.78  28.83 
At most 3  16.39364  18.17  23.46  8.842748  16.87  21.47 
At most 4  7.550892   3.74   6.40  7.550892   3.74   6.40 

 * Rejection of the hypothesis at the 5% level. 
 ** Rejection of the hypothesis at the 1% level. 

 

The Trace statistic indicates one cointegrating equation at the 1% level and three 

cointegrating equations at the 5% level, while the Maximum Eigenvalue statistic 

indicates no cointegration at both levels. A close look at the eigenvalues shows that 

they are not evenly distributed; thereby we rely on the Maximum Eigenvalue 

statistic’s indications. Moreover, the exogeneity tests advocate the existence of five 

exogenous variables in respect with the β matrix (we may have a maximum of p – r 
exogenous variables). Bearing in mind all these, we conclude that there is no 

cointegration of the interest rates of the market economies and the EMU members. It 

is important to note, however, that the sample in this case is shorter than in the 

other groups of countries and the detection of a long-run relationship between them 

is much more improbable. 
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CCCOOONNNCCCLLLUUUDDDIIINNNGGG   RRREEEMMMAAARRRKKKSSS   

This paper investigated the question of whether there exists evidence in support of 

inflation and interest rate convergence of the new EU members with EMU. In the first 

sections we reviewed the institutional relations between the EU and the new 

members, as well as the literature on nominal convergence. The countries under 

investigation were logically separated into four groups: the Baltic countries (Estonia, 

Latvia and Lithuania), the CEFTA members (Czech and Slovak Republics, Hungary, 

Poland and Slovenia), the market economies (Cyprus and Malta) and the EMU 

(proxied by Germany, France and the Netherlands). For the inflation convergence 

investigation we used the CPI based inflation rates for the period January 1994 – 

December 2003, while for the interest rates convergence analysis we used 

government bond yields for maturities varying from four to ten years, as well as 

interest rates on long-term loans (for the cases of Estonia, Latvia and Slovenia) for 

the period spanning from January 1995 to December 2003. 

In order to ascertain the degree of convergence, we employed the cointegration tests 

introduced by Johansen (1988) and Johansen and Juselius (1990). Before testing for 

cointegration, we employed the ADF unit root test and concluded that all time series 

were non-stationary. Cointegration analysis is designed to find linear combinations 

(cointegrating relations) of non-stationary variables that remove unit roots. 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. To address the issue of convergence we adopted 

the definition of “complete” and “partial” convergence. “Complete” convergence 

refers to the case where the time series under consideration share one and only 

common stochastic trend (i.e. there are r = p - 1 cointegrating vectors). “Partial” 

convergence refers to the case where there are 0 < r < p - 1 cointegrating vectors 

and thus more that one common stochastic trends. 

Our empirical results support the view that the new members are only partially 

converging to EMU standards at the present: 

 Specifically, in the case of inflation rates the Baltic countries and the EMU 

members we found the existence of two cointegrating relations, i.e. these 
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countries share four common stochastic trends. The CEFTA and EMU members 

have five cointegrating relations and thus share three common stochastic trends 

and finally the market economies share four common stochastic trends with the 

EMU members. The existence of more than one common trend is indicative of 

“partial” convergence in the inflation rates of the new EU members with the three 

EMU members. In this case, we say that the inflation rates series of these 

countries respond to the same long-run driving processes and face the same 

permanent shocks with different magnitude across countries. 

 The results concerning the long-term interest rates also force us to reject the 

hypothesis of complete convergence of the new EU members to EMU members. 

More specifically, in the case of the Baltic countries (excluding Lithuania) we 

detect only one cointegrating relation and thus four common stochastic trends, 

while in the case of the CEFTA members we detect one cointegrating relation and 

seven common stochastic trends. We may claim that there is evidence in support 

of “partial” convergence of the long-term interest rates of the Baltic countries 

with the EMU members, only. In this case, the interest rates of these countries 

move towards a long run equilibrium and do not drift too far apart over time. For 

the CEFTA members, however, the finding of just one cointegrating relation is not 

strongly supportive of the “partial” convergence hypothesis. Finally, we find no 

cointegration of the interest rates series of the market economies and the EMU 

members. 

The Johansen procedure also permits hypothesis testing of the cointegrating 

relations and adjustment coefficients. At first, we tested whether a country 

participates in the equilibrium relation and, in the case that it does, whether it 

adjusts to the long-run relationship. If the country is found not to adjust to the long-

run relation, we say that the country actually dominates the common trend. Finally, 

we examined the short-run dynamics of the relations between the countries and 

decided about the directions of causality. 

The results concerning the inflation rates are the following: 

 In the case of the Baltic countries with the EMU members, Latvia, Germany and 

the Netherlands do not participate in the equilibrium relation and thereby can be 

removed from the cointegrating equation. Moreover, the changes in the inflation 

rates of Germany and France are not explained by the history of changes in the 

other countries. We can then claim that the inflation rate of Germany is 
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exogenous and that the effects on the inflation rates of Latvia and the 

Netherlands are short-term. Namely, short-run relations are developed between 

Estonia, Latvia and Lithuania in all directions, while the inflation rates of the 

Netherlands are affected by the past changes in the inflation rates of Germany 

and France. Of the countries that do participate in the equilibrium relation, France 

is the only one that is not adjusting towards the long-run relation, while the 

greatest rate of adjustment is observed in the case of Lithuania. 

 In the case of the CEFTA members with the EMU members, only France does not 

participate in the equilibrium relation, while the inflation rate of Slovakia is the 

only one that is not affected by the history of changes in the other countries. 

Finally, the Czech Republic and Hungary are the only countries that adjust to the 

long-run relation and that are affected in the short-run by all the remaining 

countries, except for the Netherlands. The common trends seem to be dominated 

by Poland, Slovakia, Slovenia, Germany and the Netherlands. More probable is 

that the CEFTA members dominate the one common trend and EMU members the 

others. In the short-run, France has the greatest impact, as the history of 

changes of its inflation rate affects almost all the other countries. 

 The results concerning the market economies indicate that Malta is the only 

country excluded from the long-run relation. Furthermore, France does not adjust 

to the long-run relation, while Cyprus performs the greatest adjustment. Finally, 

the short-run relations are restricted among the EMU members. Specifically, the 

inflation rate of the Netherlands is affected by the history of changes in the 

inflation rates of Germany and France. 

As far as the long-term interest rates are concerned, we have reached the 

following results: 

 In the case of the Baltic countries and the EMU members, we see that Estonia 

and France do not participate in the equilibrium relation, while Latvia (and 

Estonia) is not adjusting to the long-run relation. In addition, Latvia (as well as 

Estonia and France) can be treated as exogenous, since its interest rates are not 

affected by the history of the changes in the interest rates of the other countries.  

 At last, we showed that between the CEFTA and the EMU members, the only 

country that does not participate in the equilibrium relation is Poland. Of the 

remaining countries, the only country that does not adjust to the equilibrium (is 

not influenced by the deviations from the long-run relation) is France. The Czech 
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and Slovak Republics, Slovenia as well as the Netherlands perform the greatest 

adjustment to deviations from the long-run equilibrium. The interest rates of 

Hungary, Slovakia and Slovenia can be treated as exogenous variables, as they 

are not affected by the history of the changes in the interest rates of the other 

countries. Finally, there exist short-run relations between Hungary, Poland, the 

Czech Republic Slovenia, Germany, France and the Netherlands but the causality 

is not towards all the directions. 

The results presented in this paper are not surprising, given that the new EU 

members have not reached their steady state, and are still running a transitional 

period, while the EMU members (especially the chosen ones) are mature economies. 

As explicitly stated by Caporale and Pittis (1994) the methodology that we applied is 

very powerful to test whether convergence has been maintained after being 

achieved. And this is clearly not our case. Indeed, the deep structural reforms of the 

financial markets have been a gradual process and the results have only recently 

started to show up. For instance, Poland fulfilled the inflation, long-term interest rate 

and public debt criteria just in November 2003.  

The greatest degree of inflation convergence (in contrast with the case of the 

interest rates) was also expected, given the inflation targeting policies adopted by 

most of the new members. For example, Czech adopted a system of direct inflation 

targeting (DIT) in 1998, Poland in 1999, while Hungary in 2001 (June), while the 

other countries impose price stability as a primary objective of their monetary 

policies. According to Orlowski (2001), this DIT allows focusing on disinflation as a 

primary goal, which makes it a viable starting point of monetary convergence to the 

euro area. Moreover, it may be expected that accession to the EU (and the euro 

area) will provide additional boost to convergence of the new EU members and the 

EMU members. The result of limited or non-existent degree of interest rate 

convergence, however, is really disappointing. We should note here that an 

important limitation of the analysis is the lack of equivalent long-term interest rates 

for all the countries. 

In all cases, the research in the field of inflation and interest rates convergence of 

the new EU members is likely to be more reliable in the future, since the accession 

process has led to the construction of more appropriate indices, like the harmonised 

long-term interest rates series for convergence assessment purposes since 2001 and 

the harmonised index of consumer prices (HICP). 
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AAAPPPPPPEEENNNDDDIIIXXX   III   –––   AAABBBBBBRRREEEVVVIIIAAATTTIIIOOONNNSSS   

   

ADF: Augmented Dickey-Fuller 

AIC:  Akaike Information Criterion 

CEECs: Central and Eastern European Countries 

CEFTA: Central European Free Trade Agreement 

CPI: Consumer Price Index 

ECB: European Central Bank 

EMS: European Monetary System 

EMU: Economic and Monetary Union 

ERM: Exchange Rate Mechanism 

EU: European Union 

FPE: Final Prediction Error 

HICP: Harmonized Index of Consumer Prices 

I(b): Integrated of order b 

LR: Likelihood Ratio 

OCA: Optimum Currency Area 

SC: Schwartz Information Criterion 

VAR(k): Vector Auto-Regressive model of order k 

VECM: Vector Error-Correction Model 

HQ: Hannan-Quinn Information Criterion 
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AAAPPPPPPEEENNNDDDIIIXXX   IIIIII   –––   GGGRRRAAAPPPHHHSSS   

111...   IIINNNFFFLLLAAATTTIIIOOONNN   

 

Graph 1. Inflation Rates of the Baltic Countries, 1994-2003. 
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Graph 2. Inflation Rates (%) of the Baltic Countries, 1997-2003. 
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Graph 3. Inflation Rates (%) of the CEFTA Members, 1994-2003. 
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Graph 4. Inflation Rates (%) of the Market Economies, 1994-2003. 
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222...   IIINNNTTTEEERRREEESSSTTT   RRRAAATTTEEESSS   

 

Graph 5. Interest Rates (%) of the Baltic Countries, 1995-2003. 
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Graph 6. Interest Rates (%) of the CEFTA Members, 1995-2003. 
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Graph 7. Interest Rates (%) of the Market Economies, 1996-2003. 
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