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Abstract: Since creation of the Euro Area the fulfillment of the Maastricht criteria is the exhaustively defined
condition for the adoption of the euro. Given that these criteria were criticized from the very beginning, the
importance of study of real convergence has become again vivid in past years. In 2008, most of the European
Union member states experienced significant growth deceleration and this systemic crisis has certainly affected
the convergence process. Thus this paper aims to evaluate the Maastricht criteriainfluence on real convergence
and to show how recent crisis affected the real convergence process in Visegrad Group countries to the Euro
Area average economic level.The model is caculated using panel regresson method with multiplicative
dummy variables and the model parameters are estimated by GLS estimator. Evidence from Visegrad Group
countries indicates convergence slowdown in times of a recession, however it does not confirmed any
divergence during crisis.
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1 Introduction Fiscd Compact the fulfillment of the Maastricht
The eurozone, officialy caled Euro Area (EA or Criteria (the fiscal criteria) has been much more
EA17), isamonetary union of 17 European member guarded. On the other hand the monetary criteria,
states, whose have adopted euro as their common such as inflation is being automatically guarded by
currency. The rest of the member states of the the ECB, aswell as hominal interest rates (indirectly

European Union (EU) are obliged to join the EA at through the price level development) after joining
once but with existence of temporary (Sweden), but the EA.

as well permanent (Denmark, the United Kingdom), When analyzing the convergence process and the
exceptions — opt-outs. Taking this into account the preparedness of a country to join the EA, it is
rest of the EU countries without euro as a common important to cover aso real convergence (which is
currency, and without any opt-outs, are Bulgaria, not exhaustively defined) and not only the
Croatia, the Czech Republic, Hungary, Latvia, fulfillment of Maastricht convergence criteria
Lithuania, Poland and Romania, giving the total (nominal convergence). Eyldencefrom recent crisis
number of non-euro countries to eleven. Latvia is shows that merely fulfillment of a Maastricht
supposed to enter the EA in 2014 reducing the total convergence criteria is not sufficient condition to
number of non-EA countries to ten. Before joining euro adoption.Thus this paper aims to evaluate the
the EA, a country must meet the Maastricht Maastricht criteria influence on real convergence
convergence criteria which are monitored through and to show how recent crisis afected the real
the convergence of economies according to the convergence process in Visegrad Group countries
indicators in nominal terms. The indicators are  (V4) — the Czech Republic, Hungary, Poland and
monitored in inflation rates, long-term nominal Slovakia to the Euro Area average economic level.
interest rates, exchange rate stability, government As seen the sample contains the countries without
debt ratio and government deficit/surplus ratio. euro as well as countries which already accepted
When speaking about the fulfillment of the euroasa_natlonc_al currency. Thanks to the presence
Maastricht convergence criteria after the country of Slovakia, which has accepted the euro in 2009,
acceptation, it is important to point out the we are able to verify whether there is a differencein
development in economic coordinationwithin the real convergence development in Slovakia and the
EA countries.Sincethe existence of Six-pack, Euro rest of V4 countries. The reference time period from

Plus Pact, revised Stability and Growth Pact and the 2001 to 2012 was chosen to cover pre-crisis, crisis
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and post-crisis years. The model is calculated using
linear regression method with dummy variables.
The parameters are estimatedby GL S estimator.

2 Theoretical Background of

Economic Convergence

The study of economic convergence within the EU
has become a phenomenon during the creation of
the economic and monetary union project (see
Brada and Kutan, 2001; Gomez, 2008; Skott,
1999; Soukiazis and Castro, 2005; Taylor, 1999)and
has become more vivid again in a past few years
because of the globa financialand economic crisis
(Bruha and Podpiera, 2011; Dvorokova, 2012).
Mainly in the early anaysis the case of rea
convergence is viewed as a reduction of economic
disparities among countries or regions (Melecky,
2012). Formally written:

, (1)
Y2,t+1

Yit o Vit

Y2t
wherey is the income per capita of unit 1 (the
catching up economy) and 2 (the economy we are
trying to catch up) at timet and t + 1.

Convergence in relation to macroeconomic
theories is patterned on growth theories. First
emerged the concept of absolute convergencebased
on neoclassical growth theory. The basic idea is that
poorer countries have more dynamic growth than
the advances economies (Sala-i-Martin, 1996).

Next was developed the concept of conditional
convergence. This concept is used only for group of
states which indicates strong homogeneity.
Knowing this the convergence is not the rule and
economies converge to a different value which is
then dependent on the human capital level and other
structural factors.

There are two approaches to examine the real
convergence. Among those countries where a
negative relationship between the growth rate and
initial level of per capita income can be observed,
af-convergence can be analyzed.We write:

)

%log (%) = o+ BlogYio + VZ; + &,
where the left side of the equation is the average
growth of GDP per capita (in PPP) during time
period from O to T, which is then dependent on the
initial economic level Y; , and exogenous factors Z;.
aisthe level constant, § and y are coefficients, ¢; is
a random component. Tstands for time and i for
countries.Growth theories work withthe term
steady-state to define this. The pg-convergence
(Furceri, 2005; Michelacci and Zaffaroni, 2000;
Pfaffermayr, 2009)  basicaly says faster
convergence for those countries whose did not reach
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their steady-state yet.The o-convergence (Dalgaard
and Vastrup, 2001; Lucke, 2008; Miller and
Upadhyay, 2002), on the other hand, indicates
whether the asymmetries in economic level between
countries are declining through time (the catching
up effect).The o-convergencecan be formaly

written:

of > o1, ©)
wheres? and o7, ;means standard deviation of real
GDP per capita logarithm in the group of countries
intimetandt + 1.

3 Methodology and Goal

Since the main goal of the paper is to evaluate the
Maastricht criteria influence on real convergence of
V4 to average EA economic level apanel anaysisis
conducted and the time series are being divided into
two periods to analyze conjuncture and recession
effects separately.

The pane approach to the anaysis of
convergence was introduced by Islam (1996), who
brings together cross-sectiona and time series
analysis. The basic advantage of panel approach is
the ability to study the relationship and correlation
of data in two dimensions. First dimension deds
with quantities in terms of time, and second one
captures cross-sectional data of selected research
objects. It is typicad for panel data to capture
observations in several time periods and using time
series anaysis together with elements of regression
analysis.

Panel consists of data that are in a way similar
(countries) and this set is continuously observed.
Panel data for economic research have a few major
advantages over more conventional cross-sectional
or time-series data sets. Panel data analysis deals
with large number of data points, which causes the
increase of degrees of freedom and reduction of the
collinearity among explanatory variables — by which
it improves the efficiency of econometrics
estimates. On contrary, panel has a few
disadvantages. The problems are primarily a small
length of time series, measurement errors
deformation or data collection (Green, 2008).

Fig. 1 shows us the calculated ratio of Visegrad
Group countries GDP per capitato the average GDP
of EA17. This represents the initial anaysis of
economic level convergence in rea terms among
chosen countries in the sample. It clearly indicates
the convergence of V4 to EA17 and also a strong
convergence among the countries itself. However
the graph does not tell us the effects of particular
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Maastricht convergence criteria on GDP growth and
real convergence. Hence the analysis follows.

Fig. 1: Calculated V4/EA17 GDP ratio (2001-2012)
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Notes: The V4/EA17 GDP per capita ratio is placed on
vertical axis, horizontal axis represents reference years.
Data source: Eurostat (2013), self-elaboration

Based on Fig. 1 a hypothesis is set up. The closing
up effect seems to continue even in recession for
Poland, Hungary and Slovakia. The Czech Republic
convergence has sow down and we can observe a
minor short term divergence from the EA average
during crisis. Still, for the rest of the V4 countries, it
is possible that a continuous recession does not
cause any harmful effects when dealing with real
convergence.

Fig. 2. Real beta-convergence in V4 and EA17
countries (%, 2001-2012)
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Notes: Average GDP per capita growth 2001-2012 is
located on the vertical axis. The horizontal axis
represents log (GDP), 2001.
Data source: Eurostat (2013), self-elaboration

As seen from the Fig. 2 a case of beta
convergence among V4 and EA17 countries can be
observed. When moving from the upper left hand
part of the graph (Poland, Slovakia, Hungary and
the Czech Republic) to the bottom, the linear line
would have a negative slope. The initialy richer
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countries (Luxemburg, Germany, France etc.) grew
significantly slower asinitially poorer countries.

3.1 Input Data

Statistical input data for measuring real convergence
amongV4 countries to the average economic level
of Euro Area is made up of particular national data
from Eurostat (2013)database. For the analyzed
economies were used annual time series of Six
indicators: gross domestic product (GDP per capita
in purchasing power standard, indexEALY),
harmonized indices of consumer prices (HICP,
average index and rate of change, constant prices
2005), government deficit/surplus (BDG in
percentage of nominal GDP), general government
gross debt (DBT in percentage of nomina GDP),
long term government bond yields (IR) and EURO
exchange rates (ER). The data were transferred to a
common base by conversion according to the
natural logarithm to ensure their comparability and
stacionarity of time seriesThe subject of the
analysis are data for the Visegrad Group countries:
the Czech Republic, Hungary, Poland and Slovakia
in time period 2001-2012. As stated the timeline is
divided into times of conjuncture 2001-2007 and
recession 2008-2012.

3.2 Specification of the Linear Paned Data
Model
The aim of a panel regression is not to try to predict
a future development of the convergence process. It
is supposed to show regression dependence among
explanatory variables (HICP, BDG, DBT, IR and
ER) and the explained variable (change of GDPper
capita) and to estimate for each of chosen countries
(V4) whether they converge or diverge to average
economic level of the Euro Area. The use of pane
data approach and dummy variables makes up for
the fact that the model works with relatively small
number of observations. The dummy variable
technique is then used to examine the possible
convergence or divergence effect among the studied
economies. The mathematical estimation of the
model can be written as follows:
A(ln yi,t) =X Bi-Yit-1-Dir +
a1BDG;; + a,DBT;; + azHICP;; +
a41Ri,t + asERi,t + si,tv

where:
A(ln Yi,t)

(4)

natural logarithm of gross domestic
product per capita annua change,



Mathematical Methods in Finance and Business Administration

BDG;, government deficit/surplus,

DBT;, government debt,

HICP;, harmonized indices of consumer
prices,

IR; ; long term government bond yields,

ER;. EURO exchange rates,

Bi slope parameters,

a; level constant,

D; binary dummy variable to identify
the country (the value 1 for country
datain timet, otherwise the value
0),

Eit random component,

[ index indicating the country (base
country is Euro Area average),

t index indicating the time.

Gross domestic product per capita was chosen as
a dependent variable. This basic macroeconomic
indicator is normally used in studies to analyze
convergence. The explanatory variables represent
Maastricht  convergence criteria which are
exhaustively set up in the Treaty of Lisbon (2007).
It was necessary to establish dummy variable (see
Table 1) for each analyzed country. The model
works with four countries which are comparedto
Euro Area average.

Table 1: List of Dummy Variables for the Czech
Republic, Hungary, Poland and Slovakia

Dummy variable Country
D1 Czech Republic
D2 Hungary
D3 Poland
D4 Slovakia

Source: self-elaboration

By this model specification it is possible to
determine whether the chosen countries are
converging or diverging to average economic level
of Euro Area for each of Maastricht’s indicators.
The average vaues were obtained using an
arithmetic average of 17 Euro Area member states.
The average economic level is considered to be in
permanent state, to which the chosen countries
converge (or diverge). The dynamization of model
is ensured by the fact that the Euro Area expanded
through the time and the new coming member states
has changed the average value of awhole.

4 Estimation of the Econometric
Model and I nter pretation of Results
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Parameters of linear regression model of pand data
are egtimated using generalized least-squares
method (GLS).The use of GLS egtimator to
calculate model parameters benefits when testing
heteroskedasticity.Model is calculated using eViews
(7.0).

Before introducing the analysis results, it is
necessary to subject the model to statistica and
econometric verification. Statistical significance of
the model was tested using the F-test, individuas
parameters were tested by the T-test. Modd is
statistically significant at 5% level of significance.

After the statistical verification it is essential to
perform the econometric verification, which means
to analyze autocorrelation and multicollinearity.

Autocorrelation can be tested via the Durbin-
Watson (D-W) test, which tests the residuals to
determine if there is any significant correlation
based on the order in which they occur in the data
file. The results suggest no serial dependence among
residuals.

To test multicollinearity was used Pearson
correlation coefficient in absolute values, which is
not supposed to cross admitted value. Mutual linear
dependence of explanatory variables was not present
in the model.

The final results of the panel data analysis are
show in Table 2.

Table2: GLS analysis results

Variable/Period 2001-2007 2008-2012
C 0.616319 0.585861
GDP (t-1) -0.004599 -0.002778
DBT -0.004354 0.001401
BDG 0.001218 0.005138
HICP 0.001367 -0.003156
IR 0.009929 0.000455%
ER 0.008393 -0.031073
D1 -0.290431 -0.043401
D2 -0.249568 -0.077317
D3 -0.344555 -0.056691
D4 -0.330872 -0.260750

fndicates that the estimated coefficient is not statistically
significant at 5% or 10 % significance level.
Source: self-elaboration

The coefficient of the per capita output variable is
negative for both time periods, as expected. Our
evidence shows that convergence between V4 and
EA average runs at very slow annua rate. The
results are however in compliance with theory and
also it confirmed our hypothesis that even after a
recession there is a convergence observed.
Interesting is the fact that it runs of around two
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times slower than in conjuncture (when comparing
the values of beta parameters). The results for
Maastricht criteria effects are shown in Fig. 3.

Fig. 3: Graphical projection of the model parameters
results for Maastricht convergence criteriaand GDP
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Notes: The dark column represents the time period 2001-
2007; the light column 2008-2012. Estimated slope
parameters are placed on the vertical axis.

Source: self-elaboration
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Regarding public policy, the effect of the public
debt (DBT) is opposite in conjuncture and recession.
In times of GDP growth the sign is negative
meaning as the DBT rises, the growth slows down.
It indicates the fact that EU countries are supposed
to reduce their public debt in conjuncture so they
can react properly when crisis strikes. This is the
main reason for the positive effect of debt rise on
GDP growth in recession. However, the quantitative
effect is not very strong. The budget ratio (BDG)
seems to have no important effect on the growth of
per capita income in conjuncture. In recession the
effect is rather strong and positive suggesting that as
the deficit rises, the GDP growth rises as well.
According to Keynesian theory, often cited to
support the idea of public debt reduction, the
countries are trying to replace the inadequate
demand in times of recession to support the GDP
growth.

As seen the inflation indicator (HICP) has again
opposite effects when facing conjuncture/recession.
In 2001-2007 the effect was positive, meaning as
the HICP rises, the GDP rises as well. This is in
compliance with economic theory as wel as
negative sign in recession. This would reflect a
reduction in purchasing power and a lower income
performance.

Interest rate policy has the most positive effect
on GDP per capita growth suggesting that this
policy was growth inducting. Especidly in
conjuncture the effect was very strong, in recession
it was not statistically significant. The IR is directly
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connected to the level of FDI (foreign direct
investments).

Probably most interesting is the case of exchange
rate effect on GDP per capita annual growth. The
results suggest very strong and opposite effects in
analyzed time periods. Between the years 2001-
2007 the effect was positive (as the ER rises, the
GDP growth rises as well) and in 2008-2012 the
effect was negative. This is again in compliance
with economic theory. The long term GDP growth
is causing the exchange rate to go up and is
supposed to be working as a natura stabilizer. In
recession the central banks are trying to support
exporters by reducing their exchange rate.

It is important to note that the joint significance
of al variables related to Maastricht criteria is
accepted in all regressions so they cannot be ignored
when explaining the performance of GDP per capita
annual growth or area convergence.

The next Fig. 4 shows us the graphical projection
of results of dummy variables for particular
countries of V4 and their convergence to each other.

Fig. 4: Graphical projection of the model dummy
variables results
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Notes: The dark column represents the time period 2001-
2007; the light column 2008-2012; the medium dark
column represents the whole analyzed period 2001-2012.
Estimated parameters for individual dummies are located
on vertical axis.

Source: self-elaboration

The results for dummy variables show a
convergence among al V4 countries. The highest
value can be observed by Poland suggesting the
worst starting position in 2001 of al V4 countries.
The negative sign is present by all observation, so
the countries were converging. The convergence
was aso shown in Fig. 1. When look at the
differences between conjuncture and recession, it is
clear that the convergence was stronger in times of
economic growth. However, even in recession there
is still convergence and no divergence. Again the
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results were significant. The highest value between
2008 and 2012 was observed by Poland which is
also one of the few EU countries which does not
experienced negative growth.

Table 3 shows calculated distance of Visegrad
Group countries from EAL17 average economic
level. The distance was aobtained by calculating the
difference between level constant and calculated
dummies parameters for each country.

Table 3: Cdculation of countries distance from EA

average
2001-2007 aver age 2008-2012 aver age
Rank | D Value Rank | D Vaue
1 HU 1086589 |1(2 |CR | 0,61697
2 CR | 090675 | 2(1) | HU | 0,62926
3 SR | 094719 | 3 SR | 0,64255
4 PL | 0,96087 |4 PL | 0,66318

Source: self-elaboration

A development and change is evident from the
results shown in Table 3. Initially Hungary was
ranked closest of V4 countries to the EA17 average
followed by the Czech Republic, Slovakia and
Poland. Thisis also clear from resultsin Fig. 4. This
ranking however changed during the time and in the
time period 2008-2012 first ranked and therefore
closest to the EAL1l7 average was the Czech
Republic.

5 Conclusion

The main purpose of the paper was to show the
effects of Maastricht criteria on real convergence for
selected group of countries within the EU. The
sample contained Visegrad Group countries:. the
Czech Republic, Hungary, Poland and Slovakia and
we study their real convergence or divergence to the
EA17 average economic level.

Generally we found that the Maastricht criteria
influence cannot be ignored. To cover times of
economic growth as well as economic slowdown,
we divided analyzed data in two periods. 2001-2007
represent times of economic growth — a conjuncture.
The years 2008-2012 represent recession. It is
important to stress out that the joint effect of the
Maastricht criteria settings is significant on 5 % and
10 % leve of significancein all cases.

The separate estimations showed that
convergence in GDP per capita growth runs
atslower rate in recession. However, we observed no
divergence and therefore confirmed our original
hypothesis. This particular result is consistent with
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work of Soukiazis and Castro (2005) and also with
continuous criticism of Stability and Growth Pact
existing within the EA17.

The influence of particular Maastricht
convergence criteria was mixed. For example the
interest rate and exchange rate have the most
significant influence on GDP per capita growth.
Interesting was the deviation in the case of exchange
rate which effects were opposite in conjuncture and
recession. The same opposite effect was observed
by the inflation rate and public debt. The effects of
public deficits were more significant in recession
confirming the Keynesian approach taken in the last
few years by European governments.

In conclusion, this study shows that the
Maastricht rules and the Stability and GrowthPact
have not been as significant in the time period 2001-
2012 as the European authorities would expect and
even incases where the Maastricht criteria had
positive effects, these were modest. In this
context,the European monetary authorities have to
allow for a more flexible fiscal policy that takesinto
account countries specification and the economic
cycle position in order to national countries achieve
ahigher real convergence.

Acknowledgement

The paper is supported from the SGS research
project SP2013/43 Macro-econometric Modelling of
the Impact of Economic Criss on EU Countries
Convergence for author Martin Hodula and by the

European Socia Fund within the project
CZ.1.07/2.3.00/20.0296  for author Katefina
Dvorokova.
References:
[1] BRADA, J C. KUTAN, A. M. The

convergence of monetary policy between
candidate countries and the European Union.
Economic Systems,Vol. 25, No. 3, 2001, pp.
215-231.

BRUHA, J., PODPIERA, J. The dynamics of
economic convergence: the role of aternative
investment decisions. Journal of Economic
Dynamics and Control,Vol. 35, No. 7, 2011,
pp. 1032-1044.

DALGAARD, C. J,, VASTRUP, J. On the
measurement of [sigma] -convergence.
Economics LettersVol. 70, No. 2,2001, pp.
283-287.

DVOROKOVA, K.
Ekonometrickémodel ovanikonver genceekonomi

(2]

(3]

[4]



Mathematical Methods in Finance and Business Administration

cké a cenovéurovné. Analyzaprirezovych a
panelovych dat.Series on
AdvancedEconomiclssues, 2012.

EUROPEAN UNION. Treaty of Lisbon, 2007.

Available at: http://eur-

lex.europa.eu/L exUri Serv/LexUriServ.do?uri=

0J:C:2007:306:FULL:EN:PDF

GOMEZ, M. Convergence speed in the Ak

endogenous growth model with habit

formation. Economics LettersVol. 100, No.

1,2008, pp. 16-21.

GREEN, W. H. Econometrics Analysis. Upper

Saddle River: Pearson, 2008.

FURCERI, D. Beta and sigma-convergence: a

mathematical relation of causality. Economics

Letters, Vol. 89, No. 2, 2005, pp. 212-215.

ISLAM, N. Growth empirics. a panel data

approach. Quarterly Journal of Economics,

Val. 110, No. 4, 1995, pp. 1127-1170.

[10] LUCKE, B. Sigma-convergence. Economics
Letters, Vol.99, No. 3, 2008, pp. 439-442.

[11] MELECKY, Luké&3. Evauation of Cohesion in
Visegrad Countries in Comparison with
Germany and Austria by Multivariate Methods
for Disparities Measurement. International
Journal of Mathematical Models and Methods
in Applied iences, Vol.6, No. 8, 2012, pp.
979-989.

[12] MICHELACCI, C., ZAFFARONI, P.
(Fractional) beta convergence. Journal of
Monetary Economics, Vol.45, No. 1, 2000, pp.
129-153.

[13] MILLER, S. M., UPADHYAY, M. P. Totd
factor productivity and the convergence
hypothesis. Journal of Macroeconomics,
Vol.24, No. 2, 2002, pp. 267-286.

[14] PFAFFERMAYR, M. Conditiona beta- and
sigma-convergence in space a maximum
likelihood approach. Regional Science and
Urban Economics, Vol. 39, No. 1, 2009, pp.
63-78.

[15] SALA-I-MARTIN, X. The Classica Approach
to Convergence Anaysis. The Economic
Journal. Vol. 106, No. 437, 1996, pp. 1019-
1036.

[16] SKOTT, P. Economic divergence and
institutional change: some observations on the
convergence literature. Journal of Economic
Behavior and Organization,Vol. 39, No. 3,
1999, pp. 235-247.

[17] SOUKIAZIS, E., CASTRO, V. How the
Maastricht criteria and the stability and growth
pact affected real convergence in the European
Union: a pand data analysis. Journal of Policy
Modeling,Vol. 27, No. 3, 2005, pp. 385-399.

[5]

[6]

[7]
(8]

[9]

ISBN: 978-960-474-360-5

67

[18] TAYLOR, A. M. Sources of convergence in
the late nineteenth century. European
Economic Review,Vol. 43, No. 9, 1999, pp.
1621-1645.





