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Abstract
The aim of the article is empirical analysis of convergence process in the European Union espe-

cially after extending it by the groups of less developed countries („cohesion” countries after their 
accession in the 1980s and Central and Eastern Europe countries after 2004). The econometric 
methods, based mainly on regression growth models, are implemented, first of all, to verify the 
hypothesis about the existence of beta convergence and its impact on sigma convergence; second-
ly, to verify the theoretically proved statement that capital accumulation become less important 
in convergence processes as compared to the increasing role of technological progress. The results 
of the investigation point at the existence of beta convergence and its important but decreasing 
impact on reducing income disparities among European Union Member States. An additional 
survey on the existence of convergence clubs, conducted using the approach based on polynomial 
functions, , confirms, that all the analysed countries were approaching the same steady state and 
creating a common convergence club.

JEL Classification Code: G10, G15.

Keywords: convergence, economic growth, convergence club, catching-up process. 

Introduction
As early as the mid-eighties of the twentieth century, economic literature started 

to challenge the hypothesis of real convergence on a global scale and, therefore, 
the existence of the phenomenon of absolute convergence (Baumol, 1986; Dowrick, 
Nguyen, 1989; de Long, 1988). Most economists, however, agree with the view on the 
existence of convergence of per capita income within countries which differ in initial 
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capital resources but have identical production functions and levels of savings and 
strive for the same „goal”, i.e. a long-term equilibrium called the steady state. These 
groups of countries are referred to as convergence clubs.

According to the concept of conditional convergence, a country with low initial 
capital resources is characterised by larger increments in income due to a high rate of 
return on investment. The increase in income in richer countries with larger capital 
resources is lower, leading over time to aligning the income levels in both countries 
(Barro, Sala-i-Martin, 1991.1992; Mankiw, Romer, Wail, 1992). It has been theoreti-
cally and empirically proved, however, that this „catching up” (convergence β) does 
not guarantee real convergence of income levels in economies in the long term or the 
reduction of disparities in the level of development, and therefore, it does not guaran-
tee the so-called convergence σ (Friedman, 1992; Quah, 1993). The differences in the 
level of GDP per capita between countries may even increase if during the process of 
reaching the steady state random and asymmetric shocks occur (Sala-i-Martin, 1996).

Type β convergence is thus a necessary condition for the existence of convergence σ, 
but it is not sufficient. Moreover, theoretically speaking, the assumption about the de-
creasing revenues from capital implies the inability to continuously increase produc-
tion by expanding capital resources. It turns out that in the long run, the importance 
of capital accumulation decreases, and the only source of growth of per capita income 
is technical progress, thanks to which the economy is able to produce more with the 
same capital resources. The existence of convergence is dependent, inter alia, on dif-
ferences in total factor productivity or TFP (Hulten, 2000; Caselli, Tenreyro, 2005).

The convergence of countries to a common steady state and belonging in the con-
vergence club is undoubtedly conditioned by their similar level of economic and 
technological development, complementarity of economic structures and institu-
tional interrelationships. Convergence is therefore more likely in integration groups 
such as the European Union (Bukowski, 2011). In the history of integration within 
the European Union, there are cases of accession of countries that are at a relatively 
lower level of economic development, such as the accession of Greece, Spain and 
Portugal in the 1980s, or the countries of Central and Eastern Europe in 2004. Taking 
into account the above theoretical discussion, the logical consequence of the acces-
sion of this type of countries should be β convergence, which is a gradual process of 
„catching up” with relatively richer countries by these countries. Thanks to the pro-
cess of integration in the „underdeveloped” countries, key channels of accelerating 
economic growth are opened, i.e. restructuring of the economy, the development of 
competition, the influx of technology, investments in infrastructure and the liber-
alisation of trade and the exchange rate regime. These changes manifest themselves 
even before the official accession as a result of the so-called integration anchor (Ra-
packi, Próchniak, 2012). The process of „catching up” is also affected by EU poli-
cies focused on reducing disparities in the level of development, reflected in intense 
influx of aid funds to relatively less developed countries (Fayolle, Lecuyer, 2000, 
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Beugelsdijk, Eijffinger, 2003).The existence of β convergence within EU Member 
States may, but does not have to, translate into eliminating development disparities 
within the group (σ convergence). In addition, the existence of a negative correlation 
between the initial level of GDP per capita and the average growth rate in a group of 
integrating countries does not guarantee that each of them „moves” toward the same 
steady state. It may happen that some of them even show divergence. On the other 
hand, a positive correlation between both economic values within a group as a whole 
does not exclude the possibility that some of them show convergence of income, 
thereby forming a convergence club (Bernard, Durlauf, 1996). 

The purpose of this paper is to analyse the processes of convergence in the Euro-
pean Union (and EEA), taking place especially during the period of expanding the 
group with countries which are at a relatively lower level of economic development. 
Particular attention is paid to the processes of growth occurring after the accession of 
Greece, Spain and Portugal in the eighties of the twentieth century and in the period 
of preparation and after the accession of CEE countries. The study verifies the exist-
ence of type β convergence and its impact on reducing development disparities in 
the analysed group of countries, i.e. σ convergence. An attempt is also made to check 
whether in the case of the European Union, the statement, proved on a theoretical 
basis, about the declining importance of capital accumulation (β convergence) in the 
creation of convergence processes is confirmed. In addition, by performing appropri-
ate tests for the existence of convergence clubs, it is examined whether all Member 
States follow the same path of growth, striving for the same long-run equilibrium 
point, hence belonging in the same convergence club.

1. The phenomenon of real convergence of European Union Member 
States in the different periods of their integration

1.1. Metodology 
Studies on the convergence processes can be conducted using panel data, average 

data obtained from 10 or 5-year sub-periods or averaged data for the entire analysed 
period. The methods mentioned above have advantages and disadvantages (Rapacki, 
Próchniak, 2012).

Taking into account a large number of observations and various methods of es-
timation, it may be said that studies based on panel data are more solid. However, 
from the economic point of view, an analysis that uses that kind of data is distorted 
by the influence of business cycles and other irregular fluctuations of the economy. 

A better solution is to use average data for sub-periods. The connection between 
the initial income and middle- and long run growth processes can be then investigat-
ed. The longer the sub-period is (e.g. 10 years), the more reliable the results are from 
the economic point of view (business cycles, lasting usually less than 10 years, are 
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eliminated), and less significant from the statistical point of view. Furthermore, the 
following method including relatively short 20-year period is difficult to implement. 

Taking into account the method based on average data for the entire analysed 
period, one should be aware that a limited number of observations influences the 
statistical credibility of the obtained results. However, from the economical point of 
view, the mentioned approach seems to be more adequate. It focuses on the long-run 
relations between variables, in other words, gives an opportunity to investigate the 
relation between initial conditions of economies and their long-run growth pro-
cesses. In research based on average (thus stationary) data, the simple linear regres-
sion model and the classical least squares method of estimation can be implemented.

The study of real convergence of the European Union Member States in the dif-
ferent periods of their economic integration, used the two most popular measures 
of real convergence, β convergence and type σ convergence.

The easiest way to verify the hypothesis of conditional β convergence is estimating 
the structural parameters of the following equation:

ε+α+α= 010
0

T Yln
Y
Y

ln
T
1

(1)

The left side of the equation represents the average growth rate of GDP per capita 
between the period T and the base period 0. The explanatory variable is the loga-
rithm of the initial level of per capita income. The negative value of the parameter 
α1 means the occurrence of convergence, whose rate is reflected by the coefficient β 
defined by the following formula: 

)T1ln(
T
1

1α+−=β (2)

The higher the coefficient β value (between 0 and 1), the higher the convergence 
rate (Barro, Sala-i-Martin, 2003; Próchniak, 2006). 

Due to the fact that the β convergence can be treated as one, but not the only, 
determinant of the convergence process manifested by a reduction in disparities 
in GDP per capita of a certain group of countries, i.e. σ convergence, it appears 
reasonable to investigate the existence and the rate of this type of convergence in 
the analysed group of countries. A relatively simple way to verify the σ convergence 
hypothesis is to estimate the trend lines for the difference levels of income between 
countries (measured by the standard deviation of the GDP per capita logarithm): 

ε+α+α= t)Y(lnsd 10T (3)

A negative α1 coefficient value (ranging from -1 to 0) indicates the occurrence of 
σ convergence.

The above mentioned formulas were used to conduct a study of real convergence 
in a group of 15 (in the period 1980- 2004) and 27 (in the periods 1993- 2004 and 
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2004-2013) European Union Member States. Data on GDP per capita in the Member 
States was obtained from the International Monetary Fund World Economic Outlook 
Database, 2014 (data in USD, current prices).

1.2. Beta convergence of European Union Member States – results 
The analysis of the process of „catching up” (type β convergence) among the Eu-

ropean Union Member States was conducted for several periods. This is due to the 
EU expansion (and earlier EEC) to other countries and the associated difficulties in 
providing a general overview of convergence in the group. The first studied period 
covers the years 1980-2004, starting with the accession of the relatively less devel-
oped Greece, then Spain and Portugal, and ends before the accession of the next 
group of countries with relatively lower GDP per capita, i.e. the countries of Central 
and Eastern Europe. The second area of analysis relates to the period 1993-2013 and 
is associated with the preparation of the above group of countries for the accession, 
i.e. after signing association agreements (sub-period 1993-2004) and their function-
ing in the EU as Member States (sub-period 2004-2013).

The results in Table 1 confirm the existence of a negative correlation between the 
initial level of wealth and the growth rate of GDP per capita of the EU Member States 
(EEC) of that time, and therefore, the β type convergence in the period 1980-2004. 
Greece, Spain and Portugal, which at the time of accession had approximately half 
the level of GDP per capita compared to the average for the EU-15, in the analysed 
period approached the most developed EU countries at a rate of about 2% per year. 
Analysing, on the other hand, the European Union after 1993, i.e. including the then 
candidate countries, a much faster pace of „catching up” (3.5%) may be observed. 
CEE countries, which in 1993 were characterised by significantly lower than those 
„cohesion countries” GDP per capita of only about 30% of the average level of this 
ratio for the whole group, showed a high rate of developmental catching up, which is 
fully compatible with the concept of convergence arising directly from Solow’s model 
(1956). The process of „catching up” was particularly evident within the EU-12. These 
countries, during the period 1993 – 2013, were drifting towards a common steady 
state at a rate of 5.2%. This observation confirms the validity of the concept of con-
ditional convergence, and therefore the importance of homogeneity of countries in 
shaping the convergence processes and their dynamics.

For a more detailed analysis of the convergence process, which, as has been proved 
above, took place in the European Union after 1993, new models were constructed 
for the EU-27 and EU-12 in the periods 1993-2004 and 2004-2013. Results of the 
estimation and evaluation of the quality of the models are presented in Table 2.

Generally, the official membership of the so-called „new” EU Member States, 
whose accession took place in 2004 and 2007, did not significantly influence their 
catching up process in terms of developmental distance to both the richest countries 
in the Union and to one another. The rate of convergence in the EU-27 and EU-12 
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after 2004 was even lower than in the period of intensive preparation of the CEE 
countries for the EU membership.

Table 1. Estimation results of growth regression models describing absolute conver-
gence β among the European Union Member States (EU-15, EU-12, EU-27)  
in the period 1980-2013; dependent variable: ln (Yt / Y0)/ T; classical least 
squares method estimation

Variable / model diagnostics EU-15 EU-27 EU-12
1980-2004 1993-2013

constant
stand. error
Student’s t
p value
significance

0,20101
0,0466337
4,3104
0,00085
***

0,29035
0,0190009
15,2809
<0,0001
***

0,342989
0,030827
11,1262
<0,00001
***

ln GDP per capita in 1980/1993 
stand. error
Student’s t
p value
significance

-0,0163375
0,0050789
-3,2167
0,00675
***

-0,0256328
0,00209429
-12,2394
<0,00001
***

-0,0324152
0,00386027
-8,3971
<0,00001
***

F- Snedecor’s test1

F-statistic
critical value

10,34743
4,66146

149,8023
4,2417

70,51188
4,9646

p value 0,006747 4,70e-12  7,68e-06
result rejection of H0 rejection of H0 rejection of H0

White’s test2

test’s statistic
critical value

0,064508
5,99146

1,01952
5,99146

4,66443
5,99146

p value 0,9682 0,60064 0,0970804
result acceptance of H0 acceptance of H0 acceptance of H0

Adjustment of models
R2 0,443194 0,856981 0,875795
Adjusted R2 0,400362 0,851261 0,863374

Convergence analysis
β convergence yes yes yes
β coefficient3 0,0210 (2,1%) 0,035939 (3,5%) 0,052249 (5,2%)
Number of observations 15 27 12

1 – F-Snedecor’s test: H0: α1 = α2 = ...... = αk ; rejection of hypothesis H0 indicates that the 
estimated model includes significant variables.
2 – White’s test: H0: random component is homoscedastical; acceptance of the hypothesis H0 
indicates the existence of homogeneousness of variance.
3 – calculated according to formula (2).
Source: own calculations using GRETL software.
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Table 2. Estimation results of growth regression models describing absolute conver-
gence β among the European Union Member States (EU-27, EU-12) in the 
period 1993-2013; dependent variable: ln (Yt / Y0)/ T; classical least squares 
method estimation

Variable / model diagnostics
EU-27 EU-12

1993-2004 2004-2013 1993-2004 2004-2013
constant
stand. error
Student’s t
p value
significance

0,368147
0,055004
6,6332
<0,00001
***

0,338949
0,0636833
5,3224
0,00002
***

0,405581
0,0547132
7,4128
0,00002
***

0,419077
0,0608094
6,8917
0,00004
***

ln GDP per capita in 1993/2004 
stand. error
Student’s t
p value
significance

-0,0318587
0,00587952
-5,4186
0,00001
***

-0,029632
0,00625495
-4,7374
0,00007
***

-0,03956
0,0068514
-5,7740
0,00018
***

-0,0396535
0,00671979
-5,9010
0,00015
***

F- Snedecor’s test1

F-statistic
critical value

29,36106
4,2417

22,44269
4,2417

33,3391
4,9646

34,82195
4,9646

p value 0,000013 0,000074 0,000179 0,000151
result rejection of H0 rejection of H0 rejection of H0 rejection of H0

White’s test2

test’s statistic
critical value

1,79256
5,99146

2,28403
5,99146

1,64721
5,99146

1,36035
5,99146

P value 0,408085 0,319175 0,438847 0,506527
result acceptance of H0  acceptance of H0 acceptance of H0 acceptance of H0

Adjustment of models
R2 0,540112 0,473048 0,769262 0,776895
Adjusted R2 0,521716 0,451970 0,746188 0,754585

Convergence analysis
β convergence yes yes yes yes
β coefficient3 0,040147 (4%) 0,03446 (3,4%) 0,053652 (5,4%) 0,049047(5%)
Number of observations 27 12

1 – F-Snedecor’s test: H0: α1 = α2 = ...... = αk; rejection of hypothesis H0 indicates that the 
estimated model includes significant variables.
2 – White’s test: H0: random component is homoscedastical; acceptance of the hypothesis H0 
indicates the existence of homogeneousness of variance.
3 – calculated according to formula (2).
Source: own calculations using GRETL software.

A slight decrease in the rate of „catching up” in the period 2004-2013 can be partly 
explained by the effects of the economic crisis which started in 2007. However, the 
downward trend in the value of coefficient β may also be evidence that the passage 
of time and the catching-up of developmental distance also in the case of the „new” 
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EU countries capital accumulation ceases to be the main cause of convergence and 
its place is gradually overtaken by changes in total factor productivity (TFP). The 
above hypothesis is confirmed by the fact that significantly lower coefficient β was 
observed in the EU-15 and the entire EU-27.

The diagnostic tests of individual models included in Table 1 and Table 2, i.e. 
the F-Snedecor test and White's test for heteroscedasticity2, allow to consider them 
sufficient in studying the phenomenon of convergence. Also satisfactory values of 
determination coefficients were obtained (R2 and adjusted R2).

1.3. Sigma convergence of European Union Member States – results
In light of the results of the study on the existence of σ convergence presented in 

Table 3, it can be concluded that developmental disparities between Member States 
decreased during the analysed 34-year period of the operation of the group.

Negative values of the structural parameters of the time variable t in each of the 
estimated equations indicate a gradual decrease in the standard deviation of the 
logarithm of per capita GDP in the analysed groups. Neutralising developmental 
differences was particularly evident in the expanded European Union (EU-27) and in 
the group of the „new” Member States. It was observed to a much lesser extent in the 
„former fifteen”. Therefore, in the case of the European Union one can observe a clear 
correlation between the rate of „catching up” and type σ convergence. A higher rate 
of β convergence translates into faster reduction of the disparities in income per 
capita in the analysed groups of countries and vice versa. 

Table 3. Estimation results of models describing sigma convergence among the Euro-
pean Union Member States (EU-15, EU-27, EU-12) in the period 1980-2013; 
classical least squares method estimation

Variable / model diagnostics EU-15 EU-27 EU-12
Dependent variable sd_UE_15_1980_2004 sd_UE_27_1993_2013 sd_UE_12_1993_2013
constant
stand. error
Student’s t
p value
significance

0,457403
0,00814288
56,1722
<0,00001
***

1,17749
0,0181603
64,8386
<0,00001
***

0,874513
0,0115022
76,0299
<0,00001
***

t variable
stand. error
Student’s t
p value
significance

-0,0048227
0,0005477
-8,8046
<0,00001
***

-0,0287946
0,00151599
-18,9940
<0,000001
***

-0,0262944
0,00103293
-25,4561
<0,00001
***

2 In the case of models based on cross-sectional data, there is a suspicion of the existence of 
heteroskedasticity, because the variance of the random component may depend on the size of 
GDP in a given country. Therefore, a desirable feature of the model is heteroskedasticity.
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Table 3 continued.
Variable / model diagnostics EU-15 EU-27 EU-12

F- Snedecor’s test1

F- statistic
critical value

77,52050
4,27934

360,7705
4,41387

648,0133
4,41387

p value 7,97e-09 2,34e-13 9,34e-14
result rejection of H0 rejection of H0 rejection of H0

White’s test2

test’s statistic
critical value

5,07429
5,99146

8,30839
9,21034

7,17272
9,21034

P value 0,0790919 0,0156985 0,0276989
result acceptance of H0  acceptance of H0 acceptance of H0

Adjustment of models
R2 0,771191 0,952478 0,977376
Adjusted R2 0,761243 0,949838 0,975868

Convergence analysis
Sigma convergence yes yes yes
Number of observations 25 21

1 – F-Snedecor’s test: H0: α1 = α1 = ...... = αk ; rejection of hypothesis H0 indicates that the 
estimated model includes significant variables.
2 – White’s test: H0: random component is homoscedastical; acceptance of the hypothesis H0 
indicates the existence of homogeneousness of variance.
3 – calculated according to formula (2).

Source: own calculations using GRETL software.

The study achieved high significance of the structural parameters. Diagnostic tests 
included in Table 3 indicating a relatively good quality of the models allow to con-
sider the adopted method of testing this type of convergence as sufficient. 

2. Test on the existence of convergence clubs among European Union 
Member States in the different periods of their integration 

The concept of convergence clubs refers to the notion of the existence of the mul-
tiple equilibria in the global or regional range. Similar countries converge in the 
long–run towards each other and their initial conditions move towards the same 
stationary equilibrium (Galor, 1996). The cross-country regressions, implemented 
above, do not account for the existence of multiple equilibria. If we estimate a nega-
tive correlation between the average growth rate and initial GDP per capita, it’s im-
possible to know if all the countries are converging (and creating a convergence club) 
or only some of them. Moreover, the conducted study on sigma convergence in UE 
Member States concerns the analysis of income dispersion mostly by looking at the 
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development of income standard deviation over time, not at the relative income 
levels. The hypothesis of the convergence club can be more efficiently tested using 
nonparametric methods, e.g. introducing polynominal functions in the growth equa-
tion (Chatterji,1992; Quah, 1996).

2.1. The model of convergence clubs- an approach based on polynominal functions
To test the existence of the convergence club among the EU Member States the ap-

proach of Chatterji and Dewhurst (1996) has been implemented. The starting point 
of the model construction is the following equation proposed by Barro and Sala-i-
Martin3 (1995):

(4)

In the model constructed by Chatterji and Dewhurst, the development of income 
dispersion is analysed by determining all variables in equation (4) as gap forms by 
subtracting all the logarithmic levels from the maximal level and rearranging the 
same year gaps to the same side (equation 5).

(5)

Ln (Y/L)max,t and ln(Y/L)max,0 are GDP per capita in the richest country in the ter-
minal year t and the initial year 0. Ln (Y/L)i,t and ln(Y/L)i,0 are GDP per capita in all 
other economies in the terminal year t and the initial year 0, respectively. To model the 
possibility of multiple equilibria, Chatterji and Dewhurst included in the above equa-
tion variables measuring wideness of the gap between the initial income of the „leader” 
country and that of the country i. Describing this gap as GAPGDP =  ln(Ymax) – ln(Yi), 
the convergence model can be written as:

(6)

The number of convergence clubs will depend on the value of k. When k=3 a cubic 
function is taken into account that stands for two mutually exclusive convergence 
clubs. The convergence model is the following:

(7)

3 where: ai = xi + (1 – e-β) ln (yi* + xi,o); b = –(1 – e-β); xi – the speed of technological process, y*-steady 
state point, β – the speed of beta convergence.
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In the equilibrium of function (7) the gap is constant (GAPGDP,t = GAPGDP,0). There-
fore, three possible equalibria exist4  and two different cases may appear (see Fig. 1).

Figure 1. 

A1<1       A1>1 

Possible convergence clubs: case A1<1 , case A1>1
Source: own work.

If A1 <1 the solving of equation (7) leads to three different equilibria (two stable 
E1 and E3 and one unstable E2). Countries that have a gap of GDP per capita with the 
„leader” country below the E2 level will converge towards the E1 income level. These 
countries converge to the same income level as the „leader” in the long term. When 
the gap is too large (above E2), then countries diverge from the level of the „leader” 
country and converge to the lower income level (E3). 

In the case where A1>1, the only one stable equilibrium is E2. All countries that 
have an income gap with the „leader” below the E3 level E3 converge to the E2 level E2. 
Countries with the initial gap between E2 and E3 actually also converge to the „lead-
er” country. In turn, countries that have a gap between E1 and E2 diverge from the 
„leader”, similarly to the economies with the gap greater than E3. The last group of 
countries diverges from all other economies.

2.2. Results 
To test the existence of a convergence club among the EU Member States in the 

different periods of their integration the following equations are estimated: 
(8)

4 in the points where function (7) line cuts 45 degree line (benchmark line).
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(9)

(10)

(11)

Equation (8) tests the existence of a convergence club within „the former UE-15” 
in the period 1980- 2004. The gap variable (for the year 1980 and 2004) was formed 
by taking a natural logarithm of GPP per capita in the leader country (in that case 
Luxembourg) over the GDP per capita in each other country. Models (9), (10) and 
(11) test the club convergence of 27 members of the EU (respectively in the periods 
1993-2013, 1993-2004 and 2004- 2013). The gap variables in the analysed year t and 
initial year 0 were constructed with Luxembourg as a benchmark country. The ob-
tained results of the regressions are included in table 4. Each row of the table reports 
the coefficients, t-statistics, the fit of the regression and the equation standard errors.

Table 4. Convergence clubs in the European Union from 1980 to2013 (classical least 
squares method estimation)

Model GAPGDPt GAPGDPo

A1
(stand. error)

Student’s t

A2
(stand. error)

Student’s t

A3
(stand. error)

Student’s t
F-statistic
(p value)

R2

Corr. R2

(8) GAPGDP2004 GAPGDP1980 2,8902***
(0,4592)
6,2944

-3,11322***
(0,8877)
-3,5072

1,1383**
(0,3916)
2,9069

72,1423
(1,61e-07)

0,9516
0,9428

(9) GAPGDP2013 GAPGDP1993 1,6881***
(0,1189)
14,2019

-0,5263***
(0,0924)
-5,6960

0,0640***
(0,0167)
3,8236

610,7661
(4,65e-22)

0,9876
0,9865

(10) GAPGDP2004 GAPGDP1993 1,14319***
(0,1408)
8,1166

-0,137537*
(0,1095)
-1,2562

0,0089*
(0,0198)
0,4484

498,2717
(4,67e-21)

0,9848
0,9835

(11) GAPGDP2013 GAPGDP2004 1,60713***
(0,09364)
17,1625

-0,50026***
(0,09582)
-5,2208

0,0820067***
(0,02303)
3,5607

1823,991
(1,76e-27)

0,9958
0,9955

***/**/* statistically significant at the level of 1%, 5%, 10%
Source: own calculations using GRETL software.

Based on a preliminary analysis of the results, it can be concluded that in the case 
of the EU Member States at different stages of integration, there exists one steady 
state (values of A1 coefficients for each of the estimated equations are higher than 1) 
to which the analysed countries converge or (possibly) from which they diverge. 
A graphical interpretation of the results broken down by sub-periods is shown below.
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Fig. 2 shows the creation of the convergence club within the 15 EU in the period 
1980-2004. The equilibrium points (E1, E2, E3) were determined by intersecting the 
estimated function (8) with a 45-degree line.

Figure 2. 
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All the Member States form that period drifted towards the common long-run 
equilibrium E2, thereby creating a convergence club. In the base period, none of them 
showed a gap in GDP per capita (compared to the most developed Luxembourg) 
with values higher than 1.83 (corresponding to point E3). Portugal got closest to 
this point (the gap in 1980 was 1.69). Despite moving towards the same steady state 
the countries of the EU-15 can be clearly divided into two groups, i.e. converging 
upward and converging downward. The former includes countries with the GDP per 
capita gap in the range of (0.91, 1.83]. They were characterised by a smaller gap in 
2004 as compared to 1980 (the line of the estimated function is below the line of 45 
degrees). Therefore, they were catching up with relatively richer countries. Countries 
in this group, i.e. Greece, Spain, Portugal and Ireland, not only converged among 
themselves, but showed convergence to the leader (Luxembourg). The latter group 
includes countries with the gap in the range of (0, 0.91], to which countries of the 
„former 15” may be included, characterised by an increase in the GDP gap relative 
to the leader (the line of the estimated function (8) is above the line of 45 degrees). 
They showed both internal convergence and divergence with respect to Luxembourg.

A similar study was conducted for the period 1993-2013 and the European Union 
expanded with the next 12 member states. In the light of the obtained results, pre-
sented in Fig. 3, all countries covered by the study showed convergence to a common 
long-run equilibrium at point E2 (the border level of the gaps that guarantees being 
in the club was 6.59, and the highest level in the group was 4.30 for Bulgaria). 
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Figure 3. 
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In the analysed period, the group of the „catching up” countries (with the size 
of the gap falling between (1.63, 6.59]) were Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Slovakia and Romania. The greatest progress in 
reducing this gap was showed by the countries with its highest levels in the base year, 
which is consistent with the high rate of β convergence of the „new” Member States. 
Other EU states with the size of the gap in relation to the leader in the base period 
in the range of (0, 1.63] showed no significant progress in reducing the gap and low 
intensity upward convergence in moving towards the long-term equilibrium. Ireland 
was an exception in this group, in the case of which a lower level of the gap compared 
to the base year was observed in 2004.

The results of a detailed analysis of these phenomena for the period 1993-2013 
broken down into the periods before and after the official accession of the 12 relatively 
less developed countries to the EU is presented in the graphs below. They clearly con-
firm the importance of downward convergence in reducing the disparities between 
countries, especially in the period 1993 - 2004 (Figure 4). Fourteen of the 27 analysed 
countries (i.e. Bulgaria, Cyprus, the Czech Republic, Estonia, Greece, Hungary, Ire-
land, Lithuania, Latvia, Poland, Romania, Slovakia, Slovenia, and even Finland) had 
lower levels of the gap in GDP per capita in 2004 as compared to the base year of 1993. 

After 2004, the group of the so-called „catching-up” countries clearly shrank (Fig-
ure 5). It comprised Bulgaria, the Czech Republic, Estonia, Lithuania, Latvia, Poland, 
Romania and Slovakia. The rate of reduction of the gap in GDP per capita in these 
countries before and after the accession to the EU dropped considerably. In the pe-
riod 1993-2004 the group of the abovementioned countries decreased its distance 
in relation to the most developed Luxembourg by an average of 22%, while in the 
period 2004-013 only of about 12%. 
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Figure 4. 
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Figure 5. 
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Other EU Member States were characterised by a slight increase in the develop-
ment gap in relation to Luxembourg, while demonstrating internal convergence. All 
countries „moved”, however, towards a common steady state designated in point E2, 
thus constituting one convergence club.
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Conclusions
According to the conducted analysis, one can undoubtedly state, that the mecha-

nism of absolute convergence (resulted directly from Solow’s neoclassical model) 
was and still is an important determinant of growth of the European Union Member 
States, especially of those „new” ones with a relatively lower level of economic devel-
opment. So far, the mentioned mechanism has supported the elimination of income 
disparities among integrating countries (sigma convergence).

The role of capital accumulation as an „engine” of convergence has been incre-
mentally decreasing. Results of the survey on the existence of beta convergence 
conducted for the most developed UE members in the period 1980-2004 confirm 
the above statement. The first symptoms are also noticeable in the extended UE 
in the period 1993-2013. While the integration connections are strengthening, the 
catching-up processes that are characteristic for less developed(in the pre-accession 
period) countries, are not enhancing, just the opposite- are staring to fade out in the 
post- accession period. Thus, the results of the analysis conducted using econometric 
methods seem to confirm the theoretically proved thesis on the declining importance 
of capital accumulation in creating convergence processes and the increasing role of 
productivity changes resulting from technological progress. Consequently, one can 
suppose that the positive changes in TFP will become more and more important in 
eliminating income disparities among EU member states. 

In the light of the conducted surveys, the dynamics of convergence depend on 
how homogenous the group of analysed countries is. A higher pace of beta conver-
gence is observed among the „new” member states, and much lower -among all the 
UE members. That regularity is evidence that conditional convergence among the 
EU member states exists.

Due to the fact, that cross-sectional regressions are used in the surveys, they do not 
provide detailed information whether all the countries of the sample are converging 
or only some of them. Since the estimation of club convergence models is included, it 
is possible to state that all the analysed countries were converging towards a common 
steady state and creating a „convergence club” in any period taken into account. With-
in the „convergence clubs” one can distinct two groups of countries: (1) converging 
downward, i.e. diverging from the leader (Luxemburg) and converging internally, (2) 
converging upward, i.e. converging to the „leader” and internally. The results of studies 
conducted for the different periods of European integration, lead to the conclusion that 
the number of countries included in the second group has been gradually declining 
while the integration connections have been deepening. It is also additional evidence 
of the declining importance of the catching-up process based on capital accumulation 
(beta convergence) in eliminating income disparities in the European Union.



I. Młynarzewska-Borowiec, Convergence tendencies in the EU ... 33

References
Barro R.J. (1997), Makroekonomia, PWE, Warszawa.
Barro, R.J. Sala-i-Martin X. (2003), Economic Growth, Second Edition, MIT Press, 

Cambridge.
Barro R.J., Sala-i-Martin X. (1992), Convergence, Journal of Political Economy, 

Vol. 100, No. 2.
Barro R.J., Sala-i-Martin X. (1991), Convergence across States and Regions, Brookings 

Papers on Economic Activity, 1991. No. 1.
Baumol W.J. (1986), Productivity Growth, Convergence and Welfare, American Eco-

nomic Review, Vol. 76.
Bernard A.B., Durlauf S.N. (1996), Interpreting tests of the convergence hypothesis, 

Journal of Econometrics, No. 71.
Beugelsdijk M., Eijffinger S.C. (2003), The effectiveness of structural policy in the Euro-

pean Union: an empirical analysis for the UE-15 during the period 1995-2001, CEPR 
Discussion Paper, No. 3879.

Bukowski S.I. (2011), Unia ekonomiczna i monetarna a różnice w rozwoju regionów 
gospodarczych – ujecie teoretyczne, w: Bukowski S.I. (red), Polityka kohezji i konwer-
gencja gospodarcza regionów Polski oraz krajów Unii Europejskiej. Wybrane zagad-
nienia, Difin, Warszawa.

Caselli F., Tenreyro S. (2005), Is Poland the next Spain?, Federal Reserve Bank of Bos-
ton, Public Policy Discussion Papers, No. 04-8.

Chatterji M.  (1992), Convergence clubs and Endogenous Growth, Oxford Review of 
Economic Policy, No. 8.

Chatterji M., Dewhurst J.  (1996), Convergence clubs and Relative Economic Perfor-
mance in Great Britain, 1977-1991, Regional Studies, No. 30.

Dawrick S., de Long J.B. (2001), Globalisation and Convergence, Paper for NBER Con-
ference on Globalisation in Historical Perspective.

Dowrick S., Nguyen D. (1989), OECD Comparative Economic Growth 1950-85: Catch-
Up and Convergence, American Economic Review, American Economic Associa-
tion, Vol. 79, No. 5.

Fayolle J., Lecuyer A. (2000), Regional growth, national membership and European 
structural funds: an empirical appraisal, OFCE Working Paper, No. 00-02.

Friedman M. (1992), Do Old Fallacies Ever Die?, Journal of Economic Literature, Vol. 30.
Hulten C. (2000)., Total Factor Productivity: A Short Biography, NBER Working Pa-

pers, Cambridge, No. 7471.
Lechman E. (2011), Catching-up and club convergence from cross-national 

perspective.A statistical study for the period 1980-2010, MPRA Paper, No. 37383.
Long de B.J. Productivity Growth, Convergence and Welfare: Comment, American Eco-

nomic Review, Vol. 78, 1988.



34 Central European Review of Economics & Finance 

Maddala G.S. (2006), Ekonomeria, (tłum.) Gruszczyński M. (red.), PWN, Warszawa.
Mankiw N., Romer D., Weil D. (1992), A Contribution to the Empirics of Economic 

Growth, Quarterly Journal of Economics, Vol. 107.
Próchniak M. (2006), Metodologia analizy konwergencji poziomu dochodów, w: Were-

sa M. (red.) Polska. Raport o konkurencyjności 2006, Instytut Gospodarki Światowej, 
SGH, Warszawa.

Rapacki R., Próchniak M. (2012), Wzrost gospodarczy w krajach Europy Środkowo-
Wschodniej na tle wybranych krajów wschodzących, Gospodarka Narodowa, Nr 1-2.

Solow R. (1956), A Contribution to the Theory of Economic Growth, Quarterly Journal 
of Economics, Vol. 70, No. 1.

Quah D.T. (1993), Galton’s Fallacy and Tests of the Convergence Hypothesis, Scandina-
vian Journal of Economics, Vol. 95, No. 3.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


