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ECONOMIC CONVERGENCE. 
APPLICATIONS* 
- SECOND PART -  

 Aurel IANCU** 

Abstract 
Real convergence is an essential objective of Romania’s integration into the EU. 
Bridging the development gaps between Romania and the EU as soon as possible 
cannot be achieved exclusively through market forces, since they rather tend to cause 
divergence and polarization. For this purpose, special tools and mechanisms are 
required; e.g., cohesion. The study deals with the economic convergence of the 
European countries, and especially the convergence of the CEE countries, including 
Romania. Models are used to assess the economic growth, approximate the period of 
real convergence of Romania to the EU, as well as to estimate the σ- and β-
convergence, and the main shortcomings  of the last indicator. 
Second part comprises some models and evidence of the economic growth and 
convergence. 
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1. Evaluation of the opportunity to achieve a real 
convergence of Romania and the EU 

For such evaluation it is necessary to point out Romania’s place among the EU 
countries and in the world by the GDP per capita. Second, we should define and 
evaluate Romania’s advance speed towards convergence with the developed 
countries or groups of countries, also taking into account the advancing speed of the 
developed countries or groups of countries. 

                                                           
* Study carried out within the project “Economic Growth, Employment and Competitiveness in 

the Knowledge-based Economy”, CEEX 05-08 Programme No. 24/05.10.2005. 
** Member of the Romanian Academy, and senior researcher at the National Institute of 

Economics-Romanian Academy-Bucharest, e-mail:  iancua1@yahoo.com 
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1.1. Romania’s place in the EU and the world by the growth  

level and pace 
From an economic point of view, Romania is still in a marginal position if compared 
with the European developed countries. For example, if compared to the EU 25 
average of 2004, Romania’s GDP per capita calculated by the exchange rate was 8.1 
times lower, and that calculated by the purchasing power parity (PPP) was 3.1 times 
lower. If compared to the average of the ten countries 1 that acceded to the EU in 
2004, Romania’s GDP per capita in 2004 was, according to the two calculation 
alternatives, 2.35 and 1.75 times lower2. 
Among the 28 member and candidate countries, in 2004, (EU27+Turkey), Romania is 
ranked the 26th (before Bulgaria and Turkey) by the GDP per capita calculated by PPP 
in euros. 
If we go beyond the European area when analysing Romania’s place by the average 
income per capita, we find out that this country holds a better position. Still, the gap 
between the extreme cases seems to be more dramatic than on the European level. 
Among the 208 countries and independent territories, Romania is placed by the GDP 
per capita calculated according to the two alternatives (the exchange rate and the 
PPP in US dollars) farther from the extreme levels, but above the average world level 
(Table 1). 

Table 1 
Romania’s relation to the EU 25 and EU 15 average level, the world’s 

extreme levels and the world’s average GDP per capita in euros and US 
dollars, at the exchange rate and PPP, in 2004 

 

GDP per capita 
calculated by the 

exchange rate  
(EUR and USD) 

GDP per capita 
calculated by the 

PPP  
(EUR and USD) 

Relation to the average EU 25 level > 8.1 times (lower) > 3.1 times (lower) 
Relation to the average EU 15 level > 9.1 times (lower) > 3.4 times (lower) 
Relation to the world’s average level  < 1.3 times (higher) < 1.25 times 

(higher) 
Relation to the world’s poorest country < 32.8 times (higher) < 15.1 times 

(higher) 
Relation to the world’s richest country > 17.5 times (lower) > 4.8 times (lower) 
Source: Based on the World Bank’s data, 2006 World Development Indicators. 
 
To answer the question whether Romania succeeds to achieve convergence with the 
EU and the world’s top countries as regards the GDP per capita, we have to compare 
Romania’s progress and the progress made by the other countries or groups of 
countries. If we define the progress by the annual average growth rate of the GDP per 

                                                           
1 The group of ten countries include: Cyprus, Czech Republic, Estonia, Lithuania, Latvia, Malta, 

Poland, Slovakia, Slovenia, Hungary. 
2 Based on the Eurostat data. 
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capita* and analyse Romania’s rate in relation to other countries or groups of 
countries (Table 2) over as long periods of time as possible, we conclude that, in fact, 
Romania’s convergence is a mere illusion. Not only it is impossible  to be achieved, 
but the gaps become broader, since (see the table) Romania’s annual average rate 
was much slower between 1990 and 2004 or even negative in the period 1980-2003. 

Table 2 
Annual average growth rate of the GDP per capita: comparison between 

Romania and other developed countries and groups of countries (%) 

 1980-2003 1990-2004 2001 
2000 

2002 
2001 

2003 
2002 

2004 
2003 

Romania -0.6 1.3 6.2 5.5 5.5 8.7 
Developed 
economies 

2.1 1.9 0.7 0.7 1.5 1.9 

EU 15 1.9 1.8 1.4 0.7 0.5 1.9 
France 1.6 1.5 1.7 0.8 0.0 1.9 
Germany 1.8 1.2 0.7 0.0 -0.2 1.5 
USA 2.1 2.2 -0.2 0.9 2.1 3.2 
Poland 1.8 4.1 1.1 1.4 3.9 5.4 
Hungary 1.0 2.7 4.1 3.8 3.2 4.5 
Source: UNCTAD, Handbook of Statistics, 2005. 
 
Although the analysis and forecast calculations require long series of data, we 
consider it is unreasonable to use for Romania the 1980-2000 data, since the two 
decades are non-typical as regards the economic continuity and stability. In that 
period Romania’s economy was in a profound and long crisis, when, on one hand, the 
centralized system showed (in the 1980’s) inefficiency and no capability to innovate 
and adapt and, on the other hand, the transition to a new system (in the 1990’s) 
consisted in a general profound restructuring of the entire economy (the technological 
and organizing system, the property system, the economic and social management, 
the institutions, etc.), which caused a major failure of the national economic system. 
The changes began to produce good results since 2000, when the stability and 
functioning of the economy were achieved on the basis of the new principles1. 
Therefore, we firmly support the idea that for the convergence scenarios and 
calculations one should consider, in the case of Romania, the growth rates from 2000 
on, as they are significant and credible for the future evolution of Romania’s economy, 
when it began a normal development. 

                                                           
* GDP calculated on the basis of the PPP. 
1 Once again M. Olson’s thesis that national economic systems naturally follow  long life cycles 

is confirmed. After a long functioning period, the institutions, the mechanisms and the social 
relations become rigid and do not respond to changes, which seriously affects the efficiency of 
the economic processes. The institutional restructuring offers the opportunity for changing the 
economic growth by adaptation and innovation (Mancur Olson, 1982, The Risk and Decline of 
Nations, Economic Growth Stagflation and Social Rigidities, Yale University Press, New 
Haven). 
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3.2. The assessment of the time required for convergence 
The most frequent question concerning the economic growth convergence refers to 
the length of the process. Specifically, when we analyse the convergence of the real 
economies of Romania and the EU, the first thing to be clarified is the length of the 
period necessary to achieve the future balance between Romania’s annual average 
income per capita (YR) and the EU15 one (YE). 
The initial level of the GDP per capita (expressed by the PPP in euros) of the two 
entities (YoR and YoE) is characterized by a significant difference. In 2004, the ratio of 
YOR to YOE was 1 : 3.4. The balance may occur in a reasonable period of time, only if 
Romania is able to achieve annual average growth rates per capita ( Rr ) much higher 

than those achieved by the EU ( Er ), that is Rr  > Er . 

To assess the convergence period we start with the simple relations concerning the 
GDP per capita growth of the two entities with different initial levels and annual 
average growth rates: 

 t
RORtR rYY )1( +=  (4) 

 t
EOEtE rYY )1( += . (5) 

The convergence is achieved when the values of the two relations become equal 
according to the relation (6):  

 YOR(1+ r R)t = YOE(1+ r E)t (6) 
And the curves YtR and YtE meet in the balance point t* (steady state), according to 
Figure 3: 

Figure 3 
The convergence of the economic growth curves of the developed 

countries (YtE)  

 
and the less developed countries (YtR) in the balance point t* 
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By logarithmating and rearranging the terms, one may assess the period of time (t) 
when the convergence (balance) of the GDP per capita of the two entities is achieved: 

 
)1log()1log(

loglog
ER

OROE

rr
YY

t
+−+

−
=  (7) 

Using this formula, we may calculate the period of time (in years) when Romania can 
catch up (as regards the GDP per capita calculated by the PPP in euros) with the EU 
15 and two EU leaders: France and Germany. Catching up with the developed 
countries is achieved due to the higher growth rates in 2000-2004, namely when the 
restructuring effects occurred and the system began to function on the basis of the 
new principles and in the new external context. 
Table 3 includes the data used in the calculation formula (initial GDP per capita and 
the annual average growth rates) and the results representing the number of years 
required to achieve convergence with the EU 15, France (Fr) and Germany (Ge), in 
relation to Romania’s annual average growth rates, considered as alternatives ( r R1 = 
4%; r R2 = 5%; r R3 = 6%; r R4 = 7%; %8r 5R = ), similar in size to the 2001-2004 
ones. 

Table  3 
Forecasting the number of years to achieve the convergence of Romania 

and the EU 15, France and Germany in relation to the GDP per capita 
calculated by the PPP in euros 

Initial GDP per capita (2004)

Number of years(t) to achieve the 
convergence of alternative 

annual average growth rates in 
Romania** ( 51..... RR rr ) 

UE 15 and leading 
countries (France 
and Germany) 

Romania

Annual average 
growth rates of the EU 
15 and EU countries 

(France and 
Germany)*),  
1990-2004 

4% 5% 6% 7% 8% 

YOUE = 24600 Y0R = 
7300 

r UE =1.8% 57 39 30 24 20 

YOFr = 24800 Y0R = 
7300 

r Fr =1.5% 50 36 28 23 18 

YOGe = 24600 Y0R = 
7300 

r Ge =1.2% 45 33 26 22 16 

*) The annual average growth rates of the GDP per capita between 1990-2004.  
**) As regards Romania, the five rate alternatives (4%; 5%; 6%; 7%; 8%) are within the variation 
range of the same over the period 2000-2004. 
Source: Calculation based on Eurostat and UNCTAD data, Handbook of Statistics, 2005. 
 
According to the Table data, at an annual average growth rate of 4%, Romania would 
need 57 years to reach the EU 15 level, 50 years to reach France’s level, and 45 
years to reach Germany’s level. At a growth rate of 7%, the number of years to 
achieve convergence would diminish to less than half, i.e., 24 years with EU 15, 23 
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years with France and 22 years with Germany, and at a rate of 8%, convergence 
requires 20 years with EU 15, 18 years with France and 16 years with Germany. 
The dynamics of the GDP per capita points of convergence of Romania and the EU 
15 in relation to Romania’s average growth rates as against the EU rate is shown in 
Figure 4, where the abscissa contains the time (number of years) necessary to 
achieve the convergence, and the ordinate indicates the evolution of the GDP per 
capita in Romania, as given by the five alternatives of annual average rates. 

Figure 4 
The dynamics of convergence between Romania and the EU, in relation 

to the GDP per capita by size of the annual average growth rates in 
Romania 

 
Source: Own calculation on the 3 table and Eurostat data. 
 
At a 4 percent growth rate of Romania’s economy and the 1.8 percent one of the EU 
15, the convergence point (curve intersection) of the two entities will be achieved at a 
GDP per capita of about 63200 euros, that is 57 years, and a rate of 8% for Romania 
and 1.8% for the EU 15, the convergence of the two entities will be achieved at a GDP 
per capita of about 34500 euros, that is 20 years. 

3.3. The σ-convergence 
The measurement of convergence may be made by means of analytical tools and 
indicators, able to reveal the difference diminution (dispersion of the phenomenon) as 
against the average, or the gradual diminution in the difference between two or more 
time series: 
 ayxt =−∞→ )(lim  (8) 
The diminishing difference between the two variables is measured by either the 
stochastic principle or the non-stochastic one. 
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A frequently used indicator for the convergence measurement is the variation 
coefficient of the GDP per capita denoted by σ and calculated as follows: 

 t

n
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1
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−=σ  (9) 

This indicator is also known as σ-convergence1, first used by Sala-i-Martin, along with 
β-convergence. It may be used to characterize the convergence level by measuring 
the dispersion of the GDP per capita in a year, by means of the cross-section series 
(countries and regions). In this case, the relevance of the convergence indicator 
occurs only when comparisons are made. To characterize the convergence evolution 
(trend), time series (a discrete time interval, t and t+T) are used. When the 
phenomenon dispersion decreases over a period of time (when the indicator value 
diminishes over time), it means that convergence takes place, σt+T<σt, and when the 
dispersion increases, it means that divergence takes places, σt+T>σt. 
We used this indicator in our study to measure the level and evolution of the real 
convergence of the EU member countries by the three groups, EU 25, EU 15 and EU 
102 - and the two GDP expressing alternatives: purchasing power parity and 
exchange rate. Due to the non-availability of data on some countries included in the 
panel (especially those which joined the EU recently), the time series was reduced to 
12 years (1995-2006), of which the 2006 data are estimated. 
Table 4 includes the results of the calculations by the two modes of expression (PPP 
and exchange rate) and the three groups of countries, EU 25, EU 15 and EU 10 in 
relation to the σ-convergence indicator. The alternative calculated by the PPP in euros 
is presented graphically in Figure 5.  
To express visually the tendency of the phenomenon analytically, we present 
graphically (Figure 6) the primary data used to calculate the σ-convergence, namely, 
the evolution of the dispersion of the GDP per capita (expressed in PPP in euros) for 
27 EU countries. The graph excludes Luxembourg and includes also Romania, 
Bulgarian and Turkey beginning with the years on which data expressed in PPP in 
euros (1999 for Romania) are available. 

Table 4 
The numerical evolution of the σ-convergence (the variation coefficient 

of the GDP per capita), EU 25, EU 15 and EU 10 
                                                           
1 In their papers, Barro and Sala-i-Martin used for the measurement of the convergent σ 

indicator the standard deviation calculated by the formula: 
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1*log (Karl-Johan Dalgaard, Jacob Vastrup, “On the measurement of σ-

Convergence”, Economics Letters, 70 (2001) 283-287). Other authors use either the variation 
coefficient (e.g., Milton Friedman, Do Old Fallacies Ever Die, JEL, 30, 4, 1992), or both 
indicators. 

2 It consists of the ten countries that joined the EU in 2004. 
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Calculated by PPP Calculated by exchange rate Years EU 25 EU 15 EU 10 EU 25 EU 15 EU 10 

1995 0.44 0,25 ....... 0.71 0.38 ..... 
1996 0.43 0.25 ....... 0.68 0.36 ..... 
1997 0.42 0.23 ....... 0.65 0.33 ..... 
1998 0.41 0.23 0.35 0.64 0.33 0.81 
1999 0.44 0.27 0.36 0.66 0.35 0.86 
2000 0.44 0.27 0.34 0.65 0.35 0.77 
2001 0.42 0.26 0.33 0.63 0.34 0.67 
2002 0.42 0.27 0.31 0.63 0.35 0.66 
2003 0.43 0.29 0.28 0.63 0.36 0.69 
2004 0.43 0.30 0.27 0.63 0.36 0.64 
2005 0.42 0.32 0.24 0.62 0.37 0.55 
2006x) 0.42 0.32 0.24 0.62 0.39 0.51 
x) Estimated data. 
Source: Based on Eurostat data. 

 
Figure 5 

The σ-convergence (the variation coefficient) calculated by the GDP per 
capita (PPP in euros)  

 
Source: Based on Eurostat data. 
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Figure 6 
The evolution of the GDP per capita (PPP in euros) of the twenty-eight 

EU member and applicant countries, 1990-2006 

 
Source: Based on Eurostat data. 
 
Analysing the data from Table 4 concerning the numerical evolution of the σ-
convergence, as well as the curves drawn in Figures 5 and 6, we may draw some 
important conclusions: 
1. The evolution of the indicator concerning the variation coefficient  of the GDP per 

capita of the EU 15 countries (σ)shows some growth for both calculation 
alternatives (PPP and exchange rate), which means an ascending trend in the 
divergence of this group of economies. 

2. As for the enlarged group, EU 25, we find a slight decrease in the variation 
coefficient for both calculation alternatives (PPP and exchange rate), that is, as a 
whole, a convergent growth owing to the EU 10 group. 

3. There is a significant difference between EU 25 and EU 15 in the level of the 
variation coefficient of the GDP per capita calculated by the exchange rate, as 
against the level of the same indicator calculated by the PPP. It means that the 
less developed EU member countries, especially those that joined the EU in 2004, 
had and still have significantly underappreciated national currency, which strongly 
influence the high dispersion degree of the economies. The appreciation of the 
national currency along with the integration significantly diminishes the dispersion 
degree, calculated by the exchange rate, that is the diminution from 0.71 in 1995 to 
0.62 in 2006 and, implicitly, in the difference between the two types of expression. 
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4. The evolution of the dispersion of the GDP per capita (Figure 6) for 27 countries 

shows the formation, within the enlarged EU, of three groups of countries, each 
with specific features , but also the real opportunity for the less developed countrys 
to achieve higher development levels. Considering the growth rate in the last five 
years and the available resources, Romania is one of the most dynamic European 
economies, able to achieve the convergent growth. 

3.4. The β-convergence 
Besides the σ indicator expressed by the variation coefficient or standard deviation, 
there were strong concerns to develop the methodological apparatus for the study of 
the convergence. Among them, it is worth mentioning the econometric research of 
various statistical cross-section or time series to reveal, by means of the regression 
equations and estimated trend, the convergence or divergence trend in the evolution 
of the economies in the world, EU and OECD. 
A major role in the econometric research is played by the estimation and interpretation 
of the β parameter of the regression equation of economic growth. 

3.4.1. Conceptual and methodological aspects 
Although contested by some economists (Friedman, 1992; Quah, 1993) for being ire-
levant for the real convergence of economic growth1, the concept of β-convergence 
plays a significant role in the literature. It is even indispensable as an econometric 
calculation and analysis tool for the description of this process when it is considered 
either in its simple initial form (absolute β-convergence) or the developed form 
(conditional β-convergence). 
The determination of the β-convergence indicator does not exclude or replace the σ-
convergence indicator. They are linked or related and, as we shall see, they verify one 
another. 
If, according to the neoclassical theory of the decreasing rate of return  on capital, we 
agree with the idea that poor economies tend to grow faster than rich ones, it means, 
on one hand, a gradual diminution in the dispersion coefficient of the GDP per capita 
(σt0+T<σt0) and, on the other hand, a reverse relation between the rate of the GDP per 
capita growth within a time interval (t0 and t0+T) and the initial level of the GDP per 
capita (year t0). 
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1 Friedman points out that, according to the definition, the indicator of the β-convergence could 

be replaced with the variation coefficient of the distribution of the GDP per capita among coun-
tries/regions, that takes into account the inter-temporal changes in the GDP per capita among 
the countries. Quah shows that this indicator is subject to Galton’s failure. He stresses that the 
convergence analysis is just what the dynamics of the income distribution reveals. Quah’s 
convergence test, using Markov’s chain for the intertemporal transition model of the income 
distribution, could control the dynamics of the entire distribution of the income of all countries. 
Friedman and Quah show that the regression model could wrongly indicate the presence and 
expansion of the β-convergence (G.E. Boyle and T.G. McCarthy, “A Simple Measure of β-
Convergence”, Oxford Bulletin of Economics and Statistics, 59, 2 (1997), p. 257-258). 
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This relation is a theoretical hypothesis that is to be econometrically tested on the 
basis of the statistical data on a representative sample of countries. 
The tendency of the poor countries to catch up with the rich ones is reflected both by 
the diminution in the dispersion degree of the GDP per capita among the countries 
and by the negative sign of the annual rate of β-convergence of the GDP per capita of 
the sampled countries, as they reach the steady state1 at the same time. 
Following the testing, between the two indicators, σ and β, the following three 
combinations (C) may occur during period T: 

C1 C2 C3 

00 tTt σσ <+   
(convergence) 

00 tTt σσ >+   
(divergence) 

00 tTt σσ
<

+ >  

(divergence, standstill, 
convergence) 

- β (convergence) + β (divergence) ± β (divergence or 
convergence) 

Decreasing distance 
between the 
development levels of the 
economies in period T 

Increasing distance between 
the development levels of the 
economies in period T 

Within period T, the decrease 
and increase in the distance 
between the development 
levels of the economies may 
take place successively 

 
In the case of the combination C3 within the period T, oscillations or even reversals of 
the levels of the GDP per capita may occur in relation to the poor (S) and rich 
countries (B) included in the panel (Figure 7). 

Figure 7 
Possible evolution of the GDP per capita of the poor countries (S) in 

relation to the rich ones (B) in period T 

 

                                                           
1 The negative sign of the β parameter is the expression of the reverse relation between the 

annual average growth rate of the GDP per capita over the period T and the initial level of the 
GDP per capita in the year t0. 
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Considering the above-mentioned comments on the relations between the σ and β 
indicators, we may conclude: 1) A necessary condition for convergence is the 
existence of the β-convergence; 2) Although necessary, the β-convergence is not a 
sufficient condition for the σ-convergence. 
The β indicator, estimated by the regression equation, expresses the rate of 
convergence of the countries towards the steady state. It considers the income 
mobility within the same distribution (dispersion) which is considered by the σ-
convergence in relation to their evolution over time1. 
The concept of β-convergence, generated by the analysis of the regression of the 
development level of the countries/regions, may take three basic forms, depending 
upon the depth of the analysis and the degree of compliance with the economic 
realities within the range allowed by the neoclassical model of convergent growth: 1) 
absolute β-convergence; 2) β-convergence clubs; 3) conditional β-convergence. 
Briefly speaking, these forms consist of the following: 
1. The absolute β-convergence is the alternative that only takes into account the 

assumption of the high growth rates of the poor countries as against the rich ones, 
irrespective of the differentiated evolution of the sample countries regarding the 
determinants of growth over the entire period of time (T) of the data used for the 
regression calculation. Since in this period of time there are significant 
technological, institutional, behavioural discrepancies between countries/regions 
that affect the results, it is necessary to find those solutions that are based on 
realities, but not exceeding the limits of the neoclassical methodological area. 

2. The easiest solution is the β-convergence clubs, which include in the studied panel 
the countries/regions that show some technological, institutional and economic 
policy homogeneity, etc. The key assumption accepted for this solution requires 
that the same group should not show significant initial differences among the 
countries/regions of the club as regards the GDP. 

3. Another solution is the conditional β-convergence, that takes into account the 
vector of the determinants of the growth as additional variables that define the 
differences among the economies that stand proxy for the achievement of the 
steady state by introducing in the regression equation some variables that keep a 
constant balance of the economies. 

Further, we try to test the first two forms of convergence. The third form, the 
conditional β-convergence, will be discussed in a separate study. Since the 
neoclassical model of convergence, on which the (especially, absolute) β-
convergence is based, takes into account the assumption concerning the decreasing 
rate of return to capital, in the final part of our study we try to test this hypothesis by 
calculating the relation between the investment rate of return and the countries’ 
development level. It is an important scientific factor that requires the testing of this 
key hypothesis validity in the present economic realities, to see to what extent we may 
count on the neoclassical model of the absolute (non-conditional) β-convergence and 
why the model should be reviewed or modified. 
                                                           
1 Xavier Sala-i-Martin, “Regional Cohesion: Evidence and Theories of Regional Growth and 

Convergence”, European Economic Review, 40 (1996), p. 1326; G.E. Boyle and T.G. 
McCarthy, op. cit., p. 258. 



Institute of Economic Forecasting 
 

Romanian Journal of Economic Forecasting – 4/2007 
 
−  

 
36

  

3.4.2. Econometric estimations 
The empiric research helps us test the β-convergence assumption. Considering the 
controversies regarding this indicator, we try to improve the sample by increasing the 
number of cases to 93 countries, extending the data series on the annual average 
growth rates to 23 years (1980-2003), and taking into account the initial value of the 
GDP per capita in 1980. To ensure the data comparability among countries, we opted 
for the expression of the GDP per capita in USD-PPP for all countries. The regression 
equation calculation (10) is based on the data concerning the annual average growth 
rates of the GDP per capita according to the UN statistics (UNCTAD, Handbook 
Statistics 2005 - Chapter 7.2) and the GDP per capita of 93 countries expressed in 
USD-PPP, according to the World Bank Statistics. To see how the two indicators are 
correlated in the regression equation, we drew up the chart in Figure 8, where the 
ordinate includes the annual average growth rates between 1980-2003, and the 
abscissa includes the initial GDP per capita of the countries (1980). 

Figure  8 
The annual average growth rate of the GDP (1980-2003) and the initial 

development level of the countries (1980) 

 
 
The points where the two categories of indicators intersect are dispersed in a hardly 
definable way. They do not follow the trend implied by the neoclassical theory 
hypothesis concerning the higher rate of growth achieved by the poor countries. The 
data reveal a situation contrary to the expectations. For example, the regression 
calculation produced a β parameter of the initial explanatory variable with a positive 
sign (Table 5, column 1). The sign shows the absence of any convergence trend in 
the considered economies, which can be directly seen by the way the 93 points are 
distributed in Figure 8. Anyhow, the result is not surprising at all, if we take into 
account the significant discrepancies between the poor countries and rich ones as 
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regards the presence and capability of the economic growth factors (physical and 
human capital, technological progress, institutional system, etc.) to generate higher 
economic growth rates, as well as the capability of the rich economies to absorb the 
foreign direct investments and to generate and assimilate new technologies1.  
Although convergence of the countries as a whole is almost impossible to achieve, the 
convergence of countries/regions pertaining to groups of homogenous economies 
with similar or close economic, technological and institutional structures is attainable. 
Following this hypothesis, we classified the countries by the size of the GDP per 
capita (1980), including the geographic criterion (in the case of the European 
countries), as follows: 26 countries with 340-1000 USD-PPP; 33 countries with 1001-
2500 USD-PPP; 18 countries with 2501-5000 USD-PPP; 16 countries with 5001-
13000 USD-PPP; 13 European countries.  
The data were used to draw up charts (Figures 9-13) revealing, for each panel, the 
distribution of the points as well as the trends described by the curves calculated and 
drawn on the same charts. Also, the same data and the regression equation (10) were 
used to calculate, also for each panel, the β parameter of the explanatory variable (the 
initial level of the GDP per capita in 1980), as well as other parameters. This 
parameter defines the β-convergence indicator. 

Figure 9 
The annual average growth rate of the GDP per capita (1980-2003) and 
the initial development level of the poorest country group, with a GDP 

per capita of  340-1000 USD-PPP (1980) 

 
Figure 10 

                                                           
1 Even if the explanatory variable of the initial GDP per capita is replaced with a variable from 

the middle or the end of the series, the dispersion does not undergo any modification that 
might change the conclusions (Danny Quah, “Galton’s Fallacy and Tests of the Convergence 
Hypothesis”, Scandinavian Journal of Economics, 95(4), 1993, p. 433). 
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The annual average growth rate of the GDP per capita (1980-2003) and 
the initial development level of the group of countries with a GDP per 

capita of  1001-2500 USD-PPP per capita (1980) 

 
 

Figure 11 
The annual average growth rate of the GDP per capita (1980-2003) and 

the initial development level of the country group with a GDP per capita 
of 2501-5000 USD-PPP (1980) 

 
Figure 12 
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The annual average growth rate of the GDP per capita (1980-2003) and 

the initial development level of the country group with a GDP per capita 
of 5001-13000 (USD-PPP) (1980) 

 
 

Figure 13 
The annual average growth rate of the GDP per capita (1980-2003) and 

the initial development level of some European countries (EU members, 
Norway and Turkey) (1980) 

 
The β indicator as well as other estimated parameters are included in Table 5.  
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Table 5 
The results of the regression calculation for all countries and groups of 

countries 
of which: 

Parameters Total 93 
countries 

26 
countries, 
340-1000 
USD-PPP 
per capita 

33 countries, 
1001-2500 
USD-PPP  
per capita 

18 countries, 
2501-5000 
USD-PPP  
per capita 

16 countries 
5001-13000 
USD-PPP  
per capita 

13 
European 
countries 

A 1 2 3 4 5 6 
β 0.584 0.256 1.876 -1.184 1.184 -0.548 

Constant -3.127 -1.002 -12.915 12.031 -8.985 6.925 
R² 0.084 0.001 0.068 0.040 0.302 0.146 
r 0.289 0.030 0.261 0.199 0.549 0.382 

t for β 2.852 0.148 1.458 -0.813 2.459 -1.373 
St. Dev. 1.838 2.456 1.929 1.299 0.349 0.638 

Source: Calculations based on data from the sources above mentioned. 
 
Out of all six panels calculated and introduced in the table, only those referring to the 
group of European countries (column 6) and the country group with an initial GDP per 
capita of 2501-5000 USD-PPP (column 4) have a negative β parameter. The other 
four panels have a positive β parameter, which proves a divergent trend. 

2. The rate of return to capital and the question of 
convergence 

The regression calculation made above did not confirm the automatic convergence 
even in the panel case by virtue of the theoretical assumptions, according to which the 
less developed countries would reach in a natural way the more developed ones. 
In the previous section, we found out that, following the econometric testing, the 
hypothesis concerning the β-convergence was not confirmed in most cases, when the 
same panel included the less and the more developed countries together. The first 
question to be answered in relation to the cause of the lack of convergence is whether 
the hypothesis of the decreasing rate of return to investment is confirmed. That is why 
we intend to test below the veracity of the assumption concerning the existence, under 
the present conditions, of the decreasing rate of return to capital or, in other words, 
the existence of the correlation between the rate of return to capital (investment in 
physical capital) and the countries’ development level (per capita GDP). There are two 
categories of indicators for testing the world trend:  

• ∆ GDP, representing the per capita GDP growth in 2004 as against the 
previous year (2003), expressed in USD-PPP. 

• The value of the investments in physical capital, per capita in 2003. 
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To ensure the calculation accuracy, the investment indicator has two alternatives 
dependent on the scope, namely: 

• gross investment per capita resulted from saving (from accumulation and 
depreciation*); 

• total investment per capita, consisting of gross investment to which the 
investment in physical capital from the international aid, investment from  
structural (solidarity) funds and FDI inflows should be added. 

 
As investments produce effects with some delay, for the series of the two indicators – 
investment and production – a lag of one year, between 2003 and 2004, was 
considered. 
The rate of return to the gross investment (RRGI) is defined as the per capita GDP 
increase per one physical capital growth unit (per one monetary unit of gross 
investment):  
 
 RRGI  = ∆ GDP per capita/gross investment per capita 
 
To test econometrically the hypothesis concerning the descending trend of the rate of 
return along with the economic growth, we correlated the data regarding the indicator 
of the rate of return to the gross investment with the data regarding the indicator of the 
GDP per capita for a larger number of countries (Annex 2). The data concerning the 
two indicators specified in the above annex were used to draw up six charts, where 
the abscissa includes the GDP per capita (USD-PPP) of the countries in 2003, and 
the ordinate includes the rate of return of the gross investment calculated by the ratio 
of the GDP per capita in 2004 as against 2003 to the gross investment per capita from 
internal sources (accumulation and depreciation) in 2003 (RRGI). 
To see to what extent the rate of return trend could be influenced by the specific 
policies and institutions of the countries, we drew up charts of the groups of countries 
selected by the level of the GDP per capita and geographical criteria: 

• A chart including all 180 countries on the UNO’s and World Bank’s records 
(Figure 14); 

• Four charts of the countries grouped by the GDP per capita (Figures 15-18); 
• Two charts of the European countries (Figure 19) and the EU member countries 

(Figure 20). 

                                                           
* This indicator corresponds to the notion of gross capital formation. 
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Figure 14 
The rate of return to the gross investment (RRGI) by the development 

level of the economies 

 
 

Figure 15 
The rate of return to the gross investment (RRGI) of the countries with a 

GDP per capita of  550-2500    USD-PPP 
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Figure 16 
The rate of return to the gross investment (RRGI) of the countries with a 

GDP per capita of  2501-7000 USD-PPP 

 
 

Figure 17 
The rate of return to the gross investment (RRGI) of the countries with a 

GDP per capita of 7001-15000 USD-PPP 
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Figure 18 
The rate of return to the gross investment (RRGI) of the countries with a 

GDP per capita of  15001- 40000 USD-PPP 

 
 

Figure 19 
The rate of return to the gross investment (RRGI) of the European 

countries 
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Figure 20 

The rate of return to the gross investment (RRGI) of the EU member 
countries  

 
 
Each graphic includes also the estimated parameters of the simple regression 
equations. 
The graphical presentation and estimated parameters do not confirm for all panels the 
decreasing rate of return hypothesis. As for the European countries, with a slight 
decreasing trend of the return, the results should be viewed with a certain caution, 
since the less developed countries of this group, in 2003-2004, enjoyed an economic 
boom (high growth rates) after a deep recession. 
The trend in the rate of return to the gross investment of the groups of  countries with 
a higher GDP per capita (Figures 16-18) is ascendant, which, on the one hand, 
contradicts the old hypothesis of the neoclassical theory and, on the other hand, 
confirms the new hypothesis of the endogenous theory according to which the effects 
of the technological progress and human capital are stronger. Therefore, Romer 
(1986) and Lucas (1988)were right in their argumentation. 
In the real economic life of the countries, the investments are not limited to the internal 
resources. There are also investments from foreign sources, such as the aid as 
investment in the physical capital granted to the poor countries by international 
organisations, investments in the solidarity or/and structural funds, as well as the FDI 
inflows received, in principle, by all countries, but, practically, in larger amount by the 
countries that offer comparative economic opportunities to investors and institutional, 
economic and political stability. 
To see the extent to which these categories of investments influence in a way or other 
the above rate of return to capital trend, we considered the contribution of all 
investments from the two (internal and foreign) sources. On the basis of all 
investments, we calculated a new more comprehensive indicator called the rate of 
return to the total investment (RRTI). This indicator, as an independent variable, is 
correlated with the development level of the countries (expressed as GDP per capita), 
as a dependent variable. 
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To compare the results obtained by the two ways of expressing the rate of return to 
capital, we drew up tables of the data series and the related charts, including all 180 
countries and the groups of countries classified by the size of the GDP per capita and, 
separately, the European countries and the EU member countries. 
The charts are based on the data from the above mentioned sources. The results 
obtained by the rate of return to the total investment (RRTI) do not change 
significantly the results based on the above rate of return to the gross investment 
(RRGI), excepting EU member countries (see figures 11-20 and 26-27). 

3. Conclusions 
Both the unconditional β-convergence and the decreasing returns to the physical 
capital are hypotheses concerning different growth rates, higher in the poor countries 
and lower in the rich ones, which ensure the proximity of the two categories of 
countries to one another and their joint transition to the steady state. Both hypotheses 
pertain to the neoclassical model that postulates the joint achievement of the 
convergence by the competitive market tools and places the investment in physical 
capital at the centre of the convergent economic growth. 
What one should note is that the initial differences among countries refer not only to 
the GDP per capita and the physical capital stock, specified above but also to the 
human capital and especially to its quality, to the scientific and technological stock, as 
well as the institutional and cultural frameworks, and their evolution according to the 
theory, there are no differences between countries. Properly, the study of 
convergence should consider the differences in the factors that, on one hand, require 
special costly investment that only a small number of countries (especially, the rich 
ones) may afford and, on the other hand, may cause stronger effects than the 
additional stock of physical capital may do. Moreover, one should also consider that, 
along with the market liberalisation and globalisation, there is an increasing mobility of 
the production factors (investment flows, scientific and technological competence, 
etc.) and, at the same time, their contribution to the economic growth increases, 
especially in the countries that have a higher economic, scientific and technological 
potential, are actively included in these international flows and take advantage of 
them. 
In the EU case there is an explicit policy and practical actions to achieve real 
economic convergence by means of the cohesion funds set up for the member and 
applicant countries less developed and the structural funds for the elimination of the 
disparities among the EU regions. The effects of the cohesion policy of the EU are 
pointed out by the trends in Figures 19-20 and Figures 26-27 and partially by the β 
indicator. 
As against the new general processes, the model of the unconditional β-convergence 
is not quite relevant, since the new requirements for the application of the model do 
not entirely cope with the above realities. Therefore, suitable convergence models are 
required to cope with the new realities. 
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