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Abstract:

The paper analyses regional growth and convergence in the European Union over the period
1977-2002. We find no significant reduction in regional income disparity over the past two
decades. Regional income differentials remain substantially above the average level of dispar-
ity within the member countries. Our econometric analysis finds evidence for conditional beta
convergence. The estimates suggest that structural variables like the labour participation and
the employment share in the electronics sector influence regional growth. They also point to
the important role that national determinants of growth have for the growth performance of
European regions. On the other hand, the analysis finds no evidence that the deepening of
economic integration, i.e. the European Single market, has led to a general increase in the

speed of regional convergence.
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1. Introduction

In the current process of Eastern enlargement ten new members states will join the European
Union in 2004. On average, these countries have lower per capita income levels than the cur-
rent EU member states. Regional income inequalities within the European Union will further
increase. Allready now, average growth and income levels differ substantially across EU re-
gions. While purchasing power adjusted per capita output in the ten richest regions at NUTS 2
levels is at least 42% above the EU average in 2002, per capita output of the ten poorest re-
gions is at leat 41% below the EU average.

Although the European Commission considers the development of economically lag-
ging regions and the reduction of regional disparities as priorities for her economic policy, the
regional income distribution is also rather unequal by international standards. In 2002, the re-
gional income variation in the EU (measured by the coefficient of variation of gross value-
added per capita in purchasing power standards for NUTS 2 regions) was 0.30. At the same
time, income variation between the 50 US states, in current dollar, was roughly half this size,
0.16.

The pronounced regional income disparities in Western Europe raise several questions.
Does economic integration imply economic growth and convergence or not? What are the
conditions for lagging regions to catch-up on advanced ones? Has regional policy been suc-
cessful in reducing regional disparity? Analysing regional economic growth and convergence
over the last 25 years, this paper addresses the first two questions. We consider regions as
small open economies and stress a number of mechanisms for convergence or divergence that
were developed in economic growth theory. The paper then presents stylised facts on regional
growth and convergence in the European Union and estimates unconditional and conditional
convergence equations for a subset of European regions.

We investigate the development of regional per capita gross value-added and find a
reduction in regional disparities over the sample period. Our empirical findings reject uncon-
ditional convergence. However, we find evidence for conditional convergence, i.e. poorer re-
gions conditionally grow faster than richer ones. Our results further suggest that structural
factors, e.g. the rate of labour participation or the share of the electronics sector in total em-
ployment, play a role in determining the growth performance of regions. The estimates also
stress the substantial impact of determinants of national average growth on regional economic
performance. On the other hand, we fail to show a general positive impact of deeper economic

integration in Europe on the speed of convergence towards the steady state. The results are



comparable to the estimates of Badinger et al. (2002), Cuadrado-Roura and Parellada (2002),
and Tondl (2001).

The remainder is organised as follows. Section two presents a theoretical framework
for convergence in open economies. In section three, we present stylised facts on regional
growth and convergence in the European Union. Section four describes the data set, and sec-
tion five reports estimates for unconditional and conditional convergence. Section six summa-

rizes the results.



2. A Theoretical Framework for Convergence in Open Economies

The analysis of income or productivity convergence between economies distinguishes two
aspects. Firstly, how does the distribution of income or productivity evolve over time? This is
the concept of sigma-convergence. Sigma-convergence labels a decrease over time in income
or productivity dispersion between economies. Appropriate measures of such dispersion are
the coefficient of variation or the average distance from the sample mean. Sigma-convergence
is thus a useful concept whenever one is interested in the evolution of the per capita income or
the productivity disparities within a sample of economies.

The second approach, beta-convergence, examines the mobility within the sample in-
come or productivity distribution. It is the appropriate concept whenever one is interested in
the extent and in the speed of catching-up in per capita income or productivity of an economy
relative to the sample average. Beta-convergence comes in two different varieties. Uncondi-
tional beta-convergence states that initially poorer economies exhibit higher per capita growth
than richer ones. Poorer economies will grow faster until they have caught up on the rich
countries or regions. Unconditional beta-convergence postulates a universal trend towards in-
come or productivity convergence between economies. In equation form, the hypothesis of
unconditional convergence implies that, in 2.1, (B-1) < 0 (see, e.g., Barro and Sala-i-Martin

1992 and 1995, Sala-i-Martin 1996).
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The empirical rejection of the hypothesis of unconditional convergence in interna-
tional cross-country growth comparisons has led to conditioning the convergence hypothesis.
Conditional beta-convergence is present if an economy grows faster the further it is away
from its own steady state of capital per worker and from its own long-run equilibrium growth
path. For cross-country or regional comparisons, conditional beta-convergence implies that
convergence in income or production levels and in per capita growth rates only occurs be-
tween such economies that are sufficiently homogenous with regard to important growth-
determining socio-economic or political variables. To put it in another way, conditioning the
convergence hypothesis means to control a priori for a number of variables that are possibly
influential in explaining the cross-country or regional differences in empirically observed
growth rates. Conditional convergence thus conditions on a number of explanatory variables x

(equation 2.2) that may be responsible for the observable cross-country divergence in per cap-



ita growth rates and in standards of living. Conditional convergence is then compatible with
an absolute divergence in per capita growth rates and productivity levels across economies. If
the factors that determine the steady state differ between economies, the long-run growth rates
and income levels will differ too (Straubhaar 1998, 14). Therefore, the hypothesis of condi-
tional convergence can be formulated as follows: Do economies converge in their standards of
living and in their growth rates, and how fast do they converge, if differences in growth-

determining factors are controlled for?
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Why should poorer economies conditionally growth faster than richer ones, and why
should economies thus conditionally converge in per capita income or productivity terms?
Growth theory and empirical studies on economic convergence stress three possible conver-
gence mechanisms in open economies: capital mobility, technology diffusion, and labour mo-
bility. Capital mobility as convergence mechanism is suggested by neoclassical growth the-
ory. If production is characterised by constant returns to scale and a decreasing marginal pro-
ductivity of capital, the return to capital should be higher the lower the initial stock of capital
per worker. The internationally mobile capital will flow from economies where per worker
capital stocks are high to economies with low capital endowment. As labour productivity is a
positive function of the capital intensity, the neoclassical model with decreasing marginal re-
turns to capital predicts a higher per capita growth performance in lagging economies. With
above-average growth rates, poorer economies will finally catch up in income or productivity
levels (Barro and Sala-i-Martin 1992 and 1995, Sala-i-Martin 1996, Sell 1998, Straubhaar
1998).

The emphasis that neoclassical growth theory places on the equalisation of per worker
capital stocks as convergence mechanism disregards differences in the efficiency with which
capital inputs are used. This is the place for technology diffusion to promote convergence.
Neoclassical theory supposes technology to spread out internationally. There are a number of
factors that are necessary for a successful adoption of innovations. These factors include an
educated labour force or the institutional capability to adapt to new production methods. If
lagging economies dispose of these complementary factors, they should be able to adopt the
leader’s technology. Productivity increases in lagging economies outpace the rate of technol-
ogy growth in the leader economy if the pace of technology adoption exceeds the rate of in-

novation in the advanced countries or regions. As a result, growth of per capita production in



technologically lagging economies exceeds the rate of per capita growth in the advanced
countries or regions. The further an economy is away from the technology frontier, the larger
is the scope for technological catch-up (Barro and Sala-i-Martin 1995 and 1997, Sala-i-Martin
1996, Howitt 2000).

Labour migration is a third mechanism that could lead to convergence. Gaps in per
capita production reflect both differences in productivity and in labour market performance.
One could expect that large differentials in labour incomes and in employment conditions
promote substantial migration from low-income and high-unemployment economies to high-
income and low-unemployment countries or regions. From this perspective, labour mobility
can be considered a substitute for capital mobility (Faini 2003).

In a world of unrestrained factor mobility and perfect technology diffusion, the con-
vergence mechanisms should lead to instantaneous equalisation in productivity levels and in
per capita growth rates (Obstfeld and Rogoff 1996, Rebelo 1992). Empirical studies, however,
conclude that even with factor mobility and technology diffusion, the speed of convergence is
rather limited. Open-economy models of economic convergence need to explain these two
results. To this end, they introduce either adjustment costs or restrictions to factor mobility
and technology diffusion. With adjustment costs, investment or migration decisions are the
outcome of inter-temporal optimisation. As a result, capital and labour flows react to cross-
country or regional differences in marginal returns only to the extent that these differences are
assumed to persist for a certain time, the latter being a function of the adjustment costs (see
Barro and Sala-i-Martin 1995, Herz and Roger 1995, and Shioji 2001). Credit constraint mod-
els, on the other hand, assume that only part of the investment in lagging economies can be
financed by borrowing on international capital markets (e.g. Barro et al. 1995, Cohen and
Sachs 1986). Part of the capital stock increase has to be financed out of domestic savings. As
the build-up of the capital stock through domestic savings takes time, the capital stock per ef-
ficient labour in lagging open economies does not instantaneously jump to its long-run equi-
librium.

Equivalently, it is plausible to consider migration as a costly and time-consuming pro-
cess. Restrictions to capital and labour mobility amount to the same effect. Legal barriers,
country risks and socio-linguistic frontiers also reduce the sensitivity of capital and labour
flows to differences in capital or labour marginal productivity. Finally, technology diffusion is
rather limited too (Barro and Sala-i-Martin 1997, Howitt 2000). The successful adoption of

advanced technology requires complementary factors like an educated labour force. Addition-



ally, intellectual property rights normally protect the commercial exploitation of innovations,
and patents expire only after several years."

Divergence of growth rates, per capita income or productivity levels is an alternative
to the convergence hypothesis. The theoretical backing is provided by endogenous growth
theory. Contrary to the neoclassical model, endogenous growth theory attempts to explain
technological progress, the key determinant of long-term growth, as determined within the
model. Additionally, it replaces the neo-classical assumption of a decreasing marginal produc-
tivity of capital by the assumption of constant or even increasing marginal returns. Endoge-
nous growth theory thus predicts growth rate divergence to be the dominant phenomenon.
Capital mobility is no longer expected to foster convergence. Non-decreasing marginal re-
turns to capital, a better infrastructure and a better human capital endowment in advanced
economies imply that capital flows from poor to rich countries and not, as under the conver-
gence scenario, the other way around (Lucas 1990). In a similar way, migration from capital
poor to capital rich economies may actually increase divergence. Imagine a production func-
tion with physical capital, human capital, and labour as factor inputs. Arguably, human capital
cannot be separated from the employees. If migration is biased towards high-skilled labour,
the loss of human capital in poor regions (brain drain) more than compensates for the in-
crease in the average stock of physical capital per worker. Finally, there is also little empirical
evidence for decreasing returns to human capital as a complementary convergence mecha-
nism limiting the incentives for skilled employees to move to prospering regions.

Economic theory does not provide a clear-cut answer as to whether per capita growth
rates in open economies tend to converge, or whether capital and labour mobility tend to rein-
force existing differences. The different growth theories make differing predictions.> Whether
conditional or unconditional convergence occurs, or whether divergence is the dominant pic-

ture remains an empirical question.

' The crucial role of technology differences and technology transfer has spurred the argument that in order to
explain regional economic growth performances one should focus on the role of multinational corporations and
on the distribution in space of their production chains.

? Occasionally, the convergence hypothesis is interpreted as testing exogenous versus endogenous growth theo-
ries. It is however rather a test for the presence of diminishing marginal returns to capital. A model with a pro-
duction function that combines AK and Cobb-Douglass technology can also generate convergence (see Barro
and Sala-i-Martin 1995, chapter 4). Convergence may even be derived from a purely AK model (Sala-i-Martin
1996). The conditions for convergence to hold in the latter case however lack empirical support. In an open-
economy framework they are not convincing for theoretical reasons neither.



3. Patterns of Regional Growth in the European Union

The preceding section sketched out the theory of productivity and income convergence in
open economies. In this chapter, we present some empirical evidence for the European Union
(EU). Thereby, we consider a sample of 208 regions at the territorial level of NUTS 2, where
each region is weighted equally. We exclude Luxembourg and the French oversee territories
and departments. Data for East Germany are only available from 1992 on. Therefore, East
German regions are only included in figures for the post-1991 period. The figures presented in
this section give a first account of the evolution of regional income and productivity disper-
sion and illustrate the hypothesis of unconditional convergence.

Sigma convergence can be detected by plotting the evolution of measures of cross-
sample dispersion in gross value-added (GVA) per capita and per employee. Figure 3.1
graphs the coefficient of variation for the sample of 208 regions over the period 1977-2002.

Figure 3.1: Sample coefficient of variation, 1977-2002
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The figure shows a slight decrease in regional dispersion over the past 25 years. Except for
the end of the 1980s, when they marginally increased again, the coefficients of variation have
decreased a bit or remained stable. The reduction of disparities is “strongest” for GVA per

worker, but only marginal for per capita incomes. Additionally, the figure illustrates that pur-



chasing power adjusted income data exhibit less regional dispersion than non-adjusted income
statistics.’

Figure 3.1 also shows that per capita dispersion is more pronounced than regional dis-
persion in gross value added per worker, i.e. in labour productivity. In other words, the in-
come differentials between regions exceed the prevailing differentials in labour productivity.
The difference between income and productivity dispersion points to the role of regional la-
bour market performance and demography. However, the figure also suggests that most of
regional income dispersion can still be attributed to differences in average labour productivity.

Figures 3.2 and 3.3 illustrate the hypothesis of sample convergence. They plot the av-
erage annual percentage growth of GVA per capita and per worker over the sample period
against the logarithm of their respective initial values. Growth rates as well as levels of GVA
are expressed as regional deviation from the EU-15 average, and gross value-added is meas-
ured in real euro of 1995. Observations in the second and the fourth quadrants are compatible
with regional convergence in per capital production or labour productivity. Observations in
the second quadrant combine a below-average starting point with an above-average growth
performance. The fourth quadrant, on the other hand, includes those regions that start at
higher levels but exhibit lower growth. With regions concentrated in these two sectors, the
distributions of per capita and per worker GVA move towards their sample mean.

Figures 3.2 and 3.3 do not indicate a distinct negative relationship between the starting
levels of GV A per capita and per worker, on the one hand, and the subsequent average growth
rates on the other hand. For GVA per capita, the regions are distributed over all four quad-
rants. The same holds for per worker GVA. However, in the latter case the indications for
sample convergence are slightly stronger. Some sample convergence for GVA per worker, on
the one hand, and the absence of convergence in GVA per capita terms, on the other hand,
may, once again, be interpreted as evidence for regional differences in labour market per-

formance.

? The relative deviation from the sample mean, a second measure of the evolution of sample dispersion, yields
qualitatively similar results.



Figure 3.2: Average growth and initial levels of regional gross value-added per capita, 1977-2002 (in real euro)
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Figure 3.3: Average growth and initial levels of regional GVA per worker, 1977-2002 (in real euro)
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The figures become more supportive for sample convergence if we rely on income data that
adjust for regional purchasing power differentials. Initial levels and subsequent growth rates
are plotted in 3.4 and 3.5. Once again, we measure levels and growth rates relative to the EU-
15 average, this time however not in real euro but in purchasing power standards (PPS). Now,

more observations are either located in quadrant two or quadrant four, the two quadrants
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compatible with convergence towards the sample mean.* As in figures 3.2 and 3.3, the indica-

tion of convergence is stronger for GVA per worker than for GVA per capita.

Figure 3.4: Average growth and initial levels of regional gross value-added per capita, 1977-2002 (in PPS)
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Figure 3.5: Average growth and initial levels of regional gross value-added per worker, 1977-2002 (in PPS)

4% A Average annual growth
relative to EU-15 (1977-
¢ 2002)
R 3%
*
*
¢ R 2% A
. ‘et e e K4
. +n
o* o o ’\0’. 1% 4 o we
. No’ R it ‘etie PN
. L4
.« * o.’.‘:o(:(,’:.‘:’ ’: ..
T T T *o Vg % S R T T 1
15 A1 0.5 . AN et e , 05 1 15
o, ':;ﬁ RS log GVA per worker
19 . e relative to EU-15 (1977)
. S
. *
2%
*
*
-3%
*
4%

4 Although referred to as convergence towards the sample mean, the convergence pattern in the above figures
does not exclude leapfrogging, i.e. one region taking over another. A region with modestly below-average initial
income but high growth rates may well get ahead of other regions with minor growth performances.
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Because looking at a long sample period can mask changes across time in the pattern of con-
vergence or divergence, we split the sample in two sub-periods, ranging from 1977 to 1992
and 1992 to 2002, and investigate whether the pattern in figure 3.2 is constant over time or

not.

Figure 3.6: Average growth and initial levels of regional gross value-added per capita, 1977-1992 (in real euro)
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Figure 3.7: Average growth and initial levels of regional gross value-added per capita, 1992-2002 (in real euro)
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Figures 3.6 and 3.7 portray the resulting plots for per capita GVA in real euro. They show that
the distribution of regions over the four quadrants is similar in both periods. Economically
this indicates the lack of convergence towards the sample mean in both sub-periods. The re-
spective graphs for GVA per worker look similar (not reported here). Again, the pattern does

not change much between the two sub-periods that we consider.

Figure 3.8: Average growth and initial levels of regional gross value-added per capita, 1977-1992 (in PPS)
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Figure 3.9: Average growth and initial levels of regional gross value-added per capita, 1992-2002 (in PPS)
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For GVA per capita in purchasing power parities, we obtain a similar picture. The figures 3.6
to 3.9 are thus compatible with figure 3.1, which shows only a marginal reduction of per cap-
ita income dispersion over the sample period, whether per capita GDP is measured in euro or
in purchasing power parities.

Another interesting point emerges when we compare the evolution of inter-country re-
gional dispersion with the evolution of regional differences within the three countries. The
respective series are given in figure 3.10. Here, “sample value” abbreviates the coefficient of
variation of GVA per capita and of GVA per worker in the sample of 208 regions, where each
region is weighted equally. The “country average”, on the other hand, is the average country
coefficient of regional variation. The series is calculated as the sum of the country-specific

coefficients of variation divided by fourteen, the number of countries in the sample.

Figure 3.10: Inter- and intra-country coefficients of variation, 1977-2002
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The figure 3.10 reveals that the sample average dispersion of per capita GVA and labour pro-
ductivity exceeds the average dispersion within each country by far. As regional dispersion
between countries has only slightly diminished over the sample period, the overall sample
dispersion has but marginally approached the lower levels of average regional disparity within

the countries. The gap between inter-country and intra-country disparities is still considerable.
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A sample dispersion that is more pronounced than the average dispersion within the countries
indicates the existence of country specific differences in regional GVA. A reduction of cross-
country dispersion, on the other hand, could be attributed to a reduction of cross-country dif-
ferences in the growth-determining factors and to the increased economic openness. As ar-
gued by convergence theory, openness and integration allow factor mobility and technology
diffusion to promote convergence across and not only within countries. In this context, it is
however striking that economic integration has not yet led to a pronounced reduction in re-
gional disparities between the EU members.

A second noteworthy feature is the fact that regional dispersion in GVA per employee
is significantly smaller than the dispersion in per capita terms. Again, this points to regional
differences in labour market performance and in demography. If capital mobility and technol-
ogy diffusion promote convergence, they should promote convergence in GVA per worker,

1.e. labour productivity.

Figure 3.11: Relative average growth and initial levels of gross value-added per capita, 1977-2002 (in real euro)
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To complement our set of stylised facts, let us look on figure 3.11. The latter plots relative per
capita GVA growth against the relative level of per capita GVA in 1977. The term “relative”
means that the regional data have been normalized by the respective country averages. Rela-
tive GVA growth of a French region, e.g., is its growth rate divided by the average growth

performance of France. Equivalently, the relative level of per capita GVA is the regional level
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divided by the French average value. This averaging allows dealing with national distortions.
It is a simple method to compare cross-nationally the variation in regional growth rates in a
determined national context (see Rodriguez-Pose 1999, 10).

The results from the nationally weighted per capita GVA in figure 3.11 are similar to
our previous plot 3.2. There is no obvious pattern for poorer regions within a country to grow
at above-average rates and for richer regions to grow at below-average rates only. For GVA
per worker and for purchasing power adjusted data, the observations are slightly more con-
centrated in quadrants two and four. However, this concentration is even less pronounced than
in figures 3.3 to 3.5. Once country differentials in growth rates and in income levels are ac-
counted for, there is no indication of unconditional regional convergence. This observation
coincides with figure 3.10, which reveals that sigma-convergence within the sample of EU
NUTS 2 regions has been very limited over the period 1977-2002 has been limited. It further
suggests that, to the extent that regional dispersion diminished, this convergence can be at-
tributed to reductions in regional dispersion between countries. Within countries, figure 3.10
does not show any reduction in average regional disparity of per capita GVA over the past 25
years.

The overall picture from this section can be summarized as follows. Firstly, regional
disparities between the European Union NUTS 2 have only marginally diminished over the
period 1977-2002, thus narrowing but slightly the gap to the lower levels of regional disper-
sion within countries. A finding of disparity reduction between member states is compatible
with economic integration, factor mobility and technology diffusion, e.g. via FDI, to promote
convergence not only within but also between countries. However, sigma-convergence is far
weaker than optimistic theories of regional convergence would suggest.

Secondly, the regional disparities between the EU countries are still much larger than
the average disparities within the member states. Once again, it is striking that European eco-
nomic integration has not yet led to a pronounced reduction in income and productivity dif-
ferentials between countries, and that the wedge between intra-country and inter-country dis-
parity remains substantial.

Thirdly, to the extent that our sample exhibits marginal sigma-convergence the latter
seems to result from convergence between countries rather than from regional convergence
within the member states. Once we normalize regional growth performances and the initial
per capita levels of GVA by their respective country averages, the picture of convergence to-
wards the mean vanishes. Whether this persistence of income level and growth differentials

can be attributed to structural determinants of long-run growth is the topic of section five.
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4. Data and Estimation Method

The empirical analysis builds on data from the Cambridge Econometrics regional database.
The latter provides a comprehensive set of regional data on real gross value-added (GVA) per
capita and per worker, on private sector investment, and on the economy’s sectoral structure.
The data are annual data and cover the period from 1975 to 2002 (and forecasts until 2006).
GVA equals GDP net of taxes on and subsidies for production. We consider GVA to be the
best available measure of aggregate production. The structural parameter variables are the rate
of labour participation and the sector structure of employment.

Our data enclose 194 NUTS 2 regions of the present EU-15. The French overseas de-
partments and territories, East Germany and Luxemburg are excluded because of the particu-
lar character of these regions, and because of problems in data availability.

To estimate unconditional and conditional convergence equations in section five, we
use a random sample that includes 100 regions over the period 1977-2002. The regions are
weighted equally. The data are in five-year intervals, i.e. we use values from 1977, 1982,
1987, 1992, 1997 and 2002.

The paper relies on the GMM-system method developed by Arellano and Bover
(1995), and Blundell and Bond (1998). GMM-system estimates the equation in first differ-
ences and in level form (see Blundell et al. 2000, Bond 2002, and Hsiao 2003 for a detailed
description). Bond et al. (2001) introduced the estimator in empirical growth research. GMM-
system is particularly useful in the context of growth for two reasons. Firstly, it explicitly
takes into account the dynamic structure of growth regressions. Growth regressions usually
include lagged values of per capita income as one of the explanatory variables. This makes
them dynamic empirical models.

Secondly, most of the explanatory variables may themselves be influenced by per cap-
ita growth, the dependent variable. GMM allows for the explanatory variables not to be
strictly exogenous but predetermined. It does so by using lagged values of the explanatory
variables, in levels and in first differences, as instruments for the regressors. In the context of
growth regressions the weaker assumption of predetermined variables seems to be more ap-
propriate than the assumption of strictly exogenous explanatory variables. For our purpose

GMM is thus superior to Ordinary Least Squares. OLS requires the regressors to be strictly
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exogenous. Furthermore, pooled OLS estimation does not account for the dynamic structure
of growth regressions, and for the error correlation that results.’

Section five only reports the results from two-step GMM system estimation. The re-
sults from one-step estimation are left out. The reason is that two-step GMM gives efficient
estimates in the presence of heteroskedastic error terms, whereas one-step estimation does

not. The differences between one-step and two-step results are however small.

> See Bond et al. (2001) for an in-dept analysis of the behaviour of different panel estimators in the context of
empirical growth studies.
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5. Empirical Results from Growth Regressions

This section presents panel estimates of growth regressions for the EU-15 NUTS 2 regions
over the period 1977-2002. The objective is to investigate, firstly, whether the data indicate a
tendency for poorer regions to growth faster than richer ones, and, secondly, whether we can
isolate structural parameters determining a region’s long-run growth performance. The ques-
tion of unconditional convergence, the convergence of regions towards common income lev-

els and growth rates, is addressed by estimating the equation:

G Y =a+ B +uy

Estimations of unconditional convergence generally use the log of GVA per capita in
period t as the dependent variable, and the lagged value of log GVA per capita as explanatory
variable. This section however partially uses the variables in deviations from the sample
mean. Each of the tables contains two columns. The first column presents the two-step GMM
results that were obtained from using the data in differences from their respective sample
value at period t. The use of data in differences eliminates the need to introduce time dummies
that elsewhere allow the sample average growth rate to vary between periods of time, e.g. due

to period specific technology shocks. In equation 5.1, Yy, is thus the log of region 1’s per cap-

ita GVA at time t minus the logarithm of the sample average value of GVA per capita at the
same period of time.

The second column equally uses the data in differences from their sample average.
Additionally, it normalizes regional growth rates and regional per capita GVA levels by the
respective national average values at time t. The per capita income of a French region, i.e., is
thus divided by average GV A per capita in France before taking the logarithm and subtracting
the sample average. Weighting regional growth and income levels by their national averages
allows comparing across countries regional growth rates and income levels that are strongly
affected by the regions’ national context. The convergence hypothesis behind the values in
column two is thus stronger as the sample convergence hypothesis for the estimates in column
one. It states that if lagging regions were catching-up on advanced regions, one should expect
regional convergence to occur within every country, and not only between countries (Rodri-
guez-Pose 1999, 6).

An important question is whether one should rely on GVA in real euro or in purchas-

ing power standards. Data are available for both. GVA in real euro is measured as GVA in
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euro of 1995 and adjusts for inflation during the sample period. Data in purchasing power
standards additionally correct for regional differentials in purchasing power. From the policy
perspective of regional cohesion, one should clearly focus on purchasing power adjusted
numbers. From an economic theory perspective this is however not obvious. It rather depends
on which convergence mechanism one thinks about. For labour mobility, the appropriate con-
cept is convergence in purchasing power adjusted income. A combination of higher average
euro wages with higher living expenses should eliminate the incentive to migrate. Concerning
capital mobility and investment, on the other hand, we find GV A in euro to be the appropriate
concept. Returns to capital are compared across regions in euro terms. If capital income can
be transferred across regions and countries, one should invest in those places were the highest
return (in euro) could be achieved. Therefore, this section concentrates on convergence in per
capita GVA measured in real euro.

The hypothesis of unconditional convergence in 5.1 predicts the beta-coefficient to be
smaller than one. With beta smaller than one, poorer economies grow faster than richer ones.
However, the estimates for equation 5.1 do not support the hypothesis of unconditional con-
vergence. The beta coefficient in column 1 of table 5.1 is close to one, and the tests for the
validity of the specification are rejected at the 1% significance level.® Column two, which
passes the test, reports a beta that is larger then one. Hence it does not predict unconditional
convergence but divergence to occur.

The interaction term y_1 (Single market) allows the beta coefficient to vary between

the sub-periods 1977-1992 and 1993-2002. The variable is defined as Yy, times a dummy that

is equal to one if the region has been inside the European Single market at time t, and equal to
zero otherwise. The idea behind introducing this interaction term is that the deepening of
European economic integration has increased the openness of regions (see Blanchard and
Giavazzi 2002) and hence the scope for regional convergence at least between European
countries. However, the estimates in table 5.1 do not support the idea of faster unconditional
convergence during the 1990s. The interaction term is positive in value and statistically insig-

nificant at common significance levels.

% The Sargan test is for the null hypothesis of instrument validity. The AR (1) and AR (2) statistic is for the null
of no first- and no second-order autocorrelation in the residuals, respectively. GMM system estimation does not
require the absence of first-order but only the absence of second-order residual autocorrelation to produce valid
estimates.
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Table 5.1: Unconditional convergence,

1977-2002

1 2

Constant -0.001 -0.003

(0.829) (0.346)
y 1 0.968 1.018

(0.000)*** (0.000)***

y_1 (Single market) 0.013 0.027

(0.388) (0.150)
Sargan test 0.003*** 0.203
AR (1) 0.000%** 0.000%**
AR (2) 0.000%** 0.612
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% level ** significant at 5% level * significant at 10% level

Under unconditional convergence, all additional regressors that control for differences in
long-run growth should be insignificant. In the case of conditional convergence, on the other
hand, additional long-run growth determinants matter. Conditional convergence thus only im-
plies that economies converge towards their own steady-state growth path. Its empirical speci-

fication is given in equation 5.2:
_ L . .
52) y,=a+pf,+tyn N + y,agrar + y,electronics + y,services + y Ay, + U,

The structural parameters that are introduced to proxy for regional differences in
steady-state growth paths and income levels include the labour participation rate and the sec-
tor structure of employment. The labour participation rate (L/N), the ratio of regional em-
ployment to regional population, is introduced in logarithms. Its influence on per capita

growth is supposed to be positive.” The share of agriculture in total regional employment,

7 The rate of labour participation could affect per capita growth via the following mechanism: Suppose the inter-
cept term, a, captures the technology that is available to all regions. The extent to which technological advances
are exploited and translated into per capita growth then depends on the participation rate. The general form of the

. . . . —_ * . .
convergence equation in logarithms is Y —(l—,B)yit + ,Byi ;- We can rewrite this as
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agrar, is expected to negatively affect the regions long-run growth path. The share of the elec-
tronics sector in total regional employment, electronics, is considered as a proxy for the re-
gions average level of technology, and should thus positively affect regional income growth.
Finally, services is the employment share of market services. We also expect it to positively
correlate with regional income growth, although the argument is more ambiguous.

A topic that has attracted much attention in recent empirical growth studies is the spa-
tial correlation of regional growth rates (see, e.g., Badinger et al. 2002, Fingleton 2003, and
Tondl 2001). Spatial correlation in the error terms causes inference based on t and F statistics
to be misleading (see Rodriguez-Pose 1999, 9). There are sophisticated methods of filtering
the data before using them in regression analysis, such as the distance weighting of the obser-
vations. This section relies on a simpler method and introduces countrywide growth rates as
an explanatory variable. In equation 5.2, the national average growth rates are introduced as

Ay, , where c stands for country and y is the logarithm of country average per capita GVA

in period t. When estimating equation 5.2 with nationally weighted income data, we already
control for the correlation of growth rates within countries. The introduction of the average
national growth rates as an explanatory variable then becomes superfluous.

Table 5.2 reports the estimates for equation 5.2. Again, all variables are used as devia-
tions from the sample mean. Additionally, column two relies on nationally weighted per cap-
ita income data. With the variables in deviations from the sample mean at time t, the coeffi-
cient on labour participation implies that, for column one, a region that has a participation rate
one percent above the sample average should on average exhibit a growth rate of 0.1 percent-
age points above the average. Equally, once we control for country differentials in per capita
income (column two), an employment share in agriculture that is ten percentage points (1/10)
above the sample average reduces a regions’ relative growth rate by 0.02 percentage points.
With data in deviations from the sample mean, we only look at deviations from the sample

mean at period t, but do not compare levels across different periods of time.

ln(ij =(1-p) 11’1(1 EIEJ + ﬂ(ij , where L is the labour force and N the region’s population
N Ji L NJq N i

size. Technological progress affects production per worker. Decomposing the equilibrium growth rate, we obtain

ln(ij =(1-p) ln(ij +(1-08) ln(Lj + ﬁ(ij . The participation rate thus controls for re-
N /i L Ji N /i N it-1

gional differences in the propagation of technological progress into per capita income growth. As it is defined, an
increase in activity among a region’s population causes its participation rate to rise. However, it may also in-
crease following net inflows of labour from other regions (commuting).
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Table 5.2 : Conditional convergence, 1977-2002

1 2
Constant -0.002 -0.006
(0.613) (0.140)
y 1 0.933 0.909
(0.000)*** (0.000)***
y_1(Single market) 0.015 0.057
(0.191) (0.007)***
Dy (national) 0.725
(0.000)***
In(empl/pop) 0.089 0.089
(0.014)** (0.049)**
Agriculture -0.151 -0.197
(0.137) (0.067)*
Electronics sector 0.362 -0.202
(0.578) (0.793)
Market services -0.150 -0.284
(0.213) (0.055)*
Sargan test 0.880 0.572
AR (1) 0.000** 0.000**
AR (2) 0.388 0.637
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

The empirical model for conditional convergence passes the two-step GMM specification
tests. The beta coefficient is only slightly smaller than one. This indicates slow conditional
convergence. Average national growth rates (column 1) are shown to have an important influ-
ence on regional growth performances. Most of the structural parameters are statistically sig-
nificant at conventional significance levels in at least on of the specifications. Labour partici-

pation has a positive effect on income growth.® For employment in agriculture, the coefficient

¥ The elasticity of per capita income to an increase in labour participation is equal to one. Therefore, it follows
from the previous footnote that, in the conventional convergence equation, the coefficient on labour participation
should be equal to one minus the beta coefficient. For the estimates in table 5.2, this is the case (1 - 0.9 =0.1).
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is negative but small in absolute value. The interaction term y_1 (Single market) indicates no
positive effect of economic integration on conditional regional convergence once country dif-
ferentials in growth have been accounted for.

The results in table 5.2 point to the importance of national growth rates in determining
regional per capita growth. They further report a beta coefficient that is fairly high and im-
plies very slow conditional convergence only. The conditional convergence implied is even
slower than the annual rate of convergence of 2% in Barro and Sala-i-Martin (1995). It is by
far smaller than the EU-15 results of Badinger et al. (2002), and Tondl (2001), and the results
in Bond et al. (2001) who use a sample of OECD country data. The economic implication of
the results in 5.2 is that conditional on the structural characteristics included, regions only
converge very slowly in their growth rates and income levels.

However, the estimates in table 5.2 have neglected the possibility with panel data to
introduce individual specific effects. The latter can account for regional differences in growth
determining variables that are constant over the sample period. The advantage of individual
effects is that they reduce the bias from omitted or unobservable variables, e.g. the level of
human capital or technology. On the other hand, with T=5 the estimates of individual effects
are supposedly very imprecise.

Introducing individual specific effects considerably reduces the beta coefficient. This
implies faster convergence. However, convergence now is not conditional convergence to-
wards a steady state growth rate that is determined by a series of observed structural parame-
ters. It is rather convergence towards a regional specific rate of income growth. As, at the
margin, each region is different, so are regional steady state growth paths. The introduction of
individual effects does cast a different light on the empirical evaluation of different growth
theories. For the analysis of regional economic convergence, the estimated beta coefficient is
however of limited use. In this context, the value of individual specific effects lies in the ex-
tent to which they reduce the omitted variable bias in the estimates. The results in table 5.3
confirm the positive effects of national income growth and of labour participation on regional
growth performances. They also reject the idea that the speed of conditional beta-convergence
may have increased during the 1990s. Concerning the economy’s sector structure, the esti-
mates however find the employment share in electronics to be the only parameter with a sta-
tistically significant and positive influence on relative regional growth. Following table 5.3,
an employment share in electronics of 10 percentage points above the sample average would

imply additional growth of about 0.3 percentage points.
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Table 5.3: Conditional convergence including individual specific effects, 1977-2002

1 2
Constant -0.112 -0.057
(0.000)*** (0.000)***
y 1 0.568 0.711
(0.000)*** (0.000)***
y_1(Single market) 0.002 0.038
(0.868) (0.012)**
Dy (national) 0.471
(0.000)***
In(empl/pop) 0.464 0.104
(0.000)*** (0.109)
Agriculture -0.004 0.109
(0.987) 0.417)
Electronics sector 3.493 2.769
(0.003)*** (0.006)***
Market services -0.302 -0.108
(0.424) (0.744)
Sargan test 0.996 1.000
AR (1) 0.000** 0.000**
AR (2) 0.141 0.267
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

However, the above estimates potentially suffer from a serious problem. The deviation of
growth rates and employment shares from the sample mean normally gives numerically very
small values. Little numerical variation will lead to imprecise estimates. Although a specifica-
tion in deviations from the mean is economically plausible, it should be complemented by an
estimation of data in levels. With data in levels, we suppose different levels of the sectoral
employment shares or of labour participation to affect regional growth performances (as op-
posed to differences from the sample mean). The estimates of a specification with individual
effects are given in table 5.4. Again, column one is for absolute values, whereas the second

column reports estimates for nationally weighted growth and income levels.
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Table 5.4: Conditional convergence including individual specific effects, variables in absolute levels, 1977-2002

1 2
Constant 1.984 0.099
(0.000)*** (0.561)
y 1 0.792 0.725
(0.000)*** (0.000)***
y_1(Single market) 0.001 0.038
(0.218) (0.024)**
Dy (national) 2.850
(0.000)***
In(empl/pop) 0.370 0.141
(0.000)*** (0.054)*
Agriculture -0.133 -0.044
(0.569) (0.849)
Electronics sector 3.321 1.799
(0.022)** (0.165)
Market services 0.651 -0.073
(0.160) (0.763)
Sargan test 0.992 0.997
AR (1) 0.000** 0.000**
AR (2) 0.233 0.458
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

The estimates show the expected signs. The coefficient on labour participation is statistically
significant at conventional levels in both columns. Furthermore, column one reports a statisti-
cally significant coefficient for the employment share in electronics, our technology proxy. A
one percent increase in labour participation rates should raise per capita income growth by
0.35 percentage points in column 1, or by 0.14 percentage points in column 2. A ten percent-
age-point higher employment share in electronics, in column 1, is associated with 0.33 per-
centage-points higher income growth. The important impact of national growth determinants

on regional performances is confirmed. The employment share in agriculture and in market
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services, on the other hand, are not attributed a significant impact on regional growth within
the EU.

The estimates for structural economic parameters in column two are statistically insig-
nificant at conventional significance levels. However, as mentioned above, the normalization
of per capita income and growth by national levels is also likely to result in very small nu-
merical variation in the dependent variable and in regional per capita GVA.

Qualitatively, the estimates in table 5.4 are similar to the results in 5.3. For the meth-
odological reasons mentioned above (numerical variation in the data), we tend to prefer speci-
fication one in table 5.4. The estimates of the beta coefficient are close to the findings of
Badinger et al. (2002), Badinger and Tondl (1999), and Tondl (2001). They also find a sig-
nificant influence of economic structure on regional growth performances. Contrary to
Badinger and Tondl (1999), our results however fail to confirm a negative impact of employ-
ment in agriculture on regional growth.

Without individual effects, the estimation with data in levels (table 5.4) gives a beta-
coefficient of about 0.9. This amounts to an annual speed of conditional convergence of 2%,
the stylised finding of many cross-section growth regressions. Our results thus also replicate
the difference between panel and cross-section results reported elsewhere (e.g. Badinger et al.
2002, Bond et al. 1999).

To conclude, we briefly summarize the results from this section. Table 5.1 reveals no
tendency for unconditional convergence among EU regions. Once we account for national
differences in growth and income levels, lagging regions are not shown to catch up on the
sample means, but rather to loose track with the advanced regions. From tables 5.2 to 5.4 we
conclude that average national growth rates play a major role in determining regional growth
performances. We also find the rate of labour participation to have a positive impact on in-
come growth. With regard to the economy’s sector structure, table 5.2 indicates a negative but
small impact of the employment share in agriculture on growth. The estimates from table 5.3
and 5.4, including individual effects, find a positive effect on regional growth of employment

in electronics. The results confirm the evidence for conditional convergence.’

’ With regard to the different predictions of neoclassical versus endogenous growth theory one may look at a
possible correlation between income levels and error terms. The neoclassical assumption of decreasing returns to
capital implies a negative impact of past levels of capital per worker on present growth performance relative to
other countries or regions. The smaller beta, the bigger is this negative influence. The assumption of non-
decreasing returns in endogenous growth models, on the other hand, denies any negative influence on past levels
on present growth. In a specification with beta smaller then one, endogenous growth theory would expect the
estimated representative region to systematically under-predict the growth performance of richer regions, and to
systematically over-predict a poor economy’s prospectus. Thus if already high income or productivity levels do
not slow down a regions relative growth performance, we would expect the error terms to be positively corre-
lated with the levels of per capita GVA. This is, however, not the case. We do not find any statistically signifi-
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Finally, we briefly mention a result that relates to the potential sources of divergence
or convergence. Convergence via capital mobility would imply a negative relation between
initial productivity levels and subsequent per worker investment. However, over the period
1977-2002 we find no pronounced negative correlation between initial GVA per worker and
subsequent average investment per employee. This suggests that there is no unconditional
convergence in capital endowment. The correlation is rather a positive one. This coincides
with our findings of no unconditional but only conditional regional convergence within the
European Union."’

Straubhaar (1998) criticizes that estimates from convergence equations have only
very limited value for economic policy. Unconditional convergence appears as a rather me-
chanic process. From an economic policy perspective, value can only be derived from the co-
efficient estimates for the additional explanatory variables in specifications of conditional
convergence. In general, these estimates are however very sensitive to the explanatory vari-
ables included. Our analysis further suggests that the results may also depend on the data
specification that one relies on. Nevertheless, the results presented in section 5 are qualita-
tively similar for both the variables expressed in absolute values and in deviations from the
respective sample mean at period t. The finding that the rate of employment and the structure
of economic activity play an important role in determining an economy’s growth performance
coincides with similar results from Southern Europe and the U.S. (see Badinger and Tondl
1999, Caselli and Coleman 1999). Our results do however not replicate the significantly nega-

tive impact on growth that these studies attribute to the sector share of agriculture.

cant correlation between a region’s per capita income and the respective residuals. We thus conclude that the
growth regressions of the type presented in this section are a useful tool for the analysis of regional growth and
conditional convergence in our sample of 100 EU NUTS 2 regions.

121t should be mentioned that our investment data are flawed in two respects. Firstly, they only contain private
but no public sector investment. Secondly, the numbers are in euro of 1995 but not adjusted for regional differ-
entials in price levels for investment goods.
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6. Conclusions

This paper addresses the issue of regional economic growth and convergence in the European
Union. Based on our framework of convergence in open economies, we look at the growth
performance NUTS 2 regions over the period 1977-2002. For the group of about 200 regions
regional dispersion has only marginally decreased over the sample period. For labour produc-
tivity, there is a certain tendency of lagging regions to exhibit above-average growth rates and
thus of sample convergence. For per capita incomes, on the other hand, the paper finds no dis-
tinct tendency for poorer regions to grow at above-average rates. Furthermore, it seems that
the slight reduction in regional disparities has been driven by a reduction of country income
differentials. On average, we find no evidence for regional convergence within the EU mem-
ber states. Regional average income levels within these countries rather seem to diverge
slightly.

Our econometric analysis does not find evidence for unconditional convergence.
However, controlling for a number of structural indicators we find evidence for conditional
convergence. The beta parameter estimates from our panel for 1977-2002 are within the range
of recent cross-section and panel estimates for the sample of EU-15 regions. The estimates
suggest that the rate of labour participation and the sector structure of economic activity affect
regional per capita income growth. The results also indicate the important role of countrywide
economic growth performance for in the determination of regional growth performances.
However, we find no empirical evidence that the deepening of economic integration in the
1990 has increased the speed of convergence.

Our results are in line with Badinger and Tondl (1999) who find a positive effect of
labour participation on regional growth in Southern Europe, and with Caselli and Coleman
(1999) who find structural economic change to be the most important determinant for income
and growth convergence in the U.S. The present paper does however not replicate the finding
of a negative effect of employment in agriculture on income growth. Instead, we find a sig-
nificantly positive impact on income growth of employment in the electronics sector. We con-
sider the latter to be a proxy for the rate of technological progress within a region.

The analysis suggests that regional policy should concentrate on the reduction of un-
employment and on promoting the modernization of the economy’s sector structure. In the
context of our theoretical framework, institutional reforms that increase the mobility of labour

and capital may also improve regional convergence. Regulations that increase adjustment
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costs, on the other hand, risk to slow-down economic catch-up of poor regions by slowing

down the speed of convergence, thus lowering the long-run regional output.

30



References:

Arellano, Manuel, and Olympia Bover, 1995, “Another Look at the Instrumental Variable Es-

timation of Error-components Models”, Journal of Econometrics 68, 29-52

Badinger, Harald, and Gabriele Tondl, 1999, What Determined the Uneven Growth of
Europe’s Southern Regions? An Empirical Study with Panel Data, IEF working paper No. 30,

University of Economics and Business Administration Vienna
Badinger, Harald, Werner Miiller, and Gabriele Tondl, 2002, Regional Convergence in the
European Union (1985-1999): A Spatial Dynamic Panel Analysis, IEF working paper No. 47,

University of Economics and Business Administration Vienna

Barro, Robert, and Xavier Sala-i-Martin, 1992, “Convergence”, Journal of Political Economy

100, 223-251

Barro, Robert, and Xavier Sala-i-Martin, 1995, Economic Growth, New York

Barro, Robert, Gregory Mankiw, and Xavier Sala-i-Martin, 1995, “Capital Mobility in Neo-

classical Models of Growth”, American Economic Review 85 (1), 103-115

Barro, Robert, and Xavier Sala-i-Martin, 1997, “Technological Diffusion, Convergence, and

Growth”, Journal of Economic Growth 2, 1-27

Bertola, Guiseppe, 1999, “Convergence ... an overview”, in: Richard Baldwin et al. (eds.),

Market Integration, Regionalism and the Global Economy, Cambridge, 275-297
Blanchard, Olivier, and Francesco Giavazzi, 2002, “Current Account Deficits in the Euro
Area: The End of the Feldstein-Horioka Puzzle?”, Brookings Papers on Economic Activity 2,

147-209

Blundell, Richard, and Stephen Bond, 1998, “Initial Conditions and Moment Restrictions in

Dynamic Panel Data Models”, Journal of Econometrics 87, 115-143

31



Blundell, Richard, Stephen Bond, and Frank Windmeijer, 2000, Estimation in Dynamic Panel
Data Models: Improving the Performance of the Standard GMM Estimators, working paper
00/12, The Institute for Fiscal Studies

Bond, Stephen, 2002, Dynamic Panel Data Models: A Guide to Micro Data Methods and

Practice, cemmap working paper 09/02, The Institute for Fiscal Studies

Bond, Stephen, Anke Hoeffler, and Jonathan Temple, 2001, GMM Estimation of Empirical
Growth Models, CEPR discussion paper no. 3048

Caselli, Francesco, and Wilbur Coleman, 2000, How Regions Converge, CEPR discussion

papers 2191

Cohen, Daniel, and Jeffrey Sachs, 1986, “Growth and External Debt under Risk of Debt Re-

pudiation”, European Economic Review 30, 529-560

Cuadrado-Roura, Juan, and Marti Parellada (eds.), 2002, Regional Convergence in the Euro-

pean Union, Berlin

Davies, Sara, and Martin Hallet, 2002, Interactions between National and Regional Develop-

ment, HWWA discussion paper 207

Faini, Riccardo, 2003, Migration and Convergence in the Regions of Europe, Paper presented

at the conference Cohesion Reform in a Larger Union, Bruges, April 2003

Fingleton, Bernard (ed.), 2003, European Regional Growth, Berlin

Gaulier, Guillaume, Christophe Hurlin, and Jean-Pierre Philippe, 1999, Testing Convergence:

A Panel Data Approach, mimeo, Université Paris I

Herz, Bernhard, 2002, Regional Convergence and Regional Policy in the European Union:

Evidence from the 1990s, mimeo, University of Bayreuth

32



Herz, Bernhard, and Werner Roger, 1995, “Economic Growth and Convergence in Germany”,

Weltwirtschaftliches Archiv 135 (1), 132-143

Howitt, Peter, 2000, “Endogenous Growth and Cross-country Income Differences”, American

Economic Review 90 (4), 829-846

Hsiao, Cheng, 2003, Analysis of Panel Data, Cambridge

Lee, Kevin, Hashem Pesaran, and Ron Smith, 1997, “Growth and Convergence in a Multi-
country Empirical Stochastic Solow Model", Journal of Applied Econometrics 12 (4), 357-

392

Lee, Kevin, Hashem Pesaran, and Ron Smith, 1998, “Growth Empirics: A Panel Data Ap-
proach - A Comment”, Quarterly Journal of Economics 113, 319-323

Lucas, Robert, 1990, “Why Doesn’t Capital Flow from Rich to Poor Countries?”, American
Economic Review 80 (2), 92-96

Obstfeld, Maurice, and Kenneth Rogoff, 1996, Foundations of International Macroeconomics,

Cambridge, Mass.

Rebelo, Sergio, 1992, “Growth in Open Economies”, Carnegie Rochester Conference Series

on Public Policy 36, 5-46
Rodriguez-Pose, Andres, 1999, “Convergence or Divergence? Types of Regional Responses
to Socio-Economic Change in Western Europe”, Tijdschrift voor Economische en Sociale

Geografie 90 (4), 367-378

Sala-i-Martin, Xavier, 1996, “Regional cohesion: Evidence and theories of regional growth

and convergence”, European Economic Review 40, 1325-1352

Sala-i-Martin, Xavier, 2001, “Comment on Growth Empirics and Reality, by William A
Brock and Steven N. Durlauf”, The World Bank Economic Review 15 (2), 277-282

33



Sell, Friedrich, 1998, “Wirtschaftliche Konvergenz in der Wirtschaftstheoretischen Diskussi-
on”, in: Bernhard Fischer, and Thomas Straubhaar (eds.): Okonomische Konvergenz in Theo-

rie und Praxis, Baden-Baden, 33-48

Shioji, Etsuro, 2002, “Public Capital and Economic Growth: A Convergence Approach”,
Journal of Economic Growth 6, 205-227

Straubhaar, Thomas, 1998, “Wirtschaftliche Konvergenz: Was, Wie, Wozu?, in: Bernhard
Fischer, and Thomas Straubhaar (eds.): Okonomische Konvergenz in Theorie und Praxis, Ba-

den-Baden, 9-31

Tondl, Gabriele, 2001, Convergence After Divergence? Regional Growth in Europe, Vienna

34



Annex 1: Panel estimates without beta parameter heterogeneity

Table A 1.1: Estimates without individual specific effects, variables in absolute levels, 1977-2002

1 2
Constant 0.714 0.251
(0.000)*** (0.006)***
y 1 0.945 0.939
(0.000)*** (0.000)***
Dy (national) 0.726
(0.000)***
In(empl/pop) 0.118 0.136
(0.002)*** (0.000)***
Agriculture -0.182 -0.170
(0.072)* (0.168)
Electronics sector -0.393 -0.295
(0.540) (0.705)
Market services -0.093 -0.292
(0.473) (0.045)**
Sargan test 0.614 0.352
AR (1) 0.000%*%* 0.000%*%*
AR (2) 0.298 0.750
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)

Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

Column one of table A 1.1 contains the estimates of equation 5.2 when all variables are ex-

pressed in absolute values. Column two, on the other hand, relies on nationally demeaned, i.e.

nationally normalized, values of regional per capita GVA. Individual specific effects are not

introduced.
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Table A 1.2: Estimates with individual specific effects, variables in absolute levels, 1977-2002

1 2
Constant 1.894 0.146
(0.000)*** (0.340)
y 1 0.798 0.775
(0.000)*** (0.000)%**
Dy (national) 0.581
(0.000)***
In(empl/pop) 0.377 0.161
(0.000)*** (0.029)**
Agriculture -0.082 -0.053
(0.656) (0.800)
Electronics sector 3.408 1.557
(0.003)*** (0.166)
Market services 0.740 -0.127
(0.022)** (0.564)
Sargan test 0.980 0.966
AR (1) 0.000%** 0.000%**
AR (2) 0.224 0.467
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

Table A 1.2 reports panel estimates where beta is assumed to be constant across regions and

across time. This time, individual specific effects are included in order to control for unob-

served determinants of regional growth. Column one contains the estimates of equation 5.2

when all variables are expressed in absolute values. Column two reports the estimates that re-

sult from nationally demeaned, i.e. nationally normalized, values of regional per capita GVA.

36



Table A 1.3: Estimates without individual specific effects, variables in deviations from sample mean, 1977-2002

1 2
Constant -0.003 -0.004
(0.461) (0.308)
y 1 0.930 0.962
(0.000)*** (0.000)%+**
Dy (national) 0.723
(0.000)***
In(empl/pop) 0.081 0.072
(0.022)** (0.108)
Agriculture -0.151 -0.155
(0.120) (0.133)
Electronics sector 0.431 -0.049
(0.519) (0.936)
Market services -0.139 -0.270
(0.260) (0.072)*
Sargan test 0.681 0.378
AR (1) 0.000%** 0.000%**
AR (2) 0.370 0.555
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)

Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

Column one of table A 1.3 contains the estimates of equation 5.2 when all variables are ex-

pressed as deviations from their respective sample mean. Column two, on the other hand, re-

ports the results for the specification where GVA per capita data have been nationally de-

meaned, i.e. nationally normalized. After nationally normalizing, per capita GVA is also ex-

pressed as deviation from its sample mean at each period t. Individual specific effects are not

introduced.
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Table A 1.4: Estimates with individual specific effects, variables in deviations from the sample mean, 1977-2002

1 2
Constant -0.089 -0.037
(0.000)*** (0.000)***
y 1 0.558 0.762
(0.000)*** (0.000)***
Dy (national) 0.470
(0.000)***
In(empl/pop) 0.477 0.126
(0.000)*** (0.049)**
Agriculture -0.032 0.098
(0.877) (0.484)
Electronics sector 3.340 2.327
(0.002)*** (0.021)**
Market services -0.347 -0.175
(0.323) (0.638)
Sargan test 0.962 0.991
AR (1) 0.000%** 0.000%**
AR (2) 0.155 0.257
Observations 500 500

Heteroskedasticity consistent p-values in parenthesis (null of statistical insignificance)
Statistical significance: *** significant at 1% ** significant at 5% level * significant at 10% level

Table A 1.4 reports panel estimates where beta is assumed to be constant across regions and
across time. This time, individual specific effects are included in order to control for unob-
served determinants of regional growth. Column one contains the estimates of equation 5.2
when all variables are expressed in deviations from their respective sample mean. Column
two reports the estimates that result from nationally normalized values of regional per capita
GVA. These nationally normalized GVA values then have are also expressed as deviations

from the sample mean, i.e. from the sample mean of nationally normalized per capita GVA.
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