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LOCK-IN EFFECTS OF EU R&D SPENDING ON REGIONAL GROWTH.  
A NON-PARAMETRIC AND SEMI-PARAMETRIC CONDITIONAL 

QUANTILE REGRESSIONS APPROACH 
 

Antonio Acconcia, Marta Espasa, Leone Leonida and Daniel Montolio 

ABSTRACT 

The purpose of this paper is twofold. First, we study the allocation of European 
Union (EU) expenditure in Research and Development (R&D) across European regions. 
Second, we focus on the effects of this variable on regional per capita GDP levels, and 
on regional growth rates. Using non-parametric and semi-parametric conditional 
quantiles, we found empirical evidence in favour of different effects of R&D 
expenditure among conditional quantiles of the per capita income distribution, and of 
the growth rates distribution. Moreover, we find a “lock-in effect” of R&D spending. A 
positive relation between growth rates and this component of the EU expenditure is 
estimated for regions with higher growth rates, with these regions tending to have a 
higher and common growth rate as R&D expenditure increases. Furthermore, slow 
growth regions seem to approach to a common but lower growth rate. The estimates 
relative to the relationship between the per capita regional GDP and the R&D spending 
confirm these findings. 

 
JEL: C14, O40, O52 
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RESUMEN 

 
El objetivo de este trabajo es doble. Primero, se asignan los gastos en 

Investigación y Desarrollo (I+D) de la Unión Europea (EU) entre las regiones de los 
países miembros. Segundo, se estudian los efectos de dicha variable sobre la 
distribución del Producto Interior Bruto (PIB) per cápita y sobre la distribución de las 
tasas de crecimiento del PIB. Utilizando estimaciones cuantílicas condicionales no-
paramétricas y semi-paramétricas se encuentra evidencia empírica de efectos 
diferenciados de los gastos en I+D sobre los cuantiles de dichas distribuciones. Además, 
se encuentra un efecto “cerrojo” del gasto europeo en I+D: existe una relación positiva 
entre este tipo de gasto y las tasas de crecimiento del PIB para regiones con altas tasas 
de crecimiento. Las regiones con bajos niveles de crecimiento tienden a crecer a tasas 
inferiores. Las estimaciones relativas al efecto del gasto en I+D sobre la distribución del 
PIB per capita de las regiones europeas confirman dichos resultados. 

 

JEL: C14, O40, O52 

Palabras Clave: Presupuesto EU, Gasto I+D, Crecimiento, Cuantiles Condicionales. 
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1. Introduction 

During the last decade, one of the most hotly debated subjects in economics has 
been the redistributive capacity of the European Union (EU, hereafter) budget. Among 
the numerous arguments in favour of an active intervention, the following stands out: its 
power to mitigate horizontal equity problems due to the intervention of national 
governments (Davezies-Nicot-Prud’Homme, 1996); its capacity to reduce territorial 
income disparities, or disparities derived from the integration process1; its ability to 
guarantee the existence of the EU itself (Cremer and Pestieau, 1996); and its power to 
mitigate the negative effects originated by possible asymmetric shocks generated by the 
European Monetary Union2,3. 

This last argument is, indeed, one of the most important since the costs and 
benefits of economic and monetary integration may not be equally distributed across 
European regions; it is possible that less developed regions will receive fewer benefits 
from the integration process. Therefore, it is of crucial importance to design European 
policies directed to reduce such disparities, and to promote equality of opportunities in 
the territory. Indeed, if this is not achieved, the process of economic and monetary 
integration itself can be at risk4. 

Different studies dealing with the territorial cohesion in Europe highlight that 
income inequalities inside the EU are very pronounced, especially across regions. 
Moreover, European income disparities, in terms of per capita Gross Domestic Product 
(GDP), are more accentuated at a regional level than at a country level. If per capita 
income across countries seems to have converged (especially across poor countries), the 
same pattern is not observed across European regions, either if the EU is taken as a 
                                                 

1 Among the numerous studies in favour of this argument, the most important are the Cecchini Report 
(1988), Padoa-Schioppa Report (1987), and Emerson et al. (1992). 

2 The Monetary Union supposes not only the transfer of monetary policy to the European Union, but also 
the existence of substantial limits on fiscal policy established through Stability programs, which reduce 
national fiscal autonomy. 

3 See, among others, Sala-i-Martín and Sachs (1992), Krugman (1993), and Goodhard and Smith (1993). 

4 The Maastricht Treaty signed in 1992 included the economic and social cohesion as a one of the most 
important aims to be fulfilled. Moreover, Article 130 of the Maastricht Treaty specifies, as a function of 
the EU, the reduction of the disparities across regions, and the development of the more depressed areas. 
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whole or inside each of the country members of the Union. It seems that poor European 
regions do not tend to completely converge with rich regions (see Terrasi, 2000). 

The main instrument of the EU to lead to an equal territorial distribution of 
income is the European budget. Redistributional policies can be implemented either by 
means of specific instruments, or by means of the overall budget, given that any public 
intervention (revenues or expenditure) has distributive effects although the interventions 
are not explicitly planned to fulfil this aim. This is the case of the Research and 
Development (R&D, hereafter) expenditure, which does not have a direct redistributive 
purpose, but does have important distributional effects. Moreover, these effects can be 
enlarged by the direct link between this kind of spending and economic growth. 

This is the context of the present paper. Our aim is twofold. First, we study the 
allocation of EU expenditure in R&D across European regions. Second, we focus on the 
effects of this variable on the regional per capita GDP level and on regional growth 
rates. 

Using a well-known model (Segerström, 2000) and reporting the main stream of 
the current debate on the effect of R&D spending on the growth rate, we show that the 
theoretical results are controversial; this calls for an empirical investigation, possibly 
free from any theory-induced constraints. 

Next, we assign the EU budget to European regions, analysing its main features. 
We found that it has been mainly used to develop depressed areas: regions with a lower 
level of per capita income receive more European funds. However, the distribution of 
the R&D spending follows a different pattern: rich regions receive more R&D spending 
than poor regions. 

Finally, using a semi-parametric conditional quantiles regression approach to 
uncover the effect of the R&D spending on both the per capita GDP level and on its 
growth rate, we found empirical evidence in favour of different effects among 
conditional quantiles of the per capita income distribution, and of the growth rates 
distribution. Moreover, we find a “lock-in effect” of R&D spending. A positive relation 
between growth rates and this component of the EU expenditure is estimated for regions 
with higher growth rates, with these regions tending to have a higher and common 
growth rate as R&D expenditure increases. Furthermore, slow growth regions tend to 
approach to a common but lower growth rate. These findings are partially in contrast 
with previous studies (Boldrin and Canova, 1997). 
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The estimates relative to the relationship between the per capita GDP and the 
R&D spending confirm these findings. In general, the “pure” effect of the R&D 
spending on the per capita GDP level seems to be positive. Moreover, for high levels of 
this type of EU expenditure, the variance of the European regional per capita GDP 
distribution would be reduced. However, the distribution would show polarisation of 
income. 

The rest of paper is organised as follows. Section 2 briefly describes previous 
literature dealing with the theoretical and empirical evidence of the effect of the R&D 
expenditure on economic growth, showing the reason why the answer is essentially 
empirical. Section 3 describes the regional imputation process of the EU expenditure in 
R&D, and the main characteristics of its allocation. Section 4 reports on both the 
methodology employed, and on the estimated effects of the R&D spending on the per 
capita GDP level and on the growth rates of European regions. Finally section 5, 
summarises the main findings of this work. 

2. The Effect of R&D Spending on Economic Growth. Theoretical 
Aspects. 

The economy represented by R&D-driven endogenous growth models is usually 
based on three common features. A (final) sector where perfectly competitive firms 
produce consumption goods by means of intermediate products; an intermediate sector 
composed of a large number of monopolistic industries where firms produce the 
intermediate products; research laboratories producing vertical and/or horizontal 
innovations. 

In earlier models, growth arises either by increasing the number of intermediate 
products, that is through horizontal innovations (Romer, 1990), or by increasing the 
quality of a given set of intermediate products, that is through vertical innovations 
(Grossman and Helpman, 1991; Aghion and Howitt, 1992). In these models, the 
government can play an active role through growth enhancing R&D expenditure, as the 
growth rate of an economy is directly related to the (relative) amount of resources 
devoted to R&D. Moreover, R&D subsidies, by encouraging firms to devote more 
resources to R&D activities, tend to increase the long-run rate of economic growth. 
Recent papers allow for both types of innovations at the same time, in order to eliminate 
the so-called “scale-effect” which was a feature of previous models (Howitt, 1999; 
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Segerström, 2000). The main conclusion is that the positive effect of subsidies on 
growth of earlier models is not robust; in fact, R&D subsidies can either promote or 
retard long-run economic growth. The latter calls for an empirical investigation. 

At any date t, firms under perfect competition produce consumption goods and 
R&D services by a continuum of intermediate products, exploiting the same production 
function. Specifically the total output of the economy is 

∫ αα−=++=
tN

tititytttt diXALHVCY
0

,,
1

,  [1] 

where tY  is gross output, tC  is consumption, tV  is vertical R&D expenditures, tH  is 

horizontal R&D expenditures, tyL ,  is the input of labour employed to producing output, 

tN  denotes of how many different intermediate industries exist, tiX ,  is the flow of 

intermediate product i, and tiA ,  is a productivity parameter relative to the latest version 

of the intermediate product i. Each intermediate product is produced exploiting the 
linear production function titi LX ,, = , where tiL ,  is the amount of labour in industry i. 

Other things equal, total output equation implies that growth can be driven by increases 
in tN  and/or tiA , . 

In the simplest horizontal R&D driven endogenous growth model, a 
deterministic R&D process is assumed such that tN  is proportional to the amount of 

output devoted to R&D, tt HN )/1( µ= . It follows that NHNNYY µ== /// . A subsidy to 

research, that is a policy such that the government absorbs part of the cost of research 
for a potential inventor, raises the growth rate. 

In the second class of R&D driven endogenous growth models instead, the 
number of industries is constant while the productivity parameters, tiA , , increase with 

innovations. A research sector for each product i with Poisson arrival rates of 
innovations is a main feature. Moreover, intersectoral spillover applies: at any date t the 
economy is indexed by the leading-edge technology which is determined by all sector 
specific innovations (Aghion and Howitt; 1998). Each vertical innovation in sector i 
permit firms to produce in sector i using the leading-edge technology, which grows at a 
rate proportional to R&D expenditure. This implies that the growth rate is proportional 
to aggregate R&D expenditure; again, the effect of R&D subsidy on growth is positive. 
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Jones (1995) challenges previous models noting that the large increase in the 
number of scientist and engineers engaged in R&D since 1950 in advanced countries 
did not induce a trend in growth rates. Thus, the main conclusion that the long run 
growth rate is related to the amount of resources devoted to R&D would not adequately 
fit the data. Furthermore, he finds that in an R&D based model of endogenous growth 
without the scale effect, R&D subsidies do not have long run growth effects. 

Recently, R&D driven endogenous growth models with both horizontal and 
vertical innovations have been proposed. In the version outlined by Howitt (1999), the 
scale effect property disappears while other implications of the model are the same as in 
the earlier models. In particular, R&D subsidies promote long-run economic growth. 
Howitt (1999) assumes that vertical innovations, that is improvements in the 
productivity or quality parameter relative to sector i, arrive stochastically following a 
Poisson process with an arrival rate linear in the amount of R&D expenditure in sector i 
(as in Aghion and Howitt, 1998). The outcome of research aimed at vertical innovations 
is composed of a sector specific component and a public good component. The latter 
creates intersectoral spillover effects inducing growth in the leading-edge parameter. At 
the same time, horizontal innovations are produced under decreasing returns to R&D 
expenditure. Each horizontal innovation permits a given firm to produce a new 
intermediate product with a productivity parameter, which is drawn randomly from the 
distribution of existing productivity parameters. Increments in intermediate industries 
destroy the scale effect of previous models retaining the propriety that R&D subsidies 
have a positive effect on growth. 

In a generalised version of Howitt’s (1999) model, however, the positive effect 
of subsidies on growth is not robust. In particular, with more general assumptions about 
the returns to horizontal and vertical R&D activities and about how the returns to both 
activities change over time, Segerström (2000) shows that R&D subsidies can either 
promote or retard long-run economic growth. 

Following the basic Segerström model features, firms engage in both vertical 
and horizontal R&D activities. Let ]},0[;max{ , ttit NiAA ∈≡  denote the leading-edge 

productivity parameter at time t. Each vertical innovation in sector i permits 
monopolistic firm to produce using the leading-edge technology. Vertical innovations 
arrive at Poisson rate, which is directly related to both R&D expenditure flow and firm 
specific knowledge that is useful for vertical innovation, and inversely related to the 
leading-edge productivity parameter. As the reward for innovating in a given sector is 
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proportional to tA  the Poisson arrival rates of innovations in different sectors are 

independent of each other. In particular, 
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The parameter 1>d  implies that as the leading-edge parameter increases over 
time research problems become more harder to solve and this depresses the growth rate; 

1<δ  measures the degree of diminishing returns to vertical R&D expenditures; division 
by tN  means that as the number of intermediate industries increase each vertical 

innovation has a smaller spillover effect on aggregate economy; finally the term tY  

captures the idea that, apart from R&D expenditure, innovation depends on firm specific 
knowledge that is useful for vertical innovations, the latter depending on the level of 
output; 0>λ v . Horizontal innovations result from R&D aimed at creating new 

products. At any time t each innovation results in a new intermediate variety whose 
productivity parameter is drawn randomly from the existing distribution of tiA ,  across 

industries. The main implication of this assumption is that the distribution of tti AA /,  

converges monotonically to an invariant distribution. The growth rate of horizontal 
innovations is governed by an equation similar to [2]: 
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Profit maximisation by competitive firms producing Y implies 

∫−= tN

tytitit diLXAw
0 ,,, )/()1( αα  and αα −= 1

,,,, )/( titytiti XLAp . The latter denotes a 

constant elasticity (inverse) demand for each intermediate product that, in turn, implies 
that each incumbent monopolist in industry i charge the standard monopoly mark-up 
over marginal cost, α= /, wp ti . Substituting the three first order conditions in the output 

equation yields α−α−−α σ+α−α−α= 1
,

112 )1()1( tttyt NALY . Taking logs of both sides and 

differentiating with respect to time yields: 

tttttt NNAAYY /)1(// α−+=  [4] 

The economy growth rate depends both on the growth rate of intermediate 
varieties and on the growth rate of the leading-edge productivity parameter. 
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Both horizontal and vertical R&D expenditures are subsidised at the 
proportional rate s. The level of R&D (both horizontal and vertical) is such that the 
marginal cost of R&D expenditures s−1  equals the expected marginal benefit. By 
assuming that vertical R&D races are perfectly competitive and symmetric R&D firms, 
first order conditions imply 

sYV
A ttd

t

tvv −=
Π − 1)/(
)(

1, δδλ
      and      sYH

A ttd
t

thh −=
Π − 1)/(
)(

1, γγλ
 [5] 

where tv,Π  ( th,Π ) is the expected value of vertical (horizontal) innovation. The 

assumption of decreasing returns to R&D determines downward sloping marginal 
benefit curves. Moreover, as the marginal cost of R&D is constant over time in 
equilibrium the marginal benefit must be constant too. 

In a balanced growth equilibrium the fractions of GDP allocated to R&D, that is 

YH /  and YV / , and dNAY /  are constant over time. The latter and the labour market 
clearing condition imply 

NNAAdLL //)1(/ α+−=  [6] 

where LL /  is the exogenous growth rate of labour. Equation [6] determines an inverse 
relationship between AA /  and NN / , given the growth rate of labour. Moreover, 
substituting in equation [4] at the steady state from equation [6], it follows 

0)/(/)/( >∂∂ NNYY  when 1)1( >α− d  and 0)/(/)/( <∂∂ NNYY  when 1)1( <α− d . Thus, an 

increase in the steady state growth rate of intermediate varieties, that is decrease in the 
steady state growth rate of leading-edge technology, can induce an increase or a 
decrease in the economy growth rate. 

This is one of the main results in Segerström (2000). Moreover, Segerström 
(2000) show that a permanent increase in the R&D subsidy rate s can either promote or 
retard long run economic growth. According to equations [5], the initial effect of an 
increase in s is to induce more resources to both vertical and horizontal R&D, 
determining an increase in innovation rates. When δ<γ  the R&D subsidy increase 

determines a raise in the share of GDP devoted to vertical R&D to a greater extent than 
in the share of GDP devoted to horizontal R&D, and the leading-edge productivity 
parameter growth rate jumps up more than the variety growth rate. 
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However, after the initial increase the negative effect of increasing complexity 
of R&D problems over time at a faster rate than usual depresses innovations rates. 
When 1)1( <α− d , the subsidy rate increase raises AA / , lowers NN / , and it leads the 

economy towards a new long-run balanced growth equilibrium with a higher growth 
rate of total output YY / ; on the contrary, when 1)1( >α− d  the subsidy rate increase 

raises AA / , lowers NN / , and it leads the economy towards a lower growth rate of total 
output YY / . 

This brief overview of the present debate should not be intended as exhaustive of 
all alternative models and ideas about this important issue. The point we want to raise 
here is that the effect of R&D expenditures and subsidies on growth rates is 
controversial and far from being clear on theoretical grounds; this is especially true 
when subsidies come from a public institution, as in the case we are going to analyse. 
This crucial point calls both for an empirical investigation of the issue, and gives credit 
to the particular approach, free from theory-induced constraints, that we are going to use 
in the remaining parts of the paper. 

3. Territorial Assignation of the EU R&D Expenditure: 
Methodology and Description 

The Annual Reports of the Court of Auditors provides information concerning 
expenditure in the member states. However, regional information is only available for 
expenditure on Structural Actions. Therefore, to shed light into the empirical effect of 
EU expenditure in R&D on regional income and growth rates, the first step is to 
establish some hypotheses to determine the assignation of the remaining regional 
expenditures. 

In this section, we will briefly outline the criteria used to assign European R&D 
spending in 1995. However, in this study, we make use of the regional assignation of 
other types of European expenditure (Structural Actions, European Agricultural 
Guidance and Guarantee Fund (EAGGF-Guar), Exterior Actions, and Interior Actions), 
for more details about the definition of each type of spending and the assignation 
criteria, see Espasa (2000). 

The data provided by the European Court of Auditors in 1999 shows that the EU 
spent 2.574,9 million Euros in R&D policies (3.21% of the overall European budget). 



 11

For 1995, our year of interest, the R&D spending was 3.065,5 million Ecus (3,8% of the 
EU budget). Although the R&D spending represents a relatively small percentage in the 
overall EU budget, it is important to notice that the research and technological 
development has been one of the fields that has received more attention in recent years, 
specially after the European Act and the Maastricht Treaty. The main purpose of the EU 
is to reinforce the scientific and technological bases of the European industries to make 
them more competitive. 

Among the projects financed by the EU budget in R&D, there is the investment 
in the Common Centre for Research (CCR)5, a centre that belongs to the EU and is used 
to undertake research, and to finance the Research Framework Programmes in R&D. 

Depending on the execution and financing entities of the projects, we can 
distinguish between three types of European actions in R&D: 

� Direct Actions: research undertaken in the Common Centre of Research 
(CCR). 

� Indirect or Shared Actions: The most common modality of research projects. 
The EU co-finance research projects in which research groups from different 
member states participate, and mainly universities, research centres or firms 
form these groups. 

� Coordinated or Concerted Actions: specific programs of research develop by 
research groups or universities of the member states; the EU only 
compensates the coordination expenditures of these programs. 

10% of the European budget in R&D in 1995 was devoted to the CCR, the rest 
to the projects inside the Research Framework Programme in Research and 
Development6. 

The R&D spending has been assigned to the different member states by the 
Annual Reports of the Court of Auditors. However, there is a fraction of this 
expenditure not assigned to any country. Therefore, the percentage of spending assigned 
                                                 

5 The CCR is composed of four centres, located in Ispra (Italy), Kalsruhe (Germany), Petten 
(Netherlands) and Geel (Belgium). 

6 Our year of interest, 1995, belonged to the Fourth Research Framework Programme in Research and 
Development (1994-1998). 



 12

is 82,3% in 1995. Looking at the assignation by countries, the countries that received 
the most funds in R&D were Italy and United Kingdom with the 21% and 18% 
respectively, followed by France (17%) and Germany (16%). In a second group, there 
were countries such as Belgium (9%), Netherlands (7%) and Spain (5%). The remaining 
European countries received less than the 3%. Figure 1 presents the country assignation 
of the EU budget in R&D. 

 

Figure 1. Assignation of European R&D Spending 1995 

 

The regional assignation of R&D spending has been elaborated from the country 
specific assignation of this expenditure7. Moreover, inside each country the regional 
assignation has followed the specific regional spending in R&D (by private and public 

                                                 

7 The results have been elaborated under the monetary flow approach, rather than the benefit approach. 
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sector, and universities). This has been the criterion of assignation for France, Italy, 
Belgium, United Kingdom, Greece, Spain, Finland and Austria8. 

In Sweden and Germany, the previous criterion is not available, therefore we 
have used, as a proxy variable the regional distribution of the research personnel (in the 
private and public sectors, and in universities). 

For the assignation of the regional EU R&D spending in Netherlands and 
Portugal, countries for which we could not dispose of any of the previous variables, we 
have followed the regional GDP, due to the positive relation between the level of 
development of a region (indicated by the GDP) and the capacity to undertake projects 
of research and development. 

Finally, the imputation of the expenditure not assigned to any country has 
followed the criteria previously explained. Table 1 presents the results from the regional 
imputation of the EU budget in R&D. 

The next sub-section will be devoted to the study of the main characteristics of 
the European regional spending for all the types of expenditure used in this paper. 

3.1. Data description 

In this sub-section, we describe and analyse the main results of the assignation 
of the EU budget to European regions. A non-parametric approach is used to study the 
shape of the distribution for each type of expenditure, focusing in particular on the main 
conclusions that can be drawn for the analysis of the main variable of interest in this 
paper: the European R&D spending. 

The variable used to represent the income level of European regions is the per 
capita Gross Domestic Product (GDP) for 1995, for the 121 European regions9. This 
variable is one of the more comparable indexes across different economies and time. 
Moreover,  per  capita  GDP  is  a  common  measure of wealth for an area. The average  

                                                 

8 Denmark, Ireland and Luxembourg have been considered as a whole. 

9 We exclude from the data set the regions for which the European R&D expenditure variable was zero: 
Aland (Finland), Corse and Departements Doutre-Mer (France), and Ceuta and Melilla (Spain). 
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Table 1: Regional Imputation of EU budget in Research and Development. 1995 

  France 428.4     Deutschland 393.1   United Kingdom 458.8  
  Ile de France 220.6    Baden-Württemberg 89.0  North 13.0  
  Champagne-Ardenne 1.8    Bayern 82.2  Yorkshire & Humberside 16.5  
  Picardie 5.2    Berlin 23.9  East Midlands 26.3  
  Haute-Normadie 7.7    Bradenburg 5.4  East Anglia 25.8  
  Centre 10.9    Bremen 4.9  South East 220.1  
  Basse-Normandi 2.6    Hamburg 10.4  South West 37.3  
  Bourgogne 4.9    Hessen 37.0  West Midlands 30.0  
  Nord-Pas-De-Calais 5.9    Mecklenburg-Vorp. 2.3  North West 49.5  
  Lorraine 5.7    Niedersachsen 25.2  Wales 8.4  
  Alsace 7.0    Nordrhein-Westfalen 66.5  Scotland 27.7  
  Franche-Comte 7.0    Rheinland -Pfalz 14.9  Northern Ireland 4.2  
  Pays de la Loire 8.0    Saarland 1.2  Portugal 24.3  
  Bretagne 13.6    Sachsen 13.3  Norte 7.6  
  Poitou-Charentes 2.9    Sachsen-Anhalt 5.1  Centro  3.6  
  Aquitaine 12.5    Schleswig-Holstein 6.0  Lisboa e Vale do Tejo 10.4  
  Midi-Pyrenees 25.0    Thüringen 5.6  Alentejo 1.1  
  Limousin 1.0    España 118.4  Algarve 0.8  
  Rhone-Alpes 45.1    Galicia 3.1  Açores 0.4  
  Auvergne 5.6    Asturias 1.7  Madeira 0.5  
  Languedoc-Rousillon 8.3    Cantabria 1.0  Nederland 161.1  
  Provence-Alpes-C.d'A. 27.1    País Vasco 9.3  Noord-Nederland 16.5  
  Corse 0.0    Navarra 1.7  Oost-Nederland 29.3  
  Dep. Doutre-Mer 0.0    Rioja (La) 0.3  West-Nederland 81.2  
  Italia 540.3    Aragón 2.9  Zuid-Nederland 34.1  
  Piemonte 83.0    Madrid 44.3  Ellada 44.2  
  Valle d'Aosta 0.1    Castilla y León 5.6  Voreia Ellada 10.9  
  Liguria 19.1    Castilla- La Mancha 1.0  Kentriki Ellada 5.2  
  Lombardia  127.6    Extremadura 1.0  Attiki 23.4  
  Trentino-Alto Adige 4.1    Cataluña 24.0  Nisia Aigaiou, Kriti 4.7  
  Veneto 25.5    Comunidad Valenciana 7.6  Belgique/Belgie 228.1  
  Friuli-Venezia Giulia 13.7    Baleares (Islas) 0.4  Vlaams Gewest 141.8  
  Emilia-Romagna 40.0    Andalucía 9.8  Region Wallonne 52.3  
  Toscana 32.1    Murcia 1.6  Bruxelles/Brussels 34.0  
  Umbria  4.6    Canarias (Islas) 2.9  Österreich 7.8  
  Marche 5.4    Ceuta y Melilla 0.0  Ostöesterreich 4.6  
  Lazio 102.7    Sverige 16.8  Südösterreich 1.3  
  Campania 28.9    Stockhom 5.5  Westösterreich 1.9  
  Abruzzo 9.3    Östra Mellansverige 3.6  Suomi/Finland 9.9  
  Molise 0.5    Smaland med öarna 0.3  Manner-Suomi 9.9  
  Puglia 11.8    Sydsverige 2.1  Aland 0.0  
  Basilicata 2.3    Västsverige 3.6  Danmark 52.0  
  Calabria 3.6    Norra Mellansverige 0.6  Ireland 33.8  
  Sicilia 18.7    Mellersta Norrland 0.3  Luxembourg 20.6  
  Sardegna 7.1     Övre Norrland 1.0   TOTAL 2,537.7  
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growth rate has been calculated between 1995 and 1998. We use the country inflation to 
deflate the series for the regions10. 

Figure 2 reports the estimates of the distributions11 for the different types of 
expenditure, both for the whole population of regions, and for two sub-samples of them. 
For instance, the first panel of Figure 2 reports the kernel density estimate of the total 
EU expenditure (full line), the distribution for the same variable for regions with a per 
capita income below the European average per capita GDP (dotted line), and finally the 
density relative to the regions with a per capita income above the average (dashed line). 
Similarly, the first panel of Figure 3 reports the kernel density estimate of the total EU 
expenditure (full line), the distribution for the same variable for regions with a growth 
rate below the European average (dotted line), and finally the density relative to regions 
with a growth rate above the European average (dashed line). 

The estimated distribution for the overall EU spending is unimodal (see the first 
panel in Figure 2). Moreover, the total EU budget has been mainly received by regions 
with a per capita GDP below the European average, reinforcing the idea that EU 
expenditure has redistributive functions. This first impression is confirmed by looking 
at the densities of the single components of the budget. EU intervenes extensively in the 
poorer part of the continent using the spending in Structural and Exterior actions. The 
same pattern, even if less pronounced, can be found by looking at the distribution for 
EAGGF-Guarantee. Interestingly, the only type of expenditure with a different pattern 
is the R&D spending. 

Although the R&D spending distribution is unimodal, rich regions received 
much more R&D subsidies than poor regions in 1995. Therefore, for the distribution of 
this variable, the EU follows different criteria than that for the other types of 
expenditure. This characteristic will have important consequences in the analysis of its 
effects on the per capita GDP and on the growth rate distributions of European regions. 

 

                                                 

10 The main data source is the “Statistics in Focus” from Eurostat for various years. 

11 In our estimates, we always use a Gaussian Kernel and the Sheater-Jones’ rule for the optimal 
bandwidth because they are among the most common and less controversial. See, Silverman (1986) for 
the choice of Kernel, and Sheater and Jones (1991) and Azzalini and Bowman (1997) for the bandwidth 
choice. 
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Figure 2. Density Estimates for different Components of the EU Budget and for sub-
samples “rich” and “poor” regions. 
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If we analyse the EU spending in 1995 with respect to the growth rates of the 
European regions for the period 1995-1998 (Figure 3, panel 1), it seems that the total 
budget only slightly stimulated growth. The mode representing the fast growth regions 
is, indeed, on the right with respect to the mode representing the slow growth regions. 
The analysis relative to the decomposition of the budget does not clarify which part of it 
had this effect. Therefore, it becomes of crucial importance to isolate the effects of each 
type of EU spending on the growth rate of regional economies, and this is the purpose 
of next section, focusing on the effects of the R&D spending. 

4. R&D Spending and Regional Economic Growth 

This section analyses the effect of the R&D level of spending provided by the 
EU to the European regions, both on the level of the regional per capita GDP and on 
regional growth rates. 

In order to analyse this relationship, we estimate conditional quantiles. This 
approach estimates the conditional median (instead of the conditional mean) of the 
dependent variable together with all the distribution quantiles of the investigated 
relationship, when the independent variables vary. 

In other words, it makes it possible to study the relationship between the GDP 
and the R&D expenditure for different GDP levels, and to study the evolution of this 
relationship when the R&D expenditure provided to the regions by the EU is allowed to 
vary. 

Moreover, a non-parametric conditional quantile regression approach is used, 
because it makes possible to avoid a priori assumptions about the specific functional 
form, while obtaining a graphical idea of the existing relationship between the variables 
under examination. This approach is preferred when the scope of the analysis is to 
search particular stylised facts, because its specific characteristics can be independent of 
any (and possibly partial) theoretical reasoning. 

Finally, we show how the results change when a semi-parametric conditional 
quantile regression approach is adopted to eliminate the effects of other variables (rather 
than R&D spending) that can affect the estimated relationship. 
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Figure 3. Density Estimates for different Components of the EU Budget and for sub-
samples “fast growth” and “slow growth” regions 
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4.1. Issues on Non-Parametric and Semi-Parametric Conditional Quantile 
Regressions 

In its parametric formulation, the regression relative to conditional quantiles was 
introduced by Koenker and Basset (1978). The underlying idea is to estimate, instead of 
the conditional mean, a set of quantiles of the distribution (for instance, the first, the 
median and the third), in the hypothesis that the mean relationship is not sufficient to 
detect whether the relationship exists and, more importantly, if it is the same for the 
whole distribution. In other words, we would have a regression line for every quantile 
of the relationship we are estimating. 

However, in this context, as well as in many others, the assumption that the 
relationship between the variables is linear may not be appropriate. Therefore, the issue 
of specifying the functional form of the model emerges; this is a particularly hard choice 
especially when the impact of the independent on the dependent variable is not clear, 
and there is not an underlying theoretical model providing equilibrium solutions. 

Furthermore, instead of testing for different functional forms, it is possible to use 
a non-parametric approach. It allows us to avoid a priori assumptions about the specific 
functional form and to obtain a graphical idea of the existing relationship between the 
variables under examination. 

Different non-parametric approaches have been used in the literature, such as the 
spline smoothing (Koenker et. al., 1992), and the kernel density estimation (Abberger, 
1997). In the following, we use the latter approach. 

Let YN be the (ln of) per capita GDP index and RD (ln of) the EU R&D 
expenditure assigned to the regions. The joined cumulative density function F(rd, yn) 
gives the proportion of the population where RD ≤ rd and YN ≤ yn hold simultaneously. 
The existence of the bivariate distribution f(rd,yn) is assumed. In this case, the 
cumulative density function of the per capita GDP level, conditioned to the R&D 
expenditure is given by: 

( ) ( ) ( )
( )∫∫ ∞−∞−

==
ynyn

dx
rdf

xrdfdxrdxfrdynF ,  [7] 

where 

( ) ( )∫
∞

∞−
= dynynrdfrdf ,  [8] 
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represents the marginal distribution of RD. 

The inverse function F-1(p|rd) of [7] gives the p-quantile (parametrically 
estimated) of YN conditioned to RD = rd. It should be noted that this is the same 
procedure by which the median of the distribution can be estimated (i.e. p = .5). By 
varying p (between 0 and 1, of course) an infinite number of quantiles of the 
investigated relationship can be easily obtained. 

The problem is, at this stage, that the functional form of f(rd,yn) is unknown and 
must be estimated. Instead of using a priori assumptions about its shape, we estimate it 
non-parametrically. Further, in this case, this choice is the only option since a specific 
parametric specification does not exist, see Trede (1998). 

Let n be the number of observations for which we have the per capita GDP level 
and the R&D expenditure. With, rdi and yni the measured variables relative to the ith 
individual of the population, with i = 1,…,N. 

The unknown densities in [7] are substituted by their non-parametric estimates. 
We start from an estimate for the non-parametric bivariate densities to obtain an 
expression of the cumulative density function in [7]. Define the bivariate density as 
follows: 

( ) ∑
=
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
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

 −
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h
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1,ˆ  [9] 
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where h1 and h2 are the bandwidths, and K(.) is the Kernel12; substitute, then, this 
expression into [9]. Setting the cumulative density function of the Kernel equal to: 

xxKzG
z

δ∫ ∞−
= )()(  

Substituting [9] into [7] and rearranging, we obtain: 

( )
∑

∑

=

=








 −








 −







 −

=
n

i

i

n

i

ii

h
rdrd

K

h
ynyn

G
h

rdrd
K

rdynF

1 1

1 21ˆ  [10] 

represents the cumulative density function of the kernel function for a given variable x. 

By inverting equation [10], we obtain the non-parametric quantile p that we are 
looking for, which depends on the R&D expenditure level of the EU towards the 
regions. 

It has to be stressed that the non-parametric conditional quantile gives the effect 
of the R&D spending on the per capita GDP level, together with the effect of all the 
other variables that can also affect both variables. With these estimates, we cannot 
isolate, in other words, the estimated effect of R&D spending. 

                                                 

12 More generally, a multivariate density with dimension d may be estimated by using the following 
estimator: 

∑
=

−=
n

i
iHH Xxk

n
xf

1
)(1)(ˆ  

where k(.) is a d-dimensional Kernel function. And H is a bandwidths matrix. Setting in such function 
d=2 gives the bivariate density function. “A convenient choice in practice is to take H=hS0.5, where S is 
the sample covariance matrix and h is a scalar bandwidth sequence, and to give k a product structure” 
(Härdle and Linton, 1994). In other words, with respect to the univariate case, in the multivariate setting 
the issue of choosing a relation among kernels arises, and it is usually solved by using a multiplicative 
structure: 

∏
=

=
d

j
juKuk

1

)()(  

where K(.) is the univariate Kernel function. In our estimates, the selection of the bandwidth and the 
Kernel function has been the same as before (see footnote 11). 
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If we are interested in a sort of “pure effect” of the European R&D expenditure, 
we should wash up the effect of all variables affecting both the GDP level and the R&D 
expenditure from the previous estimated relationships. In order to estimate this effect, 
we have to “hold constant” those variables. This is the purpose of the semi-parametric 
estimation approach. 

Essentially, this approach consists in estimating a partially linear regression 
model (Johnston and Di Nardo, 1997). Starting from the following model 

( ) iiii rdfXyn εβ ++=  [11] 

where one part of the model is linear and the rest of the model is non-linear. 
Rearranging it as follows 

( ) iiii rdfXyn εβ +=−  [12] 

a residualised yn is obtained, to be estimated non-parametrically against the rd level. 

In practice, the linear part of the model is used to wash up the potential effect of 
Xi on yni. Applying the non-parametric approach on the residualised yn for the quantiles 
involved in the previous estimates “corrects” the estimates themselves from possible 
omitted variables effects. 

Articles by Estes and Honoré (1995) and Yatchew (1997) suggest to first 
difference adjacent values of rd, in order to remove the non-parametric effect of the 
non-linear part of the model in the semi-parametric regression. According to these 
authors, it is possible to treat the parametric portion of the model as a fixed effect13. 
                                                 

13 In the following linear model: 

it it ity X β ε= +  

the error structure for disturbance term is: 

it i itε α η= +  

where it is assumed that ηit is uncorrelated with Xit. The first term in this expression (αi) is an individual 
effect. It varies across individuals or the cross section unit, but is constant across time; it may or may not 
be correlated with the explanatory variables. On the other hand, ηit varies unsystematically (i.e. 
independently) across time and individuals. “This formulation is the simplest way of capturing the notion 
that two observations from the same individual will be more “like” each other than observations from two 
different individuals” (Johnston and Di Nardo, 1997). Models where the individual effect αi is assumed 
to be correlated with the explanatory variable are called fixed effect models.  
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Following this procedure, in order to have a consistent estimate of the β’s, we sort the 
data by ascending value of rd. Ordered in this way, provided the first derivative of f is 
bounded by a constant, we then calculate the “first difference” adjacent values of the 
regressand and all the regressors in the sorted data base: 

1111 ))()(()( −−−− −+−+−=− iiiiiiii rdfrdfxxynyn εεβ   [13] 

Running the OLS regression on the first differenced variables: 

iXyn εβ ∆+∆=∆  [14] 

gives consistent estimates of the coefficient. 

According to Estes and Honoré (1995) and Yatchew (1997), if f(rd) is upward 
bounded, the adjacent f(rd)’s values become closer and closer to each other and, 
provided f is continuous, the first difference ∆f(rd) approaches zero as the number of 
observations increases. Under these conditions, the estimates of β are consistent. 

Once estimates of these coefficients are obtained, we compute the residuals as 
follows: 

( ) iiii rdfXynu εβ +=−= ˆˆ   [15] 

to run our quantile estimator ([7]-[10]). The same methodology applies to the estimates 
relative to the effect of the EU R&D spending on the average growth rates of European 
regions. 

4.2. Non-Parametric Conditional Quantile Regressions 

The results shown in Figure 4 indicate the effect of the European R&D spending 
on the regional per capita GDP. In this figure, as well as in all the others in this section, 
we report seven quantiles of the conditional distribution: the estimates relative to the 
first 10%, 15%, 25%, 50%, 75%, 85% and 90% of the distribution respectively. 

Our variable of interest shows, after a locally negative effect for low levels of 
R&D spending (not very pronounced for the first two quantiles), a positive effect on the 
regional per capita GDP. This effect is present, even with different strength, on all the 
quantiles of interest. We can conclude, therefore, that if the R&D spending reaches a 
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certain level for all the European regions, it will have a positive effect on their levels of 
per capita GDP (the wealth of the area will increase). 

Regions starting with higher per capita GDP will experience an increase in per 
capita level of income. Poorer regions will have a stronger effect and then, once the 
median position of the distribution is reached, the R&D expenditure will decrease its 
effect at the level found for the richer regions. 

Figure 4. GDP Level and R&D expenditure. Non-Parametric Conditional Quantiles 

 

 

 

 

 

 

 

 

 

 

Combining these results together, and looking at the distance between the first 
and the last quantile, the non-parametric conditional quantile regression seems to 
indicate that the distance among the quantiles of the conditional (to R&D spending) 
distribution of the per capita GDP of the European regions will decrease, i.e. the R&D 
expenditure seems to induce convergence in per capita GDP levels. It seems, moreover, 
that regions set in the same part of the distribution tend to cluster. 

Figure 5 presents the results regarding the effect of the R&D European spending 
on the regional growth rates; they indicate that the median effect of our variable on the 
per capita GDP distribution is small and negative. Moreover, the fast growing regions 
grow at higher rates as R&D increases; however, this is not true for the observation set 
in the low quantiles of the growth rates distribution. The analysis for the estimated 
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quantiles indicates that R&D spending has a slight positive effect, which is only for 
high levels of the R&D spending. In general, as the variance of the distribution increase, 
this means that the growth rates tend to diverge. 

Figure 5. Growth rates and R&D expenditure. Non-Parametric Conditional Quantiles. 

 

 

 

 

 

 

 

 

 

 

 

4.3. R&D Spending and Regional Economic Growth. A Lock-in Effect? 

Despite the previous discussion, the non-parametric conditional regression 
approach analysed so far does account for the effect of other variables that can also 
affect the level of the regional GDP and the growth rate of the regional economies. In 
particular, we should wash up from the previous estimates, the effect of the other 
component of the EU budget both on the GDP level and the growth rates. Therefore, to 
obtain a sort of “pure” effect of the European spending in R&D on the regional level of 
per capita GDP and on the growth rate of the European regions, we “control” the 
previous estimates for variables expected to affect the observed relationship. 

The estimations presented in this paragraph control the previous quantile 
regressions for variables that can affect both the per capita GDP levels and the growth 
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rates. Model [16] is used for the GDP level (following, of course the differentiating 
procedure shown in part 4.1): 
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and for the growth rates 
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In model [16], the set of variables chosen to control the estimates are: 

� Three variables (Xti) indicative of the wealth of an area: the unemployment 
level, population and density of population. 

� Four variables (BCji) representing the other EU budget components: the per 
capita EU expenditure in Structural Actions, EAGGF-Guarantee, Internal 
Actions and External Actions. 

In model [17], the level of the regional per capita GDP itself is used as a 
conditioning variable. All variables are taken in logs14. 

Results of the estimates are presented in Figures 6 and 7. Furthermore, these 
figures present the comparison between the non-parametric and the semi-parametric 
conditional quantile regressions. As can be immediately observed, they show a different 
picture with respect to the first set of estimates. The overall effect of the R&D spending 
is bigger in the semi-parametric conditional quantile regression than in the non-
parametric conditional quantile regression. Quantiles are closer together, and they are 
all upward sloping. 

Although for regions starting from low levels of per capita GDP estimates are 
still locally negative, the effect on this part of the relation is reduced; more generally, 
this variable has a positive impact on per capita GDP level. The effect on the median is 

                                                 
14 We have to highlight the difficulty of finding data at a European regional level for important variables 
such as private capital stock or public capital stock, variables that could be introduced in the regression if 
found. However, the variables available, and hence finally chosen, seem to be a good approximation of 
the determinants of the per capita GDP and the growth rates of the regional economies. 
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linear and positive. The turning point completely disappears for the observation set on 
the high quantile of the estimated relation. 

However, if all regions would receive the same level of R&D spending than the 
regions that received more, then the effect of this variable would be a positive effect on 
the per capita income. Looking at the semi-parametric estimate, the quantiles are 
decisively closer to each other with respect to the previous estimate. This is essentially 
because, even if all quantiles are upward sloping, the estimates show that for high level 
of R&D spending, this variable has a bigger impact on the lower quantiles. 

Figure 6 also shows that European regions would concentrate in two clusters in 
the conditional distribution of per capita GDP. For high levels of R&D spending the 
distribution becomes polarised at two levels: above and below the median of the 
distribution. In other words, rich regions (receiving high quantities of R&D spending) 
would experience increases on the per capita level of income that tend to cluster them; a 
very similar effect holds for regions starting with low initial levels of per capita income. 
Therefore, this variable induces global convergence but polarisation of per capita GDP. 

This process can be interpreted as a lock-in effect of the R&D spending: richer 
regions, possibly due to their economic structure, can use this type of EU spending in a 
more productive way than poorer regions. 

Figure 6. GDP Level and R&D expenditure. Semi-Parametric Conditional Quantiles 
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This confirms the idea that the R&D spending is more productive in those 
regions with a better economic structure. These results are confirmed with the analysis 
of he effect of the R&D spending on the growth rate of the European regions (Figure 7). 

The effect of the R&D spending on the growth rate is small but after 
conditioning the quantiles, the relation is positive for almost all the quantiles. All of 
them have a higher slope than in the non-parametric estimates; this effect is very clear at 
the median position of the growth rates distribution. 

This variable shows stronger effects on the growth rates of regions located in 
higher quantiles than the ones set in the lower quantiles. Regions with higher growth 
rates will experience a strong increase in the growths rates; regions with low growth 
rates will experience a smaller increase in their growth rates. 

The conditional distribution of the growth rates tends to converge to two levels 
of growth rates as long as R&D spending increases. This means that R&D spending 
makes both the regional GDP and growth rates cluster. These results confirm what has 
already been found on the analysis for per capita income levels: that there is a lock-in 
effect for this component of the EU budget. 

Figure 7. Growth rates and R&D expenditure. Semi-Parametric Conditional Quantiles. 
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5. Conclusions 

Now, we summarize the main conclusion that can be drawn from the imputation 
done at a regional level of the EU budget, and from the effects of the R&D spending on 
per capita GDP level and growth rates of the European regions. 

The analysis of the EU budget shows that it has been mainly received by regions 
with a per capita GDP below the European average, reinforcing the idea that the EU 
expenditure has redistributive functions. This pattern is clear for expenditure such as 
Structural Actions, EAGGF-Guarantee, Interior and Exterior Actions. We found that the 
only type of expenditure with a different pattern is the R&D spending. Moreover, a first 
look to the relation between the distribution of the European funds in 1995 and the 
average growth rate for the 1995-1998 period shows a less clear picture. Regions that 
grew faster received a similar amount of total EU spending than regions that had lower 
growth rates in the period considered. This allowed us to analyse the effect of the R&D 
spending on per capita GDP level and growth rates of European regions. 

Using non-parametric and semi-parametric conditional quantile regressions, we 
found a “lock-in effect” of EU spending on R&D at a regional level. The R&D 
spending has a stronger positive effect on regions with higher growth rates with respect 
to regions with lower growth rates. Moreover, we find European regions concentrate in 
two clusters in the conditional distribution of growth rates. For high levels of R&D 
spending, the distribution becomes polarised at two levels: above and below the median 
of the distribution, this is what we have called the “lock-in effect”. 

Furthermore, the “pure” effect of R&D expenditure on regional per capita GDP 
levels seems to be positive. However, the conditioned per capita income distribution 
shows global convergence (less variance) but polarisation of per capita income. 
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