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Abstract During the last decade a large amount of empirical works have shown that spatial 

effects, in the form of relative or absolute location, matter for regional growth and 

convergence in Europe. Spatial econometric models have substantially improved the standard 

growth regression approach. A drawback of those models, however, is the assumption that, 

apart from some remarkable exceptions, physical distance is the only determinant of the 

spatial weight matrix, which incorporates the topology of the system and which is necessary 

to implement the spatial econometrics techniques. In the present paper we try to go beyond 

such limitation, by adopting a matrix with a weighting structure that also incorporates 

institutional distances. Within this framework, the expected impact on the growth rate of a 

region, stemming from the neighbouring ones, is likely higher (lower) if the specific regions 

share a similar (different) institutional framework. Results suggest that the variables 

considered have the expected signs and the inclusion of both institutional quality controls and 

heterogeneous country-specific weights provides a higher convergence rate than the standard 

Mankiw, Romer and Weil specification. 
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1. Introduction 

 

The quantitative assessment of regional growth and convergence across Europe is an 

important issue, especially after the recent enlargements that increased the EU from 15 to 27 

member states. Particular concerns are expressed about the economic and institutional 

disparities between the new adhesion countries and the former EU-15 states, rising some 

important questions. Will the poor regions grow faster, and eventually catch up with the rich 

ones? What is the impact on regional growth of sharing sound and similar institutions? Do 

spatial externalities influence local development? 

Regional convergence actually requires the mobility of products and factors across space, 

in response to differentials in the revenue of factors. On one hand, institutions affect this 

process at least in two ways. First of all, they impact on the transaction costs of the economy 

(North, 1990). Bad institutional quality, as well as a “risky” environments, reduces the 

convenience to invest. Secondly, in presence of legal and bureaucratic heterogeneities, the 

multinational firms might prefer to invest in homogeneous countries, in order to reduce the 

administrative burdens due to cross-border operations. Operating under different legislative 

settings, in fact, prevents the action of scale economies (Kox et al., 2004). The relevance of 

institutions, in the form of property rights’ protection or market regulation, in explaining 

cross-country differences in income levels have been outlined by a consolidate body of 

research (see Hall and Jones, 1999, Acemoglu et al., 2001, Rodrick et al., 2004, and, for a 

more sceptical view, Glaeser et al., 2004). Recently, similar conclusions have been recently 

reached by a work of Tabellini (2007) on the European regions. 

On the other hand, during the last decade, a lot of empirical works have shown that space 

matters for regional growth in Europe (Quah, 1996, López-Bazo et al., 1999, Le Gallo and 

Ertur, 2003, Arbia, 2006, Battisti and Di Vaio, 2008). Due to spatial spillovers, the 

distribution of regional incomes across Europe tends to be influenced by their physical 

location. The form in which space influences the economic activity is twofold: i) spatial 

dependence, usually defined in the weaker form of spatial autocorrelation, that is the tendency 

of economic variable to be functionally related across space; and ii) spatial heterogeneity, in 

the form of spatial regimes, that is the occurrence of changing functional relationship among 

the variables across space (Anselin, 1988). The two concepts have been also discussed in 

terms of relative and absolute location (see Abreu et al., 2005). The first concept refers to the 

effect for regions of being located closer or further away from other specific regions. 

Actually, theoretical arguments suggest that human capital spillovers and technology 
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diffusion influence the geographical interaction of regional economic structures. The second 

concept, in contrast, relates to the diverse impact on regions of being located in a particular 

point in space, i.e. in a particular country, independently from their relative neighbouring 

regions. Institutions, policies and culture, for instance, may be varying across countries and 

impacting, at the same time, on regional growth. 

Omitting these two relevant aspects from empirical models of regional convergence, that 

resort to spatially organized observations, is doomed to produces several misspecification 

problems, as we will describe in the next section. In the field of spatial econometrics, 

researchers have usually dealt with spatial dependence by imposing on the model a predefined 

spatial weight matrix, that incorporates the topology of the economic system. The criterion on 

which such a matrix is constructed is based on geographical measures, since geography is 

unambiguously considered exogenous to the model. The most common matrices adopted in 

empirical works on European regional convergence rely on physical distance functions 

(Badinger et al. 2004), or on a choice of k-neighbouring regions (Ertur and Koch, 2006). Both 

typologies of matrices assume a distance threshold after which the spatial effects can be 

considered negligible1. 

The problem of spatial heterogeneity, on the contrary, has been treated both in the spatial 

and in the non-spatial literature. In the spatial literature, the presence of spatial regimes has 

been detected by means of exploratory spatial data analysis (ESDA) methods, based on 

measures of spatial association indicators like the local Moran’s I statistic. The spatial 

instability of the parameters has also been tested with specific econometric specifications 

(Ertur et al., 2006, Le Gallo and Dall’erba, 2006). In the non-spatial literature, spatial 

heterogeneity has been usually controlled for by inserting dummy variables in the model, in 

order to catch up the spatial heterogeneity due to country-specific effects (Armstrong, 1995, 

Neven and Gouyette, 1995). 

So far, institutional and spatial topics have been analyzed separately in the empirical 

literature on growth and convergence, so that, to our best knowledge, the interaction among 

space and institutions is not explicitly treated in regional studies. Geographical distance 

matrices, for instance, do not capture the effects due to the institutional “distance” among 

regions. In this work we try to deal with these two aspects jointly. The work we propose here 

seeks to merge these two approaches. The remainder of the paper is organized as follows. In 

                                                 
1
 Contiguity matrices are usually not employed for Europe, since they would leave the islands unconnected from 

the continental regions. 
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the second section we introduce the empirical model, paying special attention to the 

specification of the weight matrix. The third section describes the data and presents some 

descriptive statistics. The fourth section reports the main findings of the paper. Finally, the 

fifth section contains some concluding remarks. 

 

 

2. The empirical model 

 

The empirical specification of our model is very simple and tries to capture the effects of 

both absolute and relative location. The first effect is modelled inserting state controls among 

the control variables, in order to isolate the impact on regional growth deriving from country-

specific institutions. The second one, instead, is captured by a spatial term that accounts for 

the region-specific effects due to spatial spillovers. Furthermore, the interplay of the two 

forces is treated jointly, weighting the institutional and physical distances in a matrix able to 

discern the causal effects stemming from the neighbouring regions that share the same 

institutional context. 

We begin with a standard growth regression (see Durlauf et al., 2005), that in matrix 

notation can be expressed as 

 

εZycg +++= − ϕβ )log( Tt , (1) 

 

where [ ])log()log()/1( TttT −−= yyg  is a Nx1 vector of average growth rates of regional per 

worker output in real terms between time t an t-T, T is a scalar denoting the time length, c  is 

the Nx1 unit vector, )log( Tt−y  is a Nx1 vector of logs of regional per worker output at the 

beginning of the period, Z  is a NxK matrix of explanatory variables, β  is the so-called 

convergence coefficient, ϕ  is a Kx1 vector of parameters, and )N(0,~ 2Iε σ  is a Nx1 vector 

of error terms with usual properties. 

In the growth literature, the parameter β  is of particular interest, since it approximates the 

speed at which the economies approach the steady state. It is expected to be negative, 

meaning this way that poor regions grow faster than rich ones. If the set of control variables 

Z  is not included in the growth regression, equation (1) can be used to test the unconditional 

or absolute β-convergence hypothesis, which happens if all the regions in the sample 
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converge towards the same long-run output levels. In such a case, the steady state 

determinants do not vary across the sample and their effect is captured by the constant term in 

the regression. However, if the steady states conditions change among regions, their 

determinants should be controlled for, within the set of regressors, in order to avoid potential 

bias in the convergence coefficient. In this latter case, equation (1) tests for conditional β-

convergence, so that the regions exhibiting convergence conditionally to their specific long-

run output levels (see Barro and Sala-i-Martin, 2004). 

To hold the steady state determinants fixed, we follow Mankiw et al. (1992, henceforth 

MRW), in specifying the conditional β-convergence regression as inclusive of physical )(sk  

and human capital )(sh  investment rates, and a term )( δγn ++  that accounts for population 

growth )(n , technological progress )(γ , depreciation )(δ . All of those variables are 

considered direct extensions of the Solow growth model and they are usually found to be 

robustly related to economic growth (see Doppelhofer et al., 2004). The absolute location 

effect, i.e. the effect of being located in a particular point in space due to country-wide 

institutions, is then captured adding to the explanatory variables a state-specific institutional 

quality index )(q . So the full matrix of K explanatory variables is given by  

[ ]qδgnshskZ   )(    ++= , where the elements between parentheses are Nx1 vectors. 

The relative location effect, instead, is related to the concept of spatial dependence or, in its 

weaker definition, spatial autocorrelation. In the spatial econometric literature this effect is 

usually modelled in two ways. The first one consists in including a spatially-lagged dependent 

variable in the right-hand side of equation (1), by means of a spatial lag – spatial 

autoregressive model (SAR). The second one is based on a spatial error model (SEM), which 

decomposes the disturbance term into an a-spatial and a spatial component (see Anselin, 

2001, and Arbia, 2006). In the case of a SAR, if a spatially-lagged dependent variable is 

present in the population model, but it is not considered in the regression model, equation (1) 

is misspecified because it suffers from an omitted variables problem. Consequently, ordinary 

least squares (OLS) estimates are biased and inconsistent. On the contrary, if the spatial 

effects influence the disturbance terms, as for the case of a SEM, OLS estimates are unbiased 

but not efficient, due to the presence of a non-spherical variance-covariance matrix (Anselin 

and Bera, 1998). Therefore, in both cases the standard growth regression should be extended 

to explicitly incorporate spatial components, and it is usually estimated with maximum 

likelihood (ML) based techniques. 
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It is worth to note that the SAR specification considers the spatial externalities as a 

substantive phenomenon, since the spatial effects propagate to the “neighbourhood” by means 

of the endogenous variable. The SEM, on the contrary, treats the spatial externalities in terms 

of nuisance effects, because the transmission mechanism is due to diffusion of shocks through 

the error component (Fingleton and Lòpez Bazo, 2007). The choice between the two models 

is conducted following a “specific to general” strategy, based on the spatial Lagrange 

multiplier (LM) tests, or a “general to specific” approach, built on the spatial common factor 

test (Florax et al., 2003). We focus here on this latter approach. 

Let’s start with the SEM specification, assuming a spatial autoregressive structure for the 

error term 

 

ζWεε += λ ,  

 

where W  is the NxN spatial weight matrix defined later that incorporates the spatial 

connection of the system, λ  is the spatial autoregressive parameter, ε  is a the vector of 

spatially correlated errors, and )N(0,~ 2Iζ σ  is an a-spatial disturbance term with regular 

properties. If the inverse 1)( −− WI λ  exists2, equation (1) can be rewritten in reduced form as 

 

ζWIZycg 1)()log( −
− −+++= λϕβ Tt . (2) 

 

where the so-called spatial “Leontief inverse” 1)( −− WI λ  can be expanded as a sum of terms 

of infinite order ...)( 22 +++ WWI λλ . Equation (2) shows how the influence of the relative 

location, after the spatial transformation,  works substantially through the error structure by 

means of a mix of directs )(I , indirects )( Wλ , and induced ...)( 22 +Wλ  effects (see Anselin, 

2003, and Abreu et al., 2005). This structure implies that region-specific shocks propagates to 

the other regions of the sample, so that spatial spillovers are global in nature because all the 

locations in the system are linked to each other (Le Gallo et al., 2005). 

Equation (2), in turn, can be expressed as a spatial Durbin model (SDM) 

 

                                                 

2
  For a row-standardized spatial weight matrix, this condition is satisfied if  1pλ  (see Anselin, 2003). 
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ζWZyWWgZyag ++++++= −− ϑλϕβ )log()log( TtTt ψ , (3) 

 

where a  is a vector of constants, λβψ −=  and ϕλϑ −=  can be seen as restrictions on the 

model’s parameters, and the other terms have the same interpretation as before. If the 

restrictions hold, the model boils down to equation (2), implying this way nuisance spatial 

dependence in the data. On the contrary, if the restrictions do not hold, equation (3) implies 

substantive spatial dependence that works through the both spatially lagged endogenous and 

exogenous variables. 

The restrictions can be tested estimating equation (3) as the unrestricted version of 

equation (2), and then carrying out a likelihood ratio test on the common factors (LRCom), 

equal to 

 

)(~)(2LRCom 2 kLL rur χ−−= ,  

 

where urL  and rL  are the values of the log-likelihood functions of the unrestricted and the 

restricted model, respectively, and k is the number of the implied restrictions (Mur and 

Angulo, 2006). If LR is statistically significant, the null hypothesis of common factors is 

rejected so that the correct specification of the model should be based upon equation (3), 

where λβψ −≠  and ϕλϑ −≠ , implying in this case that spatial spillovers are solely local. 

The exogenous weight matrix W is specified as a row-standardized, distance-based, 

matrix, whose elements are 
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where ijd  is a measure of the distance between regions i and j, and d  is a critical distance 

cut-off, given by a threshold distance over which we assume that spatial effects can be 

considered negligible.  

The choice of the weights constitutes an important issue, since they represent the a priori 

knowledge of the strength of the spatial linkages connecting the regions in the system 

(Stetzer, 1982). Notwithstanding no universally accepted rules exist in the literature. Anselin 
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(2002), for instance, distinguishes between pure “geographical” or “social or economic” 

distance matrices, and other intermediate solutions, as for example matrices that consider 

neighbours two regions sharing common institutions, i.e. that belong to the same country.  

Akerlof (1997), describing a gravity function of social distance, defines part of the distance 

(i.e. geography) as inherited, and part as acquired (i.e. regulation)3. 

We nest the geographical and institutional distances in an additive manner, as in Case 

(1991, 1992) and Case et al. (1993). The elements of the weight matrix are given by 

 

[ ] 22 )1(/1
−

−+== inst

ij

geo

ijijij dddw αα ,  

 

where geo

ijd  is the Euclidean distance between the centroids of the regions, inst

ijd  is the 

institutional distance, whose metric is defined in the next section, and )1,0(∈α  is an imposed 

parameter that measures the weighting proportions of the two distances. 

In the case of 1=α , W is reduced to a pure geographical weight matrix, while in the case 

of 0=α , W consists in a full institutional weight matrix. For the values of α  that fall in the 

middle, W implies that the “true” distance among the regions is a weighted sum of the two 

distances, the elements of the matrix being generated by a “geo-institutional” gravity function. 

For each value of α , we set d  as a minimum distance threshold able to guarantee that the 

most remote location in the sample has at least one neighbour4. Then, the preferred value of 

α is chosen according to the maximization of the model’s log-likelihood5. 

Actually, the specification of W adopted models the interplay of the relative and absolute 

location effect, since geo

ijd  captures the first effect, while inst

ijd  accounts also for the second 

one. In fact, the vector containing inst

ijd  has a state-block dimension, because inst

im

inst

ij dd =  if 

regions i, j, and m belong to the same country. Basically, holding the geographical distance 

fixed, the greater the institutional distance, the lower will be the impact on regional growth, 

and vice versa. 

                                                 
3  On the definitions of space some scepticism has been shed by Durlauf et al. (2005), due to the difficulty of 

identifying a general socio-economic-political space defined by a range of factors. Being aware of this caveat, 

our attempt here is to overcome the simple Euclidean space. 

4
 In this case the changes involve not only the relative weights of the neighbouring regions, but also the structure 

of the “neighbourhoods”. 

5
 We test all the values of α  comprised between 0 and 1, with increments of 0.01. 
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3. Data presentation and descriptive statistics 

 

The empirical exercise is conducted on a sample of 232 NUTS-2 regions from the EU-256, 

employing a large set of data. The dependent variables is given by the average annual growth 

rate of per employee GDP 1991-2004, expressed at 2000 prices, taken from the Cambridge 

Econometrics Database. The exogenous variables employed in the MRW specification are the 

level of per employee output in 1991 (2000 prices), the average investment rates over the 

period 1991-2004, and a term that account for population growth, technological progress and 

depreciation, also taken from the same source7. The proxy for human capital consists in the 

tertiary school enrolment in 1998, which is taken from the ISCED/Eurostat dataset8. 

In the extended specification we employ, on the whole, four institutional variables. Two of 

them are institutional quality indices and are added, in turn, to the set of the regressors in 

order to account for the absolute location effect due to country-specific institutions. The other 

two variables are employed, also in turn, in the weighting scheme of the distance matrix, and 

consist in institutional heterogeneity indices that capture the relative location effect due to 

institutional distance. Basically, the first two variables represent “differences” between 

institutional environments, while the other two account for “quality” of institutions, since they 

are scaled as institutional rankings. 

In the first group we use the World Bank Worldwide Governance Indicators (WGI) for the 

year 1996, elaborated by Kaufmann and Kraay (2004) and Kaufmann et al. (2006) in a series 

of works.  These are survey data aggregated into six indicators, ranging from -2.5 to 2.5, 

based on Voice and Accountability, Political Stability, Government Effectiveness, Regulatory 

Quality, Rule of Law and Control of Corruption. Some criticism has been expressed about the 

quality and the nature of the data (Knack, 2006), since they are influenced by the level of 

development. In fact, they might represent outcome indicators, more than “deep institutions” 

(Glaeser et al., 2004). The consensus about this indicators, however, remains high (for a reply 

to the critics, see Kaufmann et al., 2007). We also employ the International Country Risk 

                                                 
6
 Some observations from the New Member States are missing due to lack of data. The list of regions is available 

upon request. 

7
 We assume, as usual in the empirical growth literature, that technological progress and depreciation are 

constant and equal to 0.02 and 0.05, respectively.  

8
 Due to the extreme scarcity of data, we assume that interregional variations in human capital do not vary over 

the period considered. 



 10 

Grade (ICRG) developed by Knack and Keefer (1995, 1997). It is an index9 of the soundness 

of institutions and it is constructed with factors related to the environment for investors in a 

given country. We use a simple sum of five indicators out of six: quality of bureaucracy, 

corruption in government, rule of law, expropriation risk, and repudiation of contracts by 

government. 

In the second group of indicators we have the Product Market Regulation (PMR), 

constructed as an index of regulation obtained through a principal components analysis of 

product market answers to questionnaires (OECD, 2005). It is composed by three sub-indices, 

that are state controls, barriers to entrepreneurship, and barriers to trade and investment (see, 

for details, Nicoletti et al., 2000, and Conway et al., 2005). We also utilize linguistic 

distances10 (Disdier and Mayer, 2008), obtained by ethnological differences by families of 

languages11, since greater linguistic distances are thought to be an higher obstacle to trade 

among countries (regions). 

Actually, these latter variables are often utilized in empirical models that explain bilateral 

trade, so we use them as proxies for heterogeneity in the weighting structure of the spatial 

matrix. More specifically, PMR is elaborated by Kox et al. (2004), computing the pairwise 

state differences from the original OECD data, as an heterogeneity index. The linguistic 

index, instead, is built on proximity. We calculate a new index defined as one minus PMR, so 

that both measures are comprised among 0 and 1. Then we use the inverse of these measures, 

which, added to the inverse of the physical distance, defines the spatial weight matrix. 

WGI and ICRG have proved to be highly significant in several cross-country regressions 

where the dependent variable is the income level (Hall and Jones, 1999, Acemoglu et al., 

2001, Rodrik et al., 2004)12. Other proxies for institutions are adopted in the literature as, for 

example, ethic indices (Kaufmann, 2004). They consist in quality institution indices 

accounting for the percentage of firms operating in a country having satisfactory ratings about 

the protection of minority shareholders, the quality of training, the willingness to delegate 

authority, nepotism and corporate governance. The short time dimension of this data, 

however, often induces a reversion causality problem, due to the fact that the institutional 

                                                 
9
 The time coverage ranges from 1982 to 1997. 

10
 We wish to thank Anne-Célia Disdier and Thierry Mayer that kindly supply us their data. 

11
 The index is constructed as the inverse of the similitude. For the Hungarian regions the values take on 0, 

because its linguistic root is different from the Indo-European languages. Since the inverse of 0 is not defined, 

we fix the minimum similitude to 0.001, equals to one half of the lowest value of the other interactions. 

12
 We tried to utilize them in the estimates, but the results were very close to those obtained using the WGI. 



 11 

quality could depend on the income level of a country (the so-called Lipset hypothesis). In 

such a case, an instrumental variables approach should be followed, to avoid simultaneity 

problems13. 

To avoid those drawbacks we use, when available, the institutional score at the beginning 

of the period. Among the four institutional variables, only for the ICRG we have data 

available for 1991, so that institutions are pre-conditions for growth14. Unfortunately, the first 

temporal observation for WGI is for 1996, while for the PMR we use the 1998 survey. 

Finally, linguistic distances do not have a temporal dimension by construction. Potential 

simultaneity problems, however, are mitigated by the fact that institutions do not change very 

frequently over time. For example, the mean percentage change in the ICRG indicators, 

between 1984 and 1990, is less than 10% and the correlation between the two values is 94%, 

so that the ranking seems to be stable. As we already stated, the aggregation of data is at 

country level, in order to capture the absolute location effect given by the spatial 

heterogeneity. The choice is also obliged because data at regional level are missing, 

  Before to proceed to the econometric estimation, we describe some of the features of the 

institutional variables employed. Figures 1 and 2 show the spatial distribution of WGI, and 

PMR at the beginning and at the end of the period, while Figure 3 displays the changes in the 

institutional quality based on ICRG. Linguistic distances do not exist in absolute values and 

can only be observed in terms of differences. We remark that while WGI and ICRG are 

institutional quality indexes, PMR describes only the role of the State in the economy, leaving 

out normative implications about if less intervention has to be considered as an indicator of 

higher or lower quality of institutions. 

The ranking of countries based upon the WGI index (Fig. 1) shows how the former EU-15 

states own better institutions, except for Italy and some of the Cohesion countries. The time 

perspective (Fig. 3) highlights the changes in institutional quality measured by the ICRG 

indicators15. The countries in the right part of the axis have better institutions and the countries 

                                                 
13
 Two other general sources of bias are due to measurement errors, because the variables are only proxies for 

institutions (they would have a downward bias with respect to the OLS coefficient), and to potential omitted 

determinants of income naturally correlated with institutions (they would have an upward bias on OLS 

coefficient). The latter problem is plausibly linked to the level of income, and not necessarily to the growth rate, 

while in the presence of the former one, the real impact of institutions will be underestimated (see Acemoglu et 

al., 2001). 

14
 We also used the ICRG index for 1995, but the results were very close.  

15
 Simple correlations for 1996 range from 0.8 to 0.9. 
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under the tendency line experienced an improvement during the period 1984-1997. The 

general trend is positive. The right upper corner is occupied by the Nordic and Central 

European states, while the New Members states and the Southern countries had a strong 

improvement. 

Looking at the PMR (Fig. 2), the more regulated countries are located in Eastern and 

Southern Europe, but the ranking is not exactly the same as the preceding two, because some 

Central European countries, namely Germany and France, are closer to the New Member 

states and the Cohesion countries. It is worth noticing that, in the period 1998-2003, there is a 

general tendency of reducing the State control in all the national economies. Globally, the 

data depict a map of European countries as made of at least three groups: the Southern (or 

Latin), the Eastern, and the Northern countries (with these latter divided into Central and 

Nordic), pointing out a high degree of heterogeneity across states. The relationship between 

geographical and institutional proximity seems to be strong in some cases, as for the Nordic 

countries, but weak in other cases. Some German regions, for instance, are physically closer 

to the Italian than the Polish ones, but they are less similar in terms of regulation. So 

Euclidean distances could not appropriately describe the spatial interconnections among the 

regions.  

 

 

4. Discussion of the estimation results  

 

As a first step we wish to assess the relevance of absolute location, in the form of country-

specific institutions, checking for potential misspecification due to the omission of spatial 

effects. We start with the standard growth regression expressed by equation (1) estimated with 

OLS (Table 1). We test the usual absolute β-convergence model without control variables 

(column 1). Subsequently, we test the MRW specification inserting the proxies for the human 

capital, investment rates, employment growth, technological progress and depreciation, in 

order to estimate the conditional β-convergence regression (column 2). Finally we add the 

institutional controls (columns 3 and 4) and we check for spatial correlation in the regression 

residuals (bottom part of the table). 

The main conclusions that can be drawn are the following. First of all, the insertion of the 

WGI or ICRG index, in the MRW specification, helps to explain more variance in the data, 

since the adjusted R
2
 equals 0.67 in the columns 3 and 4, and both of the variables are positive 

and statistically significant. So absolute location seems to matter for regional growth. In the 
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absolute β-convergence regression the convergence rates are very close to 2%, a value much 

higher with respect to those usually obtained with per capita income (see Battisti and Di Vaio, 

2008)16. This is an interesting issue, pointing out that the dispersion in participation rates may 

explain the different patterns of regional convergence. In the conditional β-convergence 

regression, the variables of the MRW specification have all the expected signs, physical and 

human capital investments being positive while the “depreciation” term being negative, and 

they are all significant. 

Looking at the β coefficient, however, it unusually tends to be lower with respect to the 

absolute β-convergence specification. A plausible explanation might be that, in this latter 

case, it could be downward biased by the omission of determinant variables17. The 

convergence rate, however, grows substantially after inserting the institutional quality indices, 

suggesting that institutions play a fundamental role as determinant of either the growth or the 

convergence process. Furthermore, considering the Akaike Information Criterion (AIC), the 

models conditioning on the institutional controls fit better the data. Looking at the spatial 

diagnostics, the Moran’s I18 coefficient computed on the regression residuals is always 

significant, indicating that the observations are spatially auto-correlated and that the spatial 

effects due to relative location should be explicitly considered in the growth regression. 

We now turn to consider the questions related to which kind of weight matrix and which 

spatial model should be preferred for the growth regression. First of all we estimate with ML-

based techniques both the SEM and the SDM, expressed by equations (2) and (3) 

respectively, testing the impact of the different specifications for the weight matrix described 

in section 2. The benchmark case is given by the pure geographical weight matrix, where 

α=1, against which we test the extreme case of a full institutional weight matrix, where α=0, 

and several geo-institutional weight matrix specification, with values of α ranging between 0 

and 1. We look at the increment in the log-likelihood obtained according to changes in the 

size of the parameter α. Figure 4 shows the values for the regression with all the control 

variables19. It can be seen how the geo-institutional specifications furnish the better results, 

reaching a maximum when the weight of the institutional distance over the geographical one 

                                                 
16
 We recall that per worker output, i.e. productivity of labour, is utilized in the present work.  

17
 For the case of the European regions, for instance, the investment rates are negatively related with the level of 

income.  

18
 On this statistical measure see Arbia (2006). The weight matrix adopted to calculate the statistic is a pure 

geographical distance based matrix, with a minimum distance cut-off.   

19
 The same pattern is obtained from the other regression’s specification. 
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is very high. The preferred specification is given by a value of α equal to about 0.1, so that the 

proportions of institutions and geography in defining the neighbouring space correspond to 

90% and 10% respectively20. We then conduct LR-based tests to verify if the difference 

between the benchmark and the alternative specification is statistically significant. 

Once the weight matrix has been chosen, we proceed to estimate both the spatial models. 

Table 2 shows the results for the SEM. We start, as before, with the absolute β-convergence 

model, then we augment the specification including the MRW variables and, finally, the 

institutional controls. The LR tests in the bottom part of the table confirm that the 

specifications with the “geo-institutional” weight matrix are statistically different from the 

benchmark models with the pure geographical weight matrix21. The log-likelihood indicates 

that the best fitting is given by full specification with α=0.1 (column 3), even though the 

difference with the MRW specification with α=0.07 (column 2) is quite small. The inclusion 

of institutional distance in the weight matrix might reduce the differences between the MRW 

and the full regression with institutional control. 

The spatial terms have globally a relevant impact and they are highly significant, meaning 

that relative location matters for regional growth. Comparing the benchmark case with the 

“geo-institutional” specifications, it is worth to note how, moving from the simple Euclidean 

metrics, the spatial coefficients grow sensibly as well as, in general, the convergence rates. 

The inclusion of the MRW variables (column 2) reduce the convergence coefficient of about 

one third with respect to the absolute β-convergence spatial model (column 1). but with a 

different definition of the matrix we obtain again a convergence rate close to 2%, and also the 

impact of the third term of MRW specification become significantly lower. On the contrary, 

the inclusion of institutional controls (column 3) tends to raise the convergence rate, their 

coefficients being positive and significant. Also in this case the role of institutions is 

confirmed as determinant for the convergence process in labour productivity, highlighting that 

either absolute or relative location matter for growth. 

                                                 
20
 The institutional distance is proxied by linguistic heterogeneity described in section 3. We also used the PMR 

as a proxy of institutional distance, but log-likelihood results are much lower. We then tested a combination of 

all the variables in a three-dimensional space, obtaining higher values of the log-likelihood for the case of a 

linguistic distance’s proportion close to 90% (the combination with PMR gives convergence rates slightly 

higher). According to this, and to the fact that the linguistic distance is unambiguously exogenous, we prefer the 

latter proxy. 

21
 The statistic is distributed as Chi-squared with one degree of freedom, being the nested hypothesis α=1. 
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Additionally, we compare the coefficients obtained from the estimates with the two 

different weight matrices. The asterisks in the table report the significance of a t-test for the 

difference between the parameters according the formula 

 

21

21

ˆˆ

ˆˆ

21 σσ

ββ
ββ

−

−
=−t .  

 

In general the convergence parameters and the spatial terms are always significantly higher in 

the specification with the “geo-institutional” weight matrix, except for the full regression. 

Finally, Table 3 reports the estimates from the SDM, that can be seen as a nesting equation 

for the other spatial models (on this see  ) (by neglecting the spatial lags higher than two for 

the spatial lag model). The results depict a very similar situation with, on one side, higher 

increases in the log-likelihood for the absolute β-convergence and the MRW specifications, 

depending on the changes in the distance matrix, and, on the other one, a lower differences for 

the regressions with full controls. Following the procedure described in section 2, we apply 

the general to specific strategy, testing the common factors hypothesis (LRCom) in order to 

select the correct spatial model (Table 4). For the benchmark case, with the pure geographical 

distance matrix, the test reject the SEM structure for the spatial effects, pointing through the 

SDM alternative, except for the full regression. The opposite situation is verified with the 

geo-institutional distance matrix for the complete regression, since the LRCom test with 5 

restrictions is not significant, while for the absolute β-convergence and the MRW 

specifications the restrictions are rejected. 

As before, switching to the geo-institutional weight matrix tends to raise the convergence 

coefficient, while the only variable that has an almost unchanged impact is the investment 

rate. Looking at the log-likelihood, the MRW geo-institutionally weighted regression is 

preferred to the regression with the full set of controls. This result seems to confirm that the 

institutional heterogeneity accounts more than the institutional quality for the regional 

convergence of labour productivity. The spatially-lagged growth rate is positive and strongly 

significant, so that local spatial externalities have a relevant effect. In right-hand side part of 

column 3, the only spatially-lagged term among the control variables that is significant at a 

level higher than 5% is the investment rate. The global outcome is very close to the 

implications of the theoretical model developed by Fingleton and Lòpez-Bazo (2006), where 

the difference with respect to SDM is given by the lack of spatially lagged coefficients of the 
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control variables.  In addition to this, the “cross-regressive” term of the initial income is not 

statistically significant when a pure geographical distance matrix is considered, confirming 

this way the results of the previous empirical literature. On the contrary, it is positively 

significant with the geo-institutional matrix, signalling how the initial conditions of 

neighbouring regions could be not irrelevant in the explanation of the regional growth 

process. 

According to these results, we saw that taking into account the interplay of geographical 

and institutional distances, in defining the spatial linkages existing in the economic system, 

provides interesting insights. The results are sensibly different, depending on the specification 

of the weight matrix. Once relative location has been controlled for in terms of geo-

institutional distance, institutional quality is slightly less relevant as a proxy of the absolute 

location effect. It is also worth to stress that in all the specifications the spatial terms are 

higher for the case of geo-institutional matrices, pointing out a dominant effect of institutions 

over geography. 

 

 

5. Conclusions 

 

In this work we tried to analyse the regional convergence process across the European 

regions, moving beyond the traditional growth regression approach. Two of the main features 

considered here are the role of the absolute and relative location, explained by the physical 

distance and the institutional setting. The two concepts have been treated both separately, 

employing a set of control variables in the standard specification, and in an combined fashion, 

weighting the distance matrix with different criteria in the spatial models. We were able this 

way to capture both spatial spillovers on a specific region, induced by the neighbouring 

regions, and the spatial heterogeneity impact, referred either to the country-specific 

institutions, or to the pairwise differences among specific countries. 

Our empirical results indicate that space matters for the explanation of the regional growth 

and convergence process, the institutions having a dominant role on the geography. In the 

standard β-convergence framework, over the period considered, the inclusion of governance 

indexes in a MRW specification has the effect of increasing the convergence rate. Spatial 

models highlight as space is a deep determinant of economic growth, either with models 

containing simple diffusion of externalities through the error term, or with structures 

characterized by local spatial interactions. 
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The simple Euclidean metrics is not the best candidate to define the spatial linkages 

among the regions, while the institutional measures seems to have more explicative power. 

Particularly, geo-institutional weights reduce the absolute location effect due to country-

specific institutions, so that the global institutional impact might be thought has as a mix of 

both a “level” and a “difference” effect. Finally, an appropriate definition of the weight matrix 

given with relative distances due to heterogeneity in institutions is also able to reconcile the 

empirical evidence of a convergence rate close to the “legendary 2%”. 
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Appendix. Figures and Tables 

 

 

Figure 1. Worldwide Governance Indicators (WGI): European countries, 1996 
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Source: see text 

 

 

Figure 2. Product Market Regulation (PMR): European countries, 1998-2003 
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Source: see text 
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Figure 3. Institutional quality changes, European countries, 1984-1997 
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Source: see text 

 

 

Figure 4. Log-likelihood of the spatial models, according to different values of α 
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Table 1. Standard growth regression: OLS estimates and spatial diagnostics* 

 

Dependent variable: Annual growth rate of GDP per worker, 1991-2004  

 (1) (2) (3) (4) 

c  
.214 

(.012) 

.119 

(.019) 

.130 

(.018) 

.144 

(.019) 

)log( 1991y  
-.019 

(.001) 

-.008 

(.002) 

-.016 

(.002) 

-.012 

(.002) 

sk   
.008 

(.004) 

.015 

(.004) 

 .013  

(.004) 

sh   
.068 

(.013) 

.069 

(.013) 

.068 

(.012) 

)( δγn ++   
-.526 

(.081) 

-.422 

(.080) 

-.528 

(.077) 

ICRGq    
.176 

(.035) 
 

WGIq     
.155 

(.031) 

Adjusted R
2
 .55 .63 .67 .67 

F-test 

(prob.) 

279.6 

(.000) 

99.7 

(.000) 

93.0 

(.000) 

93.1 

(.000) 

AIC -1462 -1506 -1529 -1529 

Moran’s I-err 

(prob.) 

12.31 

(0.000) 

12.06 

(0.000) 

10.21 

(0.000) 

11.45 

(0.000) 
*Standard errors between brackets 

 

 



Table 2. Spatial growth regression (SEM): ML estimates♦ 

 

Dependent variable: Annual growth rate of GDP per worker, 1991-2004 

 (1) (2) (3) 

W  1=α  0=α .1 1=α  0=α .07 1=α  0=α .1 

c  
.211 

(.016) 

.282
*
 

(.098) 

.077 

(.022) 

.161
**
 

(.029) 

.114 

(.023) 

.156 

(.028) 

)log( 1991y  
-.018 

(.002) 

-.025
**
 

(.002) 

-.005 

(.002) 

-.014
**
 

(.003) 

-.010 

(.002) 

-.015
**
 

(.003) 

sk    
.096 

(.014) 

.100 

(.014) 

.090 

(.013) 

.090 

(.014) 

sh    
.019 

(.005) 

.015 

(.006) 

.023 

(.004) 

.019 

(.006) 

)( δγn ++    
-.561 

(.082) 

-.328 

(.086) 

-.551
 

(.078) 

-.392
**
 

(.087) 

WGIq      
.177 

(.038) 

.230 

(.067) 

Wε  
.624 

(.096) 

.815
**
 

(.043) 

.719 

(.078) 

.832
**
 

(.042) 

.706 

(.081) 

.735
**
 

(.057) 

Adjusted R
2#

 .62 .73 .73 .77 .74 .77 

Log-likelihood 828.0 858.1 860.2 880.4 870.7 885.3 

LR test χ2
(1) 60.2 (.000) 40.4 (.000) 29.2 (.000) 

        
♦ 
Standard errors between brackets 

** and * are  statistically different at 5% and 10%, respectively, from the specification with 1=α  

      
# 
The statistics is a pseudo R

2
  

Computations implemented with the Econometrics Toolbox for Matlab by J.P. LeSage (http://www.spatial-

econometrics.com) 



Table 3. Spatial growth regression (SDM): ML estimates♦ 

 

Dependent variable: Annual growth rate of GDP per worker, 1991-2004 

 (1) (2) (3) 

W  1=α  0=α .07 1=α  0=α .07 1=α  0=α .1 

a  
.078 

(.028) 

.038 

(.014) 

.091 

(.036) 

.038
**
 

(.021) 

.073 

(.035) 

.044 

(.022) 

)log( 1991y  
-.019 

(.002) 

-.033
**
 

(.003) 

-.005 

(.002) 

-.018
**
 

(.003) 

-.011 

(.003) 

-.018
**
 

(.003) 

sk    
.103 

(.014) 

.099 

(.015) 

.095 

(.014) 

.092 

(.015) 

sh    
.033 

(.006) 

.018
**
 

(.008) 

.036 

(.006) 

.022
**
 

(.008) 

)( δγn ++    
-.539 

(.083) 

-.309
**
 

(.092) 

-.528 

(.080) 

-.360
**
 

(.092) 

WGIq      
.214 

(.048) 

.285 

(.124) 

Wg  
.629 

(.099) 

.751 

(.057) 

.561 

(.106) 

.656 

(.065) 

.580 

(.104) 

.653 

(.070) 

)log( 1991yW  
.0117 

(.004) 

.030
** 

(.004) 

.001 

(.005) 

.017
**
 

(.007) 

.009 

(.005) 

.015
**
 

(.004) 

Wsk    
-.109 

(.028) 

-.085 

(.024) 

-.095 

(.027) 

-.078 

(.023) 

Wsh    
-.050 

(0.011) 

-.016
**
 

(.008) 

-.054 

(.011) 

-.016
**
 

(.009) 

)( δγnW ++    
.063 

(.216) 

.031
**
 

(.139) 

.087 

(.207) 

.085 

(.14) 

WGIWq      
-.289 

(.094) 

-.253 

(.131) 

Adjusted R
2
 .54 .59 .69 .71 .70 .71 

Log-likelihood 828.3 862.9 870.3 888.0 880.4 889.7 

LR test χ2
(1) 69.2 (.000) 34.4 (.000) 18.6 (.000) 

♦ 
Standard errors between brackets 

Parameters in Italic are not statistically significant at 5% 

** and * are  statistically different at 5% and 10%, respectively, from the specification with 1=α  

 
# 
The statistics is a pseudo R

2
       

Computations implemented with the Econometrics Toolbox for Matlab by J.P. LeSage (http://www.spatial-

econometrics.com) 
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Table 4. LRCom test for common factor restrictions 

 

Values of the test according the number of restrictions 

Weight matrix 

definition 

Pure 

geographical  
Geo-institutional  

Absolute β- 

convergence 
0.6 9.6

*
 

MRW 19.6
*
 15.2

*
 

Full specification 19.4
*
 8.8 

  * significant at 5% 


