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ABSTRACT This paper analyses the spatial effects infl uence on the convergence process in Spanish 
industrial SME´s productivity. In order to do this: 1.  We use an absolute convergence model conside-
ring the technological intensity of each sector; 2.  From a statistical point of view, we determine the 
existence and composition of convergence clubs in productivity levels; 3.  Finally, we test if the conver-
gence clubs are affecting to the convergence process. To do this, we use accounting information with a 
microdata source composed by 35.042 fi rms over the period 1996-2004. The results show that there is 
a regional convergence process in fi rms belonging to high and low technological intensity. Moreover, in 
high technology sector there is not a spatial structure while this structure is evident in low technology 
sector. In this last case the spatial structure is infl uencing on the convergence process.

KEYWORDS Productivity; SME; Industry; Convergence Club.

RESUMEN Este trabajo analiza la infl uencia de los efectos espaciales en el proceso de convergencia 
regional en la productividad de las Pymes industriales españolas. Para ello utilizamos un modelo 
de convergencia absoluta, determinamos estadísticamente la existencia y composición de clubes de 
convergencia en niveles de productividad, y fi nalmente, contrastamos si existen diferencias en el pro-
ceso de convergencia determinadas por la existencia de los clubes detectados. En estudio trabajamos 
con la información contable de una muestra compuesta por 35.042 empresas para el periodo 1996-
2004. Los resultados obtenidos indican, que existe un proceso de convergencia en la productividad 
de empresas con alta y baja intensidad tecnológica. Además, en alta intensidad tecnológica no existe 
una estructura espacial claramente defi nida, mientras que en baja intensidad detectamos un patrón 
espacial compuesto por dos clubes de convergencia, para los cuales existen diferencias signifi cativas 
en el proceso analizado.

PALABRAS CLAVE Productividad; Pyme; Industria; Club de Convergencia.

1. INTRODUCTION

Economic integration processes have drawn the attention of academics to different aspects 
of productivity growth (Martín-Marcos and Jamandreu, 2004). Most studies analysing this 
issue are based on neoclassical models. These contributions have developed models from 
which regional convergence relations among several economic units are derived (Estrada 
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and López Salido, 2004). Among different factors that exert an infl uence on the conver-
gence process, the development of the theoretical framework on the geography-growth 
synthesis has brought about different empirical applications whose main purpose is to 
analyse the infl uence of spatial effects on regional convergence processes (Englmann and 
Walz, 1995; Kubo, 1995, and Martin and Octaviano, 1996). From this standpoint, two kind 
of spatial factors must be considered: interaction effects among different productive units 
and effects generated by spatial heterogeneity. 

Regarding the fi rst factor, spatial interaction relations are defi ned as bidirectional relation 
networks generated between a productive unit and its close environment (Camagni, 2005). 
In this sense, different empirical studies have analysed the infl uence of this fi rst factor on 
regional convergence processes (Rey and Montouri, 1999; López-Bazo et al., 1999; Bau-
mont et al., 2003, and Carrington, 2003). Mostly, these contributions conclude that spatial 
interactions exert a positive infl uence on regional convergence processes.

The second factor-spatial heterogeneity is defi ned as the absence of stability within the 
space of the variable analysed (Chasco, 2003). Different studies focused on this aspect 
have detected spatial heterogeneity in regional convergence processes. These studies ha-
ve attributed this behaviour to the existence of convergence clubs (Fischer and Stirböck, 
2006, and Ertur et al., 2006). Convergence clubs are groups of different regional units 
with similar characteristics. The effects of spatial heterogeneity in such processes can be 
mitigated through the endogeneization of these spatial structures (Quah, 1997). Under this 
perspective, fi nal economic equilibrium is a state in which each convergence club has its 
own stationary state (1). The existence of this behaviour pattern is persistent in time. 

Previous studies in this fi eld have encountered scarce availability of databases with enough 
information to work on. This has led to empirical contributions that use regional macro-
magnitudes. The use of macro-information means having to develop convergence models 
under an aggregated perspective, or even at a disaggregated level, but only considering 
sectorial decomposition (Escribá and Murgui, 2001). This information does not allow re-
searchers to consider convergence relations for a set of specifi c productive units with si-
milar characteristics; for example, companies belonging to a similar technological sector 
or characterised by similar size. This limitation underscores the role of accounting as a 
fundamental information system to develop these studies. Accounting refl ects a company’s 
decisions and it is therefore an excellent source for economic analysis (Peña, 2005).

The aim of our study is twofold. Firstly, to analyse productivity growth in Spanish indus-
trial SMEs, through conditional convergence models. Secondly, to study the spatial effects 
infl uence on these convergence processes. To achieve both goals, we developed an empiri-
cal application considering a sample of 34,893 Spanish industrial SMEs, using accounting 
information from the SABI database (Informaciones Económicas, S.A.) between 1996 and 
2006. We considered the province to be the geographical unit of reference and then ob-
tained a representative value of productivity for each province. To compute this value we 
calculated the arithmetic mean for companies in each province. In order to avoid bias cau-

 (1) Stationary state is a fi nal state in which all economies present similar growth rates (Solow, 1956).
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sed by the different sectorial confi guration of each geographical area, we split the sample 
according to technological intensity of the sector, following the ODCE (2001) classifi cation. 

This study is intended to be a contribution to the empirical literature that considers the im-
portance of spatial effects in economic growth processes. Previous contributions have been 
developed under a macroeconomic perspective (Dall’erba, 2005 and Funke and Niebuhr, 
2005). Unlike those studies, we focus on industrial SMEs, a realm that has not yet been 
studied in the economic literature. The importance of our study is explained by the funda-
mental role of SMEs in current productive systems. According to the Directorio Central de 
Empresas (DIRCE, 2007) (Central Directory of Companies), 98% of Spanish companies are 
SMEs and 60% of them belong to the industrial sector. The consideration of the industrial 
sector is justifi ed by its ability to absorb the technological process, by its creativity and by 
the tow-effect which this sector exerts on the rest of sectors (Hulten, 2001). These charac-
teristics establish the industrial sector as a key element for growth. Therefore, knowing 
the regional productivity of industrial SMEs is fundamental to applying development poli-
cies in current productive systems. Another important contribution in this paper is sample 
segmentation. In compliance with the ODCE classifi cation, the sample consists of high and 
high-medium technological companies on the one hand, and low and low-medium techno-
logical companies on the other. This splitting of the sample avoids bias problems and lets us 
contrast if results are infl uenced by technological characteristics of the sector. Finally, this 
paper highlights the usefulness of accounting information in regional economic analysis.

The rest of the paper is structured as follows: next section deals with the theoretical beta 
convergence model, the concept of convergence club and the methodology used for de-
tection. The third section describes the sample and the variables under study. The fourth 
section presents the results and in the fi fth section the main conclusions are shown. 

2. PRODUCTIVITY GROWTH: BETA CONVERGENCE MODELS

2.1. BETA CONVERGENCE MODELS

The neoclassical growth model proposed by Solow (1956) is based on a function that pre-
sents constant returns to scale in labour and capital and decreasing marginal returns in 
capital. From these assumptions, a regional evolution path towards a certain state is calcu-
lated. In the fi nal state, regions will present similar growth rates. This fi nal state is known 
as the stationary state. 

According to this theory, in the short run, regions far from their stationary state will pre-
sent higher growth rates than regions close to their stationary state. This model is based 
on the assumption that all economies are identically structured and have access to similar 
technologies and will therefore converge to the same stationary state. In the long run, ea-
ch region is expected to achieve constant growth. This long-run process, in which poorer 
regions reach the levels of the richest regions, is called absolute beta convergence process 
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(Barro and Sala-i-Martin 1991, 1995). The analytic expression of this process is presented 
as follows (2):
 1 yi,T —— Ln ( ———————) = α + βLn(yi,0) + εi (1)
 T εi ≈ i.i.d.(0, σ2

ε
)

 εi ≈ i.i.d.(0, σ2
ε
)

where yi,t is the per capita income or product of region i during period t, T is the number 
of years of the period considered, α and β are the unknown parameters that need to be 
estimated and εi is the associated error. Considering this specifi cation, we conclude that 
there is a beta convergence process when the β parameter is negative and statistically 
signifi cant. In this case, the average growth rate of the dependent variable throughout the 
period under consideration presents a negative correlation with initial levels.

Basing on the estimated value of parameter β, it is possible to calculate the convergence 
speed of the process using the following expression: 

 Θ = –Ln(1 + Tβ) / T (2)

We may now calculate the average convergence life. It is defi ned as the number of years 
necessary for economies to reach the middle of the time-distance towards their correspon-
ding stationary states. To calculate this value we use the following expression:

 τ  = –Ln(2) / Ln(1 + β) (3)

The initial assumptions of the absolute convergence model have a very restrictive charac-
ter (Villaverde and Sánchez-Robles, 1998). Because of this, the conditional convergence 
models were developed. The specifi cation of these conditional models appears in the fo-
llowing expression (4).

 1 yi,T —— Ln (———) = α + βLn(yi,0) + γXi,T + εi T yi,0

 εi ≈ i.i.d.(0,σ2ε) 
(4)

The difference between both specifi cations is due to Xi,T. This term represents the set of 
variables characterising each economic unit. The Conditional model overcomes absolute 
convergence models through the characterization of different stationary states. 

 (2) Expressions (1), (2) and (3) are obtained from the Neoclassical Growth Model. A logarithmic transformation of the 
model obtained at the stationary state, yields the previous expression (1) (Barro and Sala-i-Martin, 1991). Another alternati-
ve to get expression (1) is based on the Optimal Consumption Model of Ramsey (1928), Cass (1965) and Koopmans (1965). 
From their results, convergence expression is as follows:
 yi,T
 Ln (———) yi,0 (1 – e-λT)
 —————— = a – [—————][Ln(yi,0)] + εi T T

  yi,T Ln (———) yi,0where yit0,t0
 +

 
T = ——————— is the annual growth rate of per capita income in economy i between periods 0 and T, and

 T
a is the stationary state of the economy considered (Cabrera-Castellanos and Garcia Alamilla, 2003).
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2.2. CONVERGENCE CLUBS 

One of the aspects that we have to take into account in convergence models, is the existen-
ce of heterogeneity patterns generated by the different initial conditions of each economic 
unit. To incorporate these structures in an econometric model, economic units presenting 
similar behaviours are grouped. These groups are known as convergence clubs (Durlauf 
and Johnson, 1995). An important number of empirical studies developed under this pers-
pective have been based on economic criteria to determine the structure and composition 
of each convergence club. Sometimes this heterogeneous behaviour presents an important 
spatial pattern. In this sense, economic units that are closer in space have more similar 
behaviours than farther units. 

Considering economic criteria, assigning economic units to each convergence club involves 
a subjective component, since the researcher’s criterion determines the composition of ea-
ch convergence club. To mitigate this subjectivity, different studies have used econometric 
techniques to identify the units belonging to each convergence club. According to this, Bau-
mont et al. (2003), analyse the beta convergence process in European regions considering 
the spatial effects that may infl uence this process. These authors estimate the beta conver-
gence process and then apply different tests to contrast the existence of spatial heteroge-
neity. In another related study, Fischer and Stirböck (2006) analyse the beta convergence 
process for the European regions, but for a different time period. In their case, the authors 
found differences in the convergence processes when they modelled the convergence clubs 
detected. These studies use the Getis and Ord statistic (Getis and Ord, 1992) to determine 
units belonging to each club. 

2.2.1. Getis and Ord Statistic

The Getis and Ord statistic is used to determine the existence and composition of conver-
gence clubs in the spatial distribution of the variable (Getis and Ord, 1992; Ord and Getis, 
1995). Getis and Ord statistic G*

it (d) is a local spatial dependence statistic that makes it 
possible to determine the existence of spatial association areas with similar values for the 
variable under study. Analytically, the expression of this statistic is the following:

 N

 Σwij(d)yjt

 j = i
 G*it (d) = ———————; ∀j (5)
 N

 Σyjt

 j = i

where wij(d) are the elements of the so-called weight matrix. This matrix establishes a 
neighbourhood criterion among locations. Basing on this spatial weight matrix, we can 
determine the neighbour regions for each given location. The elements of this matrix are 
equal to one for all spatial units located closer than a distance d from region i, and equal 
to zero otherwise. 

Thus, the numerator of expression (5) can be seen as an average of variable Y in regions 
which are located at a distance d from the i region. Therefore, expression (5) represents 



MariLuz Maté Sánchez Val, Domingo García Pérez de Lema y Fernando A. López Hernández
18 ARTÍCULOS DOCTRINALES Spatial Effects in the productivity convergence of spanish industrial sme's 

REVISTA ESPAÑOLA DE FINANCIACIÓN Y CONTABILIDAD. Vol. XXXVIII, n.º 141 · enero-marzo 2009

the concentration of the weighted sum of the values of variable Y in a region. G*
it(d) is pro-

portional to the sum of all yj values within a d ratio from centre i. Statistic G*
it(d) presents a 

high value if there are high values of the variable concentrated within a d ratio from unit 
i, (Chasco, 2003).

If we use the standardized value of this statistic, a positive value G*
it(d) of for an i region 

indicates that the region is located in a concentration area with values above the mean of 
the analysed variable. Therefore, this region belongs to a convergence club with high levels 
of the variable. A negative value of this statistic indicates that the region is located in a con-
centration area with values below the mean; hence this region belongs to a convergence 
club with low values (3). 

3. SAMPLE AND VARIABLES

3.1. SAMPLE

Accounting information used to develop this study came from the SABI database (Infor-
maciones Económicas, S.A.). This source collects general information and fi nancial data 
from more than 900,000 Spanish companies. Companies were selected from this database 
according to two criteria: 1.  We only considered companies belonging to the industrial 
sector. The importance of these companies is given by the role of the industrial sector in 
regional growth processes (Segarra, 1999), and 2.  According to company size, we selected 
Small and Medium Enterprises (SME). In order to choose this kind of companies we used 
the defi nition introduced by the European Commission (2001). The sample was surveyed 
over the period 1996-2006. The number of years is that of database availability. Although 
this time period is relatively short; we accepted it to be long enough to detect symptoms of 
a regional convergence process. Other studies that have considered similar time periods 
have ascertained convergence processes in their results (Kosfeld et al., 2002; Fisher and 
Stirböck, 2006, and Mur et al., 2008).

Once these economic units were selected, we carried out the technical depuration of the 
sample. Throughout the procedure we searched for possible anomalies or incongruence 
which might be distorting the analysis (Ocaña et al., 1994,  and González-Pérez, 1997). 
Companies without hired staff or with extreme values for the variable under analysis, were 
eliminated. To dismiss these units, we applied an univariant detection process. Thus we 
calculated the mean and the standard deviation for the variables in each company and, 
basing on these values, performed a second fi ltering process to exclude outliers. Our does 
not include companies with variable values outside the «mean ± 3 standard deviation» 
interval sample-which is in accordance with Hair et al. (1999). So as to analyse the pro-
ductive growth of economic units, we also suppressed unregistered and merged companies 
over this period (4).

 (3) See Appendix: Example of the application of the Getis and Ord Statistic.
 (4) The exclusion of these observations can generate a survival bias in the analysis. Nevertheless, the time period consi-
dered is short. Due to this, the number of excluded companies represents only 3% of the total sample.
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The sample used consists of 34.839 SMEs. This value represents a coverage of 18.68% 
over the total of industrial companies. This result is obtained from the Directorio Central 
de Empresas published by the National Institute of Statistics (see Table 1). Besides, we 
established a differentiation in the sample according to the categorization of the OECD 
(2001). This classifi cation is based on two criteria: the specifi c technological level of the 
sector (which is measured by the ratio between R&D and added value) and the technology 
involved in acquiring both intermediate goods and capital. Using this classifi cation we ob-
tained two subsamples. The fi rst subsample consists of companies belonging to high and 
medium-high technology sectors (high-technology) and the second subsample, of compa-
nies belonging to sectors of low and low-medium technology (low-technology). The need to 
consider the technological level has been analysed in different studies (Poutziouris et al., 
2000, and Audretsch, 2001). Through this differentiation in the sample, heterogeneity pro-
blems in the analysis are avoided. 

Finally, we perform a territorial aggregation of the information at the province level. We 
consider this aggregation unit because the sample characteristics do not allow us to deve-
lop our study at a more disaggregated level.

TABLE 1
COVERAGE RATE OF THE SAMPLE

Province
Number

of Companies
High-Technology 

Companies
Low-Technology 

Companies

Coverage Rate
on the

Total Sample (%)*

Álava 392 62 330 20,1671

Albacete 363 42 321 16,5100

Alicante 2200 176 2024 22,5795

Almería 174 18 156 9,3800

Asturias 614 94 520 17,0342

Ávila 67 10 57 12,3800

Badajoz 300 31 269 12,8400

Baleares 419 74 345 11,4800

Barcelona 7947 1133 6814 24,7100

Burgos 370 43 327 23,3900

Cáceres 175 20 155 14,1400

Cádiz 290 34 256 10,8100

Cantabria 226 25 201 12,2600

Castellón 611 85 526 22,0556

Ciudad Real 234 31 203 10,8900

Córdoba 550 149 401 13,9100

Cuenca 74 5 69 7,7300

Gerona 879 108 771 25,5197

(Continúa pág. sig.)
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Province
Number

of Companies
High-Technology 

Companies
Low-Technology 

Companies

Coverage Rate
on the

Total Sample (%)*

Granada 260 21 239 9,4400

Guadalajara 72 9 63 11,2100

Guipúzcoa 921 95 826 19,8179

Huelva 169 16 153 13,0100

Huesca 155 23 132 15,8200

Jaén 254 60 194 8,6800

La Coruña 673 106 567 15,7900

Las Palmas 128 20 108 5,8200

León 257 28 229 13,6100

Lérida 335 34 301 16,8500

Logroño 530 58 472 24,6600

Lugo 185 21 164 13,3200

Madrid 4291 679 3612 22,9400

Málaga 314 37 277 8,3300

Murcia 988 204 784 16,2800

Navarra 688 98 590 24,4900

Orense 205 30 175 13,2000

Palencia 85 9 76 14,0300

Pontevedra 657 133 524 16,2435

Salamanca 171 16 155 12,7200

Segovia 113 20 93 17,1000

Sevilla 737 102 635 13,2800

Soria 86 18 68 17,8800

Sta. Cruz de Tenerife 99 7 92 4,7500

Tarragona 494 69 425 16,9200

Teruel 115 11 104 15,5400

Toledo 608 110 498 14,4500

Valencia 2654 563 2091 20,6600

Valladolid 357 57 300 20,4200

Vizcaya 1035 120 915 19,6431

Zamora 80 5 75 11,8000

Zaragoza 1238 224 1014 27,2900

Total 34839 5143 29696 18,6843

To calculate the coverage rate we obtained the total population of companies from the SABI database.

TABLE 1 (cont.)
COVERAGE RATE OF THE SAMPLE
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3.2. VARIABLES

3.2.1. Labour Productivity

There are many different productivity measurements. The choice between one or the other 
measurement depends on the aim of the study and on data availability. Briefl y put, the-
re are two types of productivity measurements: simple factor productivity measurements 
(which relate one output measurement to a measurement of one of the productive process 
inputs), and multifactor productivity measurements (which relate one output measure-
ment to the weighted mean of different inputs of the productive process).

To develop our research, we followed most studies that have analysed regional convergen-
ce processes (Moreno et al., 2000; Baumont et al., 2003, and Dall’erba, 2005). According to 
these studies, we chose a simple factor productivity measurement: labour productivity. We 
analysed the convergence process through this variable. Labour productivity establishes a 
relationship between production and personnel hired. Using this variable it is possible to 
study changes in the use of labour and in labour mobility, and also to project future labour 
requirements, determine the adequacy of policies aimed at the development of human ca-
pital, examine the effects of technological change on employment and unemployment, eva-
luate the evolution of labour costs and compare the advancement of productivity among 
countries (Hulten et al., 2001).

In our study, the determination of labour productivity in each company was calculated 
through the ratio between added value and number of employees. Added value is defi ned 
as the increase of wealth generated by the activity of a company in a given period. This 
value is measured by the difference between the cost of production of goods and services 
and the purchase value of external acquisitions). 

From this defi nition, and considering the information about each company, the added value 
was obtained from the difference between exploitation revenue and exploitation consump-
tion plus other exploitation expenses. We use this approximation due to the fact that most 
companies submit abbreviated fi nancial statements at the trade registry (2). The number 
of employees of each company is directly obtained from the database. 

We then calculated the labour productivity of industrial SMEs in each province. To obtain 
this value, we used the average productivity of companies in each province for every year 
of the study. Besides, we split the sample according to technological intensity within the 
sector. Basing on this aggregation, we calculated two values of industrial productivity for 
each province: high and low-technology. Formally, the expression used is the following:

 1 
NK

i

 AVK
j Pi

K = —— Σ(———)  K = H, L (6)
 NK

i j = i EK
j

where PK
i is the value of labour productivity for SMEs of the i province in sectors H (high-

technology) and L (low-technology). NK
i  is the number of companies in province i corres-

ponding to each sector, AVK
j  and EK

j  are the added value and the number of employees in 
each company, according to technological sectors. 
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3.2.2. Size, technological capital and age

Other variables included in the conditional convergence model are the size of the company 
(Correa et al., 2002, and Taymaz, 2002); its age (Celikkol, 2003, and Kok et al., 2006) and 
the technological factor (Huergo and Jaumandreu, 2004). Company size is calculated over 
company sales, following the study of Correa et al. (2002) (5). The representative value of 
this variable at the province level was obtained from the arithmetic mean of company size 
in each province:

 1 
NK

i

 Si
K = —— Σ(SalesK

j ) K = H, L (7)
 NK

i j = 1

where SK
i  is the mean size of the SMEs in province corresponding to sectors H (high-tech-

nology) and L (low-technology). NK
i  is the number of companies in province i corresponding 

to each sector, SalesK
j  is the value of sales of each company.

Regarding the technological factor, we had to consider the limitation of the database men-
tioned above. To overcome it, we followed the study of Aguayo et al. (2000), which in-
troduces the ratio between capital investment of each company (fi xed company assets) 
and number of employees, as a variable that is representative of technological capacity. 
According to Aguayo et al. (2000), this indicator is related to technological development 
and, thus, an intensive use of capital represents a more mechanized productive process 
and better technology. Once we calculated the value for this variable in each productive 
unit, we aggregated it at the province level as follows:

 
NK

i

 Σ(NCAK
j /EK

j )
 j = 1
 TCK

i = ——————— K = H, L (8)
 NK

i

where TCK
i is the average technological capital of SMEs in province i corresponding to 

sectors H (high-technology) and L (low-technology). NK
i  is the number of companies in each 

sector K in province i. NCAK
j  is the value of non current assets of company j corresponding 

to sector and is the number of employees of company , which belongs to sector .

Finally, company age was assessed over the average company age in each province. We 
used the following expression:

  
NK

i

 Σ(NCAK
j /EK

j )
 j = 1
 AK

i = ——————— K = H, L (9)
 NK

i

where AK
i is the mean age of SMEs in province i corresponding to sectors H (high-technolo-

gy) and L (low-technology). NK
i is the number of companies in province i corresponding to 

 (5) To measure company size, we considered neither the number of employees, nor the value of assets nor a factor cal-
culated through the combination of the three traditional variables used to measure size, due to the multicolinearity problems 
that these variables bring to our model.
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each sector, AgeK
j  is the age of each company. This value is available from the SABI databa-

se since the creation date of each company. 

4. RESULTS

4.1. REGIONAL CONVERGENCE IN SPANISH SMES

In this section we analyse the regional convergence process in the productivity of Spanish 
industrial SMEs over the period 1996-2006. We split the sample into high and low-techno-
logy. The model initially estimated was the following:

 1 PK
i,06 —— Ln (————) = αK + βKLn(PK

i,96) + λK
 Ln(SK

i,06) + γKLn(TCK
i,06) + εK

i 

(10)
 8 PA

i,96

 εK
i ≈ i.i.d.(0, σ2

εK)

 K = H, L

where PK
i,96 and PK

i,96 represent the aggregated productivity value in province i for years 1996 
and 2006 in each subsample K. βK is the beta convergence coeffi cient for each subsample. 
If this coeffi cient is negative and signifi cant we affi rm the existence of a productivity con-
vergence process in. SK

i,06 and TCK
i,06 represent size and technological capacity for province i 

in the year 2006. These variables are log-transformed so as to avoid variability problems 
caused by sample characteristics. λK and γK are the corresponding coeffi cients of these va-
riables and εK

i is the model’s error term in each subsample. The age variable has not been 
included in the model because it is non-signifi cant in both estimations (6).

TABLE 2
BETA CONVERGENCE ESTIMATION

Low-technology High-technology

αK

0,074
(0,513)

0,007
(0,952)

βK

-0,056*
(0,000)

-0,071*
(0,000)

λK

0,036*
(0,000)

0,040*
(0,000)

γK

0,001
(0,742)

0,015*
(0,006)

Convergence Speed (%) 7,518 10,654

Average Convergence Life 11,918 9,316

N 50 50

(Continúa pág. sig.)

 (6) To select included variables into the models we use the general to particular methodology proposed by Hendry 
(1993) 
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Low-technology High-technology

AIC -306,674 -224,218

Breusch-Pagan
1,130

(0,568)
6,114

(0,106)

Jarque-Bera
4,022*
(0,028)

0,865
(0,648)

Lagrange
Multipliers

Tests

LM-LAG
7,084*
(0,006)

0,544
(0,460)

LM-ERR
8,105*
(0,002)

0,562
(0,543)

LM-LE
6,021*
(0,005)

0,221
(0,812)

LM-EL
0,322

(0,725)
2,511

(0,113)

NOTES: * Rejection of the null hypothesis with a signifi cance level of 5%-10%. ** Rejection of the null hypothesis with a signifi -
cance level greater than 10%. P-values are in brackets. N is the number of observations. The estimation process has been carried out 
using Ordinary Least Squares. AIC is Akaike’s Information Criterion. Jarque–Bera is Jarque-Bera’s non-normality test of residuals. 
Breush-Pagan is Breush-Pagan’s heteroscedasticity test. LMLAG and LMLE are the Lagrange multipliers tests that contrast the exis-
tence of a space component in the explanatory part of the model. LMERR and LMEL are the Lagrange multipliers tests contrasting 
the existence of space effects in the residuals of the model.

The estimation of the high-technology subsample confi rms the existence of a regional 
convergence process, indicated by a signifi cant negative beta convergence coeffi cient. Ba-
sing on this coeffi cient, and applying expression (2), we obtained a convergence speed of 
10,654%. This value is the annual average growth rate. Using expression (3) we calculated 
the average life of the process (number of years to reach half the distance to the stationary 
state), which is of 9.316 years. Regarding other included variables, we obtained signifi cant 
positive coeffi cients for size (λK) and technological capacity (γK).

Examining the low-technology subsample, we obtained a signifi cant negative βB, which 
indicates that there is also a convergence process in this subsample. With this coeffi cient, 
we get a convergence speed of 7,518%, and an average convergence life of 11,918 years. 
The size coeffi cient (λK) is positive and signifi cant, whereas the technological capacity co-
effi cient (γK) is not signifi cant in this subsample. 

From these results, we come to several conclusions. Firstly, convergence speed in the high-
technology subsample is higher than the corresponding value for the low-technology sub-
sample. This result corroborates previous studies supporting the existence of a positive 
relation between technological intensity in companies or sectors and the evolution of their 
productivities (Espinosa and Boceta, 2005). Secondly, results show that size exerts a sig-
nifi cant positive effect on both convergence processes. This result is in line with previous 
studies which found a positive relation between production and size of companies (Tay-
maz, 2002). Technological capital is signifi cant in the high-technology subsample whereas 
it is not signifi cant in the low-technology subsample. This result may be determined by the 

TABLE 2 (cont.)
BETA CONVERGENCE ESTIMATION
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characteristics of the companies belonging to each subsample. In this sense, according to 
Segarra (1999), technological capital positively affects productivity growth processes. This 
relation is more intensive the higher the relation capital-labour becomes. The signifi cance 
of this quotient in the high-technology subsample proves this relation.

The estimation’s diagnostic tests let us draw several conclusions about different statistical 
characteristics of the model. Regarding the high-technology subsample 1.  The Breusch-
Pagan test accepts the hypothesis of process homogeneity; 2.  The Jarque–Bera test accepts 
the hypothesis of normality in estimation residuals, and 3.  The Lagrange Multipliers tests, 
which contrast the existence of spatial dependence structures in the residuals of the model 
(LM-ERR, LM-LAG, LM-EL and LM-LE), do not detect the existence of spatial structures in 
the distribution of the model (7). From these results, we conclude that there is no estimation 
problem in this subsample. 

If we perform a similar analysis with the low-technology subsample we fi nd that (1) the 
Breusch-Pagan test accepts the homogeneity hypothesis and (2) the Jarque–Bera test re-
jects the normality hypothesis in residual estimation. So as to determine the origin of this 
lack of normality, we analysed the density function of the low-technology subsample re-
siduals, shown in Figure 1. Observing the fi gure we inferred the existence of a bimodal 
pattern. This structure might be produced by the existence of two spatial patterns in the 
process. According to this, low values, which correspond with the fi rst section of the den-
sity function, refl ect the behaviour of those units with productivity values below the mean, 
whereas higher values of the density function refl ect observations with productivity values 
above the mean.

FIGURE 1
RESIDUAL KERNEL ANALYSIS OF THE BETA CONVERGENCE MODEL

On the other hand, the spatial dependence tests (LM-ERR, LM-LAG, LM-EL y LM-LE) are 
signifi cant in the low-technology subsample. This indicates the existence of spatial struc-
tures in the productivity variable which have not been modelled. This result and the bimo-

 (7) This result was obtained analysing the signifi cant levels of the Lagrange Multipliers, in compliance with econometric 
methodology (Anselin y Florax, 1995).
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dality of the density function may be considered symptoms of the existence of two groups 
of regions which converge at a different rate. That is, the existence of two convergence 
clubs. 

4.2. CONVERGENCE CLUBS ANALYSIS IN LOW-TECHNOLOGY SMES PRODUCTIVITY

In this section we contrast if the spatial effects detected in the low-technology subsample are 
determined by the existence of convergence clubs in productivity. For this purpose, we used 
expression (5) to calculate the Getis and Ord statistic for each province. The wij (d) weight 
matrix used to compute this expression is a row standardised matrix. The elements of this 
matrix are equal to one if region j is a neighbour of region i, and zero otherwise. According to 
this neighbourhood criterion, two regions are neighbours if they have a common border. This 
statistic is calculated for the initial and fi nal years of the period studied. This computation 
allows us to determine if the composition of the convergence clubs has changed over time.

TABLE 3
GETIS AND ORD STATISTIC. LOW-TECHNOLOGY

YEAR 1996 YEAR 2006

Province G-I*Est Probabilty Province G-I*Est Probabilty

Álava 3,227 0,001 Zaragoza 2,447 0,014

Navarra 2,863 0,004 Tarragona 2,298 0,021

Guipúzcoa 2,586 0,010 Vizcaya 2,219 0,026

Logroño 2,378 0,017 Lérida 2,193 0,028

Vizcaya 2,235 0,026 Navarra 2,061 0,039

Zaragoza 1,993 0,046 Álava 1,980 0,047

Tarragona 1,792 0,073 Teruel 1,967 0,049

Teruel 1,726 0,084 Huesca 1,924 0,054

Lérida 1,674 0,094 Logroño 1,877 0,060

Soria 1,620 0,105 Barcelona 1,855 0,063

Huesca 1,609 0,108 Guadalajara 1,737 0,082

Guadalajara 1,448 0,148 Madrid 1,506 0,131

Burgos 1,396 0,163 Guipúzcoa 1,348 0,177

Barcelona 1,324 0,186 Gerona 1,337 0,181

Gerona 1,066 0,287 Baleares 1,179 0,238

Baleares 0,810 0,418 Castellón 1,157 0,247

Sta. Cruz
de Tenerife 0,730 0,466 Burgos 1,101 0,270

Castellón 0,540 0,589 Ávila 0,907 0,364

Palencia 0,501 0,616 Segovia 0,506 0,612

(Continúa pág. sig)
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YEAR 1996 YEAR 2006

Province G-I*Est Probabilty Province G-I*Est Probabilty

Cuenca -0,027 0,688 Palencia 0,497 0,619

Zamora -0,039 0,699 Soria 0,428 0,668

Madrid -0,040 0,831 Valladolid 0,413 0,679

Cáceres -0,072 0,861 Sta. Cruz
de Tenerife

0,221 0,824

Toledo -0,074 0,923 Toledo -0,049 0,960

Ávila -0,079 0,937 Cuenca -0,077 0,938

Valencia -0,122 0,903 Valencia -0,133 0,893

CiudadReal -0,148 0,882 Cáceres -0,216 0,828

Valladolid -0,253 0,800 Zamora -0,442 0,658

Asturias -0,296 0,768 Badajoz -0,499 0,617

Segovia -0,369 0,712 Almería -0,619 0,535

Badajoz -0,668 0,504 Salamanca -0,699 0,484

Salamanca -0,802 0,422 CiudadReal -1,025 0,305

Almería -1,069 0,285 Lugo -1,112 0,265

León -1,073 0,283 LaCoruña -1,238 0,215

Córdoba -1,109 0,268 Asturias -1,329 0,183

Huelva -1,205 0,228 Pontevedra -1,460 0,144

Albacete -1,262 0,207 Cádiz -1,491 0,135

LasPalmas -1,283 0,200 LasPalmas -1,510 0,130

Cantabria -1,283 0,200 Cantabria -1,510 0,130

Orense -1,391 0,164 Huelva -1,545 0,122

Lugo -1,467 0,142 Murcia -1,576 0,114

LaCoruña -1,629 0,103 Orense -1,635 0,102

Murcia -1,726 0,084 Alicante -1,680 0,092

Sevilla -1,735 0,083 Córdoba -1,681 0,092

Jaén -1,751 0,080 Sevilla -1,686 0,091

Alicante -1,808 0,071 León -1,752 0,079

Pontevedra -1,903 0,057 Granada -1,754 0,079

Cádiz -2,040 0,041 Málaga -1,770 0,076

Granada -2,166 0,030 Albacete -2,018 0,043

Málaga -2,213 0,027 Jaén -2,309 0,020

TABLE 3 (cont.)
GETIS AND ORD STATISTIC. LOW-TECHNOLOGY
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FIGURE 2
DISTRIBUTION OF CONVERGENCE CLUBS FOR LOW-TECHNOLOGY SMES

Table 3 shows the Getis and Ord statistic results confi rming the existence of two conver-
gence clubs. Provinces with a positive value for the statistic belong to convergence Club A. 
These provinces present productivity values above the mean. The rest of provinces belong 
to convergence Club B. These provinces are characterised by productivity values below the 
mean. Figure 2 displays the graphical composition of each convergence club. Observing 
this fi gure, we detect a homogeneous behaviour in the territorial distribution of convergen-
ce clubs. In this sense, provinces with productivity values above the mean, such as those 
forming Club A, are closer among them and located in the northeast of the territory. These 
results are robust over time, since we found that the composition of the convergence clubs 
is scarcely altered if we develop a similar analysis for the year 2006. 

Before proceeding with our analysis, we would like to make some comments on the exis-
tence and composition of the convergence clubs we obtained. In this sense, convergence 
clubs have only been detected in the low-technology subsample. This result is related to 
Spanish productive structure and to the characteristics of low-technology companies. In 
the same line of thought Zozaya (2007) concluded that industrial activity in Spain is carried 
out by low-technology companies, homogenously distributed throughout Spanish territory. 
These companies are less productive, and they are highly infl uenced by their economic en-
vironment (Cuadrado-Roura, 1998). Because of this infl uence, we detect a correspondence 
between low-technology convergence clubs and territorial economic distribution. 

4.3. CONVERGENCE CLUBS AND REGIONAL CONVERGENCE IN LOW-TECHNOLOGY

Once we contrasted the existence and composition of convergence clubs, we re-estimate the 
convergence process in the low-technology subsample introducing these results. To incorpo-
rate this differentiation we use dummy variables. The estimated model is the following (8):

 1 PB
i,06 —— Ln (————) = DCAi

βB
CALn (PB

i,96) + DCAi
λB

CALn(SB
i,06) + DCBi

 +  

(11)
 8 PB

i,96

 + DCBi
βB

CBLn(PB
i,96) + DCBi

λB
CBLn(SB

i,06) + εi

 εi ≈ i.i.d. (0,σ2
ε 
)

 (8) We do not include technological capacity variable (TC) in this model because this variable is not signifi cant in any case.
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where

 1  if  i ∈ C lub A DCAi
 =  { (12)

 1  if  i ∈ C lub A

 1  if  i ∈ C lub B DCBi
 =  { (13)

 0     otherwise

βB
CA and βB

CB are the convergence coeffi cients of Club A and Club B respectively, and coeffi -
cients λB

CA and λB
CA correspond to size in each club.

TABLE 4
BETA CONVERGENCE MODEL FOR LOW-TECHNOLOGY CONVERGENCE CLUBS

Estimated Parameters Coeffi cients

DB
CA

0,118
(0,145)

βB
CA

-0,079*
(0,001)

λB
CA

0,048*
(0,012)

Convergence Speed (%)
(Club A)

11,642

Average Convergence Life
(Club A)

8,360

DB
CB

0,147
(0,193)

βB
CB

-0,051*
(0,016)

λB
CB

0,027*
(0,013)

Convergence Speed (%)
Club B

6,650

Average Convergence Life
Club B

13,089

Observations 50

AIC -305,713

Breusch-Pagan
1,641

(0,200)

Jarque-Bera
0,328

(0,848)

Lagrange Multipliers
Tests

LM-LAG
0,166

(0,683)

LM-ERR
0,884

(0,396)

(Continúa pág. sig.)
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Estimated Parameters Coeffi cients

Lagrange Multipliers
Tests

LM-LE
0,235

(0,623)

LM-EL
0,658

(0,421)

Stability Test
for Individual Coeffi cients

DB 3,046*
(0,002)

βB 4,562*
(0,001)

λB 3,341*
(0,002)

Notes: * Rejection of the null hypothesis with a signifi cance level of 5%-10%. ** Rejection of the null hypothesis with a signi-
fi cance level greater than 10%. Standardized coeffi cients are underlined and P-values are in brackets. The estimation process has 
been carried out using Ordinary Least Squares. AIC is Akaike’s Information Criterion. Jarque–Bera is Jarque-Bera’s non-normality 
test of residuals. Breush-Pagan is Breush-Pagan’s heteroscedasticity test. LMLAG and LMLE are the Lagrange multipliers tests that 
contrast the existence of a space component in the explanatory part of the model. LMERR and LMEL are the Lagrange multipliers 
tests contrasting the existence of space effects in the residuals of the model.

Table 4 shows these results. The beta convergence coeffi cient for the provinces of Club A 
(βCA) is negative and signifi cant. This indicates that there is a convergence process in the 
low-technology subsample in this club. The convergence speed of this process is 11,642% 
and the average convergence life is of 8,360 years. The size coeffi cient (λB

CA) is positive and 
signifi cant. Provinces belonging to Club B, characterised by low productivity values, pre-
sent a negative and signifi cant convergence coeffi cient (ΒB

CB). This process has a convergen-
ce speed of 6,650% yearly and an average convergence life of 13,089 years. 

This estimation confi rms the existence of two different regional growth dynamics in low-
technology companies of the industrial sector. Accordingly, regions in convergence club 
A present a higher convergence speed than provinces in convergence Club B. This result 
again indicates a positive relation between productivity values and convergence speeds. 
Size is once more positive in both cases. 

Regarding the diagnostic tests of this estimation, the Breusch Pagan test accepts the hypo-
thesis of process homogeneity; the Jarque-Bera test indicates normality in model residuals 
and the Lagrange Multipliers tests accept the null hypothesis of absence of a spatial beha-
viour in the process. Therefore, the results confi rm that spatial effects detected in the fi rst 
estimation are generated by the existence of convergence clubs. Finally, stability tests for 
the individual coeffi cients indicate that our estimation is adequate, because we introduced 
rupture in the model’s coeffi cients. 

5. CONCLUSIONS 

In recent years, the attention paid to regional evolution and the development of the eco-
nomic growth theory have fostered several studies analysing regional dynamics (Ezcurra 

TABLE 4 (cont.)
BETA CONVERGENCE MODEL FOR LOW-TECHNOLOGY CONVERGENCE CLUBS
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et al., 2003). Most of those studies conclude that regional disparities in productivity are the 
main explanatory factor for regional inequalities (Esteban, 1994). These results make it 
necessary to identify the causes of existing differences in regional productivity. It is essen-
tial to assess the sectorial composition of each region, realizing the importance of the in-
dustrial sector because of its dynamic character. One of the most important characteristics 
of Spanish regional economies is the location diversity of the industrial sector. This sector 
is the one determining current regional productive structures (Segarra, 1999). 

Under this perspective, our study analysed the existence of convergence processes in the 
productivity of Spanish industrial SMEs. The sample we used in our analysis was segmen-
ted into high and low-technology companies. We also considered spatial infl uence on con-
vergence processes. With this paper we attempt to contribute to the study of regional dis-
parity. In order to achieve our goals, we used a sample of accounting data of 34.839 SMEs 
over the period 1996-2006. Such information takes into account specifi c characteristics of 
the analyzed units. This kind of data does not appear in other aggregated databases. The 
database used enables us to select productive units according to company size or according 
to the technological intensity of the sector. From a methodological point of view, convergen-
ce processes are analysed using conditional beta convergence models. Spatial econometric 
methodologies were implemented so as to detect and incorporate spatial effects into our 
model. 

Our results support the existence of different convergence dynamics in the productivity 
of Spanish industrial SMEs, which is in keeping with Segarra’s study (1999). We obtained 
convergence processes for the low and for the high-technology subsamples. Convergence 
speed is higher in the high-technology subsample. Some factors exerting an infl uence on 
convergence processes are size, technological capacity and spatial effects. Size positively 
affects both convergence processes, whereas technological capacity only has a positive 
infl uence in the high-technology subsample. Regarding spatial effects, we detected symp-
toms of the existence of spatial structures in the low-technology subsample. This result 
bears out previous studies (Cuadrado-Roura et al., 1999) which pose the existence of con-
vergence clubs in the distribution of industrial productivity. These convergence clubs were 
detected in the low-technology subsample. We identifi ed a convergence club characterised 
by productivity values above the mean. This convergence club is formed by the provinces 
located in the northeast of Spain. The other convergence club detected is characterised by 
productivity values below the mean and is formed by the rest of Spanish provinces. Both 
the existence of convergence clubs in the low-technology subsample and the distribution of 
these clubs are related to the characteristics of the Spanish productive system. Thus, SMEs 
are homogeneously distributed throughout the territory and have a high dependence on 
the environment in which they are located (Cuadrado-Roura, 1998). 

Our study underscores the importance of accounting information in applied regional scien-
ce. From this empirical point of view, we tested regional productivity convergence proces-
ses, considering SMEs as specifi c economic agents. From a methodological point of view, 
we used tools coming from a recent branch of Econometrics, known as Spatial Econome-
trics. This study could be used in the development of industrial policies for SMEs. Most of 
these policies’ main goal is to improve the productivity of these companies (Vallés, 2006). 
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Taking this aspect into account, our study corroborates the fundamental role of technology 
in the productivity growth of companies (Aguayo et al., 1999) underlining the usefulness of 
applying regional industrial policies in specifi c geographical areas (Trullén, 2007).

Our study presents some limitations that may be viewed as future research lines. Firstly, 
the accounting database that we used has not allowed us to consider other explanatory 
variables of productivity growth. Among them, innovation or R&D investments should be 
introduced in future studies, information about which is available from different sour-
ces, such as the industrial database or the innovation database published by the Spanish 
National Institute of Statistics (INE). Secondly, we cannot solve the problem generated by 
ascribing companies that develop their activity in several provinces to one given province, 
which might cause bias in the results. Nevertheless, since we are working with Small and 
Medium Enterprises, we consider this effect not to be very strong. Thirdly, our paper has 
focussed on Spanish industries. Future analyses will extend this study to other countries 
and other sectors. Further studies will enable us to carry out comparative studies that may 
be useful in the design of regional policies.
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APPENDIX

EXAMPLE OF THE APPLICATION OF THE GETIS AND ORD STATISTIC

Let us suppose, as in our study, that we are analysing the spatial distribution of variable and that we 
know the structure of this distribution beforehand. We also know that there are areas with similar 
characteristics regarding the values of the distribution: a northern area formed by units with high 
values of the variable (Figure 3.a: dark grey), and another area in the south, formed by units with low 
Y values (Figure 3.a: white). In order to detect this structure, we apply the Getis and Ord statistic (Getis 
and Ord, 1991). For each location (each square in Figure 3.a) this statistic considers the mean value 
of its neighbour locations including location itself [numerator in expression (4)] in relation to the total 
mean of the variable (denominator in expression 4)). 

A neighbourhood criterion has been defi ned so as to determine neighbour regions for each unit. This 
criterion is settled by weight matrix . In our example, we used a fi rst order binary contiguity matrix. 
The elements of this matrix,, are equal to one if the units considered have a common border, and zero 
otherwise (following this criterion in Figure 3.a, we have coloured in grey those units neighbouring 
unit i). Applying this neighbourhood criterion, we calculated the value of the Getis and Ord statistic in 
each unit (Figure 3.b). 

FIGURA 3.A
VARIABLE

Once the statistic is standardized, if the value obtained in unit is positive, location belongs to a conver-
gence club with values above the mean of the analyzed variable . If the value of the statistic is negative, 
location belongs to a convergence club with values below the mean of the analysed variable Y. In our 
example, unit i is expected to have a positive value for the Getis and Ord statistic (Figure 3.b: dark 
grey and «+» sign), whereas units located in the southern area present negative values for the statistic 
(Figure 3.b: white colour and «-» sign). Besides, there are several regions that may be considered 
frontier units, since they are located between both areas.

FIGURE 3.B
GETIS AND ORD STATISTIC




