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Abstract

The purpose of this paper is to provide empiricd evidence on the neighbouring effects of
Internet adoption as measured by the percentage of firms with own webste in the European
regions. To this end, we apply a st of ingruments and techniques commonly used in the
spatiad  econometrics framework to test the hypothess that proximity matters when
explaning internet adoption by firms. In fact, this is the fird sudy that andyzes explicitly
the role played by the geographica space in which each region is located when explaining
webgte adoption. We have found that firms in physicaly adjacent regions register a smilar
degree of Internet adoption showing postive spatid dependence. Nevertheless, the spatid
effects detected are mainly condrained by the national borders. Results dso show  that
GDP per capita, population dendty, sectora compostion and education are pogtively
related to geographicad didribution of internet adoption in the enlarged EU. We have dso
found that regiond disparities in Internet adoption are grester than territoria inequdities in

GDP per capita.

Clagficacion Cédigo JEL : 018, 033, 052, C21



I ntroduction

The diffuson of Information and Communication Technologies (ICT) opens up possble
new benefits for regiond development of the European regions “by favouring the cregtion
and growth of poles of excdlence in ICT eactivities and developing connectivity and
networking among enterprises’, as the European Union has highlighted (Council of the
European Union, 2006: 21). ICT boost economic activity by increesng information
trangmisson a a higher speed and volume, dlowing lower transaction and communication
costs, improving access to information and knowledge from remote aress and facilitating
distance working and coordination of activities between partners previoudy too distant.

These effects have led to a debate within the academic literature on whether the Internet
would mean “the death of distance’ (Cairncross, 1997). The question can be raised as
follows Would Internet diffuson mean a change in the role played by geographic
closeness and therefore by agglomerations? Or on the contrary, and despite the nternet,
would geographic location and proximity ill mantan its ggnificance in - explaining
regional disparities? This paper ams to contribute to this debate by offering empirical
evidence on the regiond didribution of the Internet in the enlarged EU and on the role
played within this context by geographic factors.

Despite its rdevance, a the European levd studies andysing regiond disparities in Internet
adoption are dill scarce (Milicevic and Gareis, 2003; Demunter, 2005; ESPON, 2006a).
This is due to the limited availability of comparable datisticd data across regions and to the
lack of insruments for sysemdicdly quantifying the digitd divide In recent years, various
European projects (for example, BISER, 2004 and UNDERSTAND, 2006) have been put

into action to andyse Internet adoption a regiond level. Unfortunatdy, neither of them



andyses dl the European regions nor includes the regions of new member countries. The
BISER project consders 28 regions, while UNDERSTAND focuses on the andyds of nine
different regions within the context of the EU- 15.

In any case, avalable data about Internet adoption by firms in the European regions
conclude that even though Internet adoption is a redlity in a great proportion of European
firms, regiond differences are gill dgnificant. For example, according to BISER (2004),
Internet use varies from a maximum of 95% in Centra Finland to a minimum of 64% in
Brittany. The number of firms that have ther own webste vaies from a minimum of
32.7% in Nord/Pas de Calais to a maximum of 73.5% in Sdzburg (BISER, 2004).

In generd, evidence shows that the spatid pettern of Internet diffuson in the European
regions can be largdy atributed to the generd levd of development and to the regiond
dructure in terms of sectora compostion (BISER, 2004, UNDERSTAND, 2006). In
addition, while in some countries the spatid didtribution tends to be more homogeneous
(eg. Itay, UK), other countries (France, Spain) show remarkable territorid differences
(ESPON, 2006a). In any case, little atention has been pad to the sudy of the spdid
characteristics of the digita divide in the European regions.

This peper endeavors to fill this ggp by examining the regiond didribution of Internet
adoption by firms in the enlarged EU, in a quest for empiricaly well-founded, stylized
facts. The man research question is whether Internet adoption by firms, measured by
companies with their own webste across the European regions, follows a spatid pattern
and if geographic proximity gill matters. The second question is to what extent Internet
adoption by firms at regiond levd is rdated to regiond variables such as GDP per capita,

population density, education level and sectora composition.



In comparison with the previous literature this work @) offers an andysis on the role played
by geogragphic location in explaining the spatid didribution of Internet adoption; b) covers
239 regions, which is a geographic setting considerably wider than that considered in the
scart dudies which have previoudy examined this issue and;, ¢) uses a methodologica
goproach not employed earlier in this literature, based on a st of various spatid
econometric techniques (Haining, 1990; Bailey and Gatrell, 1995).

Following on from this introduction, the remainder of this paper is organized as follows.
Section two is devoted to a review of the rdevant findings obtained from the previous
literature regarding the reationships between Internet adoption and geographic proximity

and agglomerations. Sections three and four focus on the empiricd sudy of the gpatid
digribution of webste adoption in the European regions. The find section offers the main

conclusions and policy implications from our work.

Literaturereview

The spatid digtribution of economic activity can be explained as the result of the tug-of-war
between forces promoting geographic concentration of income and productive factors
(centripetal forces) and those that tend to oppose it (centrifuga forces) (Fujita et al., 1999).
Centripetd forces are associated mainly with the important role played in this context by
agglomeration economies and increesng returns to scde. By contrast, centrifugal forces
can be explaned by the presence of immobile productive factors, norntradeable goods for
consumption, or the increasing relevance of congestion costs and other pure diseconomies
linked to excessive agglomertion.

The importance of the previous factors varies according to the theory dedling with space

and agglomeration. The traditiond and new trade theories explain the differences in gpatid



location by the development of the comparaive advantage. New economic geography
models (NEG), initiated by Krugman (1991) in the ealy 1990s, emphasize cost and
demand linkages and the importance of market sze as the key agglomeraion forces
(Ottaviano and Puga, 1998). Unlike most NEG models, other theories, such as urban and
soatiad economics and diffuson theory, focus ther attention on the role played by
technology externdities and knowledge spillovers (Fujitaand Mori, 2005).

I nter net and agglomer ations

One would expect that centripeta and centrifugal forces influence firms location decisons,
given that some of the benefits of these processes depend on geographic proximity (Kolko,
2002). However, exiding theories, as well as empiricd evidence, do not offer conclusve
results regarding the links between Internet adoption, concentration and deconcentration
activities and proximity. On the one hand, it is argued that the Internet, due to its numerous
advantages (eg. decreasing coordination cogts and alowing remote coordination), would
reduce the role played by agglomerations. On the other hand, it is camed that
agglomerations and ICT, and paticulaly the Internet, are complementary and not
subgtitutes, and that geographicaly-limited “neighborhood” remains relevant.

Following Forman (2003; 2005) and Forman et al. (2005 2005b) we can digtinguish
different theoretical gpproaches to explain Internet adoption by firms. According to globd
village theory, firms in areas with low population dendty, such as rurd aress, will benfit
more from Internet technology due to the reduction of coordination costs within and
between firms, among other factors. Condstent with this view, Internet adoption and urban
agglomeration would be subgtitutes.

Following urban dengty theory, adoption costs will decrease when population sze and

densty increase. Access to ICT infrastructure, skilled labor or knowledge spillovers would



favor and complement Internet adoption in  urban agglomerdions, Internet  and
agglomeraions being complementary. Findly, according to industry compodtion theory,
the location of information and high-tech intensve industries would boost Internet adoption
in urban aress.

The economic geography literature has studied the spatid didtribution of Internet adoption
showing the emergence of the so-cdled Internet geography. Zook (2006) points out that the
Internet gives rise to the crestion of a new communication space where the new
“geographies of the Internet” (technicd, human, politicd and culturd) emerge. Empirica
evidence demondrates that Internet digtribution follows an uneven spatid pattern and that
new examples of agglomeration are arisng (Giovannetti et al., 2003; Wedtevreden et al.,
2005; Zook, 2000; 2002; 2003; 2006).

Some sudies demondtrate that different indicators of Internet activity, such as bandwidth or
domain names, ae manly concentrated in urban areas (Madecki, 2002; Kolko, 2000;
Sternberg and Krymaowski, 2002). Zook (2000) finds that the leading centres for Internet
content in the US exhibit a high degree of clustering. They seem to be rdaed to existing
indugtrial  sectors  (information-intensve  indudries) showing specidization in - commercid
domain names, located in close cities.

There is dso empiricd evidence on geogrgphic proximity’s role in explaning ICT
adoption. Gdliano (2005) finds that the intengty of ICT use by French manufacturing firms
vaies according to the firm's location (uwban versus rurd). Bell and Song (2004)
empirically demondrate the sgnificance of neighborhood effects in the spacetime pattern
of trid for an Internet retailing service. Billon et al. (2007) find podtive spatia dependence
when explaning Internet adoption by households in European regions, adjacent regions

registering a Smilar degree of penetration.



On the other hand, other authors demondrate that ICT use lowers the leve of industry
concentration while boosting convergence, showing that industries and firms are more
evenly geographicaly didtributed (Kolko, 2002). Kolko (2000) measuring Internet domain
regisgration demongtrates a podtive reationship between city sze and Internet adoption.
However, the proximity of a city to other cities is negatively related to Internet usage,
which would support the desth of distance hypothesis. In the same vein, Forman (2003;
2005) and Forman et al. in severd studies (2005a; 2005b) on the United States find that the
Internet has been adopted across many indudries which do not show smilar geographic
digtributions. These authors dso find that the geographic distribution of the Internet can
vary depending on type of Internet agpplication. For the basic use of the Internet for
business, such as emal or browsing, globd village theory is the one that best explains
Internet adoption, given that at this level population densty or city Sze are not so relevant.
On the other hand, more advanced applications devoted to improve and develop computing
processes such as eectronic commerce (Forman et al., 20053), are explained by urban
dengity theory especidly in the case of intrafirm technologies.

In short, there is empiricd evidence on both concentration and deconcentration activities
related to Internet adoption by firms. However, many factors explaining geographic
differences, and particularly concentrations, are closely related to the perceived advantages
of urban agglomerations. In fact, some authors argue that Internet concentration is mainly
regigered in those areas where there were agglomerations prior to Internet diffuson. The
prior digribution of indudries across different geographic locations (Forman, 2003), the
presence of ICT-intendve firms and high-tech and knowledge-intensive industries (Zook,
2000; Forman and Goldfarb, 2005; Kolko, 2000), the existence of complementary factors

such as the avalability of skilled workforce or intermediate inputs (Zook, 2000; Kolko,



2000; 2002) or the type of Internet applications (Forman et al., 2005a; Forman, 2005) are
factors contributing to Internet adoption in urban arees.

Inter net and diffusion theory

Diffuson theory has been the methodologicd approach most frequently employed to
explan the diffuson raes of new technologies Some authors andyse informetion
spillovers from users to nontusers, which are the core of the “epidemic models’ (Karshenas
and Stoneman, 1995; Geroski, 2000; Galliano, 2005). According to this view, the greater
the number of adopters, the higher the probability of a non-adopter adopting the Internet
and being “contaminated” (Greenstein and Prince, 2006). With regard to consumers and
according to heterogeneity models (Rosenberg, 1972; Rogers, 1995) some authors attribute
exiging differences in diffuson rates of the Internet to differences in the observed
economic and demographic characteristics of adopters (such as income, location,
employment, education, family structure, age, gender and attitude towards technology).

With regard to firms, Internet diffuson within and across firms can be explained by a wide
vaigy of intend and extend factors extensvely sudied in the innovation diffuson
literature (eg. Forman and Goldfarb, 2005; De Aguila and Padilla, 2006). Internd
vaiables commonly consdered are some CEO and firm sructurd characteristics (Sze,
multinational ownership), perceived benefits from ICT and ther characteridics, the role
played by human capitd, firm internd organization or competitive drategies. Externd
influence consders the enwvironment within - which the firm peforms its activities
competitive pressure, sectora specidization, geographic location and government policies.

Within the framework of diffuson theory, according to the knowledge spillovers literature
(Fujita and Mori, 2005, Audretsch and Feldman, 2004) applied to ICT diffuson, the key

point about Internet diffuson lies in the type of knowledge tranamitted. If the knowledge



transmitted can be codified and transmitted through ICT and the Internet, then geographic
proximity will reduce its role in explaning Internet diffuson. On the other hand, if the
knowledge to be transmitted is tacit or nontcodified, then geographic proximity will metter
and, therefore, closeness between agents will remain dgnificant (Giovannetti et al., 2003).
From this latter perspective, face-to-face communication would help to tranamit tha
uncodified knowledge which is not trangmittable over distance. The use of the Internet
might occur faster in those geographic areas, such as populated areas or cities, where the
densty of sources of knowledge about such technology is higher and, therefore, amilar to
what happens with other innovations (Kaufmann et al., 2003; Van Oort et al., 2004) where
there is geographic concentration of knowledge spillovers. This underlines the role played
in Internet diffuson by both rdaiond proximity (Kaufmen et al., 2003) and geographic
proximity (Leamer and Storper, 2001; Giovannetti et al., 2003).

In short, we can find mixed empirica evidence on spatid patterns in Internet adoption and
the role played by agglomerations and proximity. Within this framework, our hypothess
highlights the relevance of gpatid effects, the role of geogrgphic proximity and the
exigence of clusers when explaining Internet adoption by firms across the European

regions.
The spatial digtribution of the Internet in EU firms

Data

There is a lack of comparable data for studying the spatid digtribution of Internet adoption
in the European regions. In fact, there is only one rdevant study covering from a regiond
perspective nearly the whole European Union: the ESPON Project 1.2.3 (ESPON, 20063).

Neverthdess this uses a gynthetic teritoria index, including skills for ICT use ICT



adoption by households and business, impact on the labor market and ICT patents, and
includes only NUTS-2 data for 12 countries out of the ESPON space (29 countries). The
previoudy mentioned BISER and UNDERSTAND projects only consder 28 and nine
regions, respectively.

Bearing in mind these limitations, we decided to use an alternative dataset, the ESPON
Project Indicators (ESPON, 2006b). Particularly, we have sdected the only available
indicator associated with Internet adoption within firms at regiona leve: the proportion of
firmswith their own websitein 2002.

The percentage of firms that have a webste is one of the basic indicators for Internet
adoption by European firms (European Commission, 2005). It has aso been andysed in the
BISER and UNDERSTAND projects to measure Internet adoption a regiona leve. The
webdgte adoption indicator is caculated on the bass of data provided by EUROSTAT and
Nationd Statistical Offices in 2002. The data cover the NUTS-2) leve regions in the EU-
25 with the exception of Cyprus, Denmark, Luxembourg, Mdta, Lithuania, Latvia, Estonia,
Sovenia, and the French overseas departments. In this respect, it should be noted that our
study covers 239 EU-25 regions, which is a consderably wider geographic setting than
that considered in the few previous studies.

Exploratory spatial data analysis

We begin our empiricd andyss by examining the spatid didribution of Internet adoption
by EU firms measured by website adoption. As can be observed in Figure 1, there are
relativey ggnificant digpaities in the proportion of firms with ther own website across the

European regions. Specificdly, the regions with the highest share of firms with their own

1 NUTS is the French acronym for “Nomenclature of Territorial Units for Sttistics’, a hierarchica classification of
subnational spatial units established by EUROSTAT. In this classification, NUTSO corresponds to country level, while
increasing numbers indicate increasing levels of subnational disaggregation.
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website tend to be located in some of the most developed EU aress. This is the case, for
instance, for Inner London, Brussals, Hamburg or Tle de France. By contradt, the lowest
vaues of the study variable are concentrated in the Southern and Eastern periphery of the
Union. When assessing the implications to be drawn from Figure 1, it is important to note
that this overdl picture highlights that the enlargement process of the EU towards Centrd
and Eastern Europe has introduced new spatid patterns in the North-South digitd divide
identified by the previous literature (European Commission, 2005; ESPON, 2006a).
Leaving this asde for the moment, it is worth mentioning thet this initid examination
suggests that the proportion of firms with their own webste is not randomly distributed
across gpace. On the contrary, there seems to be a postive spatial relationship between

adjacent areas, neighboring regions regigtering asmilar share of firms using the Internet.

[SEE FIGURE 1]

Some caution is recommended when interpreting the data shown in Figure 1, snce the
condusons that might be dravn ae highly senstive to the number and width of the
different intervals used to represent the variadble of interest. Bearing this in mind, and in
order to verify formdly the exisence of gpatid autocorrdaion in the digtribution under
consderation, we proceeded by caculating Moran's | globa test (Haining, 1990; Cliff and

Ord, 1972) defined as.
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where, in the present context, Y, dands for the percentage of firms with own webste in

region i, and y is the sample average. Likewise, W, denotes the corresponding element of

the spaid weights matrix, W, where W, =S§,. The spaid weights matrix used in

'u‘
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this paper takes into account interactions beyond adjacent regions. In particular, following
Le Galo and Ertur (2003), we considered a row-standardized matrix W based on the ten
nearest neighbors, caculated usng the geographic distance between the corresponding
regiond centroids (Pinkse and Slade, 1998). With regard to the interpretation of Moran's |,
it should be noted that, after standardization, a sgnificant and postive vaue of the datistic
will indicae the exigence of podtive sodid autocorrdaion, while a dgnificant and
negative vaue of Moran's | will reflect the presence of a pattern of spatiad association
between dissmilar values.

The result of the globa Moran's | test provides us with a sandardized value of 25.40,
which is dgnificant a the 1% level. This is clear evidence of the exisence of a patern of
postive spatid associaion in this context, which is conggent with the initid impresson
drawn from Figure 1. We can therefore conclude that, in the European setting, firms located
in gpatidly adjacent regions tend on the whole to exhibit a smilar degree of Internet
adoption. To further confirm this finding, we aso congtructed the corresponding Moran's
scaterplot for the didribution under andlysis This is a grgph on which the standardized
values of the variable to be consdered ¢) are plotted on the horizonta axis and the spatiad
lag of the same vaiable (W2 on the vertical axis. Thus, the four quadrants correspond to

different types of gpatiad associaion. As can be seen from Figure 2, 86% of the regions
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consdered are located in quadrants | and I1l. This confirms that the EU is characterized by
the presence of spatid clusters of regions with amilar leves of Internet adoption while
there are redively few cases in which a region regigers a vadue of the variable under
andyss makedly different from the average of its neighbors. Accordingly, the degree of
Internet adoption across the European regions follows specific agglomeration patterns,
which is in line with the results obtained in other sudies (Giovannetti et al., 2003;

Wetevreden et al., 2005; Zook, 2000; 2002; 2003; 2006).

[SEE FIGURE 2]

It is important to keep in mind, however, tha Moran's | is cdculated on a globa bass for
the whole of the sample. Hence, we do not know whether, irrespective of the overdl
dependence pattern, there are clusters of regions in which the concentration of high and low
percentages of firms with ther own webste is sgnificantly grester than what would be
predicted in a homogeneous spatid didtribution. It is dso impossible with this test to check
for the presence of groupings of regions with dissmilar vadues of the variable under
andyds, that is, regions with a degree of Internet adoption dgnificantly different from ther
neighbors. To overcome these shortcomings, we decided to calculate the local Moran's |,

loca Moran’sl, |, , by means of the following expresson (Ansdlin, 1995):

Ii:gn(yi—-{)é \Nij(yj_§) (2)
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where J, denotes the set of regions neighbouring i. After standardization, a sgnificant
postive (negative) value of |, will indicate a clugtering around region i of regions with
amilar (dissmilar) vaues of the varidble under congderation.

As in the globa Moran's | test considered earlier, the usud practice in the case of |, isto
assume a norma asymptotic digribution when cdculating the corresponding sgnificance
levels. Ansdlin (1995), however, has shown that the first and second order moments used in
the standardization of the |, datistic are obtained under the null hypothesis of no globa
spdtial  autocorrelation. However, this contrasts with the results obtained previoudy.
Therefore, following the proposd of Ansdin (1995), we cadculated the corresponding
pseudo-dgnificance levds by means of an empiricd digtribution derived from 10,000
random permutations.

Figure 3 shows the sgnificant regiond groupings detected, and indicates whether or not
they concentrate a smilar percentage of firms with their own website. It can be seen that

the conclusons to be drawn from this andyds ae consgent with the results obtained

ealier. Thus, the various regiona clusters derived from the cdculaion of g ae mogly
made up of regions with a gmilar proportion of firms with ther own webste. In particular,

it is possble to obsarve how the concentrations of high vaues of the variable under

andydss are dtuaed in Wesern Germany, the Netherlands, Bedgium, most of the United
Kingdom and the North of France, Itdy, Sweden and Finland. On the other hand, the
groupings of regions characterized by a low proportion of firms with a presence on the
Internet are located in Portugal, Greece, Poland, Slovakia, a good part of Spain, the Czech
Republic and Hungary, as wdl as the South of Itdy. Additiondly, it is interesting to note

that Basse Normandie, Luxembourg (Belgium), Flevoland, and Cornwdl ae the only
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regions in our sample showing a dgnificantly lower vaue of the variable examined then
their neighbors. Likewise, as can be observed, Madrid regigers a sgnificantly grester
presence of firms on the Internet than the adjacent areas. In any event, dl other
condderations notwithstanding, it is clear that a comparison of Figure 3 with the regiond
digribution of GDP per capita within the enlarged EU suggests the possible influence of

regiona development on Internet adoption at the regiond leve.

[SEE FIGURE 3]

The andyss 0 far is useful in describing the spatid digtribution of website adoption in EU
firms but it ssems unsuitable for quantifying the magnitude of regiond differences in the
variable that concerns us. To this end, one possibility would be to caculate some dispersion
measure. Neverthdess, it is evident that none of the disperson datistics proposed in the
literature gves an accurate description of the entire distribution (Quah, 1996a; 1996b). As a
consequence, we opted to edimate the dendty function of the digtribution under
consderaion. Following common practice in the literature on economic growth, we have
used nonparametric estimation techniques, thus avoiding the need to specify any particular
functiona form beforehand.

In paticular, we employed an adaptive kernd method with flexible bandwidths (Silverman,
1986). This approach is especidly advisable in the present context, since the possibility of
vaying the bandwidth dong the support of the didribution alows a reduction in the
variance of the edtimates in areas characterized by the presence of few observations, and
decreases the bias of the estimates in areas with many observetions. In paticular, we have

used the adaptive two-stage estimator proposed by Abramson (1982) and given by:
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In the above expression K is a kernd functionand |, = % where g is the geometric

average over dl i of the pilot dendty etimate f’/(’y). The pilot dendty edimate is a

sandard fixed bandwidth kerned density edimate obtained with h as a bandwidth. In this
study Epanechnikov kernd functions were used, while the vdue of h was sdlected

following Silverman (1986: 48).

[SEE FIGURE 4]

The results obtained are shown in Figure 4. The horizontal axis represents the proportion of
firms with ther own webste normdized according to the sample average in order to
fecilitate comparisons, while the associated densty appears on the verticd axis. As can be
observed, most of the probability mass tends to be concentrated around the sample average.
Nevertheless, there is adso a second mode, located at the lower end of the distribution and
formed by a rdatively large number of regions with vaues of the study variable below 80%
of the sample average. This finding may be potentidly important, snce it rases the
possihility that the distribution under study will fragment in the long term into two separate
groups of regions differentisted according to the proportion of firms with their own

website.
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In order to weigh up these results correctly, we estimated in the way just described the
dendty function of the didribution of GDP per capita in our 239 regions. The results
obtained are adso presented in Figure 4. If we compare the external shgpe of both
distributions, our edtimates show the exisence of relevant differences between them.
Specificdly, the andyss caried out reveds that exising territorid imbadances in GDP per
capita are cdealy greater than regiona disparities in Internet adoption, confirming the
avallable evidence (eg. ESPON, 2006a). This suggests that there are other factors, in
addition to GDP per capita, contributing to explan the observed differences in the
proportion of firms with their own webste across the EU regions This issue will be

discussed in greeter detail in the next section.
Explanatory analyss: Theinfluence of spatial effects

Selection of variables

Smilar to previous innovaions, empirical dudies point up the role played by economic
development in the diffusion of the Internet (Martin and Robinson, 2004; Andonova, 2006).
GDP pe cepita is the indicator commonly used, as daa ae avalable a nationa and
regiona level. GDP per capita generdly predicts the likelihood of adoption and the extert
of ue of the Internet because, among other reasons, it is related to communication
infrastructure. When specidized infrastructures for adopting innovaions are required, it is
expected that innovations will be located in those areas with a higher leve of infrastructure.
Consequently, it could be predicted that the higher the level of GDP, the higher the levd of
funding invested in tdecommunications and information technology (Fink and Kenny,

2003), and as a result, the higher the diffuson rate of the Internet. For the reasons
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mentioned, the GDP per capita (GDPpc) of the sample regions was included in the list of
regressors of the modd to be estimated in this section.

Following previous literature mentioned in Section two, population densty becomes a
rdlevant variable when explaining Internet adoption according to both urban and spatid
modeds as wdl as diffuson theories Here we invedigae the possble influence of
population density (DEN) on the proportion of firms with their own webste.

As previoudy pointed out, dong with the level of economic development and population
dengty, other resources, such as human capitd, have proven to be of critical importance as
complementary factors in explaning Internet adoption. The educationd level of a region
can be used as a proxy of the avalability of skilled labor avalable to firms adopting the
Internet and as a means of knowledge cregtion and diffuson. As no data on skilled labor
are avalable for European regions, we decided to consder the percentage of population
aged 15 and over with completed tertiary education (EDU). In fact, education has been
recognized as a key vaiadle in empirical dudies (Milicevic and Gareis, 2003; Martin and
Robinson, 2004; Demoussis et al., 2004).

Fndly, we examined the role played in this context by regiond specidization. The
influence of the sectord compostion of economic activity on exigting territorid imbaances
in the EU is wdl known in the literature (Neven and Gouyette, 1995; European
Commission, 1999). In fact, empiricd evidence cited in Section two confirms the role of
industry composition in Internet adoption (Forman and Goldfarb, 2005; Zook, 2000).
Hence, we found it relevant to consder the posshility of a reationship between the
productive structure of the different regions and the proportion of firms with a webste. For
this reason, our modd includes the regiond employment shares in agriculture (AGR),

industry (IND) and market services (SER). Note, moreover, that despite the process of
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convergence in regiona productive structures that has characterized the European economy
during recent decades (Hdlet, 2002), condderable differences persst in the patterns of

regiond specidization across the EU regions (Bode et al., 2004).
Empirical evidence

Accordingly, the econometric modd findly proposed to explan the proportion of firms

with their own websitein region i during year 2002 can be expressed as.

y, = b, +b,GDPp¢ + b,DEN, + b,EDU, + b, AGR +b,IND, +b,SER +e, 4

where € is the corresponding disturbance term. Before estimating this model, one should
bear in mind the possbility of endogeneity problems in this context, given tha some of the
independent variables may be contemporaneoudy correlated with the error term. In order to
overcome this potentid problem, we opted to use lagged vadues of the independent
vaiables in dl the edimations (RodriguezPose and Vildta-Bufi, 2005). Specificdly, we
employed the average values of the various regressors over the period 1999-2001, which
dso dlows us to minimize the posshle effects of the economic cycle on the results of the
andyss. Findly, it is worth mentioning that the data on the st of explanatory variables

were drawn from EUROSTAT and Cambridge Econometrics.

[SEE TABLE 1]

As can be observed in Table 1, the unknown coefficients were estimated initidly by

Ordinary Least Squares (OLS). However, before discussing the results obtained, it is worth
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recdling that the andyss caried out in the preceding section clearly reveaed the presence
of pogtive spatid dependence between the European regions in this context. Therefore, we
proceeded by performing various spatid dependence tests based on the residuals provided
by the OLS edimations. Specificdly, we cdculated the Moran's | tes (Cliff and Ord,
1972), the Lagrange multiplier tests for the spatid error and the spatid lag model proposed,
regpectively, by Burridge et al. (1980) and Ansdin (1988d), plus their robust versons
(Ansdin et al., 1996). Table 1 reveals that the results of these tests lead in al cases to the
rgection of the null hypothess of absence of resdud spatia dependence. Specificdly, the
postive sgn of the Moran's | provides evidence of the presence of a pattern of spatia
association between dmilar vaues of the OLS resduas. Indeed, according to Ansdin and
Rey (1991), the values of the various Lagrange multiplier tests caculated suggest the need

to include a spatid autoregressive structure in the error term (spatid error model). That is,
e=l We+u=(I-1W)"u (5)
where | is the spatid autoregressve parameter and u~N(0,s °1). Therefore, model (4)

should be rewritten as.

y, = b, +b,GDPpc, + b,DEN, +b,EDU, +b, AGR +b,IND, +b SER +( - IW )'u ()

The effects of spatia resdua autocorrelation on the properties of the OLS estimator, which
ae dmilar to those present in the time series framework, indicate the inefficiency of the
parameter estimates, due to the non-diagond dructure of the disturbance variance matrix
(Ansdin, 1988b). For this reason, following standard practice in the literature, modd (2)

was etimated by Maximum Likelihood (ML).
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As can be seen in Table 1, the spatid autoregressive parameter is datidicaly sgnificant.
Indeed, the likdihood ratio test performed leads to the regection of the null hypothess of
| =0, thus confirming the internad coherence of the spatid error modd in this context.
This implies that a random shock introduced into a specific region will not only affect the

proportion of firms with ther own webdte in that region but, through the spatid

transformation (1 - 1 W)™*, will influence the value of webste adoption in the remaining
regions.

Before commenting in detall on our findings on the role played in this context by the set of
explanatory varigbles consdered, it should be noted that the degree of collinearity among
the regressors is relatively moderate, which enables us to be more confident in the estimates
of dngle coefficients. In particular, the variance inflation factor provides an average vaue
of 213, which is within the acceptable limits established by Beldey et al. (1980). That said,
it is worth noting that the coefficient on the GDP per capita is podtive and datigticaly
sgnificant, therefore confirming our previous results. Neverthdess this is not the only
factor that contributes to explain the spatid digtribution of the Internet across EU firms.
Specificdly, population dendty and the share of population with tertiary education
completed are pogtively corrdated with the dependent variable. Likewise, our estimate
reveds that regiond differences in the sectord compogtion of economic activity influence
the degree of Internet adoption. Thus, the presence of a rdatively large agricultura sector
has a negative impact on the proportion of firms with their own webste, which is not
paticulaly surprisng teking into account the specific features of farming markets.
However, the rest of the variables included in the mode to control for the industry mix are

not satigicaly sgnificant.
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The andyss peformed so far has highlighted the importance of spatid effects when it
comes to explaning the spatid didribution of the Internet across EU firms. Nevertheless,
when assessng the implications to be drawn from this result, it should be borne in mind
that the approach adopted in the preceding pages was based on the EU as a whole.
Accordingly, we have not consdered the posshility that conmon nationd characteristics
could play a rdlevant role in the tranamisson of gpatid effects within the regions belonging
to different countries. In order to investigate this issue, we congtructed within-countries and
between-countries spatid weights matrices. In the fird matrix we st equd to one only the
weights corresponding to regions which belong to the same country. In the second case the
weights for regions sharing a border but belonging to different countries are those equa to

one.

[SEE TABLE 2]

Table 2 shows the results obtained when these two matrices are used to caculate the

vaious tests for spatia dependence from the OLS edtimation of mode (4). As can be
obsarved, in the case of the within-countries matrix the analyss confirms the presence of
soatia resdua dependence. Although this concluson is in line with our previous estimates,
it needs to be said that the values of dl the tests are grester than those reported in Table 1
usng a spatid weights matrix based on the ten-nearest neighbors. However, the Stuation is
different when the between-countries matrix is employed in the andyds In this case, the
vadue of the Moran's | test and the two Lagrange multiplier tests caculaed for the spatid

eror mode ae not datigicaly sgnificant, while the two Lagrange multiplier tests for the
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sodtiad lag modd ae only dgnificant a 10%. Therefore, this andyss suggests that the
spatia effects observed in this context are mainly constrained by political borders between
the various EU member dates, which highlights the important role played by the nationd

dimension in explaining the presence of the Internet in EU firms,

CONCLUS ONSAND POLICY IMPLICATIONS

This sudy offers empirical evidence on regiond didribution of Internet adoption by
European firms within the framework of the on-going debate on whether or not the Internet
means the “desth of disance’. Our results highlight the dgnificance of spatid effects in
explaning regiond digpaities in Internet adoption. For the firg time in this literature, we
have used a set of methodologica tools from spatid econometrics that dlows us to capture
the gpatid characteridtics of the data and the influence of geographic proximity in shaping
Internet diffusion within the EU.

Our findings show that there are important differences in the share of firms with their own
webgte across the regions of the enlarged EU. Nevertheless, when assessing the magnitude
of regiond disparities within this framework, it should be noted that the various dendty
functions edtimated indicate that the levd of disperson of our study variable is more
reduced than that registered by GDP per capita.

In addition, the empiricd evidence obtained reveds the presence of pogdtive spatid
autocorrelaion. This implies that the presence of the Internet in EU firms is not randomly
digtributed across space. On the contrary, physicaly adjacent regions tend, on the whole, to
exhibit a smilar proportion of firms with their own website. In fact, we have detected te
exigence of severd dudes of regions with dmilar vaues of the dudy varigble

diginguishing them from the neighboring zones. Specificdly, the groupings of regions with
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a dggnificantly high share of firms with presence on the Internet are Stuated in Western
Germany, the Netherlands, Belgium, the United Kingdom, and the North of France, Itay,
Sweden and Finland. On the other hand, the clusters characterized by a low proportion of
firms with their own website are located in the Southern and Eastern periphery of the Union.
These results are potentialy important, since they suggest that the enlargement process of
the EU towards Central and Eastern Europe has introduced new spatid patterns in the
North-South digitd divide identified by the previousliterature on the subject.

In order to complete these results, we have carried out a causd andyss of the observed
regiond differences. Taking into consderation that the presence of gpatia autocorrdation
in this context affects negatively the results obtained from standard regression analysis, we
have estimated an econometric model incorporating a Spdtia autoregressive sructure in the
error term. Our edimates indicate thet the share of firms with their own webste in the
regions of the enlasged EU is pogtively corrdated with the levd of GDP per capita,
population dendty and the percentage of population with tertiary education. On the other
hand, the exigence of a rdaively large agriculturd sector has a negative impact on the
dependent variable.

In any event, it is important to note that the results obtained show clearly the importance of
oatia effects when it comes to explaining the spatid digtribution of the Internet across EU
firms. Neverthdess, the empirical evidence provided in this paper indicates that the spatia
effects observed in this context are manly condrained by politicad borders between the
various EU member dates. By contrast, the transmisson of spatid spillovers across regions
beonging to different countries is less reevant, thus confirming the important role played
by the national dimenson in explaining the presence of the Internet in the EU firms. From a

policy perspective, this empirica evidence confirms the results obtained by other regiond
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studies (e.g. ESPON, 2006a) and emphasizes the need for nationd ICT policies rather than
region-specific ones to foster technologica convergence in the enlarged EU.

The main limitation of this sudy is the lack of data at regiond leve, not only in relaion to
Internet adoption but dso to possible explanatory regiond variables such as human capitd,
industrial  compogition or inditutional varigbles. In addition, the avallability of data for
sverd years would have dlowed us to study the evolution over time of regiond diparities
in Internet adoption across European regions. Further research should also include the
andyss and comparison of possble spatid effects generated by the adoption of various

types of ICT by households, firms and governments.
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Figuresand Tables

Figure 1: The spatid distribution of the proportion of firms with their own website.
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Figure 2: Moran's scatterplot.
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Figure 3: Spatia digtribution of locd Moran’'s|.
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Figure 4. Dengty functions of the spatiad didtribution of the proportion of firms with ther

own website and GDP per capita (sample average equa to 100).
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Table 1: Regresson andyss.

Variables OLS ML
Constant 0.546 0.648
(0.000) (0.000)
GDPpc 0.395 0.374
(0.000) (0.000)
EDU 0.072 0.041
(0.000) (0.009)
DEN 0.000 0.003
(0.849) (0.090)
AGR -0.094 -0.087
(0.000) (0.000)
IND -0.003 -0.008
(0.841) (0.620)
SER 0.084 0.031
(0.028) (0.420)
[ 0.782
(0.000)
LIK 293.806 354.992
AIC -573.611 -695.985
SC -549.276 -671.649
Moran's| 15.761
(0.000)
LMERR 191.258
(0.000)
R-LMERR 146.183
(0.000)
LMLAG 71.452
(0.000)
R-LMLAG 26.376
(0.000)
Likelihood ratio test for | =0 122.373
(0.000)
LMLAG* 2614
(0.106)

Notes: The dependent variable is the proportion of firms with their own website. p-values are in
parentheses. LIK is the value of the maximum likelihood function, while AIC and SC are the Akaike
and Schwarz nformation criteria, respectively. LMERR is the Lagrange multiplier test for residual
spatial autocorrelation and RLMERR is its robust version. LMLAG is the Lagrange multiplier test for
spatially lagged dependent variable and RLMLAG is its robust version. LMLAG* is the Lagrange
multiplier test on spatial lag dependencein the spatial error model.
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Table 2: Spatia dependence within countries and between countries.

Spatial weights matrix Within-countries Between-countries
Moran's | 18.018 1432
(0.000) (0.152)
LMERR 242.538 1.801
(0.000) (0.180)
R-LMERR 185.802 2.324
(0.000) (0.127)
LMLAG 93.460 3.185
(0.000) (0.074)
R-LMLAG 36.725 3.707
(0.000) (0.0x4)

Notes: p-values are in parentheses. LMERR is the Lagrange multiplier test for residual spatial autocorrelation
and RLMERR is its robust version. LMLAG is the Lagrange multiplier test for spatialy lagged dependent
variableand R-LMLAG isitsrobust version.
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